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Revort IV: Zrperiments with larsarine,
Vegeteble Thortening and Jutter
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Fron the Institute of dygicne of the University of ilainz
(Director: I'rof, Dr. J. Tornef’)

A topic thet hes freouently been discussed in orticles,
and which has 2lco been the subject of nmunmerous exreriments,
is the counnection »etween the formetion of cancer in the di-
gestive organs and the fet included in food, Tor examnle,
gtatistice have showm a correl-tion between food rich in fat
and cancer, and in exreriments with animels it has been demon-
strated that high fat concumntion favors the formetion of can-
cer. Fats that were heated at o hich temmerature or for long
rerioés menifested toxic effects, The cause of this is sunnosed
to be = polymerization of the fate involvin, uncaturated fetty
acids and an effect of scutoxidized oils, The frecmuently ex-
pressed sunposition that the hoqting cof f=tc eolso nroduces g
synthesis of erometice was not, however, confirmed by our ex-
periments, Rather, it was showm that a nere hesting of salad
0il to )2000 lowvers the aromrtic content.(Borreff and Fabian),
Further recults of this geries of analy°eﬂ concerned the detection
of cancerogenic canceroseaic connounds in veetaile oils end
their absence in bacon Ifai. Above 31, <his Finding induced us
to resune further invecti-~tions coicernins fete, about vhich
we report in the Tollowin-,

Trveriments with llarcarine

erserine i oan el oion of feot o diirtvrers sith olnim nmilk
or veter on¢ othor =dditives in avrll i ione, neatito-
tively, the fat rortion mreconinrcs

»
In ~roducings xnrxovir,, Lhc ﬁt‘o;o rateor ~hoges are
Jae

producel sernrrat-ly and then onwldrilied, o Iot ~hase con-
tains, benidec the fat subotences, the 7aftllv ~rraiselble fat
soluble acdditives, ruch ag T

dyeg, wits ting, astieorddants ond
emulsifiers, 7The aqueous rhage consirte of uc*fiﬁhed nilk,

Water, arona substances, common £g 7t, o 07“, rregervatives

and indic~tor substeaiices, The wormeld Tt n\dg. (35°C) and tae
cooled aqueous phase aye Oﬁul“lflec toretler Uy nesns of ctirring,
beatin® or comnressing, It is of corroe morsibdle to mroduce
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margrrine from one fat, but in general several are used,

The celection denends upon the raw naterial situation, the
price and the ouality of the nzrgorine. ,

The commosition of commerciel nargarine according to Keufnenns

Pat (pure V.0. fron December i5,‘1965) at least 8055
vater or nilk (powder milk) and common salt et most 20..
Emulsifiers, anti-svroilage and

browning agents (lecithin, ete.) verying e.g. Oe 25=1%
Vitamin D 1000-5000 I..../%g
Vitenin E, together with anti-oxidant 10-30 gy
Vitenin A _ 20,000-30,000 I.%./ks
Dyes:

Cerotene, together with »rovitanin A or

oronce 3 (bixin or annatto) + carotene .3000-5000 I.3,/ke
Prescrvative (sorbic acid or sorbate) 0-1l.2 g/ks

Sugar substances (syrun, ¢lucose, nillr sugar, ecte.,) variable
Arones (diacetyl, lactone, butyric acid ester, ete,) variable
Sterch flour as identifying acent Q¢ 2= 35

The lack of ecssentiel fatty acids in nargarines that
existed earlier is balanced out today by the addition of oils
rich in linolic acid, According to investigations made by
Kaufmann (1955) ten types of comiercial nmargarines revealed a
3% to 14» content of such unsaturected fatty acids; in 1964/65,
Ristow reported 6-57¢ in 74 tynec of nargarines, with the nost
frequent values between 10 and 20i:, ¥ven the objection to horce
ening of fat, that thereby glvcerices of fatty acids fom, the
couposition of which does not fully corresmoné +to that of the
naturasl ones, is no longer pertinent, for recently there has been
success in steering the rrocess in the desired direction., In
Judging margarine, besides the leral recuiremense and the nutri-
tion pysiolosicrl-hygienic remisites, the -itchen-technical
suitedleness of the mercrrine is o» irmorient moint of view,
vhereby apnesrance, teste, siell, guirueture, mlegticity, homo-
geneity, color, iine Gécommosition of the rat y Drovning uron
heatin~, »wreservability, ete, =lev = ole., The legel reauirements
concern ~bove all the unobjectiorshle auslity of the nercearine
(2lgo of the initinl rroducts), Tat content, veoter content, ab-
gence of Zorbidien rreserveiives, content of wuceponifiable fots
etc. The nroduct also ceznnot be nolluted heeteriologicelly,

The reports of the litersture rothot when owroduced cor-
rectly, the nargerine is autrition-~h riolo deelly irrenroach-
able, sncd that there is no canser fro: Jonirm rubsteices,
(Colorin~ -rith the nzo ¢re tatter-y-lliow wre Zoibidlen as early
es 1936, after Sesati and Yoohicds erimblirhnad iir concerogenic
effect in aoninel ernerinents, ) '

Je eramined the follotins neroeyines (bourht cormerciall
on Qctober 10, 1SGG): i

’

Vegetavle nargarine, viteninized (= Zo0. 1)
Pure vepetable nergarine (= 0. 2)
l.elted mergerine for cool-in~ (= "0, 3)
Table margarine (= o, 4)
(Since, therefore, we excnined o relotivelr aell nrovoriicn of
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the margarine brands available on the market, no brand names
will be given, 1o avoid any discrininetion, but rather only
cgeneral characteristics will be indicated.s

Ixanples of fat nixtures (according to Frangen):

Tebe 1, Iargerines comnoced chiefly of animel fets.

1. uality Pe ‘mality 2. mality
Cleo Wﬂruurine 405: Oleo nargerine 20> Oleo margerine 20
Jremier juice 205 Trenier juice BON Prenier juice 40%
Zeutral lard 15 Teutral lerd o Hard fet 10..
Sesene seed oil 104 Jerd feat T:» Seseane seed oil 10s.
reanut oil 105 Coconut oil 105, Coybean oil 204
Cottonseed oil 5o cesegnme seed oil 10%

Soyvbean oil 15,

Table 2, Ilargarines commosed chiefly of vegetadle fats.

1, Quality 2. Murlity 3. Muality
Coconut oil 705 Coconut oil T, Talnseed oil 50%
Teutral lard  10< Tolngeed oil 20;. lard Toi 205,
Secane seed o0il 10 cardé fei 10y, lleezie geed oil 10%
Peanut oil B¢ Desane ceed nil 10:. oybean oil 2040
Cottonseed o0il - Do Cottonrceed oil B

soybean oil 10;.

Analytical .iethod

fhe "‘OlV“"CllC, eror-tic hydroearbone Tere erirneted with
diethyl ether from the nerorrine ofter it had bees sanonified
and, ﬂrter a column ChTO“”tO”IP‘l*P nre-fennreation, vere chrona~
togr ~hed using basic Al o; ﬁCfi"Wlﬁcd paner ~n¢ snnlyzed
(for a detailed decerirt foﬁ of the miethod, fee Tomort II)., The
sunnrlenentary 1“].ucmo‘*cen.ce—-<"1f‘cwmwo*w*<* icentification of the
various “;Oﬂ"llc cen be JTound inr Tevord 7*1.

In order to obtain CO”“"T”JlO velues, ue converted the
aromatics content usings e raterfree muantity of Tat., “ater
determinrtion wvas cdone according to the Tarl-Ticcher method,

Anelysis of Coconut Fot

Coconut o0il ond coconut fot rr- obiciied 51 eanc of con-
pression or extrection fron the corrs, the ¢:ied rind of the
coconut -~ the fruit of 'the coconut paln (Cocos nucifern end

Cococ butyracea), which ig found in ‘outhenst .ria, Jast and
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Weet Africa.

The fresh coconut lernel contains 30-405 fat amd
about 50;. water, Ii is dried either in the scun cr in en
oven, The dried copra is vrocessed according to a two-stage
nethod in oil mills, In order to obtain a good edible fat,
the raw coconut fat must then be Ce-acidified, decolored and
deodorized. Cheracteristic for coconut fot is its high melting
temperature, and the behavior vhile meltins of tais fat, which
pesses from the liguid to the solid condition within = very
narrov temperature range., At the vredominant temperature we
used, the coconut 0il revresents a white or slichtly yellow
mass of tallow-lilte nature, 1009 nure coconut edible oil
is available on the merket in various foms, e,g..as Palmin, .
Rew Coconut, Pelungold, etc, ‘
We analyzed (nurchased comercially in December, 1966):

o

Pure Coconut fat (= 70, 5)

Analytical liethod

The method corresmonded to thaot used in the case of nar-
£arine,

Anelvsis of Butier

Butter is a water-in-oil emulsion, vhich is senarated
by means of "buttering® from the crem: of cow's nilk as an
intinate mixture of mill: fat on@ acueous il liouid. Ac¢citions
of foreign fets are not 2llowed, '

Butter therefore consiste chiefly of fot, water, fat-free
dry millk ness (eg: white, nzyies, vitanine, 1ilk sugor) and
anorganic solts (the a2ddition of corion eslt is elloved), The
fat and water content is rerulatod by leoed Jetermianciions,
(Fat content at least 807, cormon calt ot nost 3w, water at
nost 165 in the case of salted and 1. in the cace of wisalted
procucts.) The definition of the buiter stotute of June 2,
1951, differentistes hetween nil'k, erem: ond vhey butier ond
that butier which is nrocduced frorm zrent or ccidified hesic
naterials, Trenesration of hutter can bhe done according to
various methods, vhich involve different “indc of bHutier Tor-
nation, nreparation of the crean, rnd ¢ifcrert cnuinent,
German cormeréial butter, Cemen deoiry buster ra? Cormon
national. hutter are ¢iffercntiak ourd liptively, the Tiret
beings best and the laet warsi,

e snalyzed (rurchoced cor crecislly on Celober 10, 1866):
German cormerciel hutier (= 0. )
German dairv butier = o, 7)

@
{

t

Analytical llethod

The method corrermonded to “hot used i the case of
nargarine,




-5-
Results
The results of the analyses are compiled in Tgble 3,

into which, for purposes of comparison, some data concerning
earlier {findings are also entered.

Discussion of the Results

——

Table 3 shows that in bacon fat and buttor, thue in animal
fats, no cancerogenic aromatics carn be found, vhile in margsrines,
coconut fzt =2nd vecetadble oils, these commounds cen be found in
veryings emounts, Thereby, the different cancerogenic activity
of the indivicdual aromatice rnuet be observed (see Hoffmenn and
Yiynder), Thus, for exannle, the total amount of cancerogenic
arongtics in coconut fat is not significantly higher than in
veretable nmargarines, but the vortion of 3,4-benzopyrene, which
possesses the greatest activity, is four times as large as
it is in the tyres of nargerines analyzed, If first of 21l the
total content of cancerogcenic, »olycyclic aromatics is considered,
then the following succession ie found: liercarine no, 1,
coconut fat, nargarine no. 7, marrarine no. 2, mergarine no, 4,
vegetable oil, olive oil. IZ, :owever, e evaluate according
to activity, then coconut fat cstands first., Thuc it results
that the more cxpensive types of nersarine, becsuse of their
coconut fet »wortion, are less favorable, Iielted nargerines,
vhich contain no coconut fat, palnsced fat or nzln oil, but
rather 75-85. waltran or hardened nearut oil, do not, in contrast,
have a high 3,4~benzoryrene content, ‘e believe that the drying
of the coconut fruits, vhich ie done »artly over an oren TFire,
is responsible for an additionel. 3, d=benzonyreiac Toriction or
intake, i.e. one exce~ding the suoge determined by nature.

This intake is possible, for it is lmovm that intense curing of
corra yields a dark oil, TITrobably, therefore, the production

of copra thet Zs distributed over wide aress and countless islands
produces inconsistent ouvslities, This »roblen ig coucicdered in
the contribution of CGrinier, Teyond thei, berides the publice-
tion of IHoward et 1., e mow only of the ~ublicetion of
Talinie et 21, After serouificetion oi evtrascted and conresced
sunflover seed olil and sone ner-zrine canmles, the suthors

found 3,4=benzopyrenc onc other nolrrerelic v rocarbons Dy
neans of fluoresceace-snectroscon:, .oreover, the results coh-
fim part of our earlier resulte.) lowvever, tiie deteils of

the methods and data on the zmounts of the cronstics found are
not included in this congressional rcnort,

In analyzin:~ olive o0il, earlier roxi-g nrobebly failed
because of detectioxn methods thot were too ircensitive, Jith
our onerationrl nethod (see Zerort II) rolverelic srometic hydro=-
cerbons could be detected un to an cmount of 9.1 Mg per g
fat, so that a nerative finding cen now be eonated to a finding
of "free of cancerocenic eroirties" foirly certeinty, '

The absence of nolycyclic hyiroceorbhons in butter and
bacon fat (see 2lso Grirmer) cen noscibly be er-lained by the
fact that ~romatics introduced into the animel orgenien are
hydroxylized and decomnosed (see e,~, Jutenandt and Dannenberg),
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while the plants not only abcorb the substances, but zlso
synthesize them (Borneff Graf),
In the comnrerison oetwee.

The earth's
before the last world
only 8lirshtly more than 10y, -

thon doudnle what it was. Thuu

basic food product:
to 9.7 1’:.[‘:

of a total

£

butter and margarine, the produ-
cers emvhrsize the fact that nmercarine is an indevendent food
product and is not supvosed to be en imitation of butter,
T sreater then it was
but the use of butter has increaced
nore

~opulation today is avout 305
war,

ile that of merseorine is
nargarine has indeed becone a
arounted

consunntion ner capita in Gemmany
edible fat concunniion of 28,4 kg in 1965,
However, the consumption of butier and margarine is different

(with the excention of Demmark)

in different countries: still, the increase in nergarine use

is clear in 211 caces (see

D= butter B,= olive o0oil ,=
le= 1,2-benzanthracene 2,=
3= 3,4=benzonyrene 4,=
H5e= 10,11l=bencofluoranthene
6= Uon—c.nccvo"enlc aro~tice
Te= 1,12-benzonerylene

E,= 11,é2-b9n"orlvoraAtanh
Se= fluorsnthene + nyrene
10.= Anount of corcinoens
1ll,= Total anount

12,= water content in <

Since the analyses
gens along

possible danger is reised,
be judged Ffrom the

standnoint of

have
with vegetable oils end norgrrine,

it

rhovi het

LTecon Tat

[
\ne =

Jyd=benzolvorontione
infenonrirone

= vereyn-ble oil

; nan teltne in carcinoe
the ouestion of

wut coubkt, this proolem cain only

"s;mcv“cz nocenesigth,

In thie

Ta,, s’.)..A.. e 4 } L ]
1 L4
Table .
Cocos- tlne; |
A_ . B. Margarine Co TFett De  Batter E. Otivenst F o fett  (ePana
Kanzerogene Nr, 1 Nr. 2 Nr. 3 Nr.4 Nr. s Nr. 6 Nr. 7
Aromaten ug/kg® ) b) ) b) a) b) a) b) a) b) a) b) a) b) ) b) ) b) a)
1.2-Benzanthracen o 295 “,2 3,8 5,7 6,3 9,4 3,7 5,5 1,9 2,8 [0/} [0} [¢/) )] 0,75 1,13 ()} ¢ 2,50
3.4-Bernzfluoranthen &'y 14,5 21,7 3,1 4.6 3,7 55 2,6 3,9 14 2,1 ) [0)] [} [0:] 0,82 1,23 /] .} 4,03
3.4-Benzpyren "o z 7 4,0 538 8,2 3,0 45 2,2 3,3 124 18,6 (0] ()] )} ¢  o62 093 . @ )} 0,38
Indenopyren y 8,2 1,0 1,5 1,2 1,8 1,6 2,4 0,9 1,3 D [1:] ] (0] 0,9 1,35 (] [} 1,63
10.11- Bemﬂuounthep 5 . 1o s 18,7 2,3 34 57 8,5 24 3,6 4,4 6,6 (6] [} (1] [0} 0,8 1,20 o -9 3,78
Nichtkanzetogene |
Aromaten - i
1.12-Benzperylen 10,2 0,5 0,7 1,7 2,8 0,7 1,0 1.1 1.6 o)} [o:} v} )} 0,67 1,00 1)} [} 1,28
11.12-Benzfluoranthen 8 » 5 3 7,9 0} 1,2 1,2 1,8 1,4 2,1 3,3 4,9 [} o)} @ 1)} 0,55 0,82 [} [} 1,38
Fluoranthen + Pyren 9 o 555 833 67,9 1018 121 181 4,3 64 630 94,5 1,0 1,5 o)} ¢ 1275 1913 115 17,25 1630 |
Menge an .
,l(anznogenan 62,7 93,9 15,7 23,5 19,9 29,8 12,5 18,7 21,0 31,5 @ o) (4] )] 3,89 5,84 [] ()} 12,30
Geumtmenge 2 130 3 1954 84,9 127,3 34,9 52,3 18,9 283 88,4 13,26 1,0 1,5 [} 17,86 26,79 11,8 17,25 31,20
W-nergehalt [ 18 0,07 14,2 0,3 13,8 14 v J
1
* in rel-tion to waterfree substeorces
2) = values found
0) = corrccted velues (factor 1.,5)
Feys
A.= cancerogenic aronatice .= sxyorine .= coconut fot
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sense it is important that, along with cirarette smoking

and the air of lerge cities, food also -~ even the so-czlled
natural food -- introduces carcinogens into the human organism
(emoked fish and neat products, drinking water, vegetables,
coffee, vegetable fat)., Of course, no one of these foods can
worik as & sole cause of cancer, but in csum, thevy vield not

E‘fo . B .
A% fﬁ%s %%me, ve estimete, according to the various

data given in the literature, that the yearly dose of carci-
nogens with smoked food producte (about 5 kg) is 0.0% .mg,

with ¢rinking water ig the Torm of aprronriatelr nrocessed sur-
face water (about 1 n”) 0.025 mg, with vesetable foods gabout

200 ¥g) 1-10 ng, =nd with nargorine znd vecetable oils (about

20 kz) 1 ng.e  In celeuletings the dose in margarine, we pro-
ceeced fron the average values for Cermany (Table 4) for 1965,
thus the total yearly dose of carcinosens from sources recoghized
as_unobjectionable is 1-10 mg with o 3,4-benzopyrene vortion o

O L) l"l mﬂ .

Table 4, Dutter and llarserine uce v»eor canita (in ke/yesr)
according to Diemair =né Zoch (1960) and the Commonweelth
Zeononic Committee: Intelliceunce Sulletin, June 1967,

Liorgerine Zutter

1036 1965 1978 2.965
Norvay 18,23 21.C 5.66 4,1
Dennark 2147 10,3 8429 10.0
Tetherlends 7¢25 19.€ 5.44 4,75
Sweden - 9.29 1E.L il.72 S.7
Federal Eemublic of
Zemany 5e 00 ST .60 8e4
Deliun Te25 13.1 7,86 T.9
Finliend 5 eli( A,°0 G875 17.7
Creot Britein Te04 Dol 11,27 3.8
U.S.A. L0 4.5 Teld 2¢9
Irelend L.L9 4ol 14,55 16.7
Freice 0.2 a0 Ll 8.9
Switzerland 0.5 1.0 70 6.7
Ttely 0.7% 0.7 1,18 1.6

In evolueting this amount it chould ve s
0.5 g 3,4-benzopyrene tunors could he ceiused on
in 100;« of the enimals used after 3-5 montis {Iryen and Shime
kin). Smaller doses sre by no necns cornnletely ineffective,
only the tumorsl capacity sintc in the foce of increasing tine
of latency. Of course, the nouse s:in is not entirely conpara-
ble to the human intestinal trect, Yt nonetheless the demand
for elimination or at lerst 1iritrtion of $he crreinorens seems
sensible and justified,

m ()

aild that with
on nice gkin

2]

-
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In Germany, approyriate measures were undertaken with
the legal prohibifion of a series of foreign substances,
whereby the stand was tzken that cancerogenically acfing
conpounds should in no case purvosely be added to foods,

This basic stand, the elimination of carcinogsens within the
frame of available techniceal roscibilities, should also be
valic¢ in all other areas. ZPreventive nmedicine nmust demand
corresponding nrecautionary measures, even if a final judgnment
concerning danger due to carcinorens in food cannot yet he
made, _

In this light, we consicder it desirsble to conduct further
analyses of the aro.atics in vegetable fots, and to select
pronerly the raw materiels and control tire —~roduction »rocess

in order +to reduce the nolycyclic, aromeiic carcinogens,

According to Grimmer and 3iernoth ond loest (see also followiag
article), the rew naterial conmponents oi veretable nergarine

nave different aronetic contents; Turther, the authcre couvld
denonstrate that by means of nroper nrocescing, = decicive
decrearce in the hydrocerbon content cen he effected., Such
refining neasures are not unusual in themcelves, for it has
already been seen seversl times that o »lant "nature product"

by no meens poscegges ontinel rroperties in a nutrition-physio-
logical respect. Turnip oil, for exarle, obiained by nressing
and extraction, conteine smeller snounis of sulfur conrounds,

which nust be removed by reofining, esrecially deoforizing. Cottone
seed oil rmust ve freed of possypol ond ite esters, 28 rell as

of cyclic fatty acids (9,l0-cycloprovrene-stearic acid =

stercylic acid)., Gydrgy, Coldblatt and Canzin observed that

red ralm o0il leacds to cirrhotic alterotions of the liver in

animel experinmcnts., FEnowledge grined in the lest Tev vears

has further revealed that toxic ~rorerties (curare, storhantin,
aconitin, mushroom noisons) sre not z2lways recognizable fron ten-
porarily oppearing symvions, i.e. there are toxic subsionces

in nlante thet can lecd to intense phenonena only after quite

a long veriod of latency. Iesices the nemed cubstances, hovever,
cancer-producing substences elso naturslly occur (ceneciowallzne
loids, cycasin, nycotorins, monocrotalin, cerraseenin, safrol,
tannin, citrue oils), no that recosnition of +the chronicelly

toxic dangers of nature »roducte is of ;reat ~racticel signifi-
cance (see e,;, Druckrey). In 1962, Ienfaan: nointed out that

for these and several other reosons, the Y rnt vorld by no neans
offers better food producte then. the sninal reslnm., ‘Je, however,
are of the opinion that ham can be svoided by cereful selection,
Above 211, wve would not lilze tn mele the nirtel-e of concluding

a sureriority of animel fetc fro- the roseice of 3,4-benzopyrene
in margerine, ecnecielly since it crn be ervhected thet the
nargerine treaineat recommended by Tlernicth ond ost, with A-cor-
bon and varor deodorizaticon will elivinate in ~racitice harme

ful concentrations of molycyelic rro oties, It is not the

task of our analyses 1o ecta lish veluve judsonte coacerning
differcat foode; they serve erclusively the murmose of hase
informetion for later -rocnective enideriolo el ascertaiments,
which alone can decide unon the dongercusncss or hermlessness

of the traces upvon lou-teri inirlie.
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Sunmeary

Analyses of various tyres of neargerine, venetable shorten-
ing 21d butter confirm the fact established in earlier research,
that vegetable fats and oils, in contrast to animal products,
contain cancer-nroducing, aronatic hydrocarbons. The sromatic
content of the margerine tyves is determined frou the raw
products., The anount of cencerorenic aromatics in the mar-
garines enalyzed, produced without setive-carbon’ treatment,and in
coconut oil lay betwoen 20=100 mg/kg, and the 3, 4-benzovyrene
prortion anounted to 3—18‘Aﬁ/vg. Thege comwound° could not he
detected in hutter.
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I. Introduction

About 400 different botanic species are known to us today from
whose seeds or fruits (mostly the former) oils can be obtained (or
fats, when their melting point is above the average temperature of
the original arca); notwithstanding _the similarities, very close at
times, between oils of diferent origin, it is practically impossible to
find two of thew identical. Each has some distinetive chemical char-
acteristic, infrequently physical, sometimes qualitative, more fre-
quently quantitative.

A vegetable species can be called “oleaginous” only when its
seeds or fruits can yield at least 15-204% oil; actually, any portion of a
vegetable, if not excessively lignified, c(m(uins'lipids, but only the
ripe sceds (and, hut less so, the fruits), contain a high percentage,
accummulated as reserve material, which may he casily mobilized and
mictabolized to meet the demand For energy during germination.
~ From the origin of organic chemistry it was recognized that oils are
complex mixtures of numerous prodnets that are structurally refated;
this fact, in addition to the exnerimental difliculty in resolving such
mixtures, is undoubtedly the reason why the chemisty of fatty mate-
vials has been for decades mainly qualitative and based on average
“values.” The extraovdinary current advances in our knowledge of
fats, in all ficlds involving them, arc exclusively due to the possi-
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bility of resolving in a precise manner the mixtures of similar com--
pounds of an oil by means of the various chromatographic techniques

on paper, thin-layer (TLC), and gas-liquid chromatography (GLC).

Only after these techniques had allowed the identification and sepa-

ration in pure form of compounds of closely related structures, such

as fatty acids, could investigations be profitably carried out by means

of spectroscopic methods: ultraviolet, infrared, nuclear magnetic res-

onance, and mass spectroscopy.

Today, research on the components of most different lipid types,
vegetable oils included, is in full development; we may expect from
it the solution of many problems in the medical-biological field, and
also improvements in industrial applications. This broad subject is
constantly progressing and cannot be summarized in a short review:
several aspects will not be discussed in detuil here, and the literature
quoted will be confined mainly to the last decade.

II. Glycerides -
A, FaTTY ACIDS

Only a relatively small amount of fatty acids oceurs in the frec form
in plants; however, in combined form, fatty acids are widely distrib-
uted in the vegetable kingdom and"constitute the basic unit of many
lipid molecules.

Fatty acids present in free or bound forms in vegetable oils usually
have straight chains, an even number of carbon atoms, and are mono-
carboxylic: odd-numbered acids occur rather rarely and alwavs in
frace amounts. Branched-chain fatty acids have not vet been found in
vegetable oils, but unusual fatty acids having acetylenic, cyclopro-
penic, hydroxy groups or conjugated double bouds are sometimes
important constituents of seed oils.

L Analytical Methods and Structure Analysis

Traditional chemical methods are currently used in the characteri-
zation of fatty ucids: neutralization valucs permit the calculation of
the mean molecular weight ind a series of values (for instance, io-
dine, thiocyanogen, and bvdrogenation valucs) for determining the
degree of unsaturation. A complete analysis of fatty acid mixtures
would nevertheless require the quulitative and quantitative detec-
tion of all the fatty acids (Fontel] ef f.. Y960). Such methods as crys-
tallization of salts md Dromine addoer formadion have been used to
st etent N elo Lo v entionad methods have found wide
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application; these include gas-liquid chromatography (GLC), column
and paper chromatography, thin-layer chromatography (TLC), and
countercurrent distribution (Butterfield et al., 1964; Dutton, 1955,
Holley, 1956; E. P. Jones et al., 1965; Scholfield et al., 1961c, 19634,b,
1966; Sreenivasan et al., 1963). GLC is the most versatile and widely
used method for analysis of fatty acid mixtures; the fractionation of
the different constituents is governed by several factors (Harris and
Habgood, 1966; Horning et «l., 1964a; Lovelock, 1952), but, when
proper conditions are chosen, an enormous range of resolving power
is attained.

The separated components of a mixture can be detected in several
ways (Burchfield and Storrs, 1962; Horning et al., 1964b; Lovelock,
1952, 1958a,b; Karmen and Bowman, 1959; Messner et al., 1959;
Stuve, 1961); the data, proportional to the amount of the eluted
material, can be recorded. '

Retention times are reproducible for given columns and operating
conditions; their logarithms, within a homologous series, bear a
linear relationship to the chain length (Ackmaw and Burgher, 1963;
Farquhar et al., 1959; Haken and Souter, 1966; James, 1959; T. M.
Smith and White, 1966; Woodford and Van Gent, 1960) so that fatty
acids, usually analyzed as methyl esters (Burchfield and Storrs, 1962;

Horning et al., 1964b; Woidich, 1966), can be readily recognized by

comparison to reference compounds or by plotting retention data for
known compounds (Litchfield et al., 1963; Miwa et al., 1960). Rou-

tine analytical procedures, which include the use of several sta-

tionary phases, have been fully described for saturated and unsatu-
rated acids (Burchfield and Storrs, 1962; Horning et al., 1964b; R. B.
Jackson, 1966a,b). Less common acids are equally well analyzed:
hydroxy acids as trimethylsilyl ethers (Kitagawa et al., 1962; O’Brien
and Rouser, 1964; Wood et «l., 1965); polyhydroxystearates as trifluo-
roacetates (Wood et al., 1966), epoxy acids (L. T. Black and Eisen-
hauer, 1963; Herb et al., 1964; Morris et al., 1961), olefinic and ace-
tylenic acids (T. M. Smith and White, 1966), cyclopropenoid
{Hammonds and Shone, 1966) and cyclopentanoic acids (Zeman and
Pokorny, 1963). Isomers of straight-chain fatty acids can also be
separated and analyzed by high resolution Golay columns (Juvet,
1964; Litchfield et af., 1963; Mallard and Craig. 1966; Wood et «f.,
1965); combinations of GLC with TLC. column chromatography, and
countercurrent distribution are also hielpful in analyzing complex
mixtures of isomers (Iverson et al.. 1965: Mallard and Craig, 1966;
Wieske, 1966; Wood ¢t al., 1965). Acids present in uile as artifacts
have also been detected (L. T. Black and Erscaiumer, 1503 Paper

i
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. chromatography is now widely replaced by TLC, which is more ver-
satile and is a faster operation. The reversed-phase procedure, em-
ploying as stationary phases hydrocarbons (Buchanam, 1959; Kauf-
mann and Mohr, 1958), rubber (Boldingh, 1948), or silicones (Inouye
et al., 1955; Kritchevsky and Tiselius, 1951; Schlenk et al., 1957),
allows the fractionation of fatty acids according to the chain length.
Mixtures of epoxy, hydroxy, and keto acids have been resolved
(Kaufmann and Su Ko, 1962; Schafer ¢t al., 1960). Quantitation can be -
achieved bydensitometry (Swartout et al., 1960; Swartout and Hern-
don, 1965) or spectrometry of the eluted spots (Mangold ¢t «al., 1955).

Partition, adsorption, or reversed-phase column chromatography
have been successfully emploved in fatty acid analysis; partition and
reversed-phase chromatography give fractionations according to the
molecular weight (Badami, 1964: Benton ef al., 1959; Blankenhor et
al., 1961; Clasper and Haslam, 1957; Lis et al., 1961; Kibrich and
Skupp, 1959; O’Neal and Carlton, 1958; von Frankze, 1959), but crit-
ical pairs are eluted together (Fraukel ef al. 1962; Savary and Des-
nuelle, 1953),

Silver nitrate-silicic acid columns, taking advantage of the forma-
tion of double-bond compiexes, are useful in the fractionation of
unsaturated mixtures (Anderson angLHollenlmch, 1965; Barrett ¢t al.,
1962; Bhatty and Craig, 1964; De Vries, 1963), or of geometrical iso- -
mers; ion-exchange argentated resins are effective in similar types of
fractionation (Emken et al., 1964; Sargent and Rieman, 1958; Sherma
and Rieman, 1959; Scholfield and Emken, 1966; Wurster et «l.,
1963). Quantitation in column chromutography has been attained by
titrating the efluent, if free acids ure used, by differential refracto-
metry (Hirsch, 1963), or by more advanced procedures employing
ionization flame detectors (Bombaugh and Little, 1964; Cotgreave,
1966; Haahti and Nikkari, 1963; James ¢t al., 1964).

TLC can be used to effect any desired separation of fatty acids and
for preparation of small quantities of pure compounds. At the begin-
ning, TLC was used as an abrorption technique, and a variety of ad-
sorbent materials (silicu gel, «lumina, kieselguhr) have been experi-
mented with to fractionate componnds with different polarities
(Mangoid and Kammereck, 1962; Pavoe, 1964); the use of impreg-
nated layers has enhanced its resolving power; all these techniques
hiave been reviewed previously (Bobbitt, 1963; Mangold, 1965; Ran-
derath,"1963; Stahl, 1964). In vegetable oil-fatty acid analysis, silica
gel hae been userd to fractionate configurational isomers of hydroxy
acids, epoxy wcidy (Mords, T983. Vomis and Hall, 1987, keto acids,
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bromo derivatives of unsaturited fatty acids (Morris and Wharry,
1965; Roomi ¢t al., 1966; Sgoutas and Kummerow, 1963, 1964; Sub-
barao, 1962; Subbarao and Achaya, 1964), ozonides, and mercury
acetate adducts (Jantzen et al., 1961, Kuellel, 1962; Mangold and
Kammereck, 1961; Radin, 1965; Winterstein et al., 1960); this last
procedure is very effective in the fractionation of vinylogous groups
(Kuellel, 1962). Silica gel layers impregnated with boric acid, sodium
boratg, or sodium arsenite have a high resolving power for hydroxy
and polydroxy acids and their configurational isomer mixtures (Ap-
plewhite, 1965; Lugay and Juliano, 1964; Morris, 1962). Unsaturated
methyl esters are easily resolvable according to their unsaturation
degree on silica gel or alumina impregnated with silver nitrate (Blank
and Privett, 1963; De Vries, 1962; De Vries and Jurriens, 1963;
Malins and Mangold, 1960; Matarese, 1964; Morris, 1962; Pallotta
and Matarese, 1963, Paulose, 1966; Privett and Blank, 1963; Privett
and Blank, 1964; Wood and Snyder, 1966; Privett et al., 1963a).

Partition methods have been employed to resolve homologous se-
ries; reversed-phase systems, such as siliconized or hydrocarbon-
impregnated plates have found wider applications for the sume pur-
pose (Carreau and Raulin, 1964; Hammond and Shone, 1964; Lugay
and Julian, 1964; Kaufmann and Mikus, 1960; Kaufmann et al., 1961;
Kaufmann and Khoe, 1962; Malins and Mangold, 1960; Ord and
Bamford, 1966); critical pairs have been resolved by the use of
two-dimensional systems, their polarity being changed by chemical
methods after the first elution (Blank et al., 1964; Privett and Blank,
1962; Purdy and Truter, 1962a). Quantitative analysis can be per-
formed by measurement of the area (Purdy and Truter, 1962a,b)
-or optical deunsity of spots, usually after charring with sulfuric-
‘chromic acid mixtures (Blank et al., 1964; Vioque and Vioque, 1964).
Alternatively, elution from scraped portions of the plate permits
the utilization of classical methods, such as gravimetry (Dunn and
Robson, 1965), spectrometry (Vioque and Holman, 1962; Walsh
et al., 1965), GL.C (Bowyeret al., 1963a,b; A. N. Howard and Gresham,
1963; Privett and Blank, 1963); or radiometry (Collins and Som-
merville, 1964; Gunstone ¢t al., 1964; Snyder and Stephens, 1962;
Yamada and Stumpe, 1964).

Vegetable oil fatty-acid analysis has been greatly advanced by the
application of spectroscopy and spectrometry. Ultraviolet (UV) ab-
sorption spectroscopy can be applied to quantitation or structural
analysis; this second application is limited to the stedy of conjuga-
tion that uives rise to characteristic absorption maxine in the UV re-
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" gion: dienes absorb at about 232 nm. trienes at 268 nm, tetraenes at
. 315 mu. Double bonds conjugated with the carboxy! group also give

rise to UV absorption (H. K. Black and Weedon, 1953; Herb, 1955;

" Holman and Hanks, 1955: O'Connor, 1955: Pitt and Morton, 1957);

the position of the maximum is specific for any given compound. The -

intensity at the absorption maximum is used for quantitative analysis
of fatty acid mixtures, provided that conjugated unsaturations are
present. Alkaline isomerization of polyenic nonconjugated fatty ac-
ids, followed hy UV spectrometry, as a means of measuring their

' concentration {American Oil Chemist’s Society, 1946)p), must not be

overestimated (Vandenheuvel and Richardson, 1953).
Fatty acids and their esters have been studied extensively by
means of infrared spectroscopy (IR) {Chapman, 1957, 1965; R. N.-

~Jones et al., 1952; R. N. Jenes, 1962; (F’Connor, 1956, 1960, 1961;

Wheeler, 1954); the study of the unsaturation through IR, particularly

of isolated or conjugated trans double bonds, has received con-:

siderable attention both for structure determination (Chapman, 1965;
Heether et al., 1951; Hopkins and Chisholm, 1962¢; Jackson et al.,
1952) and quantitation (American Qil Chemist’s Socictv, 1946¢;

Hopkins and Chisholm, 1962; Swern et al., 1950). Polymorphism

exhibited by long-chain acids<gives rise to structurally spectral
differences (Chapman, 1962). Data can be drawn from the —CH,—
rocking modes (1. E. Jackson et af., 1952); other functional groups in
vegetable o1l fatty acids, such as epoxy (Heether et al., 1951) and Ccv-
clopropane (Nunn, 1432), can be eusily detected.

Nuclear mzunetic resonance spectroscopy (NMR) gives signals for
—CH,— and the —CH, groups of normal straight-chain acids
(Hopking ~ /. nstein, 1959; Hopkins, 1961, 1966); unsaturation
and other fu” onal wroups are readily detected (Hopkins, 1961,
1966: Johuston ot al 196455 the proton hvdroxy groups in hydroxy
acids give w sharp line whose position depends on the compound
under examination (Heopkins, 19615, Cyelic groups such as evclopro-
peve in stereulic acid or eyclopentene in chandlmoogric acid have
been studied by NAIR (Hopkins and Bemstein, 1959). In a very few
cases, NMR has been utihized in quantitutive analysis (Johnston et
al., 19A4: Stores. 19680 Wolff and Miwa, 19640,

The
proach o Hpid chienizatn woversl sovion s to which the reader is
referred. Te® wpeared dRadzikiovies o0 ddl 19640 Dutton, 1961;
Hoplins 1A O Camar, 1964 Bubuoe ad Sterthagen, 1960, 1963).
Pocw o o dovble bonds in vukroan olecuies has been obtained

-

cecent appleation Sf tnass cpectron ot has given o new ap-
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in particular cases by utilizing special techniques (Dinh-Nguyen et
al., 1959, 1961; Kenner and Stenhagen, 1964; Scholfield et al., 1961¢;
Selke et al., 1961). Mass spectra have proved useful in quantitative
analysis of unsaturated and saturated acids (Hallgren et al., 1957).

The combination of GLC and mass spectrometry has opened new
perspectives because of the possibility of analyzing fatty acid mix-

- tures or their derivatives, for structure assignment, prior to any frac-
. tionation (Leemans and McClosky, 1967).

Physical methods are indicative in structural analysis of fatty acids,
but are seldom conclusive regarding a particular feature, such as the
position of double bonds; chemical methods combined with TLC or
GLC have been extensively used for that purpose, based on the oxi-
dation and recognition of the fragments (Bergelson et al., 1964,
Edwards, 1966; Fedeli et «l., 1963; Gunstone and Sykes, 1962,
Nickell and Privett, 1966; Privett et al., 1963a; Stein, 1961).

2. Vegetable-Qil Fatty Acids

The fatty acid composition of seed oils is characteristic of the plant
source; nevertheless, variations, due to climatic or seasonal condi-
tions, are often observed.

Saturated and unsaturated acids, such as palmitic, stearic, palmit-
oleic, oleic, linoleic, and linolenic, are the major components of
common seed oils; other saturated and unsaturated acids are often
present as major or minor components; sometimes in specific seeds,
unusual fatty acids predominate; the component acids of seed fats
could themselves be a basis for a classification of plants (Hilditch

“and Williams, 1964). Table I shows the composition of some of the
most common seed oils.

a. Saturated Fatty Acids. Among the saturated acids, lauric, pal-
mitic, and stearic are the most common, palmitic acid being pre-
dominant over stearic acid in almost all the seeds examined (Ahrens
et al., 1959; Archer-Daniels-Midland, 1961; Earle et al., 1961; Fisher
and Broughton, 1960; Lea, 1929; Murti 1948). Short-chain fatty acids
are very rare, but capric (n-decanoic) is, for instance, the major acid
in Cuphea (Miller et al., 1964b), in Ulmaceae and Lythrarieae seeds
(Earle and Wolff, 1960; Hopkins and Chisholm, 1959; Miller ¢t al.,
1964b; Sorensen and Soltof, 1958; T. L. Wilson et al., 1960). Lauric
acid is one of the major -components of Lauraceae und Myristica-
ceae, together with myristic acid (Earle and Wolf, 1960, Miller et
al., 1964b); myristic acid predominates in Palmae (Collin and Hild-
itch, 1928; Longenecker, 1939; Mackie and Mieras, 1961). Arachidic
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- (n-eicosenoic), lignoceric (n-tetracosenoic), and behenic (n-doco-
sanoic) acids, which have been found to be notable components of
some leguminous seeds (Baker et al., 1961; Broadbent and Shone,
1963; Craig and Murti, 1959; French, 1962: Korvtnvk and Metzler,
1963; Pickett, 1955), are minor components of important edible oils
such as groundnut and soybean.

b, Monounsaturated Fatty Acids. Oleic is the most important
monounsaturated acid of vegetable oils, and the major component in
some fruit or seed oils (Archer-Daniels-Midland, 1961; Craig and
Murti, 1959; French, 1962); palnitoleic (hexadecen-9-enoic) (Craig
and Murti, 1959; French, 1962) and myristoleic (tetradec-9-enoic) -
(Atherton and Meara, 1939) acids are present in vegetable oils, the
first being more diffused. Erucic acid (docos-13-enoic) is the funda-
mental fatty component of Cruciferae seed futs (Baliga and Hilditch,
1948; Earle et ol., 1961), although recently some varieties of rape-
seed oils have been obtained which contain erucic acid as a minor
component. Other unusual acids found in vegetable oils are shown
in Table II. In Umbellifereae. the 6,7-monooctadecenoic acid (pe-
troselinic) is the major component, varving from 17% to 60 of the
total fatty acids (Placek, 1963).

c. Cyclopropenyl Fatty Acids. Sterculic acid (I) is present in the
fats of two seed species of Sterculia (over 706 in S. foetida), and in a
small amount, together with malvalic acid, in Malvaceae seeds (IT)
(Cornelius and Shone, 1963; C. R. Smith et al., 1961D).

CH,(CH,);—C=C—(CH.),—COOH Dn=7

\/

CH, (Il n=86
Both are responsible for the characteristic color shown by cottonseed
oil in the so-called “Halphen test.”” A probable intermediate in the
biosynthesis of malvalic from sterculic acid, p-2-hydroxysterculic
acid, has been isolated from seed oils (Earle et al., 1964; Morris and
Hall, 1967).

d. Hydroxy and Epoxy Fatty Acids. Ricinoleic acid (12-hydroxy-
cis-octadec-9-enoic) is the most commen hydroxy acid: it is found to
be a major constituent in caster oil (Ricinus communis). In the same
oil, the optically active 9,10-dihvdroxystearic acid is present in small
proportions.

Other less commion hydroxy acids {owid in seed oils are shown in
Table I1. In Vernonia anthelmintica s.-ds {Compositae) an epoxy
acid, vernolic, forms about 70¢ (Ahlers ¢¢ <!.. 1953; Chisholm and
Hopkins, 1963; Miwa et al., 1963; )\ 4 Hall, 1467 Riley,
1949) of the tathy acid pool: the Y L0-cpexy oiv-i2s 000 aeid ocenrs
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Table 11
UNUSUAL FFATTY ACIDs OF SEED O1Ls?

Scientific name Formula Trivial name References

Moncunsaturated

cis-Duoc-4-enovic Cllla0, - !

cis-Dodoc-4-enoic Crt 0, - |

cis-Tetradec-4-enoic C o0, - 2

cis-Hexadec-11-enoic CghigeO)s =, 3

trans-Hexadec-3-enoic C 14,0, - 4

cis-Octadec-6-enoic C s, 0, Petroselinic 5

trans-Odtadec-3-enoic C1,,0, — 4

cis-Eicos-11-enoic Cogh .0, . . 6-8

cis-Eicos-5-enaic Coall3.0, — 9

cis-Eicos-Y-enoic Codl O, Gadoleic 10, 11

Cyclopropenyl .

S-(2-r-Ocetvlevelo- CLi, 0, Sterculie 12,13
prop-I-enyhoctanaic

7-&,2-u»(‘ltt}’lc)’c]n- Cll,0, Madhvalic 12,13
prop-l-envloctanoic

ilyedroxy

S-Hydroxv-eis- Oy 0, - 14
octadec-12-enoic

S-Hy droxyoctadeca- (GRS FQ N — 15
trans-10-cis-12-die10ic

Y-Hydroxvoctadeca- Cull 0, . Dimarphecolic 16
trans-10-trans-12-
divnoic

18-Hydroxyoctadec.- Gl Oy Kanlolenic -
9-11,13-trienoic

9,10-Dihy droxy- 0, — 17
octadecancic

P213-Dihyvdroxy octadee- Ci 1,0, - IS
ris-Y-en0ic

9.14-Dibvdrosyoctadeca- C .0, - 19, 20
10,12-dienaic

T4-Hydroxyeicos-cis- Coll, O, Lesaguerolic 21
eennic

TLIZ-Dihvdroxveicosunoie [OFNE oW — 17

I304-Dilsvdroxvdocnsi- G0, - 17
noic

1516 dil vdroxatetry- Cading, — 17
cosanaice

Epoxy

P2 E3-Epoxyactadec- [ R Vernolie 2225
riv=Chginge o

G A2-Epouvoctadec aye ‘(,.KII.,I )y - 5

C9I0-Eporiodtadee. Co b0y, Corouarie 5
/‘,‘A‘\":__ Vit
- (Contivued
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Table 11 (Continued)

Scientific name Formula Trivial name tedere: e

15, 16-cpoxyoctadec- CH,,0, - 3
cis-9-cis-12-enoic

Keto

15-Oxotetracos-cis-18- C,,H,,0, - 26
enoic |, .

17-Oxohexacos-cis-20- C.H O, - 26
enaic

9-Oxooctiacos-cis- CouH 00, — 19
12-enoic

-Oxooctadeca-9,11,13- CH,, 0y Licanic 20

trienoic
Diunsaturated

‘Deca-trans-2-cis-4-di- Ci,H 160, - 27, 28

Y enoic

Dodeca-2,4-dienoic CH 300, C - 29

‘( yetadeca-frans- C ,Jl;;{(i - 30-32
10-trans-12-dienoic

Octadeca-trans-9- CH;,0, - 33, 34
trans-12-dienoic

kic(l.\;l—rlﬁ\-] l-cis-14- [OFF 3 @ TP - 35

& dienoic :

L)nun\‘;r('[\-l3—{'i3‘~16~ C.,H 0. — 36, 37
dicnoic

riunsaturated
Octadeca-cis-6- C«H 0, - 38-40

Cis-9-cis-12-tricnoic
Octadeca-cis-9-

trans-11-trans-13- C,.H,0, Diostearic 41, 42
tricnoic

Octadeci-cis-9-trans C 0, Punicic 43-45
H-cis-13-

¢ trienoic

Octadeca-cis-8-tras- Cistl,0, - 44
[0-cis-12-trienoic

‘Octadeca-frans-9- Culle0, = 31, 32, 34,
frans-11-ciy-13- 38, 41-44,
trienoic 16-48

Eicosa-cix-5-cis- | 1-cis- Coall,,0, - 35

14-trienoic
Tetraunsaturated e
Octadeca-eis-9-trans-1 - Cll0, Parvinaric 44, 50
frans-13-cis-15-
tetracnoice
Hl-cis-Octadeca-6G.49, 12, C L HL0. — RINNY]
IB-tetracnoic

A raied
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Table L1 (Continned)
Scicatitic name Formula Trivial name Relerencees
Acetylenic
Octadeca-9-ynuic - Stearolic 52,53
Octadeca-6-y noic = Tarric 54-36
Octadeca-frans-11-en- — Ximeny nic or 57
Y-vnoic sinfalthic
Octadeca-cis-9-en-12- - Crepenynic 58,59
viele
Octgdeca-trans-13-en- — Nimenic -
9,1 1-divnoic
Octadeca-17-en-9,11- - Isanic 60, 61
divnoic
Octadeca-cis-13-en-9,11- - Bolekic 54, 36
divnoic
§-Hr droxyvoctadec-17- - Isanolic 62, 63

cn-8, I-divnoic

“I-Tovama (1937); 2-Craig and Murti (1939} 3-13e Tomas of ol (1963 4-Klciman
et al. (1966); 3-Gunstone and NMorris (1959); 6-NMeKinney and Laicson (1936):
T-Hopkins (1946); S-Hopkins of al. (1949 S-Miller of «f (1964 10~Bertun (1936):
I-Hopkins and Chisholm (16530 {2-Cornchins and Shone (1963); 13-Smith o ol
19510 [4-Gunstone (1852); I5-Badami- and Morris (1963); I6-Earle ¢t al. (1964);
17-Mikolajezak et al. (1965); I5-Scott et al. (1962); 19-Calderwood and Guustoue
(1933); 20-Ahlers and Gunstone (1954), 21-Smith et al. (1951} 22-Cuustone (1954);
23-Monis and Wharry (1966); 24-Miwa et al. (1963); 25-Krewson of al . {1962); 26-Smith
(1966); 27-Devine (1950); 28-Hilditch (1949); 29-Hobnan wnd Hanks (19553); 30-
Hopkins and Chisholin (1962); 31-Hopkms and Chisholin (19647 32 Aoreis and Mar-
shall (1666); 33-Chisholm and Hopkine (1965 34-Chistiolm e Hlopkins (1963);
35-Takagi (1964); 36-Hilditch et o/ (1947); 37-Baliga and Hilditeh (1948); 38-Riley
(1949); 39-Roberts and Stevens (1963): 40-Smith ef al. (1964% 4i-Ahlcws et al. (1953);
42-Bickford et «l. (1953); 43-Farmer and Vandenbenvel (1936); £4-Hopkins and Chis-
holm (1962); 45-Chisholn and Hopkins (1964); I6-Ahlers and M Tagzgnt (1954);
47-Ahlers et al. {1954); #5-Ahlers and Dennison (1934); 79-Takugi (1966); 50-Baghy
et al. (1966); 51-Craig and Bhattv {1964}, 52-Morris and Marshall (1966); 53-Gunstone
o (1966); 54-Guustone and Sealy (19633 35-Morris (1963); 36-Cunstone
aned Ba W 19A3 37-Mikolajezak ef ol (1963), 58-Hopkins and Chisholm (1966):
59-Ligthelnn ef al (1952); 60-Steger and Vind.oon (1940); 6/ -Doncet and Fauve (1942);
£2-Ril-y (1951); 53-Kaulmann ef al. 11451,

and Subl

in Chrysanthemum coronariun; other epoxy acids isolated from seed
oils are shaown in Table I1,

v Koty Patty Acids o Three keto wcids cliuracterized by the
Ry D Cil=CH—CH CH2=Cl=0—R  grouping  have  been
fomnd b0 Cuepideria pterocarpa seed oil (Brown and Farmer, 1965)
e L T w polvunsatarated keto acid, leanic, is present in oiti-
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cica oil (Licania rigida) (Brown and Farmer, 1963), probably in the
cis-O-trans-11-trans-13 form.

fo Cyclopentenyl Fatty Acids. In some gencra of the Flaconrti-
aceae family, fatty acids characterized by the presence of a cvclopen-
tenyl grouping have been found (Cole and Curdoso, 1938a.h,
1939a,b; Power and Gornall, 1904) which are active in the treatment
of leprosy. The acids are shown in Table III. Chaulmoogric acid is
the most important one, but hvdnocarpic is also present in relatively
large amounts; other acids are minor components of the Hydno-
carpus seed fats.

4. Diunsaturated Fatty Acids. Among the diunsaturated acids,
linoleic acid (octadeca-cis-9-cis-12-dienoic) deserves special mention
because it constitutes the major fatty acid of many edible seed oils
(Iisher and Broughton, 1960; Hilditch et al., 1947) and is as ubiqui-
tous as palmitic and oleic acids. Other diunsaturated acids are
present in minor proportion in less common vegetable oils (see
Table ).

h. Trivnsaturated Fatty Acids. Linolenic acid (octadeca-~cis-9-cis-
12-cis-15-trienoic) is present as a major acid in a large number of
vegetable oils (Comelius and Shone, 1963), and sometimes it com-
prises, as in Linum usitatissimum, more than 50% of a seed oil.
Other tricnoic acids, some conjugated, have been found in vegetable
oils (Tukagi, 1964) (Table ). -

i. Tetraunsaturated Fatty Acids. Tetraunsaturated fatty acids are
rather rare in the vegetable kingdom. Parinaric acid is contained in
the oil of Parinarium leurinum, Impatiens, and Balsaminaceae seeds.
Another all-cis-octadecatetraenic acid (Table I ) has been detected in
Nymphaea alba seed. 4

Table Iii
CYCLOPENTENYL FATTY ACIDS IN FLACOURTIACEAE SEED OIL

[K {CH,),—CO0

‘ :_,/ Trivial
Structure name
n =) Aleprolic
o= 4 Aleprestic
o6 Adepritie
no=8 Viepric
no-= 10 Hyvdnoearpic
w12 : e Chanliioogric

Gorlie

N
{ Y (CH, - CHETCHCH) - COOH
=/
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o
componeuts in two plant faniilies, Santalaceae and Olacaceae; mono-

and polyacetylenic as well as hyvdroxvacetylenic acids have been de-
tected (Tuble I1) in vegetable oils (Bu’Lock, 1964; Meade, 1957).

B. GLYCERIDES

Vegetable oils are mainly trighvceride mixtures resulting from the
incorporation of component acids ot seed fats, according to genetic
rules, into the three positions of the glveerol molecule. The rules
seem to apply over a wide range, giving rise to comparable glveer-
idic distributions.

L Analytical Methods

Even if ester and jodine values arce still important indices used for

the characterization of oils, the problem of how triglycerides are
composed and how fatty acids are distributed may be resolved only
bv other chemical and less traditional means. Different methods
have been tried to reach this goal: Hilditch first proposed fractional
erystallization and applied it to a large number of fats, collecting
many interesting data (Hilditch apd Williams, 1964). A somewhat
different approach was used by the sanie author to determine the
quantity of trisaturcted ghyeerides by oxidizing the wnsaturated ones
to azelaoglycerides and then eliminating them by alkaline washing
(Subbaram et al., 1964).

All the older methods, very time-consuming and rather incom-
plete, have heen replaced by more sophisticated approaches uti-
lizing countercurrent distribution and chromatography.

Fractionation methods related to countercurrent distribution have
been reviewed and automatic equiptment and techniques described
{Dutton and Scholfield, 1963; Dutton et «f., 1961; Dutton und Can-
non, 1956; Schollield of of., 156100): Schoifield and Dutton, 1958:
Scholfield and iticks, 14957, therunit, 1953). .

The composition of soybeun, satHower, corn, and cocoa glycerides
have been caloulated (Butteriied, 1957, Schaolficld and Dutton,
1959).

Chromatography on paper impreanatDsith silicie acid has been
utilized to some extent, to feactionate obocende istares (Hamilton
and Muldrey, 1961: Swurtwout and Gross, Lo factionation ac-
cording to the unsaturatiors degree Las Leen achicved by elution with
silver mitrate dissolved in methanol.

o Acetylenic Fatty Acids. Acetylenic acids occur as glyceride
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- Silicic acid-silver nitrate columns (Barrett et al., 1962; De Vries,
1962, 1963, 1964; Hirsch, 1961) have shown some advantage over the
other techniques as a preparative tool of relatively high quantities of
glycerides of similar unsaturation-to be used for further resolution.
Resolutions according to molecular weight occur on factice, a po-
lymerized oil; partition columns have had very limited use (B. C.
Black and Hammond, 1983; Trowbridge et al., 1964).

More recently, fractionation according to unsaturation has been
obtained by TLC on silver nitrate-impregnated plates (Barrett et al.,
1962, 1963; De Vries, 1962; De Vries and Jurriens, 1964; Jurriens et

“al., 1964a,b), and quantitation has been achieved by densitometry
(Purdy and Truter, 1962a,b) or by glycerol determination (Jurriens et
al., 1964a) colorimetry (Hirsch, 1961) or GLC of the methyl esters in
presence of a suitable stundard (Blank ef «f., 1965).

Reversed-phase TLC fractionates triglveerides according to their
molecular weight and has been used alone, or with silver nitrate
complex formation (Ord and Bamford, 1967), to effect separation of
triglveerides. GLC on SE 30 or JXR (Huebner, 1961; Kuksis and
McCarthy, 1962; Kuksis, 1963, 1965; Litchfield et al., 1965; Kuksis
and Ludwig, 1966) also permits fractionations according to the mo-
lecular weights of the trighveerides amd has been used, together with
TLC on silver nitrate-impregrated layers (Fedeli et al., 1965). Under
optimal operating conditions, triglvcerides with a molecular weight
as high as that of trierucin can be quantitatively analyzed (Jurriens
and Schouten. 1965); this offers a valuable means for determination
of the structure of ¢lveerides in relation to the study of distribution
riles (Harlow et al., 1965). None of the outlined techniques alone
can give o complete knowledge of the distribution of fatty acids in
tryglyeerides; nevertheless, their combination has found a broad
application,

- At present, the most complete analvsis that can be done on vege-
table oil triglveerides involves the acquisition of the following data
(Coleman, 1961, 1965b; Jurriens and Kroesen, 1965; Gunstone et al.,
1964; Litchfield et al., 1964; Litchfield and Reiser, 1965; Perkins and
Hanson, 1965; Vander Wal, 1960): (a) overall fatty acid composition
by GLC; (b) fractionation of glvcerides according to their unsatura-
tion, coupled with subsequent fractionation, according to their mo-
lecular weight; (¢) distribution of the fatty acids in the 13-positions,
and in the 2-position of the glycerides: this point can be studied
by selective hydrolvsis with pancreatic lipase (Matison and Vil-
penheim, 1961 Savary ef al., 1957). The fatty weid dictribution at
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the 1-position of glycerol, independently of that of 3-position, can be
known by more sophisticated inethods (Brockerhoff, 1965; Brocker-
hoff and Yurkowski, 1966; Yurkowski and Brockerhoff, 1966),

The structure of the triglycerides has been studied by means of X-
ray diffraction (Chapman, 1857, 1964) and mass spectrometry (Dut-
ton, 1961: Ryhage and Stenhagen, 1960, 1963).

The method outlined here has been widely used to analyze the
triglyceride of many vegetable oils; palm (Jurriens et al., 1964a,b),
cocoa (Jurriens and Kroeser, 1963; Mattson and Volpenhein, 1961),
groundnut (Culp et al., 16385). rupeseed (Grynbere et al., 1966;
Jurriens and Schouten, 1965), corn and sunflower (Gunstone and
Qureshi, 1965), linseed (Vereshchagin and Novitskaja, 1965a,b),
and olive (Vioque ¢f al., 1964).

Less common vegetable oils have been studied in an attempt to
find the distribution rules which govern the biosynthesis of triglveer-
ides (Blunk et al., 1965; Gunstone ot al., 1965L; Gunstone and Pad-
lev, 1965; Jurriens and Kroesen, 1965; Litchtficld of «f., 1964; Kauf-
mann and Das, 1962; Kaufmann and Wessels, 1964; Ord and Bam-
ford, 1967).

2. Distribution Theories

R

Several reviews have alreadyv appeared on this subject since Hil-
ditch’s monumental work (Hilditeh and Williams, 1964). We wish
only to point out how the new research methods developed in the
last ten years have permnitted @ much mare detailed knowledee of the
distribution of the fatty acids in vegetable oil triglyeerides.

Pancreatic lipase hydrolveis has proved {Coleman, 1963a; Fedeli
et al., 1963; Gunstone and Padlev, 1563; Mattson and Volpenhein,
1961; Vander Wal, 1960) that acids are not randomly distributed on
the three positions of glveeral; with very few exceptions, the 2-posi-
tion is predominantly ocenpied by nnsaturated acids, whereas the
saturated and Cu.y monounsaturated acids are predominantly dis-
tribited in the 1.3-positions of ziycerol,

The so-called “vandom distribution hypothesis” originally pro-
posed by Hilditeh's co-workers has, therefore, been abandoned in
favor of severdd “restricted raidom™ thearies (Gunstone, 1962; Kar-
tha, 1953; Lun<ds et af., 1966; Subburam and Youngs, 1964; Youngs,
1961; Youngs aud Subbaram, 1954; Vander Wal, 1950); the 1.3-
random-2-random hvpothesis of Vanderwad considers that saturated
acids are madnly random cdistribated on the 1= and 3-positions,
wumsataneted oves wre nndom distributed on the 2-position.

1

S vdidite o his epothesis has been given by many
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authors utilizing lipolysis data which agree in the majority with the -
data obtained by other methods {(Coleman, 1965a; Gunstone and
Subbarao, 1968; Vander Wal, 1865). Small departures have been
noted for palm oil and some unusual fats that do not conform to the
theory. Gunstone’s theory also shows a good agreement with the
experimental data.

Brockerhoff (1965), Lands and co-workers (1966). and Yurkowski
and Brockerhoff (1966) have proved that 1- and 3-positions are not
completely symmetrical.

Assuming that the 1.3-randem-2-random theory is valid, it would
be possible to calculate the types and amount of each triglyceride
present in the oil and the fatty acid distribution.

As an example of the conclusions that can be drawn from the com-
bined application of chromatographic and enzyinatic techniques, see
Table IV, where data are reported on the fatty acid distribution in
olive and tea-seed oils (Fedeli and Jacini, 1967).

IIL.  Qther Lipids
A, PHOSPHOGLYCERIDES

Phosphoglvcerides are widespread in vegetable oils. Wittcoff's and
Dittmer’s monographs {Dittmer, 1966, Wittcoff, 1951) cover the sub-
Jectup to 1960; after that date, a marked advance was made possible
by the introduction of new chromatographic methods, which in this
case also permit stractural unalyvsis.

L Structure of Phosphoglycerides
'] t £l

Seeds with high oil content usually show the presence of appreci-
‘able quantities of these compounds as complex mixtures of polar
materials; phosphutidvlcholine (I) (or lecithin) and phosphatidyl-
ethanolamine (I1) (or cephalin) are widely distributed; both the com-
pounds have the 1,3-glycerophosphate structure, like other phospho-
lipids thus far studied.

6
(1 CH,CH,N(CH,,

17,0~ COOR _ 5
R/7T00-CH R” = (I CH,COH,NH,
e

{ , o
= c‘-—oxl»ow@ 1) CH,CHNH,
%C

o0 o ceod

Phosphatidylserine (I17) is usually present in seeds in 4 lower con-

centration than the other two; the serine et St DY B e
L-structure.
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Table IV
FArTy ACIDS DISTRIBUTION IN OLIVE AND TEA-SEED O1Ls GLYCERIDES"

Number of
double bonds
per try gliceride

Olive oil

Tea-seed oil

Fatty acids «

¢« amount

Fatty acids

¢ amount

molecule distribution on the oil distribution ou the oil

0 - - - -

1 POP 2.9 rop 3,08
PPO (.63 PPO 0.34
POS 0.47 POA 0.98
SPO 0.14 SPO 0.0l
PSO (.25 PS50 .02
SOS 0.18 S0OS 0402
S80O 0.01 550 Trace
N.D. (.23 N.D. Trace

A PLP .08 PLP 0.01
PPL 1.18 PPL Trace
POO 18,40 POO 2.58
PQO 227 oro Trace
PLS .12 PLS 0.2
LPS 0.70 LPS 0.04
LSPp -~ 0.06 Lsp 0.04
500 5.10 SO0 .69
SO 0.06 050 -
SLS 0.03 SLs Trace
SSI. — 5SL -
N.D. 2.16 N.D. Trace

3 PLO 0.17 PL.O 0.15
POL 5.90 POL 275
OPIL. .94 OPL 145
SLO 240 SLO .00
LSO G.72 1.50 0.15
S0L 128 SOIL, 1.07
[$1910]) 43.50) (91819 63.6
N 0.61 N.D. 8.0

4 PLL .35 PLI, 0.00
LPL 017 [.Pp 0.25
OOL 6.75 OO, 9.5
0].03 3.50 OLO 5.15
Sild, 0,20} SLL Trace
L5101, 027 [.S1. Trace
AN J):“' 0.1 N.D. .33

TActording i, U de i and Jocing, AT
B R ERR SR AN TR T sleie weid 1 = dinoleie acid; N, = other
e
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Phosphatidic acids (IV) are probably present among the phospho-
lipid pool of seed oils in trace amounts even if it may constitute an
artifuct from the phospholipase D action on the other phospholipids
(Kates, 1956, 1957; \'Vheeldon? 1960). ‘

I
H,C -0 —-C—R

1
R"C_O_"CH o HO  OH
I
CH00CR H,C~0—P—0—
R'COOCH o
? HO /|
cH,0p0® -}/ on
|
o® HO
(1v) v

Cardiolipin (1.3-diphosphatidylglycerol) has been found in soy-
bean lipids (Benson and Strickland, 1960): it is probably the pre- -
cursor of the 1,3-diglycerophosphoryl glycerol found in com and
other vegetable oils (Okubara and Nakajama, 1955); phosphati-
dylinositol (V) has been isolated from soybean and peanut phospha-
tides (Hawthorne et al., 1960; Lepage et al., 1960; Okubara and Na-
kajama, 1955),

2. Analytical Methods

The chemical analvsis of phospholipids has greatly improved since ‘
the introduction of chromatographic methods; excellent reviews
have appeared (Hanahan, 1960; Marinetti, 1962; Pries et al., 1966;
Rouser et al., 19654; Wittcoff, 1951) describing methods and tech-
nigues.

Lixtraction (Entenman, 1957, Letters, 1966; Sperry, 1955), removal
of nonlipid contaminants (Letters, 1966; Rouser et al., 1965a; Siak-
~ otos and Rouser, 1965), and separation from other lipids are the ini-
tiallv important steps in the analvsis, followed by several possible
procedures, mostly based on chrematography.

Column chromatography has been extensively used: alumina has
found limited utilization because of the formation of artifacts, but si-
licic acid, cellulose, and diethylaminoethyl cellulose (DEAE) have
met general requirements {Camejo, 1965; Horiguchi and Kaudatsu,
1960; Letters, 1966; Rouser ¢t al.. 1961, 1965a.b). Rouser introduced
silicie acid columns containing silicate and water to effect special
separations, for instance, of phasphatidvlethanolamine from phos-
phatidviserine (Camejo. 1965; Rouser et al., 1961 h). Magnesium sili-
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cate has been used to some extent to free polar from contaminant
neutral lipids (Radin et al., 1955; Rouser et al., 19614, 1963).

TLC, since its introduction in phospholipid analvsis, has become
popular because of many advantages, such as improved resolution
and availability of color reactions (Kaufmann et al., 1963; Rouser et
al.. 1961a), or charring methods for the quantitative determination by
densitometry (Blank ¢t al., 1964; Privett and Blank, 1963; Rouscer et
al.. 1964); complex mixtures of polar eluents are required for good
separations (H. Wagner, 1960; Weicher et al., 1960). Impreanation of
plates with sodium borate, carbonate, or acetate can furnish some
improvement iSkipski et «l., 1962, 1963). Two-dimensional TLC
(Lepage. 1964; Letters and Brown, 1944; McKillican, 1963; Skidmore
and Entenman. 1962), better thun monodimensional, can give a com-
plete resolution of phospholipids, suitable for characterization and
quantitative analysis (Malins, 1966; Rouser et al., 1965a). Complex
mixtures are resolvable by combining column and TL chromatog-
raphy; Rouser et al. (1965a,l) recommended DEAE, magnesium sili-
cate, or silicic acid columns, in combination with TLC, as being partic-
ularly useful because of their precision and speed. TLC has been used
to fractionate phospholipids, acefirding to the unsaturation degree,
on argentated plates (Addison, 1965; Kaufmann et al., 1963). Paper
chromatography at present has a very lmited application, but has
been extensively emploved in the past. Structural analysis of pure
phospholipid fractions involves the combination of several anadytical
procedures based on stepwise specific hyvdrolvsis to shaw the nature
and position of the acyvl groups and their distribution on the phos-
phoglyeeride molecule (Dawson, 1954, 1960; De Haus ef al., 1965;
De Koning and McMullan, 1965; Renkonen, 1965, 1966; Nutter and
Privett, 1966a,h}; the other constituents are analyzed after isolation
by conventional means (Di“tmer, 1960; Wittcoff, 1951). The total phos-
phoglyceride content of vegetable oils is usually estimated by
phosphorus determination and then multiplving by an appropriate
conversion factor (25 for .ot of the phosphoglyveerides; even small
quantities of phosphorus have been estimated by spectrophotometric
methods (Long, 1943; Long and Staples, 1961).

P

B, NONGLYCERIDIC COMPONENTS
1. Tutraductio,

Al Tipids other than olyeerides, partiol giveendes wrd phospholip-
fde are ot led i this section. The nonglyceridic components

B
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(NGC) constitute a small fraction of vegetable oils, seldom over 5,
and generally less than 24. The information we actually have about
them is still very incomplete, In spite of the limited amounts pres-
ent, the importance of the NGC should not be overlooked; many of
them form a characteristic and quite distinct fraction (e.g., terpene
alcohols); others are known to possess antioxidant, flavoring, or pig-
mentary functions. Toxic NGC are present in many vegetable oils,
and they should be removed if the oil is destined for food purposes;
for example, the gossypol group in cotton oil (gossypol, diaminogos-
sypol, gossypurpurin) (El-Nockrashy et al., 1963) and the sulfurated
glucosides present in the seeds of Cruciferae, Resedaceae, Coppari-
daceae families, which through enzymatic hydrolysis lead to the goi-
trogenic action of isothiocyanates and oxazolidinthiones (Clements
and Wishart, 1956; Hecker et al., 1965; Kjaer et al., 1959; Kjaer,
1962),
It is possible that toxic substances, such as saponins, are also
_bresent in soybeans and peanut seeds (Dieckert et al., 1959; Ges-
tetner, 1964). Various toxic substances have been detected in little-
known oils, but the study of them has not gone beyond the detec-
tion of their toxicity (Hoimes and O’Connor, 1951; Kyrdzheiva,
1956). Various authors believe they have identified among the
NGC some hypocholesteremic factors (Nath et al., 1959; Wilkens
and De Wit, 1962), but on the whole this still requires confirma-
tion. A large part of the information provided in the literature, prior
to the extensive use of TLC and GLC, has exclusively a qualita-
tive and infonnative significance; in fact, the major progress in NGC
knowledge dates from the intensive use of chromatographic
methods. It is impossible to list all the substances which have been
identified (and sometimes not surely identified) in vegetable oils. In
many cases it is not absolutely certain that they are natural sub-
stances rather than denaturation products thereof. Such is the case,
tor example, of aldehydes, which have been repeatedly identified in
ofls, but still not definitely demonstrated as being primary sub-
Ztances and not due to enzymatic or autoxidation degradations (Hoff-
mann and Keppler, 1960; Keppler and Beerthuis, 1962).
We are purposely excluding in the following discussion those sub-
“stances which are surely artifacts, due to enzyme actions, such as
substituted furans (Chang et al., 1967) und the substances deriving
from alterations nndergone by the NGC owing to some industrial
refining treatineut (Rowser, 1966). It rarely occurs that a NGC is di-
rectly isolated from a vegetuble oil; this may happen ouly for compo-
nents present in rather abundant uncunts, or posscessing peculiar

¥
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chenical teatures, such as palm oil carotenes (Arpino et al., 1960),
sesame oil sesamolin (Budowski, 1964), colza oil alkyl thiocyvanates
(Niaer of al.. 1939; Kjaer, 1962), but they are exceptions; as a rule
their study requires a preliminary concentration. Different en-
rchiment methods have been used: molecular distillation, extrac-
son with more or less selective solvents, the various chromato-
craphic technigues. None of these methods, however, has proved as
practical as the preparation of the unsaponifiable; this is a means
which permits the easy collection of comparatively large quantities
of nonglyeeridic lipids. Obviously not all the NGC present in a unsa-
ponifiable are natural substances (ie., primary): the unsapounifiable
fraction consists of what remains of the NGC alter a nonpreservative
chemical treatment. Here it must be noted that to obtain the NGC
from a vegetable oil it is often impossible to apply entirelv the
methods used to study the lipids of organs or tissues (vesetables o
animal) (Fillerup and Mead, 1953; Malins and Mangoid, 1960

gold, 1964; Mangold and Malins. 1960); here. in fact, the t T-
ides are present in amounts comparable to those of oth
whereas a vegetable il is composed of over 95 triglyce o

free fattv acids (FFA), with mucdest amounts of NGC. Itist ah
this reason that the knowledee we possess of veuetable oi” N
seldom based on gnantitative evailuations. '

We will attempt to list the NGO olassos delnitely identiiin)
veuetable oils, in order of inereasing polarie hvdrocarbons (nos o
and iso- and ante-isoparafiins, polveyelic aromaticos), squalence, car
tenoids, aliphatic alcohols wnd waves, chlorophvlls, aceyelic W
evelic terpene alcchols {as sich, or as esters of fatty or aromat’”
acids), xanthophylls, tocopherols fas such, or as esters), flavors (Be -
gelson ef al,, 1966; Mitsuda ot «l., 1958), coumarins (Benson et al.,
1962), phenalic compounds (Privett ef al., 1963h; Vazquez Romero et
al., 1961), sterols {as such, or us esters or glvcosides) (Lepage, 1964),
aldehydes, aliphatic dial coters (Borgelson of al., 1966), phenolic
ving terpeune sleahols), and terpenic acids (Vazquez

acids (esterif:
Romero, 1964).
These various components will be described in Sections 2 and 3,
acenrding to thelr uccurrence.,
We cunnot exclude the Lt Gnd cegetalle Oils tuay also contain
ather Hipid chisies, sueh asctho-o dentified in photosvnthetic Teaves
el “:\xucs, fhe caiee techices to Lo tollovwed in arder to obtain an
il Trova o seed or o frait seke perfectiy permissible the hypothesis
Boooil v act s solvent of substanees proesent inoother parts ol
e et s it cannot be cxcladed that the fallowing may be
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present in a vegetable oil: phytosphiugolipids (Carter et al., 1961,
1963; Prostenik et al., 1958; Van Haundel, 1953), sulfolipids (Bensrm
et al., 1962; Benson, 1963; Collier et «al., 1963; Goldberg, 1961,
Katc,s, 1960; Klopfenstein and Shigley, 1966), galactosyl lipids
(O’Brien and Benson, 1964), cerebrosides (Carter ¢¢ al., 1961), lipo-
protelns (Kaufmann, 1957; Zill and Harmon, 1961), even if, so far,
none of these compounds has been mdterlally identified in a vege-
table oil.

Some of the chemical types which are definitely present in oils are
represented by various series of homologs, others by a unique indi-
vidual one.

2. Components of the Unsaponifiable Fraction

The major part of the research on NGC has been conducted to date
utilizing unsaponifiables as raw material; as we have already noted,
these cannot contain the total NGC listed above; in unsaponifiables,
components cannot be present which give water-soluble alkaline
salts or which are altered during saponification.

A unsaponifiable can be directly obtuined from the oil, or after
being previously enriched by varigus means (molecular dlstlllatum
crystallization, countercurrent  fractionation, methanolysis and
methyl esters distillation); the unsaponifiable composition is some-
‘what different, quantitativ ely at least, according to the enrichment

system used; many unsaponifiable constituents, in fact, are present
in the oil in different foris which are affected in various ways by a
particular method of enrichment.

A minor, but not negligible, influence on the amount and compo-
nents of a unmpomﬁablc is also exerted by the manner in which the
oil is obtained; if by pressure alone, it will always contain less unsa-
ponifiable than the oils obtained by extraction with a solvent which
also entrains or dissolves the lipids-proper of the vegetable (such as
the waxes of hulls).

The guantity and composition of an unsaponifiable depends in the
first place on the oil type, i.e.. on the hotanic species of the seed and
fruit; coffee oil gives up to 6-9¢ unsaponifiable; avocado oil, 6-Tr;
and pressure-olive oil, up to 1L.O%

The unsaponifiable, moreover, is present in different qualities and
quantities according to the seed porviion from which the oil is de-
rived; in the tew cases studied it has been noted Uit the oil obtained
tronmi cotyledons is abmost free of NGO, whereas the oil ohtained
from embryos is rich in NCC; our knowiodas in this vespect is practi-
cally contined to sovbeans (Fedel o /.. 2 ,a,':ﬂ

Iopeands Fedeli ef



358 ENZQ FEDEL1 AND GIOVANNI1 JAéINI

al., 1968), and cocoa beans (Capella et al., 1964a). We know little
also about the modifications undergone by the unsaponifiable com-
ponents during maturation of an oil-bearing seed or fruit and during
its germination (Dubinskaja, 1959; Fedeli et al., 1968; Vazquez
Romero ¢t al., 1965).

The fractionation technique for unsaponifiable components, al-
ways based on chromatographic methods, has recently been greatly
improved. Because of the complex composition of most unsaponifia-
bles studied, several steps are required before compounds are suffi-
ciently pure to enable their identification directly by traditional
chemical means, or by spectrographic methods. The method giving
the best results, especially preparative, consists of a series of adsorp-
tion chromatographies on silica or alumina colummns or, less fre-
quently, on Florisil or other inert adsorbents. The use of ionic ab-
sorbents (DEAE and TEAE) or of exchange-resing offers no
advantage. ‘

A series of increasing polarity solvents or mixtures is used, thus
eluting successively compound groups also of increasing polarity.
The first separation permits the resolution of the nonsaponifiable
into 4 or 3 fractions, more or less well defined (Capella et af., 1960).

Neither countercurrent fractipnation (Therrault, 1963), although
frequently applied, nor-partition chromatography, seems to be a
method generally used. It is also possible, in lieu of cohumn separa-
tion, to fractionate the unsuponifiable on silica gel plates (TLC)
(Privett et al., 1965; Rouser et «i., 1965a; Vuzquez Romero et al.,
1961), usually inonodimensional; here, however, the use of an eluent
alone and the small unsaponifiable quantities fractionable on a plate
make the task more difficult. With regard to unsaponifiables, the bidi-
mensional TLC (Beiss, 1964) offers no substantial benefits. The effi-
ciency and trend of column fractionation can be monitored by var-
tous methods, generally by TLC on a fraction at intervals.

Having obtained a series of groups of substances with sufficiently
distanced polarity, it is necessary to have recourse to subsequent
fractionation by TLC, eniploving solvents or solvent mixtures of ex-
tremely calibrated polarity (Mulins and Mangold, 1960; Mangold and
Malins, 19580); the single fractions ure thus “cleaned” and resolved,
in turn, into subgroups, or directly into substances having a high
degrec of purity, :

It is often advisable, rather than operating dircectly on column-de-
rivetl fractions, to reduce their polarity by making an appropriate
derivative; for instance, acetylating (in pyridine with acetic anhy-
dridej the entire fraction :aid then separating the obtained acetyl de-
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rivatives by TLC. The spectrographic methods (UV, TR, NMR, MS)
applied to the individual TLC-obtained fractions may now begin to
furnish useful information: for example, GLC analysis on a proper
polarity column, generally at programmed temperatures. TLC sepa-
ration on silver-coated plates; at this stage of fractionation, is not
usually applied (Morris, 1966).

There is no universal method for the study of NGC’s (Mangold,
1964; Rouser et al., 1965a); remarkable variations, in fact, are re-
quired, depending on the prevailing component type present, or on
the purpose to be attained; very often TLC separations must have
countercurrent separations, crystallizations, or fractional distillations,
saponifications or hydrogenolyses coming between, in order to re-
move the protective groups introduced into the NGC (Privett et al.,
1965). Table V summarizes the unsaponifiable composition of some
of the best-known vegetable oils.

We will now briefly describe the principal NGC categories as well
as their constituents obtainable from unsaponifiables.

a. Hydrocarbons. The classes definitely represented in vegetable
oils include paraffins (normal or branched), terpenoids (squalene and
homologs), polycyclic aromatics; the presence of high-molecular
weight and low-unsaturation-degree olefins, such as zamene (Tsujjm-
oto, 1935) and gadusene (Nakamiy®, 1935) and the presence in olive
oil of C,4-Cyy olefins, reported by Marcelet (1938), need to be con-
firmed.

All vegetable oils seem to contain paraffin hydrocarbons (Kauf-
mann, 1958) whose genesis is still obscure; paraffin C,H,, has
been known since 1948; the paraffins contained in a vegetable
oil are very numerous (Capella et al., 1960, 1963a; Jacini, 1963) from
25 to 45 chemical individuals of increasing molecular weight from
Ci Hy to Cyi3Hoy Odd C-number terms seem to prevail over even

Table V
UNSAPONIFIABLE COMPOSITION OF SOME WELL KNGWN VECETABLE OILS
Aliphatic Terpenic

QOils Hydrocarbons Squalene alcochols alcohols Sterals
Olive 2.8-3.5 32-50 (1.5 20-26 20-30
Linseed . 37-140 1,0-3.9 2.3-59 24-30 34.5-52
Tea-seed 3.4 2.6 - - 22,7
Sovbean 3.8 25 5.9 232 58.4
Rapeseed 8.7 4.3 T2 3.2 63.6
Corn [.4 2.2 ! ;.7 S1.3

. eomeni ottt et
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ones; more than two homologous series (Jarolinek et al., 1964).
normal and iso, are probably represented; the hvdrocarbon Cagllye 18
one of the main components (Capella et al., 1963a; Evans et al.,
1964).

The identification of the nunierous paraffing detected can be made
by comparing the ratios of retention times in isotherm GLC versus €
atom mmmber. With unknown hydrocarbons and synthetic homolo-
gous series having similar structure, GLC allows no differentiation
when the ratio is identical or extremely close for two series of dif-
ferent structures. For examyple, with branched paraffins, GLC cannot
establish whether they belong to the iso series, (Clly). CH-R, or to
the ante-iso (C.H,CH,) CH-R. The presence is not excluded, how-
ever, of other paraffin series, possibly also branched.

\ore interesting for their gencesis and as precarsors of sterols are
the terpene hydrocarbons, among which the squalene ChyaGan the
only one sureiy identified (Fitelson, 1946: Tadel of «l., 1940; Tho-
rhjamarson and Drummond, 1935), 1s present in varving amounts in
all the vegetable oils studied; olive oil appears to contain a najor
quantity (400-700 my/liter) (see Table . ‘

he presence in ails of Tivdrocarbon homologs of squalene, al-
though suggested, has not yet been confirmed (Gracian, 1961). Re-
cently, the presence of polyevelit aromatic hyvdrocarbons (Jung and
sforand, 10645 1. W, Howard et al., 1965a) has been demonstrated
in many vegetable oils. First revenlod through their Huorescence
spectra (Ciusa et ul., 1965) und afterward identified with ureater pre-
cision (J. W. Howard et al., 1963, 1966h), their quantity is in the
order of a few units per billion (107 ppm).

L. Aliphatic Alcohols. 1t cannot L caid whether these are present
s cuch in the nnsaponifiable or whether they derive from waxes: the
Latter hypothesis is most probable.

The unsaponifial:le alcohcls are the water- nsoluble, higher ones;
. wories of at least ¥ compeneonts has bheen identificd, from Cos to Coa
Jacini, 1963; Jacini and Feaely, TH7 0 no Hranched aliphatic alco-
Lots have been detected sefar, nor oy rnsaturated alcohols, als
shonch their presence ds Tnehlhy probabile. Secondany normal wleohois
fLave Beon isolated /Chibnadi o AR AR AN

The identification of als ofials by GLC T vt sinple operation.

Wakes, as osters, theoretioaity shontdat Loresent in nsapouifi-
ables: to isclate Foenny e cinc bl etheo derlinrgues are reguired (see
Scection T B, 3).

o Carotenes. These v dith i G et i a unsapontfiabice
Laction, Generadly, the - emftircati nt alters them. rea-
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dering them tnrecognizable; only by operating on small quantities of
oil in a nitrogen atmosphere is it possible to avoid, in part, their de-
composition (Capella et al., 1963b).

Consequently, it is advisable to attempt to separate carotenes dj-
rectly from the oil, preferably by a particular enrichment procedure
(Jacini and Fedeli, 1967). For certain industrial purposes, adsorption
methods (Arpino et al., 1960) may be used, but only when starting
with oils very rich in carotenes, i.e., palm oil, and without attempting
to recover them quantitatively. Vegetable oils contain B-carotene
almost exclusively, which can be isolated together with xanthophylls
(Capella et al., 1963b; Pelt, 1961), and subsequently separated from
them by TLC.

d. Terpene Alcohols. The study of terpene alcohols dates back to
1957, somewhat facilitated by the knowledge already acquired about
analogous components of essential oils and natural resins, Terpene
aleohols are present in vegetable oils partly in free form and partly as
esters {Jacini and Fedeli, 1967); the acids which esterify them are
still little known; so far, fatty acids have been identified which are
similar to those of vegetable oils (Jacini and Fedeli, 1967) and ferulic
acid (Kato et al., 1961; Shimizu et al., 1957); in unsaponifiables, ob-
viously, only free terpene zllCOhOlS}rB present.

The components identified to date belong exclusively to three se-
ries; those of acyclic terpenic, and of cyclic di- and triterpenic. The
study und resolution of terpene alcohals from an unsaponifiable is in
gencral not simple; the compounds present may be numerous and
always have very similar features; also it is often difficult to free
them of higher aliphatic alcohol traces. The number of components
present can be precisely known through GLC or TLC on silver-
coated plates (Capella et al., 1963c,d), and they can be identified by
the traditional means of investigation used for natural substances.
Two acyclic terpene alcohols definitely identified at present are
- phytol and geranylgeraniol. Phytol very probably is not present as
such in oils, but derives from a chlorophyll; it should then 1% present
in all the unsaponifiables. Geranylgeraniol was separated for the first
time from linseed oil (Fedeli et al., 1966a), in which it is probably
present in free form. This terpene alcohol is interesting as a likely
precursor of di- and tricyclic diterpenes and of some carotenes, in-
cluding lycopene (Demole,‘a,nd Lederer, 1958; Popjak, 1965; Ruz-
icka, 1953; J. Wagner, 1039,

The group of cyclie terpene alcohols comprises a much greater
number of members, according to the botanic specics (see Tuble V).
So far, 13 have been fouud i one of} irapesced i oo ey ol
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contains three members ouby CRauthann of af L 196, other oils,
never fewer thau five (Fedeli of a/. L1961 Table VI fists the stinee.
ture of those defimtely identifiod P Lo now,

The most widespread of these aleoaliols seems 1o be eyeloartenol,
first identified in « series of noncleaginous hotanic specics L to-
carpus integrifolia) (Barton, 19321, Strivchinos nus comica Benthey ot
al., 1935). Euphorbia handiensiv WGonzales and Breton, 1953, -
phorbia balsamifera (Chapon and David, 19520, and foalls i ricd oil
(Shimizu et ol 1957) and in linseed ot (Capelli T95 1. Crcloartenol
has alwavs been found i ull the veoetable oils in wliich it hias been
sought (Jacini and Capelia, 1961, Fedeli ot al., 1966¢). The homolog
H-methvliencyeloartancl, it solated rom rice oil (Shimizu of al
18570 then from wheat verm and sovhean oil (Tamura o of | L9621,
and from linseod and olive oil Ficechi of af  1966), s 1lso so ditfuse
that it sugeecte the v I:mqufvul SOUTee as oy cloartenol.

The aronp of evolie Giterpene aleohols of veaetuble oils, such as
may e ohtdned Som acolunm or a plate, alway s presents . vellow-
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brownish Liebermann-Burchard reaction, remarkably different from
that exhibited by sterols; terpene alcohols having a cyclopropane
ring in 9, 19, such as cvcloartenol, also give a yellow reaction with
tetranitromethane. Some members, moreover, vield a particular re-
action, the Fitelson reaction (Fitelson, 1945, 1946). Proposed in the
past as specific of tea-seed oil (American Qil Chemist’s Society,
1946a), it has been recently recognized (Fedeli et al., 1966b; Jacini,
1963; Capella et ol., 1963e), however, that many terpene alcohol
groups derived from vegetuble oils contain a Fitelson-positive com-
ponent: it can be inferred, then, that the reaction “specificity” (Con-
dorelli and Gurrieri, 1960), is exclusively due to the particularly
abundant amount in which a Fitelson-positive member is present; in
the case of tea-seed oil, this member is butvrospermol (Capella et al.,
1963e), present also in very small quantities in olive and oiticica vils.
Linseed oil also contains a Fitelson-positive terpene alcohol whose
structure is still anknown (Jucini of af., 1971). The Fitelson reaction
is probably attributuble to the side-chain ovientation at 17, having an
c-configuration. All Fitelson-positive compounds (euphol, butyro-
spermol, tyrucalol, euphorbol), belong to the euphan series, whereas
terpene alcohols having the g-side chain (such as cycloartenol) are
Fitelson-negative. -

No reliable data exist covfirming whether or not there are combi-
nation products fornied between evelic triterpene aleohols and digi-
tonin; it they {onm, as cems possible, they would be more easily
hydrolvzable than sterol divitonides Qacini and Capella, 1961),

The knowledze now available concerning this gronp of NGC
surcly destined to be enhanced in the coming vears,

e. Sterols. Table VII reports the most common members of this
best known NGC group. In vegetable oils. as in all the lipids of
living organs, sterols are present in hoth free and esterified f()rm, as
for cyvclic terpenc alcohols, the acids may be those of the ()ll itself,
ferulic acid (Tamura et ul., 1459, 1962D).

The sterols contained in vegetable oils are not numerous; the
structures of most of then e definitely known (Table IX). A few
uncertainties derive from the fact that not all the sterols which are
GLC-sepuarahle have vet beon studied mdividually; the donbts ex-
isting on some of the structurcs ‘e, oy, By, vy sitosterol) (Tamura et
al., 16539 wre precedent to theintodnction of GLE,

A cvstenadic investication of wegetable ol sterols (Capella of al.,
19645 Fedeli e of 19660 Rutkow ki of al. 1966) has shown that
Hie cils adwiss - ontain b enst direc sterols, seidom four; S-sitosterol
aed enpesten e Wy present the former beive the predomi-
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Table VIII
C,H, ' C,H,
N P /L\,‘/
o
ooan
i
HO X HO T
’ Stigmasterol 2-Sitosters]
~ \/Jﬁ/ RN
\& P N
P / N T
HO = ]/ HO/J\//:\\\\\/
Campesterol Brassicasterol

nant constituent. Prior to the advent of GLC, B-sitosterol was ~onsid-
ered in many cases to be the only sterol present; the difference of
one oil from another, when their sterols are alike, lies in their dif-
ferent relative quantity.

Among other sterols revealed in the past, are fucosterol in the
Asphodelus fistolosus oil (Khan et al., 1961) and spinasterol in
spinach oil (Larsen, 1938). Palm oil contains, in addition to campes-
terol, stigmasterol and B-sitosterol, a fourth component whose reten-
tion time in GLC is very close to that of cholesterol (Recourt and
Beerthuis, 1963). Choelesterol seems also to be a minor sterol of
peanut oil (Walbecq, 1966). Definitive proofs of its identity are still
lacking. « A

. Tocopherols. For this group, also, the application of GLC under
given conditions has permitted considerable advances. Tocopherols
can be separated on columns or by TLC, starting from nonsaponifi-
ables, carried out with special precautions, or on the oil in toto.
Owing to the poor stability, of tucopherols in the presence of air, spe-

cial procedures and eluents are gencvady waed o order to permit the

separation of tocopherols alone with the exchision of the other com-
ponents (Nair and Turner, 19630 sicrols a0 partenlar are trouble-

some becanse retention tinies e cony close PO WO Ailsen ef al.,
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Table IX
NUMBER OF STEROLS IN VARIOUS VEGETABLE OILS

Z ’ /
/ a/ /S
/ &5 /8 /L /
. / RN /
Numter VAT
of / WL ILIAS
Oil “ L/ / S S S
oo )"/ SSEE
nents / hd
813/8/85/3]:
S clojol-=|-~
Linseed 3 o|e @
Peanut 3 oo e
QOlive 3 ! [ 3K BY J
Rice vran i3 | ¢le o
T
Paim kernel 4 : [ ] ‘ LN N
T T
Cotn 3 i ] ele &
Sesare 3 e ]e o
Citicica 3 ‘01.'0 [
Coconut 3 ‘e '0 | @
Peim P4 €| ele|e
Rapeseed 3 [ ] [ ] ] [
Grape see&d 2 } ] e ele I
Sunflcwer 3 0] \r & o0 e
Poppy szed T ojele I
Cestor [z i l‘ elo ¢!
Teo seed 3 [ ! e |0 ¢
Coooa butter I 3 ; ® & @
Scybecn [ | leje I‘G |

2y relative to B-sitcsteroi=1.C0.

- 1962). The subsequent GLC analysis can be performed on the free
cormpaunds or, better, on their trimethylsilvl ethers (Slover et al.,
1967). The interest involved in these NGC, as is known, derived from
the antioxidant action of free tocepherols, among which the y-isomer,
as it appears so fur, is the most active or the sole active one. Tocoph-
erol esters, where the hvdroquinone structure is blocked, cannot have

antivvidant ahility,

The various tocopherals Gresent in oils, can be determined by
CLO with zood procision, althouch there is some difficulty in re-
soiving the S und edvomers (Slover ef al., 1967). Table X, derived
Fronn Herdng and Drary (1963), supplics information on the tocoph-

Soecpesad qemtitios of some of the commonest vegetable oils.,
|

i
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Table X
TocorPHEROL Typus ann QUANTITIES IN COMMON VEGETABLE O)i s

Total T . .
Source tocopherols - Tocopherol Othiers i
of il Im;,r/um) (mpgfunn present § ‘
" Castor beun 291 {] Y. o fi 6 i
Coconut 11-24 5-16 V. n ;
Coru 427-661 194- 157 Y. o
Cottonseed 209%-635 230-375 y
: Crape seed 194 149 - i
Linseed 61-42% 0 v 1 |
- Olive 46-146 31124 ¥ !
Peanut 215 130 ¥
Rapesced 433 170 y
Rice bran 444 264 v.oorfiog
Saflower seed 24%-492 226126 Y
Sovbean 797 B s v b .
Sunflower seed . 27) 224 v
Tung 810 243 Ao 3
Wheut germ 1597 1276 /s

It is relevant to point out here that the oxidometric titration of totu]
tocopherols in an oil, as it is generally performed according to Fan-
merie-Engel (Emmerie and Engel, 1939), is not specific, it rather
assays all the reducing substances thut may be present Qlerting el

Drury, 1963,
3. Components Obtained Directly from the it

We have seen that the information obtuinable from, unsuponifiables
is always incomplete and subject to some rescivations; therefore,
many researches have heen proposed to bypass saponificution.

_The relative faciline with which single NGC have heen derived
directly from an oil is an attribute, in uddition to their stabilitv, of
their acidic or phenolic character which facilitateod their extraction or
insolubilization in nonpolar solvents: for example, compounds re-
lated to sesamolin which is found in plants of the sesumurm family
dIndicum angolense) and in the bark of various Fazara and othier
species. For formulas and characteristics. we reicr 4 the eveellent
review by Budowski (1964). This group of compounds can be ex-
tracted from the oil by means of alkali Svares et of P32 r direosy
" by column adsorption. by paper partitiorn. or b Ti0

1

The zossvpol group. the pimments o6 glanded « e visemed tay Vg
extensively studied: we refer the reader 1 o e Dol
!

R vv@vmwpn-wu.;;*:t b

L5 B8 80
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(Adams et al., 1960). More recent reports are also available (El-Nock-
rashy et al., 1963; F. H. Smith, 1967).

The presence of oleanolic acid (a triterpenic acid, of the a-amyrin
series), as a consistent component of the olive fruit and of its oil, has
long been known (Canzeneri, 1906; Parisi and De Vito, 1931: Scurti
and Tomasi, 1912). More recent is the identification of maslinic (Cag-
lioti, 1961) and crategolic (Vioque ef al., 1961) acids. The presence
has yet to be confirmed in vegetable oils—in particular, olive oil— of
other terpenic acids such as ursolic and betulinic {(Mazuelos Vela,
1964; Thiers et al., 1959); these acids are very probably in free form
in the oil. »

Other groups of substances have been noted, but further investiga-
tion is needed to ascertain their identification; among the surest
ones, we would mention plastoquinones with a structure close to that
of vitamin K,, detected in chioroplasts (Kegel, 1962) and in olive oil
(Therrault, 1983); a zrovp of phenolic substances, whose presence
has been observed in at least two cils Tin parsley oil, the “myristicin”
(Privett et al., 1963), and in olive oil, the “oleveuropein” (Vazquez
Romero et al., 15511} and the vinvlic esters and esters of diols (pro-
pane-1,2- and 1,3-diol, bhutane-1.3- and L-diol); these Tast are found
in com seeds and consequently in the oil also {Bergelson et al.,
1966).

It is possible, however, wit
the unsaturation Cearee of e il to obrn from it by mere solvent
crvstalifzation (e, acetone, othvl acetate) the oil’s NGC fraction,
thus weoiding saponification (oo wad Fedeli, 1957). Obviously, it

Proertin Haits at least, depending on

is possible to coply to the thus “enviched” fraction the aforenen-
tioned separation methods dlready empleved with tissue lipids. By
such techuigues, it has recenths heen sossible to evaluate the
amount of terpene alechols and of sterols present in the free or ester-
ified form. Tvinging into evidence sone points which have previously
not heen natdeed. In olive oil. for f-tuns o the fatty acids present in

terpenic alcohnlind serol eviors e veokably different from those
of the oil it hecanse of the prosones of more than 9% of a Cu,
actd practically whient in the clvee=os of the oil itself. Tn olive oil

.
the presence s 1

i Boropha Hodifferent from the o
et feolnted from chlorobium
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considerable interest, about which much remains to be learmed. We
may anticipate that the combined application of instrumental micro-
methods will lead us to the elucidation of the relationships between
the oil components and those of the photosynthetic tissues of the cor-
responding vegetable species, the oil biogenesis and the destiny of
glvcerides and of minor constituents during seed growth and germi-
nation, respectively.

In contrast, it is not easy to anticipate the practical effects of the
whole complex of this research; it is hoped that better criteria may
result for the selection and cultivation of oil-bearing seeds required
for food purposes, the utilization of new botanic species and, finally,
substantial improvements in the application of industrial techniques
tor extraction, refining, and preservation of vegetable oils.
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Cutaneous and Parenteral Studies with Vehicles Containing Isopropyl Myri-
state and Peanut Oil. FITZGERALD, J. E., KURTZ, S. M., SCHARDEIN, J. L., and
Kaump, D. H. (1968). Toxicol. Appl. Pharmacol. 13, 448-453. Daily cutaneous
application of isopropyl myristate induced a prompt skin response in mice and
rabbits, This was characterized at first by erythema, and later by lichenification,
and fissure formation. Histologically, acanthosis, para- and hyperkeratosis,
focal erosion, and focal hemorrhage were seen. In rabbits, the skin lesions
regressed slowly after cessation of treatment, while in mice the lesions tended to
regress during continued treatment. Similar reactions occurred with combina-
tions of isopropyl myristate and peanut oil, but the intensities of the derma-
toses were generally related to the proportion of isopropyl myristate in the
mixture. Peanut oil alone produced only mild gross and microscopic changes.

A mixture of 25, isopropyl myristate and 75% peanut oil produced only
minor local damage without definitive systemic effects when injected repeatedly
in rats, dogs, and monkeys, or when given as single intramuscular injections
to rabbits.

Isopropyl myristate is a mixture composed principally of the isopropyl ester of
myristic acid with lesser amounts of the isopropyl esters of other fatty acids. It is
used in cosmetics and pharmaceuticals for its emollient and dispersing properties.
It has been studied in our laboratory in a variety of toxicologic contexts over the past
several years under the name Deltyl Extra. The intraperitoneal and subcutaneous
LD30’s exceeded 79.5 ml/kg in rats and the intraperitoneal LD50 exceeded 50.2 ml/kg
in mice. Single oral doses of Deltyl Extra of 16 ml/kg are tolerated by rats (The
Givaudanian, 1953). Single topical applications to rabbits did not induce skin reac-
tions, but daily repeated amounts resulted in local irritation (The Givaudanian, 1953).
Limited intraperitoneal studies in mice and rats, and intramuscular irritation experi-
ments in rats with isopropyl myristate did not reveal any specific toxic effects (Platcow

" and Voss, 1954). The present study was designed to obtain information on local and
systemic tolerance of a parenterally administered combination of isopropyl myristate
and peanut oil, and to study the topical irritation potential of each compound alone
and in combination.

METHODS

Intramuscular tolerance studies. Groups of 24 male and 24 female Holtzman source
rats, 4 beagle dogs, and 2 rhesus monkeys were given up to 12 weekly injections of a
48
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25Y%, isopropyl myristate-759, peanut oil mixture intramuscularly at levels of 0.3
mi/kg (rats), 0.14 mi/kg (dogs) and 0.15-0.33 mil/kg (monkeys). In addition to the
observation and recording of grossly evident clinical reactions and weight changes,
routine peripheral blood and bone marrow examinations and blood biochemical
determinations were done prior to, during, and at termination of the test period. Some
animals were killed at the end of the ireatment period, and others at intervals up to
4 weeks after the last dose. Complete gross and microscopic examinations were con-
ducted on all animals.

Intramuscular irritation studies in rabbits. A group of 4 New Zealand white rabbits
received a single intramuscular injection of 0.5 ml of a mixture containing 25%
isopropyl myristate-759%, peanut oil. One rabbit was killed at 1, 7, 14, and 28 days
after injection. The injection sites were removed and examined for gross and micro-
scopic changes.

Topical irritation studies in mice and rabbits. Groups of 12 male albino Spartan source
mice were tested for topical irritation with each of the following preparations: iso-
propyl myristate, a mixture of 759 isopropyl myristate and 259, peanut oil, a mixture
of 259, isopropyl myristate and 759, peanut oil, and peanut oil. An area (approxi-
mately 1.5 inches square) on the backs of the animals was clipped prior to application
and at weekly intervals during the test period. A film of each preparation was applied
daily with a cotton topical applicator for periods up to 28 days, and gross observations
were recorded. Two animals in each group were killed after 1, 2, 3, or 4 weeks of
exposure, and the application sites were removed and processed for histologic evalua-
tion. Half the remaining animals in each group were Killed at 1 week, and the other
balf at 2 weeks after the last exposure. The application sites were removed and
examined microscopically.

Four New Zealand white rabbits were clipped and four 2 x 3 inch areas were marked
on their backs. A film of each of the above-listed preparations was applied to one of
the areas with a cotton swab twice daily for 1-2 weeks. Single animals were killed after
1 and 2 weeks of exposure and at 1 and 2 weeks after cessation of exposure. At necropsy,
the application sites were removed and examined grossly and microscopically.

RESULTS

Int;:huscular Tolerance Studies. The weekly intramuscular injection of a mixture
of 25% isopropyl myristate and 759 peanut oil did not induce local or systemic
clinical signs of intolerance in rats, dogs, or monkeys. There was a slight (3-477)
reduction in food intake and weight gain in exposed rats during the treatment and
reversibility periods. There were in all species slight, usually irregular, aberrations in
clinical laboratory values that were not clearly related to treatment. At autopsy, there
were no significant gross pathologic changes; in all species, the injection sites were
inconspicuous. Microscopic examination of injection sites in rats disclosed only small
focal areas of empty vacuolar structures in the muscle without associated inflammation
or fibrosis. '

In the monkeys, there were small focal lesions (1 week after the last dose) which
consisted of small cystic spaces surrounded by macrophages. There was a slight
leukocytic infiltration, and occasional small multinucleated cells in some areas. In
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dogs, the injection sites contained minimal foci of residual fibrosis, and an occasional
small granuloma.

Intramuscular Irritation Studies in Rabbits. The intramuscular administration of the
. 257, isopropyl myristate and 759 peanut oil mixture in rabbits resulted in slight
edema, necrosis, and neutrophil infiltration 24 hours after injection. Seven days after
injection, there was slight edema and necrosis of muscle fibers. By day 14, there was
delicate encapsulation of small droplets of vehicle. Foci of residual fibrosis and a few
encapsulated droplets of vehicle were observed on day 28.

Topical Irritation Studies in Rabbits and Mice. Rabbits developed a slight erythema
after the first application of isopropyl myristate. After 4 exposures, the sites of applica-
tion were moderately erythemic and slightly thickened. These changes progressed
until there was marked thickening of the site and development of hemorrhagic areas
by day 5. The lesions persisted throughout the remainder of the 14-day treatment
period. Similar changes occurred with the 759 isopropyl myristate-259, peanut oil
mixture but developed 2-3 days later. The 25% isopropyl myristate—75 % peanut oil
mixture and peanut oil alone induced a slight erythema after 5-9 days of treatment.
All lesions regressed after cessation of dosing, but erythema was still evident 2 weeks
after treatment with the higher concentrations of isopropyl myristate.

Microscopically, the fully developed lesion induced with isopropyl myristate was
characterized by acanthosis, hyperkeratosis, parakeratosis, and dilatation and plugging
of hair follicles. In some sections there were also focal erosions, congestion, hemor-
rhages, and edema and patchy infiltration of the dermis by granulocytes and mono-
nuclear cells. While similar changes occurred after application of 75% isopropyl
myristate and 25% peanut oil, they developed more slowly. The mixture of 259,
isopropyl myristate and 75 % peanut oil induced even milder and more slowly develop-
ing changes than the higher concentrations of isopropyl myristate. Peanut oil alone
induced mild acanthosis, hyperkeratosis with some hair follicle plugging, and a focal
dermal inflammatory response. After the applications were discontinued, the skin
changes regressed; however, epidermal thickening with increased exfoliation or kera-
tosis, some follicle dilatation and plugging, and patchy lymphoid cell infiltration was
still present 14 days after treatment. These changes were mild in animals treated with
either peanut oil alone or with 25% isopropyl myristate~75%, peanut oil, but were
morc;{'ntense in animals treated with higher concentrations of isopropyl myristate.

Topical applications of the same preparations on the clipped skin of mice induced a
qualitatively similar, though somewhat more variable dermatosis than was seen in
rabbits. Most mice receiving isopropyl myristate alone developed exfoliation of the
epidermis with underlying diffuse small hemorrhagic areas after 6 days of treatment.
The lesion progressed with continued application, to thickening and keratinization
of the skin by day 13. The affected areas began to slough from days 14 to 17, revealing
apparently normal skin underneath. With continued application of the compound,
there was only slight exfoliation observed in some animals throughout the remainder
of the 28-day exposure period. Two of the 12 animals did not develop any gross signs
of irritation during the treatment period, although one of the animals had slight
exfoliation at the end of the reversibility period. The mixture of 75% isopropyl
myristate and 25 % peanut oil also induced marked dermal reactions but they developed
more slowly than with isopropyl myristate alone and did not begin to regress until



TOXICOLOGY STUDIES OF ISOPROPYL MYRISTATE AND PEANUT OIL~ 451

after the cessation of dosing. The mixture of 25% isopropyl myristate and 75%
peanut oil induced the same gross pattern of dermal reaction but the time of onset was
slower and resolution more rapid than with isopropyl myristate alone. Peanut oil
alone resulted in retardation of hair growth and slight to moderate exfoliation of the
epidermis by day 14. These changes also regressed with continued application.

Histologically, the lesion produced in mice after 7 days of treatment with isopropyl
myristate was characterized by hyperkeratosis, parakeratosis, acanthosis, keratin
plugging of hair follicles and dermal infiltration by granulocytes. Similar, but some-
what less intense changes were seen after 14 days of treatment (Fig. 1). These changes
diminished in prominence with continued treatment (Fig. 3). Essentially, the same
reactions with the addition of occasional microabscesses and focal epidermal erosions
occurred after application of the mixture of 75 %, isopropyl myristate and 25 % peanut
oil. These changes, which developed more slowly than when isopropyl myristate alone
was applied, did not regress during treatment but did subside after cessation of dosing.
Mice receiving cither the 259, isopropyl myristate-75 7, peanut oil mixture or peanut
oil alone developed mild to moderate hyperkeratosis, acanthosis, and parakeratosis
with neutrophil and mononuclear cell infiltration of the dermis after 14 days of treat-
ment (Fig. 2). Again these changes tended to regress with continued treatment
(Fig. 4). At the end of the reversibility period, all treatment groups were essentially
normal (Figs. 5 and 6), except for focal epidermal hyperplasia, focal epidermal
erosions, and neutrophil infiltration in the dermis of 1 of 2 animals which had received
isopropyl myristate alone. .

DISCUSSION |

These experiments indicate that, in the dosages employed, the mixture of 25%
isopropyl myristate-75 % peanut oil had a low order of local or systemic toxicity when
administered intramuscularly to rats, dogs, monkeys, and rabbits.

When isopropyl myristate alone or in combination with peanut oil was applied
daily to the clipped skin of rabbits for 1 or 2 weeks, a mild to marked local irritation
appeared. The degree of irritation generally appeared to be proportional to the relative
amount of isopropyl myristate in the applications. The skin lesions regressed only
after the cessation of application of the compounds.

When isopropyl myristate alone, peanut oil alone or their combination was applied
top'iEally to mice, similar skin reactions appeared. There was a distinct tendency for
skin lesions to regress during continued application of the various compounds. This
regression of inflammation during continuing application may not reflect real differ-
-ences in reactivity of mice to the compounds, but rather may be related to the longer
duration of exposure in mice.

Platcow and Voss (1954) reported a low order of toxicity when isopropyl myristate
alone was administered intraperitoneally to mice or intramuscularly to rats. In their
experiments, daily intraperitoneal administration of isopropyl myristate to rats for
20 days resulted in questionable toxicity; 3 of 8 animals died by day 5, while the sur-
viving rats had no signs of toxic effects. In another study, no local irritation was
observed after single applications of isopropyl myristate to the clipped skins of rabbits.
However, 6 daily topical applications to rabbits resulted in severe skin irritation
characterized by erythema and edema (The Givaudanian, 1953). These changes
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All figures are photomicrographs of paraffin-embedded, hematoxylin-eosin stained sections of
mouse skin. All figures are at a magnification of x 55,

FiG. 1. Topical treatment with isopropyl myristate for 14 days. There is acanthosis, hyper- and
parakeratosis, and mild dermal inflammation.

F16. 2. Topical treatment with peanut oil for 14 days. There is mild hyperkeratosis, acanthosis, and
patchy dermal inflammation.

Fic. 3. Topical treatment with isopropyl myristate for 28 days. There is slight exfoliation and
minimal acanthosis.

F1G. 4. Topical treatment with peanut oil for 28 days. Minor thickening of epidermis and very
slight exfoliation are present.

FiG. 5. Seven days after cessation of treatment with isopropyl myristate. The skin is essentially
normal

FiG. 6. Seven days after cessation of treatment with peanut oil. The skin is essentially normal,




- TOXICOLOGY STUDIES OF ISOPROPYL MYRISTATE AND PEANUT OIL 453
progressed with continued application until the skin became ‘“hard and leathery”
after 20 days. The exposed areas sloughed by day 5 after cessation of dosing, leaving
the surface dry and scaly.
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HAIR LOSS FROM SEBUM

£ PETER FLESCH, M.D., Ph.D.
PHILADELPHIA

:IN PREVIOUS publications my collcagues and 1 have described a° group of
unsaturated compounds which cause temporary loss.of hair in laboratory animals,
with disappearance of the hair shafts and of most of the follicles, marked acanthosis,
and anomalies in keratinization. The new depilatory compounds included the syn-
thetic dimers (intermediary polymers) of chloroprene,! allyl laurate, allyl benzoate,
allyl diphenyl acetate, and the naturally occurring vitamin A? and squalene.* \Vith
the exception of vitamin A, all these substances inhibited the free sulfhydryl groups
of tissue proteins. We ascribed the depilatory effect to the -C=C- groups in the
molecules which combine with free sulfhydryl groups. Two types of representatives
of these compounds, namely the chloroprene dimers* and vitamin A3 prevxously
have been shown to cause loss of hair in human subjects as well.

From the Department of Dermatology and Syphilology, University of Pennsylvania (Donald
M. Pillsbury, M.D., Director). This investigation has been made under a Damon Runyon
Senior Clinical Fellowshlp of the American Cancer Society, Inc., and with the assistance of a
grant from the Committee on Research, Council on Pharmacy and Chemistry, American Medi-
cal Association. Part of this essay was awarded Honorable Mention in the Second Annual
Essay Contest of the American Dermatological Association.
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A Athong these cbmpounds squalene occupies a special position. Squalene. an
unsatirated -hydrocarbon, is a normal componeut of human sebum.® Therefore
‘the possibility was considered that lurman sebum itself may influence hair arowth,
This assumption was supported when it was found that human sebum { fat obtained
by ether extraction of hair collected in barher shops) caused complete local depila-
tion in rabhits and in mice aiter a single application.” In vitro, human sebu, like
the other depilatory agents, inhibited sulfhydeyl compounds and  the sulihvdryl
enzyie, succinic dehvdrogenase,'t

However, certain uhservations remained unexplained. Tn the tirst place, even
repeated applications of squalene failed 1o produce haldness in mice, while a single
local treatment with human sebum gave rise to loss of hair in a high percentage
of these animals. Possibly even of greater importance was our finding that the
sulfhydryl-inhibitory potency of human ~ebum was ~everal hundred times greater
than could be accounted for on the basis of its reported squalene content,

7 e

Summarization of i | ivo Shdies

Rabhijts uuim-:! Pigs Mice
. ,I.‘xperi- Amounts ’Exuori- ;\mnlml: 'prori- Amounts
ments, [ N ments,  xed, ments, Used,
s Substance Tested No. Ml No. M. No. Mi.
' Huzaan “ssdurn’ (hair fat)............ ... 14 li04 4 1 ke w1 to 0.8
3" Unssponifiable fraction .............. .. 3 W3 . .. .
Saponifiable fraction (total fatty arcids) 3 (I8 . .
" Squalena* 18 Ttod 10 1 2 "3
OfMle acid U.8.P. (Merck) 5 l1to2 2 1 12 0.3
x Aerated oleic weld + R 1fo 2 2 1 10 L]
B Lisolsle acld (Eimer and Amend) 3 1to2 e . 10 0.3

L Ty typea of squalens were used: (1) ‘“‘teehnical grade™ from Distillution Products Industries, Rochester,
. _E.; &r‘ highly purified preparation, obtained through courtesy of Alimentation Enuilibrée, Commnentry
o )

N

*Nce .
! aeld wag serated at a siow rate for one week at room temperature. The purpose of this experi-
‘%ﬁ, ﬂt Wa %0 teot whether or not tormation of beroxies under aeration enhanced the depilutory power of
e ecompound.

e

" Thevefore we concluded that the depilatory action of human sebum could not
'+ be due solely or even chiefly to its squalene content. In addition to squalene, sebum
. ;appeared to contain other, more potent, depilatory compourds,

_ -+ The present. report discusses the identification of some of the depilatory com-
. pounds of human sebum. Experiments were carried out to test various fractions
:  and components of himan sebum for their depilatory effect upon laboratory animals

" and for their sulfhydryl-inhibitory activity in tissues.
. hA

N ' MATERIAL AND METHOD OF STUDY o ’

* L. In Vies Stxdies uﬁhHuman. Sebum, and its Components—“Sebum” was obtainied by
extracling with ether Bair dolleéted in barbei‘:sﬁops, filtering the extract, and evaporating the .
ether. The hair was derited from mate adults. and from children and was separated.ifto pre-

" pubertal and postpubertal sarmples. In a few experiments acetone ¥ chiofoform’ wae used to *
e ——————— L ° & , : N
6. Scbel, H.:' Squafene in Sebum and Sebum-Like Materials, J. Invest. Desmt.
(Dec.) 1949, McKenna, R, M."B.; Wheatley, V. R, atid Worina¥¥ A.: Comgpgi
Surface Skin.Fat (Scbumt) fgom Muman Foreamm, ibid. 18:33 (July) 1950, Wy
- 7. Flesch and Goldstone.1® Flesch and. Hunt s s
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extract hair. Fractionation of the sebum into saponifinble Ctotal £100 acii. qad wse-apanifiable
parts was performed by the method of the Society of Public Anilyst

Animal experiments were carried out by painting human scham, i< fractions, and the jud;
vidual components on the skin of rabbits, guinea pigs, and mice.  \nirmals of bl ceves and all
age groups were used. All substances tcated were applicd only onee fro pipette . Thow
substances then were rubbed with @ glass vod int the <hin direetly moiront o0 e cars o 20
seconds, To ensure its proper spreading and distribution. sebum was warned 1 i iCmper-
ature. We had available for in vive stulies aoly sl amounts o the franions ol sohu g
therefore, in order to facilitate contact with the skin, the animals' hair was clipped hefure appli-
cation of these fractions, The in vive stwlics are summarized in the accompanying table

A contrul series of animals was treated with stearic acid (25 1, 305 aleaholic salttion
liquid petrolatuny, and saturated ethcreal solutions of hvdrous wool fat.

Biopsy specimens were taken 10 days alfter treatment irom the depifated and from tic control
serics. Routine histologic sections were prepared and stamed with hematoxylin and eosin.

2000 4itre Studies—YFree sulthydryl groups were determined in tissue homogenates and in
glutathivue after incubation with schum and its derivatives, ne-tenth milliliter of 106 aqueous
mouse liver homogenate, 209 haman epidermal homogenate,'P ar 0.1 ml. o aqueous glutathion
solutions fcontaining 40 to 60 gm. elutathione) was buffered with barbiturate huffer to pll 7.4,
These mixtures were incubated with 0.1 ml. of 100% alcoholic suspensions of human sebum and
of its fractions or with alcoholic solutions of oleic and linoleic avids. Syualene was used in
ethereal solutions, The dilutions ranged from 1: 2 to 1:300. Control tubes contained the solvents
in place of sebum and its derivatives. The incubation was carried out at room temperature for
20 munutes or in a water bath at 36 C for 10 nminutes. At the end of this perivd the free suli-
hydryl groups were determined with Bennett's reagent.”

The activity of a sulfhydryl enzyme. succinic dehydrogenase, was measured with the method
of Kun and Abood.t* One millimeter of 10% aqueous mouse liver homogenate, mixed with
barbiturate bufer o pH 7.4, was incubated with sehum and its derivatives in the same way as
described above. Control tubes contained the selvents only.

Since sebum obtained from hair collected in barber shops was invariably contaminated with
extraneous material (hair lotions, etc.), it was used only for preliminary studies. Further in
vitro experiments were carried out with purer samples of sebum, collected in the ixettering
Laboratory of the University of Cincinnati.'t The contents of individual sebaceous glands on
the nose, chin and cheeks were expressed; the sebhum was dried uver CaCl: under reduced
pressure and sent to our laboratory in sealed tubes, marked only with numbers. The weights of
these samples ranged from 1 to 4 mg. The schum was dissolved in ether, quantitatively trans-
ferred to centrifuge tubes, and the solvent evaporated. The dried sebum was suspended in alcohol
in a final concentration of 1:50 to 1: 100, and these suspensions were used for studies of suli-
hydryl inactivation and succinic dehydrogenase-inhibition.

RESULTS

L. In Vivo Studies—A single application of human sebum caused reversible
loss of hair in all rabbits (Fig. 1 ) and in 10 of the 23 mice tested (Fig. 2). No hair
loss was observed in guinea pigs. Crusting and thickening of the skin developed
four to five days after treatment. The first signs of hair loss appeared on the seventh
day after application. The hair was cast off in the form of tuits with adherent scales,

8. Cocks, L. V.: Report of Sub-Committee c¢n Determination of Unsaponifiable Matters
in Oils and Fats and of Unsaponified Fat in Soaps to Standing Committee on Uniformity in
Analytical Methods, Analyst 58:203 (April) 1933,

R 9. Flesch, P., and Kun, E.: Colorimetric Method for Determination of Sulfhydryl Growps

in_Tissue Homogenates by 1-(4-Chloromercuriphenylazo) -Naphthol-2, Proc. Soc. Exper. Biol.
& Med. 74:249 (June) 1950. '

% 0, Kun, E., and Abood, L. G.: Colorimetric Estimation of Succinic Dehiydrogenase by

- Triphenyltetrazolium Chloride, Science 10:144 (Feb.) 1949, .
“11.:Dr. Ravmand R. Suskind collected and prepared the samples of pure sebum.
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The wuderiyving ~kin emerged smooth and completely hairless. Regrowth of hair
began a week later, and within a few weeks the fur had resumed its normal
appearance. ’

Both the unsaponifiable and the saponitiable fractions caused loss of hair in all
rahbits tested. The sequence of events closely resembled that observed with whole
sebun, _

Oleic and linoleic acids were very potent depilatory agents in all species tested.
No appreciable -titference could be observed between the depilatory potencies of
aerated and nonaerated oleic acids. Both unsaturated acids had a marked irritating
ettect on the animal skin, causing crusting, ulceration, and thickening. However, all
these changes were reversible. The depilatory action of squalene has been described
previously,  The present work. utilizing the highly purified product of Alimentation
Equilibree, confirmed earlier results obtained with less pure (“technical grade”)
preparations,

L%,

Fiv. L—Hair joss in rab? s eighe days after single application of human sebum.

The histoiogic findings ar the heght of the hair loss were essentially the same in
all wnimal species and with 217 the depilatory compounds tested. The most important

changes wers hyprheras <is 2 pronawsiced acanthiosis. assuming at times the propor- -

tons o prewloepithelicarons byper;pisia ;) keratotic plugs in the follicles; hyper-
plasia of the wil:u‘f’nlh clandsand siisappearance of the hair shafts and of many
of the hair ©7%e! ~ (Fie 300 AL tiese chianges were reversible.

in the control sertes, hodrous wond rat, lignid petroleum, or stearic acid had n

demionstrable oftect un Faiv growth, even after repeated applications. The htstologlc o

leattures o0 the <kt alter el treatment were eszentially those of normal skin.

20 im 7 Noedies-—To vitro, sebuim (hoth the hair fat and the purer mixtures
obtaired divectly frean the sebacenus glandsy, its iractions, and its unsaturated -

dgepiat ry componerts Cactivateld stifhivdevl contpounds and the sulfhydryl enzygne?
succinic delvilrogenase. The percentage inactivation revealed a linear relationshi
when piotted n semilor paper against the amounts of sebum used (Figs. 4 and 57,

T

.
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L Fig. 3—Rabbit skin 107&;5 after treatraent with oleic acid; x 80. Note keratotic plugs,”
excessive acanthosis, hyperplastic sebaceous glands, and absence of hair shafts,
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The sulfhydryl-inhibitory concentrations oi oleic wnd linole  irde sre plotted
in Iigure 6. Samples of acrated and nonaerated oleic acids had identical ~ubfhvdry)-
inhibitory effects,

Stearic acid, having a much higher melting point than any of the other vom-
pounds tested, precipitated in the aqueous reaction mixtures from it alcoholic solu-
tions, and therefore its in vitro effect could not he evaluated. Liquid petrolatun
and hydrous wool fat had no demoustrable effect on glutathione or succinic dehy-
drogenase even in 10% solutions. llowever, in these high concentrations, livdrous
wool fat inactivated some of the sulthydryl groups of liver homaogenates.

COMMENT

I'rom our experiments with sebumn and its derivatives, the following two con-
clusions may be drawn :

1. Human sebum inhibits hair growth and influences keratinization in laboratory
animals in some as yet unknown manner. Although the sebum used in our experi-
ments was contaminated with extraneous material, its three depilatory components,
squalene and oleic and linoleic acids, were chemically pure and caused temporary
baldness in the same way as sebum itself. In view of the fact that sebum contains
a large number of other unsaturated fatty acids,'? it seems likely that there are still
other depilatory components in sebum.

2. The depilatory effect is related to the presence of -C=C- groups in the
depilatory compounds. Detailed evidence for, this statement will be presented in a
forthcoming publication.

The theory that the depilatory action is due to interference with sulthydryl
groups still rests on indirect evidence. ln this respect it is noteworthy that cvsteine
previously has been shown to restore growth of hair in a strain of hairless rats,
while cystine had no such etfect.* In rats made bald from a lactoflavin-deficient diet
hair growth was stimulated with cysteine or glutathione. s

The presence of peroxides apparently Plays a minor role in the depilatory action
of oleic acid, because aeration does not enhance the depilatory or sulfhydryl-
inactivating effectiveness of this compound.’® 1t is conceivable that commercial olejc
acid contains sufficient peroxide to catalyze the reaction between the ~-C=C- and
sulfhydryl groups.

Although the mechanism of the depilatory action of sebum and of its unsaturated
derivatives is incompletely understood, a few general remarks on this type of bald-
ness may be made even at this early stage.

12. Weitkani}a, A. W.; Smiljanic, A. M., and Rothman, S.: Free Fatty Acids of Human
‘Hair, J. Am. Chem. Soc. 69:1936 (Aug.). 1947.

“13. Martin, G. J.,, and Gardner, R. E.: Trichogenic Acticr: of Sulfhydryl Group in Hereditary
Hytfoﬂjchosis_of Rat, J. Biol. Chem. 111:193 (Sept.) 1935.
" j';l"l,}ltte;, S.; Orent, E. R, and McCollum, E. V.: Possible Role of Sulfhydryl Group in
Vtamin B, Deficiency, J. Biol. Chem. 108:585 (Feb.) 1935,
) LA Bei'habei, N. G.: Ricerche su sostanze ad azione tricoblastica, Zentralbl. Bioch. u.
Biophys. 18:286 (Feb.) 1913. Bernabei described the depilatory action of oleic acid in rabbits.
i A o M8 Reid, A, T, aod Mayo, F. R.: Perovide Fffect in Addition of
Rt e 14 T wmbetinle)) u,w%a-r—uo&~ it ) Qe
L Ll Rooi. 74 "xé /93
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‘ For the development of any kind of baldness, two conditions must be fulfilled :

- 1. The hair must be shed. 2. No new hair must replace it. The unsaturated lipoid-
soluble depilatory compounds all interfere with the formation of normal, new hair.
. This interferance is manifested by the thinning of the roots of the avulsed hairs
isimilar to that seen in alopecia areata and teniporary x-ray epilation), by the empty
hair follicles, and by the amorphous keratinous masses which fill the seemingly still
functioning follicles.!?

Are these findings applicable to human beings? Does sebum interiere with hair
growth and influence keratinization also in man? If it were definitely shown that
sebaceous secretion affects the most important metabolic function of the epidermis—
namely, keratinization—then eventually we would be compelled to revise a number
of our con¢epts in the pathology and therapy of cutaneous disorders.

At present the question cannot be answered definitely. Supporters of such a
theory may point to the following indirect evidence in its favor:

1. Since chemically unrelated, unsaturated lipoid-soluble compounds (the chloro-
prene dimers and vitamin A) cause loss of hair in man, it is logical to assume that
other unrelated unsaturated compounds. such as occur in sebum, also interiere with
hair growth.

* 2. The in vitro effective sulfhvdryl-inactivating concentrations of sebum are in
the same range as the amounts encountered on the skin.?

» 3. Male sex hormones are essential for the development of common male hald-
ness '%; they are also powerful stimulants of sebaceous secretion.??

Against the theory that sebum or its components interfere with hair growth in
mzm the objection may be raised that in clinical studies squalene, oleic acid, and
linoleic acids had no depilatory effect. However, these experiments were conducted

"on a small scale and over relatively short periods. It is also conceivable that the lack
_ of effectiveness of these compounds in human subjects is due to the longer hair cycle
"in.man, as compared with animals. Since these compounds act on growing hair only,
their effect on human scalp hair, which has a life span of several months to years,?

. 17. Butcher, E. O, and Parnell, J. P.: Sebaceous Secretion on Human Scalp, J. Invest.

" Dermat. 9:67 (Aug.) 1947; Diswribution and Factors Influencing Amount of Sebum on Skin

. of Forchead, ibid. 18:31 (Jan.) 1948. Cruickshank, C. N. D.: Evaluation of Skin Cleansers
and Protective Creams for Workmen Exposed to Mineral Oil, Brit. J. Indust. Med. 5:204 (Oct.)
1948. Jones, K. K.; Spencer, M. C, and Sanchez, B. A.: Estimation of Rate of Secretion of

% Sebum in Man, J. Invest. Dermat. 17:213 (Qct.) 1951. In vitro 1 mg. of sebum caused a sig-

. nificant succinic dehydrogenase inactivation in 100 mg. tissue. In man, 0.06 to 0.2 mg. sebum
may be obtained from 1 sq. em. skin area. This area corresponds to 3 to 7 mg. epidermal tissue.1b

* 128 (a) Bamilton, J. B.: Male Hormene Stimulation is Prerequisite and Incitant in Common

. Baldress, Am. J. Anat. 71:451 (Nov.) 1942; (5) Patterned Loss of Halrm Man: Types a.nd
Inciience, Ann. New York Acad. Sc. §8:708 (March) 1951, s

. 19, Ilamil’ n.** Rony, H. R., and Zakon, S. J.: Effect of Androgen on Sebaceous Gland. .
of Human S}, Avch. Dermat. & Syph. 48:601 (Dec.) 1943, Hamilton, J. B.: Male Hormone < E
Substapce: Prime Factor in Acne, J, Clin. Endocrinol. 1:570 (July) 1941, Eblmg, F. J.:
- Sebaceous Glands: Effect of Sex Hormones on Sebaceous Glands of Female Atbing Rat, lbid@”
. $:297 (June) 1948. Rothman, S.; Haskin, D., and Lasher, N.: Unpublxshed expenmenta‘_

20. (a8) Pinkus, F.: Dic normale Anatcmie der Haut, in Jadaswhn, }., w

.Haut- und Geschlechtskrankheiten, Berlip, Julius Springer, 1927, VolL'1. ). Myers,-R. E

" and Hamilton, J. B.: RLgencrahon and Rate of Growth of Haxrs in Man, Amn. New York
e Sl g
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may not become noticeable except after prolonged exposure. This assumption is
supported by a case of hypervitaminosis A in an adult, described by Sulzberger and
Lazar.® In this patient the eyebrows and eyelashes, which are known to have a
short life cycle,**® had almost completely disappeared at a time when the hair on the
scalp, though considerably thinned, was still present.

In summary, it may be stated that the cvidence for the influence of sehum on
human hair growth and keratinization must be considered indirect and incomplete.
Further experiments with various samples of sebum and with new experimental
procedures are required before this theory can he considered as definitely established.
Experiments of this nature are in progress.

In the meantime the unsaturated local depilatory compounds have gained a
definite position in investigative dermatology. The depilatory action of squalene,
oleic acid, and linoleic acid has been confirmed and extended by mdependent
observers. These compounds are currently used in studies on cutaneous virus infec-
tions,* cutaneous allergic manifestations in animals,?* studies with vesicant agents,?*
and protective ointments.** By converting the thin hairy animal epidermis to a thick
hairless type, resembling human skin, these compounds made animal skin available
for new studies. As in any other recent field, the new questions raised outnumber
those which can be answered at present. Nevertheless, the introduction of these
compounds into the field of investigative dermatology opens new approaches for
studies of hair growth and for the development of new depilatory agents.

SUMMARY

Human sebum (obtained by ether extraction of hair), its unsaponifiable and
saponifiable fractions, and three of its unsaturated components—squalene and oleic,
and linoleic acids—were found to be powerful local depilatory agents in laboratory
animals after only one application to the skin. The hair loss began 10 to 12 days
after treatment and was always reversible. A control series of animals treated with
liquid petrolatum, hydrous wool fat, or stearic acid showed no impairment in hair
growth,

The main histologic changes in the depilated skin were marked acanthosis,
disappearance of the hair shafts and of many of the hair follicles, and anomalous
keratinization. All these changes were reversible.

In vitro, sebum and its depilatory components inactivated the free sulfhydryl
groups of glutathione and of tissue homogenates and the sulfhydryl enzyme, succinic
dehydrogenase.

The possibility is discussed that sebum may influence hair growth and keratiniza-
tion in man. - »

Dr. Fred D. Weidman performed the histologic studies. Dr. Donald M. Pillsbury and
Dr. R. I.. Mayer gave advice and encouragement during the study. Dr. Raymond R. Suskind
supplied samples of pure sebum; Dr. J. Matet, of Alimentation Equilibrée, samples of squalene

amd perhydrosqualene, and Abbott Lahoratories, synthetic vitamin A palmitate.

R

% 21 Footnote defeted. : .

2. Bank, H.; Persanal communication to the author.

a& WK&LR“RJ Personiil. communication to the author. -
4~ 24, Flesch, P.; Goldstone, S. B, and Weidman, F. D.: Blister Formation and Separation of
pi ﬁE tlermis frog ‘Corinm in Laboratory Animals, J. Invest. Dermat. £8:187 (March) 1952,
Wbash “'&‘;P&Mﬂf‘comn%unication to the author.
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STUDIES ON THE MODE OF ACTION OF VITAMIN A*
PETER FLESCH, M.D., Pu.D.

Although there is & voluminous literature on the use of large doses of vitamin
A in the treatment of diseases characterized by excessive or abnormal keratiniza-
tion (e.g. Darier’s disease, pityriasis rubra pilaris, ichthyosis, calluses, keratoder-
mas, etc.), nothing definite is known about the mode of action of this vitamin in
cutaneous metabolism. It has been shown that vitamin A has an “anti-keratiniz-
ing” effect which is manifested in & number of ways: In vitro vitamin A prevents
the differentiation of epidermal cells into keratin in tissue cultures (1). In animals,
large doses of vitamin A given by mouth (2), or applied locally (3), interfere
with hair formation and cause reversible baldness. A decreased rate of keratin
formation was also suggested by observations made on rats after local applica-
tion of the vitamin (4). In human hypervitaminosis A, temporary loss of hair is
a common symptom (5). Finally, vitamin A frequently has been an excellent
therapeutic agent in the treatment of different types of anomalous keratinizing
processes (6).

The exact mechanism of this anti-keratinizing effect is unknown. Knowledge
of this mode of action may not only shed more light on the process of keratiniza-
tion, but may help us to understand the role of vitamin A in the metabolism of
the skin in general. Such an insight may also pave the way for the introduction
into dermatology of other, possibly more potent, stable and less expensive “anti-
keratinizing” compounds.

In our recent works on the depilatory effect of unsaturated lipoid-soluble com-
pounds, we have advanced a theory concerning the mode of action of large
amounts of vitamin A. We suggested that in such large amounts, vitamin A had
a direct, local and probably non-specific drug effect on the epidermal cells (7).
The anti-keratinizing action of vitamin A has been attributed by us to the un-
saturated double bonds in the molecule. We thought that vitamin A, by virtue
of its unsaturation, interfered with sulfhydryl metabolism in the same way as
other unsaturated, lipoid-soluble depilatory agents (8).

This theory had certain shortcomings. It left unexplained the fact that after
local application of vitamin A, hair loss occurred in animals only, while systemic
administration of excessive doses interfered with hair growth in animals and hu-
man subjects alike. The belief that vitamin A prevented hair growth by interfer-
ing with sulfhydryl metabolism, was not supported by experimental evidence, as
vitamin A palmitate had no effect on sulfhydryl compounds in vitro. We postu-
lated that maybe not vitamin A itself, but some of its degradation products were
responsible for the anti-keratinizing activity of vitamin A; such degradation

* From the Department of Dermatology (Donald M. Pillsbury, Director), School of
Medicine, University of Pennsylvania.
This study was supported by U.S.P.H.8. Grant %G-3601.
Presented at the Fourteenth Annual Meeting of The Socicty for Investigative Derma-
tology, Inc., New York, N. Y., May 30, 1953.
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products would probably also inactivate sulfhydryl compounds in wvitro. This
belief, however, was without experimental foundation (8).

Recently Wald, in his studies on visual purple, found that retinene,, vwhxch
is chemically vitamin A, aldehyde, the earotenoid portion of rhodopsin, combined
with the free sulfhydryl groups of the protein opsin, the other component of
visual pigment. Retinene, also combined with other sulfhydryl compounds (9).
This reaction took place rather slowly. It was obvious that our own previous
findings were in need of revision with the use of different derivatives of vitamin
A, tested in high concentrations.

The present paper attempts to shed light on the mechanism of the anti-
keratinizing action of large duses of vitamin A in the following ways:

1. In order to answer the question, whether or not there was a basic difference
between local and systemic depilation, we administered to laboratory animals
an unsaturated compound by mouth. This compound, oleic acid, has been de-
scribed by us (8, 10), as well as by others (11) as having a local depilatory effect
in animals. If it were possible to show that such a depilatory effect could be
obtained by oral administration as well, it could be assumed that the two effects
were bagically identical and that the same conditions may also apply to vita-
min A.

2. In order to study the mode of action of vitamin A, we tested several of its
derivatives both for their depilatory effect in vivo and their sulfhydryl inactivat-
ing action #n vilre in an attempt to find 4 correlation between chemical structure
and reactivity.

3. Finally, some of the vitamin A derivatives were subjected to clinical trial
on patients with ichthyosis.

. EXPERIMENTAL
1. Oral adminssiration of oleic acid to laboratory animals

Two groups of four albino rabbits each were given oleic acid (Merck) by stom-
ach tube. The first group received a total of 40 ml. of oleic acid, administered in 4
equal doses every other day; of the second group, 2 rabbits received 2 doses of
25 ml. of oleie acid and two received the same amount of ethyl oleate at 5 days’
intervals. The rabbits weighed 3 to 4 kg. Great care was taken not to contaminate
the skin in order to avoid the lceal depilatory effect of oleic acid or ethyl oleate.
Control experiments could not b= carried out, because stearic acid, the saturated
derivative of oleic acid, is solid at room temperature and cannot be administered
by mouth, unless it is dissolved in a solvent. Introduction of a solvent would
have added another variable to the experimental procedure.

2. In vitro and in vivo effects of vitamin A dersvatives

a. Methyl, phenyl ethers and palmitic ester of vitamin A. The methyl and phenyl
ethers of vitamin A* were tested for their effect upon free sulfhydryl groups of
tissue proteins and upon the sulfhydry! enzyme, succinic dehydrogensse, by

* Received through the courtesy of Dr. Roger A. Lewis and Hofmann-LaRoche, Ine.
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methods described in previous publications (12, 13). Buffered mouse liver homo-
genates were incubated with thealcoholic solutions of the ethers at room tempera-
ture for 15 minutes and the sulfhydryl content was compared with control
mixtures, containing the solvent instead of the vitamin A ethers. Similar experi-
ments were carried out with vitamin A palmitate. The concentrations of the vita-
min A ethers used were as follows: 88 to 350 ug. of methyl or phenyl ether and
375 pg. to 3 mg. (1250 to 10,000 units) of vitamin A palmitate. These were
added to 10 mg. (for —SH determinations) and 100 mg. (for succinic dehy-
drogenase determinations) of mouse liver in 10% buffered homogenates.

When using Bennett’s reagent for sulfhydryl determinations in the presence of
these compounds or of the synthetic precursors to be discussed below, it is essen-
tial to set up control tubes containing the vitamin A derivatives in amyl acetate
solution without added tissues. We found that upon acidifying with concentrated
hydrochloric acid, as is required in the method, these solutions develop a more or
less marked and immediate dark color, ranging from purple to olive green, de-
pending on the compound and its concentration. This color development may
give rise to false readings. Several methods may be used to overcome this diffi-
culty: one is to make the colorimetric readings immediately after addition of the
HCI, before color development can take place. This is effective with the synthetic
vitamin A precursors, but fails with higher concentrations of the esters of vitamin
A where the color appears immediately upon addition of HCI. In these instances
no HCl was added; readings were made by comparing a blank control amyl ace-
tate solution containing vitamin A esters only with the supernatant amyl acetate
solution of Bennett’s reagent obtained from the reaction mixture which contained
the tissue homogenate and the vitamin A ester. Although this procedure is less
sensitive than the standard method, described by us, in which HC! is added, it
is a permissible and adequate method and has been successfully used by other
workers (14). )

b. In vivo studies. To two groups of 7 mice each, alcoholic solutions of the
methyl and phenyl ethers of vitamin A were administered locally on the backs
every other day for 10 days. The amount applied was 14 ml. of a solution, con-
taining 1.75 mg. of ether/ml.* Control groups of animals were treated with
alcohol only. Not enough material was available for more extensive experiments.

3. Synthetic precursors of vitamin A. (Hydrozenin and ozenin)

Hydroxenin and oxenint are chemical intermediates in the manufacture of syn-
thetic vitamin A. From their chemical configuration (Fig. 1) it is readily visible
that these compounds differ from the esters of vitamin A in two respects: in the
distribution of the double bonds in the side chains and in having a free alcoholic
group at the end of the side chsin. Since the isoprene-like chemical arrangement
of the double bonds in the side chain of vitamin A is cssential for the vitamin
activity (15), these synthetic precursors have no vitamin A activity.

The physical properties of oxenin and hydroxenin are also different from those

* This amount corresponds approximately to 5500 I.U./cc.
t Received through courtesy of Dr. Elmer L. S8evringhaus and Hoffmann-LaRoche, Inc.
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of vitamin A alcohol or of its esters, Hydroxenin is a yellowish-white crystalline
material which is fairly stable at room temperature. Oxenin is a yellow amorphous
powder which is unstable at room temperature and colliquates after standing for
a shart while. In solution, both substances deteriorate rapidly.

No extensive animal studies were made with these compounds. Previous ex-
perience with other unsaturated depilatory agents has taught us that hair loss
sannot be achieved by local application of solid material in alcoholic solutions to
the skin of laboratory animals: The alcohol evaporates, leaving a thin film of
inert material on the skin surface. This observation was confirmed also in the
case of oxenin and hydroxenin. Application in oily solvents was postponed, be-

cause of the scarcity of the available supplies and their use for elinical studies.
N

HC CH oM
!
1 ?icu.-cu-c':-cn- Co=C—C=CH-CH,OH
CH CH,
N cH, s

HC CH, OH
}
2 rcu.—cu=c’:—c — CH=CH-C=CH~CH,0H
* \ CH, CH
A\ H, 1 R
HC CH,
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Fia. 1. Synthetic precursors in the manufacture of Vitamin A acetate. (1) Oxenin (2)
Hydraxenin (3) Vitamin A Acetate.

a. In vitro studies. In vitro experiments concerning the effects of these com-
poands on sulfhydryl groups and succinic dehydrogenase were performed in the
mme way as described above for the ethers of vitamin A. Ten per cent mouse
liver homogenates (10 mg. for —SH determination and 100 mg. for succinic de-
hydrogenase) were incubated with 0.1 ml. of a 0.25 to 2% alcoholic solution of
axenin or hydroxenin at room tempersture for 15 minutes. The colorimetric
readings were compared with control tubes containing the solvent instead of the
vitamin A precursors. Readings were made both before and immediately follow-
ing addition of concentrated HCl to Bennett’s reagent, in order to avoid the
interference of the secondary color development, as mentioned previously.

b. Clinical studies. Hydroxenin and oxenin were incorporated into cold cream
bases in a 5% concentration. Sustane® (3-tertiary butyl-4-hydroxyanisole) was
added in 0.02% final concentration as an antioxidant, to slow down the oxidative
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deterioration of the vitamin A derivatives. The ointments were applied daily 10
the arms of patients with ichthyosis; the contralateral wrm served as control and
was treated with the cold cream huse only.

Because of the limited supplies available and in order to insure properly
continued treatment, only two patients could he tested with each ointment . The
paticnts were instrueted to keep the ointments stored in the refrigerator hetween
treatments. The areas under treatment were cheeked every two weeks.

Fri. 2, Loss of hair on ear of rabbit after oral administration of oleie acid. Note fine
sealing. The black muark above the bald srea is pare of an identification tag.

RESULTS
1. Oral admanistration of oleic acid to rabbits

Of the two groups of rabbitx given oleic acid, only those receiving the higher
doses developed any hair loss. One animal in this group died; the others showed
no apparent ill effect except for the cutaneous symptoms to be described.

On the 5th to Tth day of the treatmeut, all surviving rabbits in this group
developed scaling “sehorrheie” lesions on the outer sides of both ears. The
affected area was oval, about 1 x 115 in. in diameter. The lesion was similar to
the carly manifestations observed after local application of oleic acid; however,
the scaling was finer and there was no sign of cutancous irritation. Shortly after
the onset of the scaling the hair began to fall out with the roots. The hair loss
was similar to that observed after local application of oleic acid (Fig. 2). It
was reversible in all cases.

No effect was noted in any of the animals after treatment with the smaller
doses of oleic acid or ethyl oleate.
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2. Invitro and in vico cffcets of the ethers of eitamin A
When used in sutfieiently high concenteations, the methyl, phenyl ethers and
palmitic ester of vitamin .\ inactivated the - SIH groups of mouse liver homo-
genates and the sulthydryl enzyme succinie dehydrogenase. The approximate
minimum roncentrations which still eanxe o signficant inhibition under our
experimental conditions are listed in Table 1.

TABLL I

Inactivaiton of sulfhudreal cor pownds by cthers af eitamin |

CONUF STRATE 0 0k FSTEFRS OF VIPAMIN A

Mehyl ethes Pivnd ether  Palaitic ester
-—SH groups of W mg liver A . 00 pg o0 ug 300 pg
Succinie dehydrogenase activity of 100 mg. liver 175 ug 173 1500 ug

Fia. 3. Reduction of scaling in ichthyusis after 4 weeks' treatment with 5% hydroxenin
ointment. Left: Control site treated with ointment base. Right: Central area treated with
bydroxenin aintment.

With higher concentrations the inthibition ineressed wirtil complete inactiva-
tion was reached,

Among the two gronps of mice treated locally with the cthers of vitamin A,
three of the animals receiving the methyl ether died within | week; the survivors
all lost their hair on the 10th day of the treatment. No changes were observed in
the group receiving the phenvl ether,
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3. Effects of hydroxerin and ozenin

a. In vitro effects. Both synthetic precursors of vitamin A inactivated the
sulfbydryl groups and succinic dehydrogenase of mouse liver. The approximate
amounts necessary to cause a minimal inactivation of the sulthydryl groups of
10 mg. mouse liver were 500 g. of hydroxenin and 150 ug. of oxenin. The minimum
amounts needed to inhibit the succinic dehydrogenase activity of 100 mg. of
mouse liver were 500 pg. of either compound.

b. Clinical resuits. Two to three weeks after the beginning of the treatment,
both patients showed diminished scaling on the areas where hydroxenin ointment
had been applied. No change was observed on the control sites treated with the
ointment base (Fig. 3.). After improvement had set in, in one of the patients the
hydroxenin ointment was replaced with the ointment base, whereupon the scaling
returned in its former intensity. Upon resumption of the treatment with hydrox-
enin, the skin symptoms were alleviated again,

Inunction with oxenin ointment had no noticeable effect. Neither compound
caused any local or general untoward reaction.

DISCUSSION

Cutaneous changes in rabbits after oral administration of large amounts of
oleic acid have been described by Adler. With this method this author was able
to produce crusted lesions on the cats of the animals. It is probable that these
cutaneous changes were identical with those observed by us, although Adler
failed to describe the subsequent hair loss (16). Interference with hair growth
after internal as well as local administration of unsaturated depilatory compounds
strongly supports the view held by us that in either case the compound (oleic
acid or vitamin A) acts directly on the hair follicles. When given by mouth in
large amounts, these compounds or their degradation products saturate the
organism and it appears that they are partly excreted through the sebaceous
glands into the hair follicles and onto the skin surface. The observations of
Perutz and his coworkers strengthen this assumption. When these authors in-
jected the highly unsaturated cod liver oil into rabbits, the hair growth decreased
and the iodine number of the skin fats rose, as an indication of increased un-
saturation (17).

The question why the hair loss is limited to the ears cannot be answered at
present. The greater sensitivity of the hair follicles on the human scalp to a
variety of physical and toxic influences is a similar unsolved problem. Prelim-
inary histologic studies of the depilated ears of the rabbits have not yielded
any satisfactory explanation:

The finding that #n vitro the ethers of vitamin A inactivate sulfhydryl com-
pounds is of theoretical as well as practical interest. This is the first instance
in which the chemical reactivity of the ethers of vitamin A toward proteins has
been demonstrated. The reaction is apparently not limited to retinene,, the
aldehyde of vitamin A;, but is a common property of various vitamin A deriva-
tives. Thus there is no more exception to the rule governing the depilatory action
of unsaturated, lipoid-soluble compounds: all these compounds inactivate sulf-
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hydryl groups in vifre, probably by virtue of their unsaturated groupings,
Saturation (hydrogenation) abolishes the ¢n vivo depilatory and in vitro syls.
hydryl inhibitory action. The reverse, however, does not bold true: many com-
pounds which interfere with sulfhydryl metabolism in vitro do not have any
effect on hair growth.

This sulfhydry! inhibitory activity of vitamin A could not be demonstrated
in our previous publications because the amounts of vitamin A ethers used were
not sufficiently large, never exceeding 1000 units in the reaction mixtures. In the
present work these amounts were increased 10 fold or more. The justifiable
criticism may be raised that these amounts are unphysiologic. It should be
remembered, however, that the amounts of vitamin A administered in keratiniz-
ing diseases are equally unphysiologic, surpassing the normal requirements 20 to
100 times. Even in Wald’s in vitro studies on the reactivity of retinene, toward
sulfhydryl compounds, 5 hours’ incubation was necessary before the inactivation
could be effected (9). This is a very long period for biochemical studies of this
nature. In our work, 15 minutes’ incubation was used routinely and it is likely
that the amounts of vitamin A ethers needed for sulfhydryl inactivation could
be reduced materially with longer periods of incubation. :

The in vivo depilatory action of the ethers shows an interesting parallelism
with their other toxic effects. The methyl ether and palmitic ester cause depila-
tion and anomalous oesification, while the phenyl ether is inert in both respects
(18). It is conceivable that the pheny} ether cannot be broken down in the body
to the as yet unknown active degradation product which is believed to be re-
sponsible for the action of vitamin A (15).

The inhibition of epidermal keratin formation by hydroxenin offers evidence
in favor of the theory advanced by us that in large amounts vitamin A has a
nonspecific drug action. Hydroxenin has no vitamin A activity and yet it has the
same local effect as vitamin A bas in large doses. The ineffectiveness of oxenin
as an anti-keratinizing agent is probably due to its unstable nature. Hydroxenin
hasg some of the desirable qualities which we were seeking: it is stable, cheaper
and cosmetically more desirable than vitamin A. It is not advocated that this
compound be used locally instead of vitamin A; our work merely indicates that
the therapeutic effects of vitamin A may be achieved with other unsaturated
compounds ga well. Testing of such compounds is in progress.

On the basis of our present work, the following theory may be formulated
concerning the mode of action of vitamin A in cutaneous metabolism: Vitamin
A in excessive doses has a non-specific direct drug effect upon the epidermis; this
effect is probably connected with interference with cutaneous sulthydryl metab-
olism. It appears likely that the anti-keratinizing action is due to some unknown
metabolite of vitamin A, since related compounds, like hydroxenin, have a
gimilar action. Whether or not the physiologic effects of vitamin A in cutaneous
metabolizm are due to a similar mechanism, remains the object of future studies.

Our incidental finding that amyl acetate solutions of the vitamin A esters
develop a strong color in the presence of concentrated hydrochloric aejid, makes
possible the development of & new colorimetric method for the quantitative



MODE OF ACTION OF VITAMIN A 429

estimation of vitamin A. Preliminary experiments indicate that the color follows
the Beer-law over a wide range. This new method has the advantage over the
Carr-Price estimation that the developed color is stable. The sengitivity of the
method is somethat low, but can be increased. Work to develop this method is in
progress and will be reported elsewhere.

SUMMARY

1. The mechanism of the “anti-keratinizing” (scale-preventing and depilatory)
action of large doses of vitamin A was studied in vitro and in vivo.

2. It has been claimed that the local and systemic depilatory effects of vitamin
A may be due to different mechanisms. In order to study the effect upon hair
growth of orally administered unsaturated compounds, another unsaturated,
local depilatory compound, oleic acid, was given to rabbits by mouth. When
administered in large doses, oleic acid caused scaling and reversible hair loss on
the ears of the animals. The baldness had the same features as the local depilation
produced by oleic acid.

3. In large amounts, the methyl, phenyl ethers and palmitic ester of vitamin A
inactivated sulfhydryl groups and the sulthydryl enzyme succinic dehydrogenase.
The methyl ether caused hair loss in mice after local application, while the phenyl
ether was inactive.

4. Hydroxenin and oxenin, synthetic precursors in the manufacture of vitamin
A, had the same n vitro effects as the ethers of vitamin A.

5. Diminution of scaling in patients with ichthyosis was observed after local
application of hydroxerin ointment. Oxenin had no effect.

6. These findings support our previous supposition that in large amounts vita-
min A has a direct, local, non-specific action on the epidermal cells. This effect is
probably due to interference with the sulfiiydryl metabolism of the epidermis.
The active principle may be an as yet unidentified intermediary metabolic
degradation product of vitamin A.
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DISCUSSION

Dr. SterHEN RoTaMAN, Chicago, Illinots: In his remarkable series of experi-
ments, Dr. Flesch has conclusively demonstrated that the biological effect of
Vitamin A on the epidermis is due to a certain chemical configuration and that
other compounds not having vitamin action but the same chemical grouping
have the same effect. Thereby he has shown that this is not a vitamin effect.

I wonder if the picture he has shown us was actually a case of ichthyosis vul-
garis because it showed involvement of the antecubital fossa while in ichthyosis
vulgaris this fossa is never involved. Also I wonder if the therapeutic effects
achieved with local application of vitamin A have auy clinical significance. Can’t
as good results be obtained with any ointment base containing low concentra-
tions of salieylic acid?

1 also would like to ask whether it is not an over-simplification to attribute the
complex and amazing metaplasia of keratinizing embryonic epithelium into a
ciliated mucus-producing mucous membrane, as shown by S. Fell, to inhibition
of sulfhydryl function. Is there any reason to assume that mucous membrane
cells require less sulfhydryl-dependent enzyrnes than do the epidermai cells?

Dg. Freperick REetss, New York, N. Y.: I have been not only impressed by
the excellent contributions of Dr. Flesch, but added impetus was given to me by
Dr. Sabella’s investigations, (Proc. Soc. Exp. Biol. & Med. 76: 499, 1951). The
topical application of vitamin A to cophorectomized rats resulted in an average
incpease in epidermal thickness to about twice normal.

About two years ago, I investigated with Dr. Campbell (Department of
Plastic Surgery, New York University Medical School) the effect of loecally

mpheg wtamn A to the semle skm We have not used large doses as Dr. Flesch,
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‘but only 3,000 vitamin A palmitate per ounce. In most patients, an appreciable
improvement was seen in the dryness of the skin, scale formation, and folliculay
hyperkeratosis, which was not observed to such a degree in the control side
using the base alone. :

In relation to Dr. Rothman’s question, I may be able to give an explanatory
answer. The effect of vitamin A is clearly seen in obvious histologic changes. Oyr
slides have been recently reviewed by Dr. Harman of the Department of Anat.
omy, New York University Medical School, who found in the vitamin A treated
skin, noticeable changes in contrast to the controls. These changes consist mainly
of the presence of many cells with pyknotic nuclei and an increase of keratohyalin
granules. Pucinelli (Giorn. ital. dermat. 88: 840, 1948) applied vitamin A con-
taining ointment in cases of lichen planus and psoriasis, and although no clinica]
improvement was recorded, histologic changes are similar to those observed in

our investigations.

Dr. MaRrioN B. SuLzBERGER, New York, V. V.: In a carefully studied but stili
all too small series of cases Dr. Leah Fisher in our Department at the Skin and
Cancer Unit has as yet been unable to show any regular substantial effect of
locally applied vitamin A on the scaling of cases of ichthyosis. I don’t know what
the reason for the failures may be. I believe that Dr. Fisher’s cases were all males
and there may be a sex determined difference in response. In carefully controlled
observations with contralateral comparison with blank control vehicles, no
diminution of scaling, no clinical improvement could be observed in certain
cases. In histologic studies, which are still unfinished and not yet ready for any
definitive statement her careful (and tedious) planimetric measurements of the
thickness of the stratum corneum and of the other layers of the epghelium evi-
denced no regular effects of the vitamin A inunctions when compared with con-
trol sites inuncted with vehicles alone. Maybe Dr. Fisher is here and will want
to say samething about the present statys of her planimetric and clinical studies.

. Then I would like to call attention to some remarks that appeared in the in-
troduetion of the Yearbook of Dermatology and Syphilology for the years 1938
and 1941. These stated that the systemic administration of vitamin A was being
effective in a large series of dermatoses characterized by abnormal keratinization,
either follicular or non-follicular. The effect was not due to overcoming a dietary
vitamin A deficiency—because the doses needed were far in excess of that which
one would expect if this was a dietary vitamin effect, i.e. the doses necessary were
far in excess of the daily dietary requirements. Moreover, the patients that
received these benefits had no other evidente whatsoever of either a dysvita-
minosis or & dietary vitamin deficiency.

Da. R. L. Maves, Summit, N. J.: Dr. Flesch’s investigations are of great
theoretical interest because they seem to explain the role of certain lipids and
especially unsaturated fatty acids in the skin. So far we have always looked at the
skin Lipids as serving for the lubrication of the hair and the akin. Bu4 it is quite
possible that lipids, especially those rich in unsaturated fatty acids play an actiye
role in skin metabelism. As with vitamin A, they may form redox.qustems as in
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the case of many proteinic enzymes, and are actively engaged in the metabolism
of energy-rich products. We were able to show in our own experiments that
bacterial lipids, which have long been considered as simple protective agents
play such an active role.

Dr. SamueL M. Prck, New Y ork, N. Y.: I have been stimulated for a number
of years by Dr. Flesch’s experiments. Since the initial experiments which we
carried on in Darier’s disease and ichthyosis our findings seemed at variance.
Once was that while we believed that in a disease like Darier’s we produced our
vitamin A effect because here we felt was an abnormality in metabolism of vita-
min A, we were unable to find either blood levels or other indications for such an
assumption in ichthyosis. Yet we too noted that large doses of vitamin A, both
locally and parenterally seemed to affect the ichthyotic skin favorably.

Insight into the effects of vitamin A in large doses in ichthyosis and other
conditions with hyperkeratosis is now explained by Dr. Flesch’s experiments.
I believe, however, that diseases which have hyperkeratosis as a manifestation
can be divided into two distinct, types. (1) One is that we have a real dyskeratosis
8o that a receptor mechanism for vitamin A is abnormal. Such cases actually
need relatively smaller doses to obtain effects than those in which we have
ordinary hyperkeratosis with 2 normal vitamin A metabolism. (2) In ordinary
follicular keratosis which is not due to a proven vitamin A deficiency or an
abnormality in vitamin A metabolism even very large doses of vitamin A may
cause no effects, or will give little, if any, changes. Skin diseases which are
characterized by excessive parakeratosis fall somewhat in between these two
groups. An example of this group is psoriasis. I have no reason to believe that an
abnormal vitamin A metabolism plays a role in psoriasis. However, intramuscular
injections of vitamin A in fairly large doses will cause a drop in blood levels in
some psoriatics in contradistinction to the usual rise in normal patients, At the
same time, the injections of vitamin A may favorably influence the course of
peoriasis in some instances.

Dr. Tureopore CornBLEET, Chiacgo, 11.: I presume Doctor Flesch refers to
the nonspecific effects of vitamin A on the skin as action other than that of normal
physiological keratinization. This latter power must be by indirect means, be-
cause we found no vitamin A as such on or in the normal skin. Doctor Flesch
felt massive doses of oleic acid spilled over on the skin. Are there iodine number
studies to corroborate his opinion? Doctor Peck pointed out that in Darier's
and Devergie’s diseases the blood vitamin A level may be normal. We found not
only this may be true of the blood, but also the vitamin A stores in the liver are
norms! in both diseases.

Dr. Perse FLEsCH (in closing): I would like to thank those participating in the

diseussion for their kind remarks.
In answer to Dr. Rothman, the picture of alleged ichthyosis shown was indeed
the anticubital fossa of a patient, diagnosed as ichthyosis simplex. We should
ol pd her e congenital ichthyosiform erythroderma. I am inclined to
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believed that ichthyosis is used s o general term ander which we diseuss thsengey
which may look somewhai stmilar, but are probably different. in their patho,-
genesis,

Fell’s work is unfortunate in one respect, ab least as far o dermatologints gp.
concerned: she worked with ehick embryos and not with mammaliun skin, |
don’t think one can cxpect the same changes to oceur in the cpidermal cellg of
the mucous membranes of mammals s has been observed by her in the chick
embryo. In the mouse, Dr. Teli found inhibition of hair formation m vitro, g
study which is just bricfly mentioned in her present. work,

Inhibition of sulfhydryl groups may be limited to certain specific sites. For
example, X-rays primarily inactivate the sulfhydryl groups of the cells of the
hair follicles: vesicants affeet mostly the sulfhydry!l groups of the capillary endo.-
thelium. The solubility of the inhibitor may be a decisive factor in this respect,

I cannot recommend the routine use of local vitamin A ointments. First of all,
this type of treatment is expensive, Then the results often are not better than
one could obtain with other methods. I am not at all convinced, that, with the
exception of some cases, the local treatment with vitamin A offers any advantage
over more conservative methods.

In answer to Dr. Sulzberger's comment about, failure of local vitamin A in
ichthyosis, I wish to point out that in my original work I desecribed six patients
treated with local vitamin A in two of whom no beneficial effect was seen. As far
as the mode of actiou of vitamm A is concerned, 1 could quote Dr. Sulzberger ag
supporting hoth the idea that vitamin \ acts because of an alleged lgcal hypo-
vitaminosis (“‘dysvitaminosis™) or beeause it has a pharmacological effect. To
the best of my knowledge, the latest statement on this subject has been made in
the Yearbook of 1949 (p. 13 14). In the same paragraph it is mentioned that
acne may be due to a localized high requirement for vitamin A or vitamin A
may have a purely pharma-ologieal elfoct in this condition,

I 'am very grateful for Dr Maver's remarks and weuid like to call his attention
to the fact that similur speculations ahout the possible enzymatic role of vitamin
A have been raised in the past. 1t has heen obscrved that when veast cells were
grownmder high oxygen pressure, they were able to svnthesize vitamin A, while
normally they were not atve toa a0, (] l5xp. Cell Ree. 13 494, 1950). This may
indicate that umder certain con dithons veast aequires an enzyme svstem which
require~ vitumin A for s furciioning

We did not eurre oun dodine munber dererminations of surface fats, Such work
s been donein the post by Perniz ot 40 74 h, Derm. u, Svph., 170: 511, 1934)
shoinjected cod Giver oil i v blars and obser ol decrew od hair growth with
an inerewse in the odine numine of the shon fots,

Coreerning the phyvsiologiod ol pharnaeologioal qfects of vitamin A, [ may
Lave beo tao pigict in the Pt i erdes se deve nopomn heme, A strict distinetion
betwren theee twe obpeet s Dy b mmposssbie, The two offeets may overlap to a
cortnre oxtent. Afrer olb the phssiologient effeet sonst take place through some
chersient roaetion ond it je Dos=ihle the the coeen]lod drug offect is merely an

arcentidion of g ormal nhvsiolog o efjeer
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\ semisynthetie high-corn oil diet enhanced the development
vomamiary cancer induced by 7, 12-dimethylbenz(a)anthracenc
CDMBY) i intact female Sprague-Dawley rats. This was in
comparison to two other groups of similarly treated rats fod a
Fich coconut ol and a low-fat semisynthetic diet, respectively.
Ve average daily caloric intake was similar, and the average
srowth rate, based on body weight, was comparable in all three
CPOUPIS.

Fatty acid analyses denionstrated that, at the iime of DMBA
slministration, the composition of mammary fat was different
w the three different groups, reflecting their dietary fat intake.

The data from this study suggest that dietary effects upon
PMIA mammary careivogenesis were related to the nature as
vl us the amount of fat used.

INTRODUCTION

The fat content of dict has been found to influcnce carcino-
zenesis in a variety of circumstances. Tannenbaum in 1942 (15)
olinimed a higher incidence and shorter latent period of spon-
Lieots mammary tumors in mice maintained on high-fat as
compared to those on low-fat diet. A similar effect was observed
alsa i mice, both with benzpyrenc-indueed skin cancer and 1o a
I ~er degree with spontancons hepatoma (16). These effects were
confirmed later on by Boutwell e al. (1) and by Silverstone and
Tarnenbaum (13, 14). Tannenbanm concluded that such effects
were related to a specific action of dictary fat rather than to a
zeneral] ealorie influence (16, 17). This was based on the observa-
ton that the effeets of changing the fat content of the diet were
sonfined mainly to mammary and skin tumors, whereas caloric
lestriction per se inhibited other tumors as well (15). Morcover,
when the same low calorie inlake was maintained, augmentation
ot the dictary fat content tended to overcome the inhibitory
mflnence upon mammary fumorigenesis (16).

A similar effect was also obtained in rats. Dunning e al. in
B {6) presented evidenee that high-fat dict increased the yiekl
airl shortened the latent period of stilbestrol-induced mammary
Ceer in comparison with an equicalorie bug low-fat diet. Tu-
o which appeared in the former group had a faster growth
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raie. In 1951, FEngel and Copeland (7) found that the incidence
of mammary tumors induced by 2-acefylaminofluorene in female
rats on high-fat was greater than in those on low-fat dict. This
effect was specificially related to tumors of the breast and not to
those induced in other organs by the same carcinogen. As far as
spontancous breast tumors are concerned, Davis el ol (%) re-
ported, that in a group of rats allowed to live their usual life <pan,
the incidence was increased from 57 to 80¢; when maintaired on
high-corn oil diet. As usual, tumors appeared late in life and 03¢,
of them were of mammary origin. However, this diet did not
inerease the proportion of malignant tumors which formed only
129 of the total number of tumors in these rats,

The above-mentioned observations led Tannenbaum and
Silverstone (17) to suggest that dietary fat could influcnce car-
cinogenesis by its effect on tissue lipid. Tt was postulated that the
meclianism of action may be due to alteration of the rate of trans-
fer of a carcinogen to its site of action and/or to an independent
effect on the devebping tumor cell, In 1959, Duao et al. (H)
speculated that mammary adipose tissue functions as a storage
depot for the carcinogenic hydrocarbon and that its proximity
to the glandular epithelium facilitates further exposure of the
latter to its carcinogenic action.

The relationship between dietary lipids and carcinogChess in
general was discussed by Haven and Bloor (9) and v Taanen-
baum and Silverstone (17).

The purpose of this paper is to present the influence of dictary
fat content upon the fatty acid composition of nammary tissue
and its relationship to chemieal induetion of nmammary eaneer in
rats.

MATERIALS AND METIIODS

Animals. All were female, intaet Sprague-Dawley rats of
weaning age (21-23 days), and of an average weight of 488 g 4
2.85 (3.D.). At the beginning of each experiment, they were
allocated to 3 different groups, each containing animals of come-
parable weight range.

Diets. From the day of weaning, the animals were maintained
on 3 different semisynthetic diets (Table 1). The first group
received a low-fat diet contuining 0.5, corn oil as u vehiele for
fat-soluble vitamins, the second and third groups, a high-fat dieq
containing 200 coconut vil and 200, cor oil, respectively. The
caloric value of the Jow-fat diet was approximately 3.8 Calories
(kilocalories) /gm, while that of each of the high-fat diets was
4.7 Culories/gm.

Diets and water were given ad libiton throughout the ex-
periments. However, 2 days prior to careinogen administration,
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TABLI 1

Composition of Scuispnthetic Diclss

Ingredients Low fat (gm) j! ”I(l:)'l] ,"(:"':')"“ ](')'l'i,l'{;:;'
Casein 18 } 23 23
Pextrose 72 r 46 46
Fat 0.5 { 20 20
Salt mixture! 4 1 5 S5
Celuflour 5 i 5 5

« Adequate amounts of fat-soluble vitamins (A, E, and K) and
water-soluble vitamins (inclading choline and inositol) were
added to each diet.

¢ Coconut oil, Nopeo Chemical Canada Lid., Hamilton, Oun-
tario, Canada.

« Corn oil, 8t. Lawrence Starch Co. Ltd., Port Credit, Ontario,

Canada.
4 Phillips-Tart salt mixture, Nuatritional Biochemicals, Cleve-

land, Ohio.

all rats werce switched to a standard laboratory ration” and water
for a total period of 3 days, at the end of which time they were
returned to their respective semisynthetic diets. The purpose of
this temporary change in diet was to minimize any possible effect
of dietary fat on absorption of the carcinogen from the gut. The
dicts were weighed daily, and the approximate weights of ingested
dict were recorded.

Carcinogen. At the age of 50-52 days, each animal was given
a single dose of 10 mg of 7,12-dimethylbenz(a)anthracene
(DMBA) in 0.5 ml of sesame oil by stomach tube.

Observation and Autopsy. Following DMBA administra-
tion, the rats were weighed and palpated for tumors twice a week.
The observation period extended to 4 months, at the end of which
time the animals were killed. At autopsy, the skin and sub-
cutancous tissue were refleeted, and all tumors and suspicious
subcutancous lesions were resected and identified microscopically.
Ouly those tutmors which fulfilled the histologic criteria of adeno-
carcinoma were included in the results.

Fatty Acid Analyses of Mammary Tissue. These were
performed in order to demonstrate that, at the time of tumor
induction, a change had alveady taken place in the composition
of the manmmary tissue fat of rats in the 3 different diet groups.
The animals used for analysis were submitted to dict schedules
identical with the ones desertbed above and were killed on the
day corresponding to that of DMBA administration. The 4th
pair of mammary glands was resected and saponified by refluxing
aith a mixture of 309, aqueous KOIT and absolute ethanol, 1:3
(v/v). The hydrolysate was’then acidified to a pIf of 2.0 with
concentrated HCLand the precipitated fatty acids were extraeted
with hexane and methylated by refluxing with 5¢¢ HClin metha-
nol (2). An aliquot of the faity acid methyl esters was analyzed
by gus-diquid chromatography (Barber-Colman Model 10). The
column (6-feet X 3-ineh) was packed with 104, KONSS-S (Ap-
phied Selence Laboratories, State College, Pennsylvania) on Gas

-

Chrom P (8) and operated at a temperature of 175°C. The main

#The ration was Master Fox Cuabes, Maple Leaf Mills Tad,,
Toronto, Ontario, Cannda.
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peaks were identified by comparison with National Institnse of
Health Standard Mixtures. The Tatty aeid composition of eacls
analyzed aliguot was caleulaied on the basic of weight pereent o
total fatty acids. ’

The fatty acid compositions of coronut oif and of corn oil used
m the diets were defermined for comparative purposes, using a
method similar to the one deseribed ahove. .

RESULTS

Food Intake and Growth Rate of Rats. The averace duil,
food intake per rat of the 3 groups is shown in Chart 1 (lower
graph). 1t is obvious that the weight of Jow-fat diet ingested
was higher than that of the 2 high-fat dicts, However, when the
average daily calorie intake per rat was ealculated, it was found
to be similar in the 3 groups as demonstrated in the upper waph
of Chart 1. This was approximately 49.9, 49.2, aud 47.0 Calories
daily per rat on low-fat, high-coconut oil; and high-corn oil dict,
respectively, hetween the 25th and the 74th days after weaniuw,
The average amount of protein ingested daily during the ~ame
period ranged hetween 2.3 and 2.4 g per rat on all diets,

The growth rate of these animals, based on body weight, wus
comparable in the 3 different diet groups (Chart 2). The intragas-
tric administration of 10 mg of DMBA /0.5 ml of sesame oil at the
age of 50 days, was followed in all groups by a temporary weight
loss and growth retardation which lasted 3-4 days, at the end of
which the animals resumed their steady growtfl,

Fatty Acids of Mammary Tissue. The results of gas-liquid
chromatographic analysis of fatty acids are given in Table 2. The
average weight of each was expressed as a percentage of the total
fatty acids.

It was evident from these results that the fatty acid composi-
tion of the breast tissue was different in rats of diffetent dier
groups. That of rats fed o high-corn oil diet (mainly un=aturateds
underwent an inerease in unsaturated fatty acids, particularly in
the linoleie acid fraction. The tissue of rats fed a high-coconut oil
diet, had a decrease in unsaturated with an inerease in ~aturate.l
fatty acids. Laurie and myristic acids, both supplied by coconnit
oil of the diet, were especially elevated in this group. On the other
hand, rats fed a low-fat diet, where the only external <ouree of 1o
was 0.5, corn oil, exhibited a fatty acid composition intermerd:-
ate between the other 2 groups with a relatively higher uns<a--
urated fatty acid content, mainly due to an inerease i the oleie
acid fraction.

Effects of Diet on Mammary Carcinogenesis. Table 3
provides n detailed presentation of these results. A\ total of 22
rats were inchuded inittally in each of the 3 diet groups. However
the carly loss of 1 animal from the low-fat and high-coconut i
groups reduced the effective total number to 21 rats in each,

Fnhancement of mammary careinogenesis in the high-corn
dict group is detectable in most of the parameters studied. 1.
overall tumor incidence, as indicated by the percentage of
tumor-bearing rats; wus higher in the high-corn oil dict grou
than in the other 2 groups, but the difference was not statisticadl
significant. However, when the incidenee of palpable v -
.. the pereentage of palpable tumor-hearing rats in ench wros,
was considered, it was found to he 57.1 and 66.77; in the low 4u:
and high-coconut oil groups respeetively and 9357, in e
highi-corn oil group, an inerease over the 2 former groups whiv
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Cikel. Lower graph, average daily food intake per rat of 3 semisynthetic diet groups, determined at weekly intervals. Upper graph,
carresponding average daily calorie intake of same rats, Animals were given indicated diets from weaning. Thirteen animals in cach

group.

wu~ statistically significant. Tt appeared, therefore, that tumor
development was enhanced i the high-corn oil diet group so
that the number of rats developing palpable tumors within the
ob~ervation period was Jarger compared 1o the other 2 groups.

The average number of tumors induced per rat was greatest
it the high-corn oilded group, whieh also had the highest vield
of palpable tumors per rat, thus denoting once more a general
tendeney to au aecelerated tumor growth in that group. These
bast 2 parameters were statistically significant at the 26, and 5%,
levels, respectively. When the comparison was confined to tumor-
bearing rats, the average number of tumors per rat of the high-
corn oil group was 4.8 as compared to 3.1 in cach of the other 2
sroups. Although not  statistically significant, this inerease
nevertheless agrees with the general trend of enhanced mammary
carvinogenesis in high-corn oil-fed rats. This was illustrated once
more in the average latent period which was found to be shortest
in thix ~ame group.

In all the above mentioned parameters, low-fat and high-
coconut oil-fed rats showed a great similarity in the results
ehitained. When present, differences between these 2 groups were
tot statistically significant.,

DISCUSSION

Since the purpose of the present study was to compare dietary
"Meets, the use of semisynthetic dicts was preferred 1o that .of

YCTORBKE 1967

commercial diets, whose composition depended on faciors out-
side our contrel. Furthermore, it was ~hown that the 3 groups of
animals under study had an equicaloric dietary intake and in-
gested approximately the same amount of protein in eacl case.

The dose of DMB.A was reduced to 10 mg, half of the optimal
tumor-inducing dose recommended by Huggins of al. (10, in
view of the fact that DMBA is a compound of relatively higl
carcinogenic putency. Given in full dose, its effeet would have
masked any moderate influence of the dietary alteration- nnder
study [(17); E. B. Gammal, unpublished experiments].

Changes in the fatty acid composition of mammary tissue
obtained in these experiments reflected the fat content of the 3
different dietx on which the animals were maintained. Faity
acids that bad the most affeeted concentrations were thase not
endogenously  synthesized, Thus, linoleie acid underwent a
marked clevation in the corn oil diet group while Luuie and
myristic acids showed relutively high levels in animals on caconut
oil diet. On the other hand, palmitie, palmitoleic, ~tearic, wnd
oleie acids were found o be present in the tissues of the three
different groups. They are known to be endogenously synthiesized.
A relavvely higher concentration of these acids (especially oleic)
was defeeted in breast tissue of animals on low-fat dict, siner
their exogenous fat supply was minimal.

These findings are in agreement with those obtained in other
studies coneerning the cffects of dietary fat on the farty acid
composition of animal tissue, us reviewed by Carroll (3). Thus,
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important to the purpose of these experiments, it was found that
the above-mentioned changes in the composition of mammary
fal were present at the time of DMBA administration.

As regards DMBA mammary carcinogeuesis, the results of the
present experiments agreed with those of ather investigators
concerning the enhaneing effect of highHat as compared to low-
fat diet on certain varieties of spontancous and induced cancer
in animals (6, 7, 11, 13, 15, 16). However, it was very signifieant
te ohserve that sueh an enhancing effeet was limited 1o high-corn
oil diet, while the substitution of coconut oil for corn oil gave

1710

tumor yield which wax generally as low as that obtained n :le
low-Tat dict group. It was thus demonstrated 1that not oudy e
amount hut also the nature of dietary fat could have an effec
upon DMBA-indueed hreast eancer in rats. This observacion i-
reminiscent of the proteetive effect of hydrogenated covonus o
against the induction of rat hepatoma by p-dimethylaniinoa s -
benzene (12).

This finding also lends support to the suggestion that e
effect of dietary lipids upon the formation of certain tumor- i
not merely a product of an inereased calorie intake (13). Cocount

CANCER RESEARCH VOL. 27




TABLE 2
Patty Vedd Conposition of Mammary Tissue of Rals on Diffcrent

Semisynthetic Dicls

Percentage  composition

r
Vatiy il Shorthand Rat mammary tissuc” Commercial fut”
« -’h r d"‘\-”“l,‘-u' L — e - o - . .t e ——
e E High- ‘ High- . H
! ! I‘O;\-"h[ i l’;ll\l\ . umt‘oil ! (,oq_r‘n\ll + Corn oil

r P tet oil dict diet ol

!

Peairie 12:0 i 8.3 411 |

Nvristic 110 1.3 11.9 1.0 30.0
Pabinitie 16:0 28.5 29.5 19.9 1494 1 93

Pabmiteleic 11 6.7 | 6.5 | 2.8 |
S entie 18:0 0 6.2 | 3.5 | 3.3 | 49 | 22
Glee 181 . 52.0 35.1 33.0 6.5 ‘ 26.9
Lioleie 18:2 1 4.6 4.7 | 805 34 LO61.T

¢ Fignres represent average values obtained using the fourth
paic of mammary glands from 5 rats in each diet group.

t Farty acid composition of commereial fat is included for com-
parison.

< Jirst fipure denotes the number of carhon atoms and second
tigure the nrmber of double bonds in the fatty acid.

oil, presumably providing the animals with a comparably equal
source of eiergy as that of an equicaloric intake of corn oil, did
not exert the latter’s enhancing influence upon the formation of
TBA-Induced mammary tumors.

Since the growth rate of the animals and their caloric intake
were comparable in all 3 groups, it would seem that the effects of
shiering cither the quantity or the nature of dietary fat, as ob-
seved in these studies, were not related to nonspecifie causes
such as inanition or underfeeding, but rather to some specific
influenee of the fat itself.

One such influence, already demonstrated, was on the fatty
acid composition of mammary tissue which was found to be
different in the 3 different groups. Such a change in the nature of
the fat, which constitutes the immediate environment of the
neunmary parenchyma, eould either modify the latter’s response
to the carcinogenic action of DMBA and/or affect the avail-
bility of the carcinogen to the target cells.

i relation to the second possibility, it is hoped that a study of

FEfleet of l)i}'/rrl'!/ Fat etalee on DM BA Careinogenesis

the uptake and clearance of DNBA by breast tissuc of rats,
shmilar to those included in the present experiments, will be
reported in the near future. Furthér diseussion of the effect. of
dietary Tat upon DMBA mammary carcinogenesis will he pro-
vided then, in the Bght of these results,
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Gn IV REACTICNS CF T'E RESPIRATCRY CHAIN TC ADP DURING TEL ADATCIENIC

ACTICY CF ANTIVIQTICS

ie nomazkov, L. ¥. TimoTeyeva, 2nd #. M. Eondrishova
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The change in features of antibictles' pharmacologicalaction
ths mechanisms of their influence on the organism led not long

age to the discovery of the so-culled adaptogenlic action of these
nreparationg. The nature of such action ls that durdng the extendced
sdzniristration of different antihlotliee, adaptatlon of the organs
and tissues to thelr actlion 1e oLSCPVLa, which 1s acceompanied by

Ln

ircrease in the organism's resistence to intense (stress) patho-

~enic factcrs of various natures: hypoxia, Infecticn, radiation
sickness, etc. (1-3).

sudging from data in ths litsrature, nonspecific adaptogenic

actlon usually arises distlnetly during t%c administration of tetra-

cve

lire. 48 is known, this antibictic possesses the abllity to

sceumulate in mitochondriz and to release oxidalien phosvhorylation

(4

'fc.,

(4-8)Y. The ouestlon arises of the degree to which ths abllity cof

racveline to increase cellular irmunity may he cornectsd with

its releasing action. Is this acticon realized, as descrited mainlv

3

in
:

res

ict

in ritro experiments, during the adantorenic effect of the anti-
¢ on the whole o“taniomﬁ Is it & releasing action on the
niratory chain under certaln conailtions Tor the existence of the

sdantatlion process or could 1t be ahgent with the use of antihictics

¢ another type? In th:z nresent articls an atteunt le m to
snaver these gquestions,

PACCR I m

"he experiments were conducted on vhite mice welghing 20-25
re animals received tetracycline or lsvemyeetin dslly (intsr-

MUbCU1~P 2000-25CC units)e The contrel mice recelved a Uw"siclo
iezl anlufion. On tre dav after the Tinal administraotion cof the

ant,

in

iriotic, a direct determin-tlon wis oude of tatracvelline conlant
tle tissues. After 74 tours the animals were sublected to

“1toechenirium extraction or vere ussd to dcharnmine renistoncec. 4

nudlemimetice material, oxidl

ed olelc acid, wus usel an the

mceelving toric azgent (intrapsritoneally adrinistorczd, up to CG.04

ml).
ratic hetween the number of livirgs and de

to

Tris dose caused the death o™ tha _ﬂ1Wulw ﬂfter Todavs,  The

the control croup determined the degree o f‘; aninals’ presis

ancu, The change 1n oxidation phosphoerylaticn wus oheerved In liver
mitochondria using the polarocgriuphlc rethod (7). ‘e re-ction

i
mixture consisted of 20 millimoles o L .pC,, 10 mi
1¢ millimoles suceinszte, 15 millimoles 1101, anﬂ C.? millimcles o7
mannitol solution, C.C7 ‘moles of =uciose. The
1 ml ADP in 20C or Z0C millimoles wus Nm*nist;rcd in the experiment
(v

a8

,a -

N

4
o Q5

a mitochondrlium supplement. degni“inon rate ¢of the spe

a
en rate was determined on secmentz of thae polaros P‘}”ic curves,

1limoles 001,

vinl volune of

o

compared In the presence and absence of the acceeptor. ﬁespi



corresponding to 2C-60 sec. intervals, and 1t 1c expressed in
microatoms of oxvgen in seconds per 1, To evaluate the stimu-
lating actien of aDP on the operation of the respiratory chaln,

2 method was utilized which had been used earlier in our 1abor;+ory
(€)Y, tle comparison cf the effects of greatsr and less concentruaticn:
of acceptor in difrferent combinations with subsirates (functicnal
load).

In order to decrease the value of seasonal factors and possitle
fluctuaiion in the experimental procedure, the measurement of
~itcecrondrium rsspliratlion was carriled out everv day of the experi-
ment or the control mice and on the animals wecciving antiblotles,

RESULTS €7 THn 2TULRY

The experiments indicated that tecward the end of the first
week of antiblotie administratlion, the sensitivity of thes experi-
mentezl animals to olelc acld does nect change. after two weeks
cf antibiotic use, a distinct increase in resistancc le chserved.

I one serles of experiments after the administration ¢f oleic acid,
crnly 254 of the animals died which had recelved tetracycline, and
787 of the controls. In another series % 50 and 100 %, respectivelv,
died. (The variatlon in the ‘bsolute value of these quantities

is due to the fact that 1In different series, cleic acld of differ-
ing dicree of acidlty was used, therefore of unequal toxicitv.)

The death of those animals whioh recelived tetracyclinu occurred in
botk =eries over a more prolonged period than the death cof the
contrel animals,

Thus our experiments, in confermity with data from the liters-
ture (7), showed that for the adaptogenic action of tetracycline
to occur, a definite period (up toc 2 weeks) was necded for the
antiblotlc effect on the organisanm.

The study of the effect of 4AlP on wmitochondria resniration
showed that in this perlod an escentlal change tulkes placs in the
cperation of the respiratory chain vhich deepens 1n relation to the
Increase 1In perlod of antitlotlc effect on the orzsanism. These
results are glven in Tiges 1. The dlagrams in the right-hand
vertical series (see Wiz, 1) represent the values calculated on the
regpiration curves for breathlns control, whileh was meacured as
the ratio of the respiraticn rate of the apecimen wiih the accepior
to the respiration rate of t'e specimen without wccentor. It is
evident that even a brief azdministration of tetracycline to the
animal strongly Influenced the operaticn of the mitochondrium
rasviratory chain. The stimulating action ¢” 4DP for heth concentiru-
tions tested decreased from 2.4 and 4.2 to 1.8 =2nd 2.7%, respectively,
a comparison of the graphs for various dars shows that th: decreasc
in brezthlng control deepens with an increzsed nerlod of tetra-
cveline action on the animals. Tt 19 e.presses especlally sharply
sfter a 16-day administration of the =ntihiotic %o the peint of
increased resistance.

It 1s necessary to turn our attentlion to the fact thuat) during
this decrease In treathing control, it 1s ncre si'ri 1cant net
only in absolute value but alsc in the ratlec of the imulating
action of gresater and lesser 4DP concentration. In thv mltochondriz

f the control animals and after the Tlrst davs cof tetracveline
adminlstratlon, a netlceable increase 1s chserved in stimulating
action of ADP during the translition from a lowver concentration
to a higher one. After 1 weelk of thes antiriotic's effect, such an
increase 1s “arely observahle. ?inally, in the mitochondria of
anlmals vhieh received tetracyclire for 1¢ duvs, = reverse ratio

e




s often noted, Cnly in thke Tirst few davs of 2 X 10“4 mole ADP

JCtion vas a higher rate cof respliration observed than wilth the
setion of 2 X 10~% mcle iDP. However after 10-2C secc. pf lncuba-
+ifeon, this originally higher rate decreasss, and, in the remaining
neriod of measuremsnts, 1t heoa@e lower than the reswviration
»1te ir the presence of 2 %X 107" mole ADP.
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1. 1. Change in reuction te DP o7 t'¢ resniratery chain in
mouse liver mitochondria durlng tetr”cvoliﬂc sdministratlion,

"erizontal series (from top tc hottom): hitu fer 1, 7, T, 4nc
1¢-day tstracveline administration; left vertlc gserlegy data on
ovy.en reculrements for these respectlve o is “or the control
animals; middle series: datz on oxvien ror rents for omimals
whio% recelved tetracycline.

Jinorams of the »ight-hand vertieal ssrles: V”WPCS of .DP
res o*rdtion stimulation based on a comnarison ¢f samples witheut
5G31ticnal acceptor for controls snd test aninalsg 1‘ reculiration
vithout ADP; 2) respiration with additign of 2 X 1077 mole 0Py
=) respiration with addlition ¢® Z ¥ 1077 mole 4.2

I1isht-colored columns: qtinuldiiol o™ nitechondrium respiration
of control animals for greater nnd lcsser LDP concentrations (leit
to might); dark-colcred columns: stiwulatlion of mitechendrium resplr-
ation in test animals for lesser and crenter (0T ceorcentratlions
(frer left to rirbt)e.
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Thus, after 16 days of tetracycline adnministration, a value
of 1.1 was ohserved in the test nimals for the lower ALP concen-
tration and 1 for the higher concentration, instead of the values
of 2.5 and 3.8 obsepved for respjiration stimulation in the contrel
anirals, for 2 X 10-% 2rd 3 X 17" mele aDP respectively., Zo0 the
whele range of change in regpiration reactlon to ADP in oroportiocn
to tetracveline administration is especlally rreag for the hicher
of tnz test ADP concentrations, since the 3 X 10”7 'mole ADP stimulates
-preater respirat%on in the mitochondria of the contrel animals than
joes the 2 X 1077 mele., after 16 days ot tetracycling administr.-
tiocn, the reverse occurse
w3, 1 also shows that, in addltion to a great change in re-

sniration which ADP stimulates, respiration without the acceptor
casentially does not change during tetracycline administration.
ns special determinations showed, the amount of albumin in the
mi+tochondrium preparations does not change either. Foth these
circumstances lay the hasis for assuming that the reorgzanizatlon
of mitochondrium function (observed as an &f7ect of tetracycline)
17 nssoclated wit» a change in the regulatery actlon of ADP, and
not with a decrease in the amount of respiratory azents. The
nhenomena deseribhed are not caused by the presence of tetracycline
in the mitochondrium, since their ahsence in the llver was gstab-
1ished as dependent on the length of the course of injection, ™y
Airect determination as early as the next day after the end of
dosage administration. (As was noted above, the experiments lasted
2 days after the last antibliotlc administration.) The effect of
tetracycline on the state of resistance and on the respiratory chaln
1s retalined in the animals for some time after the cessation cf
antiriotic injection.

ifter the l6-day tetracycline administration, such an alter-
cfrect was delayed €-C days. pDuring this perioed a decrense in
respiratory control of ADP was observed in many o® the anrimals which
»ecelved tetracycline, a change especially notable during the
transition Trom lower to higher ADP concentrations. (The examples
of sevsral cases for the controls and the animals "resting' Trov

tetracveline are presented in M. 2.)
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ceriticns of our experiments, a &-week adninistration of anti-
~ictics succeeded in yielding an increase 1n resistence, to oleic
cid only durlng the actlon of tetracyecline and only for that tinme
when 1t elicited a2 significant decrease in the stimuluoting aection
o® ADP on mitochendrium respiration. The administration of leve-
~veetin 214 not lead in our eyperin:nus te an increase In rosist-
mee, and it eveled no change in rospliratory chiln rsuctlicens,

ueg, th: lmppesuion is bainpu that the strons decreas
stivelatine effect o ADP on respiration (ohserved within tre pericd

. B in

of 11C'f~“c‘ed resistance and which appears saps c*’ll" sharp duriy
its incresse in concentration) is a necessarv conditicn Tor in
ivierzase In Ylrmmunity to the toxic ¢7fect of eolele =cid. However

2 change alone in reaction te 4DP 1s evidence, obviously
cilv of the limits of the operating votentlals of the ““0“1P1+OFV
ehain. It vould geem that such 2 gort of mechanlsm must cause =
~ere ranid dsereage snd not an increase in I'munity of the cryunism
o ciress stimuli. Powever 1t can e submitted thu' the matter
~oeceds in the feollowing way. Zonsidering the well-known relzasin:
act:cn cf oleic acid (10,11), it is obvicusly necessary to evaluate
t=e increase in the amount of oxyren, observed durlng ites admini-
strazticn, which 1s reculred for 2 unit of 4P (the decrease in
.2T/Cj, as an unfaverable phenomenon in the ”unnt*onul ratlo. Trls
eh-intensity respirastion nust have a rapiily attained, low P/C,
cuacantecing 2 small yield of encity prcducts dp” at thc same '146

3_ricur1v depleted ftlssues. wvidently, in such « situation the
TL”VT,\, lew-cfect, and depleting 7quiP&UiOn preves to bhe un-

€

i

i

"syvorarlz Tor the cell. The sunerincnts conducted uhowe“ that thisg
wag so and that it »rovides Tor thre przlirinary prolonced ¢ feet of
tetracveline on the animals,

It seems *to us thsat the chonges in the regoliratory change lle
at tlhr hasils of the mechanlsm of Jvcraasit; stimulat action
of ADT under the influence cf tetracyclline ae te thogs which

ars resgponsinhle Tor the occurrence of the phencusnon of —eapiratlon
intitition hy ADP, in agrecrient with the dutn of Chaneeand  Hagihira
(12). 7vis innirition, cornducted in thelp =zperiwents, as In oursg,
with t: use of zuceinic acid, wos ¢llelted by oan inersacse in
oxidized YAD content in 2 pvr¢ﬁiue—nuclhctide hmse nlong vith
succinzie. Cxidaticn of TAD in thie base at ~ gomevhat more

critlic2l level led to the actual aces 18 aticn of oxalacetle 2cld

o .1 o

rmation, 41 innibitor of succlndely As a result of

this, 1t led to the relaxation of OfV BT RN

It is very prokable that durin d oadninistration of
tetrzeveline, the oxidilzszsldl “AD conbten resplratory chain
;rairﬁ’Tv ineresses by virtue of 1ts v actlion, whileh leals
bo an lunecrease in ~0?“ltion of cxalaretic zcid in ths animals’
mitochondria, These changes in the rospleatory o uin of the mite-
chiondriz of aninals +hilch ececslved totracycline are also mani-
fasted in a decrease in response to 0P uuu‘tioa wileh occurs

sharply the zreater the concentratlion of ;JP ussd. In this
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asg, o short-term laecreass 1u »onnle tlon 1s orserved vhieh

ternates with a srarp rate slovdown. In the period cof rnutual

:2czleration, increased *ormation of oxalacetic acid may take

nlzaee, and more so with greater ADP 2ddition or trne sreater the
i

crisinul degree of oxidized NAD in thﬁ mitocbondrial prcplw. ion
studied

“ueh a mechanism of resplration Intibltion may lile at the
gis of ths adaptorenic actlon of tetracyclline in relation to
~ther otimull. 4n exceesive inerease in external sas volume and
tigeve resniration, stimvlated by = sharp Increase in adrenal
‘nneticn, is a comnlex part of the crganism's reacticn to strong

:Prsete of different kinds (13, 14);. Thus, the unfavorable
:pticn of tetracycline on the mitocheondrium whieh limits the
cneraticn of the respliratory chauin potential can by 1tselfl serve
ae a ucefyul adaptive reaction during stress efrects.

CereLuLIcr

1. Tetraecycline administration teo mice for 1€ days increases

the immunity of animals to a fatal dese of clelc acid.

2. The preclonged zdmlnistratlion of tetracycline 1s assoclatecd

vith 4 pro-ressive decrease In the stimulating action cf ADP on
liver mitochondrium respiration. Tnls decrease 1s especilally
simnificant for VYigher ADP concentrations and reaches its hlghest
icvel =fter 16 days of antibiotic adninistration with adaptation.
7.  admifnistraticn cf a minute dese of cleate to mlce
ineretses the reSpird icn cf lIsolated mitcchondria, lowering the

ADFP/C coefficient. Tris effsct of olecate 1s weakened hy preliminary

2dninistration of tetracycline to ths aninals,
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REPEATED confirmation of mutagenic effect of vegetable oils and edible fats,
especially pea-nut and mustard oils on plant tissue (Sikka and Swaminathan, 1956 ;
Swaminathan and Natrajan, 1956, 19359), warranted- careful investigations on
carcinogenicity of these substances. The oils are reported to induce chromosome
breakage and viable mutations in plant cells. Successive somatic mutations have
been suggested as the basis for the evolution of the cancer cell and may be the final
common pathway for the activity of many carcinogens (Burnet, 1957 ; Fischer,
1958; Colter and Ellem, 1960). In the light of this hypothesis, pea-nut oil of proven
mutagenic effect is tested for probable carcibogenic effect on animal tissue,

MATERIAL AND METHODS.

The first sample of pure pea-nut oil. was received from the Indian Agricultural
Research Institute, New Delhi. Further studies were continued on refined pea-nut
oil (Sepoy Brand) from Swastik QOil Co. Ltd., Bombay.

Hybrid mice of XVII x C57 (black) strain were used as test anjmals. This
strain of mouse has proved to be a suitable strain for screening a weak carcinogen
on its skin (Ranadive ez al., 1963). The treatment was started between the age of
10 and 12 weeksand animals were observed till death or were sacrificed when they
appeared weak and emaciated. A total number of 97 mice was used in these studies.
A small group of 24 Wistar strain rats was also used for testing early effect of the
oil, .

EXPERIMENTS,
The oil was administered by four different routes :

1. Cutaneous application. 2. Subcutaneous injcctioh. 3. Intraperitoneal
injection. 4. . Feeding by stomach tubing. Experimental groups were arranged
as follows :—

To test pza-nut oil sample received from the Indian Agricultural Research
Institute, New Delhi : :

Group I.—Single subcutaneous inizction of 0.5 ml. of the oil 1o nine mice.

Graup I1.- Seventeen mice were fed 0-05 ml. of oil daily (except on Sundays)

by stomach tubing for 3 months.
. 975
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"To test Sepoy Brand (from Swastik Oil Co. Ltd., Bombay) refined pea-nut oil :

Group 111.— Daily cutanoous applications of oil werc given by No. 5 camel
hair brush omthe interscapular region of 12 mice. o
_ Group IV .—1In 12 mice croton oil was used as a co-carcinogen in association
with pea-nut oil. The oil was administered on the skin four days per week and
3 per cent croton oil in liquid paraffin once a week. Both the groups III and IV
received the treatment till dcath.\- : :

Group V.~Four subcutaneous injections of 0-5 ml. of oil were given to 10
mice at monthly interval. Total dese was 2 ml. per animal.

Group VI.—Five intraperitoneal injections of 0-2 ml. of oil were givﬁn to 12
mice a1 monthly interval. Total dose per animal was 1 ml. N

The animals from groups V and VI were kept under observation till death.

Group VII.—Twelve mice were fed daily 0.05 ml. of oil throughout their lifé
except on Sundays.

Group VI1II.— An untreated control group of 13 mice was observed till death.

A short-term experiment was carried out on 24 Wistar rats, to study the early
effect of the oil feeding on the liver.

Group 1X.—Twelve Wisiar strain rats were fed by stomach tubing daily
0-1 ml of oil for six months. These were observed for one more month after the
treatment was over and were sacrificed. Body weights and liver weights were taken.

Group X.—Twelve untreated rats were killed as control at the same age as
that in group 1X. Body-weights and liver weights were recorded.

The mice from groups 1 to VIIT were sacrificed when they appeared weak and
emaciated. Site of treatment, all visceral organs, lungs and gonads were observed
for gross abnermalities.  Tissues at the site of treatment and remote, suspected 1o
bave undergone changes, were fixed for histopathological study.

EXPERIMENTAL FINDINGS.

In the cutaneous application groups (I1Tand I'V). slight thickening of epidermis
and black pigmentation was observed with co-carcinogen. In the group treated
with just oil even thickening of skin was not observed. .

In the subcutaneously injected groups {1 and V), deposition of oil or its
melabolities was seen in the subcutis even 22 months after termination of treatment.
In histological preparations these areas showed only little inflammatory reaction.

In intraperitoneally injected animals (grdup VI), only one of the twelve
animals had abnormatl liver.

In the animals fed with oil (zroups 11 and VII). no malignant lesion was found
in the digestive tract but two of the twelve animals from continuously fed group had
well developed papillomatous'growth in the inner wall of the cardiac end of the
stomach (Plate L1X). - In untreated control group, also, there was one papilloma.
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Photomicrograph of papilloma on the inner wall of stomach at cardiac end. Apimal was fed
with 0-05 ml. of peanut oil (Sepoy Brand) daily for 23 months (group VII). x 230
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Sumbmry data of pea-nut oil testing for carcinogenicity.
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‘Other abnormalities found in this series were necrotic hver, atrophic spleen, and
enlarged lympbnodes. These were also observed to a certain extent in untreated
control group (vide Table).

In the short term experiment (groups 1X and XJ, the liver weight per 100 g.
body-weight in. oil fed rats was 3.3 g. and that in the untreated. control rats
was 3-4 g. There was no difference found- in the liver weights of treated and
controi rats. There was no gross abnormality observed to warrant histologcal
study.

Discussion.

Reported mutagenic effect of pea-nut oil on plant tissues (Swaminathan and
Natrajan, loc. cit.) are worth careful attention. These reports prompted testing of
oils for -carcinogenic effects on animal tissues. Various routes of administration
were, therefore, tried in large groups of mice and careful long-term studies were
undertaken. Results confirmi that the I.A.R.1 sample of pea-nut oil and refined pea-
nut oil (Sepoy Brand) have no carcinogenic effect on animal tissues. There was oo
evidence of even weak carcinogenic actlvity in the group treated with thé co-
carcinogen croton oil: Nothing of carcinogenic significance was obsetved either
at the of site administration or on the remote oigans. ThHe minor abnormalities
observed in the tissues cannot be positively altributed to the. oil treatment. The
oil has been used before by others as a solvent for other test substances screened
for carcinogenicity. The solvent control groups of animals-treated with pea-nut oil .
have been reported to exhibit no carcinogenic effect (Hartwell, 1951). - The present
data conﬁrm pea-nut oil to have no carcinogenie eﬁ'ect on animal tissues.

SUMMARY. -

1. Reﬁncd pea-nut oil has been tested for its: carcmogémc aclivity on XVlI X
C57(Black) hybrid mice. Four different routes of adminisiration, namély (i) cutaneous
application, (ii) subcutaneous injection, (iii) intrapéritoneal injection, and- (iv) oral
feeding have been used for tcsling the oil. No evidence of malignanty was observed
at the site of the treatment or in the remote organs of experimental animals.

2. Early effect of oil feeding on liver was also investigated in a small group
of Wistar strain ra(s. No gross lesions of the Tiver were discovered.
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COMPOSITION OF THE FATTY ACIDS CONTAINED IN LIPIDES
EXTRACTED FROM OIL SEEDS AND FRUITS

D, Grieco - G, Piepoli
Chemical Laboratory of the Granary Associaton - Milan

Premise

The consumption in Italy of oils and fats of vegetable
origin, for alimentary and industrial use (excluding olive
0il, which is not the object of our investigatinn), has increased
notably in recent years, passing from 1,414,000 liters in 1952
to 2,988,600 in 1962, as seen from the data published by the
Centr?l)statistics Institute and reported by the "Cereal Mar-
ket (1),

The TItalian o0il industry has contributed to this increased
consumption in a significant manner, increasing production
from 669,600 q,1, in 1952 to 2,254,500 in 1962 (2),

The vegetable oils most used are the following: soybean
(595,134 q,1), colza and rapeseed (442,110 q.1), peanut (357,250
q.1), linseed (225,072 q,1), grapenut (190,152 q,1), maize
seed (160,056 q,1), sunflower seed (129,538 q,1), sesame seed
(101,595 q.1), ricinus (44,508 q.1), and to a lesser decree
the cils extracted from tomato seeds, cotton seeds, rice buds,
hemp and mustard seeds (53,647 q.1 total),

Vegetable fats (normally used for the preparation of mar-
carine and edible fats) are those of the ceoeo palm, palm, illipe,
palmisto and shea (661,244 q,1 total),

The data cited refer to the oils and fats consumed in
italy durine 1962 and obtained from oil seceds and fruits of
both national and foreisn oricin. (1),

With the intention of contributine to cur knowledece of
the composition of the fatty acids contained in vecetable oils
and fats, we have reported in tables 1 and 2 data obtained
by means of cas chromtaosraphic analyses, this technique being
considered the most appropriate (James, 3; Lipsky, 4; Liberti, 5
Pallotta, 63 Wolff, 7) for determining the exact nature and
percentaze of the fatty acids present in the lipides,

The research was conducted followino the sugrestions re-
rorted in relation to olive c¢il, which haz by far been the
most studied of the vegetable oils. In fact, various authors
(vitagliano et al,, 8; Garoslio and Boddi Giannardi, 9; Paolini
and Pascucci, 10y Kaderavek, 1l Rotini et al, 125 (irieco, 13;
Montefredine and Laporta, 1&} Synodinos et al,, 15) have studied,
using vapor-phase chromatography, the nature and have determined
the composition of Italian and foreien olive o0il, while to our
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knowledge, the authors who, using the same method of examina-
tion, have extended the study to other vegetable oils’ and fats
are relatively few,

Toward the end of searching for new sources of fatty
acids essentiai to human nutrition, Cescon and Giovetti deter-
mined the composition of the o0il extracted from seeds of
onion (16) and tomato (17); Mikolajczak et al, (18) occupied
themselves with the oils of crucifers, and Galoppini and Lotti
with the o0il extracted from almonds (19) and pumpkin seeds (20).

sxperimental Portion

The analysis was conducted on 80 oils and fats obtained
from 36 species of o0il seeds and fruits obtained from places
«f production as indicated in tables 1 and 2.

The fatty material was extracted from oil seeds and fruits
with petroleum ether in accordance with the method reported
in the Italian Standards for the control of Fats and Deriva-
tives (N.G.,D.) (21), The acidity of the o0il or the fat (mani-
fested by oleic acid) was determined by the method described
in the above-mentioned Standards, The results are reported
in columns 5 and 6 of tables 1 and 2.

The methyl esters for the gas chromatographic analyses
were obtained by trans-esterification with methyl alcchol and
sodium methylate when we were dealing with oils and fats with
acidity less than 3%, while, when the acidity exceeded this
value, we proceeded to extract the fatty acids and to esterif
them with methyl alcohol and sulfuric acid (22), :

The gas chromatographic analyses of the methyl esiers
were done with a gas chromatograph Fractovap model B/f of the
firm of Carlc Erba in Milan, and the experimental conditions
were the following: temperature of the thermostatic chamber
21397, of the evaporator, 305°C, transport eas, pure helium
with a flow of 100 ml/75"stationary phase composed of polyethylene-
glycol succinate Z0% on two different bases (celite C 22,

60-30 mesh and chromosorb W, 60-80 mesh), The columns were

of unoxidizable steel-, two meters lon~, with an intermnal dia-
meter of 6 mm and the volume of methyl esters injected was
equal to 2.4 microliters.

The percentagze of the individual fatty acids was calculated
with the method of triansulation., Due te the lack of a
sufficient variety of pure methyl esters, we were not able
to proceed to a special phase of the gas chromatoszraph we were
using; nonetheless, it was possible, on mors than one occasion,
to compare our data with those obtained on identical samples
by researchers whom we have metnioned (Capella, Laporta, Pallotta,
Vitarliano), finding an optimum agreement,

Results and Discussions
The percentual content of o0il or fat extracted from oil

seeds and fruits and the acidity are repcrted in columns 5
and 6 of tables 1 and 2,
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In table 1 are listed the fatty acids found in the oils
axtracted from o0il seeds and fruits, and in table 2 the fatty
acids present in the solid fats of vegetable origin,

Reviewing the data reported in table 1 and relating either
to samples of seeds of various species or seeds of one species
but of different orizin, the followinz considerations are
possible,

Feanut oil

The content of linoleic acid varies according to the
oricin of the seed from 17,0% to 35,7%; that of oleic acid
from 40,47 to 63,4% of the total fatty acids, while their sum
is found between 75,47 and 80,4% of the total fatty acids.

Linolenic acid was absent in all the samples analyzed
with the exception of those obtained from Rhodesia, where the
acid is present in traces,

Finally, the presence of a relatively large quantity of
beenic acid (2,3%-3,6%) and lisnoceric acid (0,7%-1.5%) is

worthy of note,

0ils of seeds of crucifers (colza, rape, mustard)

All the oils of this species have erucic acid (minimum
39.,0% - maximum 51,0%) as their principal component; an ex-
ception is the oil extracted from the seeds of Canadian rape,
for which the major component is oleie acid (31,0%), followed
in order by erucic acid (24,9%),

Particular attention is merited by the rresence, in the
crucifer oils, of tetracosenoic acid (C,y with a double bond),
which was between 0,6% and 2,2% (table i, column 24), and the
hish content in eicosenoic acid (CZO with a double bond), found
between 7,6% and 11% (table 1, coltimn 181},

Sunflower seed oil

: The content in oil extracted from sunflower seeds depends

upon the origin of the seed., Sunflower seeds cultivated in
Bulzaria have an o0il content constantly superior to that of
the same seeds cultivated in Venetia *,

On the other hand, the nature and vnercentasze of the
individual fatty acids did not reflect different climatic and
atmospheric conditions, The major comporent was linoleic acid,
amounting to between 51,9% and 58.,2% of the total fatty acids,

The two eamples of seeds received from Egypt have an oil
content of 27,0%-29,1% and a composition of fatty acids diff-
erent from the former, 1In fact, in these, the chief component
was oleic acid (49,5%-52,0%), while linoleic acid is equal to
37.,0%-40,5% of the total fatty acids,

¥ The results of the analyses performed in preceding years on
samples of Bulgarian seeds have median values of 46,0% equal

to those reported in table 1, The Venetian samples have median
values of 35,0%, and only in some cases of 43,0%, A seed of
indigenous variety cultivated in the same zone yielded an oil
content of 24,.7% (reported in table 1).
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Maize seed oil

Linoleic acid is the component with the highest represen-
tation of the fatty acids, and varies from 42.,4% in white
maize seeds to 52,5% in that of the yellow variety,

Lingeed oil

At the end of the industrial utilization of linseed oil
the notable variation of the linolenic acid content is still
pregent (minimum 45,2% - maximum 58,3%), This variation is
expressed commonly by the iodine number, which is between 170
and 195, According to some authors (275, these differences
can depend on various varieties of seeds, the sowing time,
the fertilization of the earth,

Sesame seed oil

Oleic and linoleic acid are the components chiefly re-
presented in the oil extracted from sesame seeds, According
to the origin of the seed; the percentual content varies
Tor the first 'acid in relation to the second, In the oils
extracted from seeds from Egypt, Mexico and Nigeria, linoleic
acid is equal respectively to 4&.0%, Ly, 6%, 47,4%, while in
those from the Sudan, it is equal to 40,0% of the total fatty
acids, Oleic acid, on the other hand, moves from 39,7% (Egypt)
to 39,5% (Mexico) to 36,5% (Nigeria), to 42,0% (Sudan).

Soybean oil

Linoleic acid figures as the chief component from among
the fatty acids (minimum 48,2% - maximum 54,9%), The presence
of a slight quantity of linolenic acid (5,7%-10.0%) should be
underlined, .

Grapenut oil

The percentual composition of the fatty acids of the oil
extracted from grapenut seeds differs notably from that of
the oils hitherto examined with regard to the large value of
linoleic acid, which is between 69,3% and 74,3% of the total
fatty acids,

0ils extracted from various oil seeds and fruits

In considering the other vegetable oils we examined, we
note that oleic acid was the major component of the oil ex-
tracted from seeds of the pistachio and cashew (60.8%), bitter
almonds (70.6% and sweet almonds (72,0%), walnuts (83,5%),
rice chaff (40,6%), and tea seeds (54,3%), while linoleic
acid was the major component of the oil extracted from hem
seeds (59,4%), safflower seeds (75.4%), onion seeds (62.3%?,
cotton seeds (51,1%), hard corr kernels (53,6%) and soft
corn kernels (58,3%), kenaph (49,0%), neuk (72.6%), nut ker-
nels (61.5%), seeds of chili (75.0%) and tomato (55,4%),
rice buds (42,0%), and finally from pumpkin seeds (42 ,3%).

The o0il extracted from ricinus seeds differs from all
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the o0ils hitherto examined with respect toc the ricinoleic
acid content, which was equal to 83,3% of the total fatty acids,
From an examination of the results shown in table 1, par-
ticular attention is merited by lauric and myristic acid,
which are notoriously slight in vegetable oils, In fact, lauric
acid is present in some oils only in undosable traces, and
myristie acid is also present only in traces or in a quantity
equal to 0,1% of the total fatty acids. An exception are the
oils extracted from kenaph seeds and chili beans, rice buds
and punpkin seeds, in which myristic acid was equal to 0.2%
and the oils obtained from rice chaff and cotton seeds, in
which it was equal respectively to 0,3% and 0.9% of the total
fatty acids.
There now remain to be examined the data relating to
the solid vecetable fats enumerated in table 2; some of these,
vresenting particular analogies, are crouped as follows:

Fats of babassu,murumuru, coco and palmisto

A common characteristic is a hich level of lauric acid,
which is for all four the major component of the fatty acids;
even taking into consideration their composition, it is always
possible to distinguish them from each othey, The fat of
babassu, in fact, differs from the other three fats in that
it has a lesser content of lauric acid, 44.5% as opposed to
circa 50,0%3 the peculiarity of coco is that it possesses a
percentage of oleic acid that is nearly half that of the other
three fats; in the palmigto are found a percentage of caprilic
and capric acid that hovers around 4,0%, while the content
of the same fatiy acids in the babassu, coco and murumuru
amounts to 6%-7%; this last fat, finally, is distinguished by
a greater myristic acid content.

Fats of illipe and shea or karite

Stearic acid is their major component, and is about 48,0%
in the fat of illipe and 45,5% in ‘that of shea; these fats
differ above all in a varying content.of palmitic acid, which
was on the average equal to 16,7% in the fat of illipe and
only 3.7% in that of shea, Amons veretable fats, this last
deserves particular mention for being the one with the highest

level of heptadecanoic aeid, (1.1%).
Mowrah fat

The principal component of the fatty acids was oleic acid,
equal to 34,8%-.35,3% of the total fatty acids,

Beyond this, this fat differs from the other solid fats
of vezetable origin in its hich linoleic acid content (14,5%).,

Palm fat
Palmitic acid is the principal component (43,9-44,6%),

followed in order by olejic acid (37.7%-38,0%) and linoleic -
acid (9,8%-10,7%).
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Conclusions

Having had the opportunity of analyzing oils and fats
extracted from oil seeds and fruits of sertain origins, by
means of gas chromatography, we have considered it oppor-
tune to publish the results obtained, hoping thus to be able
to contribute, with this modest work, to a better knowledgce
of the composition of numerous oils and fats, and to be able
facilitate the means of controlling the purity of some samples,
or of establishing, if only approximately, the percentage of
the individual components of the mixture of oils or fats,

The percentages of the single fatty acids found in the
samples we examined are in agreement with those reported by
other researchers (16, 17, 18, 19 and 20), who used the
same technique of analysis, while sometimes relevant differ-
ences are noted in relation to the compositions reported by
Hilditch (28) obtained, however, by means of different ana.
lytical methods,
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Table 1, Composition of the o0ils extracted from oil seeds
and fruits /

Key:

1. 0il seeds and fruits

a, pistachio or cashew

b. peanut

¢. hemp

d, safflower

e, onion

f..colza

e cotton

h, sunflower

i. (1) hard corn (seed)
(2) soft corn (seed)

j. maize (bitter kernel)
(1) white maize (mill seed)
(2) yellow maize (mill seed)

k. kenaph

1, linseed

m. (1) bitter almonds
(2) sweet almonds

n. neuk

o, walnut

p. nut (kernel)

q. chili

r, tomato

s..rapeseed

t., ricinus

u, rice (bud and chaff)

v. mustard
(1) white
(2) black

X, sesame

Yo SOybean

%z, tea

aa, grapenuts

bb, pumpkin

2, Betanical name
3. Family
4, Origin
a, Mozambique
. South Afriea
c. Italy
d, 'Inited States
e, “hina
f. Erythrea
g, France
h, Italy (Lombardy)
i, Italy (Venetia)
j« Sweden
k. Egypt
1. Ethiopia
m, Mexico



Key cont'd:
n, Brazil

0il content (petroleum ether) %
Acidity of the oil (in oleic acid) %
Fatty acids %

a, Laurie

b, Myristic

c., Palmitic

d, Palmitoleic
e, Heptadecanoic
f. Heptadecenoic
7, Stearic

h, Oleic

i, Linoleic

je Linolenic

k. Arachic

1. Eicosenoic

m, Eicosadienoic
n. Beenic

0., Erucic

p. Docosadienoic
a. Lignoceric

r. Tetracosenoic

~3 O\n
- - -

tracce = traces non determinato = undetermined

Table 2 - Composition of fats extracted from olil seeds
and fruits

Key:
1. o0il seeds and fruits
a, babassu
b, ¢coco palm
¢, illipe
d. mowrah
e, murumuru
f. palm *traces of pentadecanoic arcid
¢, palmisto
h, shea or karite
botanical name
family
prisin
a, Brazil
b, Philippires
c. Weast Africa
5. Fat content (petroleum ether) %
6, Acidity of the fat (in oleic acid) %
7. Fatty acids %
a, Caproic
b, Caprilic
c. Capric
d. Lauric
e. Myristic
f. Palmitic
g. Palmitoleic

£ ™
e o e
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2 key -- cont'd:

Heptadecanoic
Stearic

Oleic
Linoleic
Linolenic
Arachic
Eicosenoic
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UNSATURATED FATTY ACIDS IN THE DIETARY DESTRUCTION
OF N,N-DIMETHYLAMINOAZOBENZENE (BUTTER Y ELLOW)
AND IN THE PRODUCTION OF ANEMIA IN RATS

By PAUL GYORGY, M.D., RUDOLPH TOMARELLI*
ROBERT P. OSTERGARD, M.D,, anp
J. B. BROWN, Pu.D.
(Erom the Babies and Childrens Hospital, and the Department of Pediatrics, School of
Medicine, Western Reserve Universily, Cleveland, and the Department of
Physiological Chemislry, Ohio State University, Columbus)

(Received for publication, July 2, 1942)

Hepatic injury and the occurrence of malignant hepatoma after ingestion
of butter yellow were first seen in rats (1) fed a diet of which 95 per cent was
rice and 5 per cent olive oil. To this mixture the butter yellow was added in
the proportion of 0.06 gm. per 100 gm. This ration was supplemented daily
with a small amount of carrots. In contrast, practically no malignant changes
have been seen (2), at least up to 150 days of the experimental period, in the
livers of rats fed a diet (called dict C) that contained butter yellow in the same
proportion as the original rice diet (0.06 per cent) but that had a different
composition, i.e., casein 6 per cent, lard 23, cane sugar 1§, cornstarch 50, salt
mixture 4, and cod liver oil 2 and was supplemented daily with thiamine,
riboflavin, pyridoxine, and pantothenic acid. The lesions in the livers of
rats fed this diet were limited to necrosis, cirrhosis, and proliferation of the
bile ducts, mostly typical in character, indeed only rarely atypical. Even
these pathological changes were prevented to a large extent by the administra-
tion of a combination of cystine and choline (2).

Explanation of the difference in the effect of the rice-oil mixture and diet C
on the production of malignant hepatoma in rats has been sought by feeding
rats a modification of diet C. Crisco or melted butter fat was substituted for
lard in one group of experiments and rice (brown unpolished or white) for
cornstarch and sugar in another group of experiments. The effects of these
substitutions proved in both sets of experiments to be procarcinogenic, espe-
cially in those in which brown rice was used. Furthermore, the malignant
changes that followed ingestion of the rations containing butter fat or brown
rice were not prevented, or were prevented only to a limited degree, by the
administration of a combination of cystine and choline.!

The problem that arose, thercfore, was to learn what principle was operating

* S.M.A. Corporation Fellow.
! Detailed report of the pathological findings will be given later in cooperation with
Dr. Harry Goldblatt of the Institute of Pathology, Western Rescrve University.
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in the change of the non-carcinogenic diet C into a carcinogenic ration following
the incorporation in it of crisco or butter fat in place of lard in one set of experi-
ments and of rice (white and especially brown) instead of cornstarch and suzir
inanother.  The answer has heen provided by results of still other experiments
in which the source of fat was, first, a crude preparation of linoleic acid? and,
later, pure specimens of fatty acids and their esters, prepared in the laboratory
of one of us.

EXPERIMENTAL

The experimental results, representative examples of which are given in
Tables I and II, can be summarized as follows:—

1. Diet C with crude linoleic acid replacing lard (referred to as diet “By"
in Tables I and II) proved to be toxic for rats weighing over 130 gm. at the
beginning of the experiment. Sixty-seven rats were fed this diet in amounts
ad libitum, and the results were consistent.  The animals lost weight rapidly in
spite of satisfactory intake of food. They exhibited marked, progressive
anemia, secondary in type, which was accompanied, as a rule, by leucopenia
(Table I). They became infested with pediculi, often before the development
of anemia when the animals were still very active and not nearly moribund.

The toxic effect on rats of the ration containing linoleic acid was even more
pronounced when butter yellow was omitted from diet “By” (referred to as diet
“Li” in Table I). In this group comprising 23 rats all the animals died before
the 80th experimental day, with an average survival time of 55 days. Four
rats showed leucopenia but no anemia before death.

The toxic effect of the rations containing linoleic acid with (“By”) or without
(“Li”) butter ycllow could, as a rule, be neutralized preventively and thera-
peutically by the daily addition of 0.5 to 1 gm. of yeast. Twenty-one rats
were fed diet “By” and 11 rats were fed diet “*Li.” The observation period
for these groups was extended to 150 days. In 3 of the 11 rats fed ration “Li”
(without butter yellow) the anemia was not prevented by addition of 1 gm. of
yeast daily, and the animals died before the end of the experimental period.

In tests involving 49 rats, a diet containing brown rice, linoleic acid, and
butter yellow was found to be non-toxic. On the other hand, linoleic acid
was almost completely oxidized and destroyed by keeping diet “By,” before
use, for 3 to 4 weeks at laboratory temperature, and the diet then exerted
marked toxic effect on all 23 rats in this group. Diarrhea was a prominent
feature, in addition to loss in weight, anemia, leucopenia, and pediculosis.

Postmortem examination revealed that rats fed the modification of diet C
with linoleic acid instead of lard and with or without hutter yellow were renerally
free from pathological changes in the liver, even from severe fat infiltration.
Animals receiving dict C with linoleic acid and butter yellow never showed
malignant hepatoma.  The life span of these rats could be prolonged by daily

2 “Linolcic acid refined light” from the Glyco Products Co., Inc., Brooklyn, N. Y.
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TABLE I
Morphological Blood Changes tn Rats Fed Rations Containing Crude Linolcic Acid

Blvod examination
""" ; _ = P g |3
R;t No.land i 1 8 B ‘:é. §-
cxpenhas | Diet” | R whiesiood g | BB L2 |
started Date { Hb | ‘), (corrected) Q §4 [ E E %
X | X E 3 15| 2 |olg
[ Z & A |33
per per fer | per | per | per | per
cenl cenl cent | cent | cent [cent|cent
7596—12/2 “By” + cys- | 2/18 72 1 5.7 9.4 0.3 1120]76( 4
tine - 3/13 | 46 : 2.25 7.8 22.5] 622178
choline 4/3 36:2.6 4.5 5.612 (12 88
4/28 1511.05 5.4 17.0 13214 1842
8063— 3/3 “By” 3725 93 | 6.1 26.9 3.2 ..(16|8 1|4
4/17 701 6.3 27.0 0.9 612 | 88
5/8 59 | 4.45 9.3 0.4120124]76
5/19 16 1 1 6.8 —1 40| 20 | 80
8132— 3/19 | “By” + 4/7 83| 7.2 19.2 9.6 212080
yeast 4/30 | 8 ! 7.35 12.5 26} 213|647 ..1..
5/21 ! 841 5.5 18.5 4.4 4 (28 68| ..14
|
6995—11/17 | “By” +cys-{ 1/29 . 29[ 3.0 2.3 ~—~1 2134518
tine and 2/16 : 63 v 6.4 3.4 2.1 5248 | 352
beginning | 3/31 i 78 ' 5.7 ; 14.8 7.6 ..|28 |72
1/29 4 5/11 1 79 1 6.65 11.2 7.2 34 | 66
yeast
8007— 2/21 “pa 2/23 91| 8.1 15.2 0.3 .. 8§18 (41..
3/17 90 1 6.6 18.2 09| ..(10]8 | ..12
4,21 45 ] 4.53 4.5 1.2 2120764
4/28 1311.1 0.24 [ 16.0 | 85 85| 15
8011— 2/21 | “Li” + 3720 92 | 8.0 12.8 9.6 ..[24176
yeast 4/13 | 107 | 8.25 7.8 2.4 .. 120 80
5/5 103 | 8.4 19.0 0.2 14 | 86

* Diet “By:” casein 6 per cent, cornstarch 50, sucrose 22, cod liver oil 2, salt mixture 4,
Jinoleic acid 16, and hutter yellow 0.06.  Diet “Li:” same as “By” without butter yellow.
Both dict “By” and diet “Li"” were supplemented daily with 20 gg. of thiamine, 25 ug. of
of riboflavin, 20 ug. of pyridoxine, and 100 pg. of pantethenic acid. Both rations werc
freshly prepared twice a weck.

1 Not examincd.

supplements of cystine (30 mg.) or of cystine (30 mg.) plus choline (20 mg.).
Only one of the 19 rats that did not receive supplements of cystine or choline
survived for 100 days.  The average survival time in this group was 61 days.
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Again, only one rat in a group of 15 rats that received 20 mg. of choline daily
survived for 100 days. The average survival time in this group was 56 days.
In contrast, only 6 out of 20 rats receiving daily supplement of cystine (50 mg.)
and 4 of 13 rats receiving daily supplement of cystine (S0 mg.) plus choline
(20 mg.) died before the 100th experimental day. Twelve rats in the first
of these two latter groups and 6 in the second were killed at the end of 150
days of the experimental period. ‘The supplements of cystine and of cystine
plus choline, however, had no beneficial effect or had only limited beneficia)
effect on the production of anemia, leucopenia, and pediculosis.

2. The color of the modilied diet C containing crude linoleic acid instead of
lard, with butter yellow, underwent rapid change even at room temperature
and almost completely disappearcd after 4 days. In distinct contrast, a
mixture containing rice (white or brown), linoleic acid, and butter yellow did
not lose its color after 7 days and that with brown rice even after 20 days.
Thus, rice appeared to stabilize butter yellow in the presence of linoleic acid.

Quantitative data are given in Table II concerning the iodine number and
color of the chloroform extracts of different mixtures which contained, in varying
combinations, butter yellow, sand, sucrose, cornstarch, rice starch, white or
brown rice, casein, salt mixture, and, as a source of fat apart from crude linoleic
acid, pure linoleic acid, arachidonic acid, oleic acid, palmitic acid, methy!
palmitate, and methyl oleate.

For the determination of iodine numbers Hanus' (3) method has been used. The
concentration of butter yellow in the chloroform extracts was measured by the Klett-
Summerson photoelectric colorimeter, using the blue filter No. 42,

DISCUSSION

From the results obtained it is apparent that linoleic acid and, to a less
degrec, arachidonic acid and even less distinctly oleic acid are connected with
the destruction of butter yellow in vitro, with a parallel drop in the jodine
number of linoleic acid and arachidonic acid. It can be assumed that these
unsaturated fatty acids, perhaps through formation of peroxides, decompose
butter yellow and at the same time give rise to formation of toxic by-products
which in turn produce in rats severe progressive anemia, leucopenia, and loss in
weight, together with pediculosis, but leave the liver more or lIe's unharmed.
As has been mentioned, these toxic compounds are formed also in the absence
of butter yellow.

The decolorization of butter yellow in the presence of linoleic acid is a sur-
face phenomenon; it does not take place in a homogeneous oily mixture, It is
accelerated by high temperature (4-35°C.) and is retarded by low temperature
(—20°C.). 1t is not obscrved in the absence of oxygen.

In the original diet C, with lard as the source of fat, no dietary destruction

r
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TABLE 1T
Changes in Todine Number and Concentration of Butter Yellow* in Different Food Mixtures

5th day 8th day 21st day

1;3';1;!;- Food mixtures Butter ~Bul:ter Butter
No. Todine | yellow* | Jodine | yellow® | Yodine yellow*
o. [mg/em.|{ No. |mg.fgm. o. | mg./gm,
diet diet diet
1 “By” = A} 4 16 parts linoleic
acid “‘glyco”§ 720 015 | 42.8| 0.09 | 34.3! 0.07
2 “By:” 2 gm. sealed in 5 cc. tube
under nitrogen 144.2 . 144.8 | 0.59
“By:” 2gm. sealed in 5 cc. tube
under oxygen 140.2 | 0.37 | 129.7 | 0.33
“By:" exposed to air 4oL e 56.3 | 0.09
3if | A + 16 parts arachidonic acid | 176.8 | 0.35 | 104.1 | 0.16 68.3 | 0.11
A - 16 parts linoleic acid 67.4 | 0.08 59.1{ 0.07 42.5 | 0.06
A 4 16 parts oleic acid 101.8 | 0.44 | 104.5 | 0.35 95.1 ] 0.12
A - 16 parts methy] oleate 98.7] 0.66 | 98.3| 0.63 | 91.5! 0.50
A 4 16 parts palmitic acid 15.3 ] 0.55 16.1 ] 0.55 10.1 | 0.38
A + 16 parts methyl palmitate 15.3 | 0.68 14.8 | 0.64 11.3 | 0.50
4 B = 16 parts linoleic acid 4+ 0.6
mg./gm. diet of butter yellow | ... 0.56 cee ... | 135.0 | 0.60
B + 84 parts brown rice 133.1 ] 0.56 . .. 132.1} 0.50
5 B + 84 parts brown rice 134.0 | 0.69 [ 133.7] 0.66 | 134.7 | 0.59
B + 84 parts white rice 123.8 | 0.66 [ 125.2 | 0.49 | 64.7 | 0.09
6 B + 84 parts brown rice 118.7 | 0.01 . ..o 1 121.1 | 0.66
‘B -+ 84 parts quartz sand 86.4 | 0.22 e o 52.0 | 0.07
B - 84 parts sucrose 81.8| 0.22 40.3 | 0.06
B + 84 parts cornstarch 70.8 | 0.17 . . 32.9 1 0.07
B + 84 parts rice starch | 58.0] 0.13 | ... .o 313 0.08

* Determined colorimetrically in chioroform extract.

1 Ration A had the following composition: cascin 6 parts, sucrose 22, cornstarch 30, salt
mixturc 4, cod liver oil 2, supplemented with butter yellow.  The concentration of butter
yellow was maintained throughout (Experiments 1 to 6) at the level of 0.6 mg. per gm. of the
complete food mixtures (i.e., per 100 parts of the mixture).

§ The iodine number of different samples before addition to the dict varied from 124.1 to
131.8,

[| The fatty acids and esters of this experiment were purified samples prepared in the
laboratory of one of us.

of butter yellow was visible /1 vitro. It can be assumed that the liberation of
unsaturated fatty acids from lard in the process of digestion opens the way to
decomposition of butter yellow before it reaches the liver cells.  The question
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why at the same time a lard dict docs not entail toxic manifestations, such as
are scen after administration of a diet containing linoleic acid, needs further
study for its elucidation.

If these considerations arc correct, the procarcinogenic effect of crisco or
butter fat as well as that of rice could be explained by the preservation of butter
yellow in the dict and the intestine because of a low intake of unsaturated
fatty acids, in the case of butter fat or crisco, and by the presence of a stabilizer
or antioxidant, in the casc of rice.

According to the literature (4, 5) the production of butter yellow cancer is
hindered by administration of rice bran oil obtained by extraction from rice
bran with ether. This fact puts rice bran oil in the same category as lard.
Furthermore it tends to corroborate the assumption that the antioxidant of
rice is not fat-soluble and does not pass into the ether extract.

The mectabolism of N,N-dimethylaminoazobenzene has hitherto been re-
garded as a cellular process (6). The investigations reported here throw light
on a reaction which occurs without the participation of living tissue. In the
light of these findings it is noteworthy that recently the destruction of hemo-
globin and hemin (7) and of carotene (8) by linoleic acid has also been reported.
It remains to be shown whether the conservation and destruction of butter
yellow in the diet and in the intestine, as illustrated by the investigations here
analyzed, exhaust all possibilities of the influence of diet on “butter yellow
cancer.” No such claim is presented here.

Recently great interest has been aroused by the identification of biotin as a
procarcinogenic agent for butter yellow cancer (9). In the relevant experi-
ments of du Vigneaud and his collaborators biotin was given by mouth and thus
it may have acted locally in the dietary mixture or in the intestine as stabilizer
for butter yellow, an effect similar to that of rice.  In preliminary experiments,
however, which are being continued, we have been unable to demonstrate such
an effect i vitro.

The production of progressive anemia and leucopenia when linoleic acid is
contained in the diet and their prevention by the administration of yeast recall
the old hypothesis concerning the role ascribed to unsaturated fatty acids,
mainly oleic acid, in the pathogencsis of pernicious anemia and anemia caused
by tapeworm (Bothriocephalus laius) (10). The fact that in these previous
experimenis anemia could be produced by parenteral, but not by oral, ad-
ministration of oleic acid has never been explained. ‘That essential fatty acids
or rather, probably, some of their oxidative break-down products, exert an
injurious effect on hematopoicsis only if the diet is deficient is a fact not known
hitherto and one which has become evident only in the present experiments,
Further studies are needed in‘order to identify this deficiency which, together
with the pathogenesis of “butter yellow cancer,” is a good illustration of the
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often recurring problem whether intoxication or deficiency (11) plays the leading
part in a given dietary disturbance.

The special type of anemia and the cancer of the liver found in the present

investigations were mutually exclusive. In this connection it is illuminating
that in certain races of the Far East primary cancer of the liver is a common
discase whercas pernicous anemia occurs very rarely (12). It should be em-
‘phasized, however, that the morphologic blood picture of pernicous anemia
differs from that seen in rats fed a diet containing linoleic acid, the latter
anemia being of the secondary type. This difference may be due either to the
differing response of man and rat or to the differing pathogenesis.

SUMMARY

Crude linoleic acid incorporated with or without butter yellow in a synthetic
diet proved to be toxic for rats. The toxic effect manifested itself in loss of
weight, progressive anemia of the secondary type, leucopenia, and pediculosis.
It could be neutralized preventively and therapeutically by administration of
yeast. The toxicity of the diet containing linoleic acid appears to be due to
oxidative break-down products of the unsaturated fatty acid.

The color of the same diet when it contained crude linoleic acid supplemented
with butter yellow faded progressively in the presence of air (Og), even at room
temperature. Purified preparations of linoleic acid and, to a less degree,
purified preparations of arachidonic and oleic acids have shown the same de-
structive effect on butter yellow ix vitro.

Brown (unpolished) or white rice contains a stabilizer (antioxidant) for the
preservation of butter yellow.

In experiments on the production of hepatoma in rats following the ingestion
of butter yellow, rice on one hand and crisco or butter fat on the other hand have
proved to be procarcinogenic.  These results would seem to be correlated with
the preservation of butter yellow in the dict and in the intestine, because of the
antioxidant in rice and the low supply of unsaturated fatty acids, respectively.

BIBLIOGRAPHY

- Kinosita, R., Tr. Soc. path. japon., 1937, 27, 665.
2. Gyorgy, P, Poling, L. C., and Goldblatt, 11, Proc. Soc. Exp. Biol, and Med.,
1941, 47, 41.

3. Official and tentative methods of analysis of the Association of Oflicial Agricul-
tural Chemists, Washington, D. C., Association of Official Agricultural Chem-
ists, 5th cdition, 1940, 429,

- Kinosita, R., Yale J. Biol. and Mcd., 1930, 12, 287,

. Sugiura, K., and Rhoads, C. 1., Cancer Rescardh, 1941, 1, 3.

. Stevenson, . 8., Dobriner, K., and Rhoads, C. P., Cancer Rescarch, 1942, 2, 160.

. Haurowitz, F., Schwerin, P., and Yenson, M. M., J. Biol. Chem., 1941, 140, 353.

—

SO\




420 FATITY ACIDS AND BUTTER YELLOW

8. Quackenbush, . W, Cox, R. P, and Steenbock, I1., J. Biol. Chem., 1941, 140,
civ. Cf. Sherman, W. C., (@) J. Biol. Chem., 1940, 133, Ixxxix; () J. Nutrition,
1941, 22, 153; (¢) I'roc. Soc. Iixp. Biol. and Med., 1941, 47, 199,

9. du Vigncaud, V., Spangler, J. M., Burk, D., Kensler, C. J., Sugiura, K., and
Rhouds, C. P., Science, 1942, 95, 174,

10. (@) Faust, E. S., and Tallqvist, T. W., Arch. exp. Path. «. Pharmakol., 1907, 67,
367. (b) Faust, E. S., Arch. exp. Path. u. Pharmakol., suppl., 1908, 171.  (c)
Schmincke, A., and Flury, ¥., Arch. exp. Path. u. Pharmakol., 1911, 64, 120,
(d) McPhedran, W. F., J. Exp. Mcd., 1913, 18, 527. (¢} Adler, H. M., J.
Med. Rescarch, 1913, 28, 199. (f) Beumer, H., Biochem. Z., 1919, 95, 239.

11. Gysérgy, P., (@) Clin. Bull. of School of Medicine of Western Reserve University
and Its Associated Hospitals, 1941, B, 67; (b) in Annual review of biochemistry,
(J. M. Luck and J. H. C. Smith, editors), Stanford University, Annual Reviews,
Inc., 1942, 11, 309.

12. Nacgeli, O., Blutkrankheiten und Blutdiagnostik, Berlin, J. Springer, 5th edition,
1931, 366.




COMPARISON OF NUTRITIVE VALUE OF REFINED
COCONUT OIL AND BUTTERFAT :

ROBERT &, BARRIS axp L. MALCOLM MOSHER
EBiological Research Laboraiorics, Massachusetis Institute of Tecimology,
Cambridg:, Massachusct.s

(Beceived for publication, August 14, 1&u6

This study was undertaker to determine whether there s a dif
ference. in the general nutritive value of bntterfal and cosonut oil
and whether diets contamning 25 per eent of either of these oils will
produce fatty infiltration or degeneration of the liver when fed o
voung, healthy, adalt rats.

No reports were found i the seientific or elinies! literaiure which
indieated that there is a sionificant difference ar the nutritsve value
of these fats or which wmdicated that they were tuxae when token 1o
ordinary dicts in nornial Guantities by normal nelividoads 1 siermal
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pounds which occur 1 the food
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1w fod.
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halaneed and adequate ihe supnert of aerive erowthoand pormal
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EXPERIMENTAL DIET

The experimental diets used in these tests were constituted  as
follows:
Coronut-nil Butterfat
diet diet
0

Exrracied milk powder
Rutterfut

.
i<
25

o
Coconut oil 5% retrees
Extracied veust 2%

Roller-dried skinimilk powder was extracted twice for 24 hours
with ethyl aleohol and twice for 4 hours with anhydrous ethyl ether.
The brewer's yeast wax extracted by the same procedure. In addi-
tion, cach animal received daily an equivalent of six U.S.P. units
of vitamin D in the Yorm of Viestersl (Mead’s}, an equivalent of
G0 TSP, units of vitamin A (1lickman distillate, 200.000 units per
gram), and an eguivalent of three willigrams of iron in the form
of fervie chioride. The vivamin A and vitamin D were fed in mineral
oil and the ferrie chlaride was mixed in the diot,

The hutterfut useld o these studies was purchased as butter in
three local vetail stores and prepared by melting and passing through
filter paper in a ~teaw-jucketed funnel,

Five one-galion cans of rifined edible 76 coconut ol were received
from Durkee Famouvs Foods, Chicago. [linois. 1t was stated Dy the
refiners to have 1l following characteristies. of which the free
fatry-acid content, the indine and saponification number, and thq

melting point, were eenfirmed by cur analvses. .
Color, Lovilond seale.. oo 0.7 red
3.0 yellow
Free fatiy aecid. caleulated as oleie.. e 0014%
Refracrive index. butyrn ot 4%° . 30,9

Setting point

Todine value

Sapenificition numb
Cupillary inelting paint .
V0T e Good .

Thix ¢il was melted and passed through filter paper in a steam-jack-
efed funnel in the same manner a¢ the hitterfat,

STOCK DIET
An acceptable stock diet was fed to a third series of animals. This
diet aceording to Russell (1952, consisted of 60 per cent ground
whole wheat. 30 per cent dried whole mitk, and 10 per cent meat
serap (Swift'’s) with the addition of sodium chloride to the extent
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of two per cent of the weight of 1he wheat. The animals on this
ncrmal and adeguate diet served as controls or standards of nor-
mality since they were litter mates to the animals used in the two
experimental series,

EXPERIMENTAL PROCEDURE

Wistar strair albino rats were used in this investigation. They
were placed on the experimental diets when 120 days old. Each
animal was separately houvsed in a galvanized wire cage with raised
bottom. Twelve males and 13 females were fod the coconut-oil diet,
12 males and 12 females were fed the hutferfat diet, and four males
and four females were fed the stock diet.

The diet was fed ad Vbitwin. but the amount of food consumed
by each rat was determined periodieally. Distilied water was sup-
plied at all times. '

At the end of 15 days, three male and threc female rats from
each group were guillotined and sections of the liver. heart, Inngs,
kidneys, skin, subcutancous fat. adrenals, and femur of each were
taken for microscopic examination aund the remaiuing peortions of
the internal crgans were preserved iw aleohol. The livers and the
carcasses were submitted to the chemical anulvsis defailed below.,

Similariy, at the end of 80, 60, and 96 days animals from each
group were killed and studied in the sime manner as those destroyed
at the end of 15 davs. Im addition, at the end of 60 and 49 days
rats (three and five, respectivelv) which had been on the stoek diet
were destroyed and snimaitled to the same pathelogical and chemical
-analysis. '

Chemical Studyy of Body Tisswe: The entrail-free carcasses of
each group of animals were split into strips, passed threugh a meat
grinder, and weighed. This material was then dried to vonstant weight,
at 105°C.(221°F.), pulverized in a coffee mill, maced in a Soxhlet
extractor. and extracted for 19 heurs with 93 per vent ethyl aleohol,
then 18 hours with ethyl ether (IS P.). The solvent was removed
from the combined extracts and the welght of the fat determined.
From the data 0 ohtained the moisture content and the fat content
{aleohol-ether soluble fraction), of the hody tissaes were caleulated.

Chemical Study of Liver Tissuc: After a scetion of the liver of
each animal was taken for pathological st ndy the livers of cach group
were pooled. macerated, transferred to g walch erystal tared with
one 11.0 centimeter ashless filter paper, ind weizhed., The samples
were' then dried to eonstant weight at 163°C., transferred quanti-
tatively to Soxhlet extractors, and extracted for 15 hours with 95
per cent erhyl alechol, then for 18 hours with cthyl ether (U.S.P.).
The combined extraets were evaporated to drymess and weighed.
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From the data the moisture content and the fat content f{alcohnl.
ether soluble fraction: of the livers were calenlated,
Determination of True Lipids in Liver ond Body Tissues: The
true lipid (petrolenm-ether soluble} content of the liver and body
tissues of the rats which had been on the three diets for 60 and 4y
duys was determined on the subsianco shtained by extracting the
aleobol and ether extracts wirh petroleum ether,

EXPERIMENTAL RESULTS
Wetght Increase: Growth of the animals during the test ix shown
by the following summary rabulation

Body werght in grams
'8 o diet . f 13 )

Ruts (23) un Latterfar diet.. ... 217 229
Rats (253% on eoeonut-oil et 217 232
Rats (3% on stock diet. 214 224 233 246

These results indivate thai during the first 30 days of the tesr,
roups of aniiais orew ar the same rafe, while during the nex:
50 days the animals on the coronut-oi] dier grew much more rapidly
than those on the hatterfat diet. This inerease in weight was dae
"0 an Iicrease in hody tissue, not adipose tissue, for subsequent data
will show that the body ard liver tissue of the group fed the enconur- .
nil diet was no higher in fat or linid content than that of the group
fed the butterfat diet,

o
Pt
[
o)

aw
[

Hond Consumption: The average amount of food eonsnmed each
day by the animals during the tesi peried is shown by the following
rabulation :

Average weight of food consumed
daily by each animal during

Group Dict 15 davs 30 davs 60 dars 20 days
i Butterfuto e Sigms, 118 gpme, 109 gms. 11,3 gms.
2 Coeonut oile. oo TEgms. i1Ggms. 107 pws 111 gme,

The data indicute 1hat throughout the test the animals fed the
putrerfar diet consumed a slightly larger amonnt of diet. The supe-
rier weight inerease of the greup fed the coconnt oil was not dpe io
greater feod consumnrion.

Results of Chenuco! Analysis of Body Tissues: Both the butter.
fat diet and the coecaut-oil diet bave a tendency to increase the -fat
{alevbol and ether-soiuble fraction s content of the body tissues, the
inerease being essentially the same in both groups (Table 1).

The petroleum-ether solubie fraction (true lipid) of the body-
tissue lipids was essentially the sume at the end of 90 days for both
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experimental groups and was about 25 per cent higher than that
of the group fed the stock ration.

These chemical results indicate that a diet containing 25 per cent
butterfat or 23 per cent eoconut oil produces a slight fatty infil-
tration of the body tissues of rats which is measurable by chemical
analysis.

TABLE 1
Surmmary of Chemical Data

Bopy TISSUES

Group i Diet © Daysen ' agisture ,v—»—%:—v——‘v--g True
f diet ! Wet i Dry : lipid *
- P T T AT T T Cpet. | pat
1 Butterfat i 859 0 103 207 . ...
2 ! Coconut oil 15 L6798 9.3 ‘ 00 1 L
1 Butterfat 30 . 659 117 ' 3483 | .
2 Coconut oil 30 0 612 - 1.6 . 332 | ...
1 | Batterfat T 64,3 125 1 349 24.0
e ! Coconutoil  © 60 . 641 ' 133 | 369 | 048
3 Stock L6067 s4 . 258 ¢ 197
1 | Butterfat .90 T 647 139 303 28.2
2 ! Coconut oil 00 1 649 . 137 | 388 27.4
3 Stock ©90 T 619 . 113 | £9.6 23.2
T Liver TISSUES
1 Brutterfat B ;720 6.0 | 213 | L
2 i Coconut oil 15 730 A7 21y
1 | Butterfat 50 71.6 6.5 223
2 Coconut oil L0 . 715 6.2 -
1 lutterfat TG0 T0.6 6.9 | ea7 18.8
2 Coconut oil 60 704 7.2 24.0 18.5
3 | Stack 60 . 708 - 48 16.5 13.6
1 | Butierfat .60 705 0 T3 1 246 19.3
2 Coconur il 80 . 699 | g0 26.4 20.4
3 Stock VI X 6.8 23.0 | 17.0
I Fat = alr:ohc:l»and ether extract, * True lipid = petroleum-ether soluble lipid.

Results of Chemical Analysis of Liver Tissucs: The data indicate
that the fat content of the livers of animals on the butterfat and
the coconut-oil diets progressively increased during the test period
(Table 1). This tendeney was essentially the same in both groups
of animals,

The true lipid content of the liver tissue of hoth groups of ex-
perimental animals was essentially the same and 20 to 30 per cent
higher than the trne lipid content of the liver tissue of the group
fed the stock ration. '
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Mitk-nowder dis contgining 25 par et coconut oll ar 23 per

conr hutie

prodaee w measirsble amount of fatry

efiltrartion of the ilver tissne of rats,

PATHOLOGICAL FINDINGS
The Dvers o8 alb animals were stidied Bistologieat!lv asing ~ehar-

ek Rospd Bemoteoiviin and co-in stains. There wus uo significant

carion wirhin groups heteeon ¢rouns, or between serics. nor was
there uny evidence of arhological fatty infiliration in any auvimal,
Thire was evidenee of g4 VLR shivht amonnt of iufiltration of fart

inta the extaplosrg of 1he Hver tissoes (Fig, 15,

There were no patholavical findings on histolegie examination of
*he ung, heart, kidney, spleen, gastrointestinal tract, skin, musele,
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subcutancous tissie, and bone (femur? of any of the animals which
had been on the exprrimentat or stock diets for 90 dayvdl Thus, his-
tologieally, the cliemival obsorvation that these dicers produced a mild
tissue ipfiltration was confirmed. Furthermore. these results indicate
that coconut oil and hutferfar are cqually harmless to rats, even
when they constitute rather tigh proportions of the diet,

SUMMARY AND CONCLUSIONS
Experimental rais were

naintained on & diet eonsisting of ex.
tracted skime-milk powder 172 per

.
2
cthree per cent), and refined cosonut oll (25 per cent) or Lutterfat

2 cent L extracted brewer’s weas
(23 per cent:, supplemented with vitamin A, vitamin D, and iron.
These diets were abnormal iu only one respeet, that is. they contained
an abnormally Jarge proportion of tat. The animals were observed
as to the effects of these two diets on weight inerease and food eon-
stmption. Groups were giiillotined after 15, 30, 60, and 90 dayvs on
the diets, and body tissues were studied bistologically. Results were
compared with thiose on rats maintained on o standard stock ration
which served as contrel,

Animals on the hutterfat diet consumed a <lightly larger, but
possibly insignificant. amount of dier It inereased in weight much
less rapidly than the animals on the coconnt-oil diet,

The snperior weight inercase of the rats on the coconut-oil diet
was niot adipose tissue, for the bady and liver tissues of the groups
contained essentially the same amount of fat (aleohol-ether extract)
and true lipid (petroleum-ether extract of the uleohol-ether extract).
The investigation is beine extended to determine whether the weight
inerease was due to increase in nosele tissue.

The animals on both ihe burrerfut aud the eocemut-oil diets devel-
oped a slight fatty infilteasion of the body and liver evtoplasin. This
mnrts of fat and of (rue lipids and by

was shown by increased a
histological examinarion. This fatty nfiltration was equally intense
in the eoconut-oil and borierfat croups.

There was no evidemce of pathelogical tsstie changes in any
animal in any group.

These results indicaie <hat Larierfat and covonut oil. even when
fed af vather high levels in o complete diet, are egually harmless 1o
rats and presumably to man,
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Tumor Promoting Action of Fatty Acids in the Skin of Mice

4

by Paul Holsti

In their investigations of the action of various solvents on the
skin tumor formation in mice, Twort and Twort (1) have found that
oleic acid (following previous repeated carcinogen treatment) applied
5 times per week on the skin of the test animals, numerically promoted
the tumor formation, According to the understanding of the biphasic
nature of the experimental skin carcinogenesis it was customary to
test the tumor promoting action of a given substance by a technique by
wnich the substance concerned, after a single suboptimal carcinogen
dose (initiation), was applied twice per week to the skin of the test
animals,Under such conditions a tumor promoting action could be observed
neither by the oleic acid nor by other oils tested in thesame way (2),.

On the other hand, certain non-ionizable detergents in which the
molecular structure is comprised of different fatty acids as components,
have been proven to be extraordinarily streng tumor promoters in the
skin of mice (3). Previously performed invegtigations with these sub-
stances have further shown that the application frequency of the tumor
promoters has a great significance for the appearance of the tumors, as
hitherto had been assumed.

For these reasons the possible tumor promoting ability of several
biologically important fatty acids was tested, All of the mice used for
the tests were of the same unnamed white stock. Each group included 44
animals (22 male and 22 female mice). The initiation took place by a
single treatment of the concerned spot of skin with 9,10-dimethyl-1,2-
benzanthracene (DMBA) from the firm L, Light and Co,, Ltd,, Colnbrook,
England (0,3% dissolved in colorless, non-fluorescent paraffin oil),
The fatty acids to be tested were applied to the skin once daily 6 days
per week, The non-fluids (stearic acid from the firm E, Merck AG.,
Darmstadt, Germany, and palmitic and lauric acid from the firm Eastman
Xodak Co., Rochester, USA) were applied in 20% luke warm chloroform
solution; the cleic acid (from the firm May and Baker, Dagenham, Enge
land) in addition was applied to a special group undiluted, Special
care was taken to prevent a carcinogen contamination,

Table 1 gives the maximum tumor incidence during the test period
of 24 weeks,

In the group with undiluted oleic acid the first tumor appeared
10 weeks, in the group with 20% oleic and 20% lauric acid 14 and 15
weeks, respectively, after the beginning of the treatment. The difficult
to dissolve stearic acid and palmitic acid seperated from the chloroform
solution upon contact with the skin and were evidently unable to infil-
trate the skin to a degree worth mentioning,

The maximum tumor incidence in all tumor groups was greater among
the male animals, Thus, for example, in the group with undiluted oleic
acid the maximum tumor incidence for the male mice was 73% and for the
females 43%, Also in a series carried out as a comparison, with the
non-ionizable detergent Tween 60 ag the tumor promoter, the maximum
tumor incidence was greater with the male (644) than with the female
(41%) animals, In the earlier works with detergents male mice were used
exclusively (4), During the work on this manuscript it became known to
us that a sex difference is also being observed elsewhere (5).
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he investigations were carried out, The tumor promoting ability
of 4 ditferent acids of the fatty acid series and also that of some
acids notl belonving to it was investigated, A detailed report of the
regults will apncar later.

With support of the Rockefceller Foundation.
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Table 1

Primary treatment Secondary trecatment Max, tTumor iIncidence
(initiation) (tumor promotion) (in %)

0. 3% DNBA none 0
none undilut=d oleic acid 0
0, 3% DMBA undiluted oleic acid 56
0,73% DMBA 20% oleic acid 32
0.3% DMBA 20% lauric acid 31
0.3% DMBA 20% stearic acid 0
0. 3% DMBA 20% palmitic acid 0
0, 3% DWMBA chloroform 0
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TUMOR PROMOTING EFFECTS OF
SOME LONG CHAIN FATTY ACIDS IN EXPERIMENTAL
SKIN CARCINOGENESIS IN THIE MOL SE!
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While the enhancing effect of high rat diels in experinentat skin
carcinogenesis is a well established fact cfor o review of these aspects
see rel. 4 and 131, the mode of action of dietary fat and the effects of
local application on the skin of fatly acids during experimental skin
carcinogenesis have been variously interpreted. It waos earty eslablished
(14) that several substances belonging 1o the group of lipids, used s
solvents for the carcinogen intluenced in varicns ways the development
of tumors in the skin. In connection with some of these mvestigations
it was also observed that olete acid applicd Tive times weckly after
repeated tthirty) applications of the carcinogen had o “sensitizing”
effect enhancing the development of toead cutuneous tumors o140,
However, the mortality in these experiments was very high, only 8 of
100 mice surviving 35 weceks in the olcie weid secies, and. as a result
of the prolonged treatment with the carcinogen, several tumors de-
veloped also in the series treated only with the carcinogen, The pieture
emerging from these experiments coneerning the efteet of locally ap-
plied fatly substances, especiatly tutty acids, was thus comples and the
interpretation of the results not elear,

When, as a result of later investigations, the process of experimental
skin carcinogenesis was more sharply divided into ditTerent stages
re.g.. according to the now most commonly used nomenciature “miti-
ation® and “promotion™ and the experiments were planned aceording-
Iy, no “promoting” effect could be demonstrated by the use of oleic
acid applicd according to current usage twice weekly after o single
application of the carcinogen 11y, The carlier observed enhaneing
effect of oleic acid (vide supra) was apparently genevally considered
to be connected with the preceding frequent application of the car-
cinogen only.

I Aided by a graunt from the Sigrid Juselius Founduation, Helsinki,
2 Rescarch assistant in pathology. by aid of Bockofellor Foundation grant,
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It was then shown that certain non-ionic lipophilic-hydrophilic com-
pounds which are polyoxyethylene sorbitan esters, or sorbitan esters,
of higher fatly acids teg., some of the Tweens and Spans) were under
‘L'vrluin conditions potent tumor promoters for the mouse skin (6, 7,
910y, With the aid of these compounds ctechunical as well as syn-
thesized in the laboratory s the importance of the frequeney with which
the promoter is applied was demonstrated and the tumor promoting
effect was shown to be correlated to the degree and duration of the
induced epidermal hyperplasia (1.8 10),

Considering the results of the various experiments with oleie acid
111, 14 against the background of this established importance of the
frequency with which the promoter is applicd. the author’s attention
was drawn to the possibility that some of the fatty acids as such, when
applied more frequently than twice a week, might exhibit tumor pro-
moting properties. The present paper reports the results of experiments
where some long chain fatty acids presept in the molecule of the above
mentioned lipophilic-hyvdrophilic compounds were tested for tumor
promoting activity on the mouse ~skin by use of the trequent application
technique.

MATERIAL AND METHODS

The experimental animals were 4 to 8 months old male and female white mice
of an anonymous non-inbred strain rearcd in this laboratory, The number and sex
of the animals in each svries are lsted at the respective places in the text, As in
the previous experiments (100, the usual stock dict of the Taboratory, which had
proven sufficient for the rearing of the animals, was used and water was given
ad libitum, :

The site of treatment was an area (2.0 K15 emy on the animals back, dextrad
to the median line. The hair was cut ul regular intervals from this area with
scissors.

Imitiation was accomplished by a single local application of a 9.3 per cent solution
of 9,10-dimethy1-1,2-benzanthracene (DMBAI. dissolved in colorless, non-fluarescent
liquid paraffin. Special carc as tauken to svoid jater contamination with any
carcinogen.

The investigated fatty acids were: Oleic acid ¢ May & Baker, Ltd., England;, steariv
acid (E. Merck A. G, Germany) and palmitic and lauric acid (Eastman Kodak Co..
USA). Of these, oleic acid was used as promoter hoth undiluted and as a 20 per
cent solution in chloroform (Pharmacopoca Fennica), while laurie, stearic and
palmitic acids were uscd as promoters only as 20 per cent solutions dissolved in
chloroform. The two last mentioned fatty acids are less soluble in chloroform and
their solutions were beforc the application heated in order to clarify them. Since
one of the most potent of the technical non-ionic lipophilic-hydrophilic promoters
previously mentioned. Twween 6, has been found to contain both stearie and
palmitic acid (8), a mixture of these acids (6:4) was used in one series as a 20 per
cent solution dissolved in chioroform.

Although fresh solutions were frequently made, the evaporation of the chloroform
during the period of use increased the concentration of the dissolved fatty acids up
to about 40 per cent at the time of exchange of the bottles.

Unless otherwise stated, the investigated compounds were applied to the initiated
arca of the mouse skin once daily (six times a week) with a No. 2 water color brush.
Thisv treatment was started 21 hours after the initiation, with the exception of
~eries Noo 9, in which an interval of 30 days was held between ini,‘iatiun and com-
munu-rm_nt of the treatment with oleic acid. The tumors appearifdg in the treated
arca ‘none occurred at other sites) were recorded weekly and the incidence of
tummors was calculated from the number of experimental aunimals surviving at the
riee 4 annearance of the first tumor in the series. o
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RESULIS
Tumor Promoting Effect of the Investigaied Fally Acids when Applied
Once Daily.

The results of the tumor promoting experiments up to the 31t week
are listed in Table 1. Eeach series in this experiment comprised 41
animals (22 male and 22 female mieer.

TABLE |
Tumor Promoting Effect of Long Chain Fally Aeids Applicd Sie Times o Week.
Initiation by a Single Application of 0.3 per Cont DMBA in Liquid Paraffin. Chloro-
form Used as Solvent in Serics 4 8. Duratinn of Experiment 31 Weeks,

Vit T Mivimum Incidenee Nuo ol Mice
of Tumors Alive
No
aof Fest Compound Tiumors
Seris Time SN0 00 pime PP TU b e L
Whs o Ok MO e Wedks week
S Alve * Bearing vl weeks
Mousce
i NORC o 0 ] it 36
2 Chloroform ... ... 1] n 40 29
3 Oleic acid, undil. o000 1l 1 25 78/27 61 34 28
4 Oleic acid, 20007 . . 1 12 23 25/13 31 37 21
5 Steavie acid, 2000 L [}] 0 38 25
6 Stearie o palmitic acids .., 1] 0 33 24
7 Palmitic acid, 20 0% 0 .. 0 0 10 ar
8 Lauric acid, 200, 3] 2 28 30114 BN 38 29

* Starting concentration Csee Material and Methods),

As seen from the tabte, undiluled oleie acid as well as oleic and lauric
acids dissolved in chloroform exhibit distinet tumor promoting proper-
ties. Tumors appeared first in the series in which oleic acid was used
undiluted. In the two series (No. 1 and No. 8) in which oleic and lauric
acids were dissolved in chloroform the time for the first appearance of
tumors, the maximum incidence of tumors and the number of tumors
per tumor bearing animal were [airly similar, while the point of
maximum incidence of tumors was reached somewhat earlier in the
oleic acid series (No. ). In scries No. 5.6 and 7, where the poorly sol-
uble stearic and palmitic acids were used, the skin of the animals was
shortly after cach {reatment found to be covered with a white layer. the
chloroform having apparently evaporated before the fatty acids had
heen able to penctrate into the skin.

In all the series in which chloroform was used as solveni the mice
appeared transiently intoxicated at the end of cach treatment. This.
however, was the case also in the control series, where only chloroform
was used as sccondary treatment (No.2) and where no tumors ap-
peared.
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Compound Conltrols.

Four experimental series were earred oul without foregoing initi-
ation: Oleie acid undituted twice daily, oleic acid onee daily as a W per
cent solution in chlorolorm. and lTaurie acid once daily as 10 per cenl
and 20 per cent solutions in chlorotorm. The thiree last mentioned series
comprised 30 animals caeh (15 of either sext and in these series 26 Lo
30 animals were still alive in the 3ist week. The series in which oleie
acid was used undiluted twice daily comprised HEanimais 122 of cither
sexi and the survivors in this series «No, 120 arve seen in Fable 20 The
compounds were applied in the sime manner as in series Noo 1 8. Oleie
acid was Lhus tested wilhout mitiation on a tolal of 74 animals and
laurie acid on 60 animals. In none of these series did any tumaors appear
during the period of observation (31 weeks).

Influence of Time Interval Belween Iniliation and Promotion.

Since in the preceding experiments the lime inteeval hetween initi-
ation and promotion was only 24 hours. it might be argued that the
action of. for instance. oleie acid depended on the known enhanving
effect of oils when applied duaring the period of carcinogen administra-
tion 113). Therefore, in o tater additional series an interval of 30 duys
was held between ihe initintion with a single local application of 0.3
per cent DMBA in paraffin and the treatment with undiluted oleie acid
tonee daily). In this scries «No. W owhich comprised 30 animals (1) of
either sex ). tumors developed in a manner similar to that in the series
where the interval was only 24 hours. and the maximum tumor inci-
dence so far 133 per cent in 19 weeks) is the same in the two series.

Influence of Frequency of Application of Oleic Acid.

As stated above, one impetus to the present investigation was given
by the results obtained in carlier works in which, in addition to other
differences in technique. the frequency with which oleic acid was ap-
plied varied. It was thercfore necessary to investigate if the cffect of
olcic acid was linked to the frequency of applicatlion, as has been shown
to be the case with the non-ionic iipophilic-hydrophilic promoters (1h.
At the same time these series were a control assuring that the positive
promoting effect of oleic acid, demonstrated in the present work, did
not depend on a special sensitivily of the used mouse strain. Each
series in this experiment comprised 44 animals (22 males and 22 fe-
males). Initiation was as previously., Treatment with oleic acid was
started 21 hours after the initialion, Thus in the series where oleic acid
was tsed twice wecekly the first application was carried out 24 hours
after the initiation. The experiment lasted 25 weeks. Fig. 1 shows the
development of tumors when oleie acid was used as promoter twice
weekly. once daily, and twice daily, resepectively. The results appear
irem Table 2.
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Development of Incidence of Locat Skin Tumors in Series where Oleie Acid Was Used
as Prometer Twice Daily, Once Daily and Twice Weekly, Respectively. Inijtiation
wilh o Single Local Application of 13 per cent DMBA in Liquid Pavaffin,

As seen from Tuble 2 and Fig. 1. the frequency with which oleie acid
is applied as a prometer decisively influences the development of
tumors.

TABLE 2
Tumaor Promating Effect of Oleie Acid Applicd with Yarious Frequencies, Initiation

in Series No. 10, 3 and {1 with a Single Application of 0.3 per Cent DMBA in Liquid
Paraffin. In Series No. 12 no Initiation. Duration of Experiment 25 Weeks.

Firsl Tumor )[:l\ll(l)lrll.lll‘)u'l‘l]l(()‘ll‘;lcll('(' ! N().A{Jlfia!u'l-
N(,]’-M, Test Compound ' © Tumors !
Series s No.of . i per Tu- - -
, Time Mice ll'm«- 1 mor- | Per ; At 15 ‘\'l 25
f (Wls.} Mive (Wks.) . Rearing E cent | Weeks . Weeks
. Mouse
10 Oleic aeid
twice daily ... 8 10 15 16,13 33 40 16
3 Oleic acid
once daily ... 10 14 25 78/27 61 12 34
11 Oleie acid
twice weekly ... 19 40 25 2/2 5 11 38
12 Oleie acid
twice daily ... - - 0 0 38 7

The more frequently oleie acid was used, the earlier the tumors de-
veloped and the more steep was the increase in the incidence of tumors.
However, oleic acid applied twice daily had a fairly strong irritative
effect on the skin and the general condition of the animals in these
series (No. 10 and 12) rapidly became poorer. several of the animals
ﬂying especially between the 15th und 256th weeks. Dre o o
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the incidence of fumors (Fig. 1) in the series where oleic acid was used
twice daily dropped below that of the series where oleic acid was
applied once daily,

Influence of Sex of Animals,

Table 3 shows the results of the tunior promoting experiments in the
positive series when distributed according to the sex of the experimenta)
animals,

TABLE 3
Influcnee of Sov of Experimentad Anicials on the Tumar Promating Effeet of Falty
Aeids, Initiation. Salven! and Duration oy Faperiment as in Table 1.

‘I.:;"]';::I_* Minvimum lacidence of Tumors
Novaof . . .
Series Nea Fest Compaonnid — e Tumors per
S L Lumaor- Per cent
tWe o ksg Werles; Bearing Matse
Ja : Oleic acid 1o 25 AN 17 97
undiluted
b Kl onee daily 14 M 2812 37
+u : Meie il 17 23 26 33
b : 2000, 14 21 117 342
“a < Lauric acid L) 22 | BRY 15
b T Qi e, 149 24 [E} 23
10 a 2 Olete acid a 15 7'6 R
b Q twice daily & 15 B2 33

Although in the series where oleie acid was used undiluted once daily
and in the series with lauric acid the tumors appeared ecarlier and the
tumor incidence reached a clearly higher Ievel wmong the males. the
difference hetween tumor incidences in the olher series were negligible.

Nature of Induced Tumors.

On histological examination all the induced tumors were found to be
typical papillomas. No histologically malignant tumors were found.

DISCUSSION

When oleic acid was used as a tumor promoter twice weekly after
Initiation 1Series No. 11 in Table 2; only one tumor was observed
among 40 animals during the first 20 weeks of the experiment. This
result may be regarded as comparable to the results of carlier investi-
Kalions (11) where in cxperiments lasting 20 weeks no tumor was
found among 10 animals when oleic acid was applied twice weekly. The
other results of the present work, however, clearly show that oleic acid
is a potent tumor promoter for mouse skin when applied with sufficient
frequency te.g., once or twice daily). This also confirms the results
abtained in cxperiments with certain of the Tweens (10) regarding the
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importance of the frequeney with which the tunior promoter is applice
That the cffecl of oleic acid is a true promoting effeet, not identical
with the enhancing cffeel of oils when applied during the period of
carcinogen administration, is shown by the resulls in the series (No. )

. in which the treatment wilh oleie acid was started after an interval of
30 days from the carcinogen application,

In the present experiments distinet tumor promoting propertics were
exhibited also by lauric acid in itself solid) when dissolved in chloro-
form. While chloroform alone under certain conditions has been shown
to enhance tumor formation (2), this appears to have playved no definite
role under the conditions of the present experiment, sinee no tumors
were observed in the control series when chloroform alone was used as
secondary treatment with the same frequeney as the investigated fatty
acids. These Lwo biologically important long chain falty acids, which
are also present in the molecule of some Tweens, thus reveal themselves
as potent tumor promoters for the mouse skin even when used as such.
The negatlive lindings with. for instanee, stearic acid (which is included
in the molecule of one of the most potent of the Tweens. (Tween 601,
conceivably may lo some extent depend on its poor solubility. The white
layer which the precipitated stearie acid formed on the mouse skin
already a short time after the application not only was a sign of the
poor penctration into the skin of this acid but may also protect the
skin from the effeets of the following applications of the promoter. It
is. of course, possible that still olher factors contribute to the negative
effects obtained with this acid. The tumor promoting effect of a given
substance, such as a fulty acid complex, measured in the skin is. of
course, a product of several factors, including among others the actual
promoting effecl of the substance, its solubility and transportability.

The present experiments were designed lo test a possible tumor
promoting effect of the investigated fatty acids, and in the control
series where oleic and lauric acids were employed without any fore-
going initiation no tumors werce observed. This does naturally not
preclude that these acids in a more prolonged experiment (and applied
with sufficient frequeney) might perhaps give rise to some tumors even
without initiation, as has been shown to be the case with some of the
Tweens (7).

It has earlier been poinled out that Tween 60 as a promoter gives a
somewhat higher tumor incidence in male mice as compared to female
mice (5). In the present experiment this was the case also when
nndiluted oleie acid was used once daily and when lauric acid dissolved
in chloroform was used. However, in the other series the differences
between the sexes were negligible at the 31 week fevel:

The benign nature of the induced tumors is in accordanece with results
obtained with other promoters when 9,10-dimethyl-1,2-benzanthracene
is used as initiator in the manner employed in this work (1).

It is interesting to note that some simple fattv acid esters as well as

P
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somge of the Tweens seem 1o have a more general growth enhancing
. effeet, acting for instance on plants in a way somewhal similar to the
4 ‘pldnt growth substances (3. 12). It is further intriguing that while the
- fillﬁnt growth substances exert their action principally on the clongation

phase of growth, characterized by intensive water uptake, one ot th

most conspicuous morphological features in the reaction of the skil

to the promoters containing fatly acids is the prominent inter- an

intracellular edema (1),

At present a great number of fatly acids. fally aleohols and related
substances are being tested for their action on the mouse skin. The
resulls of these experiments will be reported later.

SUMMARY

Some long chain fatly acids which form a part of the molecule of the
lipophilic-hydrophilic tumor promoters (certain Tweens and Spans,
have been tested for tumor promoting activily on the skin of mice.
_following initinlion with 2 single local application of 0.3 per ceni
$,10-dimethyl-1.2-henzanthracene in liquid paraftin.

Undiluted oleie acid, as well as oleie and Liurie acids dissolved in
chloroform. were shown to exhibit significant tumor promaoting proper-
ties when applied to the skin once daily ¢six fimes a week),

The promoting action of oleic acid wasx shown to he linked to the
frequency of application, thus contirming the results obtained in the
investigations with Tween 60 on the influenee of the frequeney with
which the promoter is applied.

When the less soluble stearic and palmitic acids were used dissolved
in chloroform) the skin became covered with a while luyer of precipi-
tated acid after each treatiment. No tumors developed in these series.

In two of the series (undiluted oleie wcid and Jauric acid once daily)
the male mice showed a significantly higher incidence of tumors, while
in the other scries no sex difference could be observed.
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TUMOR-PROMOTING EFFECTS IN MOUSE SKIN

COMPARISON BETWEEN OLEIC ACID, SORBITAN MONO-OLEATE (5PaN 80),
AND POLYOXYETHYLENE SORBITAN MONO-OLEATE (TWEEN 80)

by
PAUL HOLSTI
(Received for publication February 30, 1959)

Following the establishment of the tumor promoting effect of
the non-ionic lipophilic-hydrophilic Tweens and Spans (4, 6), and
the experiments carried out with these compounds on the mecha-
pism of tumor promotion (1, 3, 5. 7, 8). it was shown that some
of the long chain fattv acids contained in the molecule of these
compounds were able to exhibit tumor promoting properties in the
mouse skin even when used as free acids (2). A comparison of the
promoting activity of a Tween, a Span and their respective fatty
acid was therefore undertaken under as identical conditions as
possible. Because oleic acid offers special advantages, being a

liquid, over the other fatty acids of the various Tweens and Spans,
this acid and a Tween and a Span containing it were chosen as
subjects of the investigation. The purpose of the experiment was
exclusively to compare the tumor promoting effect of the chosen
compounds when applicd on a previously initiated area of mouse
skin. For the effects of these compounds when used without fore-
geing initiation see ref. 2 and L

MATERIAL AND METHODS

The experimental animals were male and female mice of an
anonymous outbred strnin, raised (and temporarily in use) in this

Rescarch Assistagt [n Pathelogy. by Aid of Rockefeller Foundation Grant.
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laboratory, and not identical with the strain used in the previous
experiments with Tweens and Spans (4, 6). The animals were 4 to 6
months old at the commencement of the experiment and with
respect to age and sex exactly equally distributed among the various
groups, each of which coniprised 44 animals (22 male and 22 female
mice). The same stock diet as in the previous experiments 2, 4
was used and water was given ad libitum.

Initiation was accomplished in all the series on the same day
and by the same person, by a single, local application of a 0.3 per
cent solution of 9,10-dimethyl-1,2-benzanthracene (DMBA) in
colorless, non-fluorescent liquid paraffin. The investigated com-
pounds were: Tween 80 (polyoxyethylene sorbitan monooleate)
and Span 80 (sorbitan monooleate) from Atlas Powder Co., USA, and
oleic acid from May & Baker Ltd., England. The treatment with
these compounds was started 24 hours after the initiation and the
compounds were applied with a No. 2 water color brush by the
same person once daily (six times a week) to the previously initiated
area of skin on the animals back. The tumors were recorded once -
weekly and the incidence of tumors was calculated from the number
of animals surviving at the time of appearance of the first tumor
in the series concerned,

RESULTS
The development of skin tumors in the various groups is pictured

.n Fig. 1, while the number of tumors and of surviving animals are
listed in Table 1. The experiment lasted 24 weeks.
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Fig. 1. — Development of local skin tumeors with daily (6 times a week) treat-

ment with oleic acid, Tween 80 and Spun &0 after indtiation with o single locat
application of 0.2 per cent DMBA in liquid paraftin,
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TABLE 1

m——_———-?___———

o Maximum Incidence
First Tumor of Tumors
No. of Mice
Test Compound No. of Tumors Alive at
Time | “yie | Time |{per Tumor-| 21 Weeks
(Weeks) | \live |(Weeks)| Bearing
Mouse o
Oleic acid  ...... 6 43 19 131/30 36
Tween 80 ...... 7 41 24 143735 43
Span 80 ......_. 23 38 23 11 38

As seen from Fig. 1, the incidence of skin tumors in the
series treated with oleic acid developed in a manner closely similar
to that in the series treated with Tween 80.

The number of tumors per tumor bearing animal (Table 1) in
these two series also largely corresponds, while in the series treated
with Span 80 only one tumor was observed.

DISCUSSION

Most of the fatty acids contained in the molecule of the various
Tweens and Spans (stearic, palmitic and lauric acids) are solid and
practically insoluble in water. Therefore a direct comparison of the
effects on the skin of these acids and their respective Tween- and
Span-type products is not feasible. In this respect oleic acid, being
a liquid, is an exception and makes such a comparison possible,
When. in the present work, undiluted oleic acid and polyoxyethylene
sorbitan monooleate (Tween 80) were used as promoters under
identical experimental conditions. tumors developed according
to a closely similar pattern in the two series. It should be borne in
mind, however, that the molecule of T'ween 80 contains only about
21.5 per cent oleic acid (1). The incorporation of oleic acid into the .
total molecule of Tween 80 probably makes it more soluble and
more readily transportable. This does not exclude the possibility
that the total molecule of the Tweens may still have other important
properties that influence the development of tumors. H is alse to
be noted that Span 80 (sorbitan monooleate) in the present investi-
gation, as in the previous experimients (4). exhibits only feeble
tumor promoting activity. The actual incidence of tumors in the
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present work should not be compared with that in the earlier
investigation with the T'weens and Spans (4), since a different
strain of mice was used.

SUMMARY

The tumor promoting activity in the mouse skin of oleic acid,
sorbitan mono-oleate (Span 80) and polyoxyethylene sorbitan
monooleate (Tween 80) was compared.

Under the conditions of the present experiment and during the
period of observation of 24 weeks the development of local skin
tumors followed a practically identical course in the series treated
with oleic acid and that treated with Tween 80. In agreement
with the results of previous investigations, Span 80 exhibited only
very week tumor promoting activity.
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THE NATURE AND MECHANISM OF ACTION OF
UNCOUPLING AGENTS PRESENT IN MITOCHROME PREPARATIQNS

W. C. HULSMANN, W, B. ELLIOTT" axp E. C. SLATER
Laboratory of Physiological Chemistry, University of Amsterdam (The Netherlands)
(Received July 29th, 1959)

SUMMARY

I. The uncoupling activity of mitochrome preparations was not affected by
addition of Na,$,0,, K,Fe(CN),, CO or 1074 M KCN, all of which brmg about
changes in the absorptlon spectrum of mitochrome.

2. The uncoupling activity was also not affected by precnpltatlon of the protein
by heating the solution or adding trichlorcacetic acid.

3. The substance(s) responsible for the uncoupling activity could be completely
extracted by organic solvents; the mitochrome remained in the water layer.

4. Purified preparations of cytochrome (a 4- 4;) or cvtochrome b changed into
mitochrome on standing at 4° for a few days. Simultaneously, there was an increase
in the amount of uncoupling material which could be extracted from these prepara-
tions by organic solvents.

5. The uncoupling activity of an iso-octane extract of mitochrome resides in the
unsaturated fatty acids, chiefly oleic and linoleic acids, which it contains.

INTRODUCTION

In 1952 LarDY! suggested that one of the mechanisms of the control of cell metabolism
might be the presence in the cell of substances which uncouple oxidative phosphoryla-
tion. LARDY's idea could be extended by postulating that the uncoupling substance
is not always present in an active form, but is liberated from a precursor under
certain conditions. Indeed, freshly prepared liver mitochondria are not appreciably
uncoupled, but on standing at room temperature a suspension develops many of the
characteristics of freshly prepared mitochondria to which a typical uncoupling agent
such as dinitrophenol is added, namely a decrease of the P : O ratio and of the Pj-ATP
exchange reaction, and an increased ATPase activity. At the same time, structural
damage is observed, particularly to the mitochondrial membranes. This suggests
that during the “ageing™ of the mitochondria, an uncoupling agent is produced,
possibly from the mitochondrial membranes.

An uncoupling agent was first isolated from disintegrated, aged mitochondria

Abbreviations: ATP, adenosine triphosphate; ADP, adenosine diphosphate; Py, inorganic
phosphate EDTA, ethylenediaminetetraacetic acid; Tris, trls(h\drox\ methyl)aminomethane.

“On leave from the Department of Biochemistry, University of Buffalo, Buffalo, New York
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by PoLis AND SHMUKLER? and PULLMAN AND RACKERS. The purified compound? was
called mitochrome because it had the properties of a haemoprotein. Experiments
will be reported in this paper confirming the uncoupling action of the mitochrome
preparation. However, we have found that this cannot be ascribed to the haemo-
protein itself but to components, extractable by organic solvents, present in the
mitochrome preparations. Preparations of the cytochromes (a + @3) and &, which
yielded mitochrome on ageing, were also found to contain the uncoupling agents,
A preliminary report of some of these findings has appeared®.

METHODS
Reagents

The ATP and Tris were obtained from Sigma Chemical Co. H,32PO, was purchased
from Philips Roxane (Holland), bovine serum albumin from Armour, and isooctane
from Brocades-Stheeman & Pharmacia. EDTA, ethanolamine, sucrose, KCl, 2,4-
dinitrophenol and most of the other chemicals used were Analar Reagent supplied
by British Drug Houses, Ltd. Hexokinase was prepared from yeast as described by
BERGER ¢f al® up to step 5. The water used to make up the solutions was double
(glass) distilled.

Preparations

Rat-liver mitochondria were isolated in 0.25 M sucrose at 0-2° by the method
of HoGepooM®, as described by MYERS AND SLATER?.

Muiochrome was prepared from whole beef liver according to the method of
PoL1S AND SHMUKLER®.

Cytochrome (a - ag) and cytochrome b preparations were made as described by
ErLiorr, HULSMANN AND SLATERS,

Extracts in organic solvents of mitochrome or of cytochrome preparations were
prepared by shaking 1 volume of the preparation with 3 volumes of the organic
solvent at 20 -+ 2° for 2 min (or for 1 min when the extraction was carried out
twice). After centrifugation the organic layer was removed (or when an organic
solvent was used which mixed with the water layer, the entire clear supernatant was
removed), and the latter evaporated to dryness on a water bath, under a stream of
nitrogen. The residue thus obtained was dissolved in g6 ©, ethanol.

Methods

AT Pase activities were measured as described by MYERS AND SLATER?. 0.05 ml of
a freshly prepared liver mitochondria preparation (0.5-1.0 mg protein) was added to
an incubation medium of 1.435 ml containing, in addition to the reagents to be tested,
0.002 M ATP, 0.075 M KCl, 0.0015 M MgCl,, 0.0005 M EDTA, 0.05 M sucrose and
0.05 M Tris-acctate buffer” or of Tris—ammoninm-acetate buffer” of the desired pH.
The reaction was carried out at room temperature (20 = 2°). After 15 min incubation
the reaction was stopped by the addition of 1.5 ml 10 %, trichloroacetic acid. The tubes
were centrifuged at 3000 rev./min for 5 min and phosphorus determined in the clear
supernatant fluid by the method of Fiskr axp Sunsarow as modified by Suaryer?.

Oxidetlv phosparvlaodoas Py ratios were deterined by the procedare o

. Biochim. Biophys. lcta, 39 (1960) 207--270
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SLATER AND HOLTON?. The reaction mixture contained 0.015 M KCl, 0.002 M EDTA,
0.02 M glucose, 0.03°M K phosphate, pH 7.0 or 7.5, 0.025 Af Tris-acetate buffer?,
pH 7.0 or 7.5, 0.0001 M ATP, 0.005 M MgCl,, 0.05 M sucrose, hexokinase (100-150
units®), 0.01 M glutamate or 0.02 M succinate as indicated, and liver mitochondria
(3-4 mg protein). The final volume was 1 ml, the reaction temperature 25° and the
reaction time 25 min.

P-ATP exchange reaction: This reaction' 12 was carried out in centrifuge tubes
at room temperature (20 -+ 2°). The tubes contained (in a volume of 1.45 ml) 0.0635 3/
KCl, 0.003-0.004 M MgCl,, 0.001 M EDTA, oloo6 M ATP, 0.067 M Tris-acetate
buffer” of the desired pH, and 0.007 M phosphate buffer of the same pH containing
%2P. The reaction was started by the addition of 0.05 ml liver mitochondria (in 0.25 3/
sucrose) and after 15 min stopped by the addition of 1. 5 ml cold 10 % trichloroacetic
acid. After centrifugation at 3000 rev./min, the amount of radioactivity in the ATP
was determined in a sample of the clear supernatant fluid after separation of the
inorganic phosphate from the organic phosphate (ATP) by the method described
by NIELSEN AND LEHNINGERS. The counting apparatus consisted of a Geiger-Miiller
tube - automatic scaler (Philips). The samples (0.5 ml) were counted wet in alumi-
niumn dishes. After calculation of the total number of counts/min in the ATP, this
value was divided by counts/min/ pmole inorganic phosphate, yielding the number of
pmoles of inorganic phosphate exchanged with the phosphate of ATP. After correction
for the breakdown of ATP due to ATPase {(amounting to not more than 2 %) the
exchange was calculated as pmoles/mg protein/h. The amount of mitochondrial
protein was generally about 1.0 mg, which gave, under the conditions described, an
almost linear exchange with time,

Protein was determined by the biuret methodlt standardized with serum
albumin.

RESULTS

Uncoupling activity of mitochrome

Mitochrome, prepared from whole beef liver by the procedure of Poris axp
SHMUKLER?, was found to have the same spectral properties as described by these
authors (see ELLIOTT ¢f al8). Table I shows that we were also able to confirm the
uncoupling effect of this preparation on oxidative phosphorylation and the stimulatory
eflect on the latent ATPase of freshly prepared mitochondria. It also strongly in-
hibited the P;-ATP exchange reaction of mitochondria (Table IT).

Table IT shows that substances which alter the absorption spectrum of mito-
chrome, namely Na,$,0,, K3Fe(CN)g, CO and KCN*, had no effect on the uncoupling -
activity of mitochrome, which strongly indicated that the haem was not responsible
for the uncoupling activity. Moreover, precipitation by heat or by trichloroacetic
acid did not destroy the uncoupling activity {Table III). The supernatants obtained
by either treatment were inactive. Alcohol, acetone, butanol or isooctane extracts
were active. Isooctane was found particularly suitable for extracting the active
principle from mitochrome preparations, since a single extraction caused no precipita-
tion of protein. Fig. 1 shows that after extraction of the uncoupling activity into the

P . . . . .
In agreement with other workers, a higher concentration of cyanide (r0-3 M) caused 48°,
hibition of the ex haige reaction

Biockinm. fiioplys. dcta, 39 {iyho) 267 270
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TABLE 1

EFFECT OF THE MITOCHROME PREPARATION ON OXIDATIVE PHOSPHORYLATION
AND LATENT ATPASE OF LIVER MITOCHONDRIA

Oxidative phosphofylation was carried out at pH 7.0 with succinate as substrate. The ATPasc
reaction was carried out at pH 6.5.

- ) ATPase
Additions 2.0 uatoms Plmg proteinjh
None 1.52 0.3
Mitochrome (0.66 mg protein) 0.01I
Mitochrome (0.33 mg protein) 4.0
TABLE I

EFFECT OF A MITOCHROME PREPARATION AND OF SUBSTANCES REACTING WITH HAEM COMPOUXNDS
ON THE P;-ATP EXCHANGE REACTION OF LIVER MITOCHONDRIA

The pH of the incubation medium was 7.0.

patoms P exchanged 'ng proteinlh

Additions Mitochrome %

No mitochrome {0.16 mg protein)

None 4.1 0.4 9o
Na,S,0, (1073 M) 3.5 0.2 94
K, Fe(CN), (10-2 M) 4.3 0.2 95
KCN (104 ) 3.7 0.4 89
CO (1009, in gas phase)

+ Na,S,04 (102 M) 3.5 0.2 94

TABLE 111

EFFECT OF VARIOUS FRACTIONS OF A MITOCHROME PREPARATION ON THE
P1-ATP? EXCHANGE REACTION

The pH of the incubation medium was 7.0.

Additions excha ug:li,’c::? ff:olm' nh
None 4.1
Mitochrome (0.33 mg protein} 0.2
Mitochrome, first precipitated with trichloroacetic acid,
then neutralized with KOH and rchomogenized 0.4
Mitochrome, heated at 100° for 10 min (homogenized to
make a fine suspension) 0.3

Clear supernatant fluid (neutralized with KOM of mito-

chrome precipitated with trichloroacetic acid 3.4
Clear supernuiant fluid of heat-denatured mitechrome 3.5
Ethanol (2.4 9, final cancentration) 3.9
Ethano! extract of mitochrome 0.3
Acetone extract of mitochrome 0.2
Isobutanol extract of mitochrome 0.1

Isooctane extract of mitochrome 0.2

Bovedias ffagys, ccle, 30 giobo) 20 0@
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isooctane layer, the spectrum of mitochrome remained unchanged in the water layer.
Table IV illustrates that one extraction with isooctane is sufficient nearly completely
to remove the uncoupling activity, while the activity of the isooctane extract, like
that of the mitochrome preparation itself?, is counteracted by the addition of serum
albumin.

08

Absorbance

o]
o))

Q4

s "
410 420 430 mu
Wavelength

Fig. 1. Effect of extraction with isooctane on the absorption spectrum of mitochrome. — —— -,
unextracted; —- extracted. Equal amounts of unextracted and extracted mitochrome lnhxblted
the P)-ATP exchange reaction by 94 % and 34 %, respectively.

TABLE IV

EFFECT OF ISOOCTANE EXTRACTION ON THE UNCOUPLING ACTIVITY OF A
. MITOCHROME PREPARATION

The pH of the incubation medium was 7.0.

>
Additions txchané:'?it‘(:;:;s /{mtﬂ'n/h
None 6.1
Mitochrome (0.47 mg protein) 0.4
Mitochrome (0.417 mg protein), extracted with iso-octane 4.0
Isooctane extract of mitochrome 0.4
Isooctane extract + 4 mg serum albumin 5.0

Devclopment of uncoupling activity in cylochrome preparations

In the course of the preparation of mitochrome by the method of PoLris anD
SHMUKLER?, absorption bands of cytochrome 4 were observed with the microspectro-
scope. However, the bands disappeared when the solution was kept at 4° for a few
days. As already described?, purified preparations of cvtochrome (a 4 a5) and of
cytochrome b, obtained by the action of crude trypsin in the presence of cholate on a
particulate preparation obtained from heart muscle, were transformed to mitochrome
o standing for a few dovs at g

. Bioclin. Biophys. Acla, 39 (10060) 207- 270
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Table V shows that during standing at 4°, there is an increase in the amount
of uncoupling material which can be extracted from these cytochrome preparations.

Properiies of the uncoupling agent

Tables VI and VII show that the material extractable from mitochrome with
isooctane has all the properties of an uncoupling agent. It uncouples oxidative
phosphorylation, stimulates ATPase and inhibits the P-ATP exchange (Table V1),
and also decreases the respiratory-control index (Table VII). The respiratory-control
index is the ratio between the rates of respiration in the presence of ADP (maintained
by the addition of hexokinase and glucose), and in its absence. Table VII shows the

TABLEYV
EXTRACTION OF UNCOUPLING LIPID FROM FRESH AND AGED CYTOCHROME PREPARATIONS

The preparations were extracted with isooctane, and the isooctane extracts added to the reaction
medium (pH 7.0) for measurement of the exchange reaction.

Preparation extracted with Exchange
isoociane Days at 4° { uboms Prmg protein h}
None — 6.1
Cytochrome a + a4 ] 4.7
7 2.1
10 1.5
Cytochrome b o 3.0
5 0.9
TABLE VI

EFFECT OF ISOOCTANE EXTRACT OF A MITOCHROME PREPARATION ON OXIDATIVE
PHOSPHORYLATION, ATPASE AXD Pj-ATP EXCHANGE OF LIVER MITOCHONDRIA

. Isooctane extract of
Reaction . Control mitochrome added*
Oxidative phosphorylation (P:0)"" 1.45 0.01
ATPase (patoms P/mg protein/h) b 0.3 4.0
Pi-ATP exchange (patoms P/mg proteinfh)§ 4.1 0.4

* About 17 ug dry wt. (dissolved in 6.04 ml 96 9, ethanol).
** Succinate as substrate, pH 7.5.
***pH 6.5.
§ pH 7.0.
TABLE V11
THE EFFECT OF THE ISOOCTANE EXTRACT OF MITOCHROME ON
RESPIRATORY CONTROL OF LIVER MITOCHONDRIA

Glutamate substrate, pl 7.5.

Qo, .
- Respiratory-control
Iscactans extract No hexokinase, -+ Hexokinuse, index
Glucose Glucose
o 11.0 52.0 4.7
Approx. 15 ug dry wt. 14.8 48.7 3.3

Approx. 30 ug dry wt. 22.0 43.4 2.0

.
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decrease of this ratio brought about by the addition of the iscoctanc-extractable
material, due partly to inhibition of the respiration in the presence of ADP, and
partly to stimulation of the respiration in the absence of ADP.

The first indication of the chemical nature of the uncoupling material was
obtained by the experiment shown in Table VI1I. To the isooctane-extractable mate-
rial, dissolved in 4 ml g6 % ethanol, was added 1 ml 5 N KOH and 25 ml water.
The solution was extracted three times with 30 ml petroleum ether, and the combined
petroleum cther extract, after washing with water, was evaporated to dryness and
taken up in 4 ml 96 % ethanol. This solution represented the non-acidic fraction.
The alkaline aqueous layer was acidified with HCl to pH 1-2 and extracted with
petroleum ether as before. The final extract, dissolved in 4 ml g6 % ethanol, repre-
sented the acidic fraction. Table VIII shows that practically all the uncoupling
activity resided in the acidic fraction. Similar results were obtained when the mito-
chrome preparation was extracted with ethanol.

TABLE VIII

DEMONSTﬁATION THAT UNCOUPLING ACTIVITY OF ISOOCTANE AND ETHANOL EXTRACTS OF
MITOCHROME RESIDES IN THE ACID FRACTION

The additions given were all dissolved in g6 % ethanol. The final concentration of alcoho!l in the
test medium was about 2 %. 1.03 mg mitochondrial protein used.

ATPase (natoms Pmg protein/h) at pH

Additions

5.5 6.0 6.5 7.0 7.5 8.0 8.5
None 0.73 0.41 0.29 0.33 0.63 1.25 1.56
Isooctane extract 2.35 4.31 4.13 3.25 2.28 1.45 1.50
“Non-acid fraction” 1.15 0.88 0.55 0.62 0.93 1.82 1.71
“*Acid fraction” 2.30 3.53 3.07 2.07 1.95 1.97 2.00
Ethanol extract 3.78 4.13 3.23 2.37 1.81 1.46 1.64
“Non-acid fraction’’ of the former 0.92 0.63 0.41 0.55 0.88 1.26 1.50

“Acid fraction’’ of the ethano}extract 3.89 4.61 3.34 2.41 1.38 1.57 1.96

i T i T

o}
T

-

[t

ATPase octivity (pmoles P/mg protein/h)
n

o I ] i I
6 7 8 ]

o 10

Fig. 2. The eflect of the isooctane extract of mitochrome and of oleic acid on the ATPase activity
of liver mitochondria. O — O, 0.03 ml ethanol: x-~x, 0.03m! ethanol containing approx.
30 iz fdry wt! isooctane extract of mitea Lrore 0 T o3 nh ethanal containing approx.

1
2O E0 vttt 'ﬂ.
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Fig. 2 shows that the pH-activity curves of the ATPase obtained by the addition
of the uncoupling agent, and of about the same amount of oleic acid are quite similar.
(The actual shape of the pH-activity curve depends upon the concentration of
uncoupler; BORST AND Loos, unpublished.)

Table IX shows an analysis, by gas chromatography, of the acidic fraction of ap
isooctane extract of mitochrome, after methylation with diazomethane. This analysis
was kindly carried out and interpreted by Messrs. R. K. BEERTHUIS AND J. H.
Rrcourt of the Unilever Research Laboratory at Viaardingen. It is noteworthy
that 61.5 % of the acids are unsaturated, a value in close agrecment with the 67 ¢,
found by BaLL and his colleagues for the fatty acids present in the lipids of &
respiratory-chain preparation isolated from beef-heart muscle. The isooctane extract
of mitochrome contains sufficient long-chain fatty acids to account for its uncoupling
_activity. Quantitative comparisons of the uncoupling activity of various long-chain
fatty acids have been carried out by P. BorsT aND J. A. Loos and will be reported
elsewhere.

TABLE IX

COMPOSITION OF ACID FRACTION OF ISOOCTANE EXTRACT OF MITOCHROME

Content

Acid 9% (w1 of total acid
Saturated
Cyg ‘ 1
Cia 3-5
Cys trace
Cys, branched trace
16 2
Cy; trace
C,,, branched trace
18 1o
385 385
Unsaturated
Cia 0.5
C,¢. one double bond 4
C,g onte double bond 23
C,g. two double bonds 10.5
Cys three double bonds 2.5
C,p, highly unsaturated
{4 components) 14.5
Cyy, highly unsaturated
(2 components) 6.5
61.5 61.5
100.0

DISCUSSION

The experiments reported in this paper make it clear that the uncoupling activity of
mitochrome preparations resides in an uncoupling agent which can be extracted by
organic solvents, rather than in the hocm componnd mitocloome, This unconpliv
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material binds firmly to albumin, which counteracts the imcoupling by both mito-
chrome preparations  and iso-octane extracts. It is interesting that PoLis anp
SHMUKLER? found that serum albumin bound the haemoprotein mitochrome so
firmly that the two could not be separated electrophoretically. It seems likely that
this binding between the two proteins occurs through the lipid uncoupling agent.

The experiment described in Table VIII establishes that the uncoupling lipid
material is acidic in nature. Gas chromatography showed that the acidic fraction
consisted of a mixture of saturated and unsaturated long-chain fatty acids, oleic
acid® (23 %), linoleic acid* (10.5 %), linolenic acid* (2.5 %) and highly unsaturated
long-chain acids (21 %) comprising 57 % of the weight. In studies which will be
published elsewhere P. Borst anD J. A. Loos have shown that oleic acid and linoleic
acid are much more highly active as uncoupling agents than the corresponding
saturated fatty acids, and, moreover, that there arc qualitative differences in the
form of the pH-activity curve obtained with oleic and stearic acids, that of oleic acid
resembling the curve obtained with the lipid extracted from mitochrome (see Fig. 2).
It seems very likely, therefore, that the uncoupling activity of mitochrome can be
ascribed to the oleic acid, linoleic acid, linolenic acid and higher unsaturated fatty
acids which it contains. It is known that serum albumin firmly binds long-chain
saturated and unsaturated fatty acids, particularly oleic acid®. Davis Axp DuBos!?
showed that serum albumin protects erythrocytes against haemolysis by oleic acid.

These findings recall those of PRESSMAN AND LARDY? who isolated from micro-
somes a heat-stable, acetonc-soluble fraction which stimulated the respiration of
liver mitochondria in a medium deficient in phosphate acceptor, and stimulated
the ATPasc. The active substances were later identified as a mixture of long-chain
fatty acids!® 2. PRESsMAN AND Laruy?® speculated on the possible regulatory role of
the microsomal fatty acids on mitochondrial respiration, a possibility which would
appear to be strengthened now that we have found similar acids in mitochondrial
preparations. This point is further discussed elsewhere?!,

It seems likely that the uncoupling fatty acids are liberated by hydrolysis of a
fatty acid ester present in the mitochondria, and in the cytochrome preparations
which are probably derived from mitochondrial membranes. J. A. Loos (unpublished)
has found that esterification of the uncoupling fatty acids with diazomethane brought
about a loss of uncoupling activity. The mechanism of the liberation of the uncoupling
fatty acids is not yet established. The fact that the transformation of isolated cyto-
chrome preparations to mitochrome occurs simultaneously with the liberation of the
uncoupling fatty acids could be explained in three ways: (a) the liberation of fatty
acids from lipids, possibly an enzymic reaction, occurs independently of the trans-
formation of cytochrome to mitochrome; (b) the following reaction takes place:

agein .
cytochrome __sh“_g__) mitochrome 4 L

i
L

where L is written for the unsaturated fatty acid; (c) fatty acids liberated from csters
during ageing cause the transformation of cytochrome to mitochrome. Further work
Is required to enable a choice between these three possibilities.

* The positions of the double bonds in the unsaturated Cys acids shown in Table IX were not

determined. Therefare, a positive iientificntion of (hese acids as oleic, Hnolcic and Baolenic acids
was not made.

. Biochim. Biophys. clcta, 39 (1900) 267 270
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Recent- experiments®® have provided evidence that the release of uncoupling
fatty acids in mitochoundrial preparations is an enzymic process. The uncoupling
can be demonstrated by direct extraction with isooctane of a liver mitochondrial
preparation after incubation with 0.001 M CaCl, for go min at 35°. The release was
inhibited by o.002 M EDTA, 0.002 M ATP and 5-10-* M diisopropylfiuorophos-
phate, and prevented by previous boiling of the mitochondrial preparations, or
by addition of trichloroacetic acid. Further studies on the nature of the enzyme
involved are in progress.

The mechanism of the uncoupling activity of unsaturated fatty acids is not yet
clear. It is unlikely to be due to disruption of the mitochondrial structure brought
about by the surface activity of the unsaturated fatty acids since the uncoupling
is reversible (P. BorsT, unpublished).

It appears not unlikely that the stimulation of oxidative phosphorylation brought
about by the addition of albumin to suspensions of mitochondria isolated from insect
thoracic muscle®®-% or from Galleria larvae® is also due to binding of uncoupling
unsaturated fatty acids. This possibility is currently under examination in this

laboratory.
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Effects of Dietary Free C:« Saturated and
Unsaturated Fatty Acids and
DL-Methionine Choline Chloride Mixture
on Plasma Cholesterol of the
Male Albino Rat

By ErwiN T. JANSSEN

The relationship of dietary fatty acids and the ccholesterol levels
found in serum and liver is, and has been, under study by many in-
vestigators. The relationships involved are undoubtedly jntricate and
more complex than most investigators seem to imply. Although
Jones et al.® imply a close relationship between rats and man in
dietary requirements and habits, it is good to keep in mind differences
that are intrinsic to both man and experimental animals. Effects
produced on experimental animals and those produced upon man in
dietary studies in some cases may be vastly different. With this in -
mind, an attempt will be made throughout the following paper to
limit discussion to results found through work with experimental
animals. ' ‘

Aftergood and her co-workers state that many investigators believe
that serum cholesterol levels are controlled by fat intake regardless -
of the source of the fat.2 However, she points out that evidence
exists to show that the source of fat may be vitally concerned with
the resulting cholesterol level.

In a majority of cases, fats have been fed in the form of triglyc-
erides. These have been arbitrarily classified into two groups:
animal fats and vegetable fats. In both the animal and vegetable fats
the majority of fatty acids are found as the triglycerides, and only a
small fraction are found as the free acid.® Recently, Malmros and
Wigand have shown evidence that indicates a better classification
might be based on the degree of saturation, rather than on the source
of the fat.4

Various investigators have shown that the feeding of vegetable fat
gives a lower serum cholesterol level than that which is found if
animal fat is administered. This might indicate that the unsaturation
of the vegetable fats plays a part in the lower cholesterol levels.
However, other components present in the fats cannot be disregarded.
In a study performed on rabbits, Swell ef al.% show that the blood
cholesterol level is greatest with soybean oils that have the highest
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iodine number. Also, if a 2% cholesterol diet containing free acids
was fed, the free acids were more effective in raising the blood
cholesterol level than were the neutral fats. Of the free fats tested,
oleic acid was the most effective in raising the cholesterol values,
followed by stearic and linoleic acids.

The role of choline and methionine as methyl donors and their
relationship to plasma and liver cholesterol were deemed worthy of
investigation. It was thought possible that some effect upon the
cholesterol content of plasma and liver might be manifested by
dietary addition of choline or methionine. Jones et al.1 found that
in rats fed a supplement of 0.5% DL-methionine, a rise in the serum
cholesterol value took place. However, they point out that Mann and
co-workers noted just the opposite effect in the serum of methionine
deficient monkeys made deficient by feeding soybean protein when
a methionine supplement was given.

Since in a majority of studies the fats have been administered as
triglycerides, the following study was designed to investigate the
effects of dietary fats as free fatty acids on both plasma and liver
cholesterol. In addition, diets containing supplements of DL-methio-
nine and choline chloride were fed to determine if there was any
effect on plasma and liver cholesterol.

EXPFRIMENTAL

A group of twenty-five male albino rats of the Holtzman strain
was divided into five groups of four animals each and one group of
five animals, this group to be used as the control group. The animals
were housed in screen bottom animal cages of the Army Medical
School type and maintained on food and water ad libitum. The room
in which they were kept was held at a temperature of around 25° C,
but fluctuations of 3° C. did occur. The animals were maintained on
Rockland Rat Diet for a period of approximately seven weeks before
dietary studies were begun. Records of daily diet consumption were
kept, and body weights were recorded at two day intervals.

The basic experimental diet constituent was Rockland Rat pellets.
At first, all animals were maintained on the diet in pellet form. When
the experimental diets were made up, the pellets were ground to
powder form and the various dietary supplements were then blended
in with an electric mixer. The dietary constituents and their relative
amounts are given in Table 1. The diets containing the unsaturated
linoleic acid were stored under refrigeration. All diet supplements
used were obtained from the Matheson, Coleman & Bell Division of
the Matheson Company. The choline chloride was added at the level
0f 0.350 g. per 100 g. of diet. This supplemented the 0.152 g. stated
by the manufacturer to be present in the diet to a level of 0.502 g.
per 100 g. of the stock diet. The DL-methionine was added in the
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Table 1

Experimental Diets used. The DL-methionine was added in amounts of 0.5 g.
per 100 g. of diet. The choline chloride was added in the amount of 0.350 g
per 100 g. of diet. This gave a concentration of 0.502 g. per 100 g. of diet of
choline chloride. (0.152 g. per 100 g. diet present as stated by manufacturer.)
The combined total gave approximately a 1.0% supplement.

Stearic Linoleic Stock DL-methionine
Group Acid Acid Diet Choline Chloride
A 15 g. 85 g.
B 15 g. 85 g.- 10 g.
c —— 15 g 85 g.
D 15 g. 85 g. 10 g.
E —_ 100 g.
F _ _ 100 g. 10 g.

amount of 0.5 g. per 100 g. of stock diet. To make the 159 free
fatty acid diet, 15 g. of the acid was added to 85 g. of the stock diet.
The dicts were mixed in quantities sufficient for approximately ten
day periods. Frequent mixing was done in an effort to prevent any
change in the diet composition. It should be noted that the 15%
fatty acid amounts were added to the stock diet which already con-
tained about 5% fat. ’

The six cages of animals were divided into pairs—Group A and B,
Group C and D, Group E and F. Both Groups A and B were fed
15% stearic acid, Group B in addition receiving the methionine-
choline supplement. Groups C and D were fed the 15% linoleic
acid, and Group D received the supplement. In Groups E and F, the
stock diet was fed, Group F receiving the added methionine-choline
supplement.

The thirteen-week-old animals were started on the diets, and at
two week intervals 1.5 to 2.0 ml. of blood were collected from each
animal under ether anesthesia by bleeding the tail vein. One to two
drops of a sodium oxalate solution were added as an anticoagulant,
and the formed elements were separated from the plasma by centrif-
ugation. Separate samples were taken from the supernatant plasma
for the determination of free and total cholesterol. In every analysis
except the final one, 0.3 ml. of the plasma was used for the determina-
tion of the free cholesterol. For the last analysis 0.4 ml. was used.
Throughout the entire analysis, 0.2 ml. of plasma was used for the
determination of total cholesterol. Both free and total cholesterol
were analyzed by the method of Sperry and Webb.6

After eight weeks on the diets, the animals were sacrificed by heart
puncture under ether anesthesia. The livers were removed, blotted
dry, and weighed to the nearest 0.1 gram. Approximately 0.5 g. of
liver was taken for analysis and this portion was weighed accurately
to the nearest milligram. The liver sample was homogenized in 4 ml.
of 1:1 solution of ethyl alcohol and acetone, and this heated to
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boiling. The homogenate was extracted twice, and the combined
extracts were made up to a volume of 10 ml. Roth free and total hver
cholesterol were each determined in 2 ml. aliquots by the method of
Sperry and Webb. Standards containing 0.1 mg. of cholestero] were
used with each group of determinations.

DiscussioN oF RESULTS

It is evident from Table 2 that the gain in weight for all of the
groups is nearly identical. Table 3 shows the daily average diet intake
per rat. A possible explanation for the higher values seen in the data
for the stearic acid diets is that this solid acid is not as readily ab-
sorbed into the intestine as is the liquid lill'loleic acid.

Table 2

Animal Weight Gain During Experiment. The Results Are the Average Per
_ Animal in Each Cage

Crnup Ini'tial wefght Final weight Gain
. 0 N ¢ -2 I -

A 356 ' 425 69
B 365 434 69
C 380 460 30
D 375 455 80
E 344 419 76
F 3162 424 62

Table 3

__Daily_Average Intake Per Rat During Experimental Period

Group

13% Stearic A)
139% Stearic

+M-C* (B) 230
155 Lincleic [(§) . 20.6
15% Linoleic

+M-C* (1») 196
Stock Diet {E) 226
Stock Diet

+M-C* () 225

¢

*Signifies the DL-methioning and chlorine ob]ride supplement.

The overall plasma cholesterol levels for the groups on stearic oeidl
linoleic acid, and steck diet are shewn in Tabie 4. 1t is to be notedd
that there is no significant dificience hetween the aninmuds fed the
1590 stearic acid dicts und the animals fed the regular stock dets
However, a significant ditference (p - .02) was seen in the aniials
fed the 159 linoleic acid. Thus, the chotesterol Tevel of the rat s
raised by feeding of the unsaturated free futty acid. This is in apree
ment with the work done by Klein on acids ied as the trighy cerides”
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Table 4

Overall Total Chelesterol Levels of Plasma. Results Are Expiessed in my per

.. 100 ml. Plasma_(mg.%)

Total Cholesterol (p) different
Groups of Plisma from stoct+
— R U .72 EO
159 Stearic (A& B) 42.1 S0
15% Linoleic {C& D) 529 06
1] 39.7 e

. Stock Diet  (E&F

*Probability greater than 0.05 is taken to be ron-significant

Table §

. . !
Total Cholestercl of Plasma for Individual Groups. The Free Cholesterol Values
Were Not Significant 7

~ Total Cholesteral

of Plasma (p} of difference
_Growp (mg.%) o _ between gioups’
15% Stearic (A) 41.7
- 18% Stearic >0.05
+M-C (B) 424 .
15% Linoleic () 48.1 '
15% Linoleic 03 >p>002
+A-C (D) 577
Stock Diet (E) 365
Stock Diet >003
o iMC F 24 T

*Probability greater than 0.05 is taken to be non-significant.

Table 5 shows the results of feeding the methionite-chohne suj-
plement. No significant difference was noted in the free cholesterol
in any of the group=. Likewise, the total cholesterol valie s of Groups
A and B and Group- IY and F showed no sign’ficant diff. cnce. How-
ever, in the groups receiving the 155 linoleic ad (Geoups € and D)
the methionine-choline supplement produced a signiiicantly higher
total plasma cholesterol level than wi: produced if only 15¢% linolen
acid was fed. It will also be noted that the lowest level in the 15
linoleic acid grevps (Group C) still remained above the values of the
1590 stearic or the stock diet groups. The higher values of the
methionine-choline supplemented animals are in agreement with the
findings of Jones e o/}

Table 6 shows the liver cholesteral values. In comparing the ester
values of the groups with the stock diet group it is seen that the only
significant difference it to be fonnd in the animals on the 15
linoleic acid. Tf the plain 15¢, fat and stocl diets are o he com-
pared to their corresponding methnine-choline supplemented groups.
ounly the 159 linoleic acid groups differ significantly, The 15
linole'c diet with the supplement showed o hwer liver cholesternl
ester level than its phin 1500 linaleic avid connterpn (p 002

Friedman and Byers have cited that the liver §s the chief oo
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f

of regulation of ester cholesterol.* Fhus, above results might ton

to indicate that the livers of the animals on the 159¢ hinoleic aow

diet in the absence of a methionine-choline supplement (Grongy )

were more effective in controlling the plasma cholesterol. More worl:

would be needed in order to arrive at a definite com lsion RURTER

this relationship.

Table 6

"Liver Cholesterol After Eight Weeks. The Comparison Is Made Using the
Cholesternl Ester Values

Ester

Free Total

Chol. Chol. Chol. (p) diif. (p) diff.
Group (mg.%) (mg.%) {(mg.%) than stock* Letween groups*
A 163 194 29 >0.05 !
>003
B 162 197 35 >0.05 |
C 190 313 123 0.02
I 0.02
D 170 234 64 0.02
E 197 226 29 —_—
>005
F 182 213 31 >0.05

*Probability greater than 0.05 is taken to be non-significant,

SuMMARY

Five groups of fou. animals per group were nintained on separate
diets composed of 15% stearic acid, 1543 Tinoleic acid; and three
groups had diets supplemented with approximately = 1.07% com
bined mixture of DL-methionine and choline chloride.  Rloud wa-
drawn at two week intervals and analyzed for both total and free
cholesterol. At the completion of the eight week period, the animals
were sacrificed by heart puncture. The livers as well as the plasma
were analyzed for the cholesterol content. The results indicated th i
the feeding of 15"/ free acids caused a rise in the plasma chalestero!
levels, the significant rise being in animal: on the 15 Huohae acid
diet. When a supplement of DL -methionine and choline chicride was
fed, it produced a greater rise in the cholesterol levels than was pro-
duced by only the 15% linoleic acid. The liver cholesternd level
showed only slight variations frem ihe values of the contral gronp.
except in the case of the animals fed the 1577 linoleic acid. Ve oy
Supplemented 1590 acid diet showsd i higher liver cholesterol ester
tontent than the diet containing added methionine-choline, Tndicg
tions were that un a Lo Tinolic acid dict the asldition of mether o
choline decreases the ester content of the Tiver while raising the
lasma cholesterol ester content.
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Oleic Acid Toxicity and Fat Embolism.*

N. C. JerrersoN aND H. NECHELEs.
From the Department of Gastro-Intestinal Research, Medical Researek Institute of Michac!
Reese Hospital, and the Department of Surgery, Provident Hospital, Chicago, 1.

In view of the paucity of data on the tox-
icity of fatty acids, experiments with oleic
acid were performed. In control tests, olive
oil was injected intravenously, and observa-
tions were made pertaining to fat embolism.

The hemolytic effects of fatty acids are a
well known phenomenon. This report deals
with toxic manifestations observed in addition
to those of hemolysis. The intravenous injec-
tion of fat emulsion was studied by a number
of investigators such as Murlin and Riche;!
Kochne and Mundel;® Gordon and Levine:?
Clark and Brunschwig:* Dunham and Brun-
schwig:% McKibbin of al.;% Shafirofi and
Frank;" LeVeen:® and reportedly by Russian
workers who used human fat.

Johnson ¢t @l "' have demonstrated in-
B :\Aidiv‘l{Ah._\'_r:l El";lrmr fn;ﬁl Wthrc 7(); t;wl»;:-;v; J;'»iurnr;rl.
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Michael Reese Rescurelt Foundation.
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creased erythrocyte fragility after the inges-
tion of large fat meals, due to fatty acids and
soaps which enter the blood with the lymph
of the thoracic duct.

Dubois et al.'> and Davis!’® demonstrated
that serum albumin has considerable affinity
for oleic acid, thereby inhibiting the hacterio-
static effects and toxicity of the latter.

For assays of toxicity, 36 normal, starved,
unanesthetized, mongrel dogs were used. A
few assays were performed on dogs anes-
thetized with pentobarbital sodium, in which
carotid blood pressures were recorded.

The substances used were oleic acid (93¢¢
oleic acid and 5% other long chain fatty
acids), ethyl, oleate, and sodium oleate: the
latter 2 were prepared from the oleic acid.
All substances were administered intraven-
ously. The oleic acid and the ethyl oleate
and valuable advice were obtained by the
Kindness of Dr. A, W, Ralston of the Armour
Laboratories.

Results. Doses of 0.25 cc of oleic acid had
little effect (6 dogs), while doses of 0.5 to
5 ce were toxic (19 dogs).  The oustanding

9 Loewy, A, Freeman, Lo W, Marchello, AL, mnd
Johnson, Vo, tm. J, Physiol., 1942, 138, 230,
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symptoms were:  drop in blood pressure,
urination and defecation, and rapid, forced,
deep respirations, coughing, and development
of massive pulmonary edema with laige
amounts of bloody, frothy exudate from the
mouth and nose, followed by collapse and
death. Life after injections of 5 cc lasted
from 5 minutes to 2 hours, with an average
of 40 minutes.

Hemolysis occurred, varying in degree from
75 mg ¢ of free hemoglobin to almost com-
plete hemolysis (13.54 gm per 100 ml), de-
perding on the dose of oleic acid given, In
animals with low degrees of hemolysis, the
hematocrit was elevated. Blood pH usually
dropped to the acid side, from 7.46 to 6.37;
the lowest value of 6.37 was cobtained in a
moribund animal, that died within a few
minutes. If an animal survived for 1 hour
.or more. blood pH returned to normal or to
alkaline values: the highest alkaline pH ob-
served was 8.2. Serum calcium dropped to
6-7 mg % in most animals, and in 2 dogs to
as low as 2 and 0.6 mg % the latter values
appeared in moribund animals that showed
the highest degrees of hemolysis.

Autopsy showed the following: the gastro-

intestinal tract was markedly contracted, es-

pecially the pyloric antrum of the stomach;
however, the cardia and fundus of the stom-
ach were dilated. The urinary bladder was
contracted maximally. The most significant
changes were found in the chest. The
thoracic cavities contained much bloody fluid.
the lungs were edematous and hemorrhagic
throughout, and on section bloody fluid oozed
from the parenchyma and-from the bronchi.
The amount of hemorrhage and edema far ex-
ceeded any condition which might be ascribed
to fat embolism.

Microscopically, in formalin fixed frozen
sections, stained with scarlet red and hema-
toxylin cosin, red masses in the pulmonary
vessels varving in size from specks to globules,
massive odema of the lungs, and intestinal
hemorrhages were observed.  Heart, liver,
kidneys, and adrenals, were found o contain
fat staining material, however not to a strik-
ingly larger extent than tissues from normal
controls; that is lipids in the hepatic cells,

249"

in the hile duct cells and in the heart did not
appear to be increased or altered by the in-
jection of oleic acid.

Three dogs were injected repeatedly with
sublethal doses of oleic acid. They presented
the symptoms of increased and forced respira-
tion as described above, but recovered within
a day. They scemed to acquire a tolerance
to oleic acid which manifested itself by de-
creasing hemolysis and, after 12 injections,
practically no hemolysis was observed. The
livers in these chronic dogs were pale yellow
and friable, and showed microscopic evidence
of fatty metamorphosis.

In order to analyvze whether the toxic effect
of oleic acid was due to the free carboxyl
radical. ethyl oleate was injected in doses of
0.5 to 5.0 cc, (3 dogs). Ethyl oleate was
toxic, showing the same clinical symptoms as
oleic acid but no edema or hemorrhage of the
lungs and no hemolysis, and it was never
lethal. Animals sacrificed 1-2 hours after in-
jection did not show the pulmonary changes
seen with oleic acid, either grossly or micro-
scopically,

Oleic acid forms soaps in an alkaline me-
dium. In order to analyze the possibility
that the toxic effects of cleic acid were due to
this, sodium oleate (2 g) was injected (3
dogs). The animals died within a few min-
utes, showing nearly complete hemolysis.

Comparable amounts of pure olive oil (5
cc) injected intravenously gave no untoward
reactions nor hemolysis (2 dogs). Micro-
scopic sections revealed large amounts of fat-
staining material in the capillaries of the
lungs, much more than with any of the other
materials studied, namely oleic acid, ethyl
cleate and sodium oleate; yet olive oil was the
least toxic of all substances tested. The dogs
acted pormally and did not seem to be af-
fected in the least.  The massiveness of fat
embolism as seen microscopically after olive
oil injection und the lack of symptoms do not
seem to fit too well into the clinical picture of
fat embolism,

Conclusions and swmmary.  Ti, according
1o the findings of Davis and Dubois, albumin
hias the power of binding oleic acid in the ratio
of 9 to 1, then the amounts of oleic acid in-
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jected exceeded the protective range in the
dogs used in our experiments,

‘The mechanism of the toxic action of oleic
acid is problematical. Small doses of sodium
oleate produced a degree of hemolysis never
seen wilth comparable doses of oleic acid.

\While changes in blood serum calcium ap-
peared to be correlated with the degree of
hemolysis, the low values of serum calcium
may be explained by formation of calcium
soaps. Changes of blood pH appeared to be

STREPTOMYCIN AND P'AS

assocktted  with respiratory  conditions  and
with acid and toxic effects of the oleic acid.
Oleic acid does not seem to produce massive
edema of the lungs by embolism, but by toxic
effects on the capillaries of the lungs. Caution
must be used in the preparation of fat emul-
sions for intravenous alimentation, in order to
exclude fatty acids and soaps. Fat embolism
per sc may not be so dangerous unless fatty
acids are released in or into the circulation,
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The Monoglyceride Pathway of I'at Absorption 7in Man *

Hernexrr J. Kavoen,t Joux R SENior, AND Irep T MarTson
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Abstract. The. absorption of fat was studied in five male. subjects with

" “cannulation of the thoracic duct in the neck by the administration of doubly

t

Y

~

labeled monoglycerides, or triglyceride as well as labeled free glycerol or la-
beled free oleic acid, by gastric or duodenal intubation.

.~ Total recoveries of the administered glyceride radioactivity from the lymph
‘lipids ranged from 35 to 53% for the glycerol lubel (tritiwun) and from 35 to
57% for the fatty acid label (*'C). The recovery of administered radioactive
free glycerol in lymph lipids was only 4.1%, even when given in mixture with
bile salts, fatty acid, and monoglyccride. :

A comparison of the isotope ratios of the two. components (glycerol and
fatty acid) of the lymph glycerides with the ratios of these componcnts of the
original meal glyceride showed little change during the initial period of fat
absorption, indicating that the doubly labeled monoglycerides passed into the
lymph intact. During the later part of the period of major fat absorption, the
ratios in lymph lipids changed due to loss of glycerol representation, indi-

- cating monoglyceride iydrolysis and portal venous diversion of frec glycerol.

Confirmation of the intact nature of 2-monoglyceride during absorption was

. made by analyzing the amount and position of the labeled fatty acid in the

lymph triglycerides. The percentage of labeled fatty acid in the various
positions of the lymph triglycerides was virtually identical with that of the

‘meal during the initial period of fat absorption and then changed reflecting

isomerization of fatty acids and subsequent complete hydrolysis of the
glycerides. :
The Z-monoglyceride pathway appears to be the major route of fat absorp-

tion for man during normal digestion and absorption of dietary triglyceride,

Introduction

The major portion of dictary fat is insoluble in
waler and important changes take plice in the
‘physicochemical state of dictary triglycerides in

* Reecived, for publication 16 August 1966 and in re-
vised form 18 July 1907,

Presented &t the Annual Meeting of American Socicty
“for Clinical Investigtion 2 May 1966, Atlantic City, N. J.
and publizhed in abstract form (1).

-* § Recipient of Research Carcer Development Award
K3 H 14.-828,

Supported by Grants HE 06481, and AM 06377, Na-
tivoal Institutes of Health, U. S, Pablic THealth Service.
- Address crequests for reprints 1o Dr. lerbert T

{ayden, New York University School of Mcdicine, 550
First Avemie, New York, N. Y. 10016,

the gut lumen before absorption into the intestinal
cpitheliom.  Complete hydrolysis of triglyveeride
yields free fatty acids and glyecrol ; partial hivdroly-
sis resulls in free fatty acids, monoglycerides, and
diglycerides. Recently, it was shown in wan that
mopoeglycerides, free fatty acids, and conjugated
bile salts readily form ultrafine aggregates or mi-
cellar solutions, from which fatty acids and mono-
glycerides may be absorbed into the intestinal
mucosal ¢ells (2). Tn whole animal studics, in
which the glycerol and fatty acid moictics of ghee-
crides were Inheled with difterent 1sotopes, it wus
demonstrated (3-5) that 2-monoglycerides remnin
largely intact during intestinagl absorption and re.
esterification into chylomicron triglycerides,  This
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direct acylation pathway of monoglycerides  to
higher glycerides appears to he uniquely active in
intestinal tissue, and js not appreciably demonstra-
hle in other sites of trighyeerides synthesis. sueh as
the hver (6).

The present studies were undertaken to investi-
gate glveeride absorption in man by adiministering
singly and doubly labeled Jipid compounds and
analyzing in the subsequent howrs lymph obtained
by thoracic duct cannulition. The pacticular goal
was to determine whether the monoglyceride path-
way that has heen shown in animals is also present
i man and to attempt to assess its quantitative
importance during normal fat absorption.  ‘The
results of these studies suggest that the mono-
glyeeride pathway is the predominant one during
nornial fat absorption,

Methods

Muaterials.  The test glyeerides were 2-*1T-glycerol-
monostearate-1-"C in which the stearic acid was in the
1- or 2-position and 2-"IT-glycerol-1,3-dioleate-2-oleate-1"-
BC. The monostearin was synthesized from stearic acid-
1-2C and glycerol-2-TT ¢htained from New England Nu-
clear Corp., Boston, Mass.  Carvier stearie acid (Ap-
plied Science laboratories Inc., State College, Ta) was
29.8¢6 pure (gas-liquid chromatography) and glyveerol
(Merck) was freshly redistilled at 2 mm Tlg pressure.
The method of preparation of 2-moncstearin hias heen
previously described (7). The final product had a spe-
cific activity of 30 gc/mg for *IT and 15 pc/mng for MC.
On hydroxylupatite thin-laycr chromatography it woved
as a single spot from which 93¢: of the radioactivity
could be recovered.  Saponification of the elnted ma-
terial from the spot and partition between petroleum ether
and acidified water phases showed that all the mea-
surable MC activity was in the fatty acid and e M in
the glveerol moicty,  The doubly labeled 2 monostearin
was stored dry at —20°C Lot neveriheless showed grad-
ual somerization spontaneously to the T-isomer. At the
time of use in Study I, the nuderial ascayed 7055 2-mono-
stearin, 3096 1-monostearin. - The preparation of the mi-
cellar solution in Stady 11 involved warming and some
alkalinization, which appeared 1o enhunce the isomeriza-
tion so that assay of the final product in-tilled showed
2007 2-monostenrin and Q0% T-numostearin,

The Libeled triolein was prepared from oleie acid-1-C
and plveeral 2211 as previously deseribed (7). For
these studies” o mixture of 2-'N-plyeerol trioleate and
rlycerol 1, 3-dioleate-2-oleate-1-C in the ratio of ap-
proximately 10: 1 provided a specific activity of 1.6 s/
my for ®1T and 0.16 uc/mng for “C. Verilication of the
purity of these plycerides was carried out frequently
over the course of many months by thin-layer and pas-
Liquid chromatography and by enzyniatic hydrolysis.  The
purity of the glycerides was within 424 of the indicated

-
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composition of cach compouid at the time of cach Sy,

Laperimental design. In cach instinee the el ohop.
ide was administered after a 10-12 I fast.  1eticor,
were studied in the Clinieal Rescarch Center of Ny
York I'ni\'cr;ily School of Medicine at Dellevoe ey,
Five mde patients were the subjects for this sty
Thoracic duct cannulation was carried out in four of 1.
paticuts for therapeutic or diagnostic reasons relatd v,
their primady disurder; one paticnt, W.IL, was a vo'
teer, R

B was a 50 yr old Negro male with a history of vi ..
matoid arthritis for 3 yr before study.  Thoracic o
cannulation was performed for study of rheumatoid & - -
in Ivmph.  The test meal for this patient was 120 ..,
of a mixture of 1- and 2-isumers, in a ratio of 30:7¢, -1
donbly labeled monostearin made  into  micellar
tion with 2 mt of Emulphor EL 620,! and 23 mi of caut 4,
dioxide-free water at 40°C. 20 ml of the solution . ..
instilled via Mitler-Abbott tube into the duodenum, . i}
the tube fushed with warmed water and withdrawn.
hr-fater the patient was given 100 g of heef, and Zuu n
of fruit juice; 3 hr later he hegan a regular dict and v
encouraged to take fluids. !

[

>
-1

Epgg nogs were freques?,
given to maintain fluid and caloric bakmee; the mut.
variations in triglyceride content of the lvimph sangle:
reflect hoth fluid and fat content of the diet.  Collecting-
were continucd for 48 hir, i
EK. was a 73 yr old white man with known hyperien-
sion for 3 yr. Admission to the hospital was prompte?
by abdominal pain. TFxploratory laparotomy reveuled o
large retroperitoneal lymphosarcomu, It was plansed
to treat this tumor hy retrograde instillation of Strepto.
nigrin into the thoracic duct.  The monoglyceride studs
wits cirried out 2 days after eammulation and before any
anti-tumor therapy.  The test meal for this pativnt wa.
180 mg of a mixture of 1. and 2-isomers, in a ratio ci
80: 20, of doubly Iabeled monostearin in a micellar colu
tion; the monostearin was dissolved in 4 ml of ¢thy! ether
to which (15 g of oleic acid dissoived in 3 ml of cthyl -
cohol was added.  Pure sodium taurocholate, 0.5 ¢, vu-
dissolved in 20 mb of warmed phosphate-Luffered sa'is
solution (15 ml of 0.00 ac Nall.l’O,, 30 ml of 001 o,
NaH 'Oy, and 40 ml of 0459 NaCl). "The bile s
phosphate nffer mixture was added to the warmed ethes
aleohl fatty  acid-monastearin mixture with  contiun!
mixig and heating wotil ether ador was no longer -
tectable. The initial pH was 6 and NaOll (1 ~N) .
added until the pl was 725 the solution was initi "
cloudy It beeame water clear with formation of 5 st !
miceltar solution at pH 7.2, 20 ml of this solution was
troduaced o the duodenum and the tube was wa-l,
with 15 ml of additional warme water and withulrav.
Regular feedings were started 6 he later.
included ene noas which markedly altered the flow
fat content of the Iymiph,
16 b oafter feeding of the test meal, and no wddits v
lymph was collected.
and 6 hr samples.

These s

The cannala beeame occtn '

Radioactivity was noted in the

t Ewmulphor 181, 620, palyoxyethylene tin Icinoleate, (0
eral Aniline & il Corporation, New York, N. Y.
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WL was a 55 vr ald white man admatied because of

Txtensive he-

purpare and peripberal vaseular discas
matologic stady fuiled to reveal any canse of the pure-
purin - Thoracke duct cannulation curicd out for
Cstudy of labeled trielein absorpiion.
was unsuccessiul o this patient.
miat-tration of the radioactive sead. 40 ¢ of triclein and
130 ml of fruit juice were given by mouth. The tubeled
trioluin was mixed with aspitated gastric ¢onterts and
reinjected into the gastric tabe.  Additional warnied water
was given and the tube withdrawin,  Fluds were ziven
2 hir later and recular meals 6 bir later. Fgir nogs were
wed as supplementary foedings. Collections vin canuula
were continued for 36 hr. Virtually no radieactivity was
recoveraed in the 0-2 hr collection afier fealing. Radivac-
uvity was detected o plasma samples at 2 br after the
test ineal.

" EG.a yr old white man, wis admitied because of u
qecurrent pulmonary infection associated with his chrenic
pufmonary discase.  Thoracic duct cannulition was por-
formed at the time of a supraclavicular Iynph uode bi-
opsy; the thoracic duct Iyuiph ard Iymph node
studied feor acid fast infection, ne plesin, granmbanata, ard
fungi. The labeled triolein study was carvied out ov the
first afternoon afice cannulation: the study of the ab-
csorption of labeled free oleic actl and walabeled triclems
was performed on the 3rd day aitec cannedation and 42 br
aiter the labeled triolein stnly. The patient was given
30 g of unlabeled trinlein mixed with fioit juice.  One-
half hour later, intestinal contents were aspirated from a
tube previously passed into the duodenum.  About 7 ol
of the intestinal aspirate was mixed with the deably
labeled triolein and 0.3 ml of unlabeied wrinlem, and a
hotuogencous emulsion was formed by sontcation with a
BioSonik Model IV Souicator (Lronwill Scientiie, Divi-
sion of Will Scientific, Inc., Rochester N.Y.) for 30 sec.
This- material was introduced into the tube and the tube
flushied with tap water. The tube was withdrawn 30 min
later. The patient received a nornmal dict 2.3 hr aftar the
trioleie: Iyvmph samples were continually coilected from
the thine of surgery, for 42 e, Radioactiviry wis noted 1o
the 6 hie sample. FThe fabeled olete acwdun'abeled triolein
study (Stedy V) owas begun, in this paticet, when radio-
cebivity i Ivieph samples Laod fallen o a low Lovell 20

wis
Dusdenal fntubation
I hr belore e ad-

ST

v 1 of unlalicled triolein and 3 ac of oleic acid-] ¢
¢ hie activity 24.6 me/mm) were mixed with torrato juice
and taken oratly by the patient. During the 16 Lre be-
sare the test neal sotid foud had been withheld but iluids

ere freely given, The paticnt’s usual dict was resumed
e after the abelad oleie acil-unlabeled triolein mix-

s

sare had been mpested.

a 36 yr old white man, was wdmitted hecause of
ciranic aleohiolism for 16 yr, and ascites for 2 months.
Diuresis was obtaimed after salt restriction, and abdomi-
aal paracentesis of 1 liter. Thoracic duet cannulation was
sarried out to assay pancreatic cnzyvine activity in thoracie
duct bymphe The radioactive plveerol study was carvied
vt on the 4th day after caunultion. Glveevol-"'C (40
) obtained fram Nuclear-Chicago was mixed with 10
ml ol warm water. A micellar solution was wade as

1007

folives, Na taurochalite (,"SSJ woamd Noowiy dtelare
L2sN e o Ntz aonal Bicebiomicals Corpa, Clevel uel, Ut
were dissolved i phospbate butfor (0077 s NacT: 6043
v N HPOL Maonoolsn 3o g, heptadecaron: acid LO23
woopatmitie actd 080 g0 and wlabeled ghicerol 0038 ¢
woere disselved i ethyl aleohal @ ethsl etber wistues 333
(v The butfered bile salts were whicd 1 the other-
aleolal lipid solution with continuons stivring wnd reating
te 437°C. Tre solution (tota? volume 130wl was ol
fied by the addition of NaOH w pH 7.1 Fie olution
was adeministered by timraduodenal tube ducing o 35 min
period: the 10 ml of radioactive glyveero! solution was
wlinised with the micellar solution at 35 min after start
of instiffation, ad the tebe ushed with additional cou-
radivactive solution,

aalytic procedures. Lymph sauples were collected
te iced containers and <tored at47°C uetil anadveed. The
amiples wore stramned  throvgl: gavee, the velines 1o
corded, and an arpropriate fraction extracted with 20 vols
unies of chloroform methanol 201 (v,/vi,
inte two layers was achicved by cither Large volumes of
acid water (M3 TS0 0 or by swaller volnees of e
dilute actd with centrifugation and washing of the chloro
form fraction three tives (X3
taken to driness, and scintiliang solution ¢ 2,3-diplen
oxasole. 4 g per liter of toluene, aud LA4-bis[2-c4-meth
S-plienvloxasoivd ] benrene 106 iy per titer of toluene
was added.  Samoles were counted ina Tri-Carb o Pack-
ard) liguid seintillation spectrometer. Correetion
misle for isotope overlap in cach channel; disintegrations
per minute were caleulated from efficiency dat unsing
Kknown standards. Samiples of the original meal were
extracted in similar fushion ard counted.
ples were treated similarty, Quenching activiey was ap-
proximately the cawe for all samples.

Semaration

Chlorofort: oxtracts were
v
.
yi

Was

Plaswa sant-

Triglyceride analysis was carried out on extracts of
Iyviple by the method of Van Handel ard Zilversone
(9 totad lipids were cstimated by the potssinm G
clromate method of Rragdon 10),
tions were preparcd from Ivph sampies I centrifeza-
tion dn a Spinco Maodet [oultracentrifuse at Joto o oot
37O either ina Noo 40 rotor ot ina Noo 20 totor - The
creamy top Liver was suspended in buffeced phosphate

Chyloneron frae-

EDTA solutions and vesrnn as previously desevibed 'n
Ravden, Karmen, and Doumeat 100 Lymph and cbvlo
wicvour fractions were separated Iy thin Laer chirona
tograpliy on Silica Gel G ¢ Doinkmann) plates v a0
vent system of petroleam cther s ethyl ether s alacial acetic
acid FO: 3008
ble by 1odine vapor,
fatty acids, glycerides, and phosphelipids were seraped 1o
the plate and either coonted direetly with scitithant solo
tion, or extracted with chloroform ad nrethanal, deied,
and coutted with sciutillant solntion in the luuid sonl

Standards and unknowns were nunde vie-
Fractions of cholestend vater, foee

laticn spectrometer,

Ldentification of the amount of labeled fatty acid e
ent in the - and 3 positions in comparison with the 2 posd
tion wirs accarplizhed by cozymatic Tndvobysis of te fae
Lated triglyeeride fraction, which was separated from othe
lipids (12} by silicie acid calumua eliromatogaphy,
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Results , similar to that of the test meal for 4 hr aftey feed-

Study 1, B.B., Table 1. 'Total recovery of cach ing and then changed 18 0.70 (T 1), Tn i,

LUC, Most (9650 study the distribution of the falty acids in
e IS /{’

isotope was 53% *T1 and 579 A ; . . .
of the total recovered MC-falty acid wus collected triglycerides was determined from the ol
chylomicron fractions, rather than from w1

in the 8 lir period after feeding.  During this pe- o e T :
riod of absorption, the ratio of lymph isotopes NPT SampIces. NICK“' was very ]1‘”‘ deviati. "
311 /1C to meal isotopes *1T/4C was initially 1.05, the per cent of MC-fatty acid at the 2-positie 5

then 0.95, and then fell to 0.69 (Tig. 1). The the lymph compared tf)‘thc meal.
fraction of fatty acid label in the 2-position was S“f‘[y JI1, W1, Table 1. Total recove:: o
initially very similar to that of the test meal, but ~ €ach isotope was 35% *IT and 367, *C. D.spife
then decreased as absorption continued, a large volune of Iymph (360 ml), the sample 1
Study I1.J. K., Table I. Total recovery of each the first 2 hr after feeding hud little 1‘:1diortdmb'
isotope was 35% 11 and 499 »C. The major (<019 "t and <0029 *C). During th sub-
portion (967¢) of the total *C-fatty acid recovered — sequent 7 hr, there was collected in the Jympt: [ip.
was obtained during the first 8 hr after jeeding,  ids 889 of the total carbon-laheled fatly acid tha:
The isotope ratios in lymph trigheerides were  was recovered; the glycerol-to-fatty acid ratis i

TARLY I
Cnm,msumn of Hmrm e dmt I)m/)h a'lu ke \Im or dumlrm:l mshl!nh on of doubly labeled glycerides

Lymph BC* '”/“,C,' anipley 9, WC in 2-position
Time of meu! Lymph voliime Tl’l\l\u ile Total iy mph nE X 1o S el of glycctide
T e o PR - ST
Swrdy 1 (B.B.) 1-: 2-monostearin 30:70; total recovery 3 53%; HC 57¢
: 0 .
-2 155 0.44 - 29 1.05 66
24 170 0.90 43 005 Bt .
1-6 195 4.64 16 0.8} 34 .
6-8 245 5.19 6 0.69 . 20
8-14 520 1.8 } 4 0.60 20
14-20 565 13.9 N 0.58 )
St"ud)' I (J. ) 1= 2-monostearin 80:20; total recovery ' 35¢. UC 497, :
. o 20
02 &S 0.20 3t 0,98 18
2-4 145 053 RH 1.00 18
4-8 405 124 31 0.70 . 13
8-12 120 0.61 } ) 0.42 16
12-16 40 ; 0.09 0460
Study TTT (WL L) triokein, tubeled fatty acid in 2-position; total recovery 3H 359 11C 3(»"0
>98
0.2 360 1.25 <1 11
2..5 32 2.69 16 - LY ) 78
59 540 ]7.0 42 (.99 58
9-18 104} 503 088 43
1517 650 340 0 0.77 . 10
171 630 9.33 - LUV -~
21-25 625 .77 35
Study 1V (1.G) triolcin, fabeled fatty acid in 2-position; total recovery MT 2465 1C 25,
91
1-2 19 0.0 38 1.01 70
2-3 [ 2.79 10 0.8 74
34 28 1.26 S 0.0} 71
+4-6 130 5.06 11 0.86 63
o8 93 1.72 0.88 [N
810 50 117 8 088 o1
10-12 15 0.02 0581
1214 87 0.80 16

* Figuresin !lus(‘ulunm are the pereentage of recovered BC-faney acid collected duving each time intery il
1G I)uml A dabet; MCofatny acid Ll

1
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I16. 1.

OR DUODENAL ADMINISTRATION OF DOURLY LABELED GLYCERIDE S,

COMPARISON OF 1SOTCPE RATIOS 1IN HUMAN LVYMPH LIFID AND DIETARY TRIGLYCERIDES AFTLER GASIREC

* Cramitlative recovery indicates the period during

which the indicated per cent of the total labeled fatty acid tlat was recovered appearcd in Jymph lipid.

lymph lipids was the same as the isotope ratio of
the meal (Fig. 1). 78 of the carbon label was
in the 2-position for the first 3 hr after feeding and
then fell for the subsequent collections.

Study 1V, E.G., Table 1. The total recovery of
cach isotope was 2466 1T and 2590 *C. The per
cent of labeled fatty acid in the 2-position of the

test triolein was 91, The 2ud hr sample, which

contained 353%6 of the ¥C label that was recovered,
hiad 709 of labeled fatty acid in the 2-position of
the lymph triglyceride. This value for distribution
of the labeled fatty acid was maintained for 4 tir,
and then fell during the subsequent 8 hr,

Study V, E.G., Table I1. The total recovery of
the oleic acid-1'C was 48%:, A tracer amount of
labeled free oleic acid along with 20 ml ol unla-

TABLID I

Compasition of thoracic duct Ivoph arter eval administration of labeled (MC)
B - 5 /

olefv acid and unlabeled tidein

Study V (1.6 5 ot tecovery 11 I8

ART ] B e . I
Tymph o BC in 2 position

Time Lympl volunie Frighveeride EETEI ISR NS (1) of ghcenide
, hr mtl ¢
(129 18 0.25 <1 25
1-2 52 0,71 0 15
2.2.5 33 1.52 18 12
2.5 3 23 1.23 13 12
KE= 2 00 2.13 29 13
40 (18] 1.62 10 18
08 66 7 19
8-10 72 4 138
1012 70
12 10 130 12 22
10- 20 - 110 h
20 24 175 24

* Figutes in this coluon are the percentage ol recovered M

i
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TABLE )1

Absorption of radionctive glycerol into thovacic duct Iymph
a//u duml: rm/ i vh//nluul

»
1.0

Ntody V] (SP) BC-plyeerol) total tecavery 34¢
Lymph 1C#

Lymph _ ' ' .
Thne volume  Totad lymph @0 X100
hr mi

0-0.5 20 0
0.5 1.0 45 3
12 130 35
2.3 80 30
35 155 9
518 300 3

(‘ Figures in this column are the percentage of recovered
N

béled triolein was administered to estimate the
available hydroxyl sites for esterification on (he ab-
sorbed monoglycerides within the intestinal cefl,
In this study, it is assumed that the labeled free
oleic acid is almost exclusively utilized for esteri-
ficatton of the hydroxyl groups vn thic absorbed
monnglycerides (from triolein), and not for syn-
thesis via the 01)\(1'01 phosphate pathway, and in
addition, that there is no positional preference for
oleic acid at the 1- and 3-positions of the mono-
glveerides.  Tf the fatty acids were esteritied to the
absorbed monoglycerides in an entirely random
distribution, 33% of labeled oleic acid shoald have
been found at the 2-position of the lymph triglyeer-
ides. The data show that during the bulk of Hipid
absorption only 12 to 13% of labeled oleic acid
was present at the 2-position, which indieates that
considerably more hydrolysis and reesterification
were taking place at the 1- and 3-po~itions than ai
the 2-position.

Stuedy V1, S.P., Table T11.
greater recovery of glycerol when {ed as a glycer-
wle, enly 4.1°5 of the radioactive glycerol was re-
covered from thoracic duet Iymph lipid,  Radio-
activity appeired one-half hour aiter the adininis-
tration of the material, and winre than 8397 of 1ie
total amount recovered appeared during the first
3 hr of Jymph collection after instillation of the
radioactive meal into the duodenum.  Assay for
radicactivity after fractionation by column chro-
matography- and thin-Inayer chronutography  ve-
vealed that the radionctivity was almost exclusively
in the triglyeeride fraction.

In coutrast to the

Discussion

The absorption of intact monnglycerides into the
intestinal cell wall of rads was demonstrated

JOIN R SENIOR, AND FRED 1. MATTSON

1959 by Skipski, Morehouse, and Deuel (4) whi
used 1,3 divleyl-2-denterostearyl  glyceride-"C,
Additional observations in the rat by Reiser, iy
som, Carr, and Kuiken (13) with doubly Libelid
nmonoglycerides ©s test mieals had previously .
vided evidence that monoglycerides were absort:
infact into the intestinal cell wall and reestert”

in the intestinal cells to triglycerides which
appeared in thuracic duet Iymph,  These obser . -
tions were hased primarily on analyses of the v,
of the two isotopes, tritum for glycerol and ¢
fatty acids.  Mattson and Volpenhein (5)

tended these ohservations by analyzing in the
the amount of fatty acid label at each positior - |
Iymph triglycerides, after fceding monoglyceric:
free fatty acids, labeled faty acids, and triglyceri
synthesized with labeled fatty acids at various po.’
From these studies they concluded that hy-

tions,
drolysis of the dictary triglyeerides in the intesti-
nal Tumen yiclded 72 parts 2-monoglycerides, 6
parts 1- and 3-monoglveerides, and 22 parts free
glycerol.  The 2-monoglycerides, approximately
three-fourths of the dietary triglycerides, entered -
rat intestinal cells intact, and were reesterified 1o
triglycerides without further alteration of the fatty
acid at the 2-position. '

The particular role that monoglycerld(‘a have in
furthering huwman emulsihcation of dietary lipids
has been presented by Tofmann and Borgsteom-
(14). Analysis of intestinal lumen contents of
man after f'\t Icedmg has shown a separation of
gl)(umc Tnto Two pln\( a6l phase \\lmh
centains mainly (hﬂl\u rides and trighyeerides ann
some fatty acidd] and a nm(l]u phase which is .1
combitiation of Dile salls, free fatty acids.
monoglycerides.  From  the micellar | solutions,
mnnoglycerides and free fatty acids are absorbed
througlh the intestinal wall, leaving the bile salts
within the lumen {6 {orm additional micelles, .

The fate of the free fatty acids within the mu.
cosal cell s determined by their chain Iength and
saturation ; those of less than 12 carbons are pred.
erentially absorhed by ruts divectly into the por-
tal Dlood, whereas Jonger chain fatty acids are
incorporated mainly into triglycerides, and appear
in fymph chylomicroas (15).  Monoglyceerides
within ¢pithelial cells may be esterified ta di- and
triglycerides or cleaved (o glveerol and free fatty
The Z-monoghecrides ,
pecially rapidly to trighveerides, but esterifiention

(md

acids, are esterified es
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of I-monoglycerides Jags and these are moie likely
to tmdergo hydiolysis particulaely if the fatty acids
are of short chain length as shown in studics in
hamsters (16),

The course of drainage from intestinal lym-
“phatics into the thoracic duct has considerable ana-
“tomic variations and is not sulely into the left
théracic duct. Although the size of the cannula
introduced into the duct makes it unlikely that
there is much leakage around the cannula indo the
venous systeny, there are other fymphatic-venous
channels that are potentially functional and may
“eveh actively serve as pathway for intestinal Ivinph,

{t has not been possible to estimate the extent of
these” shunts by sampling plasma and mesuring
the concentration of radioactivity derived from the
feeding, as the turnover time for various Lipid
classes and the size of the vascular pool niike cal-
culations for these channels almost inpossible,
But blood samples taken during the eourse of ex-
“periments 11, TH, and IV revealed radicictivity in
-~ the triglyeeride fraction of plasiz. Recoveries of
labeled fatty acids in Iymph triglyeerides in man
range from 25 tv 60%e ; these values are less than
the 60 to 909 recoverable in rat studics with
labeled fat and cannulation of the majn Ivinph
trunk in the abdomen,

The data on the absorption of glycerides oltained
from these four puticnts demonstrate that 2-mono-
glyceride and its accompanying free fatty acids are
the main products of triglyceride digestion and are
also the principal furms in which fat is aborbed
in man, just as in other animal species, 10 was
formerly held that complete hydralysis of niglye-
‘erides to glycerol and free fatty acids with absorp-
tion of tliese dipestion products was a pathway for
fat absorption. The results obtained in our studies
demonstrate (hat this pathway can he of only lim-
ited importance in man. In Study VI, glveergl-1C
‘was ;:ivc;} into the duodenum in combination with
micellar solution of bile salt, monoglyceride, and
fatty acid,  Such @ mixture was shown by Saun-
ders and Dawson in rats (17) 1o give maximal in-
corporation of glycerol into lymph triglycerides,
It should be noted that only 2.5 g of lipid was
given in the micellar solution along with the radio-
sctive glycerol. This may have reduced  the
amont of labeled  glycerol (4190)  recoverad
from the thoracic duct Iymph since the supply of
falty acids may have been limitedd at the site of
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glycerol absorption. “The amount recovered here
is greater than that reported by Holt, who re-
covered only 0.7 1o 1.25% of the administered glve-
erol-"'Chin the 24 hr urine collection of paticent
with chyluria (18).  The labeled glycerol in the
thoracic duct Iympl was alniost exclugively pres-
ent as triglyceride, as determined hy thin-layer
chromatograplty of the extructs of Iymplt Tipids.
The reaminder of the glycerol was presumably al-
sorhed direetly into the portal blood,

Sinee this stndy in man shows that little of dic-
tary {ree glycerol was incorporated inte lymph
lipids, then frec glyeerol resulting from the com-
plete hydrolysis of triglycerides in the Tumen of the
intestine similarly would he incorporated only to o
very Timited extent into the lymph triglveerides.
When Libeled glycerol was fed as glycerol-glyeer-
ide, however, from 35 1o 53%% of the label was re-
covered i the Jymph lipids, and absorption of
glyeerol thercfore must have taken place as o
glyeeride, This is supported by the ratio of re
covered 1 (glyeerol) and 21C (fatty acid). 1u
all four studics, during the period when most of
the experimental lipid was being recovered, the
ratio of the two labeled mioictics in the Iymph was
approxinutely that in the diet (Fig. 1). There-
fore, during the pr(_)_als;sgs_ﬂ{_fl‘igcstitql_lj_ absorption,
and resvnthesis, the glyeerol and falty_acids re-
S5 i(;r!. T

main s

The distfibution of the labeled fatty acid on the
triglveerides of the Iymph lipids in Studics 1, 111,
and IV shows that the main bulk of theee Hpids

was absorhed withont hydrolysis of the fatiy acid
located at the 2-position of the dictary glyeeride.
T these three studies more than half of the labeled
fatty acid was «till in the Z-position by the time it
Liad reached the Jvmph. Only i the Tater time o
riods, after the main bulk of the dictary lipids had
beewn absothed, did these values drop. ‘

Study 'V, in which tabeled free oleie acid wits
given with a Jarge amount of unlabeled triolein,
supports the concept that greater hvdrolvais and
reesterification must take plice at the 1- and 3
positions of the dictary [at, since the presence of
lahel that could be introduced into the 2-position
wis ondy 12-1397, and not 339, i1 random Tale] .
g veenrred,

I Study TH when aomistore of 1- and 2o
stearin dnratio of 801 20 wirs Ted, about 1807 of the
Tabeled fatty acid was in the 2 position of the Ivinph
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fat.
erol) of 35%, although less than that of the YC
(fatty acidd) of 4945, indicates that -monoglycer-
jde was also absorbed intact.
two isotopes in lymph lipids initially was not dif-
ferent from that of the dictary Iat.
absorbed  1-monoglycerides in the intestinal wall
has heen studied in animal experiments; both 1-
and Z-monoglycerides are subject o hydrolysis
Ly the intracellular monoglyceride lipase (glycerol
monoester liydrolase) (19),
glycerides are more rapidly esterified to triglye
ides (1) and incorporated Tnto chylomicrons for
delivery into the intestinad lymphutics. Under the
conditions of this study, it is Likcly that -mono-
glycerides were also absorbed intict and esterified.

diglveerides (20).
acids are present in the dict without glycerides, the
glycerol portion of the lymph triglycerides would
be formed from glycerol phosphate, with esterifi-
cation of absarbed free fatty acids via phosphatidic
acid to di- and triglycerides (21).

indicate that as much as 72%
glycerol is absorbed as the Z-monoglyceride and
reesterificd to triglyeeride.
that in man also, on the order of three-fourths aof

triglyceride, a value similar to that in the dictary

In this patient the total recovery of *H (glye-

The ratie of the

The {ate of

However, 2-mono-

veer-
- ——

The observations reported here, together with

studics on the hydrolysis of triglyceride in man,
and supported by the more extensive absorption
studies in animals, suggest that i man after fat
ingestion, complete hydrolysis to glycerol and free
fatty acid occurs to only a limited extent, especially
in the first hours after a meal during which most
of fat absorption occurs.
studies indicate that the main route of human fat
absorption into the Iymph is by the divect esterifi-
cation of 2-monoglycerides, derived from triglycer-
ides, by the free fatty acids of the_ intestivid huuagn
that arise as prodfx—cts_ of pancreatic Jipolysis, or by

The data from these

free fatty acids within the intestinal cell that are
derived fromi monoglyveeride hydrolysis and pos-
siblv frony the eirculating free fatiy aeid poal (11).
Glycerol-3-phosphate derived from ghicose metabo-
lism or {from phosphorylation of free glyeerol can
be esterified to phospliatidic acid, which then forms

If Jarge amounts of iree fatty

Calculations on the mode of triglveeride ab-

sorption in the extensive observitions in animals

e

of the triglyeeride

Our «udies suggest

. the dictary triglycerides may be absorbed as

2-mnnoglyeeride

and ducorporated nfact  into

i

Tymph triglycerides.

HERBERT J. KAYDEN, ](')iIN R, SENIOR, AND FRED ]‘I. MATTSON

s : .
The monoglyceride pathway:

of fat absorption appears, therefore, to be the pre-
dominant route for the normal absorption of die-
tary triglyceride. !
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Physiological Properties of Blown Uils

By br. KIEChLBUSCH, br. K. JaliR, br. G. C4LUK, br. W. GRIEM,
University Lecturer Lr. K.lU. BASSLER, Ur. C.il. HAMMAR and
I'rot. br. K. LANG.

From the Physiological-Chemical Institute of the Johannes Gutenberg
University at Mainz.

dy blowing oils rich in polyenic acid at higher temperatures
preparations are obtained the toxicity ol which increases initially
simultaneously with increased blowing intensity; the toxicity reaches
4 maximum and subsequently falls off again. The toxicity ol said
blown oils can presumably be attributed to oxypolymers. TIhe

limiting (critical) dose which can likewise he expected to have

the toxic eftect of such blown oils, was determined in the rat

to the amount ol approximately V.45 to 0.Y0 g per kg ol body

welght.

Substantial literature is available by now concerning the
physiological eflects of blown oils. Wwe are indebted to F. CUSYUFL
for a survey of studies published up to 1959. lurther important
findings were pubilished later2-7. These works make 1t appear

probable that the oxypolymers, specificglly the fraction oy the

dimers, are to be held principally responsible for the toxicity

of certain blown oils. Since only very low peroxide numbers are
found tor oils blown at higher temperatures, the latty acid-peroxides
are practically excluded as cause ol the differem biclogical ellrects.
But they are obviously responsible tor the toxic viiects of

oils blown at low temperatures. According to submibtted investigations,
nowever, no ditfferent bilological properties were Tound with numerical
peroxide factors below 1008’9. Fatty acid-peroxides aeve a strongly
irritating effect. Therefure considerably inilamsation-caused .
changes are round in the stomach=1ntestinal area in case ol tals
with high peroxide numbers. >uch intlammatory reactions do not

occur with the toxic eflects of olls blown at higher teumperatures,

which consititues another indication to the effect that thelr

toxicity 1is not caused by peroxides.




Data in literature concerning the result of feeding tests with
blown oils show consideruble differences. They range tfrom
tolerance, pratically without symptoms, to more or less/serious
growth inhibitions, to high toxicity, .i.e. to a high mortality
rate ol the animals within a brief period of time. These discre-
pancies are mainly due to the fact that systematic investigations
concerning the correlation between effect and treatment method
are almost completvely lacking. Most of the reported tindings
are related to specific preparations, 1.e. they are, to some extent,
merely "snapshots" from a process which takes place during a
prolonged period of time. This prompted us to undertake such
systematic investigations concerning the physiological eflects

as a function of the treatment intensity.

Furthermore, we were interested in the mechanism of the toxic
effect, on which almost no data was avallable, %e theretore
attempted to gain insight inio the mode of action ol blowu oils

by means of lhistological, biochemical and physiological investigations.

Mgterial and Methods.

Feeding tests 1 and 2.

The characteristic factors of the basic soybean oils and of the
btown oils as well as the blowing conditions are compiled on
Table 1. The blowing temperature amounted in each cuase to 180°C.
tThe blowing took place for the oils Sj 1 toe 3j 4 in charges

of 3 kg each; for oils 5j 5 to 5j 8, in charges of 8 kg.
g J J b I3

'he determinationr ol' the characteristic factors was carried out
with the following methods: idodine number according to {i.DP.
KAUEMANNlO, peroxide number according te C,if, LhAlJ, enpoNy number
according to L. KHULle, hydroxy number according to the OUF- |

: 13 . : , ‘ 13
unit wethod™ 7, and acid number according te the UGK-unit method j.

Feeding test 1 involved the investigation ol grewil, leed intuke,
protein efficiency and water intakce for the oils =j i as control,and for
the blown o0ils Sj 1 to Sj 4; groups ol 2UJ madle rats each were
used; the rats had an initial weight of 50 to bV g { Sprague-
Dawley breed; breeder: GASSNuik/Munich). Ihe auration ol the test
was 5 weeks. The rats were sept 1n single cages with wire floor,

PR

The temperature during all feeding tests amounted to 23 =YC, anu

the realtive air humidity was 50 to 0%, The deternination of



the feed-and water intake took place as.follows: a specific

quantity was weighed and the collected remnants per animal were
weighed back each week, The animals were weighed once per week.

The diet was composed as follows: 20% tat, 51 % mondamin, 20% casein,

3¢ salt mixture according to SHAW, 2% cellulose and 2 % yeast.
E Y

fhe following vitamin doses were supplied: per animal and per day,

100 ~ thiamine, 100 riboflavine, 1 mg niacine, 100 calciumnpantothenate,
50 / pyrodoxine and 15 mg cholinchloride; 1in addition, each animal
received per weeh 30 Ik vitamin A-palmitate and 3 mg tocopheryl-acetate

in U.1 ml arachis oil.,.

Table 1. °
Characteristic factors of the blown soybean oils used during
thie Feeding tests 1 and 2.

’- -
ik 8i1  8j2 Sjs siY SiKW  Sjs  Sj6 Sj7  Sjs

Blasesciten Std. | — 5 10 15 20 - 207 80 43 716
Luftmenge m%kg & — 0065 0192  0.10¢ 019 — 0.7 11 17 5.0
Jodmhl % 125 121 115 109 109 130 110 96 75 70

Pcroxydznhl 32 ‘ 2.0 2.4 1.8 3.7 13.3 14.2 12.1 7.6 1.4
Saurezaht 0.23 0.41 0.55 0.58 U.80 0.0 1.6 2.4 2.8 3.7
Epoxydzahl - 0.1 1.30 1.90 1.44 2.60 0.27 6.3 8.1 8.1 54
llydruxylzahl - 3.2 2.8 4.4 4.7 8.6 0.0 20.7 21.6 33.0 38.5
Vcrscifungszahl :» 192 193 196 193 198 . 184 196 199 197 208

1) Blowing perlogs, hours
2) air volume, /kg

3) Iodine number

4) Peroxide number

5) Acid number

0) kEpoxide number

7) Hydroxyl number

8) saponification (hydrolysis) number



buring Feeding Test 2 which had a duration of 8 weeks, the oils

5 KW and the blown oils Sj 5 to Sj 8 were tested with the same
method. Lauch group included 20 males and 20 females of the same rat
breed as used tor Feeding Test 1. The fat resorption was additionally
suvestiyguted here. The diet was composed as follows: 200 rat, 33.3w
skim milk powder, 3V % mondamin, 10% casein, 2% cellulose, 2 yeast

and 0,7% salt mixture.
Vvitamins were added as for Feeding Test 1.

teeding fest 3.

*)
e blown soybean oil used for this test had the following characteristic

tactors: iodine number 109, peroxide number 8.0, hydroxyl number 20,5,

epoxide number 0, viscosity (at 20%¢) 141 cp.

teeding Test 3 was likewise implemented with Sprague-lawley rats.

neeping- and feeding technique corresponded to (methods used for)

Feeding Tests 1 and 2. The diets were composed as follows({,.):
L 11 Ity

slown soybean oil 20 5 2.5
Ulive o1l - L5 ' 17.>
slondamin 35 38 38

Skim milk powder 39.5 39.5 PR
LCellulose P4 2 2

balt mixture 0.5 0.9 Uad

soring fests 1 and 11 the {fodder was supplemented with 1710 ol

o vitamin B-complex pill (HOLFHANN-LA RUCHE) and 2 drops of codliver
0il per animal and per day. During Test 11l tae vitamin B-coumplex

was substituted by 1 drop of Protovit (liquidj of HGFEFMANN-LA RUUHL,

I'he topopherol-doses are shown on luble 4,

ibach group included 20 males and 20 females. [he durativn ol the lests

I and 11 was 12 weeks, and 16 weehs tor Tlest til.

Jetermination ol the rat resorbtion.

a) Utilization: for this purpose, the rats were hept in metabolism

cages. lhe Teces excreted during one weekh were idried in the vacuum
desiccator over silicagel and the dry weight was determined. 1.90 g

dry feces was weighed into cut glass test tubes, mixed with

5 ml of nHCI and heated for 10 minutes in a water bath. The feces

was then was then finely suspended in the hydrochloric acid with

the glass stamper and addedf after cooling to a mixture oif 5 ml
petro-ether and ether, 1 : 1 .

*) We wish to thank Prof. vr. h.c. H.P. RAUFMANN Jor providing the o1il,
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flie cut glass containers were sealed after vaterproolring of the

cuts with glycerine and vigorously agitated overnight. Centrifugation
wis carried out on the following day; the petro-ether—ether layer

was decanted into a small glass vessel lor weighing and the extractiun
wis repeated with the same method with an additional 5 ml of the
solvent-mixture. The united extracts lost most of the solvents while
standing overnight. The rest was removed through evacuation in the
vacuum desiccator over silicagel. The extracted rut was subsequently
weighed. The consumed fat quantity was known on the basis of the

food analysis and the determination of the feed intake (see above).

Ilie utilization ("apparent rat .reabsorption's) will then result as:
, tat excretion
Utilization = 100 (1 -

lat intake

IThe rats ol Feeding Test 2 served for the determination ol the
utilization,

L) buration of stay in stomach and intestine:

duts weighing 135 to 235 g were used for these tests. Firstv, the
animals received the standard rat feed of LUTZ and water ad libitum;
they were kept at an ambient temperature of 22° 2 2%, 48 uhours belore
the start of the test feed was withheld, while drinking water remained
available for them. Then each animal received 200 g of oil per

each 10U cmzor body surface through the esophagus tube., Thie precise
determination ot the oil volume was carried out by weighing the used
injector before and alter the oil application, The animals were hilled
5 and 0 hours after the oil application. FYFollowing the fastening

of ligotures to the cardia, the pylorus, hehind the passage to the
colon and at the rectum, the stomach and the cumerging intestlne sectors
were remuved and the content was in each case rinsed with ethor,

after adding Na ,SO, for desiccation purposes, the extractis were lel't

4
standing overnight. After additional rinsing with ether, Llhey were
then filt red into small glass tubes for wergiing. fhu ether was
evaporated and the rusidue weighed. The same blown soybean oil OlJ

was used for these tests.
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¢) Kvacuation of ftat through the intestinal lymph: Rats
(5PHAGUE-Dawley) weighing 250 to 300 g were used for the tests. First, .

the animals received the standard rat feed of LATZ for some time, plus
drinking water ad libitum; they were kept at a temperature of
22Y22%., 14 hours before the start of the test, feed was withheld.

onder ether narcosis the abdominal cavity was opened, the intestinal lymph
duct is located and freed after _careful preparation--as described

by J.k. BULLMANN and collaboratorsl4—— and a fine Pv¥C-catherther was
inserted. After closing ol the abdominal cavity the animals were

placed into BULLMANN-cages and the draining lymph was collected 1n

craded measuring cylinders. The tests itself was actually startved

I hours after the termination ol the operation, when the anlimals had
recovered froﬂ the narcosis and constant drainage oJi lymph occurred.

The animals then received 0.25 ml untreated or blown (01U) soybean

oil respectively, per 100 g ol body weight, administered with the aid

ol the csophagus tube. After 1,2,3,4,5,0 and 24 hours the excreted

Lymph fluid was removed and the fat volume contained in the same was
determined. The fat was extracted from the lymph according to BLUOR,

the solvent was evaporated, the residue integrated with chloroform

and dried over NA2504. fhe extract was subsequently desiccated 1n
pre-weighed small glass tubes which were weighed alter canstant

weight was reached.

Cflect on the motor system of the stomach—intestine tract.

40 mice weighing 20 g each were used lor the tests. ulore the

tests Ul animals received LATZ dry teed and water ad libltum,

48 hours before the start ol the test the dry feed was witihbela aml the
animnis received a 5% glucose-svlution and tap watcer ad tibitum.

Then untreated and blown soybean oil (VLU) was applied lo tue animals
througl the esophagus tube in quantities of U.2% and .50 mi oper |
LOU g ol bouy weight, whereby a group ol 10 anlmals wus used tor each
dosage. < hours after the application ol the oil,5 ml per 100 g

ol bouy weight ol an ink solution was administered per os  to the
animals;the solution was made ol 1 part pearl inik and 4 parts

water . 40U minutes after the application o!f the ink the unlmals

were killed and the intestine as well as the stoaach removed.

fhe ink conveyance was then verified in the intestine, starting

from the pylorus and the ink transport Wwas expressed in

percentage according to the lengtnﬁof the intestine,
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Lfttfect on the pall secretion

The test were carried out with rats weighing from 150 to 210 ge
Prior to the test they received the LATZ stahdard rat feed and
drinking water ad libitum. 16 hours before the start ol the test
the food was withheld, but drinhing water remained available for them.
Un the test day the abdominal walls were opened under ether narcosis,
a thin PVC-cannula was tied into the ductus choledochus, and a
somcewhat thicker [PVC-cannula was ligateda in the upper small intestine
beneath the papilla vateri. After closing oi the abdominal walls

the animals were placed into BOLLM{ANN-cages and the draining gall

was collected in graded meusuring cylinders. 30 minutes after the
termination of the operation the cholerese -tests were started.

First, the gall secretion (void period) was verified. Subsequently

5 animals received 0,2 ml untreated soybeun oil per 1uv p of body
weight through the small intestine cannula snd 5 animals received

the blown soybean o0il 101, rhe gall secrection was observed up to

> hours after the administration of the o0il. ior the purpuse ol
balancing the fluid loss caused by the gall secretion, the animals
received in intervals of 2 hours each adequante quantities ot a
physiological saline solution, applied intraduodenaltly.  Tioe gall
voluiues secreted by each animal werc in each case corrciuted to the

void period and expressed in percentages of said value.

Efiect on the secretion of water, sodium and chloride by the kidney.,

ats weighing from 140 to 180 g were used tor the tests. First, the
anlmals received for some time the LALZ standard rot feed. 14 hours
before the start of the test feed and water were withheld and 5 ml

ol a 2. NaCl=-solution ver 10U g ol body welght was sdministered to

them through the esophagus probe. Un the folluwing day ticy received
through the esophagus probe 5 ml of tap water ner )0 & ol body weigut,
either separately (control) or simul tancously with the L.p. ingection
ol 9,5 ml ol soybeun o0il per 100 g oi hody weight iuntreated oil,and
the blown 0il 010 respectively). 10 animals were used for each test

series. In each case, two animuls were placed into w metabolism cayge.,
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The secreted wurine volumes were collected for +1,2,3,6 and 24
tiours after the start of the test. After the determination of the
quantity the sodium was flame-photometrically determined and the ‘
chlorine was determined according to VOLLHARDT., The obtained values
were uniformly cénvertéd to 100 g body weight.

Liver function test.

Trie bromosulftéhalein-test was performed as follows: first, a blood
sample was talen from the tail end which (sample) served as void
value (Leerwert) for the compensation of the serum application
color. After scabs had formed on the tail lesion, a bromosulfthalein
volume of 25 mg/kg of body weight was injected into the tail vein
aind an isovtonic citrate bufler solution $praying followed imme-
diately, so as to eliminate dye residues from the cannula and to
prevent their overflowing into the tail tissue. A stop watch was
started 1mmediately after the termination of the injection; 1 minute
and 20 minutes after the ‘termination ol the injection one turther
blood sample each was taken from the tail end. The blood samples
were drawn into capillary tubes having a diameter of 1,3 mm and
a length of 110 mm. The capillary tubes were subsequantly unilaterally
sealed by melting and centrifuged for 10 minutes at approximately
3000 UpM (revolutions per minute). The serum obtained thereby was
transferred 1into a 20 mm)—volume pipette and empticd into small
test tubes which contained 0.48 ml n/10 NaGl. A 25-fold tiquefaction
ol the serum is thus obtained; 1t shows a reddish-viglet color,
corresponding to its bhromosulfthalein-contemt. The bromosulfthalein
concentration was colorimetrically measured. LUhe nieasurcuent took
place with the EPILNDORE photometer at a wave length ol 573 mi,) ’
using semi-micro cuvettes. lIn each case, the serunm sample tahen
beforc the dye injection served as void value (Leerwert),
'ie bromosulfthalein-retention in the¢ serum, present LU minutes
after the dye injection, was expressed in % ool the l-minute value and

computed according to thE following equation:

Roo% =29 -190
R 5= dye retention in %
Ezoz xtinction coefficient of the 20-minute value.
ESY=_ kExtinction coefficient of the l-minute value,
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Lifect on the dextran paw-edema of the rat,

Peanut o0il was used for these tests which had been blown through

tor 5 hours at 150°C by an air jet ot 1.5 1 per kg and per minute.

18 rats weighing 150 to 200 g were subjected to the tests. The animuls
were divided into 3 groups of 6 animals each. Group 1 (control)
received 0.5 ml water, Group 2 received 0.5 ml untreated peanut oil

and Group 3 was given 0.5 ml blown peanut oil per 100 g of body weight
through the esophagus probe. Immediately afterwards O.l ml of a dextran
solution (Marcodex,10%, business firm KNULL) was subcutaneously injected
1nto one hind paw and the developing paw edema was determined according
to the plethysmographic method of A. ENDERS and collaborators. fThe paw
swelling was in each case expressed in percentages of the original
datum and the timely development was graphically represented al'ter

the start of the test,

Lirfect on the enzyme system.

e tollowing were used as enzyme systems:

@) 1Up rat liver homogenate in 0.15% KChL-solution.

by CLyclophorase-system from rat liver (according to D.L. GiRLEN and
collaboratorslb).

¢) itat liver mitochondrion, prépared in V.25 ml cane sugar solution
according to W.C. SCHNEIpErL?/,

fhe mixtures were agitated in waltisUkG-containers at 37YC and the

usygen absorption was manometrically measured during 1 hour.

I'ne starting solutions with liver homogenate contained:
O.5 mi homogenate with 4 to 5 mg N; U woi (gram molecules) substratum;

J.067 m phosphate buffer pH 7.4, with v total volume ol 4 mi.

fhe starting solutions with cyclophorase-system contained:

V.5 ml cyclophorase-system, corresnponding to 0.5 y iresh liver,

3 to 6 mg N per mixture; 50 mol substractum; 0.013 phephate buffer
pH 7.4; U.001 m ATP; 0.9012 m Mg504; .03 mot  cytechrome ¢ 3 final

volume: 3 ml.
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fhe starting solutions with mitochondrion contained:

V.5 ml mitochondrion-suspension in 0.25 ml cane sugar solution,
corresponding to 0.5 g fresh liver; 1 to 2 mg N per mixéure; 50 " mol
substratum; 0.015 m AH2P04; 0.029 m ATP and 0.015 .mol cytochromne c
in a final volume of 2 ml.

TABLE 2

weight increase, feed intake and protein efticiency during the

feeding of slightly blown soybean oils.

[ SiK Sl Sz Sig, Sj 4

T (Kontrolle)

- 4 Gewichtszunahme .
in 2 Wochen ~ T 48 44 42 40 35
in4 ., 108 98 99 96 88
in5 . 127 127 126 118 110

- Futterverzehrin g :
in2 Wochen =~ 107 117 107 112 98
in4 . - 248 265 248 260 284
in5 . 326 350 326 340 309
" Protein-Efficiency

in2 Wochen ~ 2.87 2.21 2.35 2.11 2.09
ind . 2.45 2.19 2.36 2.18 2.27
in5d . 2.31 2.14 2.29 2.06 2.10

Die Zahlen sind Mittelwerte von je 20 Ménnchen,
Fettdosis: 20 Gew.-%s im Futter

1) \Control)

2) Weight increase

37, 95), 7) in . . . weeks. . .

4) Feed consumption in g

0) Protein efficiency

8) fhe ligures are average values for 20 males each;
rat dose: 20 weight % in the feed.

vJetermination of the organ weights and histological examination

Ine animals were exsanguinated during cther narcosis and subsequently
dissceted.

statistical evaluation

I'ne statistical exgluation ol all tests touk place according to the
t=test ol SITUUENTT T,
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lesults

Feeding tests

five weight increases observed during Feeding Tests 1,2 and 3 as

well as the feed consumption and protein elfficiency are shown on

Iebles 2 to 4., The statistical evaluation ol the tests with slightly
blown soybean oils Sj 1 to Sj 4 (Table 2) arc significant {(p = 0.001})
only tor the weight increase diflerence bhetween the control group and
wroup 8) 4, No detrimental effect resulting from the feeding of the
iess strongly blown oils Sj 1 &0.5) 3 could be detected, even with

high dosages; the rfeeding test, however, was ol short duration only.

At variance from the above, the stronger-blown oils S5 5 to Sj 8

proved to be toxic, As shown on Table 3,a considerable growth
inhibition resulted in Group Sj 5, i.e. in blx of the males and 57%

ul the females, related in each case to the b-week value. sut no

deaths occurred in this group. [he yrowth delay was even more pronounced
in Group O (67% for the males, and 69% tor the females). The highest
toxicity rate became evident also when 3 animals o this group died
{males only). The toxicity of the oil Sj 7 was even stronger. GUrowth
detay in males dmounted to 73% and to ©l% in females. A total of 14
animals (35/% of the used 40 animals) died, whereby the mortality rate

and growth inhibition was once more higher among males than among
females. {he still stronger-blown oil 53 8 caused a simltar growth
inhibition, but the mortality rate was lower (7 rats, males oniy,
corresponding to 18% of all animals used). Jihe observed growth u elays
were highly significant with p = 0.001, as compared to the control group
by hAW. dhe fact that the consumed feed voluric remalned unchanged and
that the protein efficiency decreased covusiderably prove that the

growth inhibitions were not due to a4 reduced leed consumption--possibly
for organoleptic reasons; this indicates a serrous discorder oi tihe

albumen umietabolilsm,

Suwmmarizing, i1t can accordingly be established tiat with increasing
(vil) blowing intensity, the tvoxicity does at first increase, reachiag
u maximum with oil 53 7; .subsequently, the toxicity drops again,

No strict correlation results hereby,however,with thic characteristic oil

datva shown on Table 1 . In our opinion, the cause ol the subsequent. toxicity
decrease can be ascribed to the deterlorating resorption oy the traction
which 1s-primarily hera responsible tor the toxicity, adccording to the

data in literature and according to sowne ol our own preliminary tests

1t is primarily the fraction of the dimers which shows « high tuxicity rate,
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TABLE 3.

weiyht increase, feed intake and protein efficiency during

the teeding of strongly blown soybean oils.

I4

1 SjKW  8j5  Sj6  Sj7  Sj8
(Kontrolle)
2. Minnchen
3. Gewichtszunahme in g
in 2 Wochen ].'. 49 16 12 12 14
ind 117 45 36 31 40
iné 168 66 54 ;
ins . 194 80 62* 57 13
Zahl der Todesfille 0 0 L] 10 7
£ Futteraufnahme in g _
in 2 Wochen 120 105 91 92 109
in4d 278 229 206 192 213
. iné , 462 381 331 354 356
in8 , 646 522 401 * 444 464
é Protein-Efficiency
in 2 Wodhen l.} 2.19 0.76 0.66 0.65 0.68
in4 1.90 0.89 0.30 0.72 0.85
in6é 1.64 0.78 075 ~ 064 0.72
in8 1.36 0.70 0.70* 0.58 0.47
7 Weibchen
+§ Gewidhtszunahme in g
in 2 Wochen L} 48 10 8 9 10
ind4 99 38 25 35 32
in6 181 56 41 52 51
in8 150 66 44 56 42
7 Zahl der Todesfille 0 0. 0 4 8
,oFuttcrauI' nahme in g
in 2 Wochen L’ 120 96 95 87 102
in4d 275 216 205 191 202
in6 442 352 325 316 344
in8 620 484 388 * 431 459
[ | Protein-Efficiency
in 2 Wodhen L' 2.17 0.56 0.44 0.55 0.51
ind4 L7 0.80 0.56 0.82 0.72
in6 1.34 0.72 0.58 0.74 0.67
in8 . 1.10 0.62 0.52 0.58 0.42

ﬂ’ Bei der Gruppe S] 6 betrug die Versuchsdauer nur 7 Wochen.
Mittelwerte aus jewelis 20 Minnchen und 20 Weibchen

1y
)
3)
4)
5)
G)

(Control) 7)
Males 8
weight increase in g 9)
in . . . weeks . . 10}
Feed intake 1in g 11)

Provein efficiency

remales

welght increase in g
Number oi deaths
Feed 1ntake in g
Proteln efficiency

12} *jFor Group Sj 6 the test perioa duration was 7 weehs only.
Average values of 20 males and 20 temales in euch case,
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LTABLE 4

Urowth and protein efficiency during feeding of the blown spybeun oil (i)

] 0 OlinPuter 1 5% Olin Putter Z 25%00lin Futter
3 geblasenes * geblasenes ’ geblasenes, |

2 gebla-  Sojasly 2 ggla- Sojasl & X gebla-  Sojadl

Kon- senes + Toco- Kon- senes  + Toco-  Kon- senes 4 Toco-

trolle  3ojadl pherol trolle Sojail pherol trolle Sojaél  pherol
(2 mg/Woche) (2 mg/Wodhe) (2 mg/Wodhe)

Minndien (je 20) ? T

Gewiditszunahme in g ‘
in 2 Wodien "7 s8t12 220t15 21+18 40208 3714 34113 S9t16 39t24 38+ag

in 4 ‘ 76185 41120 388+19 76112 62+28 63%t24 77+28 68125 7TI:ss
in 6 . 104 £ 24 — - 67140 11587 96124 106123 128+58 11189 11051
in 8 125+ 83 - 92447 16436 127188 186181 15164 186+52 142+G6
in12 21851 194 197
in16 192 186 192 241 £ 4.1 228 229
Gestorben in 8 Wochen § 0 19 0 0 0 0 0 } 0
Protein-Efficiency ~ q
in 4 Wochen 7 2.78 1.70 1.70 2.84 1.98 2.02 2.39 2.18 2.18
in6 2.83 - 1.38 2.10 1.95 1.90 2.36 2.25 2.16
in8 2.08 - 1.76 2.08 1.80 1.70 1.90 1.92 1.95

Weibchen (je 20) 10O
Gewidhtszunahme in g

in 2 Wodien 7 S4t18 20t12 2t11) 39 38 81 36 38 87
in4 . 6932 87182 39%16 71 48 60 65 70 64
mé6 . ‘ 90 + 8.2 - 6428 97 84 90 89 95 ]
in§ 105 £ 29 - 82185 128 100 108 102 m 100
Gestorben in 8 Wodsen {9 0 11 0 0 0 0 0 0 0
Protein-Efficiency /3
in 4 Wodhen 7 2.51 1.58 1.65 2.20 1.52 1.86 2.02 2.96 19
in6 . 2.05 - 1.68 1.81 1.76 1.69 1.78 2.03 1.79
in8 1.76 — 1.48 1.61 1.45 1.46 1.47 1.70 147

1} « « . % oil in teed
2) Control
3) blown soybean oil

4) blown soybecan oil + tocopnerol (2 mg/week)

g
5) dMales (20 each)

6) wmeipght increase in g

() in . . . weehks

8) vied within 8 weeks

9) Protein efficiency

lU) remles (20 each)

11) weight increase in g

l2) Died within 3 weeks

13) Protein etriciency
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TABLE 5

water intuhe during the feeding of blown soybean oil.

Sj KW iV §j VI Sj vII Cosj v

absolut g/g  g/g absolut g/g g/g absolut g/g g/g absolut g/g g/g absolut g/g g/g
le] KGQFutter [g] KW&Futter ] KG9Futter [g] KG.?Futter (2] K(ﬁ Futter

Minnchen 3
in 2 Wodhen L’ 240 235 200 249 329 237 245 371 274 216 348 285 242 861 2922

in 4 " 557 821 200 557 530 243 58 583 260 457 532 233 48 502 299
in 6 - 923 4.18 200 896 7.11 230 857 702 259 687 701 206 727 649 204
in & - 1269 513 1.95 1211 858 . 2.32 — — — 1020 9.1 229 1066 10.10 2.29
Weihchen 5 .

in 2 Wadhen 233 291 194 285 867 284 228 405 230 288 370 258 256 4.18 298
in4 . 14 836 18T 522 629 242 517 G54 252 514 600 268 561 G52 2R
T $28 448 187 RG2 784 245 847 892 261 RIR .67 249 K85 KRGl 258
ns . TIX4 580 191 1190 991 246 — — — 1184 1058 267 1218 1258 265
1) Absolute 5) Females

2} Feed _ _ 0) in . . . weeks

J) dales

4) in . . . weeks

Yhe growth tests 1 and 2 were performed with high dosages of

2U weight=7% r'at in the feed. We therefore investigated the

1imiting (critical) dose during an additional test (IFeeding test 3):
starting t{rom said dose,harmful eflects can be expected. At the same
time, it was of interest for us to obtlain hnowledge regarding the effect of
tucopherol on the toxicity of the blown oil. Table 4 shows the result
ol this test. It is evident that while additions ol tocopherol have

a certain effect——they forestall high mortality, tor example, in.

high (20%) o0il dosages--they are not able to influence the considerable
growth inhibition of 46jc in males as well as in lemales (on the basis

ol the 4-week value}, A growth inhibition of 23% in mules which
usually show stronger reactions during such tests taun females,

could still be veritied when the blown o1l content oi Lhe Leed was 5%,
lowever, a statistically certain growth inhibition coulc¢ no longer

be established when supplying feed with a 2.5, o1l content. Une animal
of this group nevethless died; therefore the toterability without
svmptoms of said oil can be assumed only for a dosuape of less than

'
> 5
Soe 5/9.
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fhe water consumption ol' the animals was likewise detrmined in the
course of Feeding lest 2. As known, increased consumption of water

due to a malfunction of the water system is an early symptom of essential
fatty acid deficiency.  Proportionately to body weight, the water
consumption of the animals in Group Sj 8 (Table 5)has definitely
increased. An increased water consumption resulted for these groups

as com ared to the control (Sj KW ; also relatively to the consumed
feed volume. rurthermore, Table 5 shows that the modifications ol the
water system approximately paralleled the toxicity. It will thercfore
be necessary to discuss later whether the toxicity o1 blown oils

might be attributed (entirely oy partially) to a deficiency ol essential
fatty acids. At this time, we are still analysing the effect of

modified fat feeding on the water consumption.

Utilization.

As Table o inaicates, we found an utilization of 97 to 99% in control
animals and in animals prior to the test; this coincides with data
in literature concerning the utilization of the customarye

edible fats and oils. when feeding the strongly blown soybean oils

5) 5 to 53 8, the utilization deteriorates. isut the deterioration
remains within moderate limits, and(substantially)does not exceed
10%. Tthe single values of the animals were considerably scattered
during said tests. It became evident,on the whole,that the
utilization continued to deteriorate simultuneocusly with the increase
o' the oxidation rate. The minimum occurred in the group which

had been given the o0il 8i 7. The stili stronger-blown oil ) 8
showed .an utilization (rate) which was approximately the same as lor

Sy 7.
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TABLL 6

Utilization of blown soybean oils (in %)

32 3. 36 3

, Leer-
/‘I Gruppe J, wert Wochen Wochen Wochen Wochen

Sj KW Minnchen [J97.2 984 - 984 962 977
. Weibchen d 975 984 981 974 972
Sj 5 Minnchenl/ 989  96.7 93.8 95.5 88.4
. Weibchen§ 982 957 924 927 940
Sj 6 Minnchen§ 98.1 54.5 88.8 86.8 -
” Wcihdnenj 97.5 98.7 90.0 89.4 —
Sj 7 - Mannchenfy 992 903 896 890 897
Weibchen y 987 878 872 . 921 926
Sj 8 Minnchent/ 97.7 896 954 893 901
. WeibchenS 980 895 899 908 877

Die Ausnutzung wurde jeweils an 5 Tieren bestimmti;
wiedergegeben sind die Mittelwerte

1) Group ' 4) Males
2) Void value 5) Females
3) Weeks

L) Utilization was determined for 5 animals in each case;
averaye values are shown,

Juration ol stay in stomach and intestine,

Table 7 shows the o0il volumes recovered in the stomach, small intestine,
colon and 1n the stomach + total intestines, 3 and 6 hours after the
application of untreated and blown soybean oil (0.2 g/100 cm” surtuce),

and the oil resorption resulting lrom the latter. As can be established,

3 hours after the administration oi the soybean oil, 20.6% ol the

same are reabsorbed, while 37.7% of the untreated oil had already bheen re-
absorbed. This dillerence (according to the results oi the statistical
evaluation ) should be regarded as highly significant, with p = 0.001L.

when the recovered o0il volumes from the stomach and i1ntestine are
subsequently compared, it becomes evident that much larger quantities

ol 01l are recovered in the stomach after the administration of blown
soybean oil than after untreated soybean oil. Un the other hand, no

major difrerences exist in the small intestine ana in the colon

regarding the recovered oil volumes 1in both test groups.



~Six hours after the oil application the difference between the
reabsorption of the two tested oils is even more pronounced.
While at that time 93.7% of the untreated soybean oil is reabsorbed,
the reabsorption of the blown soybean oil amounts only to 49.5%,
buring the statistical investigation this difference proved to
be highly significant (p =< 0.001). Furthermore, ¢ to 3 tiwmes
more bluwn soybean o0il than wuntreated soybean o0il is found in
the stomach, small intestine and colon 6 hours after the oil

application.

According to the submitted results, the blown soybean oil under
iﬁvescigutiun here is reabsorbed at a much slower rate in the rat
intestine than the untrcatved soybean oil. The inhibition of the
intestinal motor system, which was detected during the following

tests with mice, could possibly be decisively involved here.
TaBLE 7

iteabsorption of untreated and blow soybean o0il in the rat intestine.,

ltecovered o1l volume in v of the supply.

5
/’ 2 3 l‘{ resorbierte Ulmenge
Magen Diinndarm Dickdarm Magen + Darm  in % der Aufnahme
é 3 Std. nach Gabe
7 von unbchandeltem Sojasl 235146 828%7.4 65119 629t138 87713
4 3 Std. nach Gabe :
& von geblasenem Sojast 357169 851 %81 3615 744110 256115
6 6 51d. nach Gabe '
q von unbchandeltem Sojadl 74%19 127+1.8 63+138 263 %28 787122
6 Std. nach Gabe
[Dvon geblascnem Sojaél 192+ 49 192+27 120 + 4.1 50.5+29 495+29

,I Mittelwerte von je 10 Tieren; U1 010

l) Stomach ). . . hours aftter application
2) Small intestine 7) of untreated soybean oil

3) Colon 8) + . of blown soybean oil

4) Stomach + intestine 9) . . of untreated sovhean oil
5) lleahbsorbed oil volume 10, .. orf bLlown soybean o1l

in  of the supply
11) Average values for 10 animals cach: oil vVlO.
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Evacuatvion of fat through the intestinal lymph.

As shown on Illustration 1, the rat content of the intestinal lymph
rises rapidly'to high values after.the application of untreated soybean
0il, The maximum is reached after 3 hours. Up to the 6th hour the fat
content drop is minimal; the initial value is reached after 24 hours.
Afver the administration of blow soybean oil no lymph fat content
increase whatsoever occurs at first. A minor increase is evident only
tfrom the 5th hour on. The slow and unsatisfactory reabsorption of blown
lats, determinable during the previously mentioned tests concerning

the wutilization and stay in stomach and intestine of said fats, 1is
confirmed by the available results of tests with lymph-iistula rats.
How far modifications rélated the absorption of auto-oxidized fatty
acids into the chylomicrons are involved during the observed phenomenon

must bereserved’ for future investigations.

an
. e
J wrida'm'vhsl&y'a \
- ”
\1:"3;; e o e e
f§= //-' umgas ¥
S EARE=U)
d 7 2 3 [3 5' & Sid. 7-26

Illustration 1. Fat volume of rats secreted with the lymph after the

oral administration of untreated and blown (Ul0) soybean oil
(U.25 m1/100 g body weight). (average values from 6 tests in each case).
1) Fat secretion through the intestinal limph (mg/100 g of body weight)

Z2) untreated soybean oil. 3) blown soyhbean oil; 4) 6 hours 7-24
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Efiect on the motor system of the stomach-intestinal tract,

Lhe following becomes evident from Table 8 which shows the effect of
untreated and blown soybean o0il on the ink conveyance in the mouse

intestine:
TABLE 8

Litect of untreated and blown soybean 0il on the ink conveyance through
the intestine (o0il 010):

Tuschetransport
1 Behandlung &Tienahl in % Darmlinge
n £ b 4
unbechandeltes Sojadl ¥
(0.25 ml/100 g) 10 8020  + 198
unbehandeltes Sojaal‘f
© (0.5ml/100 g) 10 45.61 £10.62
geblasenes Sojadl 5(
(025 mi/100g) 10 28.02 + 847
geblasenes Sojaél (J
(0.5 m1/100 g) 10 788 882
1} Treatment 2) number o animals 3) Ink conveyance in
7% of intestine length
4) Untreated soybean oil 5) Blown soybean oil,

After blown soybean oil,the ink trahSportation in the intestine is
definitely slower than after untreated soybean oil in corresponding
dosages. Accordingly, ink conveyance after the application of 0.25 ml
011/100 g body weight is roundly 80% of the intestine length with untreated
soybean o0il, and only 28% with blown soybean oil. After the application

of 0.5 ml 0il1/100 g hody weight the ink transportation is found to be

46/4 01 the intestine length when using untreated 0il, and 8% when using
blown soybean oil. It is necessary here, so as to bu.able to interpret

the findings, to be acquanited also with ink conveyance {(data) .related to
animals which did not receive preliminary doses ol oil. Such measuremeﬁts
were recently carried out by us; the result was for u group ol 10 mice
which had not been given any o0il, but under otherwise identical test
conditions: an ink conveyance of 51.222.13% of the total intestine length.
when this value is couwpared %9 those obtained after oil applications,

the following statement can be made concerning the eflect on the intestinal

activity:
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fue intestinal activity is definitely stimulated aiter the application

oi 0U.25 ml untreated soybean 011/100 g, as compared to the controls

not loaded with o0ily; after the ap: lication of V.5 ml untreatéd soybean
orl,; 190 g no diflerence 1is evident,as compared to the control,régarding the
tatestinal activity; atter doses of U.25 and 0.5 of blown soybeun 0il/10U g
@ detinitve inhibition o1 the intestinal activity occurs, as compared

to the control group which had not received any oilj the inhibition

teteoniiles with increased oil supply.
fne determination of the differences between the corresponding doses of
control oil and blown o0il is statistically consistent (p =« 0,001}
TABLE 9
Cholerese (bilej tests with rats. (Uil 010Q)

Behandlung ) Galle-Ausscheidung in %s der Leerperiode ~
1. 2. 3. 4. 5. Std. nach
Ulgabe
unbehandeltes Sojadl 0.2 ml/100 g L}' ’

intraduodenal (n = 5) o — 142142 + 222+9222 — 288 +1.84 —9.5610.70 — 150 *1.40
geblasencs Sojaél 0.2 ml/100 g r E

intraduodenal (n == 5) + 14.26 * 2.67 + 154 *434 + 9.46 ¥ 4.67 + 524+ 580 — 5.08 £2.08
i) lreatment 2) Bile secretion 1in % ot the void period

3) 5 hours aiter the oil application
4) Untreated soybean oil, 0.2 ml/lUQ g, intraduodenal (n = 5,
5) islown soybean oil, 0.2 m1/100 g,intraduodenal { n = 5).

Litect on the bile secretion,

Iable 9 shown the effect of untreated and blown soybean o1l on the

bile secretion ot rats. Accordingly, untreated soybeun oil (0.2 ml/100 g,
intraduodenal) hardly causes any substantiol bile Secretion changes up to 3 hrs
alter the o1l application . Subsequently, the gall sceretion definitely
decreases; by the end ol the test ( 5 hrx atter the oil application)

the secrction is 15% below the vilue ol the preliminary period.  fhe

courSe ol the secretion curve is entirely Jdiflerent al'ter the administration

ol blown soybeun oil in corresponding dosages., The bile secretion

increases over 15% during the lst and 2nd hour aiter the 0il was given.



vuring the following hours the bile secretion drops. Uuring the 3rd and
4th hour after the application of blown oil it is still definitely above
the initial value; by the end o1 the test period the value dropped

by =5%, only slightly below! the above value. The statistical
computation showed that the differences between the two groups are
highly significant (p= > 0.001 for the lst hour;p = 0.02 for the <nd,
jrd and 4th hours; and p = " .0.001 for the 5th hour).

inese tests did not reveal what causes said stimulation of the bile
secrvtion. The following causes are possible: 1) formation of

active substances in this respect during the auto-oxidation, and 2)

tnhe choleretic effect could depend on the verified prolonged retention of

the blown oil 1in the stomach and intestine.

-

Seceretion ol water, sodium and chloride through the kidnevs.

viuresis-tests with rats show that the i.p. injection ol untreated

and blown soybean 0il to the amount ol 0.5 ml/100 g bouy weight
certainly aftects the urine excretion. As shown on Tllustration 2,
urine excretions evidently increase after the oil application during the
Ist and 2nd hour ot the dihresis-test, as compared to the control group.
After doses of untreated oil the excretion increases moderately here,
while it increases considerably alter doses of blown oil, osince during
the following hours oi the diuresis test the urine excretions after oil
applications approximately 'match those ol the control group, or are
slightly higher than the latter, the total excretion after oil
applications likewise increases, i.e. it is considerably higher after

blown o1l than atter untreated oil.

bl
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Harnausscheidung lmi/t00 g
L)

P

ey

VRINE EXCRE

4

M
724 1-20.8rd

Lilustration 2. Urine excretion ol rats (average values of 10 animals)
after the oral application of 5 ml H,0/100 g body welght (empty columus
and simultaneous i.p. injection ol unfreated (shaded culumns) and blown
(black columns) soybean oil.

0il dosage: 0.5 ml/100 g body weight/ oil OlU.
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’TABLE 10
Urine, sodium and chloride excretion of rats after the i.p. application

of untreated and blown soybean oil.

’1 Ausscheidung innerhalb von 24 Std./100 g Kdrpergewicht

Behand- 3 Harn cl Na Cl
lung gty } &1 S & 1
Kon-

trolle 427 $0.37ml 0241 £0.031 mAq 0.1983£0.052mAq
7 unbchandeltes
1 Sojast 0.5 ml/ .
100gip. 4502014ml 0.15220017mAq 0.130+0.015mAq

geblascnes
9 Sojaol 0.5 ml/
100z ip. 5351-029ml 0.192+0.008 mAq 0.161+0.018 mAq

1) Lxcretion within 24 hours/100 of of bouy weight.

2) Treatment 3) Urine 4) Sodium 5) Chloride
0) Lontrol
7) Untreated soybean oil. . . 8) slown soybean oil ., , .

Table 10 shows the average values obtained thereby for tie total excretion
‘and their simple and average errors, for each animal  group.

The statisticil evaluation of the results shows that the urine

excretions of the control group on the one¢ hand, and those of the

animal grouﬁ treated with blown oil on the other hand dirrer
signiticantly ( p " 0.05) from cach other. turthermore, a rewarhable
difrerence is likewise evident. between the urine excretions ol the

animal group which received injections ol untreated soyhean oil on

the one hand, and the group which received injections of blown 0il on the
other hand ( P =<; .05 :> U.002)., no definite difierence exX1sts,
however,between the wurine excretion voluics ol the control group on

the one hand, and those of the animal group injected with untreated

soybean oil.
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Abb. 3. Rectal-Temperatur von Miusen nach oraler Gabe
von 0.5 mi Sojadl pro 100 g K.-Gew.

7 Kurve 1: Sojabl, unbehandelt (Sj KW 1)

o] Kurve 2: Sojasl, 2 Std. bei 170° C autoxydiert (Sj 1)
3 Kurve 3: Sojasl, 9 Sid. bei 170 C autoxydiert (S} 5)
I§ Kurve 4: Sojaél, 24 Std. bei 170° C autoxydiert (Sj 7)
B Kurve 5: Sojadl, 44 Std. bei 170° C autoxydiert (Sj 8)
b (Kurven == Mittelwertskurven fir n == 10)
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lllustration 3. ectal temperature ol mice after the oral application

ol 0.5 ml soybean o0il per 100 g of body weight.

1) Curve 1: soybean oil, untreated (Sj KW 1) o

2) Curve 2: soybean oil, auto-oxidized for 2 hours at 17000 (Sj l)

3) Curve 3: soybean oil, auto-oxidized for 9 hours at 17000 (Sj 5)

4) Curve 4: soybean o0il, auto-oxidized for 24 hours at lTOOC ( 5 7)

5) Lurve 5: soybean oil, auro-oxidized for 44 hours at L70°C (5j 8)
{Curves: average value curves for n = 1U)

ine determination of the sodium and chloride-~content in the total excretion
vielded the highest values for the control group, while the values were
considerahly lower for the group of 8nimals injected with blown soybean

0il. According to the results of the statistical evaluation, however,

only the sodium excretion difference between the control group

and the animal group injected with untreated oil is to be regarded

as significant ( p<0.05 "~ 0.02) . un the other hamt, no noteworthy
differences are determinable when comparing the other animal groups

to each other.

Therefore the diuresis-tests with rats indicate that when blown
soybean oil is i.p. applied, it alrects the diuresis , resulting 1in

4 considerable increase o! the same.,5Since secretion ol sodium and
citloride does not undergo any welli-detined chonges under
these conditions, it can be assumed that the diuresis caused by blown
0il is the result of reduced tubular water reabsorption. further
investigations are needed to clarify whether said reduced water re-
absorption is of renal origin or whether it is causcd by the reduced

adiuretine~-production of the hypophysis.
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Lffect on the body temperature.

svice were used for the tests. The animals received 0.5 ml of the

vils at issue per 100 g of body weight, administered with the aid of
the esophagus probe. Subsequently, the rectal temperature was taken
¢very 30 minutes for 3 hours with a rectal quick~reading resistance
themometer ( Manufactured by ATMOS). 'The temperature was taken in

3 groups including 10 mice each. (Group 1, used as control group,
received the untreated soybean oil Sj Kw 1; group 2 received the
slightly blown Soybean oil Sj 1 which proved to be non-toxic during
the feeding test; group 3 received the oil Sj 5 which c auses
cousiderable growth inhibition but no deaths; groups 4 and 5 received

e strongly toxic oils 8j 7 and Sj 8 respectively.

Iliustration 3 ‘shows the results. The blown oils caused a drop ol the
buody temperature; 1t was only slight with the non-toxic oil Sj 1,

but the decrease intensilied simultaneously with the increased
oxidation grade. tlowever, we have tested blown oils as well which falled

to affect the body temperature.

Sltect on the dextran —edema

since the suspicion cannot be disregarded that the feeding of auto-
oxidized oils can cause symptoms such as a tocopherol-detficicency,

we proposed to investigate the question whether malfunctions could

be verified, to be interpreted as exsudative diathesis, i.v increased
capillary permeability. Wwe therefore investigated whether the dextran
paw-edema of the rat is affected.ihe extent ov the dextran-edema
(I11.4) was not affected by the administration of 0.5 ml 0! an untreated
peanut 0il per 100 g of body weight. Un the other hand, blown peanut

0ili had a statistically confirmed effect, insolar as it increased  .iwe
dextran-edema. fhe.eifect of a local stimulus is exiuded with thils lesling
method. The action mechanism has not yet been claritied. 1t is

subject o1 debate whether substances torm during the auto-oxidations oi tie
0il which have a direct eflect on the permeability ol the arterial wall,
or whether permeability is indirectly caused by the reicase of active

substances such as lhistamine, serotonine or siumllar mediums,

it should be mentioned in this context that we Jound, in the course
ol other test series witih blown soybean oil, tnat the subcutaneous
injection of such oils into the paw of rats causes the rormation ol an
edema. P’reliminary treatment of the animals with higher doses of

tocopherol inhibits edema formation considerably, but dees not prevent it.
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The injection of untreated soybean oil does not cause edema formation.
I'he used blown soybean o0il had a peroxide number of 8.4. It is therefore
highly unlikely that the locally irritating effect _could be caused by

the peroxide.

2

g

hd Y

3
I

Abb. 4. Intensitiit und zeitlicher Verlaul des Dextran-Pfoten-
B o6dems von Ratten
- 2 0..-0 ohne Vorbehandlung (Kontrolle)
) 30——«0 nach oraler Gabe von 0.5 ml unbeh, ErdnuB81/100 K.-Gew.
/ - 4}0—® nach oraler Gabe von 0.5mi oxyd. ErdnuB31/100 K.-Gew.

Be
S

5 Olabgabe jeweils 90 Min, vor Dextran-Injektion;
b Miltelwertskurven aus jeweils 6 Einzelversuchen

Zunahme des Pfgen volumens [%]
T T

3
!
i

15 30 45 60 75 L H?Il 120

illustration 4. Intensity and chronological progress of the dextran-

paw edema ol rats.

1) Lncrease of the paw volume (%)

2) . . . without pre-treatment (control)

3) . . . after the oral application of 0.5 ml of untreated peanut
oil per 100 kg of body weight.

4) . . . after the oral application of 0.5 ml of oxidized peanut oil per
100 kg ot body weight

5) Uil application in each case 90 minutes betfore the dextran-injection.

0) Average value curves [rom each of 6 single tests.

Liver function,

Yable 11 shows the bromosulfathalcin-retention o!f rats which received

fodder with untreated and blown soybcamoil respectively, during
i

8 weens.,

According to aforementioned findings, the lceding ot blown soybean oil
causes a well-defined bromosulfathalein-retention in the serum; the

effect intensifies simultaneously with intensitied trcatment ol the oil.
in all groups which received treated soybeun o0il, the dye~-retention

1s significantly stronger than in the countrol groups. According to the
available findings, the prolonged supply ol blown soybean oil is not
harmless fur the organism,since this evidently inhibits the liver

function.
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TABLE 11

sromosuMathalein-test with rats which received blown soybean oil
in the fodder,

3
BS-Retention im Serum
l 20 Min. nach Injektion
Tiergruppe Behandlung von 20 mg/kg
b 4 3R

q i Xw, Futter mit

LEPY) unbeh. Sojadi 0.76 +0.157
8 Wodhen
g 5i 5 Futter mit gebl.
n= 11 Sojaél SO 5.2 2.24 £0472
) 8 Wodchen
k §i 6 Futter mit gebl.
n=11  Sojasl SO 6.8 3.48 +1.120
8 Wodchen
751' 7 Futter mit geb).
n=10  Sojasl SO 10 428 + 1.460
8 Wodhen
S8 Futter mit gebl.
h=9 Sojadl SO 30 4,98 +1.840
8 Wodhen- ‘
1) Animal group 2) Triutment

3) BS-retention in the serum 20 minutes after the injection of 20 mg/kg
4) . . . Fodder with untreated soybean 0il- 8 wceks

5) « « . Fodder with blown soybean oil SU 5.2 - 8 weehs

6) « . . lodder with blown soy»ean oil S0 0.8 - 8 weeks

7) + « . Fodder with blown soybean o1l 50 10 = 8 weeks

3) . « . Fodder with blown soybean oil »U 30 - 8 weehs

Litect of untreated and blown peanut oil on the centrai excitability
01 rats.

fhe tests were performed with rats weighing 100 to 130 p, using the

N. GLRLIUHl“ electroshock-method. Hereby the minimal alternating

current voltage was determined first under constant stimulation

time- and stimulation frequency conditions (convulsicen threshold

voltage), which (voltage) can generate « general cenvulsion during
transverse passage through the head. After the administration of the

o1l the convulsion threshold voltage was determined in intervals of

1 to 4 hours. The convulsion threshold voltuges obtained thereby were
expressed in percentages ol the initial convulsion threshold value

and were plotted on the ordinates of a coordinate s;stem proportionately

to time as abscissa.,
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I'ne average convulsion threshold modifications (X ) obtained from 10
single tests in each case and their simple average errors,(sz ) were

then diagrammatically represented.

An untreated peanut oil as well as peanut oil which had been oxidized
for 3 and 5 hours with the method shown below were investigated during

these tests,

1 1 of peanut oil was in each case +transferred in a large. round-bottom
flask into a thermostatic oi} bath, and maintained at a temperature of
150°¢C. Simultaneously an air jet ol 1.5 1 per minute was blown through
the oi1l, whereby the stability ot the air jet was controlied with a

superposed flow meter.

he convulsion threshold curves of Tllustration 5 indicate that after
the administration of auto-oxidized peanut oil the convulsion threshold
curves decline definitely, i.e. tiie central excitability is intensified
under these conditions, The efiect becomes obviously stronger with

the 1ncreasing auto-oxidation rate ol the peanut oil.

According to said findings substances are ftormed during the auto-

oxidation ol the 01l which cause increased central excitability.

N

Kurve 1: ErdnuB8i unbehandeit
Kurve 2: Erdnufiél 3 Std. durchblasen

? _ Abb. 5. Anderung der Krampfschwelle bei Ratten nach oraler
Gabe von unbchandeltem und geblasenem Erdnufsl
w - \
¥ \ Kurve 3: Erdnufi8l 5 Std, durchbl
4 urve 3: Erdnu . durchblasen
\ , D
le einzelnen MeBpunkte sind Mittelwerte (%) aus 10 Einzel-
versuchen; ihr einfacher mittlerer Fehler (sX) ist durch die verti-

(5 mi/kg K.-Gew.)
[} 2 [ Std. ’ kalen Linien dargestelit

LY

Ililustration 5. doedification o! the convulsion threshold in rats ol ter
the oral administration ol umtreated and blown peanut oil.

1) Modification ol the convulsion threshold (%)

2) Curve 1l: peanut oll, untreated

3) turve 2: nreanut oil, blown through for 3 hours

4) Curve 3: peanut oil, blown through tor 5 hours.

5) fhe single measuring points are average values (X ) trom LC individual
tests; their simple average error (sX ) i~ represented by the
vertical lines,
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ifect of untreated and blown peanut oil on the mobility of rats.

Rats weighing 100 to 150 g were used for the tests, The mobility of

the animals was measured in vibrating cages which were built as tollows:
the cages were suspended em spiral springs; the slightest movement
triyggered contact shots. The contact shots were registered with the aid

of telephone computers.

fne tests were carried out with 6 groups including 8 ratvs each.
Group 1 received untreated peanut oil (0.5 ml/100 g}

" 2 peanut oil, which had been auto-oxidized for 1 hour

" '; " " " 2 hours
(1] ) 4 [ " " 3 1]
" 5 " " n 4 "
" b [{(] " " 5 "

fhe o0il was treated as specified earlier (central excitability).

After the application of the o¢il a waiting period of 30 minutes

followed as a rule before starting the activity registration, so as to

let the animals get accustomed to their new environment and to the cages.

I'he activity was subsequently registered during 5 hours. While the
measurements took place the animals were kept in a small, quiet roum; 1its
temperature amounted to 26°¢C.

lable 12 shows a compilation of the test results; the latter were evaluatec
according to the t-test of STULLNT.

TABLE 12
kat activity after the oral administration of (0.5 ml/100 g) untreated
and _blown peanut oil.

Rattenaktivitdt nach oraler Gabe (0.5 ml/100 g) von
unbehandeltem ungi geblasenem Erdnufiol

1 Erdnufisl Montaktcm Std..
X 8% |
3 unbehandelt 2181 + 269 — —_
1 Std. geblasen 2485 + 263 <050> 040
2 . " 2689 + 349 <030> 020
3 . " 3104 + 340 <005> 002
4 " 3197 + 241 <002> 001
5 3348 + 344 <002> 0.0}
. Mittelwerte von jewells B Tiercn
1) Peanut oil 2) Contacts/5 hours

3) untreated
4) blown for 1 hour. .
5) Average values for 8 animals 1in ecach case,
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According to the submitted findings mobility is obviously stimulated
following the application of blown peanut oil. Said effect intensilies
simultaneoulsy with.the increased auto-oxidation of the oils, i.e. '
the prolonged blowing of the same. Table 12 furthermore indicates that
the activity of the animals shows significant differences--as compuared
to the control group--after having received oils which had been blown

for 3 hours or longer.

fhe test results obtained here coincide well with the findings ol
the electroshock-tests, and therefore likewise prove that substances

with centrally stimulating effects occur in the blown oils.

Lttect cn the cell metabolism.

For these tests, homogenates, isolated mitochondria and the cyclophorase-
system of the rat liver served as enzyme-preparations, Specilfic data

‘on the preparation of the above are found under Methodology. 1 to 2%
emulsions, prepared in water or tris-buffers with or without addition

of tween 20 had no efiect with any of the tisted blown soybean oils on

the respiratory utilization (Veratmung) of the following substrata:
citrate, -hetoglutarate, succinate, malate and L-glutamate. 1the

no-load resviration of the ingredients without added substratum likewise
remained unaffected. Accordingly, oils blown at higher temperature

do not afiect cell respiration in vitro.

It bécame evident, on the other hand, that the volatile fraction distilled
during the blowing of oils contains substances which inhibit cell
metabolism. Evidence was submitted trom various sides, proving that

u large number of homologous alians, monoenals and dienals are contained

. . , . . . . 20=244
in said fraction, i.e. substances with very strong reactivity .

fhis volatile fraction showed a strong 1nhibiting eltect on the
respiratory utilization (Veratmung} ol the c¢itric acid cycle links ol
fatty acids (capronate) and of L-glutawmate., Llor specilic data |
see Table 13,

fhe saturated aldehydes can probably not be held r.osponsible for
said eflect. Hexanal, large volumes of which form during the auto-
oxidation of fats,was investigated by us as a pure substance and
tailed to show any such effect. WDuring the test 1t was partially
oxidized by the enzime-preparations.

]
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TABLE 13

Inhibition of cell respiration by the fraction oi volatile
substances which form during the blowing of soybean ocil.

7

/1 2- Enzym- 3 o Beobudnteterktﬂ'ekl
Substrat praparat  Zahl der *s Hemmung % Akti-
(Rguenleber) Versuche vierung
Citrat Cyclophorase 1 23 -
a-Ketoglutarat Cy‘clopliorase 4 50,86,100,100 ~—
Succinat Cyclophorase 1 46 -
Mitochondrien 1 83 -
Fumarat Cyclophorase 1 95 -
Malat Cyclophorase 4 14,87,64,97 -
. L-Glutamat  Cyclophorase 2 21, 85 -
Mitochondrien 2 100, 100 -
Capronat Cyclophorase 1 100 -

Sndogene Substrate (Lecratmung)
Cyclophorase T 43,44, 45,46, -
[ EAtaw. - i 5168100

Je Ansatz wurden 0.05 m! des Destillats zugesetzt

1., >Substratum
2) knzyme preparation (rat liver)
3) ANumber or tests
4) Ubserved effect

% inhibition - % activation
5) endogenous substratum (no-lnuq respiration)
6G) U.05 ml o1 the distillate was added per test solution.

25=-27

Lo SCHUAURNSTIIN and collaborators demonstrated that water-soluile

peroxides form during the digestion of polyvene acids with water

at -low temperatures and with air access; said water-soluble

peroxides inhibit the respiration and glycolysis ol tumor cells as

well as the [ermentation ol yeast., Ihe authors were able to show

that the metabolism inhibitions are prosuma ly caased by the deactivation
ot SH-enzymes. Various reports have bcen submitted eavrlier on the
inhibition of SH-enzymes or dEbtruCQ%Q“)rvb)CctLV&IV, ol

SH-groups in proteins by peroxides.



fhe absence of cell metabolism inhibitions during our tests,
as compared to the findings of E.SCHAUENSTEIN and collaborators,
7
is explainable as follows: the oils blown by us at high temperatures

practically do not contain any peroxides.

Urpgan weights.,

l'able 14 shows the organ weights of animals fed with the toxic blown
soybean oils. The organ weights, expressed in percentages of the body
weight, are higher for the animals fed with blown soybean oil than
(the organ weights) of the controls. We suspect that this merely
indicates reduced organ weights as a consequence vl growth inhibition;
therefore no direct efiect of the blown oils on the organ weights
can be preshmed. It seems nccessary to us,however, that supplementary

investigations be undertahen to clarily the question at issue here,

tlistologicul examination.

Animals were principally used for histological examinations which

had received the toxic blown oils 53 5 to S5 8 in the course of the
tfeeding tests. The groups Sj hW served for control purposes. The
foilowing organs were examined: heart, liver, kidney, spleen, small
intestine, colon and testicles, furthermore also the suprarenal glands
and the thyroid glands. The organs were fixed in 5% formaline. The
prepared paratfin sections were dyed with hematoxyline-cosine and with

scarlet. The heart muscle system ol all animals displays « clearly

determinable transverse stripe pattern, The {(cell} nuclei are oval-
shaped and the nucleus chromatin has a [fine structure. the anatomical
structure ol the liver parenchyma is normal, Flie connccetive tissue
around the larger vessels and arouna the GLISOLON triangles is not
enlurged., The protoplasm ot the liver cells 15 fincly granulated and
the nuclei have a fine chromatin structure. with the scarlct aye  the
content ol the liver capillaries ol some animals Docomes  reddish, but
no difference exists in most cases between the cuntrol- anu the test

animals.

In the kidney tissue numerous incorporations arce visible which

become darkh violet with the H.ii. coloring. wvaid incorporations

are morc frequently evident in those animsls which received a strong'ly
oxidized fat as basic feed than in those which were red slightly
oxidized lats. in most animals the incorporations are located within
the intermediuate zone of the marrow substaace, and the tirst

incorporations were detected in the colleccting tube epitheliums.
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TABLE 14

Urgan weights o1 rats fed with blown soyhean oil.

1 Kbar;er- 2 %s des Kéq‘)‘trgewidltes
Gruppe  gewicht' Darm- H? lzber Mils Ni’gre Testes

in g  trakt
Minnchen )@
Kontrolle
SjKW 248 733 041 316 025 067 138
.Sj 5 120 1517 063 6.16 040 103 2.11
§j 6 109 1560 062 723 043 1.16 1.87
557 112 1845 065 751 042 126 2.04
S; 8 103 1983 061 7383 043 141 250
Weibchen # L |

Kontrolle [5
. SJKW1 206 11.87 041 327 028 0.67 -

5j 5 112 1460 061 632 042 105 —
5j 6 87 1829 078 7.65 047 144 —
§j7 112 1844 0359 747 046 130 —
S 8 94 1693 070 741 042 1138 —

‘l* Angaben in %/y des Korpergewichtes; Mittelwerte

1) Group 10) HMales

2) Body weight in g 11) Controls

3) Intestinal tract 12) remales

4) % ot body weight 13) Controls

5) Heart 14) Data in y o1 body weight; average
b) Liver values.

7} Spleen

8) hidney

9) Testicles

In cases with larger incorporations these begin to form rank growths
in the tubulus lumen, and numerous miteses 1ndicate an Intensive cell
regeneration. The basally positioned kidney epitheliuas oi the
incorporations later die. Ihe incorporations are therefore located
between the still preserved basal membranc or the interstitial
connective tissue respectively and (between) the repgenerated kidoey
epitheliums. As a consequence ol large-scale incorporations, the
epitheliums in the surrounding are« are destroyed Dby the pressure to
which they are subjected. Part of the incorporation can thus Dbe
transferred 1into the lumen of the small urethra. Most of it, however,
remains at the original site. [fhese nasses cun recch a diameter of

‘

2U0 ) and their size frequently causes an occlusion o! the urethra.
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The occlusion results in the damming up olf the primary urine and

in some preparations also causes a widening of the Iree spuce ol
the hidney corpuscles. As a rule, the ‘tissue incorporations are
nonreactive; only occasionally are marginal accumulations of
neutrophile granulocytes found. an accurate histological examination

remains subject to further study.

‘he micruscopic image ol the spleen parenchyma lihkewise shows a normal
histological structure. The follicles are clearly evident in the
preparations, and the pigment content and phagocytes within the red
pulpa are not increased-No inllamnation-caused changes are detectable

in any of the animals during the histological examination ot the stomuch-

intestinuli tract.

The testicle parenchyma ol the control animals as well as ol the test
animals is lree of pathological-histological chuanges. 1ln the siall
collecting tubuli the basal cells with their large chromatin=poor
nuclei shaped like small bubbles can be clearly distinguished from

the sperm-cells proper. TLhe chromatin-rich,spherical nuclei ol the
spermatogoniums ana spermatozids are frequently in a mitotic condition--
in the control animals as well as in the test animals. AMumerous
spermines {(Spermien) are located in the collecting tubull; their

microscopic picture shows no pathological changes.

The tuyroid glands of control animals‘(ﬁj Kw) and ol 14 animals from

Group Sj 8 were examined. [he thyroid glands or the last-imentioned
animals showed activation. tor the purpose of detcrmining the
difterences, the thyroid glaunds were measured according to the method
ot U, UUTLILA and O, hANNASjU

the conirol animals was 35.4%; but it was 51.3% Fur the anivals of

. The average epithelium component i of

the group Sj 8.

Ihe examination of the surparenal glands likewise invoived the glands

of 10 animals each from the control group 5j &% and from the

group 33 3. The histological aspect oi the suprarcual glands ol
the animals from the control group was normal. the zona glomerulusa
was well-detined, and the zona fasciculata contualne:d numerous  so0-
called stationary cells the protoplasm of which became reddish when
dyed with H.E.; their nuclei were smaller than thosce ol the adjacent

‘

active cells.



4 minor progressive transformation became evident .in the animals from

tUroup Sj 8. No stationary cells could be found in the zoha
fasciculata. For the purpose of verifying said progressive trans-
formation a number of nuclei in the external zona fasciculata

was counted and placed on an area ol 0.225 mm‘2 of the histological
sections. Furthermore, the nuclear volume of 100 nuclei each from
the zona fasciculata was measured and the average nuclear volume

was computed. In addition to the above, the cumulative curve of

the counted nuclei was plotted according to L. HleZdCHEJl. The values

ot Group Sj thereby coincided fully with those o1 the control group.
. TABLE 15

Findangs in cell nuclei from the zona fasciculata ol the suprarenal

gland cortex.

1 Kontrolle Sj KW %mppc Sj8

5 Zah! der Zellkerne

in 0.225 mm? 918 80.3
L' Durchschnittliches Kern-
. volumen in et 181 182

® Acta endocrinol. 11, 49 [1952].
# Experientia (Basel] 1, 4 [1945].

1168

1) Control Sj kW
2) Group 53 &
3) ANumber of csll nuclei
volume iny
H . j
4) Average nucleus volume iny”,
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Discussion
fne findings reported eariier show that preparations are obtained
by blowing oils under adequate conditions; these preparations
nave a certain toxicity which cannot be traced back to thejpresence
ol puroxides. We made every effort to clariily the mechanism by means
0i which the blown oils dctivate their toxic efrect. In the course
i suid investigations we secured numerous findings roquiring
pathological evdluation, but neither the testing of the cell metabolism,
nor the histologicai examination of the organs, nor the investigation
ol tie organ functions ylielded any indication concerniug the immediate
cause vl death when animals succumb to the toxic efleet of blown vils
after a briel feeding period. Neverthiess, certain pathological diagnoses
could be made,such as disturbances of the water- and mineral metabolism,
of the liver function, the functioning ol the central nervous system,
modifications of the secretion output, of the muscular (motor) pertormance,
the pertormance of the digestive tract as well as the eflect on the
functioning of the thyroid glands, with the resulting consequences.
i a previous study from our lnstitute,ii, DEGRWITZ and K. LAahjl
sii wed that modifications ol the lipid metabolism likewise occup,i.e.
all lipid (ractions,including cholesternin, are recuccd in the plasia;
tie; furthermore showed that the polyenic dacid eontéut of the stored fat,
as well as of the organic rat decreases considerably, dut all
these Lindings do not suffice as an explanation of the high mortality
rate or ol the »ubstantial growth inhibition alter the teeding

01" vhe strongly toxic preparations.

bur tests demonstrated that while high douses ol tocopherc! do not
prevent the  toxic eflect ol the blown oils, they ¢ 5, however, wedhen
said eftect in some cases., lurtiermore, it was found thoi fhe Jeeding
ol blowr olls causes a certain deficinecy ol essential tatiy acids in
the orgunism, L1t should theretfore be discussed whether

part ol the symptoms could be attributed to th esse tidl {atty acid
deficiency ol the organism and also to an absclute or relative

tocopherol aeticiency.,




- 36 -

various laboratories, including our own, among othersjf recently
demonstrated that the body fat of humans and animals contains sub-
stances which are colored again by decolorized dichlorphenol-indophenol,
react ‘positively and show other similar reactions to the
thiobarbiturate—-test; these substances are customarily detlined as

"ilatty (aliphatic) peroxides". We proved that such substances are stored
tir the organism atter the feeding of blown oils)z.Urgan-homogenates or
Itsolated mitochondria can oxidize lat in vitro into such
"peroxides", i.e. into substances which react as indicated above, (his

. . . . . S 34
nresumalb ly occurs in the form of a non-enzymatic reaction. =

'lie extent vl sald reaction unequivocally depends on the extent ol the
preliminary t,u'cophelf_‘ol—supply.j5 After a plentiful tocopherol application
the "peroxide~formation' by means ol homogenates or mitochondria

i~ minor. Jthis also coincides with our in vitro findings. Lt is tucreiore
iikewlse possible to trigger serious tocopherol deficiency conditions

with high doses of polyenic acids (for example: by reeding l'ish oils)

when the tocopherol reserves ol the organism are low, this car trigger,

, : S YES )
ifor example, chicken encephalomulacie” .

iflie Jeeding ol blown oils undoubtedly increases the toconherovl-nced
of the organism and can cause tocopherol deliciency., This conclusion can
wvell be reached from Feeding Test 3 described in present study. the

1

reduction o1 the polyenic acid reserveol the organism (also verified by

us) which {(reduction) is more pronouced »n the organic fat than 1o the

stored fat, 1is . comprehensible as a consequence, lhe 1nadequate
linotenic acid supply of the organism is excluded as possiblc cause
according to our test system., slowing neverthless reduced vhe
alen-acid content ol the soybean oil used as Feed to Lo, dul wiien

the supplied feed volume 1s taken into consideration, o Jdaily dese of
300 mg linovlenic acid still results per rat, 1.e. roundly the 15-lold ol the

anount needod.

espite the high supply volume the animals were unable to maluntain
the lynolenic acid reserve of their organism.vuring this test the
tnitial trien-acid lncrease in the organic lat did even inalcate  an
incipient deliciency condition concerning the esseintial lablly (Civs;
however, during the intake ol a 15-fold volume ol the normal daily
need said condition could not have been due to external causes;

instead, its origin must have been endogenous.
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Some of the findings mentioned in present work also refer to an

essential fatty acid deficiency as a- possible cause. We believe that the
increased water intake of the animals, the increased capillary permeability
(dextran-edema) and the diuresis intensification should be evaluated

in this context. Admittedly, other finaingé seem to contradict the

above supposition,specifically ia viéw bf the missing testicle atrophy.
lt must be considered here, however, that testicle atrophy as a
consequence of essential fatty acid deficiency is not an early symptom;

tt occurs only when the deficiency reaches a high degree; therefore

tie feeding period during our tests might not have been long enough to
trigger a testicle atrophy. Our polyenic acid analyses of the body fatjd

fikewise show that no serious deficiency condition could be present.

ve therelore believe that a relative polyenic acid deficiency should

e tahen into consideration ethologically .as well, together with the
consequences resultingifrom the feeding ol large quantities of blown
0ils; but it should be regarded as a secondary factor only. As stated
above, the principal mechanism ol the toxic eflect has not yet been

clarified, Vur efforts aimed at its clarificution continue.

ine concept "toxicity" requires an explanation in this context. during
beeding Test 3 we attempted to determine the minimal dose under which
harmful eftects (mortality and growth inhibition) can uo longer be
*xpected. we rcached the conclusion on the basis of our results that

sald minimal dose is slightly below 2.5% ol the feed weight, i.c. it amounts
approximately to 1 to 2 %. This, however, means « daily dose of 150 to
300 mg for an adult rat, equal to V.45 to 0.90 g per Kg oi body weight,
Zeterred to a human weighing 70 kg, the daily blown tut volume would
amount to 31.5 to 63 g. The toxicity at i1ssae is cocoriingly not
cepecially high. This indicates that damage resulting in hurans

from blown oils is not excessively important in practice, the lact
should not be overloohed that our tests as well ws the tests renported

in literaturce are performed under conditions which arc consruerably
exagyperated as compared to daily nutritional practice; this applies

Lo the treatment of the fats as well as to the administered dose. However,
it 1s occasionally necessary,for the clarification ol the mechanism

ol biological efrects,to work under conditions which 4o not exist

in everyday life.
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cumnarizing, the following statement can be made:

dy blowing oils rich in polyenic acid at higher temperatures,
preparations are obtainable the toxicity ot which ftirst increases
simul tuneously with intensified blowing; it reaches a maximum and
subsequently drops again. Said drop is presumably due to the ract
that the reabsorption capacity or the substances which are respousible
for the toxiéity gradually deteriorates. The toxicty of said blown
vils i» not conditional to the peroxide content but can probably Le
trauced back to the oxipolymers. The limiting dose from which on the
toxic etftects of such blown oils must be reckoned with was determined

in the rat as approximately 0.45 to 0.90 g ner kg of body weight.

I'ic following eifects ol blown oils were established: growth inhibition
connccted with a considerable deterioration ol the feed- and albumen
elf'ficiency, occasionally high mortality rate, disturbances of the liver
unction, increased central excitability, intensified spontancous
mobility ol' the animals, inhibition ot the motor system in the stomach-
intestinal tract, modifications ol the kidney function, increased
capillary permeability,moditications o! the mwmotor performance and
secretion output in the stomach-intestinal tract, histologically detcr-
minable changes ol the thyroid gland as well as incorporations (deposits)
in the hidney. But neither the histological examination nor the
investigation ol organ functions, nor the testing ol the c¢ell metabolisn
clarified the mechanism through whichh  the blown oills can have a lethal
effect, TIhe immediate cause ol death ol the animals as o consequence

ol blown o1l feeding could not be determined by us to date,

vur tests indicate that the feeding ol blown oils increascs o

essential latty acid need ol the organism, and that the elicets of

the blown oilis could presumably be interpreted as  tioe cone Guei o

vl « reiative delfileciency in the above-mentiened nutrient l'setors; but
LA

these are merely secondary factors wilthin the overoil rrc'lor concerning

the physioclogical eflects ot blown oils,
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Pathology
CYTOTOXIC EFFECT OF SODIUM OLFATE, Ry Kinontta, I, Fivagy e

and T, Kaknfuda.# City of lope Medical Lcatcr, Duaris, Caltf,

One intraporitoneal injeotion of 10 rg sodium oleats ¢n
1 =) wator caused hitherto undescribed changes in thu Yver
of tha rat, Within a few days, the liver tocams plurp with
rounded edges. Cytoplasm of ths Jiver cells contalned
unstained patchas of irrepulor shupe, Electron ricresoopy
of these areas demonstrated the lack of ribosomes and
slteration of the endoplasnic raticulun, which, instead of
cTistae, forred a network of narrow canils or tecame fuzry
and filamentous, The cristae and membranes of ritochondria
wero indistinct. Eventually, the liver colls regatnod thage
usual structures, The liver remained Plup in form, une
accompanied by cirrhotic changes. Marked dilatation of
the central voins and hyperplasia of ths liver cells was
evident, Females were moro sensitive to the compound than
males, Fatty acids with § or mare carbons were effective;
those with 12 and 1k carbons were most active, Saturation
and hydroxylation altered the remults very little,

(Supperted by PHS grant C~5756,)
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OTWITHSTAND=
N ING the fact that
fats and oils are an

important source of energy
in the diet and are two
and one-fourth times as
effective for this purpose
as either proteins or carbo-
hydrates, their dietetic use
has recsived less attention
at the hands of investiga-
tors than other food constit-

- The Digestibility of ‘Fats‘

By C. F. Langworthy

Orrce or Houx BcoNoMICS, STATRS RELATIONS SErVICE, WasHinGToN, D. C.

Because of the relation of fats to agricullure and their great im-

poriance In the diet, a long series of experiments on the thoroughness
of digestion of animal and vegetable fats has been included in the
studies of foed and its uses in the home, which were made in the
Office of Honwe Economics. The work has been carried on at inter-
vals for several yoars and has been reporied in bulletins of the
U. S. Department of Agriculture and in other publications.*

The studies have included twenty-three animal fats, thirty-four
vegelable fats, and six hydregenated oils. In all cases the goods
were bought in the open markel or specially prepared either in the
Department of Agriculiure laboralories or in some other way which
assured full knowledge of the process.

tion was added. When
this had reached its maxi-
mum temperature (nearly
100° C.), a mixture of corn-
starch and the fat under
consideration was slowly
added with constant stir-
ring and the heating was
continued until the starch
seemed well cooked. The
caramel solution gave the
pudding a slightly bitter
taste, but this could be

uents, and is consequently
less well understood. . .

The general asumption has been that when eaten in
favorable combinations fats are well assimilated and that
they do not vary enough in this respect to affect materially
the amount of energy which the body receives from them.

tal data are limited also with respect to the re-
lation of melting point to thoroughness of digestion, par-
ticularly in the case of fats with a high melting point. This
is a matter of particular interest, since increased demand for
culinary and table fats tends to bring into the market kinds
.which hitherto have been used little, if at all.

PruparATION OF TEsT MEALS

Since it was rarely possible to find a subject who could
eat fats and oils in quantity in their natural state, a method
of preparing them was sought which did not submit the
fats to high temperature for any considerable time, was
applicable to the different kinds of fat, gave a reasonably
palatable dish, and could be prepared in quantity sufficient
for the entire experimental period. A method which proved
satisfactory was to incorporate the fats in a sweet cornstarch
pudding or blanc-mange. This was prepared by cooking
in an ordinary double boiler a mixture of skim milk and sugar
to which a considerable quantity of very dark caramel solu-

t Presented before the Division of Food Chemistry at the 64th Meeting

of the American Chemical Society, Pittsburgh, Pa., September 4 to 8, 1922,

1 “Digestibility of S8ome Animal Fats,” U. S. Dept. Agr., Bull. 3107

(Beef fat, butter, lard, mutton faty~
' “Digestibility of Some Vegetable Fats,” U. S. Dept. Agr., Bull. §08.

(Cocoa butter, t oil, cott; d oil, olive oil, peanut oil, sesame oil.)

“‘Studies on the Digestibility of Some Animal Fats,”’ U. S. Dept. Agr.,
Bull. 807. (Brisket fat, chicken fat, cream, egg-yolk fat, fish fat, goose
fat.)

“‘Digestibility of Certain Miscellaneous Animal Fats,” U. S. Dept.
Agr., Bull. 813. (Goat's butter, hard-palate fat, horse fat, kid fat, oleo oil,
oleostearin, ox-marrow fat, ox-tail fat, turtle fat.)

“‘Studies on the Digestibility of Some Nut Oils,"” U. S. Dept. Agr., Bull.
€30. (Almond oil, black-walnut oil, English-walnut o¢il, Brazil-nut oil,
butternut ol, hickory-nut oil, pecan oil.)

“Digestibility of Some Seed Oils,” U. S. Dept. Agr., Bull. 687. (Corn
oil, soy-bean oil, sunflower-seed oil, Japanese mustard-seed oil, rapeseed
oil, charlock oil.)

“Digestibility of Some By-product Oils,” U. S. Dept. Agr., Bull. 181,
{Apricot-kernel oil, cherry-kernel oil, melon-seed oil, peach-kernel oil,

pkin-seed oil, d oil.)

‘‘Digestibility of Cod-Liver, Java Almond, Tea-Seed, and Watermelon-
Seed Oils, Deer Fat, and Some Blended Hydrogenated Fats,” U. S. Dept.
Agr., Bull. 1033.

“Digestibility of Certain Miscellaneous Vegetabte Fats,” J. Biol.
Chem., 1930, 227. (Avocado fat, cohune oil, cupuassu fat, hempseed oil,
palm-kernel oil, poppy-seed oil.) :

“Digestibility of Some Hydrogenated Oils,” Am. J. Physiol., 84 [1921),

|

479.

readily overcome by add-
ing a little vanilla extract when the pudding had cooled.
The cornstarch pudding prepared in this way resembles a
common household dessert except that it is not noticeably
sweet. By this method it is possible to mask to a large ex-
tent the texture and flavor of the fats and oils. The good
regults obtained in this laboratory with this cornstarch

" mixture as a medium for supplying fat and other special

foodstuffs to the diet indicate that it might prove valuable
in invalid dietetics, particularly where a patient has an aver-
sion to a large amount of fat or other foodstuff.

" The cornstarch mixture was used for all the fats and oils
here considered except fish and avocado fat. In these two
cases the fat was not separated out. The fish meat, fat and
lean together, was freed from bone and made up into fish
loaf, such as had been successfully used in previous similar
experiments in this laboratory. The fresh avocado pulp
was fed simply with a little salt or lemon juice, as is & common
custom.

Experience has shown that in such digestion experiments
a gimple mixed diet is more pleasing to the subject than a
single food; consequently, in this work with fats the corn-
starch pudding was supplemented with a very simple basal
diet consisting of a commercial wheat biscuit or cracker,
some fruit, and tea or coffee with a little sugar if the subject
desired it.

PROCEDURE

A survey of the literature clearly shows that some variation
in results can be expected in digestion experiments with
different procedures, the analytical methods followed having
some effect, for instance, on the determination of the quan-
tity of fat extracted. There is also some difference of opinion
regarding the desirable length of digestion periods and the
methods of separating the feces; therefore the results of di-
gestion experiments will vary within limits according to
these differences in methods. However, from the extended
experience, covering some twenty-five years or more, in which
such problems have been studied in connection with the
Department of Agriculture’s food work, it is fair to conclude
that where the same experimental procedire is followed,
the results with various food materials are directly compar-
able.

The method developed and followed in this laboratory
is one of several, the value of which is generally recognized,
No method yet devised is absolute. Qur experience, however,
leads us to believe that any of these methods consistently
followed throughout a series of experiments will yield re-
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lisble results and that the range of variations between indi-
vidual tests with the same kinds of material will be similar
whatever the method. In order to give comparable results,
however, any method must be applied in essentially the same
way in every case.
Tama I—Diowsrianiary or Axmat, Fars
: A DIGHSTIBILITY:

for Meta-
bolic Prod-
ucts and

Fatol
Ration
Per cent

]

Melting m&-t Lowest Av,
. Pglat No. of Per Per
Far Uszp 1w Trar *C. cent cent cent

Butter fat : a2 8 95.7 90.9¢ 03.9 97.0
o G 4 948 994 o84 ses

‘s butter .3 . . . .
Buet sust ) B 0 St B4 wp %o
Beef brisket . 7 95.9 88.1 928 97.4
Hard-palate fat of

cattle 34 3 91.7 88.8 90.5 93.7
Ox-marrow fat .. 4 03 8.3 91.2 93.5
Ox-tail fat 36.8 3 95.( 89.0 93.0 98.6
Muttoa suet (rend.) 50 7 88.4 73.4 80.5 88.0
Kid fat .. 3 98,4 87.7 91.8 95.3
Horse fat L. 3 9.0 92.4 903.6 93.9
Deer fat 49-54 3 75. 4 7.5 73.9 81.7
Chicken fat .. 8~ 98 92.0 93.4 96.7
Goose fat 7 9. 91.6 94.2 95.2 -
Qleo oil '8 2. 87.4 90.¢ 96.8
Olecstearin .. 3 .0 83.4 71.8 80.1
E mkht .. ] 9.1 9 915 93.8
Pﬂ- Room temp, 3 98.2 94.2 954 96.1
Turtle fat .. 4 .5 01.8 03.3 98.6
Cod-Hver oil Room temp. 4 93.8 B88.9 92,8 97.7

In the work under consideration the experimental period
covers three days. The feces are marked for separation
with charcoal or carmine, or both supplied with the first
meal of the experimental period and the first meal after it.
The feces for the entire period are dried, thoroughly mixed,
and sampled, and analyzed by the standardized methods
of the Association of Official Agricultural Chemists. In
calculating the results, corrections are made for the small
smount of fat introduced in the skim milk used in the blane-
mange and in the basel ration, and also for metabolic products
in the feces, the factors used being based on what is believed
to be ample experimental evidence. Uniformity is also ob-
served in the choice of subjects. Generally speaking, they

“Tast® II—DIGRSTINILITY OF SoME VEGETABLE Fars

DIGRSTIBILITY-——
orrected
for Meta-
bolic Prod-
ucts and
. Fatof
Melting Ki;hut Lowest Av.  Basal
Point No.of Per Per Per Ration
Far Uskp IN Trst °C. Tests cent cent cent Percent
Olive oil W 95.6 91.5 94.7 97.8
Cottonseed il 12 96.9 91.6 54.9 97.6
Corn oil 7 04,9 88.8 03.5 96.9
Sesame oil 5 95.3 92.1 03.5 98.0
Soy-beaa oil N 7 9058 92.4 93. 97.5
Sunflower-seed oil Room temp. 4 935.2 91.9 03.8 98.5
Japanese mustard-
seed oil 3 96.6 92.6 94.9 95.8 -
Rapeseed oil 4 06.6 93.7 95.7 98.8
Charlock vaild mustard)
seed o 4 %.g 93.7 94.6 98.9
Cacoa butter 30 11 955 79.1 89.6 04.9
out oil 5 97.6 93.7 96.0 98.3
Coconut oil 12 96.3 88.1 £3.5 97.9
Almond oil . 4 06.2 86.3 903.1 97.1
Bhd:-vulnu_t oil 4 96.7 91.9 94.8 97.5
Brazil-nyt oil 3 058 92.3 94.5 96.3
Butteraut oil . 3 94.7 85.3 88.7 935.4
El_lxlish-wnlnu; oil 3 05.86 92.5 94.4 -97.6
Hickoey-nut oil 4 08.4 96.5 97.2 99.3
Pecan oil 4 90.9 90.1 93.9 96.8
A t-kernel oil Room temp. 4 95.4 92.3 94.4 08.4
erry-kernel oil 4 95.5 93.0 95.2 98.0
gslch-hm:dul . .3 98.5 87.0 91.6 98.8
A n-seed oil 3 94.2 83.5 90.7 . 94.8
Afelon- (cantaloupe)
seed oil : 3 97.7 92.1 04.8 98.2
Pumpkia-seed oit 3 950 94.9 95,0 98.2
omato-seed oil 3 91.3 88.1 90.3 95.8
K hrnel_ml 4 97.5 93.9 95.3 98.0
P"'Pmd oil 3 94.7 04.0 04.4 98.5
BUT C neew ] B EEHD BRI
k“mht .. 4 91.0 35.3 88.8 94.1
i e 1 0 T ET
oi . 0 92, .
ea-seed il Roomtemp. 7 49’2 _... ... 91.3
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have been laboratory assistants or students of local medical
or dental schools who had an intelligent interest in the work,
which was a decided help in conducting the experiments.
In a general way the subjects more or less knowledge
of the problems studied, but they were not given any definite
information regarding the special foods under consideration.

RzsuLts

In summing up the results it has seemed desirable to group
the fats according to their origin, and the tables which follow
show the coefficients of digestibility of animal fats in Table
I, of vegetable fats in Table II, and of oils hydrogenated to
a definite point in comparison with a blend obtained by
mixing a softer fat with one hydrogenated to a high melting

.point in Table III.

TasLk III—DioxsrisiLrry o HYpeoosNaTED FaTs .
e DIG RS TIBILITY ——rrmme,

for Meta-
bolic Prod-
ucts and
Patof
Basal

Ration
cent Per cent

Melting Highest Lowest Av.
Point' No.of Per  Per = Por

Far Uszp IN Tesr ®C. Tests ceit cent

Oils Hydrogenaied io Definite Melting Points

Hydrogenated corn oil 33.0 5 950 87.6 91.7 94.7
- 420 5 9038 80.4 91.8 95 .4
: 8.0 5 91.2 78.9 82.2 88.3
Hydrogenated cottonseed oil 35.0 5 98.90 80.7 93.6 96.8
. 386 1 03.7 ... 92.7 95.5
4.0 3 93.8 91.0 92.7 94.9
Hydrogenated peanut oil 370 S5 9690 94.0 95.0 98.1
3.0 3 054 900.2 93.3 95.9
43.0 5 96.9 90.1 93.5 96.5
3.0 ¢ 9.3 86.6 88.1 92.0
524 3 81.8 658 73.8 79.0

Hydrogenated Oils Blended to Definite Melting Points
Blended hydrogenated cornoil 39.0 4 94.9 88.5 92.1 95.2
49.0 3 92.4 87.0 90.4 93.3
54.0 3 90.1 83.5 87.8 91.5
Blendedgfdroxemted cotton- 41.3 2 92,3 01.9 92.4 96.8
seed - 45.8 2 '93.8 90.5 92.2 90.4
47.8 4 940 854 90.7 04.2
48.1 23 90.2 89.5 89.3 94. 4
Blended hyd ted péanvt 43.9 3 92 015 927 oee
en ydrogena peany . . . . .8
oil 4.2 4 97,0 91.3 94.4 97.4
51.1 4 91.8 87.2 89.8 92.8

Consideration of the figures shows that ordinarily there
are no very great differences in the digestibility of the fats
studied. The animal and vegetable fats and the oils liquid
at ordinary room temperature, for instance, have very much
the same digestibility. It is apparent, however, that fats
and oils melting above the body temperature are not quite
so thoroughly assimilated, and the observed data seem to
warrant the conclusion that the thoroughness of digestion
is inversely proportional to the melting point. Experiments
with the hydrogenated fats indicate that fats hydrogenated
to a definite melting point and those made by mixing a softer
fat with one hydrogenated to & much higher melting point
do not differ essentially in thoroughness of digestion.

It was very noticeable in this extended series of digestion
experiments and in similar series with other foods that the
diet did not become monotonous and that the regularity
in the diet and all that pertained to it was not irksome or
disturbing. The amount of fat eaten per person per day
varied within considerable limits, 50 to 60 g. being regarded
as a small quantity per day, and 110 or 115 g. as a generous
amount. Seldom, if ever, was any physiological disturbance
noted when smaller amounts were eaten, nor was any observed
in the majority of cases when the larger amounts were taken.
However, it seems clear that in some cases, because of the
nature of the fats themselves or because of unidentified
substances accompanying them, they exercised a more or
less laxative effect. For instance, this effect was observed
when 140 g. of rendered beef suet were eaten per day, and
was not noticeable with butter, lard, or mutton fat used in
the same series of tests. In the case of olive oil and most



278

of the other oils used, as much as 116 to 130 g. were eaten per
day with no laxative effect. In the case of cocoa butter,
however, a decidedly laxative effect accompanied by slight
nausea was noted, indieating that the limit of tolerance of
this fat is not so high as that of the other oils. A similar
effect was also noted with cupusssu fat, which comes from
8 tree rather closely related to the theobroma cocoa. It
is also worth mentioning that a laxative effect was noted
when goose fat was eaten in quantity but was not noted with
a comparable amount of chicken fat. It seems not unlikely
that studies undertaken to explain these observed diver-
gencies would yjeld very interesting results.
CoxcrusioNn

From the investigations as a whole it seems fair to conclude
that fats are wholesome, useful foodstuffs, which are well
assimilated, and that for such reasons they deserve the im-

INDUSTRIAL AND ENGINEERING CHEMISTRY '
‘portant place they have in the diet. The fact that they are

Vol. 15, No. 3

often carriers of vitamins is another reason for the esteem
in which they are held. ,

No attempt can be made here to discuss their effect upon
palatability of the diet and their important relation to the
texture, flavar, and quality of the foods into which they enter,
though these and other matters relating to fats are being
studied in the Office of Home Economics, where it is also
proposed to continue the work on the digestibility of fats
when new ones or new processes of manufacture add to the
list of material available for such purposes.
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Physical or chemieal disruption of the structure of liver mito-
chondria usually leads to preparations with considerable re-
spiratory activity, but with little or no activity in coupling
phosphorylation to respiration. Under carefully controlled
conditions, however, submitochondrial preparations with consid-
erable phosphorylating activity may be obtained (1-5). At
least some of the loss of phosphorylating activity which ordinar-
ily accompanies mitochondrial disruption may be caused by
uncoupling factors which are released or become active as mito-
chondrial structure is altered. In a search for such endogenous
fagtogs, two distinet activities of this general type were observed
(6). The first, R factor, is a protein-containing factor which
releases respiration of mitochondria or mitochondrial subfrag-
ments from its normal dependence on the presence of a phosphate
acceptor system, but which does not uncouple phosphorylation
(6). The second agent, here designated as U factor, which is
heat-stable in nature and readily extracted from mitochondrial
fractions with iscoctane and other solvents, has been found to
uncouple phosphorylation, release respiration from control by
adenosine diphosphate, and cause the swelling of mitochondria.
These effects of U factor may be prevented by the presence of
bovine serum albumin. This paper is concerned with the assay,
general properties, and enzymic formation of U factor in rat
liver mitochondria. The possible identity of U factor with the
active principles of the mitochondrial uncoupling preparations
of Pullman and Racker (7), Polis and Shmukler (8), and Hiils-
mann el al. (9) is also po'inted out.

EXPERIMENTAL AND RESULTS

Rat liver mitochondria were isolated from sucrose homogenates
as described before (10) and were washed 3 times; these served
as starting material for the preparation of U factor and the phos-
phorylating digitonin fragments (10) used to assay the U factor
activity. :

Preparation of U Factor—A standard preparation of U factor
in isooctane solution was used for many of the experiments de-
seribed below, It was prepared as follows. The washed mito-
chondria isolated from 60 gm. of rat liver were suspended in
0.03 M KCI to'make a total volume of 60 ml. The suspension
was subjected to sonic oscillation for 30 minutes at 4° in the
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Pubiie Health Service, National Seienee Fonndation, The Nutri-
dun Foundation, Ine,, and the Whiteha !l Famndatian,

T 8peciul postdocioral Tellow of the United Stptes Publie
Health Service. On leave from Department of Agricultural
Chemistry, Oregon State College, Corvallis, Oregon (present
address).

cavity of a 9 ke. Raytheon magnetostriction oscillator. The
sonically disrupted mitochondria were then incubated at 23° for
2 hours. The suspension was brought to pH 3.0 with 5 x HCl
and extracted 3 times with equal volumes of isooctane (2,2,4-
trimethylpentane, ‘“spectro” grade, Eastman). The emulsions
formed were broken by freezing and thawing followed by cen-
trifugation. The clear, colorless isooctane extracts were com-
bined and stored at 0°, with no change in activity for months,
This extract, was assayed as deseribed below, contained approxi-
mately 2.5 units of U factor per ml.

Assay of U Factor Activity-—The ability of U factor to un-
couple oxidative phosphorylation was used as a basis for a semi-
quantitative assay. Ordinarily, U factor was first extracted
from aqueous mitochondrial suspensions or extracts by shaking
3 times with equal volumes of isooctane, following the general
procedurc described above. Usually the aqueous phase was
first brought to pH 3 to 4 with HCI prior to extraction, although
essentially complete extraction was also observed at pH 6.5.
The combined isooctane extracts were made to a standard vol-
ume. -

The enzymic assay of U factor present in isooctane extracts was
carried out as follows. Small aliquots of the isooctanc extract,
between 0.1 to 5.0 ml, were placed in 20-m!. heakers of the tvpe
used in the Dubnoff shaker. These extracts were then evapo-
rated to dryness by placing them in a large desiccator attached
to a water aspirator. The isooctane-extractable material was
thus deposited in a thin, invisible layer in the beaker. Tl
components of the enzymic test system were then pipetted
dircetly into the prepared beakers and the medium shaken in the
beaker for 15 minutes at 20° before the addition of the enzyme
to dissolve or suspend the uncoupling factor.

The enzyme test system contained 0.01 at pL-B-hydroxybutyr-
ate, 0.0024 a ADP, and 0.03 a phosphate buffer, pH 6.5, labeled
with P2 (~ 2 X 10°c.p.m.). A water suspension of phosphoryl-
ating digitonin fragments from rat liver (10), containing about
200 pg. total N, was added last to complete the system which lad
a total volume of 2.0 ml. Incubation was carried out at 20° for
15 to 20 minutes. The reaction was stopped with trichloroaectic
acid and the phosphate uptake and acetoacetate formation
measured as deseribed bhefore (10); the data were used to caleu-
late the P:2¢ ratios. The control P:2¢ ratios, obtained in the
ahernee of added T factor, were between 1.5 and 2.0.
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1 unit was defined a= the amonnd regrired to lower the Poo
ratio in the above test system to 50 per cent of its control value.

Ordinarily two or three levels of each sample of U factor were
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TasLe I

Uncoupling of phosphorylation and respiratory release by U factor;
action of serum albumin

The test system for oxidative phosphorylation contained 0.01 »t
pL-B-hydroxybutyrate, 0.0024 M ADP, 0.01 a histidine pH 6.5,
0.03 m phosphate buffer pH 6.5 (labeled with P#2, ~ 1 X 10%
c.p.m.), 0.01 M glucose, 1.0 mg. hexokinase preparation; 0.001 M
EDTA, digitonin fragments (215 ug. N), and U factor equivalents
as shown below in total volume of 2.0 ml. Serum albumin was
added at 4.0 mg. per vessel as shown. The test system for release
of respiration contained only 0.01 m 8-hydroxybutyrate, 0.01 M
histidine pH 6.5, 0.001 M EDTA, digitonin fragments (215 ug. N),
and U factor as shown to total volume of 2.0 ml. All vessels were
incubated 20 minutes at 20°. Aliquots of U factor solution in
isooctane (2.2 units per ml.) were evaporated in reaction vessels
as shown.

Aceloacetate formed
U factor Serum alb P:2e
No acceptor | Plus acceptor

ml. 4 mumoles mumoles
0.0 - 120 324 2.24
0.3 - 178 318 1.86
0.5 —_ 218 328 0.94
0.7 - 268 334 0.5¢4
1.0 - 290 326 0.14
1.5 - 308 332 0.06
« 1.5 + 102 338 2.30
6.0 - 04 88 0.02
6.0 + 122 306 2.02

Tasre II

Effect of U factor on ATP exchange reactions and AT Pase

The test system for the ATPase and ATP-P;* exchange reac-
tioncontained 0.006 M ATP pH 6.5,0.0004 M phosphate labeled with
P (1.22 X 10® ¢.p.m.) and digitonin fragments (208 ug. N) in a
total volume of 2.0 ml. A 1.5-ml. aliquot of U factor in isooctune
(3.5 units) was evaporated in the vessel beforehand. The incu-
bation period was 20 minutes at 20°.

The ATP-ADP exchange was measured in a system containing
0.004 M ADP-C (14,000 ¢.p.m.), 0.006 M ATP, pH 6.5, and digi-
tonin fragments (55 ug. N) (aged 72 hours at 0° (11)) in total vol-
ume of 0.5 ml.; 1.75 units of U factor were added as shown. The
incubation period was 20 minutes at 20°. Serum albumin was
added as shown at a level of 2.0 mg. per ml.

Activity
Experiment No. U factor
No addition] U factor + serum
albumin
mumoles mumoles mumoles
1. ATP-P;*#* exchange, ATP#
formed..... .............. ... 112 ‘ 6 136
2. ATP-ase activity, P; formed.. .. 320 540 284
3. ATP-ADP exchange, ATP-CY
formed....................... 370 370 370

assayed and the unitage arrived at by extrapolation if necessary.
The activity of a =ample eould thus be established to within
about 25 per cent.

Action of U Factor on Oxidalive Phosphorylation and on Ie-
spiratory Conirol by ADP—The typical data collected in Table I
show that preparations of U factor extracted from sonically
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disrupted and aged rat liver mitochondria as described previ-
ously cause uncoupling of phosphorylation and release of respira-
tion from its dependence on the presence of a phosphate
acceptor system, when tested with suspensions of digitonin frag-
ments from rat liver mitochondria. Both the uncoupling and
release of respiration are dependent on concentration of U factor;
at the higher levels tested uncoupling and release of respiration
were essentially complete. Iurthermore, it is seen that the
release of respiration by U factor resembles that given by dini-
trophenol (6) in that the extent of release of respiration in the
absence of acceptor is parallel and roughly proportional to the
extent of uncoupling when acceptor is present. The action of
U factor thus is different from that of R factor; the latter causes
respiratory release but does not uncouple phosphorylation sig-
nificantly (6).

The data in Table I also show that bovine serum albumin
completely prevents the respiration-releasing activity and also
the uncoupling activity of the highest level of U factor added
to the test systems. When great excesses of U factor were
added in the absence of serum albumin, substantially greater
than required to uncouple phosphorylation completely, the
respiration was severely inhibited; a typical experiment is shown
in Table I. This effect is also prevented by serum albumin.

Effect of U factor on ATPase and ATP Exchange Reactions—1U
factor also causes the inhibition of the ATP-P® exchange re-
action and the stimulation of ATPase activity of the digitonin
fragments as shown by the data in Table II. In these respects
U factor also resembles the action of dinitrophenol. These
effects of U factor are completely prevented by an excess of
bovine serumn albumin as shown by the data. Great cexcesses
of U factor in the absence of serum albumin caused substantial
inhibition of ATPase; its action is thercfore biphasic as is its
action on respiration.

The data in Table 1I show, however, that the ATP-ADP
exchange reaction as it occurs in aged digitonin fragments (11
is not inhibited by U factor. Under these conditions dinitro-
phenol likewise has no effect on this exchange (11).

From these findings it appears likely that U factor at the
concentration levels tested is an uncoupling agent that has effects
very similar to those of dinitrophenol, suggesting that it acts a
the same point in the coupling mechanism, presumably near the
carricr level (11-13). U factor thus differs in its action fron
other uncoupling agents such as gramicidin, arsenate, and azide
which have characteristically different actions on the ATP ex-
change reactions and ATPage activity (11, 12).

Mitochondrial Swelling Caused by U Factor—TU factor causes o
great acccleration of the swelling of rat liver mitochondria (cf..
14-106) suspended in a medium of 0.125 a KC1-0.02 » T'ris buffvr’
at pl 7.4, as is shown in Fig. 1.  Approximately 0.2 unit of U
factor caused swelling of a 50 mg, of tissue equivalent of rat liver
mitochondria, equal to the rate produced by 1 X 10-% 1 -
thyroxine (14) or 3 X 10-¢ » sodium oleate.  As scen in Fig. 1.
the swelling produced by U factor was completely prevented b
the presence of 1.0 mg. per ml. of bovine serum albumin in th
test medium.

Effect of Sodium Olente—Sodium oleate solutions appear to be

b e soeb ol s cfUets of U fnetor with r
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! The abbreviations used are: EDTA, ethylenediaminetetrs-
acetate; P;, inorganic orthophosphate; Tris, tris(hydroxymethyl.-
aminomethane.
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of ATPase activity, release of respiration from its dependence
on the presence of a phosphate acceptor system and mitochondrial
swelling. The uncoupling activity of a 1.0 unit of U factor could
be reproduced by approximately 0.03 umole of sodium oleate,
Similarly the mitochondrial swelling activity of a 1.0 unit of U
factor could be produced by about 0.03 umole of sodium oleate.

Enzymic Formation of U Factor—Data in Table 111 show that
freshly prepared intact mitochondria or sonically disrupted
mitochondria contain very little or no U factor activity when
extracted and assayed according to the procedures deseribed
above. However, when such preparations are incubated for 1
to 2 hours at 37° a large increase in extractable U factor activity
occurs. Such formation of U factor activity is accompanied by
a virtually complete loss of phosphorylation activity of the
mitochondria, suggesting that formation of the factor causes
uncoupling of the phosphorylation mechanism. Similar experi-
ments in Table III show that U factor is formed on ineubation
of sonically disrupted mitochondria at about the same rate as in
intact mitochondria. The formation of U factor does not, oceur,
however, if the mitochondria are first heated for & minutes in a
boiling water bath prior to incubation. The formation of U
factor thus appears to be enzymic in nature. The formation of
U factor in suspensions of sonically treated mitochondria is a
function of pH, being optimum between pH 5.6 and 6.5, as shown
by the data in Table IV.

Efect of Cofactors and Inhibitors—The rate of enzymic forma-
tion of U factor in sonically disrupted mitochondria is affected
by the presence of various agents. Data in Table V show that
the formation of U factor is not inhibited by 0.001 m sodium
cyanide, 0.001 x sodium azide, 0.01 arsenate, or 0.001 m CaCl.,.
On the other hand, 0.02 x sodium fluoride inhibited U factor
formation 50 per cent and 0.001 M HgCl, inhibited it about 80
per cent.

The data in Table V also show that inorganic phosphate is
apparently not a requirement for the formation of U factor.
Similarly the presence of ATP, ADP, DPN, or Mg*+ had no
effect. However, it is highly significant that the presence of
ATP and CoA during the incubation of the sonically disrupted
mitochondria often greatly reduced the amount of U factor
extractable with isooctane. The inhibition under these cir-
cumstances approached 80 per cent, particularly with short
reaction periods. CoA added alone was gencrally incffective.
Oxidized CoA was ineffective even when added with AT P. The
possible significance of these observations is discussed below,

Milochondrial Components Required for Formation of U Fac-
tor—Some simple fractionation experiments were carried out to
establish which mitochondrial components are involved in the
formation of U factor. Intact mitochondria were incubated for
2 hours at 37°, chilled, subjected to sonic treatment for 15
minutes, and then centrifuged at 120,000 X g for 30 minutes in
the Spinco model I, ultracentrifuge to separate the sonically
disrupted mitochondria into a soluble supernatant fraction and
an insoluble pellet, which was resuspended in 0.03 M KCl.  Each
fraction, as well as the unfractionated suspension, was scparately
extracted with isooctane and the location of U factor determined
by the uncoupling assay. The data in Table VI show that U
factor formed in intact mitochondrin on aging is recovered almost,
entirely from the particulide residue which presumahly coneicis
of fragments of the mitochondrin! membrane withy onlyv g <nall
portion present in the soluble protein fraction, which in turn
presumably originates largely in the mitochondrial matrix.

A. L. Lehninger and L. F. Remmert
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Fie. 1. Swelling action of U factor on rat liver mitochondria.
Aliquots of isooctane solution of U factor were evaporated in
matched cuvettes. A medium of 5.0 ml, 0.125 x KC1-0.02 3 Tris
pPH 7.4 was added to each tube. The effects of U factor were
compared with the swelling action of 3 X 10~$ a sodium oleate.
Optical absorbancy changes were measured at 520 myu at 20° after
the addition of washed rat liver mitochondria derived from 50 mg.
whole liver (14). Serum albumin was added at 1.0 mg. per ml.

TasLe IIT

Formation of U factor and decline of P:%e ratio during incubation
of mitochondria

In Experiment 1 each tube contained intact mitochondria iso-
lated from 5.0 gm. whole rat liver, suspended in 10.0 ml. of 0.03
M KCi-0.01 M Tris buffer plI 7.4. The tubes were incubated at
37° for 2 hours as shown. For analysis of U factor, the tubes were
chilled in ice, the contents treated sonically for 15 minutes at 4°,
and U factor extracted from the acidified contents with 3 equal
volumes of isooctane and assayed as described in the text. Ali-
quots (1.0 ml.) of the mitochondrial suspension in parallel tubes
were used to determine the change in the P:2¢ ratio as a result of
the incubation at 37°. The test system for the latter determina-
tion contained 0.01 u B-hydroxybutyrate, 0.0024 ¥ ADP, 0.03 »
phosphate pH 7.4, 0.005 a MgCl,, 0.001 3 DPXN, 0.03 M glucose,
2.0 mg. Type V yeast hexokinase, and 0.03 3 XCl in a total vol-
ume of 2.0 ml. Incubation was 20 minutes at 20°,

In Experiment 2, the details were the same except that the
mitochondrial suspension was first treated sonically in 0.03 m
KCl at 0° for 15 minutes prior to the 2 hour incubation at 37°;
tests of the P:2¢ ratio were not carried out.

s |
Ve e
"I,i"ﬁeﬁ'o Fype of preparation Before | After | Before | After
incuba- incuba- incuba- incuba-
tion tion tion tion
1 Intact mitochondria 2 55 12,201 0.32
Intact mitochondria 2 50 12,161 0.22
Boiled intact mitochondria* 2 2 )
2 Sonice-treated mitochondria 5 60
Sonic-treated mitochondria 5 60
Boiled sonicated mitochon- 5 &
dria*

* Tubes were placed in boiling H.0 bath for 5 minutes before
incubation at 37°.

Experitnents were then carried out to determine the loeation
of the cnrciae capable of forine U fuctor, 1o Sy ey ar]
sonie-dizmpted mitochondvia were centrimecd nnd sevaeted
into a soluble fraction and a particulate residuc.  These fractions
were incubated at 37° for 2 hours, separately or combined as
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TasLE IV
Effect of pH on formation of U factor

Each tube contained sonic-treated mitochondria derived from
5.0 gm. of whole rat liver in 10.0 ml. 0.03 m KCl, buffered at pl
4.8 with 0.01 a1 acetate, at pH 5.6 and 6.5 with 0.02 m histidine,
and at pH 7.4 and 8.5 with 0.01 M Tris. The tubes were incubated
1 bour at 37°, acidified, extracted with isooctane, and the U fac-
tor formed was determined as described in the text.

pH U factor f‘-)nlned
unity
4.8 34
5.8 78
6.5 70
7.4 50
8.5 20

TasLE V
Effect of inhibilors and cofactors on formation of U factor

Assay carried out on sonic-treated mitochondria exactly as in
Table 1V, using a medium of 0.03 M KC1-0.01 » Tris buffer, pH
7.4. Additions to the medium were made as shown.

Additions U factor formation

unils

B O, ot 105
0.001 M sodium eyanide...................... 100
0.001 Mmsodium azide. ....................... 85
0.01 M sodium arsenate...................... 105
0.001 M calcium chloride..................... 100
0.02 M sodium fluoride....................... 50

2. NOME . . e e e e 70
0.00l MHgCls. . ... 10
0.003 M ATP . . ... e 65
0.003M ADP. ... ... 75
0.003 M DPN ... e 75
0.001 M MgCla. ..o 80
0.01 M phosphate............................ 75

3. NODC. ..o e e e e e e 55
0.005 M ATP . . ... e 45
0.005 M CoA-SH..................... . ... 50
0.005 M ATP +0.0053 CoA-SH............. 10
0.005 m ATP + 0.005 M CoA (—S88—)........ 40

shown, as was a sample of the original unfractionated suspension.
The data in Table VI show that neither fraction possesses the
entire activity of the whole suspension. The particulate frac-
tion alone forms only a small amount of U factor, less than 15
per cent of that formed by the whole suspension. The soluble
fraction alone shows only about 30 per cent of the activity of the
whole suspension. When the two fractions were hoiled before
incubation, each lost its activity completely (Table VI). These
findings indicate that the substrate and enzyme, or cofactors,
presumably involved in the formation of U factor are not located
in the same fraction.

When the supernatant fraction was boiled and incubated with
unboiled  particulde fraction, relatively little U7 fietor was
formmed,  Conversely, when the boiled particulate fraction wus
combined with unboiled supernatant fraction, fuli activity in
the formation of U factor was restored. The experiment sug-
gests that the particulate fraction contains a heat-stable sub-
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stance, presumably a substrate or cofactor, necessary for the
action of a heat-labile component in the soluble fraction in the
formation of U factor. It must be pointed out that the heating
of mitochondrial fractions as carried out above may cause
changes in the cxtractability of U factor by isooctane, in addi-
tion to inactivation of a heat-labile factor.

Action of Serum Albumin on Phosphorylating Mitochondrial
Fragments—Phosphorylating fragments of rat liver mitochondria
prepared by the digitonin procedure (1, 10) lose phosphorylating
activity on aging at 0°. Concomitantly, they also lose their
activity in catalyzing the ATP-P® exchange reaction and di-
nitrophenol-stimulated ATPase (18). Such inactivated prep-
arations can be reactivated by the addition of serum albumin
as shown in Table VII. It is seen that the addition of serum
albumin reactivated almost completely the phosphorylation and
exchange in a preparation of digitonin fragments aged for as
long as 44 hours at 0°. Preparations aged for longer periods
were not activated, but they had lost activity in oxidation of
B-hydroxybutyrate because of the loss of bound DPN. These
findings are thus similar to those of Pullman and Racker (7) on
intact mitochondria.

Extraction of U Factor from Aged Digitonin Fragments—The
reactivating effect of serum albumin on aged digitonin fragments
suggested that U factor was being formed enzymically in the
fragments during storage. This was confirmed by the extrac-
tion of fresh and aged digitonin fragments with isooctane, and
assay of the extracts for uncoupling activity in a test system in

TasLe VI
Fractionation experiments on formation of U factor

In Experiment 1, 20.0 ml. of a suspension of rat liver mito-
chondria derived from a 12.0 gm. whole rat liver in 0.03 » KCI-
0.02 M Tris, pH 7.4, was incubated 1 hour at 37°. It was then
treated sonically 15 minutes at 4°. A 10-ml. aliquot was cen-
trifuged at 105,000 X g. for 30 minutes to yield a supernatant frac-
tion and the pellet, which was resuspended in 10 ml. 0.03 a KCI.
After acidification, each fraction and the whole suspension was
extracted with isooctane and assayed for U factor activity.

In Experiment 2, 10.0 ml. aliquots of freshly prepared sonic
suspension, supernatant fraction, and resuspended residue, pre-
pared as above and derived from fresh, unincubated mitochondria
isolated from 6.0 gm. of whole rat liver, were incubated for 2
hours at 37°. Some of the tubes were first heated 5 minutes in a
boiling H20 bath before incubation, as indicated below.

U factor

Fraction analyzed formed units

Exp. No. [Fraction incubated

1 Intact mito- | Sonic-treated mitochondria. .. 27
chondria | Supernatant fraction......... 2
Residue fraction.............. - 28

Supernatant fraction plus
residue.................... .- 38

Fraction incubated and assayed

2 Whole sonic suspension..................... 48
" | Whole sonic suspension boiled............... 4
Supernatant fraction...................... 14
Supernataot fraction bailed. o000 2

Fownloaon feacivon 00 10

i

Residue {raction boiled .00 000 00 00
Boiled residue + unboiled supernatant...... 64
Boiled supernatant + unboiled residue...... 2
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which freshly prepared digitonin fragments were employved.
Data in Table VIII demonstrate that freshly prepared digitonin
fragments contain & small but significant amount of material
extractable with isooctane and capable of uncoupling phos-
phorylation. Extracts of the fragments aged at 0° for increasing
periods of time contained increasing amounts of the uncoupling
factor; the change was 9-fold over 72 hours at 0°. The un-
coupling action of this factor was completely prevented by adding
serum albumin to the test medium at levels of 2.0 to 5.0 mg.
serum albumin per ml. That the formation of U factor in aging
digitonin fragments is enzymic was shown by an experiment
with boiled digitonin fragments in which no increase in isooc-
tanc-cxtractable, uncoupling factor oceurred during incubation
over 72 hours at 0°.  Further evidence for the identity of the
factor formed in aged digitonin fragments was obtained by
washing aged fragments with serum albumin solution. The
serum albumin solution was then extracted with isooctane which
was found to contain the uncoupling factor.

These experiments show that the phosphorylating digitonin
fragments contain the components necessary for the formation
of U factor, although only a small fraction of the total capability
of intact mitochondria in forming the factor is present.

DISCUSSION

The evidence sammarized in this paper indicates that a potent
uncoupling agent of oxidative phosphorylation is formed in intact
mitochondria or in mitochondrial fractions on incubation in the
absence of oxidizable substrates or adenine nucleotides by an
enzymic reaction in which the substrate or a heat-stable cofactor
is contributed largely by the insoluble particulate fraction,
presumably derived from the membranes, and a heat-labile
component is contributed largely by the soluble fraction.

The properties of the uncoupling agent suggest that it may be
& long-chain fatty acid. The U factor is heat-stable and readily
extractable from aqueous phases by isooctane, diethyl ether, or
benzene, at pII 6.5 or below, but not extractable above pH 8.
It is already known that fatty acids uncouple oxidative phos-
phorylation (19) and inhibit certain processes dependent on it,
such as fatty acid oxidation (20). In addition fatty acids have
profound effects on ATPase activity (19). Enzymic formation
of free fatty acids from endogenous lipides of mitochondria ap-
pears to be a possible mechanism for the formation of an endog-
enous uncoupling agent, since the mitochondrial fraction of liver
homogenates is known to have some phospholipase activity and
the mitochondrial membranes or their fragments countain large
amounts of phospholipide (¢f. (21)), which could offer consider-
able potential substrate for the formation of free fatty acid.
Lastly, identity of U factor as a fatty acid is suggested hy the
ability of serum albumin to prevent its uncoupling action; serum
albumin also prevents uncoupling by fatty acids such as oleate
presumably because of its avid eapacity to bind fatty acids.

Additional suggestive evidence that U factor may be a fatty
acid comes from the finding that the presence of ATP and CoA
inhibits its enzymic accumulation. Mitochondria contain ac-
tivating enzymes that cause the formation of fatty acyl-CoA
esters from free fatty acids (22). Enzymic conversion of free
fatty acids into the CoX esters comld he expected o reanit in a
form of the futty weld which is more soluble I witer wad bess
readily adsorbed, and thus less inlibitory to phosphorylation.
Furthermore, the CoA esters would not be expected to pass into
isooctane from an aqueous phase. Enzymic formation of the

A, L, Lehninger and L. F. Remmert
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TasLe VII

Reactivation of aged digitonin fragments by serum albumin

A suspension of digitonin fragments (9) in distilled H.O (1.10
mg. N per ml.) was aged at 2°. Aliqudts were taken at 0, 24, and
44 hours and assayed for phosphorylation efficiency and the
ATP-P;*# exchange in the presence and absence of crystallized
bovine serum albumin at a level of 2.0 mg. per ml. Assay details
are described in the text. ’

ATP-P;# exchange, ATP Oxidative g}losphorylation
Age of digitonin formed 12
frugments
~SA* +SA —sA | +5A
hrs. mumoles mumoles
0 122 148 1.98 2.16
24 44 154 1.08 1.92
44 5 124 0.14 1.64
* 8A, serum albumin.
Tasre VIII

Formation of U factor on eging digitonin fragments
A suspension of digitonin fragments in H.O (1.24 mg. N per
ml.) was aged at 2°. Aliquots, 4.0 ml., were taken at the times
shown, acidified, extracted with iseoctane, and U factor activity
of the extracts assayed.

Age of digitonin fragments U factor per mg. enzyme N
hrs. “nils
1 2
24 8
48 12
72 18
72 (boiled) 1

relatively less “toxic”” CoA esters from the toxic free fatty acids
may be at least partly responsible for the observation of Me-
Murray and Lardy (17) that additions of CoA-SH increase or
stabilize the P:2¢ ratio in suspensions of mitochondrial fragments
obtained by sonic treatment of mitochondria. This effect of
ATP + CoA-SH on the formation of U factor was somewhat
variable and never produced complete inhibition of U factor
{ormation, however.

The factor described here may be identical with the active
principle of the mitochondrial uncoupling material described by
Pullman and Racker (7) and may also be present in the mito-
chrome of Polis and Shmukler (8). The uncoupling activity of
both substances is reversed by serum albumin. Furthermore
Hillsmann et al. (9) have recently shown that the uncoupling
activity of mitochrome preparations may be extracted with iso-
octane. The latter authors also showed that this factor in-
hibited the ATP-P;* exchange reaction. Very rapid formation
of U factor from endogenous precursors may also be suggested
as the basis for the finding that serum albumin, or one of a few
other proteins, (23) must be present in the test medium in order
to demonstrate any oxidative phosphorylation at all in suspen-
sions of fly muscle mitochondria (23). Recent experiments of
VWojteralo and Wojtezak (240 Leve shown that serivn oleirain
Longone-solule vneoupling ament rrom v
motl: Lkirval micochiondria,

Although it would appear simplest to conclude that the forma-
tion of U factor is a nonspeeific consequence of the disruption of

Saule oy eaniruet o
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cell or mitochondrial structure and subsequent lipolysis to pro-
duce free fatty acid, and that this mechanism has no particular
physiological significance, such a conclusion seems premature.
It appears necessary first to establish the identity of U factor
with more certainty, and further work is now being carried
out to purify the isooctane-extracted, mitochondrial factor
by chromatographic means. Although many long-chain fatty
acids have uncoupling activity, it is possible that the bulk of the
endogenous U factor activity may be contributed by one spe-
cific type of fatty acid which may not be one of the more common
or abundant fatty acids of animal tissucs. Also, free or unes-
terified fatty acids are normally found in the blood and tissues
as a transport form in significant concentrations (25). Further-
more, a physiological uncoupling function of free fatty acids has
been postulated by Langdon to explain some features of the meta-
bolic integration of fatty acid and pyruvate oxidation in mito-
chondria (26).

Promotion of mitochondrial swelling by U factor suggests that
it is an important endogenous or intracellular factor in swelling,
together with the other intracellular swelling agents, such as
thyroxine, Cat+*, phosphate, and glutathione (¢f. (27)). It is
significant that scrum albumin causes substantial potentiation
of the action of ATP and Mg** in reversing mitochondrial
swelling (27), suggesting that the serum albumin combines with
U factor.

L SUMMARY

Incubation of intact or sonically disrupted rat liver mito-
chondria at 37° causes the loss of the ability to eouple phos-
phorylation to respiration and the simultancous formation of an
isooctane-extractable, heat-stable uncoupling agent designated

Uncoupling and Swelling Agent in Liver Mitochondria
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as U factor. This factor also stimulates respiration in the
absence of a phosphate acceptor system, inhibits the adenosine
triphosphate (ATP)-inorganic orthophosphate-P® exchange re-
action, and stimulates ATPase activity. U factor also causcs
swelling of rat liver mitochondria. These actions of U factor are
abolished by the presence of serum albumin.

Enzymic formation of U factor in sonically disrupted mito-
chondria is heat-labile and has an optimal pH of sbout 6.0. It
is not affected by inhibiting respiration with cyanide or azide,
by the addition of ATP, adenosine diphosphate, Mg*+, Cat+,
diphosphopyridine nucleotide, or arsenate, but is inhibited b\
fluoride and Hg*+. The presence of both ATP and the reduced
form of coenzyme A greatly inhibits the accumulation of iso-
octane-extractable U factor, and this may account for some of
the beneficial action of coenzyme A in oxidative phosphorylation.

The enzymic formation of U factor requires a heat-stable com-
ponent, possibly a lipide, which is present largely in the particu-
late fraction from sonic-treated mitochondria, plus a heat-labile
component which is present in the soluble fraction of sonic-
treated mitochondria. Enzymie formation of U factor also
occurred in phosphorylating digitonin fragments derived from
mitochondrial membranes.

U factor has properties consistent with those of higher fatty
acids and its enzymic formation from endogenous lipides may be
responsible for the rapid inactivation of oxidative phosphoryla-
tion that occurs when mitochondria arc disrupted. A physio-
logical role for U factor appears possible.
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Carcinogenicity of Heated Fats and Fat
Fractions'

R. W. O'GARA, L. STEWART, J. BROWN, and W. C.
HUEPER,> Laboratory of Pathology, and Biology Branch,
National Cancer Institvte,® Bethesda, Maryland 20014

HEATED FATS have long been suspected as

SUMMARY—Two vegetable fats commonly used in commercial and home
deep-fat frying of foods, and fractions thereof, were tested for carcinogenicity
in NIH Black rats. The following fractions of fresh and heated (used re-
peatedly for deep-fat frying) hydrogenated vegetable fat and com il
were prepared and tested: urea adduct, nonurea adduct, nonsaponifiable
fraction, and volatiles. Intramuscular injections of the nonurea adducts of
fresh and heated hydrogenated fat and of com oil, repeated every 2 weeks
for 14-17 months, induced sarcomas at the site of injection in NIH Black
rats. The incidence was higher in rats receiving the ncnurea adducts
from com oil than from hydrogenated fat, and higher also in the nonurea
adducts from heated than from fresh fats. Few tumors, except papillomas of
the forestomach, were induced in the alimentary fract or at cther sites in 426
rats by the daily feeding for 17 months of fresh and heated fats and the
vrea and nonurea adducts of com oil, with and withcut added benzolalpyrene.
No subcutaneous or other tumors were induced in 864 rats given as newborns,
a single subcutaneous injection of fresh corn oil, nonurea adducts of fresh
and heated hydrogenated fat and com oil, or the nonsaponifiable fractions
and volatiles of these two cocking fats. Lymphosarcomas, sarcomas of the
uterus, fibroadenomas of mammary gland, squamous-lined cysts of the
forestomach, and a variety of other tumors were obtained in all groups of

animals, but the incidence was comparable to that occurring spontaneously
* in older rats of the INIH Black line.—J Nat Cancer Inst 42; 275~287, 1969.

workers, however, could

not confirm Roffo’s

cnvironmental carcinogens because incomplete
combustion of many organic materials produces
carcinogens. The experimental work on the car-
cinogenicity of hecated fat was carefully reviewed
by Arffmann (7). In 1939, Roffo (2) reported the
induction of gastric adenocarcinomas, hepatic
sarcomas, and papillomas of the forestomach in
rats fed fat heated to 350°C for 30 minutes. Other

results and were unable to obtain tumors of the
glandular stomach, though they did find papil-

1 Received Septernber 11, 1968; accepted November 20,
1968. ,

8 Present address: 4558 McGregor Boulevard, Fort Myers,
Fla. 33901.

3 National Institutes of Health, Public Health Service,
U.S. Department of Health, Education, and Welfare.
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lomas of the forestomach (3-5). Beck and Peacock
(3) attributed papillomatosis to a toxic factor in
the heated fat which interfered with the absorption
and metabolism of vitamin A. They demonstrated
a decrease in vitamin A in the livers of rats fed
heated fats and showed that a diet rich in vitamin
A inhibited papillomatosis of the forestomach.

Local sarcomas have been induced in rats at
the site of subcutaneous injections of heated and
unheated fats (6—9). The active substance in these
cases does not appear to be benzo[a]pyrene or
related compounds (10) and has not been demon-
strated on oral administration, except possibly
through the mechanism of vitamin A depletion
and subsequent papillomatosis of the forestomach.

Perkins and Kummerow (77), studying the
chemical changes in heated fats, found that
treatment with urea resulted in separation of the
unchanged fatty acids from oxidized material.
Sixty-four percent of the fatty acids formed urea
adducts (UA’s) and the remaining 369 failed to
form complexes with urea [non-urea-adduct
(NUA) fraction). The UA-forming fatty acids
appeared to be free of polymers and to be com-
posed of a mixture of normal straight-chain fatty
acids. The NUA-forming fraction contained some
linoleic and oleic acids but also a considerable
amount of polymeric compounds of high molecular
weight, with a high percentage of hydroxyl and
carbonyl groups.

In the experiments reported here, fresh and
repeatedly heated fats, and several chemical
fractions thereof, were assayed for carcinogenic
activity. Newborn rats received single subcutaneous
injections and weanling and adult rats reccived
repeated intramuscular injections of the fats or oral
administration in the diet.

MATERIALS AND METHODS

Fresh hydrogenated fat and corn oil were pur-
chased from commercial sources through the
General Services Administration of the Federal
Government. Used or heated hydrogenated fats
were discards of a local cafeteria that obtains its
cooking fats from the same source. Fresh corn oil
was heated in the laboratory in 8-9 kg lots at 200°C
for 6-8 hours a day for approximately 50 hours,
or until an iodine number of <87 [Hanus method

r
(12)] and a refractive index of 1.4812 or grese. .
was obtained. During heating, the fat was acr
at the rate of 250 cc/min/kg oil by air ).
through a fritted glass tube. From time to ;.
peeled, sliced potatoes were fried in the oil -
simulate home and commercial deep-fat fryi:. -
After completion of the heating procedure, i; -
fat was stored at 4°C until use.

The procedure for fractionation of the fats .
outlined in chart 1. A 135 g portion of fat v..
added to an 8-litter flask containing 44 g KOi;
dissolved in 500 ml ethanol. The flasks v
flushed with nitrogen to remove the air and |-
prevent further oxidation and then placed fi:
about 30 hours in a wrist-action shaker. Prelimin: -
tests had shown that this was adequate to assure
complete saponification. The reaction mixture ...
diluted with water to solubilize the potassium saj:-
of the various fatty acids, and the nonsaponifiablc
fraction (principally sterols and any hydrocarbu:
material that might have formed) was extracted
with 2,2,4-trimethylpentane (iso-octane). The is-
octane containing the nonsaponifiable fraction wa-
then evaporated by vacuum distillation. The non-
saponifiable fraction usually was obtained as :
noncrystalline, syrupy mixture, which was dilutcd
with fresh corn oil for injection into rats. However.
occasionally a crystalline substance was obtained;
further purification showed it was B-sitosterol.

The saponified fraction was acidified with HCI:
the free fatty acids were extracted with 2,2,1-
trimethylpentane and dried with anhydrous sodiu
sulfate, and the solvent was removed by vacuu
distillation. The UA fraction was prepared from
the free fatty acids; 1 part of free fatty acid was
added to a hot solution of 7 parts methyl alcohol
and 4 parts urea. The mixture was then chilivd
for 2 minimum of 2 hours to allow for complete
crystallization of the UA, filtered under vacuu:m
in the cold, washed several times with cold meth-
anol, and air-dried in the cold. The adduct w:»
then decomposed with water and acidified slightly.
and the free fatty acids were extracted with di-
chloromethane (methylene chloride). Removal «:
the solvent yielded the normal free fatty acics
capable of forming UA’s. The UA fractions weit
all white solids at room temperature.

. The filtrate containing the NUA fraction wis
vacuum-distilled to remove the methanol. Watcr
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e CHaAzT 1.~—Outline of procedure for chemical fractionation of fat !

Fat 4+ KOH (ethanol): shake under nitrogen, add water, and extract with iso-octanc

zalts of fatty acids

\cidify with HCl
!

Extract {Ni!h 2,2,4-trimethylpentane
!

* Dry with anhydrous Na,SO,
‘ i

Remove solvent by vacuum distillation

Free fatty acids

!
Add 7 parts MeOH + 4 parts urea (hot) to 1 part of fatty acids

i
Chill for 2 hours for crystallization of urea adduct
i

Filter under vacuum
Washlwith methanol

.\ir—df'y in cold

Docorlnposc adduct with water

Acidiil'y with HCl

Exu-aict the free fa!ty‘ acids with dichloromethane

Remove solvent

» 1
Urea-adduct fraction for bioassay

PN

l\ionsaponiﬁablc fraction plus hydrocarbon
Evaporated in vacuo

!
Injected into rats after dilution with fresh corn oil

Filtrate

Vlacuum distill to remove methanol
Aldd water and acidify with HCI
Blrown, oily, viscous material
Extract with dichloromethane

D‘ry over anhydrous Na,SO,

Solvent removed by vacuum distillation followed by gentle
heating under nitrogen

NUA fraction for bioassay

The NUA fraction of corn oil heated at 200°C for 50 hours averaged 42% of the total sample (range: 31-45%). In one
ample the NUA fraction was 36.60% and the UA fraction, 53.05%. The remaining 109, was mostly glyceride. Analysis of
one sample of hydrogenated fat, heated under the same conditions, yielded only 5% NUA fraction. Se¢ also the analysis of
fresh corn oil and of corn oil heated to 200°C for 24 hours in Appendix 1.

was added and the mixture acidified with HCL.
A brown, oily, viscous substance was obtained,
which was extracted with dichloromethane and
dried with anhydrous Na,SO,. The solvent was
then removed by vacuum distillation, followed by
tentle heating in an evaporating dish with nitrogen
blowing over the surface to remove the last trace
of solvent, The dark, oily, viscous material re-
faining contained the fatty acids that had been
¢hanged by heat and/or oxidation, and could no
ionger form adducts with urea. This NUA fraction
‘outained polymerized material and any cyclic
ad branched chain compounds formed in the
feating process.

Two volatile fractions were prepared from corn
“l by distillation: One fraction contained the
“aterial that distilled over in heating for 5 hours
! 100°C, the other the material that distilled over
“uring an additional 10 hours of heating at 200°C.

oL, 42, NO. 2, FEBRUARY 1969 /
827-221—89-—10

The distillates were collected in ethanol cooled in
a dry-ice bath. o

Biological assap.—~The randombred NIH Black
rats used for bioassay were obtained from the
Animal Production Section of the National Insti-
tutes of Health. This strain was chosen because it
has a low incidence of spontaneous neoplasms,
except for lymphomas (6%), and of uterine
neoplasms (3.39%) and fibroadenomas of the breast
(2.5%) in old females (/3). Ten males or fifteen
females were housed together in large rabbit
cages. The animals were allowed free access to -
rat pellets (Ralston-Purina Co., Wilmington, Del.) .
and water. Because of limitations of space, animals,
and materials, not all fractions were tested by
every route.

Forty to sixty newborn rats were given a single
subcutancous injection of one of the following
materials:_fresh whole corn oil, the UA and NUA
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of heated corn oil, the NUA’s of fresh or heated
hydrogenated fat, the nonsaponifiable fraction of
fresh or heated corn oil or hydrogenated fat, and
2 volatile fractions of heated corn oil. The material
was injected into the subcutaneous tissue at the
nage of the neck in volumes varying from 0.01-
0.05 mlfrat. The infants were then returned to
their mother. They were weaned and sexed at 30
days of age, and housed in groups of 10 or 15
according to sex. .

The following materials were assayed orally:
fresh and heated whole hydrogenated fat and fresh
whole corn oil, UA and NUA of heated corn oil,
and the dregs of heated hydrogenated fat. These
fractions (except. for the dregs) were tested alone
and with added benzo[a]pyrene. The test materials
were mixed in ground rat chow and prepared fresh
weekly. The fresh and heated hydrogenated fats
were incorporated into the diet as a 209, mixture,
and the corn oil as a 109, mixture. The UA and
NUA of corn oil were given as 5% adduct plus 5%
fresh corn oil. The rats were fed these diets for 17
months and then a regular dict of rat pellets for
the rest of their lives. Once a week each rat was
given 2000 U vitamin A, 400 U vitamin D, and
5 mg vitamin E (in corn oil). Benzo[e]pyrene was
freshly mixed in the vitamin supplement fed to
one-half the rats in each group, at a dose level of
0.5 mg/rat. For each test material, 3040 weanling
males and 50-60 weanling females were used.
Daily food consumption was comparable for all
the diets, and weight gains were satisfactory for
rats on all diets except the NUA of heated corn
oil, where weight gain was slightly retarded.

The following materials were assayed intra-
muscularly: fresh whole corn oil, fresh and heated
whole hydrogenated fat, the NUA’s of fresh and
heated hydrogenated fat and corn oil, and the
volatiles of heated corn oil (200°C for 10 hr).
Twenty male and 20 female weanlings were used
to assay cach material tested except the volatiles,
where only 8 male and 8 female weanlings were
used. The material was injected into the right
thigh muscle at 2-week intervals for 15 months
and was contained in a volume of 0.1 ml, except
for the volatiles of corn oil. Because of the local
necrotizing properties of these volatiles, only 0.01~
0.04 1nl of this fraction was given per injection.
-The whole fresh and heated hydrogenated fats

4

—se————— . eant 2 et .

4
were assayed in rats given injections as newt,.. .
of the NUA of fresh and heated hydrogenateq 1 .
These animals were 8 months old when tli¢ [T
muscular injections were begun, and appeare
healthy and tumor-free at that time.

RESULTS

No tumors were induced at the injection site ;..
864 rats receiving a single subcutaneous injection . .
fat or fat fraction as newborns. The percent .
lymphosarcoma varied from zero in animals give:
the nonsaponifiable fractions to 5.5 in rats give.,
NUA’s. Three of them developed fibroadenomas . -
the mammary gland and ten developed miscellar-
ous tumors. The incidences of lymphosarcomna ar...
mammary fibroadenoma observed in these rats a; -
comparable to those occurring spontaneously i-.
the NIH Black line. Hueper (13), for exampl..
reported an apparent spontaneous incidence :°
6% lymphosarcoma and 2.5% of mammary fibr.-
adenomas in 19- to 20-month-old NIH Black ra:.
given injections of hypertonic sugar solution:.
Hence it seems unlikely that any of these tumor:
were induced.

Many of the rats receiving volatile fractions «;
heated corn oil developed marked deformitics
the spine, probably from a toxic effect of thes
materials on the developing vertebrae. Several rat:
in different experimental groups had submucos.:.
cysts of the forestomach. These cysts were lined 1
squamous epithelium and filled with keratin, an:
were usually at the limiting ridge betwecn ti-
glandular stomach and the forestomach (figs. 1 a:: .
7). ‘Although these cysts have not been describ:.
previously in NIH Black rats, they are belicved t
be spontancous in origin.

Several fat fractions were incorporated into 1.
diet and fed daily to the rats for about 17 month
One-half the animals in each group also were f
0.5 mg benzo[a]pyrene once a week, mixed in the
vitamin supplement. Table 1 summarizes the i
Papillomas of the forestomach occurred predoti:: -
antly in males—in 9 of 185 males versus 3 of -’
females. In addition, 3 rats had squamous €.’
cinoma of the forestomach, 1 had squamous ¢
cinoma of the esophagus, 1 had an adenocarcine::
of the cecum, and 7 had non-ncoplastic squarn
cysts of the forestomach. Of the 17 neoplasms in * -
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_limentary tract, 10 occurred in rats given benzo-
‘;Jpyrene weekly and must be attributed, at least
-artly, to the effect of the carcinogen. However, 2
of the squamous carcinomas of the forestomach and
5 of the papillomas were in rats that had not re-
ceived benzo[a]pyrene. The number of lesions in the
alimentary tract of rats fed fats and fat fractions is
somewhat greater than we obtained in rats given
these materials subcutaneously or intramuscularly,
but is probably not significantly greater than is
often found in old rats examined carefully for
wmors at autopsy.

Thirty of the neoplasms which arose in rats on
the oral regimens were outside the alimentary
tract. Seven rats had fibroadenomas of the mam-
mary gland, five had lymphosarcomas, five had
adenocarcinomas of the uterus, and two had reti-
culum cell sarcoma. A variety of other tumors were
found, but only in one rat in each group. There is no
evidence that any of these extra-alimentary-tract
tumors were induced by feeding of the fat or fat

" fractions.

Table 2 summarizes the data on rats given
intramuscular injections of fresh and heated
hydrogenated fat and fresh corn oil, the NUA’s of
these materials, and the volatiles (100°C for 5
hr) of corn oil. The fat and fat fractions were
injected into the right hind thigh muscles every 2

. weeks for 15 months. Thirty-one sarcomas were

i

i induced at the site of injection by the NUA'’s.

i The incidence of sarcomas was higher in the

i

i

: adducts prepared from heated hydrogenated fat

(219%) and heated corn oil (59%) than from the
NUA’s of fresh hydrogenated fat (6%) and fresh
corn oil (14%). Corn oil fractions were about
three times more effective in inducing sarcomas

- than hydrogenated fat. No local tumors were
" obtained in rats given intramuscular injections of

whole fresh and heated hydrogenated fat or fresh
torn oil, or the volatiles of corn oil. These results
suggest that fresh hydrogenated fat and corn oil
tontain an ineffective quantity of carcinogen
which can be extracted and concentrated in the
NUA fraction. Corn oil either contains a larger
quantity of the carcinogen or a more potent
tarcinogen than hydrogenated fat. The activity or
quantity of this carcinogen is apparently increased
by repeated heating of the fats in the frying of
foods.
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Many local tumors were fibrosarcomas (figs. 2,
4, and 5), but others appeared to be a mixture of
rhabdosarcoma and fibrosarcoma. Six sarcomas
had metastasized to lungs, lymph nodes, or peri-
renal tissue. In general, the tumors were slow-
growing and were usually allowed to grow for
several weeks before the animal died or was killed.
At autopsy, they averaged about 4 cm in largest
diameter (range: 0.5-6.0 cm). The earlicst tunior
was in a rat killed after 9 months of treatment,
and the latest in rats killed at the termination of
the experiment (20 months after the start of
treatment).

In addition to local sarcomas, 20 other primary
neoplasms were obtained in the 243 rats given
intramuscular injections of fat and fat fractions.
Seven rats had lymphosarcoinas, three had car-
cinomas of the uterus, three had papillomas of the
forestomach, two had fibrosarcomas of the abxlo;.
inal cavity (figs. 3 and 6), and five other ncoplasins
occurred in a single rat each. Except lor the

fibrosarcomas and the papillomas, this is abet

the reported spontancous incidence of these turicas
in the NIH Black rats (13, 74) and agrees with onir
previous experience with this line.

DISCUSSION

"The induction of sarcomas at the site of int i
muscular injections of the NUA's of tnhi it
heated hydrogenated vegetable fat and corn «.l
indicates a carcinogen is present in these riateria's
Corn oil appears to contain cither more of 0"
carcinogen or a more potent one than hude
ated fat. The greater activity shown by the NT7AD
of heated fats as compared with shmalar fiect s
prepared from fresh fats apparently resalisd @
the process of heating and cooxing. Soaes
changes occur during heating (/3). Fass oo
autoxidation at temperatures Jess than bevo
while, at 200-300°C, thermal polynicriaat o e
place in the absence of oxygen, and i
oxidation occurs in the presence b .o
Formation of conjugated hydroperosides,
compounds, and polymers may result oo o
dation. Thermal polymerization ol an nnsicn 2
fat may produce cyclic monomers, ditris,
polymers, while thermal oxidation can car.”
increase in conjugation of the fat and a droe

-



TaBLE 1.—Tumors obtalned in NIH Black rats fed cooking fats and fat fractions

. LLLISNI ¥ADNVD IYNOLLVN THY 40 ~TvyNunol

Dose Number Median
Material % of of Sex age at Ranie Tumors of alimentary tract Other tumors (age in months)$
diet rats* death (months) (age in months)t
(months)
Fresh whole hydrogenated 20% 21 F 23 6-23 0 Reticular cell sarcoma (17)
fat Adenocarcinoma of uterus (23)
Fibroadenoma of breast (19)
19 12 10-12 0 —_
Fresh whole hydrogenated 209, 21 F 23 7-23 0 Fibromyxosarcoma of pelvis (20)
fat + benzola]pyrene 0.5 mg/wk Ad(ezm))carcinoma of endometrium
3
Fibroadenoma of breast (23)
17 M 23 6-23  Squamous cyst of F.S. Fibromyxosarcoma of neck (23)
Lymphosarcoma of abdomen (14)
Adenocarcinoma of urcter (23)
Heated whole hydrogenated 20% 27 F 22 11-23 0 Rhabdomyosarcoma of abdominal
fat cavity (15)
Reticulum cell sarcoma (17)
21 M 21 7-23 2 papillomas of F.S. (21) Squamous carcinoma of nasal
cavity (19)
Heated whole hydrogenated 209, 29 F 22 10-23 2 papillomas of F.S. (22-23) Lymphosarcoma (11)
fat - benzola]pyrene 0.5 mg/wk 2 squamous cysts of F.S.
20 M 22 11-23  Papillomas of F.S. (21) Subcutanecous fibrosarcoma (23)
Fresh whole corn oil 109% 28 F 23 11-23 0 Ad(cm;carcinomn of endometrium
23
19 M 12 6-12 2 papillomas of F.8. (12) —
Squamous cyst of I.S.
Fresh whole corn oil + 10% 26 F 22 12-23  Papilloma of F.8. (22) Two fibroadenomas of breast (12
benzo{a]pyrene and 19)
0.5 mg/wk 18 M 22 11-23  Squamous carcinomsa of Mesothelioma of heart (20)
.8, (21) “~ Lymphosarcoma (21)
Urea adduct of heated corn 5% 22 F 20 10-24 2 squamous carcinomas of  Fibroadenoma of breast (24)
0}% and fresh whole corn 5% S, (24) Ad(em))carcinoma of endometrium
ol ‘ 22
Granulosa cell carcinoma of
ovary (24)
Adcnoma of adrenal cortex (24)
18 M 22 9-24  Squamous cyst of F.S. Lymphosareoma of abdomin::l

tuacdes 0000
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P roanabliet of Soared corn S0 g ¥ 21 U-23 [+ Two fibroadenomag of Lrewt (33
vil and fresh whole corn 2% and 23)
oil 4+ benzolajpyrene 0.5 mg/wk Adenocarcinoma of pancreas with

metastases (23)
Lymphosarcoma of abdominal
nodes (13)

17 M 23 11-23 Squamous carcinoma of Fibrosarcoma of sa.livn.rylgland
esophagus (11) 21) -
Papillomas of F.S. (21)
Adenocarcinoma of cecum
(23)
Squamous cyst of F.8.
Nonures adduct of heated 5% 23 F 10 9-10 0 —
corn oil and fresh whole 5% 15 M 10 6-24 Papilloma of F.S. (9) —_
corn oil
Nonurca adduct of heated 5% 28 F 22 6-24 0 Adenocarcinoma of endometrium
corn oil and fresh whole 5% with metastases (22)
corn oil 4 benzolelpyrene 0.5 mg/wk 13 M 23 20-24 2 papillomas of F.S. (20 & —_
21
Squamons cyst of F.S. .
Dregs of heated hydro- 20% 5 F 12 12 0 —
genated fat 8 M 10 8-12 0 —_—

*Only rats 6 months of age or older are included.
1The first number {ndicates the number of rats (if more than one) with a specific tumor. Papiliormas of the forestomach (F.8.) are solitary unless designated as multiple by an *“s.””
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TaBLE 2.—Tumors obtained in NIH Black rats given biweekly intramuscular injections of cooking fats and fat fractfms

. Median Sarcomas Ages at
Material Dose Number Sex age at Range  at injee- time of Other tumors and related lesions
(ml) of rats* death  (months) tion site first and
(months) last tumors
Fresh whole corn oil 01 17 F 22 11-22 0 —_ Hyperplastic nodule of liver
.1 14 M 22 20-22 0 — Hyperplastic nodule of liver
Papillomg of forestomach
Lymphosarcomsa of abdominal lymph
nodes
Fresh whole hydrogenated fat} .1 16 F i2 12-23 0 —_ Adenocarcinoma of endometrium
_ .1 7 M 14 14 0 — Squamous cyst of forestomach
Heated whole hydrogenated fatf .1 23 F 14 14-23 - Lymphosarcoms of kidney and ovary;
Squamous cyst of forestomach
Fibroadenoma of breast
.1 14 M 14 12-14 0 — Papilloma of forestomach
Nonurea adduct of fresh .1 17 F 22 13-22 2 22 Cystadenoma of bile duct
hydrogenated fat Squamous cyst of forestomach
.1 17 M 13 6-22 0 — Lymphosarcoma, abdominal and
thoracic lymph nodes
Nonurea adduct of heated .1 20 F 16 9-23 63 11-21 Two fibrosarcomas of abdominal cavity
hydrogenated fat Adenocarcinoma of colon
Squamous carcinoma of ovary
¢ .1 18 M 18 7-22 2 16-20 Two lymphosarcomas of ileocecal
region
Nonurea adduct of fresh corn oil .1 19 F 22 7-22 4 21-22 Lymphosarcoma, generalized
.1 18 M 22 8-22 1 22 —
Nonurea adduct of heated corn .1 13 F 19 11-22 9% 15-20 —
oil .1 14 M 16 12-22 7 15-22 Lymphosarcoma of abdomen
Papillomatosis of forestomach and
ulcers
Volatiles of corn oil heated at .04 8 F 23 6-23 —_ S(éuamoua carcinoma of cervix uteri
200° C Adenocarcinoma of endometrium
01-. 02 8 M 23 13-23 —_ —
TOTAL. ...ttt i . 31

*Only rats 6 months of age or older are included.

tOriginally given s single subcutaneous injection of nonurea adduct of fresh and heated hydrogenated fat. Intramuscular injections begun at the age of 8 months,

$Three tumors In each of these groups had metastasized.
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CARCINOGENICITY OF HEATED FATS

in unsaturation and in nonconjugated fatty acids,
probably without formation of cyclic compounds.
There is some evidence that unsaturated carbonyl
compounds also may be produced. Thermal
oxidation of fat reportedly decreases the amount
of linoleic acid, probably through oxidation scis-
sion and polymerization of the double bonds in
linoleic acid (77). Treatment with urea separates
unchanged fatty acids from the oxidized material.
Hence the UA contains normal straight-chain
fatty acids, free of polymers, while the fraction
that does not form adducts with urea contains a
considerable amount of polymeric compounds of
high molecular weight, along with small amounts
of linoleic, oleic, and saturated fatty acids. The
carcinogenic effect from the injection of heated
fats appears to reside in the polymerized deriva-
tives of altered fatty acids found in the NUA
fraction.

Possibly the tumors were not induced by a
chemical carcinogen but by physical influences
analogous to the solid-state carcinogenesis of
plastic and metal discs. The injected fat fractions
are slowly absorbed from the local site, and residual
deposits of the injected material can be found for a
considerable time after the injections. However,
the failure to obtain local tumors from the injection
of fresh whole corn oil makes this possibility un-
likely, and the fact that relatively few tumors were
induced by NUA’s of fresh fats, in contrast to the
many induced by extracts of heated fats, makes
it probable that the sarcomas were chemically
induced.

Few tumors were induced by the oral adminis-
tration of heated fats or fat fractions, either alone
or in combination with added benzo[a]pyrene.
Seventeen rats developed neoplasms of the gastro-
intestinal tract and seven, non-neoplastic squa-
mous cysts. Twelve of the neoplasms consisted of

single or multiple papillomas of the forestomach, of -

which seven arose in rats fed benzo[g]pyrene and
five arosc in an approximately equal number of
rats not given the chemical carcinogen. Three rats
had squamous cell carcinomas of the forestomach.
The failure to induce an appreciable incidence
of tumors in rats fed NUA’s or given a single
subcutaneous injection of these fractions indicatcs
that repecated intramuscular injection is a more
sensitive assay system for weak or minimal amounts

!

VOL. 42, NO. 2, FEBRUARY 1969

, 283
of carcinogens. However, Sugai ¢t al. (16) reported
that feeding rats the NUA of heated corn oil along
with a noncarcinogenic level of 2-fluorenyl-
acetamide induced tumors of the liver, ear duct,
and mammary gland,

It was hoped that the present experiments would
help to answer the question of whether ingestion of
heated fats by man is a factor in the development
of tumors of the gastrointestinal tract and other
sites. However, except for papillomas of the fore-
stomach, few tumors were obtained when various
fractions of cooking fat were assayed orally. The
only malignant tumors unequivocally induced
weresarcomasat the site of repeated injections of the
NUA'’s. Hence it is difficult to relate the results of
the animal assays to the human situation. Perhaps
the known differences in the anatomy of rodent and
human stomachs make the rodent a poor choice for
such studies. Possibly some other species, such as
the dog or small primate, might give more mean-
ingful results, though such studies are made diffi-
cult by the greater cost, limited availability of
healthy stock of known genealogy, and the longer
period of treatment and observation that would
seem to be required by the longer lifespan of such
animals. However, the present results do suggest
the advisability of avoiding the excessive reuse of
cooking fats in the preparation of food for human
consumption.
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Appendix 1+

ASSAYS OF NON-UREA ADDUCT (NUA) FRACTION OF CORN OIL

Corn oil heated

Property Fresh corn oil 24 hours at NUA fraction
: 200°C

% NUAfraction........ ......... . ... ... . .. .. . ... .. 0. 5% 17. 5% 100
Molecular weight (aftersap)y................. . .. 302* 543t 354t
Todine value. .o oo 0000 oL 122 100 91. 5
Peroxide value. .. ... .. o L 1.0 2.0 9.5
Acid value. ..o o oo o 0. 16 1.3 192
Sapvalue........ ... . ... 186 200 221
Refractive index (25¢). . ......... ... . . . ... 1. 4730 1. 4792 1. 4879
Carbonyl valve mg/kg. ... ... ... . . . T § — 63
Oxirane value mg/kg. . ... ... ... ... fl —_ 41

*Johnson, O. C., and Kummerow, F. A.: J Amer 0Oil Chemists' Soc 34: 407, 1957,
{Sahasrabudhe, M. R., and Bhalerao, V. R.: Ihid 40: 712, 1963,

{Cryoscopic Detn, with t-butanol as the sotvent.

§Moadificd Henick DNP technigue.

IPicric acid method.

GAS LIQUID CHROMATOGRAPHY

GLC examination of the fatty-acid mcthyl esters (transesterified with Bl';-methanol) showed a norimal
distribution of corn-oil fatty esters cxcept for a slightly lower than normal amount of stearate.

For this assay a DEGS column was used isothermally at 190°. Examination on an SE-30 colunm,
programmed from 200-350°C, showed about 14.4¢; dimeric csters.

If the mixturc were comprised of 14.4¢; dimer and the remainder monomer, the molecular weight would
he 290 (using 254 equivalent weight determined by saponification). Since the molecular weight found was
333, it is apparent that some oligomers have been formed. If one assumes that the guantitics of cach de-
Crease with increase chain length, the next most populous species would be the trimer. Assuming only mono,
i, and trimers present, the comp(\)sition would be 73.3, 14.4, and 12.3¢/, respectively, to give a molecular
weight of 353,

‘\——
‘R. J. Sius, A, P. Bentz, and J. A. Firorrm, General Foods Corporation, W hite Plains, New Yk,
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IGURE 1.—Stomach of a 22-month-old rat given biweekly injections of the nonurea adduct (NUA) of fresh vegetable fat.
0.5 cin nodule is on the limiting ridge between the glandular stomach (left) and the forestomach (right). Portion of esophi
is attached (aborve). About actual size.

Ficure 2—Sarcoma in the right thigh of a 17-month-old female rat given intramuscular biwcekly injections of NUA of heat:
vegetable fat. Tumor measures 4.0 X 4.0 X 3.0 cin. About three-fourths actual size.

Fioure 3.—A 16-month-old female rat given biweekly injections in the right thigh of NUA of heated vegetable fat. 11

dumbbell-shaped myxofibrosarcoma (9.0 X 5.0 X 3.0 cm) is partly in the abdominal cavity and partly in the left flank. >
tumor was found at the site of injection (right thigh). About three-fourths actual size.
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- 1URE 4.—Histologic appcarance of tumor shown in figure 2. Cells are clongated but produce little or no collagen. Nuclei are
often rounded on the ends. Cytoplasm is frequently ribbon-shaped and is reddish after Masson’s trichrome stain., Cross
Striatious were not scen. Hematoxylin and eosin, X 120 ’

LIGURE 5.—Lung of animal seen in figure 2. One of several metastatic foci is shown; all stained similarly to the primary lcsion
fter Masson’s trichrome procedure. Hematoxylin and cosin. X 120

“URE 6.—Histologic appearance of the fibrous portion of the tumor shown in figure 3. Numerous whorls of fibroblasts pro-
tucing a considerable amount of collagen are visible. Invasion of muscle of the abdominal wall (belowe). Hematoxylin
and cosin, X 120

FouRE 7.—Histologic appearance of the nodule illustrated in figure 1. Between the glandular mucosa {left) and the forcstome
ach (right) is a cyst lined by squamous epithelium and filled with keratotic material. Epithelium of the nodule is nowhere
ontinuous with the epithelium of the forestomach. These cysts are considered to be spontaneous, arising probably from the
“juamous mucosa of the forestomach. Hematoxylin and eosin. X 25
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Pharmacological Effects of Fatty Acids, Triolein
and Cottonseed Oil.

By

Lars Or6 and Arvid Wretlind
(Received March 8, 1961

Various triglycerides in emulsion show marked pharmacological
properties on intravenous administration. For example, several with low
molecular weights have been found distinctly toxic on intravenous
injection (WRETLIND 1957 b; ORG, WESTERHOLM & WRETLIND 1959). On
the other hand, fats of higher molecular weights, such as cottonseed oil,
triolein and certain vegetable fats, show little or no toxicity on intravenous
injection into mice. Hence it is possible to produce injectable emulsions+
of cottonseed oil as a carrier of agents, such as higher fatty acids, that-
owing to insolubility could not otherwise be studied for their pharma-
cological effects. Such fatty acid emulsions have enabled us to determine
the toxicity of fatty acids on intravenous injection.

In the same investigation we have also studied the eflects of these
emulsions on respiration and blood pressure in cats. 1t was found that .
emulsions containing only cottonseed oil or triolein could cause reduced
blood-pressure and apnoea. These effects were characterised by such
pronounced tachyphylaxis that frequently they were noticeable only on
the first injection. They were readily distinguishable, therefore, from the
affects of the different fatty acid emulsions in which cottonseed oil acted
as carrier.

Lastly, we conducted experiments on guinea pig small intestine in order
to study the effects of fatty acid emulsions on smooth muscle.

Experimental.

Animial Experiments.

For determinations of 1oxicity, mice waighing 13 34 p were used. The emulsions or
solutions of fatty acids were injected into the fil vein, Fach fatty acid was administered
to at least six groups cach of 10 animals. 'The cialeulations of 1DSO with their standard



1z L 0RO AND A, WRETLIND
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wreore were Sn the mothad of Mo ier & TanTER (1944); the results are summarised
- Lgte

et DO Ly e grang 24 g were used for investigating the respiratory and
e nruny repurse wocottsied ol triolein and fatty acid emulsions, These .
iy were cnaestnet/rd woth dallyr @ rallobarbital (WHO), dial ®, Ciba, 25-40
“ ¥ e kg vuey weights or chloralose 150 mg kg, Respiration and blood pressure
At oreierfeT my o mears of a Grass electroencephalograph!) with supplementary
Gerrecsilztors. A Suatnam pressure transducer. model P 23 AA2), was used for blood-
pressire determinations on the carotid artery. The respiration was recorded with a
Oaras: pressute transdocer PT-S connected 10 a side tube in a tracheal cannula,

Iz = number of experiments the pulmonary arterial pressure was measured via a
nlastic cotheter that had been sutu-:d in the artery after opening the thorax. In one
zxperiment the thorax was closed again: ir. the others it was left open under artificial -
resprralior.

For studying the dircet effect of fatty acids upon the heart, a heart-lung preparation
cescned by WRETLIND (1957 b) was used. Blood pressure and flow were recorded
by the Grass transducers menticned above. )

The acuon of futty acids on guinea pig small intestine was studied in an isolated
organ bath conuuning 15 ml Tyrcde solution (0.8 %NaCl; 0.02 % KC1; 0.02%CaCl,:
002" MgCl; - 6 H;0:0.1%, NaHCO1; 0.005%, NaH,POq4 - H;0: and 0.1 % glucose),
The organ bath was aerated with «ir. A Grass force-displacement transducer, model
FY-023, was employed for recording the tension of the gut. In this connection we also
studied the ability of fatty acids to abolish contractions elicited by histamine. For this
purpose histamine (0.2 pg'l5 mi) was first added to the organ bath and fatty acid
emulsiun was added without prior washing when maximal contraction had been
obtaincrd The observed relaxation of the intestine was recorded.

Tewt Solutions and Test Emulsions.

For the tuxicity determinations in mice the lowes Jatty acids (acetic, propionic,
butyric, isovaleric. norvaleric, caproic and heptylic) were administered in aqueous
solution, whercas the higher fatty acids, because of their insolubility in water, were
cmubified. To prepare these emudsions the fatty acids were first dissolved in heated
cottonsecd oil, which served as carrier. Phosphatides, sodium cholate and glycerin
monostearate were used as emulsifiers (table 1). The emulsions were homogenized
in a Logeman apparatus (WRETLIND 1957 1), The pH of the solutions and emulsions
wiss adjusted 1o 7.3 with NaOH,

The concentrations of fatty acids were so chosen that the injected volume required
for determining 1150 amounted 1o between 3 and 45 ml per kg body weight. Thus
acetic. propionic, butyric, isovaleric, norvaleric and caproic acids were administered
as 10%, and heptyhic acid as 59 aqueous solutions; caprylic, nonanoic, capric, unde-
eylic, lauric, tridecylic and myristic acids as 27, emulsions; pentadecylic, palmitic,
margaric and stearic acids us 0.2, and oleic acid as 2%, emulsions.

For investigating the action of fatty ucids on guinea-pig gut, 1%, emulsions of the
compositions recorded in table 1 were used.

Cottonseed oil was similarly utilized as carrier when investigating the respiratory
and blood-pressure responses of the cat to highcr fatty acids. Emulsification was with
phosphatides and Pluronic F 68 (table 2), because they make stabler emulsions of

1) Grass Instrument Co.,, Quincy, Mass., U.S.A.
2) Stathum Instruments Inc., 254 Carpenter Road, Hato Rey, Puerto Rico.
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Takle I

Compesition of farts acid emulsions woed 1..-
determining the tuxic = in mico,
The couoniced oil, supplied 5y Wessor Gl und Sreas
drift Sales Co., New Orleans, La. U.S A wus el
after filtration at - 4 ¢, The phosphutides were pre-
pared as described Wi TLib (1957 41, Tha emulsiors
were adjusted to pH 73 with N-N_OH.

Fanyacid. ... . e 02-2¢
Cortonseed oil. ... .. g
Phosphatides ... . ... . . S 04
“Sodium cholate .. ... 0.1z
Glycerol monostewrate . ........ .. . . 0.3g
5%, glucose solutionto. . ........ . .. . .. 100 ml]

higher fatty acids than the emulsifiers previously mentioned. The fatty acids investi-
gated were stearic, oleic, lauric and tridecylic.

The cortonseed oil emulsions used in the cat experiments had the compositons
shown in table 2, except that they contained no fatty acid and that either unsaturated
phosphatides (WRETLIND 1957 a) or hydrogenated phosphatides were used. In some
cxperiments we studied emulsions containing triolein instead of cottonseed oil.

The hydrogenated phosphatides were prepared as described below. The phosphatides
320 g were dissolved in 600 m! cyclohexane: 3.400 mi absolute alcohol were added, and
the precipitated cephalins were filtered off. The filtrate was concentrated under
reduced pressure and nitrogen to a volume of 850 ml. To the resulting solution were
added 30 mg Raney nickel as catalyst, the solution being then transferred 1o an
autoclave in which it was subjected to hydrogenation at 85-130°C with hydrogen
at a pressure of 75-150 atmospheres for two hours, The hydrogenated solution was
filtered hot and passed through a column of 500 g Al20; with a diameter of 45 mm,
equipped with a heating jacket (75°). The column was eluted with 95 % ethanol. The
first fraction of 300 ml was discarded; the next two litres of eluate were added to six
litres off acetone and placed in a refrigerator at 4-4°, The resulting phosphatides were
filtered of under reduced pressure, washed with acetone, and dried in a desiccator
under reduced pressure. The yield amounted to 30-50 grams. Analysis showed N
1.6-1.7 per cent and P 3.7-3.8 per cent,

Table 2.

Composition of emulsions used for investigating the effects
of fatty actds on respiration and blood pressure.
Pluronic F 68 olypropylene-polyethylene-glucose) ob-
tained from Wyandotte Chemical Corp., Wyandotte,
1ll., U.S.A. The emulsions were adjusted to pH 7.3 with

1 N-NaOH.
el
S 77 Fattyaeid.......................... 1 g
RN ®Cottonseed oil . ...................... 10 g
R A0S . e 1.2g
' wParowle ... .. ..o 04g
57 glucost solutionto.............. .. 100 mi
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Results.

In attempts to determine the LDS0 for the carrier emulsions with
cotrorseed oil alone, we found on intra\enous injection of 4 maximal
volume - ie.. 60 ml kg of the 239, cotionseed oil emulsion with emul-
sifiers, as shown in table | - info mice only a transient depression of the
respiration rate. It follows that the LD30 i~ higher than 15 g coltonsecd
oil per kilogram.

LD

50
mq/kg
2000
1500 /
/
!
1000
-
é . )
‘! * 4’_\ : - . \"-'\-_.
o4 2 4 8 8 10O 12 4 6 I8
2 . . Number of C-atoms in faty acid

&J. Yoxiclty of satarated fatsy acids on intravenous injection into mice. The abscissa
! imdicates the gumber of carbon atoms in the fatty acid molecule; the ordinate, LD50 in
- milligrams per kilogrem of body weight. The LD50 values in mg/kg, together with their
- Jandard ecyors; were: acetic acid 525 + 21; propionic acid 625 + 33; butyric acid 800 3-
245 w-valeric acld 1290 -+ $3; isovaleric acid 1120 + 30; caproic acid 1725 + 85 heptylic
«:86id 1200+ 564 caprylic acid 600 - 24; nonanoic acid 224 -+ 4.6; capric acid 129 1+ 5.4;
.. badecylic aci@ 140 L 4.2; lauric acid 131 + 5.7; tridecylic acid 130 + 7.0; myristic acid
43 1+-2.6; pemtadecylic acid 54 + 3.2; palmitic acid 57 = 3.4; margaric acid 36 + 0.3;
CLT en g stearfc acid 23 +.1.3. ‘ ,

E S

L

- Fgure | shows that the intravenous roxicities of different fatty acids
-differ considerably for mice. Least toxic is caproic acid with six carbon
atoms, which has an LD50 of 1,725 + 85 mg per kg-bady weight. With
an increased or decreased number of carbon atams in the fatty acid-

molecule, the toxicity rises. The paost tawic of gik fhose
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stearic acid, which had an LD50 of 23 - 0.7 mg per kg. Approximately
the same value was obtained for stearic acid in the rat (21.5 4 1.8 mg/kg).
Oleic acid showed an LD50 of 230 + 18 mg/kg in mice. This implics that
stearic acid is ten times more toxic than the unsaturated oleic acid. The
toxicity of norvaleric and isovaleric acids differed slightly, LD50 being
1,290 -+ 53 and 1,120 4- 30 mg/kg, respectively.

When the faity acid solutions and emulsions were injected in amounts
near the LD50 dose, the animals immediately had convulsions and
collapsed on their sides. Respiration ceased within 1--2 minutes, sometimes
after hyperpnoea.

T
ot reth.

Fig. 2. Influence of cottonseed oil emulsion on blood pressure and respiration. Cat, 3.0 kg,

under Dial @ anaesthesia. A indicates 10-second intervals and injection times; B, respira-

tion; C, blood pressure in mm Hg. “Art, resp.” denotes artificial respiration. At 1, 2, 3 and

4, 0.7 ml/kg of 10% cottonseed oil emulsion containing phosphatides was injected intra-

venously. The interval between 1 and 2 was four minutes, betweeen 2 and 3 four hours and
: between 3 and 4 two minutes.

Intravenous administration of emulsion with cottonseed oil or triolein
alone to anaesthetized cats produced various effects, depending on the
dose and the emulsifiers. With soy-bean phosphatides and Pluronic F 68
as emulsifiers an initial intravenous injection (0.2-1 ml/kg body weight)
sometimes ‘caused a fall of blood pressure as well as apnoea (fig. 2). The
latency was usually around 10-40 seconds. Another injection of the same
dose invariably had either a less effect or none at all. — The action of
these cottonseed oil emulsions is thus characterized by pronounced
tachyphylaxis; hence the same or progressively higher doses can be
repeated with no demonstrable effects on blood pressure and respiration, —
When Pluronic F 8 alone was_ the emulsifier, 1-3 ml/kg was required
Producgan effect with 10 % cottonseed oil or triolein emulsion.
‘f@?qﬁbns'eed oil emulsions produced a rise of pressure in the pulmonary
ey 9p.de. L Hg (fig. 3). The latency varied from 10 seconds to
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mm Hg
A 4-7—»»4*4—4»4—‘ bbb bbb bk L«g—;—wu-w 100
B ' 50
Rt men Hy o

et

Fig. 3. Effect of cotronseed il emulsion on pressure e the pulmonary and carorid arreries.

Cat 3.3 hg, under chloralose anaesthesia with open thorax. A indicates 10-second inten als

and injection times: B, the pulmonary artery: C, the carotid artery pressure. At | and 2,

0.5 ml/kg of a 10", cottonseed oil emulsion with phosphatides (1.2°,) and pluronic (0.2°)
. as emulsificrs were injected.

2 minutes. Here too the effect declined with repeated injections and
ultimately disappeared, although the injected doses were high.

The hypotensive action of these emulsions was substantially less after
vagotomy, but in spite of this operation there was an unchanged rise of
pressure in the pulmonary artery. This elevation in pressure showed a
high degree of tachyphylaxis (fig. 5).

Direct experiments showed also that soyabean phosphatides caused a
blood-pressure fall and apnoea. both of which effects exhibited marked
tachyphylaxis. With repeated injections, however, the hypotensive action
did not completely disappear (fig. 4), a result suggesting that two hypo-
tensive factors were present here. )

With cottonseed emulsions containing fatty acid, the first injections
were sometimes accompanied by interference with the specific effects of

A +1-J-H++H++~L+—H-¢2-h ++W4—W++w
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Fig. 4. Effect of phosphatides on blood pressure and respiration. Cat, 3.8 kg, under Dial ®
anacsthesia. A indicates 10-second intervals and injection times; B, respiration; C; the blood
pressure in mm Hg. At 1,2, 3 and 4 4 ml/kg of 2.4 2 solution of soya bean phosphatides
and 0.2% Pluronic F 68 were injected, The phesphatides have a hypotensive action char-
acterized by tachyphylaxis, thoygh a slight effert persists. v~ :
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the cottonseed oil, but on repcated injection these quickly subedod
because of the tachyphylaxis. With fatty acid cmulsions containing
hydrogenated phosphatides, only the eftects of the fatty acids were observed.,

Intravenous injection of the fariv acids investigated - stearic, oleic.
lauric and tridecylic - had a hypotensive cflect on the systemic circulation,
but raised the pulmonary arterial pressure. The doses required for this
action were 5 mg stearic acid, 50 mg oleic acid, 75 mg lauric acid or 60 mg
tridecylic acid per kg body weight. All of the fatty acids studied had a
negatively inotropic effect on the heart, as shown by the experiments os
heart-lung preparations. Similar results were given by oleic acid emulsions
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Fig. 5. Influence of triclein emulsion on blood pressure and pulmonary arterial pressure after
vagotomy. Cat, 4.0 kg, under Dial ® anuaesthesia with bilateral vagotomy. A indicates
10-second intervals and injection times; B, the pressure in the pulmonary artery; C, the
arterial blood pressure in mm Hg. Four ml/kg of 10 °; triolein emulsion with pluronic F 68
only as emulsitier were injected intravenously at 1, and 7 ml/kg at 2 and 3. It will be seen
that the emulsion caused a rise of blood pressure in the pulmonary artery with a slight
secondary fall in blood pressure, effects that disappeared on repeated injection.

without cottonseed oil as carrier and also by those with unsaturated
phosphatides and Pluronic F 68 as emulsifiers. Emulsions with different
emulsifiers differed somewhat in their effects. For instance, the effect on
pulmonary arterial pressure was far less with hydrogenated than with
unsaturated phosphatides. The action on the respiration was characterized
by hyperpnoea after small doses and apnoea after larger ones. No
tachyphylaxis was observed with fatty acid emulsions. In several ex-
periments, indeed, an increased effect was noted on repeated injection of
equal doses (figures 6 and 7). - Vagotomy had no effect on falls in blood-
pressure produced by the fatty acids studied.

As to the action of fatty acid emulsions on small intestine from the
guinea pig, our results indicated that the emulsions did not themselves
cause any contraction, even in relatively large doses (100 mg/15 mtl). They
could, however, inhibit the contraction produced by histamine. The
degree of inhibition depended on the particular fatty acid contained in
the emulsion. Fig. 8 shows the relative potencies of the fatty acids in
this respect. It will be seen from the curve that capric and undecylic acids,
i.e., those with 10 or 11 carbon atoms, were the most effective. Somewhat
more than 15 mg/15 ml of these acids was required for total inhibition of
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Fig. 6. Effect of oleic acid emulsion on blood pressurc and respiration. Cat, 3.0 kg, under

chloralose anaesthesia with bilateral vagotomy. A indicates [0-second intervals and in-

jection times; B, respiration: C, blood pressure in mm Hg. One ml’kg of 10°, oleic acid

emulsion in cottohseed oil (10°,) with soyabean phosphatides (1.2°,} and pluronic I 68
(0.2%) as emulsifiers was injected at 1 and 2.

the contraction after 0.2 pg histamine. If the fatty acid molecule contained
a greater or smaller number of carbon atoms than 10 or 11, the relaxing
action on histamine-contracted intestine decreased; for instance. 150 mg
of butyric acid was required for total inhibition. Comparison of undecylic
acid with its unsaturated homologue, undecylenic acid, revealed no
significant difference. The emulsion system alore without fatty acid is
inert. No difference was detectable when the lower fatty acids were
administered in aqueous solutions instead of in emulsions.

it

. hg. 7. Effect of stearic’acid emulsion on respiration and blood pressure. Cat, 4.3 kg, under
chiloralose anaesthesia. A indicates 10-second intervals and injection times; B, respiration;
- -. G, blood pressure in mam Hg. At 1, 2 and 3, 8 1% stearic acid emulsion with 109 cotton-
seed oil as carrier and phosphatides (1.2%,) and pluronic F 68 (0.2%) as emulsifiers was
E S “injocted at a dose-of 0.2 mi/kg. » > . £
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