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HPOARY

Stannous chloride 1s a white or colerleas solid, with g
elight odor of hydrachloric acfd. It lo very soluble in
watar, aopd at low concentrationxs forme a baefc walt that

is oxidiaed Co batic stacnie salt in the presence of adr.

Stennows chloride ss a food additiwa ia snalogous to the
sinersl tin to which man ia axpoaed az & natural food
contaxinant, Ay 8 food additive, up to 20 pro may be
Incorporated in a given food, (032}, with an average sstimated
dutly intake fram all foad aaurces of & mg (032, 12L), Enall
mooynts Alsc oodur in sea water, r:'i.t.y wter, and Iin nir

ia urban reglions, '

A T..Dm of 215 ma/kg body waipht has been reported for

sdea {213), and for a dog LD 200 mgikg BW {G25), bath by
tha orsl route. An outbresk of humen gastrointescinal
dlatrass vas observed in 18 womsn deinking punch cone-
tadining 200 zg tic per liter of pwoch {ca. 2000 ppm)
{151).

Tatramacular doses of G0 mg/kg/day for 6 days (a tora?
dossge of 360 mg) proved lsthal to mice, while 4 mpfkg/day
for 8 davs was xpparemtly well colarated {(025). By thu.'
=xma routs, A& total toxic dose of 240 mglky wdwinistered
ma &0 mg/kg/day, uss recorded for guinaa pigs and tabbits.
ALl anioals showed pethological lesicns in the Lungs,
liver, end kidoeyn, and tin dapoaits in the last two
organs

Mire and Tats given 5 ug/ml Sn, ax atammous chloride, in
thadr dyinkiocg water, svidanced a alight alteration in
il 1ife—span #nd in longevity {125;13_5 }. TFor oalas
sed femples the life-wpan was the vaoe, sod the longavity
of males grester thaz femalax. This {s unpauval, as
Mmlly.fmlu of both specisn 1iva longer than males.
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Ao, tha Body weight of male rets was lowvered, and thers
wag aectmletion of emall amounta of tic fn the tizzuss,

It hax baen shown that tin accumulates in the tisaues of
mice (125), rats (126}, and rabbita (142), Alac, man
wocumaiztes it in emounts verylng smong individumls,
geograshical location (124}, and industrial beckground (0637,
Bowwvnr, ztudiss on urinary and fecal excratien by man
(017,062) have given rasults indicwting that the human
organina establishas a balance, excreting in the fecas

tin velues practicslly equivelent %o the dally intake of

the substmanca,

In mice given % pg/ml stenndus chlerids in thelr drinking
wxtor {estimatad inteke 35 pg/100 w/iday}, {062) it was

- mrbed that both the number snd the trpes of tumars found

in tke ireated animels corresponded to thoza of the
mtrssted contrule, and also the ratds of maligoent to
benlgr. tumors was essentially the same in both grouns of
aninxls, Tn the case of rats glven the same doze (124}
there actually vas a drop in percentage of tumarsbearing
maivaly from that of contrels; I7.BE for the latter com—
pared with 29.9% for the former. Also, in mizs given sodiun
chlorcstsanate (tetrevalent tin, 1000 .or 5000 ppm. dn dring-
ing vater), a lower incident of maligmant lymphoma, hep-nt-ull.,
ard pulocnary edencma then in the conirols was noted. Im

30 Inbred August hooded rats fad 2% chlorostannsta (117}

in the dimt foF a year, 3 calignant tumors vers Tound;

in I7 rate fed firat 1% then 0.5% atannous 2-sthyl

- baxoste, po gecplasms were Cound: aod in 33 untreated

eamtrols no malignancies were octed, The suthor considers
thess reasults promising, but not definitive.

Albige Ch=l catbrad mies, aibine Wistar rats, and golden
bemyters wers fad up to 50 mg/kg/dmy of atapnous chloride
by oral ictubation {(031) with no "elearly discermible
effact on nldation, waternal or fetml ;uurriﬂ.l.,. T an

At —
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sbnormalitics in soft or skeletal timpuss.” Likewige,
Stannous chloride way found to heve ne taratologle effect
¢n chick ambrycs (116] by the particulay experimental
procedure utbempted, A hunan oase (106) of right-hand
IEEHEIII-DQEHrIEd after tha fng::ttnn of pharmaceutieal
doaen of 00 mg pure tin oxide plus pare tim, 3 tablets per
2y for 5 daysn. However, the dose lavel iz so much gregtar
than routinely encountered in foods that the resultz are
pat comparable.

Oz the beaim of the dats wysenbled bera, it would appear

“that the threéphold value for acute lotestipnal 2iptrexs

deurs botween ca. 200 ppo {an avirmge higk valus nﬁted
for nermslly ingested foods) (011,12L) end tha 2500 swe
in the puoch which caused the outbreak in 35 weman (151%,

. Athough the WHO/FAD 1972 report {03%) recotmends pore

axperinentel study, no dooumants rewicwsd reconmanded
modification of the prazant regulstion of & caximem of
20 ppz uf tha food additive in & food storad in an inert
container.
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CEEMICAL INFORMATION

I, Bomewclatuge
A, Cowmon neme: Stannouvs chloride
B. Thexical oama: Stanoous chloride dihydrate
€. Trade numes: Scamogus chloride, tin (IT) chlaride dihydrate,
Stannochlor
D. Chemical Abstrects Services Unfque Regiscty Number: 10095691
1I. |[Espirical Formula : '

Ill‘.':l2 . 21=|2 0

Rtructural Furmula;

E.nﬂ'lz' 2]{20

I¥. Molaculay Weisht: 225.63 (the uwswal difydrata Form)

v. ggtc:tfi:&ti-.nns :
A. Techoleal Crade (dats supplied by FDA)
Aseay I:Snﬂli*IHzﬂ] 94.0%

Splution in BC1 Papses tast
Othar Matala (as Pb} O.04%
3. Buagent grade, A.C.3, specifications:

Anssy (SuCl,-2H,0) 98_0-102,0%
Solution 1In HCL pamzas A.C.5. tesgt
Sulfate (50,) : - £0,003%
Arsanic {An) d.00021
Substances not precipitated by

HEE {as Eﬂi] ﬂ.ﬂ!ﬂ!_
Iron (Fe) : 0.003%

Othar matala {as PH) 0.010%
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C. Food grade, ar specified by cthe MiT Chemicalx Inc. (American Can Co.},

b

Tahway, B.J. ;

Stacnochlor (Food Crade)
Srannous | §2.2%
Iron {Fe) 0.010% maximum
Antimemy  {Sb) ' 0.001%7 maxioum
Sulfur () 0.0001T maximum
Atsenic  (A8) 0. 00068 waxizux
Lead (PE) . 0.005f meximem
Copper {cu} 0.00Y mayimun
Inssluble 0.02%  mavimum

. Fopd Chmi'cula Codex, 1977 Editicn {ppp), premancx the Ffollowing
mpecificationey for stannous chloride:
1. Dascription
Wikdte aor colorless crystals having no codor or o slight
odor of hydrechloric acid. It is very solubke in water
and La soluvble in alcohol spd in glacial acardce acid.,
. Tdeptification
A. To =2 1 in 20 solutinn of the sengle in diluced
byidrochloric acid T.8. add marourie ehloride ¥.8. drop~
wise. A white or grayish white precipitate fa produced.
B. A1l in 20 wolution of the sample gives ponitiva
taats for chlorids.
). Spapifipations
Asgey. Not leow than 98.0% and not more tham the equiva—

Lamt of 102.2% of Enﬂlz'lﬂzﬂ.

Salubility in hydrochloric scid. Passes test.

Liwitp of Impuritias

Mrsetic (po is). Hot more than 3 ppm’ (D.000DEX) .

Other heavy matals {am Fb). Mot more than LGD ppe (0,01%).
Iren. Wot wore thac 30 ppm (00031}, . '
Substangas vwot precipitated by sulfide, Mot more thas 0.05I.
lul_.f:tg. Fasges Lest (about 0.0031). ' -

EF_T“-H-_ﬂﬂ__ﬂh*ﬂ“ﬁ_!ﬂﬂ
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Tasta

Assay. Transfar ghout. 2 g of the semple, accurately

vaighed, into a 250-wl volumetric flask, &iecsolve in. 15 ml of
bydrochloric acid, dilute to voluma with waler, and mix.
Transfer 50.0 ol of thie golution inko a 500-ml flask, add
5g nf sodivm patassium tartrate, aod mix. Make tha solu-
tien alkalipe to litmus with a cold saturated golucion of
#0diom blcarbonate, and titrate at onee with @.1 ¥ lodina,
wsing starch T.5. as the indicaror. Ezch el of 0,1N fodina
i1s equivalentc to 11.28 mg of Snﬂlziiﬂzﬂ.

Solubility In bydrochloric acid. A 5-g portiom of che
sariple diesolves completely in z mixture of 5 ml of hydro-
thlorie acid gnd 5 ml of water, haating co 40°, if necessary,
to effect solution.

Argenic. Determina aa diractad under Arsenic Test, oodi~

fying the Procedure aa follows: Mix 1.0 g of the aample im
tha generator flask with 35 wl of water and & g of 20-megh
sine. Add 20 ml of dilure sulfuric acid (1 fn 5}, but omit
the potzaaiun iodide and atannous chloride resgent solu-
tiona. Tmmediately connect tha generator fl:ék tc tha lead
acatate cotton scrubber unit snd the absorbaer tube containing
3.0 ml of ailver diethyldithlocarbamace malution, and allew
the reaction to continue for 45 mlnutes as directed 1 the
Procedure. :

Other haayy metals, Disseolve ! § of the saopls in & mix-
ture of Z wl of hydrochloric acid and 3 wl of nitric aeid,
ad boil until solution im complete and brown fumes are ng
longer evolved. Cool, and dilute to 50 ml with waker. To

10 =l of thia aclurion add & wi of sodium hydroxids zolution
(1 in 13}, then cool, and dilure to 40 m! with warar,
Prepaye a control contalniog 2.0 ml of wtandsrd lazd solution
(20 ug Pb), § ol of the sodfum hydroxide ¢olution, m:l Homl
of vater, Add 10 ml of hydyegen sulfide T.2. to each molution,.

Aoy coler produced in the solution of the sampla doms mot

axcapd that in the control,
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Iran, Add 3 ml of dilute hydrachloric scid (1 in 2) Eo the
residue obtained in tha tast for substances not precipitated
by wulfids, cover with a watch glass, and digest on a steam
bath for 15 minutes, BRemove the cover, zod evaporate to
dryoéss on the steam beth. Dissolve the residue in a fow ml
of water and 3 wl of bydrachloviec acid, diluce to 100 md wich
water, and mix, Ta 25 ml of this solution add 25 mb of water,
400 g of smmonium persvlfate crystals, and 3 ml of amocaium
thiccvanmte T.5. Any ted or pink color does pot excead Ehat
produced by 1.5 ml of Lronstandard solutiom (15 yg of Fa)
in an aqual volume of sclution centaining che quanticies

of tha raagents uced fn the teat,

Subatarces oot procinitated by culfide. Dissolve § g of the
sample in 5 ml of hydrochlorir acid, dilute to 200 ml with
watar, and pass hydrogan sulfids throuph cha =olution to
complately pracipitata tha tin. TFilrer without washing,

and evaperate 100 ml of the filrrate to a Eew ml In & tared
dish. To the residue add 0.1-0,2 ol of sulfuric acid, and
evuporate to drymess. Ignite at 800 + 25" for 12 minutes,
copl, and weigh. BRataip the vasidus for the Tron test. '
Sulfata, Disaolve 5 g of the saople in 5 ml of hydro-
chloric acid, dilute to 50 ml with watayr, filter if pot
clear and heat the filtrace or clear selutian to boiling.
Add 5 ml of bariwm chlorida T.5., digsat in a covered
bgakar on a steam hath for 2 heurs, and allow o stand

ovarnight., Wo precipitace forms.

=. Packaging and storage. Store in wall-closed containers.
&, Functionsl use in foovds. Heducing mgent; antioxidaent.
¥Ii. Dascription .

'A. Ganeral Characteristics
Stannous chloride is a white, triclinic, ::ry:uull.tnn nulid.

B, Phylinjl propercies
The dibydrate form melts at 37.7°%c, d::nq:uﬂng rathar than
It is solubla in cold water, 118.7 parts/100 parta of watezr at

botling,
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0°C, and Infinitely soluble in hot water (OB1), Lt £= also zoluble in
tearcarie aeid, alkali, and 95% sthyl alechol (081). When dizsolved in
Targe amowmta of water it forms a basic sait; and if the gzolution ig
expowed to the air, a basic stannfc sult is formed (135),
C. Stabllicy in containers.
. Ko information available.

VI1. Analytical Methods
&. Detsceinm

5n2+ and $b2+, usuvally difficule to separata by papet chromatography,
hava been successfully separated whan exinting in varfous ratios, and in
dflutions up to M/100. The solvent gyoten formls acid-gniscla (1:1) was
weed for ascending paper chromstographic separation, with the cations
bheing dutected with hydrogen sulfide. Total development time wos ca.
1 hour, In contragt to othear oueh, lengthier chromatographic procadures (1133,

B. Quantitation _

1. A bﬁaic, cross-linked polystyreane tjpe rasin in tha gcetats
{Dlﬂﬁciditg FF) woa ysed by Spaire {230 ro geparata rin successfully from
fraquent fnterferences such as phoaphate, fluoride, or metals. The stanwous
lon wax axidized to the stannic form by preliminary ctreztment with HCl and
H:DE, t@is Lon then remsining completely adsorbad on the colimn. It was
aluted with NaOB, then acidif{fed with ZCl and colgp developad with
pPhemylfluorone. Over the 440 ug rangs the racovery af rin was 97-108%,
and the aurhor indicates the method should be applicable to many blologi-
<al mamples and to stanoous fluoride demcrifices.

2., A wet pyldation aof erganic samples containfog tin, whiok converts nll tin

- &0 the stencic form, hag bamy recommended by the lritiuh'ﬁnalyticnl Hathods
Committee ((06). The sample im ox{dized with sulfurie and mitpic acids, with
nitrie, petchloric, snd sulfuric acide, or with 50 hydrogen peroxide in
the premence of sulfuric a2cid, It is then treated with potasstim iodfde
and extracted into tolusna and returnad fo aqueous solutiom by extraction of
the toluene with sodiwm hydroxide. The color 1s devaloped in ag acidified
sxtract with catechol wislet. Satisfactory racoverlies vere chtained in tha
ranga of I-10 ﬁg of addad tin, and reproduced ip collaborating labovatorias
vhen completely coloxless dipsstatas wers produced. The commities recom-
mands the method for use in the 1-30 g Tange., '



3. Far the 30-150 pp range, the Bricish Committes agein racommends wat
axidetion of the organic matirer, with extraetion by dithiozone in carbon
tetrachlorlde, and reaction of an aqueous solucion wich zime dirhiol in the
presence of thiogiyeolic scid and sodium iauryl aulfatm. The red-coloved
suspemaicc then is meazured photomarrically. The suceess of this procedure
mas nleo confirmad by collaborating laboratories {COT).

4. The dithiel method has been modiffed by intrwduction of Marsapon
to replare sodium laury]l sulfete ma the disparsing agenr for the dithicl
eawplex, and the procedure has been accepted as tha Polish Standard for

. determining bim in foodstuffs (036},

5. Wat cxddation and measureament of the orange-eolored tin-quercetin
coBplex haw heen used for the determination of tin in the 10-%00 ppm rangs,
that fourd in canmed goods, The anthors {087) found recoverias comparable
ko those obtained wich tha dithiael mathad, but the quercerin procedure

raquirax laxs manipulation.
6. Tin dn the 0.2-1.6 ug ravge hss bhean datermised h.y & mydification

of the catechol-violet procedure described in Section 2. As the tin-catechol
¥lovlet cooplex formed from less then 1 ug cannot ba massuved spactrophobo—,
matrically (veder the conditcioms of that progzdure) im the presence of

Excass Tsagant, tha complex 1s ratained on a4 colven of asbestoa ﬂmt is
buffered at pH 1.8. The complex is then sluted by 2 dilnte solution af a
murface—active agent and meagured wpectrophotometrically. The marhad was
spacifically devalopad far applicatiom ta organotin gtabilirers which had
migrated from contaiaara into fopdstuffs. {In that sirvariem the organotio
comprounid wvas séparated freom the iserganic tin by paper chromatography prior
to wet oeidatiom.) Rowsvar, it should be generally applicabla to inarganic

tin in thet renge {003),
7. Tha lodowatric mathod for the assay of tin content In foodetuifs,

' procsdura oftan usad in the pasc end a Polish Standard since 19680, was

fomnd to ba burdemed with & significant negatfve systamatic error. The pro-
blem vee studied snd discussed in sowe detsil by Fitak snd Re)pert (029),

aned & modifisd procedure resosmended, The later method calle Tor a lower

PH of the roaction madium arsd 4n increase in the swnnt of geducing sgent
for veduction of starmic ealts to stantous salta. The modifted procedure
offers a mean resovery of 95.86% and & wean accurary of a variance 25=1,97.
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8. Wet oxidation, used in w mmber of the procedurss demcribed shove,
is Beliavat by other wuriurs to be undenirsble. It is time-ponguming, r=-
guiree & nurder of resgents, iz accampanied by literaticn of tcxic vepors and
goses, but yet does not totally eliminate metnl iosses. Alse, lurge quamtitiss
of protein and fats can cause noticesble fluctuations inm results (091), Dry
incinerstion, on the other hand, offers simplizity, ahsanse of gpexicus wapors
and gases, ete, Feace 1f tha highar matal logser {from evaporation aod
trapsition into inzcluble states] comld be avoided, m more pultshla axidmtion
precadurs would resuwit. Sueh a procsdure has been developsd by Medvedeva {091),
whe utlilized magnesiue wcetate to eccelerate and to bBimd the tin in & Eoluble
camplex, With this dry lacineration procedurs detsrminations were accom-
plished with mn error of + 2.38%, and au error not exceeding * 7.1% in inelvidual
iogtances. This author hes also coshined his dry incinerstion mrocsdurs with
a titration with cacotkeline (050}, The semple ia caleoinated in the preaence
of magnesium aceiste, the msh diluted in murietic aci® and titreted against
a ewcwtbeline solution (prepared from brucizne wnd mitric acid). The method
im wanmitive to values az low as 0,005 og of tin, with ao error oot axeeeding
* 10%,

9. Ansther dry incineration procedure {037} has been desoribed by
Gajek, and reccmnended for use as & Polish Standard fm preference to wet:
aridsticr, The sample is dried, carbonized over a durder flasme, and inciner-
sted in & puffle furnace at 450-500°C, The resuiting wsb iz diezclved in '
20 m) BCL {1:1 dilution), diluted further, and tha 5nd% reduced to 5n2* by
thiogiycolic acid, thap treated with Meroapon and &thlel {(mixed with thiogly-
colie weid ip 1X sodium hydrouide} aznd the coler read photomstrically. The
Froceinre has been applied to the destarminatiop of Sm in the 5«100 ug range,
with sn accuracy wgual to or bettar than 5%.

10, BEtill spother dry sshing procsdure {(Q45) utilites & mixture of
potansive Alhydrogen phosphate and magnesium pitrste. Aeoccrerias wars re-
porked as 102.0% for 2 and 5 mg of tin, 99.0% far 10 =z, =nd 99.7 for
15.0 ng. .

1I1. Tin has bewn debersinsd simuitansously with Llesd apd copper in
Cragh fish &nd vorious pressrved foods by & dry incliberstisn oethod and
npactiographic nn.ﬁu.rnqnt. An azcuracy of *+ 5% hew baen raportsd by the
suthory (155] for those wamples; and the nase groug {Eore and Tikhonova}
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reported + Gf wecurwey for tin vhen detarmizad sismlteasously With manganese,
coppar, aluminus, wnd lesd in samplas of vegetables nnd berriss (1L1).

12, AMomie absorption spectrephotomsiry has been applisd in determining
tin snd diron in frujt juices (112). The method im applicable to conceptre~
tioos as lov a3 2.5 ppm, with recoverias of + 208 snd reproducibility with
standard devietion of 2.3% (sic),

YIII, Occourrance

The purpoee of this Bonograph im the avalustion of stapnous chloride
a8 & Pood additive. However, since the ptannows fon ix the pertinent facter
in the food additive's action, snd mince stammows chluride is easily ionized
io water sclution or scid medium, and easily oxidized, it seeme pertinent to
report here on the effects of mineral tin compounds wherever they ocour.

The aatural occurrence of tin itzelf i3 alse discuaged briefly. Orgunotin
derivetiives nre not discusssd, as they are sfgnificantly differant in
blologicel activity,

'A. Plagts

In soathern Vermowt, as arsa known to have & rather high solil
tin content, tin in a weristy of fregh vegetablen renged from 0.0 te 9.07°
pe/s (ppo), bui vas usually less then 1 ppo {124). Tin coctsnt in graine
ar grain products ranged from 0.0 to 2.48 ga/g. In mnother report (141)
without ipdication of wiusual scll sonditiges, tin content in vegetables
and berries renged from 0,03 t¢ 0.0% mgfkg (pefeg). Tin is not ubiquitous
oo the sarth'e surface {124h] and for this resson, asz well as for others,
iz not congidered ozsential to biologloml function,

B, Animala _

In fresh animal tismuss, sgafn from an ares known to have o high
soll tin eontent, the woount of tin ranged from 0.00 to 7.28 pg/g (124),
In freal fish frem the Moscow commercial petwork {155}, +In valuea from
2.108 to 0,620 ng/kg (pg/g} wers poted. These values, as well as those of
hﬁimll, wers chtainad by spgctrﬂmphn owasurament , but. the suthors

. [15%) Eindicate that tha ranges reported were confirmed hr others using

oanupectra]l procedures.

s
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C. Tin In Canned Fooda

There wre mmarces reports oo tin io censed goods, aod oo
sttempt has been mads to survey this aren ¢empletely. Haprazsntative
axcerpts tnly are offered to indicate the sigpificance of this aouree
of eontamiraticn by the stenncux lon. In unlecguered tin cana, Schroedsr
{124) found tin valoesz of frem 3.9 pgfg for chill powder to 129.31 pa’E
fer mochovies. In lacquered cvens he reports much less varietion:

2.8% to 11,82 ypg/g in seven samples of vegetrblea and fruit.

In w study of atorege effect variation with temperature (017},
freits in plain tinplate cans contained 22-L8 mg/kg (ppm) when stored ut
1°C, =nd 2%4-53B mg/kg at 379C. Tiz content in meat groducts dn the saos
type of can varied from 15 to U8 mg/kg at 1°C aed from L3 to 302 mgfke
at 3T*C. In epemeled tinplate cans, neat products containad no traces et
i®C and 8 apd 12 wg/kg at 37°C In 2/6€ samples tested.

It evaporzted milk zemples {001} held upder refrigeration for

f—mm = o ——— e r—

up to b years there was no significant changs in tin comtent with time
(eompared to fresk controle)] but considerabls varfaticm from zan to can.
Tin content for duplicete cens from the saza milk lot shoawed, for example,
variztion from 5.4 ppm to 1B ppm. The degree of =t-=l:j.n5 of the tin plata
was iotarpretsd a8 & cousative Factor,

-Little sttention has been given to thm tin uptske in fatiy end
fat-xrich foods in general, aven though unusually high tin values have been
ruportad by several suthors for anchovies {011,138), They found the uptaka
in fad=rioh foods wvas generally lezs than 1 mgfhg, ﬂth.ncc“innll].r Con-
sldzrebles weriaticn between individuel cans {(01L). Higher values were
poted 1o caoe that wera dented, and pl-ﬁi:ullrl.r in owal flat cans with &
roll-up 1id vhers the cectact with sclder s spparestly particularly pre-
pmmeed. In laguered grooved caps, low valuea (25-35 gglkg) vara notad,

.'I]L'r.lt in lacquered overlap-soldsrad canz, & soosvhat hicsher upteke was noted

(%o-50 pa/ke).
I, Other Natural Scurces _
in s mur,- tin 1a preamt lp sedunts of about 3ppb; oone way

foond in fresh vaber I:Eﬂ majod rivers st 71 lcostions}, but leas ART coment
. on munieipal waters was found, with reportz veryving from 0.5-30 pph, In

eir, 0,003-0.3 pg/a3 vare found in 605 of the wamples from 22 cities (12k).
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BIOLOGTICAL DATA

I. Apute Toxfclty

Teble 1. Acuta Toxicity 5f the Ztanscus Ioa

]

Bex Dosnge

and gz Heamure-
Substance Animal Hugnbaz Route Body wt mebt Rafsrecce

- Btannowma Mouae - B.a, 215 LDcn 111

ehlorids
chloride -
ftannius Dog - 1.v. 20-50 Lynn 130
¢hloride
g .
p:trgsizn Hotse - LT To(5n} LD ch3
tartrate :
Btannous Sulnes - z.e. 70{5n) A 048
potassium plg
tartrats
Etannous Habbit - B2, THSn) LD okl ]
potasnium . :
tartrate

In tabls 1 doga with & reporied oral LD of 200 tg/kg of stanpous chloride
{025} were obesrvad to have grave and ratal intestinal digcrders, and thix
same dose {ntreriacularly ({i.z.) ceussd coovulsionm, dyspnam, and fatal paralyaia.
Ic tha apimals sdzinistarsd stanncus potassium tartrate (048}, signs of paralysis
devalopsd wthin & short time, atarting with the hiad legs, then rising until
the aninel died ln an asphyxlal eeliures,

Rumans .
An cutbraak of gastrointestionl distrams among a gnrtr'nf VI vag

Teported by Warberton st al. (151}, Thirty-eight women were served a buffet,
and by thu.rnliaulng morning 31737 reportad illness. The onset was abrupt,

with bloating, thec overvelming nauesa, stamech ctamps, and voeiting;
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and diarrhea in gna-third of the patieata, A few bad blurred vision, fever,
fainting, and sore throat, and oue teported 2 rash, Ho analyasa of biological
samples from the patients were awttempted, but analyams of all the foods sarved
were made. Ko bacterisl contemlpetion was found, but the vodka fruit punch
was foud to comtain 2000 mg of bin per litar of punch. NRo evidence of
capper, zine, or ¢admiuﬁ tta3 fourd. The punch, mada from reconatitutad
plnespple—grapefruit juice, had a pH of ca. 3, indicating high acld contemt.
It wew delivered to the restaurant in a retinned 5-gallon wilk can, which on
axawinstion after the incident, showed obvious evidemce nf corroaion, and
scrapings from the bottom of the can gontaiped largs amounts of tin.

LT. Ehorr-Term Studies
A. Mice
1. Toxic doses, by repeated indeccion, have heen rapoertad by Deaghiena
et al. (P03, Eight mice were glven stannous chloride, i.a., 60 mp/ka/day
.fq: & days. This totsl of 360 mg proved to be lathal. The anthelminkie
wedical doxa for 5. wansonl as reported by these authora {3 mg/kg/day for
8 daye! iz apparently well tolerated., Howaver, they atated that the intoxIipated
apimale showed hepatic and renzl changes (parenchywmatous hepatitis and
epithalial aephritis), end on autopsy the liver showed dark brown granular
deponits that were shown by spectrographie examinatiom ko be rich in tin.
Thess liver depogice were alag found in the animais recaiving the madicinal
doaes.
E. Guinaa Pigs
Daachiens gt gl. {025} have also recorded a Eotal toxic dose of
240 wmgfkg, administered ax L0 ngfkg/day 1.m. for & deys, for these apimalp.
The nadical dose, 4 og/kgfdey for & days, again was apparantly wall tolaveted,
In the animals of the higher dose group, there vere Tamions of the lungs,
revealing & congestion of small hemorrhagic focl, a parenchymatous hepecicis,
‘mnd an epichelial oephritis. Before death, dyepnes, watering of the eyes,
& geparalized trembling, and paralysis of tha rear gquarters vara noted,
Spectropraphic examinations of the Mver and kidney timapes were posirive
for tin. ' '

a
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€. Mabbits _
L. & coral doas of 240 mgfeg/dey, L.m., the s as for the guinea
pigs , resulted in the same slinical aymptoms and patkEalogisal lasjons (02%5),

2. Staomous potassium tartrate was admiaistered vo threes female
ratbfce (ObLS}, One was given a toral of 46 mg Sn/kg subcutgmeously (3.c.}
in & daye, this proving to be lathal. The second was given a total of
18.0 wg Enfkz s.c. 1n 8 days, che anima! expired in & days. The third
racelved a total of 913 mg 5n/kg over a pariod of 2 montha, and died on the
51xt day. Othar rabbirs wars adminfarsrsd ap orgsuic tin complex, a
prrocatechal derivative. It proved to be of lowar tomicity in both acute
and chronde situations, bBut a3 pointed out earlier, fhe organotin compounds
*F not behave chenically in a oanner sufficiently afmilar to stammous
chloride to warrant compardng resulta,

ITT. Long-Tarm Studies

A, Mice .

Schroader {129 has reported a long-term feeding.itudy on Tandom-
btad Charles River CD mice. Fifty-four matesa and 54 females were given
bhasic water ta which 5 pg/ml So ax araneoua chloride had been added, The
watar also containmed 62,5 ugfwl ascorbiec scid to ichibit oxidatlon to
stannic tin. In additiom, thelr diet contaived tin 0.28 ug/e (war weight),
Growth rate was unaffectad, and the tin 4id not appear to affect mortality at
any aga. In general, lifs-span and longevity {meam age of the last

surviving 10%) did nat aoneay dffected when compared with contrely., ‘Thera
waa accusulation of tin in o oumber of the organs (co ba reparted in a .
lacer section), but the avthor coocluded thac in spite of chia, innate
eoxficity was not demanstrated, The one effect noted was chat the medisn
1ifa-span of malaa am.tmleg wi3 almoat ldentical smd the lomgevity of
the owles greater than the females. Usually femalas F{ve longer chen
males, according to other studies this author quotas. )

B. Hats .

T 1ifa studims on Lomg-FEvans rate were almo reported by Schroeder

{126). Stanbous chlertde wax agaln adnfniotered in tha dednkiog water,
5 ;gfnl, ta mples apd f:m;lzs,lwitn more than 50 in sach group. Growth, Seram
glacoae, and chalestarcl levals were followed and, at natyral desth,

L]
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wilghts and gross apd microscopic pathology were studied., Males
sxhibited one adverse effact, lowar bady welght, while Females exhibiced
dacraased survival and lengevity, and elevated glucoss levels. BHoth males
mod famales hed dncreased incidences of fatty changea fo liver and remal
ewbuler vacuolization. These changes were found in the presence of omly
#A4ll amounts of tin sccumulation im the tissues. Also, it should be
Béted that no critarinn was altered 1n a favorable directicon,
I¥. SBpaclal Studies
‘A, Teratelogy
1. Stenncus chloride ha=s heen evaluated for teratological sffacts
o piee (p31). Tour groupe of virgin adult female albino CDel cuthrad
mdes €26, 25, 22, and 25} were mated with young adult males, aéd beginning
oo day € of gestation were trested delly through day 15, by crel intubstion,
wich 0.5, 2,3, 11.0, or 50.0 mg/kg stannpus chloride fo water solutiom.
Cefitrols were sham treated, or piven 150 mgfkg aspirin 25 positive cantral.
On day 17 all femalas were scblected to Ceegorean secticn amd the pumbers

of implantation sites, regorption aites, and live and dead fetuses recorded.
dody weights of live fetuses were recordad, and the wrogenital tract of
aach wother was examined. 4All ferugas were examined grossly for the
Provsnce of external abnormalities. After sacrifice ome-third of thae
Yaang of each litter vnderwant detsdiled visceral exsminatfon and the
raoaining two-thirda were cleated in potsasium hydroxide, stained with,
s#ligarin red 5 dye, and examined for gheletal defeers., The number of ah-
notmalities did not differ from tha mpontanepusly occurring ones in tha
dhak-treated controls, and the authors concluded that: “"The administratien
af up to 30 mg/kg of the test material to pragnant mice for 10 consecutive
daya had no clearly discernible effect on nidation or on maternel or Faral
Iﬁrvivll. The numbar of abuormalitles seen in either soft or skelscal
Tidwuas of the cast groups 44d not differ from the number scourring
spontanecysly v the sham-treated controlx.™ _

‘ 1, Albino Wiptar rats apd golden hamstars wars treated similerly
(03D, given the exact doseges as those described, with the mame nlgntivu.
Ronclusisns regarding nidation, survival, and abnovmalities.

3. & lhmen cana of right-haod agenesla has bamn reported (106)

L




that iu attriboted to an anriparasitic drug containing tin taken by tha
wothar 2t the end of che second month of pregoancy. To sliminate the
axictance of 4 Taenlg gdginata in her body, the mother was giver 3 tablets

per day, for 5 days, of a tasnifuge of 60 mg of pure rin exide (the
stannous or stennic fomm not spacified) plus 60 mg pure metallic tin per
tablez. Thasa rablets were given in conjunction wicth 250 mg of pyridoxine
par day, on the flrst three daya of the S-day trestwent pericd. Tha
suthors belisva the pmetallic aubstances were not zdsorbed
by the body but were rejected with the feces after having actad on the
parasite in the intestipal environment. They believe the inorganic forma
behave differently than orgenic derivatives of tim (for axample, fodized or
ethylic derivatives), which sre perfzccly absorbed and ¥Wown to be
tlIItﬂ]lﬂic.. They postulate thar, rather thao absorption with crossinog
of the plecental barrier, tha effest was Jue to an agsociation with
pyridoxine, which intervenes 1n numerouns metsbolic trapsformacions,
specifically as a trapsaminaticn and decarboxylation agant. Pousver,
othets {D25) indicate that stannous oxide 1s &t least parcially treneformed
by hydrochloric acid In the stomach ta stannous chloride, an ilonized
form which is absorbed and pasaes to other parts of the body. Thix
abaprption seems to have now buen firmly established, aE will he nated
by numercus other veferences in thls monograph.
¥. Exbyronic Studies _

The affects of metals oo tha chick embryo hawse been reported by
Bidgway (1186) who gave data on 5§ elements in various forms. Stannous
chloride was injected by two routes, giving an LBSH of 1.0 mg/epg on a
4~day smbryo when adwinisteared by yollk mac route, sod an Lbﬁn of 7.40
microatoms whan given to an 8-day embryo via tha chorfoallentoic mambrans,
A nlcroatom was defined as: .

Jegg x 1000 z (mo. of stoms of alamerpt {n the salt)
-| mal, HBEEE£ of Lhe #n.t ia ‘1] :

¥o teratogenic effect was noted for mtannous or stamic chloride, by
that experivental procedure {116),

ih L .
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.oatura of the staonous chloride solution (e Sectiom VI, Chamdieal Iﬁfur—

_#taanous selts & imticaries sgeots, buc for the purposas of this monograph
Btigf mentiom of 4 few of the studiax mhould =zefflroe. Muhler 0e5

i
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C. Dermal Ypflammatbion
Tha effects of stennous chloride and stenoowve flucride on

inflemmacion Neve besn revorted by Stome and Willis (13L), Eoth chemipoals
wiil be mentioned briefly here, from the atandpoint of the stammous Llon,
as alyeady discussed. Sixteen white rabbits ware clipped over the ahdomen
2 daya bafore tasting. They wers scratchad deeply enough to break through
the apidermis, but wvith little or no bleeding. Distilled water suspensions
of 2, ¥, 0.5, and 0.257 stannous c¢hlordde, 0.3 ml on & plece of gauze,
were applied to a scratch, with two contrel sites of distilled warer,
Stamnous fluoride was applied simiiarly at 0.5, 0,25, 0.1, and {.05%
goncantrationa with twe control water sltes. The test sites were then

protected by gavze covering, taped, and the patchas removed and raad after

18 bours. . A second group of 10 rabbirs was not scvatched, 5 recelving
lihntlnnuun chloride at two Sitea with twe water contrel girea, and 5
receiving I,25% stanncus fluoride in the same manner. The results were %
again read at 18 hours.
Of tha first group (scratched), the control sites coneifscently had
no pustules, Tegt aites of 2% and 1% stannous chloride always had a
:unninunuu rovr of puatules on aach side of the scrateh, The puatules %
naver occurred ac the lover concentrations. Diopey mhowed 5 marked
polynorphonueléesr Jaukoaoyta rasction that dearroved the spidarsis and che
upper dermis, Bites of lower concentration than the 1X scannous chloride
and 0.25% stannous flooride did not produce pustules but still produced
a polymorphoniclaar infiltrate that was markedly incraassd ovar controls.
Control sevatch eites had vary 1ittla Inflammation, In the unscratched
test sites {(group 2) oo pustules vere ootsd in control and test sites, zroaa
or by blopey. - : j
It zeeme partinent to point out, howaver, that due ro tha basic :

watinn) this local i{nflaomacion mey be partially due ko pH.
D. Stannous Salts as Anticaries Agenta
There arn puberoud reporca fo the litermture on the uwee of

15
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ctoltisd thl affect of vanadivm pentoxids, flucridas, and tin ¢ompounds
ok bk dimtal experieace in rats. Egtmgmrbawley strain rats were dividaed
fotw ¥ groups sccerding to sex awd Inirial body weight and glven
spplenavts of tin amd fluoride compounds in drinking water edminfatered
Far BAO daya. !’ |

i tha hagis of thage results (ems Tahiles 2 and 3) the author concluded
that cxries rates wers significantly reduced by stzmnows fluoride, potassium
Eleovwgtannite, and By stanneus chloride and staonous glucomace to which
sefimm Cluccide had been gadded. The stammous salta alone {without
flratrida) were essentially withgut effect. Franeix {034) gecerally _
asuftimied iress results, finding that stamwoue chleride applied topically B
ot PR wax trxffective. Stanrous Flusnide supplied ab 10 ppm in drinking '
b vy werkadly superior co smitho Flugride at the same Fluseidse
comeerirattor, whils stermouw chloedda o an 5n2+ level similar to that of
sttans Bhuwride wes dneffective. Gray (047 studded the diszelution
omtw of Found amd white—epot sramel om: human teeth wienm treated wich i
EBelIT) mui Flusrida compeuynds, The tmath were treated. in witro with

stamvous flnoride, stanmous cblerfde,. or sodium fluoride at 3000 pem
o

I mni 0 ppm F .. The dissuintior mote was nmaxsured in lactace buffer _
by bertd dtffaveniial sod integral matheds, Treatment with stennous ’&
fiikeoriche. pecinced. tha dissclurtor rate of efther sound or white-spot

magel, ant tie effect was alvavs amgl to or greatar than chat effectsd . h!; Lo

by cremreent wich staonous chlueide or smdium fluoyide under comparable

X. Omecinogenfctcy

Nfzs aond Rats

L. 4 a part of the Lovgetmrwr wudv discussed sarlier (125),
Eatromoweier studied the effects of arsswds  germanium, tfn, and vanadium
o spwtsmeous tuoors in mice (Q6E). Eightesix random-bred white Swiss JI
wimie of tha Charles River strain (CI) wers exposed from weaning uacil
dhatdr trr dpbly- detorwlzed drinking wster comtaining the egsential rrace
matalic mnganese (10 ugfml}, chimmbur (1 ug/nl), cobalt (1 yg/mi),
aopper [F ugfml), zinc (30 ug/ml),. and meclybdenum (1 pg/ml) as tha _ _
scatgte, chtrete, or molybdata. To this had ‘alsc beem added § pg/ml . ]
staseonus chimeide (atabilized with daecorbic acid). Alrhough it wne
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Table 2 (098)

Mhm Datwesn the ﬁcn:al Cariee Exparfence of Rata Raceiving Different

Tin Compoamde in Their Drinking Wecer {Serfes I)

Flusrina Tin Hean No, Caries
&roup eria, eome. NHo, of of reductione ®

Fo. Buppletent (pg/ml) (ug/ml) TaEE legicns (%)

1 Stanndua glunuuatcﬁ' — 20 15 7.2 8

) Stexencux plucomate 0 i 26 4.5 12
piva Fluorine®

3 Stannous chloride - 90 29 R 12

& Beannowy ¢hloride n ] ‘33 4.9 r
pioe Flunrinet

5 Stannows fluoridad 3 90 » 3.7 L

] Itxsnous shloride —_— 186G 19 £.4 18

7 W . " S " -

wpdn number of carious lasiens.

anend
Mrerstabad by the Ietal ané Tharmit Research Laboratory, Rahway, N, J.

Cis sedlws rinoride.

at Indfanm Hrmiversity bw Mr, Jopeph Davis to whom we ars indsbcad,

Sea ], i3, QiEn. Som. T1: 1604, 1952, for merhod of preparazien,




Tahla 3 {098)

. Comparieon Between the Dencal Cariee Exnarience of Rata Receiving Different
Fluoride Compaourds in Their Drinking Water (Seriea II)

Floorine Tio ¥aan No, Caries
Groum cane., ¢onc, Ho. of of reductiomad
Ha. Supplement (pg/mt) {pg/ml}  rats lasions e 4]
1 Fotacaium & tannous 30 &0 76 5.6 1
: fluoride® (po—
fapalum fluoro-
stamite)

. Stamous fluorida® n oG 29 5.0 41
i Stannous flusride 30 45 51 7.2 15
plie sodium ' :

Flunrids

[ 1 Starmsus fluoride . w 85 8 6.0 : 19
plus potessium '
flusride

5 Neme ' 0 B

;Inad upon number of cayious lesians, -

Parnizshad by Dr, William P. Eruce, %0 North Rrpoad Stvwst, Fhiladel

ta wvhom we ara Indabted, ’ Phie, Fa.
“Prepared at Indiana University by Mr. Gine Bissapio to whom we are indebied.

18
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difficult to messure, the author sztizatad an intake of. 35 pe/l00 g/dey.
Ths diet alsc comtmined Q.28 pgfg tin, The group was folleowed for 13
months, by vhich time n total of 64786 autopsiea had Seen performed.,
Tweaty-twe tumers wers found, including 6 nalignancien, with 24%,6%

of the snimalsz tumor-bearing. Controls in the sske period were found
to heve 32.4% of the group tumor-bearing. The typos of twsers found
also corrospotided to thosa of the controls, with the retic of malignanat
t0 benign esaentimlly the same. From these dutx the author sonsluded
that, in the dose given, atannous chloride was not garcinogenis,

2, Similet studies were carrisd cut on Pate by Schrosder (126).
The drinking water ceatained 5 pg/ml atannous chioride, plus the
essential trace metals listed in the proceding section. In the controls
37.8% of the rate had spontaneous tumors, while in the stannous chloride
tranted growp 29.9% ware found to be tumor-bewring.

3. Tt 'is {pteresting to note that studies by Hoe ot al. {150)
have shown that Chester Beatiy otock mice receiving LOOD &r 5000 ppn
tin ax mcdium chlorostannate {twiravalent tin) in drinking water or
S0 ppm tin az stagnous Oleate in the dist experienced lower ifpcidence
of malignant lyophoma, hepetoma, egd pulmcpary edenoms than the un-
tramnted sontrgls, :

In 30 inbrad Angust hooded rets fed a dist contatning 23 chlorg-
stamnats (117) for & year, one mammary adsnocaroincfia., one uterioe
Pleomorphic sarcocma, and one jav sadencearclincos were found. In 27 rats
on n diet containing at first 1% then 0.5% stanocus Z—athyl hexoate, no
nvoplason were found. In 33 untrested controls followed for the sane
paricd, no maligoancies vwre found. The austhors esnsider the resulta
prexiping, but belisave a larger experipent ie pooded %o esatablizh nop-
carcinoganiolty with certainty, :
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BIOCHEMICAL ASPECTS

I. OHraskdcsm

Stxrnmm chleride, when present in foods, particulayly in an acid
mediom, vndoubtadly undergoes ionizacion, with the SnH ion entaring
inko complewes or equilibrium afituatdons with other igns praseot. For
eammple, Vaz Buren (149 in studying the effect of tin on waxed beans
chasyved that the best color was found in beans canmed fn malined tin
cand &md @ poorer coler in ensmelled cans. In gtudying the reactiech he
found that the dark coler, fnduced by the addition of from, which 4s
postulatad a8 forming a combination with tannioe, can be reversed by

addition of sténpous chloride, He proposed the sguilibrivm;

3’ 42 Fe?t k1 3% 4 opa

Algn, Sn:"' CAR YRplLACE F::H' in rhe polyphenol coxplex, am was obaerved
by Harnender (050) in hix work an ssparegus. Indeed, the fpnization of
stanmoud chlorida top free the Snz"' s&ems Lo ba the basis of its vsefulness
us a food sddivive, 1.e., producing a2 "zoemetic effect.” The xtannoos
ion bas besn shown eo he the active agent To inbihiting the pink discolor-
ation in pear puree {013}, perhaps. through remction with tha products
of thw h‘t‘-l‘.'-lkdm of leukncpanidin at the quinons mathine stage. In an
sttexpe to prevent darkening of glasa-packed sauerkraut {oha), it waa
obeerved thac stannous chloride ac the 5 ppm level shoneed pramisa in
ratarding darkening, hut in samplas containing 5+15 ppm color was not
witiforn, and & precipicata formed which turned soms sbredp black, giving
an effect of lipht and dark layers. It zesma 1iknly that a chenical
raaction between the stannous ion and a constituent of the sauarkraur
bad taken place. The saverkraut vas maiptained at wn mcid lnvll af
I.DI .- lactic acid.

In besr (092 tha clouvdiness: vhich sppears ar tiges in some baers
in varying degrees has been attributed to the sranmoug 1o and 1ts affinicy
fox cartain yrovpings of pmtti.r. mhnulaa, elchar through .dlnrptinn ar
coxbination.
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II. Abasrption and Distributfon

A, HMice |

Long=-term gtudieg by Schroeder (129) already dimcupsed from

the atandpeint of growth, longavity, ete, {Eiclogical Data, Sectiecn
TII), included tissue lavels of tin., The Charlsa River CD gtrain
#ales 2rd females, aftar recefving 5 ug!ml of tin .as stzopous chloride ad 1ib
in their drinking water for thedr 1ife-sapan, acewmlgted tin as shown
in Table 4,

At these levels, ws already pointed out, the suthor concluded that

toxicity was oot damongtrable.

B. Ratx .

1. A similar pattern of accumylation was found in rar tigeuss
{125) as shown in Table 5. It 1a interasting to note that in % of rhe
snalysas on 23 ptillparn of suckling rats no dareccable tin wvas Found
in their wholc carcassea, Three contaloed 068 v/, Cercain tumors
accumelated tin in concentrations of 0.91 to 7,77 ug/g. 5 containing
more than 2.73 wg/g, while 4 other tumors had no detectables tin. Hearts
and gpleens ehowed more bin than did other normal tissues, the same as
with mice.

2. Ia therapautic deses (numericel values not specified) of
stanncus chloride or thet form of Sn associated with tin oxids {1k2), tin
was found to have accumulacad in the digestive tract, Iiver, vesanls,
spleen, kidneys, lungs, skin, and exoskelecons, and the brain of raes.
In this leset orgen tia was found not coly in the pla maber and
int;lclrabral vesgels but glso comblned with proteins and with lipida
in tha i{nterior of the pyramidal celle. These resulbs weve obtained
from oral dosage, and also from s,¢., increperitonsal (i.p.), or
ftotravencus (1.v.) administration, although in the case af skin, nmailg,
hairs, and teath, the veeults wers oz tha hasig of oral or x.c.
tr:n:mnnt.l In the brain, parenteral administyation reamulred in lagx
localizatfon than from the oral route.

Gy Habbita . :

* Therapsutlc deses adminiatered to rabbits {147 were aceumalated
in the saza general areas as with rats, we described abova.




Tahle & {155)

Tin in House Tissues, War Wefpghc®o®

Holes ' Females
Ho. Ko,

animaln Lele mimaix psie
Kidney 29 1,70 a7 332
Liver 26 1.24 7 2.26
Heart : 43 2,95 2 5.04
lmg ' x a4y a7 .80
Spleen 43 1.81 37 k.47
Faz - - 2 0.81
Thyraid 14 Z2,15 - ==
Tumet : _ -— 1 - P I

rgenn ware nocled in lote of 3-14. Food containad .28 ppfg tin.
My valuas sliowm. ' _

broo few eoatrdl tisauves wars avilable fnr tabulation; they sontained
lsss than 0.5 peip tin, . :

&
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. Tim in Tissusm of Rata, Wot Wedght

Table 5 (126)

== e rnane

Contrals™ Fed rin®

L[ e, Teen So. o, TEEL

™mta pressnt pefe raty FrREant peis
Kidney 21 7¢ 0,11 12 32 0.17
Livey 21 164 0.11 7. 32 0.35
Henrt n 18 0,59 7 LY 0.53
Lung 13 7e 0,14 32 2 .54
Spleen 21 71 6,26 A6 Al 1.88
stillborm, 2% 3 0.08 — _ —

whaola

T otk s i 11 1.7 . 2 1.12

Scanercl rats ware 521 tp 822 days old.

lp-fed rats wvara 602 to 953 davae old,
Tiseues were poolad in groups af 3 to 11 samples.
Mffaverces between tha mesna of the contro)l sd ats fed tir wars pot

statistically sienificant,
tyiffera from grnup fad tin by chi-sgquare analysts, ¥ < 0,00%.

% < p.o1.
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D, Man

1. 7Tin bhas besn found in 29 orgucos sod tiasuex of American adults
(12k). The highest comcentrations were found iw the Intestinal tract
whare S3I of €37 zawples showed ir. (Gm humao Eissue tin wes ansiyzad
by the spectrographie procedure of Tiptom et gl., Health Phygics 9: 89
{1963) }. Median concentrations altared caudally as follows (ppm of
ash): esophagus 18, stemich 16, duodenum 28, jejunum 36, fleym i,
cacue 130, signold eolon 45, and rectum 57. The author points ocut that
this pattern appears ralated to reabsorpition of fluids from imvestinsl
eoatents. Sizable amounts were found in other tizzuasz:- lung 37, adrepal
23, and liver 23 ppm, Onlv 5.4% of samples indicated tfn in the brain
(z2n opposad to the results from therapeutric doses on rats and rabbitn)
sod 191 in muecle; and diwphragm, heart, awd pencreas had low concentra-
tions. In ro singie tizsus was tin always Ffound, mlthough all aubjects
showsd it in wany organs. Bone asccumeleted varinble to largs amounts.
Tha author stressed that therve were variations in tiseue, and cccaslonalty
mdulc cases had very iigh or very low concentratioos. In aorts, kidney,
and liver there were three samples wich levels greater than 150 ppe ash
(1. 65 ppm wet welighe) and fn lupg 2/9 eamples cooteinad 580 ppm,  Five
mamplac from the gastraintestioal tract cootaeiced more thes 1000 pre. In
contrast, in 100-145 samnles there were mo traceahle mxoucts of tio In

3 lungs, ¥ livers, % aortas, 23 splesank, 66 pancreases, amd 17 kidoeys.
Even 20/438 semples of intestinagl tract were withoot tin, as were 3)/19¢
sumplez of m=ophague and stomach. Varietions with ape are sbhovn io
Igble 6. The author interprets tha wide voristicn 1o infants spd childran
a3 an indication that tin does not croxs the placental barrier.
Gesgraphical variations ave illuskrated in Tsbie 7.
2. In an earliar study on trace metnls, the concentraciom of tfn
in normal famalea, not eploved or associaced wirk 1n=lual:::|r, vas Teportad
(0. Table 8 fllustrates the results of this m"rey

II1. Mstaholism erd Excretiom

A. Rain
Compuractiva studian om the reaboorption of heowy omgesly Jan vivo
and in vitto have been offwred by Leapold at al. (083). Utilisdug previous
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Table 6, (124}
Tin in Humen Tisewes by Aga, Mean V5. Valuma (ppe ash)

dgn growp {yr} D -1 1-10  11-%%  21-30  IL~d0  &1-50  S1-60  61-70  YI-84
Ridney

Ceneent rat{an o 578 &nd 13 20 34 28t 22- 3 32

Oceurrencs 0/16 9/l 19720 1nA1s 17721 36743 2212  26f27 13714 ajo
Livar . .

Concent tatdon 0 498 ) R 42 34 338 25 15 qg4 348

OccuTrence 021 1172 237235 14/14 2n/21 W/lh3 27728 15075 13713 979
Lung

Concentration {18) s 24 453 27 " 108 53t 58 FAT

Occurrence m 516 516 10713 1g/21 35 27727 2p/ma 13713 5 /g
Ileum

Concentyation 1] 101 %A ) 174 116 57 53 172 140

Occurrsnice n/f 1/2 1/1 9fin 12713 26/28 16717 12f12 6/b 3/4
Toral oo renes

4 1.8 6,7 9% .0 B2.7 BA.2 To.B 53,9 7.8 " 93,5

e1.7

Neta: Concemerntions of posicive smmplen,
Oocurrence refers to the mmbar poaitive/total caase.
nEI-Ell.‘Ilﬂ.ng vales 150,




Tabla 7 (124}

Geegraphizal Distribution of Tin In Fidney, Liver, and Lung of Maa (ppm nsh)

No. of 4 ¥ean Range . Hd1 an
MAbliplex PTER
Baited Statas 181 57 M <54 8{} 20
Srcanrland 9 33 5 “h- 17 <5
Ayl s 53 i 5 <5« 3 <5
Miiddla Fast a3 &2 a «f= 55 <5
- Fax Eeat ¥7 40 11 x5=110 <5
Liver _
Mitnd Etaran 153 1 3 <5=300 24
Swiczwrland b i | 5 <5- 20 Te
Adrica 49 FL 2 4 b= 20 <k
Mddle Eost : &4 55 11 =514 Te
axr Zase 54 41 10 =5 T4 <5
g
Paiend Staras . 155 o 58 <5020 k)
Mdcmarliand 7 v ar 23- 42 28
Africa ) & w0 5= 4D Te
Middla Last &5 g1 33 «5-200 17
Ear East 57 *3 &% «5-1200 29

Mwkn: Te = trace, ot barelv deteersble.
Mamw grd oodian valuas wmre obtained by assipning a value of onshalf
tha lesdt detactable amovnt to those cages whars tin was not detectad.
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tabla 3 {083)

Conganrraticn Levels of Trace Matals in Rerhz]l Honem Tissves {Amaricen)

{arithmetical moean values)

Milligrarm of Matszl per 1} g wet cismsaye

Tiagus Hn Fh o AL Ca Ag
Ktduey 0060  0.027  6.020  0.042  0.166  0.00
Beart 0.032 0.038 0.022 D85  0.150 0,00
Brain 0.03%0 0,012  0.60 0.0G4  0.400 0,003
Liver 0,205 0.130 0,060 0,160  0.710  ©.00%
Spleun 0.022 0.03 0,022 0,130 0.085 .00
Lmp 0.022 0.028  0.045  5.94 0.110  ©.004
Muscle 0.050%*  0.010 0,011 6015  0.125  ©.00
Long bony 0,300%  1.88 f.ben &. 500 1.19¢  0.00
Eth bona 0.170°  0.470  0.05% 0,240 0,410 0.0l
Stemach 0.030"  o0.022 a.0% 0,673 0,107 0,60
Imtastines 0,035 0,023 0.015 0.087 0,110 D002

“Spsults of mingla maelvees,
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knoviedge regardiog the transport system for iron which floats acTons
the wicoea localized shfsfly o thae Jejunim, s compardiacn of the panetra- .
tioo and binding of heavy cetmls in the ileunm and Jajunun wans made,
Heasgrensnts were made in vitro on small everted fmtestingl sacs asd on
tiad intestinal locops oo the ret ip aitu, The authors coneluded on the
bsals of their studies thet tin or the other heavy metals were nnt
wiilized in this floating-out mechanism,

B. Ests and Rebbite

The fata ol vrgenic and inorganic derfvatives of tin sdmip-

1akered perenterslly snd crally has been studled by histochemicsl Deanx {066).
Dosages ; ltru{na, and specific sxperimental condit{ong for the tegte on
rety and rabbits vere not given, but the experimsate were geaerally deacribed
as “acuia lntowication,” "massive,” "subacute," and "ehronic," and will
ba refereoced in that way in dimcussion. In acute Iotoxication the com-
pounda administered orally end peranterelly wers recaverad in the liver,
inm the blaed wassels, and in the elementa of tha Blodtd, but very 1ittle
In the hepatic paranchyma. Ths tin congesta the liver at the 1avel orf
¥he vezneis god zapillariss, vhich are dilated, apd the Kupffer cella
"Iix or sat” the tin. The organic devivatives coume only & fav lesions
in the hepatis parenchynms (death vas more rapld from nervous intoxication),
valle the mineral derivatives [atannous chloride, Stancxyl, or tin oxlde
in aasociation with tin chiopride) ware more irritatiog to tha vascular
Wails. Ie suhacute and chrezie intoxications, vhich approximate therapsutic
oooAiticey, sod ln ascidsntal intoxication, the tin compounds are atored
in larger quantitiss in the heputic calls. It was fouond that the tip

- aorwd in the liver vas elininated by the blood wod kldneys rather than

ur tha hﬂ.tu? route, and aleo 1t was observed thet there were 4iffer-
aohe ardt fidividusl rexations in relation to the tin selta, organic
o xikeral.

€. Man

1. Im mn enrly atuzly on the sxerstion of tin by man (064} two
MAEMAL Eao were given & total of 25 xg of B ax -Ei-mnqu by daily 1.,
ndeakion dmring the sroond week of o 21-day metabolisu exparizant. The
firet waek servad i & coatrol period 'durf.lng vhich the mbaerption and
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excretion of tha 5o prasent in the fovd was followed, The resulta are
thoom in Table 2. foth men ware voughly in blllnne during the firzc
period, as the guthor points out, excreting 52 te 75Z of the whole output
of 5o in tha urina, During subsequent periuds;the injeckted 8n was excreted
xlowly. The fizxuras prasemted by this author ﬁrﬂ muclk higher than those
of others (mea 017, 063, and 124). Perhaps thia 13 dus to Aifferences

In analytiical mesgurement or other disglmilar pareneters,

2. Tha urine of a healchy uﬁpatimautnl man waa examined for 28
consecotdve days (063) with the results shown In Table 1), The subject's
food | beverage, and Feces metal content were memsured during tha
anmd perdod, with the results shown in Teblg 11. From rhesa data the
auther cencludad that the daily gutput Iin the fecer Is prectically
squivalent to tha dafly intakes in the dieg,

3. The fecal excration of irom and tin by men fed on a diat of
atored canned foods has been reparted (31T7). Teble 12 indicates the
oetal content of the varlous ratlons which had been scored at 1" or
37* C for 20 monthx. Fecal metal axcracion valuas are shown In Table 13,
of the tin ingedted from the ratdone stored at 1° C, practically all was
axcreted by the Ffeces, coafilirming the results of Fehoe (063] and othars,

iv. Effects on Biochemical or MHorphological Parameters

A. Mieca
In tha study of the acuta toxie effect of stannous chloride on

whita mfce {111}, a dose of 1000 ng/kg (ca. 5 times the LDSD reporced
by the same authera) was administered in lemon julce sweetened with sugar,
Dosage was by stomach tube ta 3 males and 3 females, with asacrifice B

- boura after administration. The axpariment was rapeaced three times -

G fht game ourber of animals. Gross exgminstion shoeed expanded
intestines, serosa conslderably comgested, single petechime on tha
stomach serosa, spastic and dilated wectioma altarnating along the small
intastine, livers darker rad with tizaue homogensous, and dark red
byperamic lungs. Efstologfeally the liver showed necrosia, with dis-
integrating levkocytes in some: in other partz of the liver parenchyma

tha cells had paremeymatews cloudy ewelling or showad vecvolar daganer-

ation, and 1in scwe fatty degeneration. Thare wasm alan necrosis of the -
apiean, '
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Tahle 9 {06%)

1

The Abeorption and Excretiom of Tim

Sn Intake
mp fperiod Sn cutput
Length “Tnjected ne/pariod
of perdod durdns in n Balanee 2n racavered
Bub ject dave 2nd week food urine fecas ag period ' me
£, 5. 7 0 4.4 7.7 5.5 0.6
7 28 12.1 12.6 7.1 1.2 19.7
? o 12.4 1.4 11.9 12,9
R. M. ? ¢} 12.8 a.a 2.9 1.1
14 28 30.5 3.5 10.56 ' 11.3 16.7
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Tahle 1t {063)
Concentratione of Traee Metals in Buccessive Daﬂ*_r Tiine Samples of a Normml
Adult Amarican

Frequenciex of aceurrence of the gumticies indicated

Milligrams per

liter o Fb Sn Al Cu Ag
0.00 -0,009 1| 7 i 2 28
0,010-0.019 1 17 1 5
0.020-0.020 ) 1 3 7
0,030-0,05139 14 1 5 3
0.040-0.04% 4 & 5
0.050-0.059 1 % 1
0,060=0,063 n 2
0.070-0.079 1 2
0.085-0.089 3
0.0%0-0,099 2
¢.100-0, 109
0.110-0,119 _ 1 1
Narbar of samplas 28 28 28 28 28 28
Haan 0.01 0.0 0014 8.0%2 0,097
Frobabls arror + 7 4001 40,001 HL003 40,502
Standard . .

daviation S 1 20,008 0,007 40025 40,014

— -




Tuhle 11 {063)

Cowparimon of tha Maan Dally Quantities of Trace Matals In Succezeive
Semples of tha Faceas and Food of a Hormal Adult Amarican

Milligyams per 24-hour sample

Mn b so Al Cu AR
Food
Mo any &, 28 0,290 17.14 35.43 2.3z D.0RR
Probable arror H43 40,027 +1.30 + 7.9 +0.28 +3.010
‘Btandard
devintion *3,3R _-I;_ﬂ.ElJ 10,17  +61.97 +32.21 A.077
Mcen
[T .69 0.320 22.88 41,92 1,98 00588
Frabable ertor H1, 30 20,019 4 1.36  + 6,10 40,18 40,705
Standard -
deviaticn +2. 30 H.141  +10.28 +46 80 1.3] +1,035




Teble 12 (01T7)

Tin and Iran l:':-:mtent of C Rotion Compoments Stored for 20 Memthm ac cha
Indicgted Tempéaratures

ITon Tin
Menu
Companant ' No, 1%G B Fi 1*C e
Facked in 211 by 34 cana
8 or net walght
“FLEAR CIRplate
Apricote & 3 5 32 hld
Cherries, white & [ 52 L8 570
Fruit cocktadl b 3 I &3 417
Paachen 1.5 4 L. a6 234
Rgmxs 2 5 102 22 538
Packed in 300 hv 308 cans
11.5 ko 12 oz net weipht
I TInTIETE
Beams w/franke 1.3 I8 22 48 262
Bamae wipock 2 17 15 30 144
Heaf xtav & 15 15 21 94
Thop suey 5 15 1B 27 169
Haxburpat 3.6 34 M 15 43
Moat w/beans 4 24 19 1 X2
Feat w/apaghettl 1 15 20 g 288
Enameled tivplace
Beaf u/peaa ] 24 130 KF HF
thicken w/noadles 1,6 11 14 KF Trace
Chfcken w/vegecablas 2.3 24 17 RF 12
Hut and potatoes 3 10 & NP B
Maar w/noodles - 15 22 NF NF
Fork causage patties 2,8 24 ra ] ¥ Kr

“mg pur kg of wet !un,;& (prm}
E? = nons found, . '

33




./
z

gl W

e il e

Table 13 ([017)

¥Facal Iron and Tin Contant

Drder of feeding® Iron {mp/dav} Tin fda
Subject 3 Y [53 CIT A CI oIl
A 1 2 3 16,6 20.7 57.5 10.8 27.0  190.7
B 2 3 1 11.5 22,7 il 4 9.7 30.% 137.n
c 3 1 2 19.7 21,0 ¥.3 11,9 4.8 150.1
I 1 3 2 17.1 22,1 9.6 12.3 3.1 148.5
E 2 3 1 18,5 0.3 9.7 %.5 25.8 184,0
| 3 2 1 18.4 23,k 35.4 10,9 3i.8 10%9.2
6 1 2 3 18,2 0.5 8.2 9.8 27,7 180,8
B 2 1 3 8.8 20.7 38,3 12,0 1 153,1
1 b 1 2 15.9 18.% 3.2 9.6 5.5 189,85
Average fecxl sxcrecion.,.. 3.0 211 .9  10.7 1.3 156.0
Awrage dHerary iotaks..... 6.7 64 4 3.5 162.8

22.1

26.3

%ordar in which dietn A

(ratipe stored at 37°C) wmre administared for 24-day feading pariods,

{fresh conrrel), CI lfﬂl::lm storad &t 1°C} and CXT

_3h
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. Moter end glatsy In tha tfBizlls snCerfor muscle wers atypdfed
% vegrrd to the bindiag by dfvalent metal ions (102}, TFive percent
$tancous chloride in 0.03 B HCL wes wrilized. Rats were snesthecized
it the Euscls axpoged; the metal fon was then dnjected as 0.2 mlf100 2
Bedy wafght. The muecle was axetaad 30 minutes after injection and
frézém seciions made. It was found that stannous chlorida behaved in
slerat all casan aa d’ﬂ laad gcetats, It was shown that the metal binding
sctivity 14 3 didrinef and separatas action from chelimestersse activity,
Ths resulte slso suggedted that the site of bilnding of the divalent
ions is i% clove telationship ko the dite of celcium Telemaza and in
elose but not fdancicel relacionship to the aita of the cholinesternss
sctivity and the scetyleholine racepror.

2. Tihe ¢ffect of metallic salte on the histclogy and funcrioming
of the rit restis ond wpididynts ham Been scudied by Hoey (053,
Srambous chlovide uas advduniscered, a.e., 0.04 mnoleafkg, to 5 groups
of male alting racs of variccs drhedules. icnte changes were manifest
by shrinkigs of the tubules, particular}y the more cemtrally placed onas,
o give vide spacses between tha tobules in which the iscleted interstitial
Cisaus 34 found. Ffosdoophilic wdems fluld was always present in tha
Mpaces, atd chara was 3 gredt indrecse In tha lymphatic dratnage, ail
lyoph vessals belng grosaly enlarged, some with breakdown of hemoglobin,
$imilarly, thace wus mackdd angorgament of the intertobular caplllariea
snd tepticvlar veine. Sparmacogenssis did aot appear to be affected,
Nowsvar, tha formad ecetistozoa frequantly swhowed separation of cha
hesd aod acme fubules had a ring of fafllemm pycnotic sperm heade around
the lupen. Tha condition of the spsrmatozoa in the epididymiz varied
from moftal €0 quits degensrated, The ductull effersntas ahowed marked
quc,' wiih consdiderabls epithelial proliferution, and aregs of complete
Plockege, Chromic fhanges wers elso noted. In most cases the predomi-
Sent tendancy was 0T the Cissues sither to Tecover or ti deteriorats,
and bath procssses eof tan occurred ia che same testis, mome tubules
ragaining i normal appesrance while the neighboring tobules degenarated

 complecely. Some lymphatic Jdrainags resumed normal proporticns, but
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sven with return to norpal appearance there was edema fluid still found
in the paripheral tubules. Also, racovery of testieonlar sctructure doey
Aot necessarily mesn & return to normal spermatogenesis, Full recovery
of tha duct systeme zeldom occurred, In almnit all cases che ductulf
af forentes ghowed marked damage, amoupting to iln:kl;e of tha duct lispen,
which could lead to very marksd dilation of the rete testie and proxfmal
ductuli, and collapse of the distal duetuly, The hesd and body of the
epididymis ghotred a wmora marked &bility.ta recover, mecrosls being rare,
Stannous chloride was coempared with silver uitrate, copper sulfate,
nickel sulfate, and cebalt chloride. All showad tha results deacribed
above, gach in varying degrees.
C. Rabbits |

Tin &s 4 mleroelement (tha levelp normally found in food)} has
boen sptudied in relation to its sffect ¢n cholestercl and lecithin
levels in blood servm {013). Temals rabbirs were given atannous chloride
at o dosmge level of 0.6 mg/kg or 3 mg/kg, infected per oa datly for 15 days.
Chalesteral and lecithin were measured om the 5Sth, 1lOth, and 15th day,
cholegtersl by the Lisbermann-Burebhardt color reaceion and laecithin
thtough che phosphorus extrscted by the Ostraveky marhod (Lab. Work 11;
27, 19B1). Hith both dose groups there waa a reduction in cholesterol
ad lecithin levels in bhloed serum, 1lluscrated by Tables 14 and 15,
From thesa data cha author concludes that the tin parricipates in the
exchange of lipida in the animel] organlism,

0. Han

A detailed =rudy on che effect of srannows ion on human samen
agid phogphatases has been offered by Tekencuchi (37). The chemical
gifference between (wo choline—phosphoric acid samples which exhibitad
different behaviors io their hydrolysis by semlnal acid phosphatase
wae Investigataed. It waa found by emission spectral meagsuremsnt thatr
ona of the samples econtained a trace of tin, wnd further scudy ahowed
that divelent tin exerted a stromg inhibitory sffect on seminal acid .
phoaphatase, an effect which could, however, be muppresied completely

——— e gt

by fructowe. The activity of humsn erythrocyte acid phosphatass was slao
tohibhited by divalent gtannous fen, and this inbibitory effmct could
not be controlled by fructose. It was found that the optimm pH For
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Tahle 14 {012)

Cholestarel Level in Rabbite' Berutt upon Iajection of Varikd Dades &

Tin (mg X)
e
Tina aftey - 0,6 mg N
dnjectdim ——aL -
of tin n M P X 4] ki P A
Norw ]
{control) 9 6h.& 100 10 4.8 180
3th day 9 M 0,0 &2.1 10 0.1 >0081 7 3% 1
10th day § 3.7 €001 9.2 10 sRE w601 4.4
Tabla 15 {¢13)
Ladithin Laval in Rebbits' Blosd Serun spen Infection of VErled Smies of
s (g 5
- — . ;
Tine afcar 8,6 oy 3 g
injaction : :

of rin " | 2 2 | P ) 1

Fora
{conzrel) 151 T

N

y iy 1
5¢h day 9 3 1.2 001 FE &
ch day 1 10 .01 .7 9 0.2 <0.01 Fi
5 7

X5ch day’ 0.7 0.5 2
f - : SLe——rr—

175.5 156
I51.6 «,1 [

M5 w3 %3
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WP KR Ayits of Molide phoaphorTs sofd B seninsl zcid phosphataae
B 55,75,
f“ miii - E—_ ., E .! E -

o #ifeptoaycin (X6}, Tue lowewt SANELIting dTIutlons egainst Epcherichia
&6, Beeijlus subtflis, and Staphyigeoceus sureus ave shown in Table 16,
AT6ng with atdnnovs c¢hloride, both owidisidg snd Feducing substances

WERE FE0TLed,; dnd fhe authors oodoluded fhst the janstivatlon of 8t repbo-
Bk SRuld not loglduily be seoribed b0 uo odddinisg or reducing mechapism,
Bt EoFé Litely reésidted fron dn inferfevescs Sechdufsm or m mpscific

Gt 54 fxposed £0 B18 Fro & vAEriety ¢F nafuwral and snvircamantal eouroes,
e Pk Nid dfended fde sRFlisF L{nff of e sdditics of 15 ppm Sn* {0ko)
¥ B Pis B flasd<lifdd ddaTainery with Laert €opa, for sxample in
Mparegis (005}, ana the BAS/HAC GRAS Survey Report (032) tndicetes 20 ppm
i# fhe cousl khd Eacifiun Ges Tof prodsuied vegetables, with 5.3 ppm es usual
ik §.8 pfnh &4 She Bakidum foF pFosessed Fruits. In weversgas, the usual
WHRSE 56 Fepsited ad 31T fpe 45 the Sahbial s 15,3 ppo. Foasible
A44ERFY SEfdhes by age groud Eve shewm f5 Tasls 1T {(032), The FAG/WHO
Goemiftes on Fosd AEditivas {035) stetes, howaver, that Lhe in‘l:url.nt.inn
6f ¥R &Ed féods Ehould Be the pubject of Lfurtheér rwsssrch; thelr evalvation
&F. Mrallibie E655 414 pot FEIRLT MIFSERAMAE Sf s sversge daily intake.

Tha valwds 167 Ghe #dount of tia sdded to She Retion's food supply,
i FEGSFNES 56 the RAS/HES (10k), are showin 16 Table 18. It 1s interesting
¥ B6%e that 1a 1963, Sehfondér (10h) edsikated the Anily human intake
#r5a ill ESUFeen B Bowhk b g, AnE Poifited Gut that it had decremsed io
§RE PAFi6d 50 yEiFs DELSF Bb Thet tide. Thdd 86 doubt acold be largaly
MATISUEGH 55 The IASTOVSEERS B eAniing Nethods, and The ume of laquersd
Fala .




Tahle 16 (1L8)

Minimal! Inhibicing dflution

Streptotvein
Apent hydrochloride B+ g1l B, subeilis 5, aureys
—— 1 mgfml 250 =500 r.'vﬁb
Brarean chloride 5,0% ———— &5 183 11¢
Scannous chinrida 35.0% ]l mg/ml 0 »%00 » 500
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Tonhe §%  {032)

Tosashde Dally Iuases of FAS mmmmmmmﬁm% 155 Food CaRssany, i T

hoxaxy Baged on Food Gonvurption by Tokad

Fouxd cagegory.

SubatInee DA o, of . Temetble -Hﬁr ally intake, =
(aexvey B ) Wi nARE fArms Age Avprage High & Wi B
Franncus okInride ¥ Procad % Q=5 0. 28000 084000 Q2000

RAS. 0213 vepa (R) =1} . 580000, 1.120000 el
}2~23 mp, S7B0000, 1306000 - Fg0000

1-65+ yE. 3.700000  2.853000  1.700GH0

Staaneun chlayids 231 Bev t¥pa 3 -5 e +BRBOA0 L5210 L2352
HAS 0311 1 {R) £-1} ma, . 265540 ;ggg-}_u, :1792]2,3‘
}2-13 ma, J624160  1.901250 S BHE6G

-5+ yr, }.21680Mm 324 D‘B:ﬂ; }.2?92‘;10

Sceanous chleride ALl catagoyien 13 0-5 mo, (5000 .2341'?01} « 103520
¥AS 0213 6-11 ma 1.17553  3.0997%0 1266350
13-23 ma,  2.249130  &,B64760 2.432560

2-6% yr, 1.R98690  £,193C70 &, 130540

Steonvms chloride 08 Procad frut * 0.5 @0 N0010 104580 Das060
HaS 4213 (R) $-11 ma LA26TA0  1,D70700 . S076AD
12-71 wo. LA34950  1,557510 _9858B0

2-65+ yr,  J9R1EN0  2.079980

1.15934D
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We, of reports = Lbs. reported to MAS Tetal 1970 1ba, Mo, of repotts
ta RAS 196071970 160 1970 raparted to WAS to FEMA
0/14 4,000 . 27,294 40,5081 —

iba, reported
tc FEMA only

Total 1970
ibs.

A0, 581

- h |
.'F:I.gum rapresspt G0-70% of actunl poundage added to netions food supply.



" 'h.ﬂ.ﬂm——wﬁn

BIBLIOGRAPHY

JEg O Ea A B N s S B pn S el B B BRe sl A Ama Aaas dmm



O WS W W W (.

1 adame, N- K., 0. B, KACEw4m, E. K. Dbafg, 5. O
Fuarcd, Fa J: Grekesc, sod E. E. PacElkt. 1S
rryrical stakility aml clnplace detapioration Lo
Cqan oF wrapoEaidd whlk béld ouder cefrigecstlon
J. Dakpp 3oi, mlzeli=ed0

Al
1

» 3 doeaehy Lo Bay end ¥. 5. Hopa. T9T71
b smthod for Ehi égtorsinatilee of BEkp in the
gappe 0.2 to 1.% mi-cogeib, nad its epplicatios
o thid decagnioasion of rganotis mtebiliser in
mibaln Dasdetulcw
yaplyEe F5(F135) s HaB-3 TN

7 Alloaf, A. THER
prapplan ponmdl oy the dss f kiQ capm
Alimwak, Tiw. 5525-1G

" heow. 1967

Camuwl podm wetdl; STAARGULE SL1Arids 14 sn
sgliokel chsical presscrative

Fad, Huphieikr 32:und

4 aapn. 1957

Caoead awppragud; JIrder Ldd0dipg Stapdprd
rpacding wbhomoud ChloEkie

Fud, sxglaese 33278-73

4  hapn, 1947
The bitacnhnpclon of pmall amsunen of tin in
ocgaslc Eattac. I, Amounts of Els sp 12 I0=au=3

FRabywtr 1P 320=-121%
T Apdn. 1988

Tha decarnination of pmall asomsbe of tio ip
T;I““ mittez. IL. bkwomats of tic Zcom 30 to
ng-

1
l MRALYSE F1ihin-h 16

¥ kpandinr, Frigheg, emd Tighew Chandca. T30
Jiwdihs ok Ehe lafluenze of Siawhdns chlocide on

- s dmmang Lioh of scéy by sepnbess {d]lyoims
sois] TCAREE
Eczyeolegin ZZ(71B0-12

¥ Al J, L., k3d B, B Sroasi. 1355
The l.n-:.l.n:l.g-F of klLa cospounds
T rarce 1:31-31

t Fancm, MWWV,
: 0 Baktbis, fas d., and b, $. Fuppye 147
Grp-yhusn B3Rk SPACEDN ARE FESORMECE fLEOTHBCHNRSK
MHpdtioh of moms ELlllax of geEeARlUN, LiR, Lewd,

il kmllgeinn
| J. Chei. Bod., Fmg- L TPTH 1) c@eI¥-Inal

1 * 11 twiquec, K. Ju, and 3. Rodt. 1468

The Lesd axd tiw Spoaka DY fats 434 fab=ZLrCh
JondsenEfa LA Lin mamx

In. bepeusn-=~tUatgtt. ~Torsch. 13716)+327-141

12 Howrd, P, N., 408 B.d.0 ElRouiiw,. 1043
H:H:vl Gordoslol ab plals cARA coRkteiliting sald
LTS
Feud Torh. 19¢10) :171%=7118

11 Beeshka, ¥. F. 17%0
TEewi nf tia siccrelassat o =holasteral nal
laclcpin comtrnt in cobbis hloed marus
ir. Bioiibig, Bk Hz057=85%

B Bcgsrs, L. 1., wod T, A, Nomolesha. 1563
Pucakliicy uf caa Lscpuers ducisy stecaqe o
e beie

PCYEATE Omsachesasiliitanfa From oLt
Tmecrars o T4 Prompull s oNt

15 mbrlpad £ t9§3
ECH CArOliteganiclty boade of wrally
Ibimced il ani ¢in
Fomd Comwwt Taninm, 117161

‘wimnatn T
A c liw vickumzenr: vick sgwndiodle
de Bantaclel., TEzldg-32h ?

n Callowsy, B, M., and 3. T. Neku)]an, 1944
t sxizetian of Lrag - tars
Chanet Pocds A0 tim B wwi Ind 2 3
. I Clim. MuBE, T0:Y-§

AL | |

W Teciwans, h., B. E¥Clsal, Ll b Daghwtie. 19569
bebinrnisast]ne af secagkic apid ino freir jJuipas
pindkiwpl e cins
Ball. Lad. Chim. Fooviaz. 10|13 : 1P9=204

Shandlec, B. Y., aad I. N. Tiwgg. 1977
Pink dlwmraloratiss io smoowd panre. IIL.
Eabinitiok by -hwmicat mdditEven
J. 3cl. Faad Rgeliz. 1106z 311=124

. %

20 Cheptal, &, 10TD
“OEEcmLen SEF kEimplitw chaw for fishc proalabe anl
thair walogeionn
Ry, Canmerae d713 210100

A1 CheyRol, JeAN, wdd ALEC#d Quibguiasd. 1352
Fafairrimg agents foo bthe ewboackhs BAEvIuE
nrsbam and samtiz poleonm
3., Fhvrial, AR 3e0-3032
* 21 Tomeleted o0 Spaciilentishm. 1972
Faald Chdhcala Laléa
Compitbtor o3 Faod Prokestion, MRELORE]l EecakEch
Tooesll, Maticoal hcademy 2P BElamcek,
Banklmgtom, O.:.

2F¥ Corhim, N. B. T7YQ
#xparntios amd dateceipetios of Erica smaygmkg of
tih profawt bd Stguistih gwsaligms on frolts
J. dEma. IPSic. Laal. Than. SI1(H o 140=-1AE

v Ieel, & LEGTEERCR. YA
dat Ewbkbklon ie coocmotrated arcasgs Juioss amd
sEalogona l-"l.hiil:i-: Elatocad
Taxd Eea. 1 261-205

" 3% Eepchlaps, Robact, Dildisr Bwctoand, apd Eabmck
Lrhawd. 1#55 '
Tha tn:l.:ill 1md therapantlc doad 3T whanigdy
shloxids for the guimen ply, btbw calbit sad tdn

L b
Codpk, Nased., 9312 1TR-211)

24 Erclcepan, Tagwe. 1950
Evduztion 2f the l.lil..uhul.li oI sdanwl ancEacen
ity CHomtol. 3rmod. Sr&f=-fi

Il Emlkna, Fl-n;. X. T#ST
Frezea pimsapule pradnck
D.%. EAt. 2,TAS0TE lessed Nac. 12, 1PET

24 Pivaxr, ». TRET :

Iadwmetzic swthod 2f decscminablon of tin cambmt.
I[. Evrmlantiss of the Poligh migndards of the
detarsinitlon of tis in'food, kaxnd oo a¥ELTSE O
puTE aOlikink s

E*oE. Famaky¥. ARkl. dig. TH1RIS=4]1

* % Flewk, 9., and L. Anipert. 1900
Izdasatizc wethod Ear the asua) of 5b in foad. |
IFf. Bmiifiomtisn Eo iadonacelc sechod for the
npaay of 38 CaNEektm .
Riza Fadkte. Inkl. Hig. 270X ¢ 29% J02

3% reod aod Agricoltace Jxgmalzetlon, Bomm. 196T
Curcmak foad atditives leginglekise —-Tronqmay
Zares Fobd Rddkt. Lagiasl. 19E9(127) 132

food mnd Drag Easwagch Lebmgwborliss, Toc: 19714
Inreeoiogical avalusaflaond af FRA~T1-33 [wtaomonm

chlopidal is mizy, cahs, md inpsere
syruillobst BEporce

* 33 Feol froeention Capnltess. 1972 .
darvay 4 swbptancey gmaecelly recogzizel as sals
Baticanl kewdeny af Scimsnss, Eabinmml HAawmTZR

romaril, Saskisston, D.2.

d7 Focbaa, L. E. 18EL
lirikgpy bastinater substanzss gepH inFairdloasns
alr achiwoowcons gredaiosss wwd tesmls bydatlgmss
el hundes -
My, Trap, Sal. Facaslicl. 581131=-14E

% ¥ Frrascis, Baploa D. 1965
Ankhade of n-illll-l.li tin awd flworide mice s
antigaciss 4remty I animsl cariss sppaeivetcs
d. Dangal das, @equliEJR-S4%



1 35 PFad/uOn Yepert Connibies oo Faod Lddleivaw. 1972

-

Iraluation of Fopd sddieivss, Spee soppamsg,
ppdifind wtarchem, sod carknip othaeg
sebacances: rogpikorlayical evaluarions and
spacificarions LGd 3 cevied of khe techoalajiced
affionoy of mama wnklowidantis

14tk tapact of the Joiet PLOSWED Fxpect Comsittawm
oa Fyod Mdditiswe, #3rld Heelwh Ocgacizekion,
gamura, Terh. Enport Jacier Ma. @6 p. 19

1 dajedn, 9., and B, Rllmcpnk, 1367
patacpimarion of kim Lo Faad by tha dithiol sakbad
3] debslqpt MHeranpan”
Aack. Famake. Ziakil. HL3. TE:379=383

= %7 CGajwrk, 0., and H. KLLECSEaK. 19062

gathod of 2y slmacollaatisn Ear the zim
dacarmloagian im food

Boca. Pamatw, Tikl, Hig. 19:10%-113

18 dachutt, Jobs I. 1953

Imaotirskloh oF bteasagluedelinks iz gluciaylner
aletursd by presipltscleon ax  low pu with
caibons Formiwg insoluble snlls 2f pxalle nekd

U.%. PAE, 3,380,492 jagoad kpp. 314, 1984

1% Guwm, B., B. P. GEahad, &3d k. L. Kocguan, dr. 1167
Atorage chamgra ie foma peips anide of foam-mat-
=drind tospko powdsr
J. Food Eoi. 32(i) cTA-AD

4 Calekan, J. 1. 19ET
Bifwce of grapooon obloviis gn Bee eolor oF glawe-
- jpadhkwd Ecnat
GLamm Packmc=Prooskxor &7 (E)12B

41 GCecaoos, L. TEEH
berliow in guality of osmamd regeesbise amd
Erulcm LICar siothge far & logl peclied
_Comerwd Th(5)1119=18%

Ng Ohecacdd, 9., apd 0. Casoll. 196¥
Hrtnl contwnt Of prasscred frolk jaicas
InAuec. Camddicda o8 (&) 7 J9E- 390

Y dbarsrdi, K., apd . Ceeali, 1970
Naw of AEONLC wbsucpEion Spectrophstamstry for
Che detacakmtion of aekelx
Cmdmmc. ConperTn #3(7T) 11518

¥4 Dolrkis, H. k., apl L. A Erayusve. 1948
Contaney of mdcco~ R0d Bicro-almmentl io acEe
Eiah wvarlavlam of the vorld ocunms
Erhi. Ehas. 5038044

a5 govranxi, E. 7., & Eadhkbicixheimb Hakty, H.
Mnbhnderiph, ¥. V. Jamtry, L. ¥. L. 137D
AN iBprcovemdmt in tha mebhod of amhlhg of cemasd
Iocdin for the eetisaklom of tix
J. Ml Agl, Fech. T[1| t3IT=1B

kb deabaw, D.C. 17N
tad &f orgamotls conpednds wa pobits bubar
Lsdsfertants, parkizulacly aguieet  Bhizoctomln
#olami
European Fareko J. T(1)111-ka

T dray, ok b 13RS
Acdd diasalutleom catm of moged and white-apot
wnppyl Lrastad with tix (II] asd Zloecldw

- 1 I
. Doatel Nem. &b 3] 2893501

S Nandeovsky, E. 1924
Leoks wid gheomlc polsoning Erod kaav¥y WeLile;
wifect of Fivaienot tln
hech, Erp. Fubkb. Fhapm. 11323548

. %F Amyashl, B, T4 .
Tl rare palategraphlo takepeimwklon of
dismalysd Lig im chEnsd Juide
SJap- dnabymt 1R{izH-ET

* M Eecanndax, N P, wEd Do O Foubh, 1963
nu: lilﬂllﬂl-ﬂu of Jasamd abl-grass ASpAERywE.
End reliknd Iectdir
Plﬁﬂ 'I‘Ir:l. 71z 98=03

31 derroca dw LopaE, 3. 195%
Cacrokiva affech 2f czmmed Ridaey Lonns
[Phamwalns walgeria) aud kidowy bean pgreduntm
brchs Latiwoan. matr. I i1a1-151

52 HNomy, H. J. AR
The wlffectd oF metilllc sdlis 30 the histalogy
LAl Cooctboskrg af the cat tastis
d. Nmprad. Fereil. 1}2u&t-012

51 Haktwoccotk, B 1970
Lan3-tacm AraFage Eaita with tli:l:ilfti: Lim
plate caos
Yerpaokengu—Eepin-Byy J1(6} :N3-47

L4 Hribtemcobb, Na, and K. Bohz. 19G6R
compacetive imvactigetisn af prolonged weacnge in
tiafplate amd M1 caps
Tarpachunje=Ewtdmzhaz 19413 1 BI=87 1.

55 Howard, Dacmdn, B., Dohyld A. Hughes, snd dadold
1. Ey Styolal, 1946
drempiemc starch Lares Cokwe Datier ayskes
0.%. Pat. I 08, ¥1T tcmumd duog. 3, 18&E

%6 Laaao, 3ally, 4ai Fles Bewdavoll. 1§57
bleooloration mf tzakh by smtnllic iona
J. Dantal kes. ME1%31753-T58

57 rekil, ToRbicams. 1981
Influsmce 2f wTackoua lparganlec compoucds ia
prodenisy ootasmaux mliolapyle & FRer
Jikpdratachyttas vl prubrssthrst
Tohoky J. Exip. Rwl. 791} id{E=-10d

B Ifemtiery J- Puy ¥+ T dAcuadthcd, K. . NapRawhup,
2 3. K. kun, B. 7. Sripethy,, 154%
Thaalcal crnpositiob of 4wols agg powdece (lezge
ECLle Prlilﬂtiﬂl]
Jo wand Sel. Tark. BRI Z19T-19F

48 iwtémnc, K. E.; 10l Eilds Egesp, 1983
llitrlli Z0 Jtwddud dar Chekicacittenk wvon
hucacis-Kiscn
Rrak. Eyg. Bakesriai.

&l Jorvapowls, 0. H&7T
Toukoibmtion to the datecnizaticn of Elm in Zakmel
rant
-Frinosamik. Fragl. by ald—anf

1152 85-95

#1 Emkizeki, K., wad L. Hagl. 1749
Chadionl stediws on coprssion 3¢ cioedl foods. I.
Datianlng of casgad oregge Juloe Ariek weiag
1aRoaadith Fedstits im an aoldifyigg sjsoct
Coamaest J. WE[TYI6A7-513

hd Yamluwwn, Wamayoebl., and Eancy L. Sghiosdec. THED
LLiw-tszn stwdied oo khe affacts ofF scemsle,
yaryanigm, tin, 104 veomdlide on EpORELRWEER
tamors i sicw
Cancar Ham. JTL[F)IZ1192-1105

B3 Eeboey Ee by 3. Cholok, mod E.T. Btecy. 1O
L nparirmabynical seudy of Ehp cormal PEAgex of
satasnifatisan of ertaio tCace asbelas ik
bLolagleal stecinle
Te, BOkCe T1P25TH5%1

B4 Ewmnt, H.L., amd E . b. BoCapgog, 1081
The sbmorptlon mBd SAETARLoN of "wlnoc™ slessals
Fr man. 2. Cobalk, alchal, ll.-. il AN
li.tdl—- J. 38:0IT

§5 Ehau~Tai=-Eiex, L., aud Thal tocay. 1994
TIESCEochuogss BEaC 18 tderkeidaag vom
sianzallachss 43 OEFLE sima durok  bhagk
bl baure bmi rakii wd bvn 1w warlaaf woe
pkaten ond chrseheobm dtguger
Zodpt, Hemd. Jeamzwa -¥Foo. 1493 3106 =11%8

1.

S whan-¥un~Kies, L., Lmd Ths1 Todoai, 195
Xigtoohwnlcal ochawcraticond =8 cwlidtlos aof hapatic
ElLgblos dmd smlimlsakios of Eiz Jaclratieng ko
cdw mode of ddminlstention ia cate spd chekikn

. So0pt. Bwnl. Eao. Filol. 150013)c11310-3131



g |

&7 Fick. 8. 5., and &, D, Pochlingenn. 1459
thi detecmidntian oFf LR LN chdaded fopda bbb
gusremtin
Aualrst WU BVHupTA-Ts

d FElaxsl, #A. 1ER
Compaciéct of tin cooezme Ly préserved fogdm
detmenlaad by raricus mekhods
yaszecy=as Faprikaipec 1989 ¢1): Ik-16

4% tomitmt Stacdickov,. Har © Izaecleml.nghh
Frivspav, U5Sp. 1970
Caag#! Loodm: Sioh#d besns
Sorhak Stendatd GIEL 13979=-T0

& Fomibst Stsodectocd, Bap b Izaecibel.ogkl
Primocor, DASE. 1970
Cxondd FLek: frisd Balel: kaccikg im toReba
#dice; Tuallily ceguicemapks fof wtbmmkbad prodmcc
faviey Otgodecd ZOEY 5.83%-TD

7+ Eomitwt Stamdattoyw, Her 0 Izemcieml,ophh
Beivarar, D39§. 1469
Cappad mgnt: goolaahk
Sarimt Ftamdnarl Cas5? THET-A2

I7 Foeltet Staodecioy, LUESE. THAS
thavaikint caaned meat. Jubllby Eeguicemsnts Ivr
Atkested product
camgdarmtrannyl Seandack GX5E SHI6-49

71 EKEamitmt ltmndactow, 06ER. 19740
Arandmd forehfigd grups wizssa. daciptmqot,
Quyality rwguicemepts Eor atbedéuwd products
[EEcaiainn %33
Jarvist Joandard 65T 5. I68-T0

T4 kmaitwt Eramdnreor, 035R. 1970
Aramdsd désdabt grape wipes. haacctmant. Gualiey
IO iZemritn foc ntkmxes] ppadorkn
Borlme Jegpdacd 34T 5. 36074

73 EKomhitwt Scmmdarepe, O55R, 1570
paturel fruit and bwgcy wieem. bEmactimabk.
Qanlity caguicwhmbks for petomtnd produsta
Imvimt Beandard 33T 5. 40G-T0

T Xoricat Semsdactor, U234, 1570
Canmad maak. CRICESE ih ktw owp julcwe
oviat Stmodacd FIST 1Q810-6%

T? Epmitwt Zrandactos, O33FE. 1990
ireodnd hrosdles. Leaccrsmok. Qoaliny
Eajolitmammin for attadted prodysts (Uhkoaindan A3E)

1
¥origt Stabdacd coOa?T 5. 370=70

1 kogistrn, Joki 4., amd Jdoko &, Teeliec. 1965

Fomd !ﬂil:nti.“ conpasitl gha gud mathod for
impibdeing miccobinl groveh in Faod
OB Fate 3,980, Y07 immged Qct. B, 1964

T4 Nockawskl, Ztefam, acd Zrgmust MAChoy. 71968
Josw phyalog-chanicil propeftles of Ioad dyam
Sova. Pasgty. Ieki. Hig. 14 (13 A%-7A

50 Edmmm ignskl, k., 45l E; Srkoenix. 1969
Studier of Geeplog quality of oomosperseed frult
Inicax .
ﬁ:fl.lz':;fiﬂuh Fedavey, FrIam. Sgoapr.

81 Laage; W.k., wA. 1IN52
Lyzga's Hacdeomk of ChamlutTy, #ch Bditiss
L] E rublishacs, Iac,., Jazdasky, Dhla

N2 Lepdkiw, I. L., and 7, 4. Bodima. 195%
CobowakCatlon of kio mules in Zisbh premscvas
Wrhh. Ehop. W40H JE5-55

1 i:::-nld.. Eop B Furdiasd, ¥, Forth, azd 3. Nel.
Comparitive atidy of thy abworpthon of &
Natala im virg amd i ricrs d e
Naoayn Brambisdabacy krzk. Fhaem, JAEy3T8-276

i4 Lilldaocwwl, B. 1954
Hynpupy 3% whbinhiliuwpy sow Eablumbpdoaten locch
whmofluscdd wnd rlnochlocfluotid :
dpxtral. Pmetwl J. 1: 165-173

95 lopez, . 19E4
Poatorm affastiny tin plitw corcoalon Le croned
applazayce
dvth kamosl Emaving
Harkimgras, b.C,,

=f ched Inmt. 4F Food Teph.,

Ray IN=-IF, 198N

#8 Lub, B. Bay C. 3, Chichdote:, B. Co, wgd 3. 2,
Leooard. 1988

Fi7torw Lloflosmcing
Eomabs plshe

Fasxd Tech. 1A MY : 1%9=1632

stocagm seabiliey af =anoed

87 Babadaraink, ., B. T, Oavpaars, 3. K. Jedbiy. %.
T:. Sastryy L. T. L. Jamkzry,.. THAR
Akudiex on wmrisrige ig &1n EoBiane
BIND] TMAZELT ldrciny mExcage
Je Fa2d Azd, Tezh. E{1}:102-154

in cabawrd

#6 Ndnmhdin, B. C., L, Bamal, w87 A, 0. Eemnlik. 1360
Shirlf 1ifw ofF camcsd grapafeule fules
Je FoORd Tmsh. P3N 4 115-123 ]

BS Papnhelp, B.C.. K. Bakal, and 3. Texpilk. 1954
Authods [oc swaludtiog mcarage lifs of sane mud
Lh#it comtmpEn
PEsvENOLA] Rt Eha ¥xd Iptecoatisoll Comgewms mf
Fo2d Folehcd wnd Tuchoology Warazaws,: Boleed,
hoge 2¢-37, 1136

19489

¢ dadvadery, I. W.
of detarminntion

Cazothwlins wadhod
food prodects
Fapt. Fle. 178):44-13

of kio im

71 EeCvedwrn, I. T. 1960
im the mathod of iaciceperisn im the
deteceingtlow of tln La Eaod produaty
Tape. Pit. PReTE-AQ

#2 Wlchail, 5., &. Zagomirm, s=d k. LokomtDm. TOSA
Avtmilis clomdliaq >F bwér,. IDACicumce of abtnansdd
itip on tha colhridel ctaklllity of bear
Bull. foo. {him, Flal. JEt321-5aD

13 mollenheews, B 3. 197D
ECE/Codex Cetmitens far frult joicax
gerdian FO{2)rEi1-5E

74 Borok, T., F. Torali, 224 E. Hels, 1747
Effuct of teplcally Lpplied ajretn ma wnysel
izts Momkal. 3zaud. Tejb) :715-31%58

2 Nocl, N.. % Suagkl, and N. Fgunbharw. 1969
Chomioa]l wkmdiss o3 cozromics af ¢cpaned Coode. I
Characterivtlice of imear corrosiom pf eapmad
Vhibr &apivigue
CLRRECW' J. MELE) i TED-TRE

$ dotcia, Ba L., a0d ¥, §. dCeEne. 19TQ
plutrlbmtizs af lmed, tla, asliswige, =hromies asd
salenjoe im shgnt 202 FRSLT dactn
Felaratlos Fiosssiioge. Fedscntian of Lamgions
Socbaties Pow Expgmrlammta) Bhology S%{2) 1960

#1 Ewdlsr. Josmph C. 1958
Inpoctance wf type of dist during tb8 stakling
reriod oo tha loalfedcs af saxpacimectal dandal
detinn ln Tuta
J. Dhhkal Resm 33;20%-2%2

W Noklaz, Jasipk =, 1947
Tan nffmet af yazpdiva pantorile, [loociles, wad
tlo conpomtdis ob Ehe G8LtAl ZAZLiw mepecinmew in

cate
d. Ewmkal imm, 3o (% :7é7-708

¥ HEuklar, C-y wod NaCEF €. DAJ. 1EB
Effanty of stamsous floociiy, SEaancds chlccidm,
204 podimm Ciwaclia cn thw lpsidwsce 3F Eenkal
isstoss le chts fed w cuzlam-poolsaing isk
dy hb» Gwntal Emadc. bALAIE-535



p W

L )

t8o  publed, Jos#ph S.. wmd HECcy 9. Bay. 3955
Fickany dam ph=-wiitmd ukd Tut wpydhilokb=-stuin
wom vefdchisvdonen flyazilen im krinkwander wof
e rahmaucies x4 lis apsbzieremy vom fluar bwi
&4C CREES
o. Dambel Fuw. INpEE-72

121 Ruklép, Jossph C., thomam H. Boyd, and Goanc Tas
Nopasd. 1950 :
wfock of fluprides 4nd 2thec cakpouat= oo bhe
splubility of mpeeal, deneige, snd  fchealclas
Fhoapheta 1o dilwte szilx
J., baotal bmx. 29771021913

142 fakamwed, T., TLEEu}L Maazba, &ed David Grob. 1987
. Boibe #nt plats ranotivity to disalant satal iana

higkgchanionl atoliass

. Wlateoham. <préchmm.

101 Earitn, ¥uolim. 1703
Obar Lia wirkuzmy woo staomzpohlarid auf dlg

ARCCMLYArGLTES VoR proteib als varbaogurywmal bkl
gegha 2id biLldamg vodk "silaplosubsdiecamo®
Bull. Aric. Chenm. 3gc, Jip, &:id3-15

15:2Th~2B4

lational Wcadeny of Eolissces. 1072
LERNA]l POuOdAge CRpOCERd BT BubatARed by FAS Rl

TINL UEeT Eliwa
Mpbicanl domdmip of Scismmee PFrelisbisary (nta

Tabled, washidngton, 7.0,

105 Hotear &. 1941
kpragos of bthe beratogenlc sstish &f droge.
Difficyltiay gnipy prazene cloocummtances of
wclfirity o endicemastona sbticlogr. Facacoel
abaecwitles of sk Agsmimcis af the clght bamd
ron. Hed, ?10=133F1lg7

T Nattac, d., J. 4. Bobect, aat 0. Ramdmpay, 196U
Egwmrslie of tad clzkt hand Im & dwwbore infant st

(3
Amll. Fed, Gymas, ORwEnt. FERRS. 152 66E=6E7

W7 Ofiziul dw Jkat pektru Staodardm, dowmpole, 1943
Fruik pramarvem: pteamd Irude
douhshids Rtandacd ATAY FihN=aT

108 ofiriel d» Jeat pented SCaddecds, Nomlanis. 1970
Cakhid fopds: I detacmimakion
lbckaniam Begudnrd 9TRT 7414960

W opdyke, Do I. J. 1962
Tha hiytnshanlatey of 280tal d82ay
Mok, Qrel mioel. Trmi-319

1 Padiey, F. . 1427
FAroRic prisoaizg by Elm aed i salism
Je Indmmt, AF3. VIH3I=nT

i I-.I.I.Iu[ i., Er Anlacke, wnd F. Zoray. 1964

binim affacnt of skamwces chlorlis oa whike
Bcr. dwd. |Erma) &T1)356 1 151=058

1 Miow, B, J., ank J. N, T. Ecom. 1960
Inatyids of fraule jales by atokic sbsozption
ectiophotowetcy. I, Zhe dmtmrcmingeiss of irvon
akd tin Lm opn inice
Jd- Eml, Fpod aple. 2007 283T=8]19

11 pnidabl, N,y nol Mo k. Ehmi, 91
Fajir chramdtography of -3 lazs wnd Eh=% iPomn
4 Choadatogr. BalTh=-274

Madi, g Ye., amd 2 K. Fimalsave. 135%
hetarmiintlos of An iy wimsewr wnd ciders
“E:;:;;tﬁ' Tinogeiadacwtra L Timodwlis Enddawli

L)

‘MY Mchbtarlk, 1Pl L., Klawe Lisdsavlder, and A.

wifiin i
alle wirkg in [ 4
ASehEies ng nisdqar l'll..l.‘ll. alaglecher
R Jd. Bicroliol. 11:EXT-dad
T Mdguay, L.v., snd Q. 4. Eacoofaky. 1952
Thn allschn 5f gmtala cax khm ahiak wascyo:
Tacinity? 4hf pecdactine of sbearsaliitiss im
Sarnlophiet
dew: BT, doidk. Bl 302 0313

* 117 BRomy, Fo X Chp B BEaviand, mad K. Hllilcsw. 1955%

Effactd of ocal alpimistcacion of bwoe tio
Ccdpawids tw xaktm owvar gproloaged puripdx
734 Cramwt. Sowle. 1;297-280

110 dohrlich, B.; and F. LawAsheu. 1964
UREBCEUChtficiies whar OwtcordekpEalows
Untrolie Hekl
100 73~7TX

119 Hoale, E- 1HET
leaguntm, Thamigaie and Standacde
B. Vamn mostymwd To., Prloceton, WM.
130 =mikl, Tecashl, Trabisxge Tehagi. Teroihl Tozuxl,
Thiichy Encawnil, SaEuic Tamurca,. 136F
ftodlws oo whw lipaprateln lipdses of
alecoccgaminbw. IV. Foclficetlom and
gueecnl pEopsrtles o the lipoprotuis lipeaw
prodonad by Emenr jaranicus
hytlc. ale)l. Chew, 33 (F2114=-u23

W1 Jakni, 5higwy, a0d Toshiblie Feimaze. 1959
31w ceackiosm Lo the ackd hydrmlyuim af seareyn
Npogo Enka Raclas by ESEEfL E3Roxd, Bagel-dajsko Ran
LEL AL Y]

132 EBwmpyoloy, B 11D

foricologlend, chemical and standaciizaklon
peohlnss mn bugin far yeudy of wataziale Lo
contack wirh Toota

Inballaggis FTITEE)1R=18

121 Schindel, B, ami V. Gooaeovicz. 1945
Samw Tamsrhs mm rhmmptharapy ko cyYphald Envee
ATel Haldl. rfiame. 5[ 3) TAE-HH
L1 ﬁ:::nlhn K Ly, J, J. Inlamsd, kad £, 8. Tiptos
ALESERR]l tEimcw wmthlm in mamy tim
J+ Theamic. MHae. 1719083=502

135 Schromdncy X sy wnd 7. J. Balesma. 1967
keasnlc, geemanios, tin swod venadive in miow
wEfects 3m growih, sorritel and elggne levals
J. Hmir. F2ypuf—J43

125 Schrsadwt, B L., H. farimavs, Bv V. Frost, esd b
Eitchmer. TRER
Sermaniun, tim acd arewais Le cetap sffeetx oy
prawkh, werwieal, path3iogicsl Lasisid asd 1ifa
spai
o+« HOkr. PE2IT-N5
1¢7 Selys, Bamm, Ryped Somsgyl, wnd IZeas Ndécm. TS840
Caicacqgy inkihikte] by calrlpiyiectic chalisajars
S-iences 159 (BN 13891342

1290 dlstrosk, BELiien B, agd Jercy B. Caxh. 1470
BEEeak of awrkwin obepicale on Ele =olor mmd
Folyvacchartdan SE atokWiarty puces
e Tath. FPG T4

127 Zolovers, E. X. 1968
Esw physlco—clhamical ssthots of amilrels of
oaxmand foupl praincts
SIrtg-righchennys Fronrsilanzont [Hedod)

13 Spactar, Willias 3., wi, 1936
Eabdlaok of Tmmkoology, Fol. I
. A. pamwdewm, Felindelphia, Fa.

Epalre, H. L. 1942

Chyeomwtrie mothal for che dersciisnilon of msall
Fuddtlelen of tlo welng phenylFfluoress

da Dmkal Bam. w1842

m

132 9Stpeton, BH. E 1970
Epagtivphotametyio detarnlantlon of tla ig
biwchcucramt Jojlp dite gallieds
rood Tach. I._t-l.li-lj_ 22 {5} 1 -3 7

133 scaveomoa, . X., s8d Z. 0. filasa. 1WA
Nlkragen clisbidd of cimand applesyucy
Food ¥Ywrch. 2 pEp:ti-ad



1

i

-

-- Welyarigz Zeandecd dES

118 =gome, Oreillm, J., $od carolyn J. Wilide. 196B
The aifarr of wianre3aup Fludride abid stennooa
chlacids oo iaCleamitian

To¥ical., Appl. Feacm. 13| ¥ :332=-334

Skeebwl, Bdoll Z. F. 1HEE
stabilivad cake batror sy=tems
H.%. Pet. 1,860,338 isxomd Aug. 23, 1966

135

1J¢ Tapara, Troows, Estguml Fullsims, wgd Toshile
Sawbhira. 1382
Nirhing rom xu wERigZFA U] FOTEQEBAOAN
s ThAinchen B4lzad auf dim hylcolree Iume
FuMbtcAADa TOR OWERJArl=bumbpn
J. Lfham. do0. JAp. Imd, Cham. Sdct. G5720%

117 Tabkeashl, J. 1968

demdins oo acid phosphabaEes oh huiden smass. 1.
Iifects wi stapocus lon an
ssyinal phoacphumssapaencape

Ja ddp. Miachak. Nos, IH:TI-ER

134 fecaks Jairvakg (o, Lede 1974

Tin wiybios prarvmaotioco

Jap. Par. &301-TD

139 Tealuchi. Racoabhk, 7Tutaks Eojism, feainmogd

Eknwtndad, Hideo dobisl, asd Dexmy Hvl]'lilh.l.. 1HE 2
Bachanisnus der aukokplatism dur nIyqensas
Mochen. Ficphre. Iaa. Comnnp. By I'F—?DJ

T4 Fauchert, Eerk. 10BN

bas Yezhmlema gramnagsiirvar and grampositiver
FANLE&C vl gugan desbiliieries Nasser ond dis
Nickoog klmimmter Anoges von SChegTmECallaslems

Tr. Wamingewe. Z2):213-232

a1 Tikhomova, I. L., azd T. k. lare. M™EB

Spaclal detecaloaticos > pengaceas, coppac,
nlneluns, lead and tis io cartaisn  regetazles and
hacw | e )

wig. Samif. Jl:ki-a%

18l Forakimi, J., L. dbom Tim Kiwa, F. Coatsl, aad
Thid Toomg. 1958

Coamabs an the thapnpedtic wotivity of soss Lis
derdvetires with fyfecwazs by Ehd Einbochemion]
bhieciiea oF Lin

Thucupin [Farls) 13(5) : 073074

12} Telmsilnis, &. 11TH

Nathah for thd detafaication of metal tCacas is
TRt ibly and aklasl faktw and oils, benad an
Mcladcatlon wikh aplpkur

Boll. cad. chle. Provlae, T9(7) $19=4Q

T Tan barmn, Js Eo, a8 0, L, Dowileg. 1964

Y by ¢olor In the prusasce of setals

Iu:;--n! Food Zach. Lanbiel Sestisg, Bey 19=24,

M3 Yas Segen, AEOBE P, 4kd B, L., Dowmdng. THED
Can Chipactatizticd, ental addibeirves, gud

chalakleg sqents. EIFsct o the color of cacmad
™I MHAls
Pegd Tmche 31 of) rd0-A03
Tadk  Fan Dolek, E. B., wad G. i- Zhpimespwon. 1847

Choalzal insctirstios of HrCapronycla
dech. Bigchen. T211)77-12

WY rekoerle-Eawcaric, 7. 19%0
Idwmkificutlon of sone zeapaatn
Fare. glsacll -
BT a193-121, 1M 1117-108, G2 31Ft=178

Tah :E:im. Surak pa StapAnrcitacalfa. Fulgeein.
‘Imchn' cammsd gress peppacd LRk tduadc ssoce

Bi-54

il El;ir:h"“ AuTwt po Jtamdactlzwiaira, Salgacis.
Frshn blioilesrrisg £3+ prosemslng
Balgarlas STamdyrd EO0E JHE-6N

150 Walbwes, 2., and F. J. T, Np4. 1965
& ayody of thd affasby of zioc and tin
bddlnlatared oxilly to miom aver 2
pEolonged parizd
P2od Commkt. Tomlc. 3:171=27i
151 Fazhberreom, 9., W, Evart, gl P, 3.
Hiyliam. 1id
duthEwrX f Foodborna illoags stéribaced oo ein
Eublic Faalkh Wap. 77:THE-400

M14E, L. A.

152 HWabmker, C. B, w0t 3. H. 5. Teosljpkon. 10B%

Ahbapulacisn won Lysolecithin in cettenblon bl
jakubatize le wikro

Faryea 20%: DUn-39T

133 §einbwrg, Eegwma I. 19%a

Ols wubahrung o torizitst vog SIFLekERITzlin
{twitemyzin) dgich mshtweckige kntlonany

J Iofeok. DPime 956297110

tnbik, dary E., amd emarl a, wldciek. 1947
Tam gféect of Zatlohs oo the vimcosikty of lamda-
“EECEADRERAT
J. Faad E2i. L3{qp197-9%

154

155 Zote T. L. am¥ I. 1., Tikhomovra. 1REX
Sisulibayupus apwctrun deksrmioetios =f Lani,
zopper and tha 1a fredb fiwh apd  vwarClowa
FENESETRS Fowdx
dig. Famik, 0:50-40



ARTICLES REFERENCED IN SUMMARY




bl

- e e N B Sy AN e R AR s S e M e e e

| | ' 011
Zeitschrift f£r Labanemittel-
Untersuchuny und -Forschung,
137:6, 337-351, 1968. w

The Uptake of Lead and Tin by Fat and Fatty Foods in

Tin Plated Cans.,*

by

K.G. Bergner and V. Rfide*+

From: Inetitute of Food Chemistry of the University of Stuttgart
and Stottgart State Chemica] Research Instityteksw

Rupcaived: Jan. 10, 19GH.
*

Dedicated to Prof. Lecpold Schmid, Vienna, on his 70th birthday

ik

‘Extract from U, Rildt: Uptake of Lead and Tin from Fats and
Fatty Foods in Tin Piated Cans, Thesis, Stuttgart, 1947,

L2

We thank the Fonds der Chemischen Industrie and Director H.
Hltscher, Schtialbach-tubsreawerke AG, Brunswick, far their
matarial =upport of this work.

Introduction

The tin plate currently used is for the modt part electro-
piating. Tha tin applied in thie process and the grain tin
uged for hot tin plating have a lsad content of less than
0.5%, indeed as & rule less than 0.1%, and thus meats tha
specifications of the lead-zine law {1,2,3}. For the snldn:ing
of grooved or overlapping can bodiax and for closure of the
filling holie of 0il and milk cans ocutside soldar is used with

a lead content which in some cases is more than 50%. In the

'luldiring process technologically unavoldebla amounte of this
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cutslide solder may find their way inside the can (1). It ie
important for evaluation of health aspects to determine how
much lead and tin in taken up by the contents of the cana from
the enldar and the tin plating. The-raniprncal effeoi batween
tin plated cans and an aquecus content has besen investigated
in various earlier works (2, 4-8). OQuantitative studies on the
uptake of heavy metals by the aguecus contents of tin plated
cans have been described by Jakobsen and Mathiessen ({7}, Kogan
and Rochlina (%), Bergnar and Miethke (1). Engst and Waggon
{10} found no significant increase of lead in condenced milk,
even when the sclder for the filling hole contained 50% lead,
but they fuuné a slightly increasad 1a;d content when larger
quantitias of an outside solder with 60% Iemsd foond their way
inside the cans.

There are few data on fatty focdetuffs in tin plated cans;
Szarski [1l1) among others has studied thair lead content and

reqards solders with 60-70% lead as sultable for meat cans,

since the content of the canned material was less than 2 mg/ig.

Lampitt and Rooks (12) have reported on sardinas in oil. They

found up to %0 mg/kg lead, becauvsa the fish, bafor canning,

had been treated on tin plated acrsens with a high lead content.

Takle 1 shows the lead content of some cils and fat-containing

fooda basad on the literature.
Fvean less attention hae been dﬁvutld to the tin ¢ontent

of canned foods rich in fats. Owe (17} has found gin content=
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of up te 1.4 g/kg in poor guality caﬁned meat and fish., Bag-
nal (1B} has reported twe anchovy samples with 760 and 785
mag/kg tin, Williams has reported anchnvy paztes with 570 to-
960 mg/kg tin in 5 out of 70 samples examined. According to
HEolke (20} in the couree of S5 years. an increase in the tin
content of canned beef from 18 to 23 my/kg is to be expected,

The present work deals with the lead and tin yptake of
covking il and canned funﬁs rich in fat, much as lard, liver
wurst, pork and beef in commercial tin plate cans duriné a

storage p&rihd of 1 year.

Fipdings in Commercial Samples.

The study of a nunber of commercial zamples of cocking
ail (Table 2}, lard {(Tahle 3} and liver wvaxst {Table 4},
sccording to methods described below, showed, aa anticipated,
that the focdstuffs, which wvaried in their fat and water
content, revealed different metzl contents. However, no
rules as to tﬁﬁ uptake of metals could be deduced from the
values found, since the initial values agz well as the condi-
ticns of manufacture and storage of the E;mples were not known.
The values alsc varied from one can to another. Neverthelesas,the
heavy metal content appearad to be higher In the canned
material when putside solder penetrated inmide the can and
when the inside of the cana was not lacguewred.

We ware atruck by the fact that the Iead and tin contents

of liver wurat and liver wurst-like pastax in small, oval,
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flat cang with roll-up tops (Table 4) ware relatively high,
apparently bacause solder was 1 to 1.5 sm wide at the foldsd
sean and always distinctly penetrated inside the cans from
the roll-up covers causing an unfavorable contentisurface
ratic, Thus this type of can appears to be unsuitabla for
the packaging of fatty foodutuffs,

Bowever, the }ead content of the foodstgffes studied
war invariably below thea walues cited in the literatore and
did not excesd the permiseible maximim values ¢iven by Truffart
(21} for fatty oils (2.0 mg/kg), meat praducts and canned peats
{2.5 mg/kq). BNor waa the maximm guantity of 250 wg/ky tin,
generally regarded as permissible from the health standpoint,

exceeded (Massy, id, Dizxon, 22].

Increase of Lead and Tin during Storage

In order to follow the increase of lead and tin wmder
known conditions, refined sovbean o0il {Tahle 5}, lard {(Table
6} and liver wuret (7) were studied in =n sxperiment lasting
one yaar.

Mefined soybean oil scaroaly takes op lead or tin during
ohne Year ﬁf storage from polished groowed cans with fillieg
boles. _

Bowever, a greater uptska of lead from the soldar wast
aiways be anticipated if the cans are damaged during tﬁ:n:gnrt
or storage, Hhep - the socldar originglly join~ing the body

and inverted 1id is expuse& over a large hurfaﬁu, o that the
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sontenta of the can come into greater contact with it. Pig, 3 !
shows a cross sectlion of the sevaraly dented can no. 2 from
Takle 6. 2Added to this there is the fact that at thasze damaged
points the surface of the snldeﬂhaa fuil of figsures and much
anlarged in contrast to the smooth surfmace of melted solder.

. Thia can alsoc be demonstrated experimentally: partx aof
can 2 (Table 6} wers placed in 10 ml cooking il in the presence
of air oxygen. After 4 weeks of storaga at 17° the Following
lead contents were found: -

Can portion from Fig. 1: 6.2 pg lead/10 ml oil
Can portion from Fig. 2: 45 pg lead/I0 ml oil

Can portlion from Fig. 3: 140 py lead/10 ml oil

Lard and liver wurst in lacguerad, averlappingly scldered
cans showed a somewhat higher lead and tim uptake than soybean
@il, This can be attributed on the one hand to the distinct
entry of solder at the secam of these cana and on the other
to the greater aggresﬁiv&ne&s of these materials.

From findings cbtained go far on commercial zamples
of iard and liver wurst and from the storage expesrimenta with
cans with soldered overlapping seams fille@ with tha same

foods, it may be concluded that the essentially slight incresse

. in lead and tin content could be attribotead to the renetration

of gutside sclder, since these cans were almoat all lacgueraed.
It was therafore of interest to study the beéhavier of lacquered
grooved cans, Iin which.there was only 2 very slight fossibility

of contact haiwaen the contents and the owtside solder, notably



at points of fissure and thoze points: at-whléh the xolder. |
prnetrated through the groove by capillary. action; . L

It was found that after one yasr of s€orage -_p-m:k:anq.he-ef
in grooved cans lacqured on the ingidé: (Tablsa.:8¥ had taken up
virtually no lead or tin; the heavwy metal content was reoughly
that of the initial valuee for Laxd and liveyr wurst - {se= tables
¢ and 7).

Further experiments were made 3% datermine-some cxusas of

lsad and tin uptake.

Immflvence of Fras Fatty aclds

Piecex of test shest metal (c- 7 % 6 cml of:tin; lead
and two lead solders (lead econtent §5%. amd 9Bi) were:-stored
for 1 month at room temperatuId aTd exposed o airsin- laed,
liver wurst, soybean oil, refined ﬁrbaalr. oll_ with' . an: added
0.1 % oleic 2cid end in pure oleic scid.. About- 1/5:0f the
surface of the sheet metal protyuded imtee the air.. Nsxt-the
loas of weight of ‘I:help:i.ec&s of tezt sheet matal was. determined
 acconting to DIN 50905 (Table 3).

The results led to the following ol gl onms .

1. 'Tin is secarcely affectmd by theso etorage media.  Only -
Laxd gﬂ'e rige tﬁ a slight =nd Liver wurat to a srmewnat

greater loss of weight.
1. Lead sid lead-containing solders wers dlstinctly

affacted in all cases. The sgyressiqenesd af Yiver wurst
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here agsin was more pronounced than that of lard,

139)

The higher the free fatty acid content of the storage medium

was, the greater the weight loas, _ _

1. Of the two lead solders,the solder L-PhSn 35 with
the higher tin content was less affected.

Fige. 4 and 5 give an idea of the corrosicn cbserved in
the test shest metals.

h large portion of the lead dissolwed from the lead-
cantaining test sheetmetal was found again in the solid pro-
ducts of corrosion, the rest went into aglution.

The characteristic bands of lead linoleate and lead

stearata appeared in_tha IR spectrum of the solid products of

oorresion racrystallized from aloohol. Similarly the diffraction

lines or lattice constants of lead stearate and lasd linoleats
ware found in the Dabye-Scherrer diagram.

Stearic acid, linslic acid, linoleic acid, lauric acid,
ryristic acid, palmitic acid and oleic acid could be detected

by gas chramatagraphy in the corrosion products.,

Influence of Oxygen Peroxide

Paroxide was produced in 100 ml soybean oil hy introducing
oyt xt alevated temperatures. After achieving perﬁxida
‘u-ﬂn-i af 2. 50 to 100 (according to Whaaler), pieces of lead
aleet metal (2 x 6} waere suspanded in the oll and further
oxtdation was blocked by intraducing nitrogan, _

Tahle 10 clearly shows the depandence of tha inorease of

imad in an oil upon its peroxide content,
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The production of percoxida could be prevented by filling

under vacuum or protective gas, which not enly reduces the up~ %
|

take of heavy metals, but aleo increasas preservability.

However, this probably would only be appropriate in special

CABER .

Influence of Tin Plate Surfarce

The pqssibility should also be pointed out that in the
manufacture of cans, soluble composunds of snldering metals are
produced, for ihstance oxides or converaion products with
the agents usad for surface treatment of tin plate or with :
soldering agents . b

waeuer,'un the surface of exposad solder in 375 ml cans
with filling heoles and 400 g meat cans, only 6 pg lead could
be datected on the average, in a form easily rubbed off (rubhed

cff with cotton saturated with alechol).

Proraga of Diffusion

It could be as=umed that the metal scaps formed upon
attack of the can after sterilization wourld remain localized
at the Eite of attack - in other words at the aitas of acldering
and tin plating. The findings, hawever, are contrary to this
assumption, zince even in solid fata (lard} lead can he found
at points further remowad from the zitm of attack. It may be
concluded from this that metal soaps diffuse in fatty materials

despite thair poor sclubility.
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This was confimed by a model . experiment with pork lard.
Thae body of tin plated cana was coated with L~-Phenl

[
solder. The cans were filled with pork lard. After ztorage

for one and two months at 37°C the lead content was detarmined

in goncentric layers with a thickness of 1-2 cm.
The diffusion coefficient D was uniformly I to 4.1D‘3,
the diffusion of the lead soaps thus followad Fick'as law of

diffusicn ~  [23).

Lead, Tin and LeadSclder Potentials

01l

The following can be seen from the qurves of the potentials

of lead, tin and two lead solders (L-PhSDA5S and L-FbSn2) in
lard and liver wurst measursed against a saturated calomel
elactrode (Fig. & and 7):

1. After a few days tin reveals the lowest potantial
and has beccme base. Thus compared to lead and lead scldars,
tin rapidily becomes the anode in lard and 1iver wurst, as
well a5 in mest foodstuffs with a high water content.

2. Initlally the lead potential {2 lower than that of
tin and thereafter remains roughly at tha value reached after
a faw daya. Thus within a short time laad Pucumes nnblef
than tin.

3. The potentials of the L-PbSn3% and L-Pb&in2 solders
AYe pra:ticnllﬁ tha =zame and alwaya between those of pure
lead and pure tin,

It can be congluded from the course of the potentinlz
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of the bteat elsctrodes that tin, lead and Iead solder bhehavae i

tie same in fatty materjzls such as lard and liver wurst

xe in gn amrecus medium {(Bergner and Miethke, 1), This maans

it thesze materials initially attack lsad and tin to the

same degree, bub later essentially only tim, providad there

e rorghly the same lead and tin surfaces present. In
pExctice lead solder in lacyuered cans will confront a large
tin arpde as cathode ower a small surface. 1In lacguared

cwns conditioos are different, since only the more or less
snaxll surface of inowardly penetrating lead solder comes into
centact with the can copntents, yet in practice the guantitias
of lead and tip taken up always remain low, even in unfavorabla

oesas

Determinaticn of microgram gquantitles of lead and

tin fn fata and fatty materials

I. PEreparation of sample materialg.

Wet snd dry ashing are used for the preparation of fat
‘amd fatty meterizls for determination of traces of heavy
Betels. '

Net asiring with sulfurie acid, nitric acid or perchloric
acid is difficult and cumbersome, howavar, in case of inrge
Mitiﬂ of fat. Furthermore, disturbing guantitie= of
xwtels can be introdoced with the chemical substances used.

Dry ashing is the mathod most fraquantly'ﬂesnriheﬂ and
stgdied. Therefore attention was directed prinecipally toward

this method or preparation,
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hocording to Absom and Lipscemb (24) one muat anticlpate
a logs of 20% without appropriate precavtionary meﬁsures in
icad determination of material poor' in ash’ at ashing tempera-
tureg of 500°C, while in the presence of syl furic acld at
thig ashing temperature a good lead yield is found in the
Wgulfate ash®., Ashing can be accelerated by addition of
magnesim nitrate soluvtion or magnezium carbonate sclution.

Tin compounds are scafcely wolatila at temperaturesaround
L00°C. After wmodificatlon of a method described by Hcﬁeczy
et al. (25) our procedura was as follows.

Reagents: '
{1) Concentratad sulfuric acid, pro anal.
{2% Ultrapure sulfuriclacid

{3) Magnesium nitrate, 1% solution in 5549 ethanel,

Procedure

100 g sulfuric acid (1)} was added to 100 g samples (oil,
lard, etc,) iﬁ qﬁartz dishes. This was heated on the sand
bath for 3 hours &t . 300°LC.

Next the guartz cup was heated further cn an ashestos
wire net with a clay triangle bensath it until the samplas was
completely charred. After adding 1 ml magnesivn nitrate

molution {3) caleining at white heat continuad for 5 houra at

4609C in the muffle furnace.

¥f lmad traces are to be determined from the ash, ultra-

pure (2) sulfuric acid must be used.

Uil
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Extrantion of Lead from Cooking 0il

?ﬁriuus authors have referrad to the possibility of ex-
tracting traces of heavy metezls frnm%fatty oll,

Vizern and Goillot (26) heated the fat dissolved in petrol-
ether with acetic acid and then pracipitated the lead present
in the form of acetate with alechol.

Barney (27) extracted with sulfuric acid and a mixture of
hydrochleric acid, aceteone and wetar,

TAvfer and Barthel ({28) uae trichloracetic acid for ex-.
traction. BExtraction was also successfully achieved with
nitric acid, particularly sinece nitric acid is cumnerclally

mrai lable “"dithizone-pure”

Reagents ¢

{lj Hitric acid, tested with dithizone
fla) Hitric acid 1 + 3 (=. l0%)

{3) Sulfuric acid, ultra pure.
Procadure:

100 to 504 ml oil is mixed in a polyethylene £lask purlfied
with dithizone with 100 ml nitric acid {la) and vigorously
ghaken pvernight on a shaker.

After sedimentation and saparation of the nitrie aciad in
the separating funnel, the substance iz twice shaken by hand
with 50 ml double distillad water.

The nitrie acid extracts are collected in a %00 ml

Kjeldahl flask, mixed with 2 ml ultrapure sulfurie acid (3}
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ad hosted ontll the aterio apid iz di,lstillé&:dff:'a'nd the sul-

.1'3..'. -

furice soid bagomas colorles=a. RAfter coollhg-10 @l goubla dis-
filisd water igs added, nexts evapuratic?n takes-place, and the.
procuss 1e répantad deige More- B0 as to remove the nitric acid
without residue, The cooled sulfuric acid 5ofution is mixed
with ¢, I00 w1l doubls distilled water, the pH: ig_adjusted to
§. 5 with l14-n ammoria énd the lead is aextracted as: described

ke
bylaw with .ﬁ;zﬁiz:sne Folution.

£, Migrg jead Determination

OFf the tethods of lead determination Amxcribed by Twant-
SeWsTE (30) we uEad s‘p-éatir;hl photometry of tia.mixed color
Syuni lasd dithifonsbs And frae excess ditiri some.: - |

The Pssgetts, purificetioch of reagentds &t the detarmina-
risw weesw sgsentixily the game as those deseriticd ;by Bergnar
ad Kisthke (1). I dddition, the following -Is required: 10%
A pmariwh Bydeogen. difrate svlation and 54 ‘pedium carbonate
FEluticn. . :

e #ol ie Fiyrd evaporatad once by fimime-with 5 ml bromina-
iprssreni s feid ninbude. The residue, covestsd with a cover
glews, 1& Bsiled for 1 Four' on- the sand hBath- uith 25 ml sodium
SEsBiondte selution, SO as to convert calcium sulfate into

gelatuk cactisere,. After cuoling, 6-n hydreehleric acid is

. sEmafully sdded until the resction is actd; aftey-which 10 ml

darmsrion. Hydrogen ol t¥ete golution is a#fled’ ta- avoid pre-

gipitation of magnesium* or alkaline sarth phosphates. after

Uli
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neutralization with 14-n ammonia the prucuﬂure.fnllaws the data
given in the literature.

Tha mean blank value of all purified reagents used in tha
preparstion’ was 1;5 Py lead. The standmrd daviation & was
D.HIEﬁ with-a varisnce of 9.5%. With a statistical certainty
of 9%.7% the limit of detection was 2.2 pg lead/25 ml+.

In a range of concehtration of 2 tc 8 pe lead/25 ml the mean
error was 30%,

If lead was extracted from oil with nitylie acid and next
determined by the method described, the mean blank value of the
reagents was 0.5 pg lead, With a standard deviation of the
blank walues of 2 = 0,076, the varianca of the values was 15.2%.
With a statistical certainty of 95.7%, the limit of dstection

was 1.5 pg l2ad/25 mi*.

- .
Measurement in 8 1 oo cuvette.,

III. Micro Tin Determination

To determine micvogram quantities of tin, according to
Kovh and Koch-Dedic {29) it is possible to use phanylflucrone
rather than dithicl, the former being more sensitive and laas
gsubject to disturbance and having a limlt of detection of c.
0.2 pg tin/ml, although in this casgse the limit bf detaction
ix wtrongly dependent on the pH valum of the solutien used in

photometxry. Olechldger (31) and Luke (32} in particular have

warked on the determinatien of migrogram guantities of tin.

L e



1301
-15- ;

Taking thesa works into aceoount, the tin determinations were

carried ocut according to the following procedure:

Reagenta: !

(1) Phenylfluorene solution: 30 mg phenylflucrone 15 dissolvad
in a small amount of methancl, poured ovar into a 250 ml measuring
Flask, mixed with 1 m] HC1l (2 and Filled with methanol up to
the mar k.-

{2} 36% Hydrochioriec acid

(3) 10% hydruﬁylaminasulfata golution in deuble distilled waﬁer
{4) Methanol pro anal.

{5) Dauble Aigtilled water

{6) Sulfuric acid, concentratad, at least 96%, ﬁrn anal.

{7} Bydrochloric acid (6-n} diatilled in a pyrex distillation
aApparatus,

(Bl Acetic acid ethylester, pro anal,

(9) L~ascorbic acid, pro anal.

{10) Patassium rhodanide =olution, 10% in double diétillad water
(11) Hydrogen peroxide, 30%

{12} Sodium carbonate solution, 10%, ATUEons .

For the tin detemmination the material i=m ashed with ayl-
furic acid, pro anal. ,as describaﬁ in section I.1.

Far conversion of tha calelum sulfatea prodused upon ashing
of material rich in calcium, the ash calclred at white heat is
bailed with 25 ml sodium carbonate solution (12} on the sand bath

for 1. hour. The residus is acldifiad with hydroch loric asid (2)
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and poured over with 20 ml double distilled water into a 250 nl
reparating funnel, Next 5 ml pntassiﬁm thodamide sclution {10)
and a spatula-tip of ascorbic acia {93 ara added, as a result
of which the lightly red colored solution assumes a weak rose
tene in 1 or 2 min, while cecasionally chasging back. Aftar the
addition of 20 ml acetic agid ethylester {B) the substahce is
vigorously shaken for 3 min, the agueous phase is decanted
intc a 100 ml Erlanmeyer flask and the light red colored ester
into a 100 ml glass evaporation vessel, |

Shaking out with 20 ml ester is repeated twice more. WNext

tha numhinaddextractﬁlare evaporated until €ry over a lightly

boiling water btah. The regidue iz taken up in 1 ml conceptrated

sulfuric acid {8} and affar addition of 24 drops hydrogen
peroxida placed in the drying chamber at a temperature of 120°C
for 20 min covared with a cover glass. HNext 1 ml hydroxylamine
sulfate goluticon (3) iz added and the veszel iz laft in the
drying chambher fnr a further 30 min.

After rinsing the cover glasa and peoaring on methanol in a
2% ml weasuring flask, 5 ml phenylfluorenme asclution (1) is
#dded and the flask is filled with methanol up to tha mark.

hfter standing for 2 hours in the dark, measurenent takes
Flace on the Elko in the 1 ¢c cuvette, Ffiltsr 5 51 against
double diatilled water. .

the phenylfluorocne selution used for coloring keeps tor
days, but it is neverthelesg recommended be determine the hilank

value for each mwpsuremsant.

Gil
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Range of Concentrations

Up to a concentration of 11 Fgfzs ml the calibration points
are ot a straight line. Righer values diverge somewhat. Measure-
ment in the concentration range from 2 to 11 pg/25 ml isg

recommendead,

Braluation of the Procass

The mean blank value of the raagante used for the preparation
waa 0,56 ya tin. The standard deviation s was 0.0319 with a
varlance of 14.%%. The linit of detection was 1 Pg tin/25 ml
il co cuvette),

Ih a range of concentration of 2 to 1l Pg/2> ml the maan
arrcr was 10%. |

Summary

Tha uptake of lead and tin from the olls and fatty foods
Ftudled in cocmmercial tin piatad cans was less than 1 mg/kg,
with oeeaslonally considerable variations between individual ecans,
wder storage cenditions described below. Thus the maximum
gquantities of lsad and tin permissible from the health standpoint
wmre not exceeded.

Refined acybean oil in polizhed, grooved cans with filling
holes took up an averaga of 20 pg Fb/kg in 12 months. The uptaka
of tin during the same pericd was ¢. 10 pg/kg. A higher lssd
oontent was uhsarﬁad in oil, in some cases more than 100 ug ke,
in dented cans, in which the scldered joint between tﬁa body and

inverted 1id had been torn.

Ul
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nly 10 to 24 pa/kg Pb/ky and 25 to 35 po/kg Sn were foung

in pork and beef frem lacguered grooved cans. i

Lard and liver wurst in lacquered aoverliappingly soldared
cans showed a somewhat higher uptake of lead and tin (60 o 70
pg Pbskg, 40 to 50 pg Sn/ky,

In oval flat cans with a roll-up 1lid the contact with the.
s¢lder is apparently particularly pronounced and for this resBOn
the lead and tin content of the liver wurst-like pastes packaged
in these iz the highest {200 to E00 pg Pb/kg, 20 to 60 P9 En/kgl.

A8 was ashown by model experiments, gredominanly fatty Qcid
salts of lead are formad upon uptake of lead from fac and fatiy
foeds. Tha intensity of the attaok increases with rising acid
mnd peruxide content., Tin and acldar L-Ph8n3% were lecs 2trongly
attacked than lead and solder L-PhSn2. The metal soaps do not
remaln at the site of their production, but diffuse into the
oan contéent. Tt was shown that this diffusion follows Fick's
law of diffuzion,

Bpecifications for the preparation of tha sanple material
{mulfate ash or nitric acid extfactinn] and for the dstermination
of lead (dithizone mathod) and of tin (phenylfluorvna method) are
given. The limit of detection for Pb, according to the method
of preparation, is 1.5 to 2.2 pg/25 ml neasured in a 1 ce cuvetta,
with a renge of variation of 30%, The limit of dstectian for
sndt jx 1 pg/25 ml measured in a 1 co cuﬁutte, with a range of

variation of 5%.
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Figuras

‘1. Intact joint of fleor and bedy ©f a can with a filling
hole. _

#. Incipient detachment of soldering at the floor and body
dus to slight dent.

1. Pronounced detachment of soldering at the floor and
body due to severe dent,

4. Test piece of lead smheat metal in soybean oil. Alr/foil
border lina. 40-fold magnification. Intercrystalline attack;

5. Piecé af test sheet metal of L-Ph8Sn35 solder in aleic
acid. Localized eurrnéian at point of immersion, {0-fold
magnlfication. .

6. Course of potentiglsin lard, 1. Lead. 2. Tin. 3.
Sclder of 65% Pb/35% Sn. 4. Solder of 98% Pb/2% sn.

7. Couras of potentials in liver wurst.

Tables.

1. Lead content of foodstuffs. 1. Author. 2. Type of food.

3. Lead content in mg/kg. 4. Peanut oil. 5. Olive oil. 6. Copking

oll. 7. 0lls, fats. 8. Sausage for cooking. 9, Beef. 1l0. Park.
ll. Cooked meat, 1. Sausage. 13. Meat products,

2. Commercial cooking oils (Organclept. findings; normal
in all cases). abbreviaticns: POZ: Peroxide value; Ald: aldahyde
according teo Sthff. 1. Commercial nams. 2. Lead, 3. Tin.
3a. Acié value. 4. Peroxide value. 5. Aldehyde. 6. Age. 7. Typs
of can. B, Olive oil. 9. Pure plant oil. 10. Reconstituted
aunflower oil. 1l. Delicatessen peanut oll. 12. Swnflower oil

pressed cold. 13. unknown. 14, lemms than & months. i5. 5 monthe,

bl
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1€, weaXly positive. 17. less than 6 months. 18. distinctly
positive, 10, 10 weeks, 20 less than 6 months. 2)., unknown.
F¥.. Cdn with filling hola, overlappingly soldered, no entry of
saider. Z3. Solder in the f£illing hole easify entered inside
Can.,. ﬁverlappingly spldered. d4. Can with £illing hole, oaver-
imgpingly sﬁldérad, no =ntry of seolder, slightly dentad. 25,
Stguxre can, folded sszam, no entry of solder. 26, Can with filling
Hosde, Eﬁldeﬁ seam, he entry of solder. 27. Can with Ffilling
Huda, overldppingly solderad, =light entry of solder. 2B. Sguarae
our, folded seam, slight entry of solder.

T. Commerclial lard, 1. Commercial name. 2. Lead, 3. Tin. -ﬁ
#.. Pat.. 5. Water. 6. Acid value. 7. Peroxide value. 8. Aldehydas, |
%.. Apprtximate age. 10. Tyvpe of can., 11l. Organoleptic finding. E
X, L=pd. L3. ﬂeakly positive, 14, unknown. 15. 4 months. 16, 3
& pegxs. 17. Overlappingly soldered, not 1anquerﬁd; no entry of
erlder, 18. Overlappingly soldered, not lacguered, to entry of
sglder. 10. Overlappingly scoldered, n¢ entey of solder, pronounced
merpleization. 20. Quarlappingly soldered, mpt lacquered, slight
ity of snlder, 21. Overlappingly snldgr&ﬁ, lacouer detached
i plexces, pronounced nmarbleization. 22. Ovexiappingiy soldered,
digtinct entry of sclder. 23, Ovearlappingly soldered, not

puered, distinct entry of solder, pronounced marbleization.

By, deigimally laoguered, lacguer corroded, pronounced rusting,
mureiderable entry of solder. 2%, Satisfactory. - 26. Bacterial
spoilage.
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dy-Lidver warst and liver paste in oval flat cans, commeroial.
1i- Hame:-of product. 2. Lead. 3, Tin, 4. Type of can. 5. ﬂrgﬂnu—-l
lepric findings. €. French Pork liver paste. 7. Burgundy Couvntry
iies: wurst: 8. Burgundy liver wurst. 9. Liver paste, Strassburg
type. 10. Entry of solder at seam and lid. 1l. Entry of solder
at- fildad sesm and 1lid, distinect. 12. Distinet entry of solder.
13;. Dlstinct entry of solder., 14. Satisfactory. 15. Slightly
metslllic,. but not spoiled.

55, Thfluence of time of storage on the Fb and 8n contants and

oRn potie: charactaristic values of coocking eil {A: initial walue in
poliethyiene hottla),. 1. Duration of storage. 2. Can number.
3. Dead.. 4. Mean value. 5. Tin. 6. Acid valwe. 7. Peroxide value.
Bi. A@ehyde, 9. Type of can. 10, Organcleptic finding. 11. Light
yellow, . clear, satisfactory. 12. 1 week. 13. Undamaged. 14.
Skrohigly  dented. 15. Satisfactory. 16. 3 months. 17. Almost
uNGaayed, - 18, Undamaged. 1%. Dented., 20. Damaged at invertad
flkar: portion. 21. Severs damage, running out in part. 22,
Urdaiagad, 23. Slight rancid after-taste. 24, weakly positive.
ZE.. 5light” rancid odor and taste. 26, Slightly altered, but not
s Y et

§, Influance af tims of storage on the Pb and Sn content

aE o1 gome chavacteristic wvaluess of lard {A: inltial wvalue in

pulﬁhwﬁtngfqlasul, 1. Duratien of steorage. 2. Can number. _
5. [mwd,. 4.. Mean value. 5. Tin. 6. Acid value. 7. Peroxide valus.
&, Aldshyde. 9. Propartias of cans. 10. Organ_oleptic findings.
13, Weakly positive. 12. Upon opening of glass, slight odor of

hy8reeyent sulfide. 13. Satisfactory. 14. strongly positive,

1 o= Thk
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7. Eaflustios &f time of stozrages on the b aud 8n content
&nd Sofié charscteristid values of i-ix‘r‘F'rr“ wurst: (A = inttial
valys In prosdeving glass) . ﬂé&&iﬁgiléi £4 TAbls 6.
. Diseindgt gdor and téste of lives, $lightiy BLtFér after-
tagte (Friozen livar), distinet taste of tol ¥ing,

% B 4l Sni donbenf oOf povk End Buef uf’t&r one yexr of
Etomige in ladgiiered grodved cans, 1. Type of meat. 2. Lead,
P Woan. vslue. £. Tor. 5. Fat. §. Webdd. 7. Quslities of cans
od findings, €. Hoek. . can 1. I0. den 3. 11 Beiif, I2. can 1.
I¥. amn k. L&, satssfactory.

%. (erosion. phencmena i £, IeWd and lead solders.
Vo Stoxnage nediun. 3. TP of tist- sheet- netal. ¥.- Ioss of weight
P 100 oo & WeABle chatiges i storage medium: 5. Chahges
iin BT BheTt metal, MackBscopies and MitToRCEEic. - 6+ Soybean oil.
T ﬁaﬂsuam il + 0L1¥ oleier seid 8L 018 aid,; - pures 9. Lard.
W Divey: wiirgts: 1. Ta.- 19, Lew®. 173,  Nome-' 143 Strong sedi-
ey, 15, Ellighi-:- gediment.- 16. Distinct intercrystalline sttack
# slrodl lise of cobtaet. 19,.- Siight- lecalired” corrosion,
L. Blatk. cowting a% slr7oil lime of- cehtast:- 19 - S$trong
RFTLORLON, - voluriinious’ precipitata)  distined loéalized cérrosion
at- aic/oll line of contact. 20. Sliqht depositi: 2i: White
CRALY. at alx7oleie” azid’ 1ine’ of contast; strong: adkesion of
oRTOALCN prOficts’, . IRtertEvatalling: ak€atk, 23] Voluminoua
et pitata, da;cnaitﬁa& atr7oleic: avid- line®n® contact, distinct
lozalized corrosion. 23, Pronounced depoaftion of corrasion
mﬂh-,-diu-tinc:f:"—lbt':i.li'zéa_:‘cari‘éﬂiaﬁ--aﬁ‘-dtfni&ié'-'a.i:id line of

contact. 24, Barely visible corrosien, vary glight localizad

011
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corrogion. 25. Distinct localized corrosipn at aip/mediun linas
9f eontact, 26. PDistinct localized corrosion at airf5351Um lina
of contact. 27. Localized corrosion at alr/mediom line of
contact. 28. Slight localized corrosion and intercrystalline
attack at air/medium line of contact. 29, Distinct localized
eorroslon at air/medium line of contact and immersed portion.
30, Distinet localized corrosicon at air/medium line of contact.
dl. Distinct localized corrosion at mir/medfum line of contact
and immersed portion. -

i0. Influence of the peroxide content of an oil and the Ph
cehtent upon storage. 1. Peroxdde valuna according to Wheeler,
at the beginniﬁg. 2, after 1 month. 3. Acid value. 4. At the

beginning, 5. after 1 month. 6. mg Lead in 100 ml after 1 month.
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Fecal Excretion of Iron and Tin b;y
Mecn Fed Stored Canned Foods

L Dorrs Howns CALLoway, fitu* avo Jrue I AedMuiigy, 5.1

Ih’ foods stored in tioplite comgoleers e
may be 2oluriot of metad with fraisfor of tin
wwi ron into the food,  The deyree of fransfer
deperndy om many fackors such as the type of
product, tine and teperituoe of sbeene wd
wikathe the containers wore plaan or omasok el
Bused largely on wmital siudies, acid the Tace
ot coned {oods are rsegulurly eaoen witll s
pemaly, it is generslly agroed that st the levels
Twnd in convenrnmal el pead e s The k-
sAdved tik and iron anc essentially mweuoust 78

Considering €he duration a1kl exoens v whielt
k]l comteinwers arc wsed, it s sorprsng Chek
Lo Mot exlenmsit e balaes study of dictory tin
te Be founel in the Bbetatere cun-asted of o
trenoy-sipht-day study of une subject given an
greantroffed bt measered diet, in whot ieeal
Potput slghtly exereded mtake ! There hove

From the Ford DAvisivn. T, & Ay Naciek Luokeao-
neries, Sptick, Blnssuchiusetes,

" Profaseer of Xurnitien, [eparbuwet il ~ytritiogn]
Brkmoen, Brdversity of Califoniz, Deckelew; $Tuielli-
seiwte Reumecl Bpexialist.

The views 07 conclusiong oo buiunl iU 102 ot s
ther of the aurleras.  They ere not o b= gonstowd o6
meemanily melvpling the wwws or endarscment of the
Leprruneat of Defores, )

beenn no homan” bulonee storlies  copeeried
spri ficatly with gkifization of 1o gained fron
CuTie. )

A unigne appertanity for U sty in man of
ubsompiton of sdventitions tin and iren v
presented cmncnicntal w e feeding cxpenment
condncted al ¢he 1705 Arwe Medioul Heacurch
and Nutrition Labetatory for the purpose of
asacsging the aduipuacy of pvrdoxioe lovel in
siond @bens® The lata lure  presended
demcustyz by Gumibeant aleorpiing of dron bot
net of tin frue carmaded contuioer-.

METHEHWDS A NTF MATERIALS

Each canton of 1be individya]l combat ratioons 00
tatkon) twed emaiened x individually pracked ome-
day memes, paemlded b a singbe proctroment ol
skt cosmpusmul. A Fisl ol Ehe vnned comupnnents is

" given i Taide 1 AMoroats carwond wore placed, 1y

eontrollsd slofage o our keboratockes ar % [€n)
and T 0CiE) and held for bacuty wanehs e
to shudy.  Thest soimape fengsraliees ond tises
thrpur el witkdy frome w=int proclize and were chosen
tn e prhavize 2wl socclerme stoenge effects.  [That
thss conditior would vorelr be encountersd in
siormnol food haadling proctise was shown by Lhe
fmct that svow of e s exocioved for ohemiml
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2 Calloway and Medlullen

TABIE T .
Tith and Irew Comivol® of € Bailon Companents Stensd fur Twenty Muiiths gt the Indicated
Temperalurcs .
: | Irau Tia
Cimpmitizanl }"!;:_'1 . \
* 1", Io, i'g, 57%c.
Fucied in 211 by DI cans |
Eoaz 1 wilple |
Flain tinplate |
Apaicnis B k| & dd 114.
foboTrins, Wit I 4 B a2 43 L
Fruit sookiuil i | | 1 Eh| a7
T'racley 1.3 1 L. 4 28 tehT )
Bearg | 2 3 a3 -ri ]
Faucked in 300 by 511K cans :
11.6 v 18 gz, net weddght I
Ifain tingdune I ! .
Beuns n/Toimks ) 1.3 14 &2 13 ; Fiis
Means wisirl . a v 13 40 H 114
Beod s | n L5 s ! 22 i
Chop sicy G La 15 2y 1m
Hanhurger I a8 i ; 1 15 12
hlvag wibeans & 74 : i) . Hi 302
hleat o fspraglicinl I 1] ™ kL it
Enasuclod Linplue .
Bl o qoean I ]! 25 13 xF NF
Cliickvn »fnnmiles 1 1,0 il i xF ; T
Chivkoa w/segieabley -~ 4y 17 ot 12
Fbzan anel pestsotowy : b | T 4 o | E:
Mrat ooty : 3 ) o’ XE | NP
Pork sutisugy patiive : 24 a4 TN XF . MF

* g per kg, of wot fond (rpon.]
Kr = none foanel.

mralvepy were swollen fring pases cvnlvwd durin g
rractico beiween Vg food wne Lhe meletl.) A peBLpel
diet (A} comipriscd of w single mene of Feekh foods
was formulated b gpqicoximae the uamigosition of

the packagl cugion,
" Nine young nduie male volinteer suhjects wrvived
cach dict for twenry-four divs (foor gyeles of Ui 5x
C rgLinn menus), the o der Of preweneadion f Hinwinaa
Latin sguare design.  Lhdzily of aubjoels and
managethent have been prcsented elenfure

The proximare comtpreition.? tin' aml fmm' coo-
ot aff the diett treie determoed (rom ghree 1o #%
compas/te samples eaoh ol which was 3 Bend of two
daily fncid allivans, «raotitalively collected fes

wrers annlvzed for fuoisiitcg.* nitrocen,? 1in and igon .
otrerbenk;, ad wHHE $pocimens, fur tiimeaon and 15 .

cgotent, In addition to e ders, vin aed ieon bevels
ol thitccan coutpsdles of mdividoal fteins foom
e same lot of dured O orutivns were mssited.
Ooe saniple of solids derived Bnen G L. of fuy waser
wit anebveed for tio aed oo conient; ne do was

fumnd wnd tie v yontont of 0,0 w per mi wae
sulticiently baw te B distegarded ionthe enloulatiog
o [hbnbas.

REsiLTS

Contponent analyses, preseated in Table g,
revealed tin levels above St popan, in ail items
packed o piin gin-plate cans and stored at
d77¢., with the excoption of hanrlarpers which
had no liqoid plesse. Al the Fruics and theee
menf QOnIpdents conlbuincd mors than A
ppan. of tin.  Own the otherhaml, itens packed
in pluin tin-plate cans and- held Frozen {1°c)
ctmntained less tlesn 53U popoam.  Ironl econtent of
thost frwits also meoreased as a testlt of stocuse
at Migh temperatore (37%e)  In cottrast
mixed] ment Thems thers was o agpreciabie gain
it irvn with the exception of & [ew producu
piicked in enanwedad canz in which pitting dug
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Irtat atkd Tlo Cotecot* of THers Svsred Mot Twetity Monchs an g Toekicnied Teinperawres

e WS W TS BN R ORI EWR TR R i

Dry Exlid Tean I Tin
. ry Salids
[irk ; .
to, fdavy |
v (gm.fdary 1c. I are | 1%, | a7,
Couprd [A) - ait 13 !
T T T 1)
T Retion (C) |
1 785 o j 44 | 53 310
: {27 -25) 1 (e-s1) 1dti-56) ! {A-a5a)
1 T | %1 : 143 | 2 ! 47
t 2R} [47-395} : [23-20) i {210-204}
3 L | 7K 1 f an i1
[2%-11] [Z-114) | tad 1) | (172-811)
i TE2 | LY R i 3 | #HHL_
] | {33 30 ey (-} | {Z5-hm]
8 ! 34 37 i 25 ! (B
: (30473 b am | {11-34) ! {113-1623
i 78 12 ; M ik ! L]
{32-55) P {3505 | {Trce 351 {5 1u5)
X © mg. prrdny | :
at T4 21 : | o5
: A R T S . | (=1, 8)
1 800 a7 ' 014 | uli % : 1682, 8
{22 3 3.6 i ['.'!.'I.H.—IEIH.IH I EY_H-%1 .4) | (1[G A-MH5. T

"oy per kg dry sdlds dapm). The cwaied dwt wos ood stawed Iepanad cunveatiunad refrigecution of fo-ah

prduits.

t Mean of theee o sic famples, and caeee T pareaclescs,
Pihers valwes are given o mgl pof day. The flpeees bor O pgunesent the aveengy of nll O roion onenns,

tu Taifure of the enomel permitted attack an the
base vietal.

Tabls 11 Hats the tin zrd iron cooterl of
cmposite menus of the cations,  Tle variation
in quitertt of Ay givew mmewn of stored cannwed
fatiuns was high aod tyjucal of nortamlly ens
cuntered can to can varisbion.  Average bin
ceglent of the frosh dick was 13 popan. on o ey
wlals basis; of the C ration stomed ot 1%, 33
wpin; @nd of the rations svored at 577c., 21
npmn., 2 sixfokt ucpease,  Eron content of the
A and Cr1 rations wad simidar, 30 p.pan. owe g dry
wiiy basis, and ithut of e S relons more
thar dowbk: Lhut. averngiug 30 p.pom. Aver-
age daily intakes of tin were 10 g oo che

- oikrol diet, 26 mp. (rom 21 and 104 g, from

Cr, Iron inkakes wore 220 2 aod (B ey,
repective by,

- Fecad iron content was 15 my, per day during

the A diet pericd, indieating retention of up-
prosimate]y 4 my., and values were comparyhle

iming the tweaty-four days of feeding the Ci

rtion (21 mg ingested and G mp retained,
Tahle 1), When thr rutivn stored at high
ternpeerature (37 'c.) was glven, nody 83 e ol
fhe averne G4 o intslc appeancd in the feces.
Thas apparctt Qaily retettion of ion Irmo tle
0z TRt wus 20 o

Pirinyg the & ol C1 bt petiorks, fecul exerc-
tion af o wosr slightly greater tlaey the estis
mated intake and duting the C dict perind,
plighitly less,  In all cazes, however, individual
exeretion vialues werr equiliy dispersed on Both
siles ol Uie eotimuted meanl mluke ol the
rivpe of rliserw ol fecal valyes was protably
within the prssible range of fntakes based nn
mesil varance,  Lata on urinary excretion of
tin arc not ghown borause only trace ameounts
wete delegbsd ol Hwese were deteelod oni-
formly in all cediection perinds,

All subjects were i1 poditive nitecoret balanoe
during all perinads of study (Table v}, and ne
shifferenee was attribiiabl: ta dictary ireat-
ments.  Tle pemtein of U ration was bess diged-
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TaABLE T
Fecal Frow pud Tie Content
; frdet ul Fywling® Iron (aog-Adag} - To {mg filay)
Subject "=~ ; e

! AL Ca Al o« cr o, A ] Cu
A1 q. 3 16.6 ey 57.5 ¢ s 20 1 T
B 3 3 1 17.4 ma 0 13.1 u.1 mr ! o
c 1 | 4 2 19.7 210 LS | 1.4 H43 & it
n S | A 2 171 2.t and 12,3 al.l 1HB.3
E 1 3 H 1 186 AL I ] M"m.7 ] 4.4 0B 1.0
F 1 £ 2 1 i 1.4 L I a4, 100 438 10g.3
L i | i 2 d M2 A . | BD gy.2 1905
H 2 - 1 a 1.4 L | FF ! 144 H 133110
1 s 10 . 2 1.8 ®a . @1 el 23,5 159G
Average Peopl ceorctinm. . L 18.0 2 .3 0.7 L1 B 15A.0
Averape dictaey intake, L, e i | i Ity | M1 05 H.a | I63.E

* Order fa wihich dicts & {fresly cantroll, Cr (ratben glored at | *e.] and Ch frstion sbered ol 37°c, ] wene adminfs

Aofed for twveaty-lour day fobding perboeda.

itale thad chat of ehe fresly eieg g (orer in the
ratinn stored at hich tomporatur: (3703 than
ine Lhat stored @ the cobd (V700p, Kespeciive
petectitages of gpparont dizestibility wepe 91,
&4 and 81, For the A, Croandl Coe diets.

COMMENTS

Fecal exerction of iron aceounted lor 87 per
cent ol that ingested in the eonteod dict arpd 75
per ceit af that in the processetd tation el

tiom was 15 bo 3P swer ecul of dictary iron. or 4 b
G gt por day. These values futl within e
high mortal rasse.

Iuring consumption of © ration stored o
7%, Tweul iron eclpyl was only 54 per cent of
the average inluke of Al o per day; U mg
wits absetived aily, or ¥R g, for the tolal
twenty-four-day period.  This indicates that
ol the additional 3% mz. of iron contributed hy
the eowlaioers, roggzhly U6 per cent was ab

in cold atorage (1°C).  Thus, apparent absorp-  surbed.  Theae data sipport dwe observution o

TABLE IV
"'JI':Itr-:up{-u Bel:owce aprl I'retvin Digestilaliy

AE | al L] [ Cue®
- o
Bub- sMregen b ein Wiwngen | : Mibrmgpen |
et L. day | . E;;T : [y, day ! Ii;"'""l' . g | P*m“"l:
g i “:{"_J;f . : [ T - Bty
Fecml  Ticlnary | H-.l.llml e Twcuf | Usipary 'Buhm| LI SO R | 1 Bilanae ihar
H 1 .
- I | : i '
A 1. B4 1T+ Loy ALEL | ETS 19, 0 N1 ! B ! 4.4 j 1tas I 1 Ak | A3
-B e a3z | ke I R N R TR 14.540 | Ead | Wiz
Q. L 14 i aal | oman [ ] 10 B I P B, 1k bl | ia.7n IR TR
It .07 1. %l 4HE G2 LT - LR T I | 1.k 12,4 L2400 TR
B 2.0 (] | Y my q ok LT, R s i | oaras . R L
. F Lan | omegn |oaa TP B I S| T IO I Y 7% TR D[ TR Y ™ I I - R O
I 1.l [ 15, &% | EHD O, wnLd | + 0 dpeT | Gk B0 Y LT (L. M 8 |i Til. 4
Il 1.42 | Ba.db 2 A2 . ol 4 L T TR 8 T ' PR O o 14. I8 1.0 *1.1
1 2.4 1 M. 1A 0 162 ul, ¢ | sk o da.anr . 4.3 . | 1.8 0.4k &.a7 F 542
drw- 1 . ! [ [ : . |
ige L LOR . ELAK A .U SRR - B | .Y 1.9 ; H | A Mool | oans L1IE ]

A [minkn o nlcraoam from coodrol dlee A = 21097 (308723 241 pmo. pov r"ur froem O ralbum st mg 17 {011 r A IO = 34l

B (RN 3=21. 90 wm. ner dar,

!‘ Appabtnt, 1, i swraskyd lur metaboile n]l:rmn [*o T
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Fecal Excretivn of 1ren and Tip 5

Theelzylt ond Fellers® that ron mimed fron
s was nearly completely availalile to the rat.
Pothwell et al® reparted that Jantu sulyjecrs
wucieled OU to B0 per cent of qdventitions iren
Moeal i & test dose of beer brewed in iron
oot rs noocutding to native custom, et
wleserption antelied that of fereic salts in thess
saloers habitunted to Bigl iron intake aod i
whiin hemosiderosis is ermiroon,

This study dord net resolve the questivn of
why absarption of iren freg the Cer ration was
s high in the face of presmuably low physio-
bzl needs, but it way be cosont 1o rofer to
the previvusly repotted nhservation by Harding
et al¥ that the Cir ratien was marginal wish
Rpeet o pyridoxine s indicated by the
ieased excretinn of xuceLbmrenie aeid frtlow-
g the adminiteution of teyptophan.  (The A,
1 el Con diets providec -8234, 2,76 gl 1.0
. of pydduxing per dav.]  Iyperferreniu is
liaud in gy tirlosine -esponsive aneinia® ! and,
&l high dosages of hoth, pyridoxing was shown

© Wsluce irgn absorption i pregpaat womepn. s

Ineecasd iron ahsorpstion has been reported i
prtidoxte-deleiong swing, 7 and in defichenl
futs wrhen the diel provided W0 mge, per cont of
itva but not when stieplier clses wore privop,
The Cu ratiow coutaioed a erunpatilady hich
ivel of availablc icen, 8 ma. per cont,

Farlier studics o0 tia abzorpticn and escpe-
Uon have heen reviewnd clsewlers '~ Our
didn conform, demmanatealing ehat i From
cxined {o0da s either nat appreciubly absnelod
o i very promptly exereted into the Lowel
dince niteogen absorpiion from the Crr ralion
way soerevhak bowet Lhao that of the Cr tatiow,
iLis passible that the tin i the foo] was bound
1o pratein in an indivestibie complex as sug-
feated by Cosa™  However, in our study tin
cflvets are confounded with teiperture ofects
40 thiz question must Te resalved in move defini-
tive shudies,

HIHMARY

Packaged militery rations (C ratian) were
stoved at 1 and 37°C, for twenty months prior
W Jeeding to human syhjecty fur successive
twesity-lour—day pericds.  Storage for an ex-
reeaive time at the unusvally elevated tempern.
lite jncreased the jron aud tin content of the

radion from 20 ks 0 and 2000 pp.m, (dry soiflds),
tespectively,  Foeesl exeretion aceounted for all
the tin ingestedd, and for slout 80 per cent of Lhe
ot framn a captrof dicl and the ration stared at
cal tewperattires (170} bul oply for 54 per
cend of the 61 mg. daily intake of iten provided
by th: mtion stocedk at 37°C. A relutionship of
iron steorption to marginal pytidovine intake
18 BUprreshod.
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PHARMOCOBYNAMICS --0ON THE TOXICITY AND MEDICAL DOSE GF
STAHHUUS CHLORIDE FOR THE GUINEA PIG, THE RABBIT
AND THE MOUSE

Notes of Robert Deschiens, Didier Bertrand, and Roberc
Romand, pregsented by Gabriel Bertrard

Stannous oxide and Stannons chloride

possess anthelmintic preoperties, Ino the guinea

pig, the rabbit, and the mouse, lethal dozes are

from 40 to 60 wg per kilogram per day for 6 days,

and medical doses are from 4 mg per kilogram per

day for 8 consecutive days; the chemotherapsutic

coefficient: 1710 o 1/15.

It is known that tin and certain minerwsl s=alts,
stannous oxide in particular, ars used affectively In the
Ereatment of certsin human belminthliases {tenizsia, bllhar-
ziagis Intestinal), _

Stennpus oxide, insoluble in water when it 1s ingested,
appears to be partialiy transformed by hydrechloric acid
in the stomach into stannous chloride, a soeluble salt, which,
penatrating into the constitution of the host and of the
paragite, can exert parssiticidal pharmocodynamic effects.

Tn ipntestinal bilharziasts [rom S. m&nﬂnni the
1,2,3

activirty of stannous oxide adninistered per os appears

ta be cnnnacted to the partial transformstion of this salt
intc stennous chloride in the body with the abiorptlon of
tha former by the mesenteric vessels and with its maximum
concentration in tne portal system where the schistosomas

. 1ive. '
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In the course of pharmacudynamlc Tescarch, which had
for Lts purpcse the substitution of ﬂ:chlnr:.de in intra-
suscnlar injections for -t:.-# oxiﬁdmﬁnist&md pPREr 08, Wa
came to defime the toxic deses {(In slow impregnation) and

e
therapeutic doxes of tép- chloride for the guinea pig, the

rabirit, and the mounge.

The docuvmentation that we have on the toxielty of
mineral salts of tin is limited. Administration per os tn

Hesiets
the dog of 4 to £ g of chloride [(about 200 mg/kg) Causes
in the animal grave and occasicnally fatal intestinal dig-
oréers; in intramuscular injecticns, this same dose causes
correnlaione, dvspnea, and fatal paralysis, In man, intoxica-
AT L PR

tion from v chloride (kin proteochloride) czuzes gastro-
intestinal dfsarders with vomiting and the s=ensaticn of a
mrtxallic taste in the 11'111::1111'l:h.‘t

Kith regard to oruanic salts of tin, we know that

tetraethyl tin is taoxic for the dog {in intravenous injection
in dopes ranging from 0.025 to 1 mmn%/&g of & EFGFQu solution
in two hours to th:ee'days.s

On the other hand, on the hiochemical level, wa know
that tin ia found normally in cartain viscera of mammala and

that in the ox it 1z localized electively in the mucous meam-—

biwne of the tongue where its concentration may reach 2 to 4

_ -qﬁg.‘ Furtharmore, it has baesn eastablizshed that tin marked

1 3en after administration to the dog in the form of tetra-

athyl tin ix locallzed electivaly én the lungs, tha kKidnay=,

025
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Hhe =alivary glands, the heart, the ﬁunguu. the skin, and the
! _
NETVEUE Eystem.? |

- In the guinea pig {4 animals ﬁf 300 to 500 g tested,
P

. ] ! .{g;;wtﬂ :
. by iIntramuscular injections}, the lethal doz= of & chloride

aditinistered for & consecutive days was establieshed by us at

40 mg per kilogram perﬂj;zﬂor 20 mg of tin per kilogram ang

440 mg per kilogram of uéﬁ”ﬁﬁ?ﬁ?ﬁaa in total. A well tolerated
#edical dose was on the order ¢f 4 mg per kilocgram OFf et 2l o rectnt
et lovide per'day or 2 mg of tin per kilnqrém administerad for

& ¢ongacutive days, Tha chemotherapeutic coefficient is then
1710, |

In toxic doses, the lesions observed in the guinea pig
raveal & cengasmtion of small hemorrhagic foel in the lungs, a
pereichymatous hepatitis, and an epithelial nephriti=z; clinice
ﬁii?, ohe notes dycpnes, watering of the eyes, a generalized
trwmbiling, ard a paralyais of the rear guarters. Examination
for £ in the liver and in the kidneys by the spectrographic
mathad is positive.

fn the rabbit {4 animals of 2 kg tested, by intra-
moroalsr injections), the 1atﬁul and medical doses were the
SErd as tHose noted for the guinea pigy the lesions and clinical
si¢na weare comparable,

In the ﬁnuse {& apimala of 20 g tested, by intramuscular
injections), tha lethal doge of bim éﬁ?:tlﬂé.wns 60 mg per
kilogram per an administered for & consecutive dawxs or 30 mg
of tin per kilogram paf day end 360 mg per kilogram of tim e
ehleride in total. The anthelmintic medice] doas for 8. man-

. o dand=" . :
Boni is 4 m¢ of #in chlorida per kilogram per day for 8
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congacutive days. The chemotherapeutic coefficient is 1/15.

Gy s
]

The intoxicated animals presanted hepatic and renal

changes [(parenchymatous hepatitis, apithelial nephritis). In

=

them as in those that received medical doses, we noted upon

autopsy the presence in the liver of dark brown granular

depoalts with a metallic appearance, which the spectographic

axamination permitted us to recognize as being rich in tin.
FOOTHOTES

l. R. Deschiens, Bull. Scc. IPath. Exotique, 47, 1954,

b, 79,
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6. G. Bertrand, Comptes Rendus, 192, 1931, pn 780.
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Food and Drug Administration CA-272
5600 Fishers Lane-Rpom 50=13% _
Fockville, ®Maryland Z0AR52 _ Laboratory Ne, 0801 t
" Contract No, FDR Tl-iéq

Bample: White crystalline material

Hérking: FDA 71-33 {Stannoug chloride)

Examination Reguested: Teratoleogic evaluation of FDA 71-133 in mice,

Procadures - Sec Appendix I
osults: Sea Tables I through ¢ and Appendix IX
Conclusion; Bubject to reexamipation in the light of later findings, thm

following 1a copcludaed:

“The administration of up to 50 mg/kyg (body welght) of tha test
matarial to pregrant miece for 10 consecutive days had no clearly dis-
cernible effect on nidation or on maternal or fetal survival. The
numbar of abnormalities seen in either soft or skeletal tissues of the
test groups did not differ from the number occurring spontanecusly in

the sharm-treated controls.” _ )

Comment : Attention 15 called to the fact that this is the fourteenth
of 2 series of reports which will be issued in accerdance with the tarms
of the contract cited above. Eventually, a total of at lpast 42
compounds will have bemen tested in 21 pairs; each pair baing run con-
‘furrently against one sham-treated control and <ne positive control
group. Because of the inharent variability of biolegical data of the
type dealt with here, the acounulation and pooling of seguential sets
of control valuea will greatly enhance the ztatistical value of the
findings and the ulitimate reliability of the test results.

FOOD AND DRUG RESEARCH LABORATORIES, INC.

A it o ettep s A
. 'Kég.neth Lorgareydge, Bn. Dy o~ .
Thls rapurt it spbamittel for ihy axclusine uae of L e nﬂ&m;ﬁm%rfﬁiﬂfﬁlﬁ whva it ie sddreimd, ami neither e papnrt
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_ FOOD AND DRUG RESEAR :LABORATORIES, ING, :

Groupa:_ 13l thraugh 136 " Date__ September 25, 19872
_ Tabla 1 i
Materigl: FDA 71-33 ' Laboratory No. 0901 t
Fate Summary
( Mice )
| Group Material Dogg ** Total _ - Ar Term a
me/ kg Mated Pregnant Surviving (Ietal) WNumber Pregnant
131 sham 0.0 23 21 24 a1 _r
. . 1
132 Asplris*  150.0 - 24 20 24 - .20
133 FDA 71-33 0.5 26 23 ' 26 23
134 FDA 71-33 2.3 25 23 25 23
135 FDA 71-33 11.0 . 22 20 22 | 20
136 - FOA 71-33 50.0 25 21 . o2

* Poaltive Control
*  Administered as a water molution; 1.0 ml per .kg of body welght

1£0



g-crnups 131 through 136
' Material FDA 71-33

FOOD AND DRUG RESEARCH TABORATORIES,

Table 3

INC.

31

Laboratory No. 080] ¢

Date September 29 1972
Summary of Skeletal Findingse

jﬁ (M3ice)
' ' No, © 131 132 133, 134 135 136
Findings Group No :
Dose (mg/kg) Sham Aspirin**  D.5 2.3 11.0 50.0

Live Fetuses Examined 160/21L 166/1%

(at term)

N

Sternebrae
Incemplete oss,
Scrambled
Bipartite
Fused
Extra
Miasing
Orher

Eibs
" Incomplete o815,
Fused/splic
Wavy

Less than 12
More than 13
Other -

67719 113719
4/2 7/7

17/5  37/16

1/6 B/7

Vertekras
Incomplete ass.
Scrambled
Fused .
Extra ctrs, osSH.

- Seolliosis
Tall defects
gther

Ekuik 1 1
[ ete clogure
Hil:TEg
Craniostosis
Othier

1/1

Extremlcies
Inconplete 085.
Missiog
Extra

i/2 3/2

Miscellaneous
Hyold; mi=sing
Hyodid: reduced

54717
13/14.

3711
13/9

171723 1IB89/23

105721 121722
B/e 1078
1/1

26730 2277
11/8 13/8
1/1

'2/2 i/l
2671 - 29714

. 21713 23/12

156720 167721

95/1% 115/20

€/5 7/5
13/7 34/12
11/7 8/5
1/1
29714 43/15
22/13  28/16

¥ HNunerator=tumber of fetuses affeszted;
*k Positive control at 150.0 mgikg. - .

Dﬁnﬂminntnr=ﬂumber:uf licters affectc
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i ' Groups 131 threough 136 Date September 29, 1372
ﬂ Material FOA 71-33 _ Laborztory No. 0961 ¢
A Teble 3-a
' Summary of Soft Tissue Abnormaliciza
g . - _ {Micea) '
ii Group Materiel Dose Jevel Dam Number of Description
L mg/kg Papa

¥

} . : _

Il 131  Aspirin* 150.0 A 1407 1 Meningoencephalocale
| 134  FDA 71-33 2.3 T 1{13'}" 1 Meningoencephalocele
' 136  FDA 71-33 50.0 T 1098 1 Meningoencephalocele

)

* Popitive control at 150.¢ mg/kg

"

{

fl |
i
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W W - e
groap: .7 -through 1316 bl. Datet September 24, E?f .
-1 _ Tn ;
Materlal: FDA 71-31 Reproduction Data Laboratory No.: 0901 c
{ Mice }
Group: 131 13z 133 134 135 136
Doae ﬁngfkq?: Sham Aspirin®*e 0.5 2.3 11.0 50.0
Pregrancies :
Total No. . i 21 20 23 23 20 21
Died or Aborted (before Day 17} 1 b 0 4] 0 b
To term (on Day 17] ral 20 23 23 2D 21
Corpora Lutea ' .
Total HNo. : 79 358 375 440 316 365
Average/dam mated 13.1 14.9 14.4 16.0 14.4 14,6
Live Litters '
Total No.* 2% 19 23 23 20 - .21
Inplant 51tea _
Total Mo. 248 259 279 290 45 283
Avaraga/dam® 11.8 13.40 12,1 12.6 12.3 iz.5
Regorptions ' - -
Total Ho.* 18 16 27 13 21 14
Dams with 1 or mora sitas rasarbed 6 9 13 11l 11 -, 7
Dams with all siltes resorbed o 1 - - © o --
Pexr cent partial rezsorptlions 28,6 45,0 56.5 47 .8 55.0 33,13
Fer cent complete resorptions v 5.040 - - - -=
Live Fetuses
Total No. 229 238 2418 247 223 241
Average/dan* 10,9 11.9 10,8 11.7 11.2 11.5
" Sex ratie {M/F) 1,08 §.93 - 1.19 1.13 0.87 0.96
Dead Fetuses | ' '
Total No.* . 1 5 4 ] 1 )
Dams with 1 or more dead 1 5 4 5 1 7
Cams with alil dead 0 - - — -— , -
Frr omht partisl dead 1,74 25.0 17.4 21.7 S.0D 33.3
Fer ceht all dead - - - - = - -
Average Fetus Welght, g 0.91 0.80 o.88 £.90 389 0.4

*ITnciudes only those dame esamined at term,
EAEY et ws Mramewmmt s 150 N wer e
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FOOD AND DRUG RESEA [ LABORATORIES, IKC,

 Groupe_ 131 through 136

. apecles FDR 71-33

Tab

le &4

Date September 22, 1972

Laboratory No. D50l +

L o —— i ——, mr\_ _________________________________
Group Material Dose

T I e B e e e e e st e
131 Sham 0.0 1.1 34.9 7.9 45.7 52.1 {21)
132 Aspirin***  156.0 33.1 36.5 3.5 47,2 53.0 (20}
133 FDoA 71-33 G.5 30.5 33,3 36.9 44.5 50.0 {23)
134 POA 71-33 2.3 32.3 35.2 19.1 47.2 52,7 (23}
135 FDA 71-33 11.0 31,1 5.5 38.3 9.2 53,9 (20)
118 FOA 71-31 50,0 15,6 26,1 45.4 50.9 (21)

30.7

L
o
i

Of pregnant dams

Kumher of surviwing dama in paranthanan {c, £, Tahla 1)

Fositive control:

150.0 ma/ky

€0
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Appendix I
Teratology Study in Mice

vizrgin adult female albino CD-1 gutbred pice were individually
housed in disposable plastic caga;s in tempearaturae and humidity-con-
trolled guartars with frae access te food and fresh tap watar, They
ware mated with young adult males, and observation of the vaginel sperm
pluog was considered Day 0 of gestation, Beginning on Day & and con-
tinuing dmily through Day 15 of gestation, the females were dosed with
the indicated desagas by oral intubation; the controls were sham treatad,

Hody weights were recorded on Days 0, 6,11,15, and 17 of justatian.
All animals were chserved dailly for appearance and behavior with par-
ticular attention to food consumption and welght, in order to rule ocut
tﬁy abnormelities which may have gccurred a=x a result of anorexic
affacts in the pregnant female animal, )

Om Day 17 all dams were subjected to Caesarean gection under
surgical anesthesia, 2nd the numbers of implantation sites, resorptien
Eites, and live and dead fetuses wera recgrded, The hody weights of
the live pups were alsc recorded. The ﬁrngenital tract of each dam
was examinad in detail for anatomiczl hnormality.

All fatusus were examined groesly for the presance of external
congenital abnormalities, One-third of the fetuses of sach litter
underwent detailed visceral examinations emplaying.lﬂx magnificmation.
The remaining two-thirds were cleared in potassiom hydroxide (KGQH),

stailned with alizarin red 8 dye and examined for skeletal defects,
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. FOOD RND DRUG RESEAR - LABORATORIES, INC.

Frﬂup 1311 : ' Lppenﬂix II Date -SEEtemher 29, 1§72
hnterial Sham Reproduction Bata in Micae {Individual) Laboratory No. 0901
| - 0.0 mg/skg

Dam Mo Fate* Carpora - Iaplant Fetuses Sex = Rexorption Average Fatus Remarks
» Lutea Bites Alive opead H F Sitss Weight {g}

5 1391 HP 3 ] S

B 1392 P 16 12 1z 7 5 0.54

2 13191 NP 10 1] _——

E 1194 HP I ) —_——

g 1335 | 13 11 11 4 F) 0.58

» 1336 P 20 15 ' 12 ri 5 k) .76

5 1397 P & 1 1 1 0 1.15

3 1394 ‘RP 2 a - "

5 1399 _—— - Mot Asaigned
5 14048 . ®P 9 1} —_——

C 14401 r 18 15 _ 15 3 12 191 ;]

5 1402 P 15 T 13 13 4 9 0.20

5. 1403 P 19 16 12 5 7 4 0.88

5 1404 F J 2 _ 2 2 0 1.04

5 1405 P 20 13 13 B 5 0.88

2 1444 P 1a 13 13 6 T 0.587

5 14407 F 20 13 13 7 & 0,54

5 14048 P 1% 14 13 1 a0, 3 D.E4

5 14409 P 14 13 il 7 4 2 1.22

z 1414Q P 17 12 12 5 T 1.04

. 1411 P 14 11 11 T i 0.89%

z 1412 P 17 - 11 11 6 5 1.17

2 1413 | ‘14 - 12 12 B 4 0.83

3 1414 P 16 13 S 10 B 2 k| 1.01

3 1415 o 7 L 0.3

17 13 13

“ontinued on next page

® P = Preqgnant; HP = Not Pregnant

TCh
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_ POOD AND DRUG RESEAR ' LABORATORIES, INC, !

?‘rm? 131 | Appendix IX Date_ September 29, 1972_
|
faterial  Sham Raproduction Data in  Mice {Individual} Laboratory Ma, 0201
bose 0.0 mag/kqg '
bam Mo. Fafer Corpora - Implant . Fetyses Sex Resorption Average Fetus Remarks
Lutea Sites Alive GCead H F Sites Welght (g}
cntinoed
1416 NE B 0 -—
1417 P - 13 11 ] B 5 3 3 .79
1418 NE B 0 " ——
| 1419 P " 18 14 11 2 a 3 .89
| 1420 NP

1 0 ' J—— Died Day 14

* P = Pregnant; HPF = Not Pregnant

T TR T A T BTy e P ORI L TR T P R s i e s e

1£0
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=i

roup 132 Append.x II Date Septembe 29, 1972

jaterlal Aspirip - Repreduction Data in Mice [(Individual) Laboratory Ho, 0201
JOEE 150.0 mg/kq
bam Wo. Fate* Corpora - Implant  Fetuses _ Sex Resorption Average Fetus  Remarks
Lutea Aites Alive Dead M F Sitas waight {(g)
y 1391 NP 7 i —m—
A 1392 —-— Mot Asdigned
% 13%3 P 19 16 16 14 2 .74
A 1394 . —— Not Asaigned
A 1395 Hp 5 n —— e -
X 1396 P 19 15 - 1% _ | 7 ¢.B1
A 13597 KP [ a , - —
W 1308 P 15 . - 13 13 [ ? 0.20
A 1399 12 18 14 14 7 -7 Q.77
A 1400 i 1z 1o 10 - 5 5 0.%2
n 1401 P 20 17 16 1 3 13 0.67
h 1402 P 14 13 10 1 6 i 2 0.85
A 1403 P 16 15 15 7 8 1.00
A 1404 P 1B 12 12 9 3 - 0.87
K 14085 P 16 12 11 5 & 1 i 1
A 1406 ¥ 13 14 g8 B 3 1 1.12
A 1407 P 1% 12 il 3 g 1 G6.92
A 14DB P F¥ i1 14 4 A0 Q.50
A 1409 P 15 15 12 1 & & 2 0.76
A 1410 . P 1B 15 ' 12 1 B & 2 C 0.87
K 1411 P 2l 13 12 - 5 7 1 0.72
A 1412 E 20 - 16 15 1 8 o 0.B5
A 1413 P 14 12 10 2 B 2 0.7¢
A L414 P 7 | - - 4 -
A 1415 P s . 11 11 7 4 : 0.ag
A 1416 NE a a i —_—
* ¥ = DPregnant) Kr = Not Pregnant |
B
[ —
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Graup, . 133 _ #ppenﬁi: £ § Bﬂtgmﬁﬂﬁtgmhﬂi.gﬂl 1972 1}
?gﬁnriul_ FRA 12-33 Fﬂﬂfﬂﬂﬁﬂtiﬂﬂ Gata in Mice (ITndividyal) Laboratory No, 090Q t 3

pase___ D5 el

- - ————— = hmm o om e mmoam o= moam - e il T g " — P -

Kan No. Fate* (Corpors - Implant Fetnge Eex Aesorption  Avarage Petus  Remarks 3
- Imkea Blies ve - Dead A " F  Rites Weight {9 [
o6l - P 12 11 ‘1 & 4 i G.683
}o02 - P 18 12 12 8 4 0.%5
jee3 P 16 12 12 g 4 0.86
1004 - P 17 ' 13 . 13 5 1 0.93
1625 P 16 12 12 & & 0.485
1046 P 18 13 12 5 7 L 0.97 '
10467 P 15 11 - 1D ) ¢ 5 3 y .43
1608 P 20 14 168 - 1 5 5 3 8.76 C o B
129 P 14 12 12 B 4 B 0.70 .
T 1GLC g 16 . 11 3 & 1 2 4,87 .
T 1¢lL )i & 0 ' : : —_—— : ' '
T 1G12 g 0 0 —_— _
T 1013 ¥ 13 12 10 5 . 5 2 0.77 o "
> 1014 o 21 14 12 7 5 2 0.93 _ :
T 1015 P 17 15 15 6 9 i L1.16
T 1016 P 15 12 9 5 4 3 0.88 '
T 1017 B 19 12 9 4 5 3 o.89 : Lo
T l4l@ o 18 15 14 1 ¢ 5 .89 :
T 1019 P 4 - 9 | 2 2 5 1.1 T
T 1020 P 15 12 11 4 .7 1 0.81 o
F 1021 P 15 - 11 11 - 4 7 o.84 :
T 1022 P 13 - 11 -8 1 3 = 2 G.75
T 1023 P 13 - 10 9 S 4 1 8.9%1
T 1024 P 14 11 10 9 1l 1 1.00
r }0Z5 P 19 . 14 14 10 4 8.85 _ -
T 1026 .3 9 a - :
* P « Pregnant; NP = Hot Pregnant : _
G.
e P
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134

t LABORATORIES, INC,

St nm T D e e it

 Group . hppendix I1 Data September 29, 1972

Material Ppa 71-13 Repraoduction Data in {Individual} Laboratory No.

THoxe 2.3 mg/Skq

| ) .

Dam Mo, Fate* Corpora Implant - _Fetuies _ BResorption Average Fetus  Remarks
Lutea Eites Alive- Dead H ~F  Sites Welght {g)

T 1031 P 16 1z 11 1 5 E 0,89

T 1i03z2 NP -2 0 -———

T 1032 B Z1 15 11 1 g 5 d G.60

T 1034 B 17 13 12 3 & 1l .51

P 1035 B 15 14 13 14 3 1 0.E4

T 1036 i 15 11 11 G 5 .87

T 1437 e 16 12 12 7 5 0,97

T 1038 B 13 10 9 3 6 1 0,97

T 1039 P 15 12 - 14 I 5 5 1 0,93

T 1040 P la "12 12 g C 4 1.09

T 1041 P 19 13 13 & T 0.93

T 1lO042 P 19 13 13 g 4 0.9%

T 1043 P 17 13 11 8 5 0.81

T 1044 p 17 11 10 4 a8 I 0.83

T 1045 P 14 12 11 & S 1 0.96

T 1046 P 17 11 il 4 7 0.54 i

¥ -1047 P 23 17 15 2 7 B J.89 E

T 1048 P 15 12 11 ’ 4 7 1 p.a3

T 1049 P 17 17 15 i | ¥ 8 1. 0.74

T 1050 MP % 0 : ——

T I051 P 15 11 11 5 & 0.99

T 1852 P 1% 12 10 5 g 2 0.94

T 1853 P 21 17 17 11 & ' 0.83

T 1054 P 15 7 5 3 2 2 0.90

T 14335 P 17 12 i3 & 7 .96

P = Pregnant;:

WP = Hot Pregnant

—_—ru.. -

Ten
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5 POOD AND DRUG RESER.. u LABORRTORIES, INC. 1 3
Grﬂﬂ? 135 Appendix II Date_ September 29, 19?1’
Haterinl. FOA ?1,33 Reproduction Pata in  Mice {Individzal} Laboratory Mo, D201 ¢
Enuse 11.0 mg/kg

| ;
| Dam HO, Fate* Corpora - Imblant Fetuses Sex Fesorptlon Average Felus Renarka i
. Lutea Sites Alive. Dead X F Sites Weight (g)

L

1061 P 13 5 5 2 3 : 0.92

T 1062 P 12 _ 11 - 9 5 4 2 0.77

T 1063 P 22 14 14 7 7 0.78 -

T 1064 P 17 13 13 7 3 0.95

T 1065 P 16 12 12 & 6 0.90

T 1066 P 13 12 , 11 2 g 1 1.03 ]
T 1047 P 19 15 12 4 g 3 3.79

T 1068 Np 4 0 ————

T 1069 P 16 14 12 & & 2 G.96

T 1070 P 15 "14 10 4 6 4 Q.87

T 1071 P B 5 5 2 3 - g.92

T 1072 P 17 14 i2 9 K 2 0.95

1073 P 14 g 8 5 3 I Q.48

P 1074 P L0 & 6 5 3 Q.97

T.1D75 : 1% 15 13 6 7 2 Q.86

T 1076 P 1¢ 3 8 2 6 1 0.%4

T 1077 P 16 13 13 5 8 0.72 ;
T 1DT7R KP 3 g -

7 1079 p 15 11 11 g 3 0,82 ’
T 1080 P 17 14 16 9 .7 2 .94

T 1D81 P 23 16 i& é 10 b.88

T 1082 P - 13 13 17 1 4 13 1 0.78

: ) - ;
* P = Dragneant) NP = Not Pregnent : ‘ ' !
2

0
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: N FOOD AND DRIN: RESERA. 1 LABORATORIES, IRC, |

- Group 116 Appendix II Date September 2%, 1572

Material FDA 71-33 Reproduction Data in Mice iIndividual) Lahoratory We. 0901 &

Nosa 50.0 mg/kg

Dsm Ho. Fate* Corpora Implant _ Fetuses Sex  Resorption Average Fetus Remarks
Lutea Sites Alive Dead M F Siten weight (g}

T L1091 r 1% i5 15 51 a 0.7

T 1092 P g ) il 11 ) [ 0.71

T 1093 P 14 1l 11 5 [ 0.77

T 1094 P 17 12 111 3 8 0. 90

T Y00% P 1z a ! 5 3 0,452

T 109%4% P 2z 148 15 1l ] ri Z Q.75

T 1897 P 14 13 iz 1 B G 0.7k

T 1548 o 16 11 10 5 ] 1 0.69

T 1699 P 14 11 11 1 10 6.79

T 1149 P 12 . 13 8 2 6 5 1.17

™ 1101 P 19 15 15 11 4 0.83

T 1lo2 F 1lda. 7 5 . 2 - ! r 2 0,92

T 110} P 14 15 15 - 11 q ) 0.90

T 1104 e 19 la 11 2 7 & 1 .86

T 1145 B .22 12 12 7 5 3.94

T 1106 WP 7 0 ——

T 1107 NE ? P | -

T 11019 P 1la 12 12 -3 7 0.91

T 1149 - P 19 13 12 . 5 7 1 8,80

T 1iid P It - 12 11 1 6 5 g.%5

T rill HP K| 0 - ———

T 1112 RP ) S 0 _ m—

T 1113 P .1a - 9 -8 1 5 K| .93

T 1114 P 1T 13 1a 1 & 4 2 a.92

T 1115 P . 1B 16 16 7 3 - Q.89

*

P = Preqoant;

NP = Xot Pregnant

[£3)
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1 I=20d and Ty TE3eseanch, Thaaboratonies -

1t N T O R P & R &ATE D

Manrive Aremue o 55% Streat
Meaapeth, New York 11378

03l

' e Iﬁ : Telephanc: TWining 4-0800
I 1 Cadie: Fouvdiebs, Nrw York

okmitted to: DHEW/Public Health Eervu:ﬂ d Datno Septenbar 29, 1972
:I Food and Drug Administiation CA-2T72

. . 5500 Fieshers Lahe-Room S50-13%

Rockville, Maryland 20852 Iaroratory No, 0002 t

i] : Contract Mo, FOA T1-240
"ample: White crystalline material
iqzr};;_ng. Fbia 71-33 {Stapnous Chlorida)

I.uminatinn Requested: Teratolegic evaluaticn of FDA 71-33 in rats
rrucadurm Baa Appendix I

! " lts :. Bems Tabkles 1 through 4 apd Appendix II

CD:nclua:l.nn' Subject to reexamination in the light of 1&1:&1:' findings, the
following 1is concluded:

"Tha administration of up te 50 mg/ kg fbody weight) of the test
material to procgnant rats for 10 consecutive days had no clearly dis-
¢ernible effect on nidation or on maternal or fetal surxrvival. The
tiumber of abnormalities seett i either soft or skelotal tisxsues of the
teast groups did not differ from the number ococcurring spontanecusly in
the gham-treated controls.”

CCmment Attention is called to the fact that this is the fourteanth
cf a series of reports which will be issued in accordance with the terms
of the contract cited above. Evoentually, a total of at least 42 com-
pounds will have heen tested in 21 pairs) each pair being run con-

carrently against one =ham-treated control and one poeitive control group.

Becaunsa of the ipherent variahility of biclogical data of the type
dealt with here, tha acecuwrmulation and pooling of sequantisl =mts of

control values will greatly enhance the statistical wvalue of the findings

and the ultimate reliability of the test results.

FQOL ﬂ} DRUG RESEARCH LABORATORIES, INC.

/‘ H"-’-‘MJM__.!,
ﬁenneth MﬂrgarE}ugE, Phig. _
. - ,EE Fresldep

Ppdt (o avhmitied for the suclusive iy of the persom. i wheaas it in pcddresssd. and nedther the

llll-hj'w_.m-l ol thuow Laberacormg por of mny mll:lhﬂ-ln!il.l-u‘l'. [T L hu undmmmh ibe ndvertaning cr snle of pry prosfueh or
L] wlhien muthunisalion .

'
v
1
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' FOOD ARD [RDG RESEAR  LABORATORIES, INC.

Groups: 131 throwgh 136 '

Yable 1L

Bace September 29, 1972 ]

i

5 - E
. Mztexrial: FDA 71-13 Laboratory Ne. 0902 t
: Fate Sumiary
{ Hats )
' Group Material Doget* Tocal . ___At Term ~ E
ng/kg “Hated ~ Pregnant Surviving (letal) Humber Pregnant E
131 Zhanm d.0 4 20 24 - 20
132 Aspirin? 250.0 24 o 24 24 24
133 DA 71-33 .5 24 23 23 22
13¢ - FDA 71-33 2,3 .24 | 22 24 22
135 ~ FDA 71-13 11.0 B2 B T 23 24 23
24

136 .  ¥FDa 71-33 50.0 - 24 24

24

* Positive Control at Z50.0 mo/kg
*t Administered as a water solution; 1.0 ml per kg of hnd:,r welght




ipasitivo ftontrols PO O e Fleer

e - WS R WS ATV S i L L i MR R T M Bmes b B¢ wel
groups_ -] through 116 rab 12 Date: September 29, ?jz
. a . 1 —
Material: FDA 71-313 Reproduction Data Laboratory No.: 0302 ¢
{ Hats )
Group: 131 132 133 134 135 136
nose {(mg/kq): Sham Espirin*s 0.5 2.3 11.0 50.0
Pregnancies
Tl::.ltll Ho., 20 28 23 22 23 24
Died or Abarted {before Day 20} 0 0 1 ‘0 0 H
Ta term {(an Day 240) 20 24 22 22 23 24
Corpora Lutea S
Total Ho. 269 201 279 267 300 293
Average/dan mated 11,2 1.7 11.6 11,1 12,5 ©o12,2
Live Litters :
Tatal No,* 20 1% 22 22 " 23 . 24
implant Sites ' - ) .
Total No. N . 221 269 Z60 . 247 2E2 276
Avarzge/dam 1.1 11.2 11.8 11.2 12.3 11.5
Recorptions _
Total Ho,* ' B 94 B 5 7 5
Dans with 1 or more gites remorbed 6 12 B 4 & 4
Dans with all sites resorbed .0 4 . 0 4] 0
Par cent partial resorptions 0.0 50,0 27.3 18.2 26,1 16,7
Per cant complete rasorptions - 15,7 - - - —-—
. Live Fetuses .
Total to. _ 213 by X I 2449 242 275 271
Average/dam® 10.7 7.25 11.3 11.0, 12.0 11.2
Sex ratio (M/F) .84 A.78 &, 92 .95 0.98 1.12
Dagd Fetuses
Total No.* 0 i 1 _ - —
Pams with 1 or more dead - 1 -2 - - —_
Pams with all dead - g 0 - —_ —_
Per cent partial dead - 4,17 5. 09 - — -
FPer cent all dead - - - —_— —_ —_
" Average Fetus Weight, g 3.55 2.29 . 3,55 3,67 3.52 1,71
: ;
*Tncludes only those dame sxamined at term. EE
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Groups:_ 13} through 13§ '

" Material: FDA 71-33

FOOD AND L[RUGC RESEAR - LABOBATORIES, ING.

Table

Fate Summiary

Date September 29, 1912

Laboratory No. 0302 ¢

E

{ Rats )
Group Macerial Doge v Total . At Term
mg/kg Mated ~ Pregnant Surviving {Total) Number Pregnant

131 Sham 0.0 24 20 24 © 20
132 - Aspirint 250.0 24 ] 24 24 24
131 FDA 71-33 0.5 28 23 23 22
134 FDA 71-33 2,3 . 24 22 24 22
135 FOA 71=33 11.0 -7 S 23 24 23
136 FDA 71~33 50.0 - 24 24 24 24

* Posirive Control at 250.0 mg/kg
t* Administered as a water solutlon; 1.0 ml per kg of bndy weight
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group: -} through 13&

ORI S\l - RPN Wl ST i T Wl Gmay  Sewd R, e
Date: Septexber 29, %32

_ Takl 2 ]
Material: FDA 71-33 Reproducrtion Data Labgratory Mo.: 0902 t E
{ Rats ) i
H
£
Group: 131 132 133 134 135 136 :
Doze {mg/kg): Sham Aspirin** 0.5 2.3 11.0 50.¢6 )
) -4
Pregnancies
Total Ho. 29 24 ' 23 22 23 24 :
Died or Aborted {befores Day 2z0) 0 0 1 0 { i+
To term {on Day 20% 20 24 22 22 23 24
Corpoera Latea L
Total No. 269 281 273 267 300 .29
Aversge/dam mated 11.2 1.7 11.E 11.1 12.5 L12.2
Live Litters ?
Total Wo,* 20 1% 22 22 C 23 - 24 £
Implant Sites : - ) _ E
Totzl HNo. 221 263 ' 260 . 247 282 276 E
Average/dam® 11.1 1.2 11.8 11,2 12,3 11.5 b
Resorptions _ , '
Totai Ho.* : : : B 94 B 5 7 5
Hams with 1 oy more sites resorbed 6 12 B | 6 4
Dams with all sites resorbed .0 4 0. o -0 0 _
Per cent partial resorptions an,¢ 50.0 27, 18.2 26.1 16.7 i
Per gent complete rescrptions - 16.7 S - - - S
Live Fetuses ' _ f
Total No. . 2113 174 - 249 2412 275 271 B
Avaraga/damt 10,7 7.25 11.3 11.0, .. 12.0 11.3 . E
Sex ratio (M/F) D.B4 0.78 - 0,92 Q.95 (.98 1.13
Raad Fatuges i
Total Ho.¥ 0 1 3 - - —— E
Lams with 1 or more dead - 1 - 3 w— -- - £
Dams with all dead - ] 0 - - _ _
Fer cent partial dead —_ &.17 0. 0% - - -
Per cent all dead — —_ _ . _ - -_
' Average Fetus Weight, g 1,55 2.29 3.55 3.67 3.62 3.710 - 1
*Ineludes anly those dams examined at term, Et
¥rEoaritive Corkral: ARL0 mofley _ [
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groups_ -l through 136 tab: 12 Date: EBeptamber 29, -%?2
Material; ppa 71-13 ' Reproduction Data Laboratory Mo.:_ 0902 t
{ Rats }
Groupt: _ 131 131z 133 134 135 136
Dose (mg/Xg): Bham Aspirinv® 0.5 2.3 11.0 50.0
Pregoancien -
Total Ho.. 29 24 ' 23 22z 23 24
Died or Aborted (before Day 20) Q 0 1 0 0 a 3
Te term {on Day 24} 20 24 22 22 21 24 !
Corpora Lutea : v ) C E
Total Ho. 263 281 279 267 300 . 333
Average/dam mated - 11.2 11.7 11.6 1.1 12.5 12.2
Live Litters - :
Total Ho.* 20 1% 22 22 ‘23 .24
Implant Bites ' S : _ '
Total Ho. 221 269 ' 260 . 247 282 276
© Average/dam® ' 11.1 11.2 1l1.8 11.2 © 12.3 11.5
. Hesvrptions : ' ' ' .
Total MNo,* . B 94 | 5 ? 5
Dams with 1 or mors sitas resorhed & 12 & 4 6 4
Iams with all sites resorbad .0 T4 1 S o 4] H
Paxr cent partial rescrptiona 30,9 530.0 27.3 18.2 26.1 16.7
Per cent complete. ressrptions s 15.7 -— — - -
Live Fatuses ' - '
Total NHo.. 213 174 . 249 - 242 215 - - 271
Average/dam* 10.7 7.25% 11.3 11.¢, - 12.0 11.3 .
Sex ratia (M/F} 0.384 0.74 - 0,92 2.95. 0.98 1,13
Dead Fetus=s :
Total Ho,* 0 1 3 - - S
Dams with 1 or more dead - 1 -2 - —_— —
Per cent partial dead - 1.17 9.0% - — _
Yer cent all dead . ' - - : Bt we - —-—
- Average Fetus Weight, g ' 3,55 2.20 3,55 3.67 -3.52 3.71 E:
il
*Iaclades only those dams examined mt term. s}
AT d s iun Oanbrals IR0 A met Al E.
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FOOD AKRD DRUG RESEARCH LABORATORIES, INC, Rt

_j:; - L]
" Groups 131 through 136 Date  geptember 3o 1972
Material rpa 71-33 Laboratory Ho. 0802 t
. Table 3-a
- Sumary of Sefc Tissue Abnormalities
:] (Rats)
:’ Group Material Dose lewvel Dam Number of Description
mg/kg . Pups
b | _
i 132 Aspirin® 230.0 A 2330 1 Exencaphaly; spina
: : ' bifida;
| entevchepatocele
I’ A 2442 2 ‘Exencephaly;: splna
bifida
P A 2403 2 Exencephaly
h 2404 4 " Exencephaly; spina
’ ' - blfida
. " A 2406 2 Exencephaly; spina
Hr ' bifida
' A 2408 1 Exencephalys spina
' bifida - .
1 Exencephaly;
enterohepatocele
l 1 Exencephaly
1 - Exencaphaly)
I - enterchepatacele
A 2415 L Exencephaly; spina
l : bifida
I 1 Enterohepatocels
l .. * Pualtive Control at 256.0 my kg



Groups

131 thﬁﬂﬂgﬂ;llﬁ

Specles  Ratn

FOOD AND BRUC RESEAT 7 LABORATORIES, TNC,

Table &

Average Body Waights *

H

SN M E e s .. Ill TN R T e Rl ey P i Nl

Date Beptamber 29, }ET!

Laberatory Mg, 0901 t

Group Matarial

Page

- T

U Y W NN P S A BN N NN N BN WR P BN BN NN W BN B BN BN

Level B § 11 18 zow
REIKE  =r--casera=sceooScT TTeTerTesTeases LT A PPy P e e pa = s e
131 Sham &.0 241 258 276 297 365 {20}
132 agpirint-F 250.0 241 - 260 270 298 330 {24)
'._ 133 FDA T71-33 0,5 234 251 274 237 363 (22)
134 FOA T1-3)3 2.1 139 ‘ ;uu 278 301 167 (22)
135 FDA 7133 1.6 _ 242 281 ane 203 157 (23)
136 FoA 71-33  50.0 254 272 252 (24}

417

362

h N

aE- pregnant dame

Pazitive control:

** umber of surviving dams in parentheses (c.f. Table 1)

128
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Appendlx I
Teratology Stody in Rats

virgin a—.duit fomale albino ratz (Wiatar derived stock) were
inéividurlly housed in mesh bottdm cages in temperature and humidity-
controlled quarters with free accese to food -m.':ﬂ frash tap water,

They welte mated with young aduit malas, and observatiocn of the vaginal
spern plug wae comeidered Day 0 of gestation, Beginning on Day 6 and
eootincing daily through Day 15 of gestation, the females were dosed
with the jndi_f::atéd dosages hy orml intubationg t‘ha‘_ controls wara sham
treated.

Body wmights were recorded om Days 4,6, 11,15, and &G of gestation,
ALl animxls were chserved dally for appsarance and behavior with
prrticelar atteption to food consamption and welight, in order to rule
ouk any akoormalities whick may Imve copurrad am a rasult of aﬁnre::it:
efferts in the pregrnant female andimal,

O Iy ZTF all dams were aubjected ity Caasayeal saction under
eergical anesthesia, and the numbers of implantation sites, resorption
mites, apd Live and dead fetuses wers recorded.  The body weights of
i¥e Live pups were alsn recordaed,. The useocgenital tract of each dam
wak etanrivred ity dedail for anatomiscxl normality.

All fetuses were examined grossly for the presence of external
coarepmrital abmomalities, One—thied of the fetwses of ach litter
umervert detmiled vicoeral examinsticns employing 10X magnification.
e remEirimy two-tdiirds were clagesd v potassiie hydroxida (KOH,

" mtained with alizarin red & dye and examined fox skeletal defects.
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aroup 131 Appendix 1T Date September 29, 1972

Material _ Eham — Reproduction Data in Rats {Individunl} Laboratery No. {302 :
DoBa 0.0 sg/kg
Dag Res  Fate* gorpora  Iwmplant Fatunes Sex Resorption Average Fetus Remarks
Tutea Bltes Alivee Dead K ¥ sBites Welght (g)
5 2391 NP o o ———=
5 21492 P 18 18 14 5 5 3.45
5 2193 P 12 12 12 6 5 3.38
G 2334 P 12 12 12 | S 3.1%
5 2135 P 1% 14 16 L B 4.13
5 236 P 1z 12 12 . 9 3,40
5 2397 P 14 11 10 5 5 1 1.28
H 2398 Hr 10 0 —_———
5 2399 P 15 ‘1a 15 5 if 1l .76
5 2400 P 9 9 B 1 5 1 3.5%
e 2d4Q] NF 1l 1] ————
5 2402 P B 9 9 4 5 3.76
z 2403 AP 12 A ——————
5 2404 . P i4 14 14 2 L .54
5 2405 F 8 3 3 1 a 3.40
3 2406 P 13 13 13 k) fi 3.0
S 2407 P. 10 10 10 5 5 348 - N
5 2408 P 13 . id 12 { g 3,81 : ;
s 2409 P 33 7 S 3 3 1 4.48 S :
3 2410 P 13} 13 o1 3 g 2 3.61 E
1 2411 P 3 B 9 5 4 3.70 :
s 2412 P 11 7 7 5 2 3.56 ;
3 2413 P 11 13 8 & 5 1 3.64
3 P 15 15 15 i ) 3.9

2514

" P = Pregnant; RP = Hot Pregnant

.

{ED
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: - FOOR AND DRUG RESERR ¢ LABGRATORIEZE, ING, '

Group ljﬂl' . &Fpﬂnﬂig ¥ 2 Dit‘TEEEEEEEE£;3i4,lEIE+d

Material Aspirip Repreduction pats in Rats (Fndiziduall Laboratory Mo, 0903

Fnse 150.0 maikg

Dam Ho. Fate* Corpora Implapt _ Fetuses §&X  Resaorptieon  Average Fetus  Eemarks
Futea §itas Alive pead N P Sites Weight (g]

2391 P 13 132 12 I 11 1.00

Ao 2392 P 1z 12 12 7 5 2,14

A 2393 P 15 13 13 B 5 Z.07

h 2394 P Il 11 11 T 4 4.07%

A 1395 r 11 11 11 ———

A 2396 ) 11 11 1 0 1 10 1.00

A 2397 P 12 12 12 : 6 8 2,73

A 2398 P 13 13 . 13 —_—

A 7196 P 13 13 12 3 9 1 2.13

A Z400 P 12 - 12 1 1 O 11 1.50

A 2401 P 11 11 * 1 19 ' —_———

A 2402 P 13 13 9 a3 - 5 4 2.39

A 2403 P 11 11 11 7 B 1.93

A 2404 P 11 11 i1 d 7 : 3.20

A 2405 P 13 8 B -

A 2406 P 16 B 2 1 1 6 1,80

A 2407 P 12 12 : 12 : -

E 2408 . 10 . i0 | 2 B 2 2.06

A 2409 P 14 14 14 5 9 2.90

ho4410 P 11l 11 _ 11 | -3 1.93

A 2411 P a 8 B k| 5 . "2.65

B 2412 P o B 2 1 1 & 1.30

A 2413 P 13 11 11 5 b . 1.84

A P 3 10 d.14

2414 13 12 12

* ' = Pregnanty NP = Not Pregnant

(E2
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FOOD AND DRUS RESEAL 4 LADORATORIES, INC.

Groug 13 hppandix IT Date Eeptemngg 29. 1972

Material FpA 71.3% Reproduction Data in  Rats (Individnoal} Laboratery Wo._ 0202 ¢

iun:a 0.5 my/kyq

Béim Ho. Fate* forpors  Implant Fetuses Sex Reporpition  Average Fetus  Remarks
Lutea Biten Alive - Oead M F GSltes Waight [(g)

T 2681 P 10 lo 7 3 i 3 3.40

T 2002 P 12 12 12 7 5 2.98

T 20063 P 13 13 12 6 & 1 3.31

T 2004 P 11 il 1L 9 2 3.49

T 2005 P ib 10 10 - - e Died Day 19

T 2008 13 10 in 9 1 3 i J.91

T 2007 P 11 11 i | & 5 3.89

T 2008 P 14 14 14 4 b31 3.29

T 2009 P 11 11 11 3 e 3.86

T 20140 P 10 10 10 L 4 3.TF

¥ 2011 i 10 1o 10 L i 3.41

T 2012 P 10 " 10 10 3 - 3.7>

T 2013 P 13 13 ' 12 5 T 1 3.94

T 014 F 12 12 : 12 ki 5 3.43

T 2015 P 13 13 12 3 g 1 3.41

T 2016 P 11 - 11 11 b 5 3.77

T 2017 P. 13 13 13 4 G 3.30

T 2018 P 14 34 14 § B ' 3.13

T 2019 B 17 17 14 2 7 7 i 3.21

T Z020 P 1L il 11 3 8 3,53

T 10:l P 12 12 L2 6 6 3.62

T 1022 NP 9 D : i

T 20123 P T 7 7 3 4 3.20

T 20:4 P 15 15 14 1¢ 4

L 3.51

* P = Pregnant; NP = Not Pregnant

1en

L aaiball e
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Group__ 133

hppendhl 11 | Da_ta_ﬂ_eptﬁ“‘b’ﬂf.?g;_—lgﬂ

Material FDA 71-33 . peproduction Data in  Ratm (Individual} Laberatary WNo. 0502 ¢

Dose 0.5 mglkd

Dam Wo, Fate*® Corpara Implant Fetuuns Resorption Average Fetus  Remarke

' lutea fiten Alive - 'n'eaa‘ 8itoE Weight (gl

T 201 P 14 16 7 3 4 i 3.40

T 2002 P 13 12 12 7 5 1.98

P 2003 B 11 13 id 1 & 1 1.21

T 2004 P 13 11 11 f 2 1,49

T 2005 ? 14 1a 10 - -— e pied Day 13

T 2046 P 10 10 9 1 B q 3,91

T 0407 P 11 11 11 ] 5 3.2

T. 20608 P 14 14 14 ¢ 10 3.29

T 2009 P 11 11 11 3 8 3.86

T 2010 P 14 16 10 6 4 .71

T 2011 P 10 10 © 1D G 4 3.41 ’

T 2012 23 19 14 10 4 £ 3.73

T 3013 P 13 12 12 5 7 1 | 3.94

T 2014 B 12 12 12 7 5 - 3.43

T 2015 B 13 13 12 3 ) 1 3.41

T 2416 P 11l - 11 1] o 5 3.7

T 2817 P 13 13 13 4 9 3.30

T 2018 P 19 . 1§ - 14 & B : 3.11

T 2019 P 17 17 14 2 ? 7 ] 3,21

T 2020 i ; 11 11 11 3 B .- 3.53

T 2021 P 12 12 _ 12 - 6 6 : 3.62

T 23322 NP 9 D _ _ : —-——

T 2523 P 7 7 7 k| 3.20

T 3024 y 15 15 14 19 4 1 1.51

* P = Preggnant; NP = Hot Pregnant
oo
b
T
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¥OOD AND CRUG RESEA.. ™ LABORATORIES, INC., - . : t
Group 135 — Appendig IT Date Seotemimy 2%, 1972
Material ¥DA 71-33 Reproductian Data in Rota ({Individual) Laboratory No. 0902 t _1
Doge 11.0 mg ko
bDam NWe, Fate* Corpara lant _Fetuaas Hex Resorption Average Fetus Remarka
LutE: g:ﬁul ve © b H T Hites Weight {q}
T 2061 P 11 11 10 7 3 1 4.42
T 2062 P 12 12 12 5 k] 1.58
T 2063 » 14 14 14 & # 3.649
T 2064 P 14 14 13 f 7 3 C3.69
T 2065 P 15 - 14 14 3 B 3.84
T 2066 g i3 12 12 4 a 3.92
T 2067 B 11 11 11 6 5 2.65
7 2068 o 14 .14 .14 & g 3.d6
T 2069 P 14 .14 14 9 5 3.29
T 2070 P 11 11 11 6 5 3.85
T 2071 o 12 11 10 4 6 1 3.82
P 2072 P 9 -3 9 1 . 8 3.46
T 2073 P 12 1z 12 5 7 3.32
T 2074 P 15 12 1z 9 3 3.66
T 2075 . .P 12 12 12 3 3 3.46
T 2076 P 14 12 1l 1 q o1 .36 i
T 2077 P 11 11 9 3 & 2 : .61 -
T 2078 P 12 . 12 12 6 6 : 4.04 | ,
T 2079 P 11 11 1t 6 5 3.18 '
T Z080 P 13 13 12 6 "B 1 3.56 _ .
T 2081 P 12 12 .12 9 2 - . 2.40 ' :
T 2082 P 16 16 15 9 7 3.80 '
T ZDB3 NP 10 0 rrarm e
T 2084 F 7 5 {.06

12 i2 12

* P = Fregnant; NI' = Not Pregnant

10
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POOD AND DRUG BESEA € LABCRATORIES, INC. :

I
*.

P = Pregnant;

MP = Not Pregnant

1£0

Group 138 Appendix II Date September 29, 1572
Material FOA 71-31 Reproduction Data in Rats (Individual} Lakboratoxy No. (%02 t
Dose 50.0 mgjkg

Dax HO. Fate* Corpoxa Implant _ Fetuses Sex = Rescrption  Average Fetus  Remarks

Lutea Sites Alive Dead M F Sites Welght (g)

=

T 2091 B 14 14 14 & B 3.74

T 2092 P 15 15 14 7 7 1 3.64

T 2033 P 11 3 7 4 3 1 3.64

T 2094 r 10 1a 9 a ] 1l 3.9%

T 2095 B 11 11 11 5 6 3.47

T M5 P 13 i3 13 3 4 3,84

T 2087 P 12 10 140 & - 32.03

T 20%8 P 13 13 13 & 7 3.68

T 2023 P 7 1 I 0 1 4,30

T 2100 P 12 12 12 & & 3.89

T 2101 P 1q 10 0 & 4 4.00

T 2102 P 19 o 10 6 4 1.78

T 2103 P 14 14 14 g8 . £ 3,56

T 2104 P 3 113 13 & 7 3.36

T 2105 P 11 11 11 5 & 4,09

T 205 P 15 15 1% 3 [ 3.43

T 2107 P 13 12 12 7 5 3.50 ’
T 2108 3 1l 11l b § 3 g 3,81

T 2109 P 12 12 12 g 3 3.71

T 2110 P 13 13 13 8 .5 3,72

T 2111 hog 14 14 14 & o 2.78"

T 2112 P 15 13 Il 2] 3 2 4.22

T 2113 P 14 11 11 5 & 3.16

T 2114 B Jo 10 190 7 3 3.65
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P TESed and IE.‘J% T=2esennch, Thaaboradonies

“”: N I ¥ o OCA P OmATETD Mutrice Averue af 35 Btref

. ) Maspetk, Nuw York 11378

' . ﬁ T ﬁ F?ﬂ T Telephane: TWining 408K

i : ' _;{},ﬁi Plol g ol Cable: Foodlabs, New Yark

- i :.-'..-.'. '.f WY H l‘& .
) 1“ ROL L ] ) ] _
! L (B ERRVEN A :
Jubmittud to: DHEW/Public Health Service Late September 29, 1972
Pood and Drug Rdministration CA-272

E400 Fishers Lane-HFoom H0=-13
I Bockville, Matryland 20852 Laboxatory Ho., 0903 ¢
Contract Ho. FOR Y1260

tmple: Khite Crystalline Material

lu:lcing: FoA 71-33 (5tannous Chloride)

l:xuminatian Requested: Taratnlng'ic evaluation of FD& T1-33 in hamsters

l“rn:e&urr:: tee hppendix T
l_ Eultx: €ee Tables 1 through 4 and Appendix IX

_ Tasdon Subject to reexamination in the light of later findings, the
following is concluded: '

I "rha administration of up to 50 mg/kg {(bedy weight) of the test
materizl t¢ pregnant hamsters for 5 consecutive days had no clearly
discernilbhle effect on nidation or on maternal or fetal surviwval. The

gumbetr af abnormalitiss sesn in either soft or skeletal tizzues of the

I test groups did not differ from the number occurring spontansously in

the sham-trestsd controlg.™

lumment: Attenticn is called to the fact that this is the fourtcenth
of a series of reports which will ba issued in accordance with the terms
of the contract cited abova. Eventually, a teotal of at least 42 compounds
will have been tested in 21 pairs; =ach pair being run consurrently
sgainst one gham-treated centrol and cne positive control group.
Becracsas of the inherent variability of biological data of the type dealt
with here, the accumulation and pooling of sequential aets of control
valves will greatly ophance the statistical value of the findings and
the altimate reliability of the teat results.

/2 igw??i&;ﬁﬁuiiiﬁ.&?

anneth I~1ﬂr:j:ar%idga, Ph.{. :

sident . . :

. THpOTE ! for rha nrehuk of Lhe perria. t Elq?!'::% p ?ﬂn 1 it I pdglzeaad, wnd writhar tha mepost

E:-hﬂu Jﬁ?ﬁ%ﬂrﬂiﬂnim -lh‘?l::}mml.w'ﬁfitl l?iil'r.l'.lgluy 'IE uand :I.Tt gmllﬂ wigls the advoruaing or dndo of any pnﬂl'uﬁﬁ:l!
e w UL ure b gL e LB : .

! _ : FOOD AND DRUG RESEARCH LABURATORIES, INC.



R BN O ES AN R P N S NS P R W R W e e -nf—éna T -
1 - FOOD AND DRUG RESEAY ' LABORATORIES, ING. : :

Groups:_ 131 through 134 . Date September 20, 1972
Tabia 1 '

_Materlal: FDA 71-33 Laboratery No, (903 =

Fate Sumwmiary

Bamsters )

Group Material Doge ** Total At Term
. mgfkg Mated Pregnant _Eurviving {Total) HNumber Pregnant
131 " Sham 0.0 22 21 22 - 2
132 Aspirin* . 250.0 22 22 22 .22
133 FDA 71-33 0.5 2 o 22 21
134 FDA 71-33 2.3 22 T 22 20
135 FOA 71-33 11,0 22 T . 22 2

136 . FDA 71-33 50.0 .22 21 o 22 21

* Pogitfve Control at Z50.0 mg/kg
** Administered as a water soluticn; 1.0 ml pur kg of body welght

CTED
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. groupt_ L. .ibrongh 13§ rab. '3 Date: Septepbep 20. 72

Materlial: FOA 71-33 Raproduction Data Laboratory No.: 0903 ¢
" { llamsters '} ;

Group: 131 132 133 134 135 136
Dose {mg/kgl: Sham Aspirin*+ e.5 2.1 11.0 50.0
Pregnancies :
Total Ko. : 2L 22 21 20 21 21
Pied or Ahorted (before Day 14) 4 0 0 0 0 . 0
To term {om Day 14} 1l 22 21 20 21 2L
Corpora butea '
Total Ne. : 334 374 339 336 360 348
Average/dam mated 15. 2 17.0 16,1 16.0 16.4 15.8
Live Litters '
Tatal Ho.* 20 ' 22 2] 139 21 .21
Tuplant Sites . '
Total Ho, ' 251 aos - 281 - 289 297 279
Average/dam* ‘ 13.9 14.0 11.4 14.0 14.1 13.3
Resgrptions ' |
Total No.* ' 21 31 iz 1g 8 15
Dams with 1 or more sites resorbed 9 ' 14 14 1l & . 7
Dams with all sites resorbed 1 - = -—- == -
Fer cent partial resorptions 42.9 §2.8 - 66,7 55.0 28.6  33.3
Per cent compilete resorptlions §.76 - - - - -
Live Fetuses o :
Total Ho, K 269 276 249 248 . 286 - 264
Average/dam® 12.4 12.6 11.9 12.4 13.6 12.6 .
Sex ratic IM/F) 0.52 0,54 0,53 0.78 0.79 0.59
Desd Feturees
Total No.* , 1 1 _ 13 3 -
bams with 1 or more dead 1 ) 1 - y I _
Dams with all dead - - -— - 1 — —
Per cent partial dead . 4,76 4,55 - © 10,0 9.52 —
Per cent all dead - - - : —_— _ S.00 - -
Rverage Feobns Welght, g 1.6E 1.60 ' 1.67 1.69 1.67 ] EE -
o
framit

*Includes only those dams examined at term.
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FOOD AND DRUG RESEARCH LABORATORIES, INC.

i -Croups 131 through 136 . Laberatory Ho. 0303
Table 2 '
: Date Septemper 29, 1972

Summary of Skeletal Findings»
l [Hamsters) .

J Materizl FDA_F1-33

ok

Group No. 131 132 133 134 135 136

dings
Finding Dose (mg/kg) sham Aepirin** 0.5 2.3 11.0 50,0

Live Fetuses Examined 188/20 192722 174721 172/19 198721 188/21
; fat term}

ternchras C ' :

§ EIncﬂmplEte nes, 129720 144722 120721 101717 104/20 113721
Serambled
Bipartite 2R/16 31/16 22714 2rL/11 28715 20/11
Fused 2/1 _ 1/1
Extra 171
Missing 437113 34/1% 28712 18/9 _ 3112 71/15
Other . : ;

Ribs
Incomplete o088,
Fused/split
Wavy
Lesg than 12 o
- More cthan 13 15/12 so/s22 43/17 40/18 as /17 25717
Ocher -

Yertebrae
Incomplate os4, 272 1/1
Scrambled g .
Fused
~ Extra ctrs, pss. :
Scoliosis 1/1
Tail defecrs
(ther

Bkull
Incoomplete ¢losure
Missing
Cranicstosis
Ocher

Extremities .
Incomplete oss. 2/2 /1
Miasing
Extra

Miscellarnaous :
Hyoid; missing 1/1 1/1 2/2 1/1 5/3
Hyoid; reduced - 1/1 1/ _ 1/1

—

' * yumarstorsNumber of futuses affected; Den:_jminaltnr-mmuhm;' of litters aifecte.

i Parst HITawn mmadtimma]l L AEa o= . ome



FOOD AND DRUG RESEARCH LABORATORIES, INC. U3l

F " Groups 131 through 136 Date _September 20, 1972
®  Material _FbA 71-33 : Laboratory No. 0903 ¢ ,
- Table 3-a
Summary of Soft Tissue Abpormalities
l o (Hamsters]
m . Group Material Dose lavel Dam Number of Descrlption
mg kg Pups
133 FDA 71l-33 0,5 T 3018 1 Meningoencephalogele

-

i
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FDOD AND DRUG RESEAR‘ TABORATORIES, ING. )

E

Groupa 131 tﬁrﬂuqh 136 : Date Septembar 25, 1972
: - Tahle &
. Species_Hamsters Laboratory No. 0903 ¢

Average Body Waights *

- ke BN N R N B SN EE EE S -b--i-iuu-_----na'}rn-nqq-—- ————— Y T T T P R T T L R R L L]

Group Material Lgﬁzf : o 5 B 10 14%%

BE/UE — mmmmmeesesmsmn——m—e—sesces-wsmcmas- e omwemssmemsmers
131 Sham - 0.0 134.2 138.B 141;5 153.7 174.7 (21}
132 Aspirin***  250,0 134.2 - - 139.5 142.9% 155.0 174.9 {22)
133 FOA 71-33 0.5 ' 127.0 133.4 136.8 146.8 169.5 {21) }
134 | FDA 71-33 2.3 1336 142,7 145,3 153.1 175.7 (20}
135 FDA T1-33 11.0 | 235.8 | 141.3 144,90 . 155.5 177.2 (21}
136  FDA 7132 0.0 134,9 138.3 ° . 191.% 152,86  17L.6 (21) i

* {f pregnant dams :
% Number of surviving dama in parentheses {(c.f. Table 1}
*kd  Pasitive control: 250.0 mg/kg

i£0
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Appendix I

Teratology Study in Hamsters

virgin a2dult female gelden hamsters from an outbred strain were
individually housed in mesh bottom cages in temperature and humidity
controlled guarters with free access to food #ﬁd fresh tap water at
all times. They were mated {1 to 1} with mature malea.anﬂ the
appecrance of motile sperm in tha vaginal smear was considered as
Day 0 of gestation, Beginning on Day 6 and continuing daily through
pay 10 of gestation, the indicated.dose levels nf éhe-test matarial

were administered by coral intubation: the contrels were sham-treated.

.~ Pody waights were recorded on Days 0, -8, 1¢, and 14 of the gestation

pericd. All animals were cheerved daily for appearance and behavior
with particular attenticn to feod consumption in order to better
recognize any abnermalities resulting from anayexic effects in the

pregnant animal.

Ou pay 14, 21l animals were subjected to Caesarian sectilon under deep
atiesthasia and the numbers of implantation sitea, rezorption sites, live
and dead fetuges ware racprdad, All live pups were weighed and the.

genital tract of each dam was examined for any anatomical abnormalities.

All fetuses ware sxaminad grossly for the presence of external

congenital defects and one-third of each litter anderwent detalled
visceral examination uwnder 10X magnification. The remaining two-thirds
af tha pups were clsared in potassium hydroxide, stained with alizarin

red dye, and examined for the presence of gketal abnnrmalitiés_
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Group 131

Material Sham

Dose 0.7 ng kg

hppeﬁdix IX

Reproducticn Data in Hamstera {Individual)

)
pate Septombey 2%, 197

Lahoratory RO,

-

G503

S el ™S

L

13 - 15 .

Bam Wa, Fate* Cerpora - jmplant Fatupes i Resorption  Average Fetus  Remarks
Luten Sites ive Deagd H ¥ Bites weight (g}
5 3391 F 13 A H iG k| ] 1,87
5 33592 B 16 12 12 7 6 1,86
g 3393 b 16 13 13 B 1 1.85
5 3394 P dnil 16 1¢& 5 11 .70
8 3395 B 1H 9 8 2 6 1 1,55
& 31394 P .18 12 i1 | 7 1 1.68
& 1397 P 15 11 ik ———
& 3391 RP il 0 ——
E 339% P 23 20 1B 0 B 2 1.6D
8 3460 P 5 B 6 -} 2 2 l.72
5 3441 P 17 17 17 8 8 1.36
8 3442 P 12 11 11 2 g 1.28
. B 3403 B 1o 16 15 4 il 1 i.59
.5-3404 P 17 15 14 1 13- 1 1.32
5 3445 P 21 21 21 4 12 ' 1.64
S 34056 P 21 19 19 5 14 1.58
B 1447 P 19 - 17 16 - - 1.1
B J4&s P 15 14 13 -1 12 1l 1.6%
5 3408 P 14 12 11 | 8 1 1.8%
3 1410 5 12 - 11 11 4 7 "1.72
T8 3411 E 15 12 12 4 L l.7a
£ 1412 [ 13 5 10 . 1.93

* P = Pregnant)
i ** Incomplete ovary

L amam - P P L o o o -y [ L) o &-."- .

NP = Mot Pregnant
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Hroup 132 Appﬂnnxx 11 Dats Eeptemhh_'iﬂ, 1972 E

Jaterial Aapirin Reproduction Data in Hamsters (Individual) Labkoratory No. 0503

Gan 250.0 me/kg

Gam No. Fate* Corpuora - Implant Fatuses Sex Resorption  Average Petus  Ramarks
Lutea sites Rliva Dead M F Sites Weight (g)

y 13191 P 15 13 13 3 a 1.78

y 1392 P 15 i3 13 6 7 1.76

v 33583 o 17 13 13 3 10 1.74

L 3304 P 21 14 12 & 7 1 1.0

\ 3395 P 1B 15 15 4 11 1.44

, 1396 P 16 12 12 _ 7 -5 1.67

3397 P 22 18 17 1 3 Ld 1.54

, 3399 P 17 13 1¢ 1 g - 3 1,42

3349 F 15 11 . 9 1 8 2 1.86 :

h 3400 _ - Hot Assigned

N 3401 - | o 22 14 17 11 L i 1.71

e 342 | 15 12 . a 2- & 4 1.7¢9

L 3401 P 18 18 ; 16 2 .14 2 1.59

h 3404 F 17 14 12 1 8 2 1.73

h 3405 P 15 14 13 2 11 1 1,54

L 3404 P 21 18 17 5 12 1 1.54

% 2407 P 22 17 _ 17 & 11 1.75

h, 1408 P 14 13 10 2 g 3 1.38

h 3408 P 16 10 ? 2 £ -3 1.77 .

L 3410 12 16 16 12 5 7 4 1.92

n 3411 P 15 : 12 11 & 5 1 1.97

h 3412 P 13 - 12 9 B 3 3 1.83

A 3413 F 14 12 o1z g - A : 1.9%6

* p = Pregnank; HE = Mot Preghant
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FﬂﬂD AND DRUG REBEL.'ﬂ LhBﬂRhTﬂﬁIES INC.

Date September 29, 15872

L]
v

:

Material roDa T71-33 Reproductlion Data in Howmsters {Individual) Laboratory No. 0903 %

Dose 0.5 mz/kg

Dam No, Fate* Corpora - Implant Fatusas Sex  HResorption  Average Fetus Remarisa
Lutea Sitea Alive Dead I F Bites Weight (g}

T 3001 P 16 11 10 3 7 1 1.44

T 3042 P 23 16 13 5 B 3 1.60Q

T 3003 P 15 11 14 4 [ 1 1.77

T 3004 P 17 12 11 2 g 1 1.85

T 3005 P 13 9 3 2 T 1.76

T 3006 NP 13 0 . o

T 3007 . B 19 14 14 & 9 1.32

T 3208 by 22 18 13 7 il 1.45

T 3009 P 1% 12 11 Z i 1 1.61

T I0L4% P -k 14 13 3 10 1 1.56

T 301l P 15 16 1 0 1 15 1.23

T 3012 r 15 11 9 5 4 2 1.75

T 3613 P 13 1d 11 6 5 1 1.E0

T Jol4 P ig 1B 16 6 10 2 1.66

T 3015 P 17 17 16 3 il 1 1.68

T 3016 P 17 16 16 2 14 1.55 .

* 3017 B 17 15 14 7 7 1 1.75

T A0LB r 15 14 13 4 2 1 1.63

T 3019 o 14 10 12 4 6 1.85

T 3020 £ 13 10 9 3 - 1 1.89

T 321 P 14 1l 11 q 7 1.7¢

T 3022 P 14 i4 8 3 - 1.68

* P o Pragnant;-
* Inconplete oVAary

NFf = Hot Pregnant

Tel
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Group 134° Appendix IT Date September £9, 1972

Material rpa 71-33 Reproducticn Data in  Mamsters {Individual) Laboratory Hu 0203 t

Dose 2.3 mg/kg

bam Ho. Fate* (orpora - Implant Fetusgas : Regorption  Average Fetus Remarks
' ' Latea Sites Rlive Doad M F Sites Weight (g)

T 3031 P 16 12 10 5 ] 2 1.76

T 3032 P 15 - 11 11 g 2 1.76

T 3033 F 13 10 ) 4 5 1 1.66

T 3034 NP 7 o ) ——

T 3035 T 14 15 14 T 7 1 1.72

T 3036 P 21 17 - 16 4. - 12 1 1,73

T 3017 P 20 14 - 14 & 3 1.6%

T 338 HP 14 o] ———

T 34119 P 12 13 10 7 3 3 L.92

T 1040 P 16 16 1E 8 g 1.72

T 31041 P 17 16 15 1l 7 ] 1.66

T 3042 B 23 19 19 6 13 1.3z

T 1043 P 17 - 15 12 2 ip 3 1.75

T 3044 P 21 )2 12 —

T 3045 P 19 17 14 4 io 3 1.50

T 046 P 17 15 15 5 10 1.59

T INT P w—h 17 17 9 B 1.75

T 304 P 15 - 14 14 5 9 1.65

T 3049 F 14 12 10 5 5 -2 1.65

T A050 P 12 - 11 10 7 3 1l 1.74

T 3051 po 14 1l 10 5 5 1 1,87

T 3052 P 15 13 12 4 g R 1.73

f P = Pregnanty MF = Fot Pregnant
** Incomplete ovary

TE0
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Group 135 Appenﬂix it . Date September 29, 1972

Matarial FPA 71-33 Reproduction Data in Hamsters {(Individeal}. Laboratory Ha. 0503 t

Doge 11.0 mg/kg

Cam Ho. Fate® Corpora Implant  Fetnaes Bex  Resorption  Avarage Fetus Femarks
Lutea Sites Alive Dead H ¥ Sites Weight {g)

T 3204l 14 15 12 12 1 1l 1.64

T 3062 134 17 11l 11 G =) L.64

T 30E3 P 17 15 15 9 & 1.78

T 3064 P 18 14 .14 4 10 1.76

T 3465 P 14 1l 11 g ] 2.03

T 31066 B 24 21 - 21 13 B 1.72

T 3057 P 14 170 10. & 4 1.83

T 306B B 13 13 13 4 9 .36

T 30659 I 19 16 13 4 11 1 1.492

T 3070 P 15 17 - 17 8 9 1.54

T 3071 P 15 15 15 B .2 1.71

T 3072 P 14 10 Y4 b 3 1 : 1.78

™ 34713 i3 17 16 15 1 7 8 i 1.42

T 3074 P 17 16 16 K| 9 1.57

T 3073 P 18 1& 16 6 10 , 1.561

T 3076 P 17 17 18 4 12 i 1.70

T 3077 P 1% - 1B _ -19 12 b 1.51 -

T 3074 P 17 11 13 3 10 - 1.61

T 307% P 15 12 8 2 5 3 o2 ' 1.8¢

T -AGE0 Ne 10 - 0 - ) ' ———

T 3041 P 15 11 10 5 5 1 1.84

T iGE2 r 4 Fi 2 1.78

15 - 13 . 11

'+ p = Pregnant; NP = Not Pregmant

120
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FOOD AND DRUG RESFA. LABORATORIES, INC, g

sroup 136 : Appendix II Date Eeptember 39, 1972

Material FDAR 71-33 Reproduction Data in Hamsters (Individual) Laboratory NWo. 0903 ¢

Yase 50.0 mg/kg

am Ho. FPate* Corpora  Implant - Fetusan Sex Resorption Average Fetus  Remarks
Luten Bites Flive Doad H ¥ Gites Wweiqht {g}

' 3081 P 13 14 14 & 10 1.72

' 3492 P 14 12 11 s 9 1 1.67

P 3093 B 16 12 8 2 & 4 1.53

3094 P 15 . 12 , 1z 10 2 1.68

[ 3085 o 15 10 10 4 E 1.B3

r 2096 P 13 13 13 3 10 1.54

P 3097 NP 1l a : —_———

F 3098 P 20 17 17 6 11 1.72

' 3099 E 17 14 13 4 9 b 1.62

r 31400 B 18 17 - 17 7 14Q 1.66

F 3101 . P 1B 3 & 2 4 1l 1.81

r 3142 P 16 15 15 2 12 | 1.91

r 1103 P 16 15 14 b 9 1 - 1.63

r' 1104 B 18 17 17 3 13 . 1.67

' 3105 P 16 15 13 0 7 2 1.59

r 31106 B 17 i6 16 3 13 1.65

r 3107 B 19 16 - 16 - 7 3 1.58

T 31108 B 15 16 11 3 5 5 1.17

T 3108 e 14 9 3 5 4 1.99

T 3110 P 14 - 11 11 7 4 1.81

T 3111 P 14 10 14 6 4 1 78

T 3112 o la - 11 - 11 3 8 1.74

* P = Pregnant; NP = Hot Pregnant

10



Food Protection Committes
Survey of Subatancae Generally Kecognized as Safe

Wationel ascsdemy of Sciences, Watiopal Research
Conmeil, Washivgton, D, C.

(Pertinent secticn ingluded in monograph text.}
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lished.
5.3.8 Stearsyf lactyifc achif, coleiton amd sodiune salic

These substances have beon reviewsd poeviows y and teotative spocifi-
cations wers prepated 2t e thineenth meeting of the Comimities! Thess
kave mow becn finalized and will be published. Proviousfy there hod beon
concern over ihe sirnificance of some toxieological observations. lowewer,
steaoyl Jacivlates st n the game way as cquuvalet aownnis o steanc
acig and liciic acid wheno these are adminictered concomitanily. The pro-
ducton of " lpagranplomata * i1 znimals fad high evels of stearsyl lag-
tylztcs can bc provented by incorporation of additional pnsaturated Latty
acids inla diers, Thig eucet iherelore appears lo be the result-of dictary
imbaltnes and thare may be o peex) to take inlg account the piake of stepic
acid from all sourced. The soeeptable duily intake established was higher
than thal assizned in the previous avaluation.

5.3.9 Tin and sianmovy chioride

A mpecificztion for stanpous chlafde was prepancd al the fourtcenth
mecting of 1he Commillee.t Information is lacking an b various ¢ombi-
nalions in wiich tin iv prassol in canged {oods and bevemages, The uptake
of tin from the ¢ontainer by capped foods 3 a complex remelion, which
may be influcoced by the prefence of jons such g nitrate, cxalate or potis.
gwium in the product. Fortker reeearch should be direct=d towsrd deter-
toning b [ozal in which tia iz present in bavarames, such as diluece! eilnus

- juices, and in canned ends, such s [t and verctables, where it is appac-

tnily bound to palvpheaeotic compoends or Mo pretoins. Pricnty sbouwld be
given to cunsiderallon of tin in Besverarss since it is these that have been
reported [ Calse souta pastraictesiinat ronbles. The study of tin in ¢anned

. amount of propyiene glveol that could be libzrated from the alginate ether,
With ihus restriction an vacenditional aceeptable daily iciake was cstab-

foods is retevont to pessible long-term toxic clizos. The effect of tin on die

organolopric, Keepime, and other qualilics of {oods is mot fully undersiood
and should ba examined more thorooally,

Aftor extensive discussion of tha tinnificance of aew fnhoratory gutp ped
turither buman cpidzmictorical clrorvitons, e previows evalustion wos

confirmed, i, noe A could bz asitned, hut dhars vas a0 wopdg to dapart

from (he ity set hy good mamifsilarine practice 1owever, furths

assessment will ba nesfed when the cesudls of woek. in prograsa become

— — 1 N PRSI B EPUC S LR T
-V Sca Anven 1, el 18, ST : . ,
¥ Ses Anres L, raf, 24 SRRSO T Ty
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Fight-hand asenezia of ihe not prematurely new-born child.

Taeruseinn of the possible asticlegical rale of the abserotion by the
mother, during the second month ol pregnanzy, ef a taenifuze with &
metallic tin baze, assoeiated with an ahsorpblen of pyridexine,

by 4. Wetter, J,.H. Rebert and @. Boudcnes,

Ya hed the opnortunity of observing the following cese, a2nd it saemed
aporopriate to ua to relate i% at a $ime vhere Thalidomide hag

revasled the toratopencas influsnee of geriain treatwents,

%rg. Dyves Seoond oreznzhey, 20 years of spe. & ﬁreeiae exanination
has revealnd no melformative anfeeedent in her family or in her
hushand s, Tirst shild comoletely narmel {dauchter).

Spuhbansous non~prematare sonfinement on May 24 1963z a living and
robust boy with a weight of 2,%50 g, rewealing a cormlete ageresis
of the right hand, It is diffleult to ageess the spatomical state
of the carpus; the oszification spots do not appear en the radie,
but they never do imseadiately afier bizth. The inferlor extrems
ity of the ulna appears %o be dofinltely hypoplasic,. The infariar
axtremity of the radive is normal, Desides thess observationa,

no other anomaly is revealed by the examinatien, Formal ﬁardiﬂc
auzculibion.

During srognancyihere was ne elindcally ldentifiable infectious
amispde nor 1rtaéiatinn. A the baginﬁing of har pregnancy, the
mothar hag established the exlstence of a taenia.saﬁinata in her,
and Tecuaszted her paysician to treat tRat parasitism while she was

in Alperdia, From Qetober 25 to Nowesber 2, 1342 (5 daye), she %odk



3 tiblets ver day of 8 tasnifuge conbtaining pure Ein n:cfde: 0,08 aau‘n:l

mre metalllc Lin t}.{!éﬁ’gr tablet, In assceliation with one toblet per

day of pyriderine at 250 mg, from Jciooer 28 unt#]l Ootober 31, 19462,

The mether of this child afflicted with a melformation Was wvery
pragise in her anuwers. Therelore we ara cortaln thet no astiologie- -
al factor, oresently racopnized &= & pogsible cowae for dysplacsia

has existed in this case. Therafore, besides on alwaya noasible new
mitationg bubt whieh would be irpossible to srove (except perhaps in
tha futnre descent of this ectromelie boy}, and a hypothetical
Narniokic bridle” of which the mechanism iz rarely put forward nors
adays (for a leck of obvicus demonstration), we were brought to
dlsmussing the teratopenio role af tha shbaeorbed antiparasitic drug,
althoush c;u:"hjblingraphin rezearch has not shownm ns arything gimilsr
as far ag exnorimental cbssrvationa and clinical ceses are concerned,
This taenifupe, of whiich several very similay verslons heve been
prezented by different laboratories, contains 4ia oxyde and matsllic
tin, hodh oremionlly mure. Fut, theoretically, these substances are
not sbsorbed Yy the body, but they are relected with the fnaces

after having ogtod on the parazite in the intestinal lizht, In this
effent they are to be distineuished from organie cerivatives of %in:
jpdized or ethylie derivatives which ars perfestly wbsorbed, and which
weTe at the orlpln of the Skalinen case.

This oroduct is specialized since 193L, Fundreds of thougande of
epamples wara 3old and new analytical testa were earrizd cut 1n 1952

on the occasion of a reqmest of visa renswal, It is therafora unllke-
Iy that the formala of the speclalty was altered apd that this alteras

tion has made the t4in abscerbeble by the fntsckinal rucouxs memhrana.
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If this were the case, it sheuld alse be admitted thats the placental

barrier was ocrosxsad, & hypothesis we carnot Trove,

In reaiity, we are inclin=c to gdmit 3 slmltonecus and perfest fssee

cigtion with myrodoxine which interrensa strongly in mmeroms

metabolid tranaforrations, hamely as & transamination and decarhoxy-

fatien zoent, I8 not the vitamin B sasceptible of baving provoked
s transfosmetion of a wineral derivafive of tin ipko an abzorbeble
arganie derivative, within the intestine ?
A lazt questicn to be solved 45 tha date at which the produet was
gbsorbed: it ie situated et the end of the sscond and the bepinning
of the third month of nreenancy, 4g far as the Tralidemide i=5 gon-
cerned, iens eete tha d;ngerﬂuﬁ period bebwoen the 37th and the S0h
day after the last menstruation, #bout the &0 day we éru at the
axtrane limit of the "terstozenous -eried"; particulsrly 1n casas
with a transversal eotromelia, Tub sven in this field, certeln dovbbs
remain, which sceount for owr extreme prudence in relating this
?hservatian*uhick,huﬂever, strapses the posribla dammer of any breat-
memk given dJuring the Mrat three monehs of pregnancy.
Coligatery declaration of all malformatisns is dJemirable, in order
that a penetician might carry it an investigatiom that 1ls ruch
easier &t the momant of bBirth than in retrospectiom, Thus, 1t would
ta sasier to compare suSrect cases of deug eticlogy end to earry
g1t experimentations with full knsuledge of the faets,

Digovgslon
Hr. Ergchiar insigts on the fzot thab such cbservaklons shonld be |
interpreted very ceutiously, Their Interest resides in -'thﬂ posslb-

ity of gathering them In a file of tenporary facts,
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; Lo
Axfudzie de fx maig deafte chez wee nonvenw-nd d ferme.
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Acuie Toxie Effeer of Stanmous Cliloride on While: Mice

Thiz shert paper depls wilh Lhe clinleot slale and pathotogleal findlngs.
pbherved in white mive following ihe applivallon of Uing o the formm of
Encly, by means of & stomacn fube. U is ooe & selies of experiments desling
with the problem “Texlelty of #in”, the resulls and dynamics of which will

be published later in a complele werk, This problem: af late, has heen the

subject of much discussisn wot onby frem the stendpoint o Ihe presence of
tin ln food as a natwral traee clerent. but Alag with regord o ts presanee
in foad a2 a foreizn bedy and, thevofore, the possihility of itz poisibie toxle
effeed on the argooicnt Views on this provlemn vary considerably,

It most prpera pubdished to date on the toxicity of . especisally of stenaaus
chlari:dly, ke L bas boon administered o experlyensal aninenla Lo v i me o0
& bt {2, 85 7, 11 and ocomporetively litlle has been weitlen fbout i3 Intate
throuzxh the dipeslive gt {13) In the litevature so fuor avablable, wo tass
pol fmet with tle appdlcation of Stenneous choleride By means of 2 #iemach
lube, We huve, iberclory, ehinson this method for -0z esarinenta,

MLETHOD

Btannous chiocide orysl, ope (Pb ROLY, preparad In Pelandl wes appllad oo doe.
al 18] mg.,"l{g. Berdy woight o whabe milor This dore g abeut [ive BiMed hishet th: ., =e
LDy dobarstined by ud in while meice (LT, per o8 = 21% mz, 0D bow,, apon 150 L2718
mp kg dawt LDs; ng dowermined By oos oams maleuleied By fotseer by the “Penbit meh, M
{184 Thia hlth daez vy ghosen witle Lhee pocgwsas of arecrsizingd The Yoot of Wekic o S
amd to determine The tmoin g&Gpng e e swingel ocgeci=oe As BnCla is only cuzahre
en a&ehl tbelior, we Chee Sor itd solicion e DGleniod Lemoa juiee, whizgh + Lof « wi-

Jmign s the besl pid moost phagiolopioal o 07 e aroncl ergasmeam Tin Lkats ol

hik selution was bmproved Ly 1 ol caslor eocar 1ac wach 2o of the dodntinn.

Wibe raice (el B Tl o O'rechfsdoy 0 <indeed brecdt Coma "YOTAZ D ol a2, -
wolght 2% g0 of hath sesh » ftale acsd Goodde vistudle e 12ed), were 2 3 mg o ol
midtekk, Fach mites o f-om e cxperimp ol b rennm vy sovien e s of Sl 1 ul old
ol lemrt faoss it cach maonse ol 2P ceetoal oepng owwas fives BE omtopuze Toesin

i F, Tl wlminicrilicn was carvicd aul @y ez wl oo el Towas W Lic oo ol
the olintmisicetlen Lk mice wore foll wihest soler o @avoul the prossible sepacis i
of Bae =L focn alse Felodisey by sh- alptn gl ool 1oty Shee il el far T
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Far the . orirmmt me, Alwars wied 6 anileuld 2 male wad 3 fomalcl §n e =5y, .
Eroup” amib & AiBwlE 0 the “epniool Erua”. These crpenmicnts woce oo g |hm,_:
brtu-s on the <ame numler of agiaecks, Tode e cflgical wnd the MBECImConie fesulis )
atlbepey flicsecvion] weee cach timw: dondical. The viscera from Lhe It CXPrImEnE
weorr fibgetles] Lo hizdalogienl sraminatiom.

Tre cinleab emte and b5 ehanges wene ersiemacoclly followed and dvdurmiingd g
lwg dime-inbrvabs, 4 Junes and § howes, afuer s acaitimstraiio, Eighl houry afler 1
adavmlaration (he expetlimental anlmals weee killee {decapitsted nnd dies by, Tl
Visorra weduw knmiediotely Fixed 30 10 soluticn of lormalin Loc o peried o 48 hours,
then embnedded In panailin and aller lecalmend Blaiee® with havmishon and coxla.

RExuLTS

Clinical Jindings

Faur howrs after Ihe appheation the mice kn the “5nCl: group™ were very
weak. lying on theiv sides o on their ellics. thers wos dehility of limhs,
labourad perindic respleation duveloped, the heads hung down and the egyes
vwere ¢loged; the eoprs bristled, the accal parss ftafls, paws] wers cyanolbe
The miee did not respand to sound stimodi and only sliochtly 6 mechanieil
Alimli In the course of & further 4 hours this state became emphasizod. Thero
wi: compolote debility. depression of physlolovics] funciioass: cractibility and
respiration rafe doercascd, )

Mice jn the "conlrol group" showed no change: in the elinigal {indings,

Macroscopic results an caxfepsy

. The rosults were practically idenlical in all animals of 1he “Snlly group™
and may be characterdscd thes: The iateslines were espunded: sproa egm-
siderably conpested; in most animals 1bere weore s/ncle petoching an Mhe stomaesh
serpea; gpazlic and dllated sectioas allernated alomyg the sman Inlcsling; livors
“wene darker red, than normal considorably eomgesied, (78 lissue was horo-
Echaaas, hypervmic Jungs wore cark red. Ny oeonsicerable devintlonz Teem
stardard were found on other organs. '

[n Lhe “ponlrol Arowp' no macrcoeepic changes were Found {only in o-r
mavse the Nver was maebled in appenvines oo the surloon).

Hixtologivel findings
#} 1r the apizils of the SaCly provp
The Tiver : .

The structure of Lhe liver was oreserved, but in the tissue Lhere were diz-
persed nof-syslematic, roughly eicoular nocroses, in somwe of which were tather
nemerady nowiraphils and o few losde monomucleacs of the histizeylie Lypo
Serae nemooans were nodular ln appearsnice Bl in steuclure wore mat ey
where idendical. In approxlmately onge third of tha animials foed af eomplote
“emarulalion noeroscs were forndd subiipsudarly ffig, 1) The cuagalolion -
Cirelrs were appiusinalely cunviform ond In acea rounkly 1he size of the
Inluty. Drisimlegrealingd lousoeyles wore foupd in sowe faf 1.
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In other purts ol the Heer parcnchying the oolls had the pﬂl'l.ﬂt‘l'l-j.'nl.':l,mﬁ,
cloudy swelling o showed vaoshar deceneratian and, i seeswe of oo, fadt
degencratisn prevailed. This dugeneraten af the eolbs changed quaplilulively
in each prepuvaling In opprexlmudely onuv hatl af tho experinaental animals,
malnly mized oblirating thrembl were fownd in the smatler lalvahopatic
branches of v poyton :

There were oo patlulogical changes wisible in the other structure, nemely,
portat flelds, liver slpuanids and raliculoondollwlial systom.

The spleen

In the red pulp there werc small nodulsr necrpzas, similar to thoze In the
Ever. Tn these pecroses there weke nUntotens partlslly disinbepeated leoeooytes
{Fig. 2). In the lollicuti lhere wore mononuclenr nCoroscs containing single
loweaeytos. Somve of the necruses in the pulp had disintcpialed, In onn aoicad
aumerons hisHeovtez weore found in the pelgbourhood of Lhe oeernses. In
single coses fresh obtarsling thoomnl were fotnd in the avieciclor jumoens,
BES of spleen was meatly byperplastic, the slavasids were preatly eoniesied,

Myoardium

In one pouze stnall peeroses were found in Lhe myocardium, with =xomio
bewm-lrmplueytar infilirates, and in another modse small fazal monoowglear
ftlirates were qlsa found. These findings ¢on be assesdsed az Inflnmmabory,
Dhher grgans were without pathelegicsl chenges.

b) Ko chaoges were found on the crfans of the "contral gFooup™.

TR SELGN

The literature shows thal the subjret of experlmental changes in luboratary
animals indeced By the wdminlstration of lborganic compounda af tlin, hos
already boen approvched io wacious ways. It covers the dilterenl jnncgance
tin compounds, 1ae gualily amd guantisy ol 1he eompounds; roules wf admi-
misiration; speeles of the cxpesirmental animel: and the verjaus boxie clfeea
g, 2, 8 8, 8, 11, 121, We consider our contribuiien 1o be wacful however, o
wigw of the fecl that we emplovid & stommach tuba [or nfreducing tho Boll
and a medinm for 165 solulion which enuld, st the sutie Hre, be guaraniced
a3 blalogleal harmless,

Peschinne {23, admlnstered Snlls i . in the therapeutle dese (18 anfheimin-
tlowm) of 4 mg kg Wady welght daily (pr § days and i the lecoal dose of 99
to 80 mpp kg body weipht deily for 8 diges Lo e guinca Fi2. mabkhls and mouse
Cur LD, introduced by mesns of the stomach lube, was 213 mgkp bods
weight fspan 15002238 mg kg to while mlon. In aur experimonl we Chose
thls hlgh dose {1300 mg k2, 1o escoclsin the lype of loxic damage and 1o
dotetrainge the main caanpes telnical, palholigical and histslegicdd) in e
animal styanisem.

Eight hours afler the appliestion of SoCl proetieally ol exporitent 1l
animals were: i a premorial state, They wore theselvoe killedt @ preveob any
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past morbom influcoce o Lhe padliedntical s huabolngiead £iadinge,

Although papes oboul the fuxic sction ol L i oot imemanie form joom-
pouncs} ore numornus, repects on Lhe hiskoleficul and r}-ﬂl--i!r-"mﬂ findinzga
sre more scnrco 3. 4, 14, 16), W hawve notb, as vl et with oany dolnilsd
histeloplcnt flndings on ammnh causpel by slannous chlneide b the Jiteeaiure
avallable,

T toxic offcel of W adelalstered in the form of stanoous ehiaride by
moeant of a slomach tube s boon esablished by ine paibobodical and celiniead
firdings in oy experimont, The glinicel Nedinds were chamcienistic Tar on
pevate dntoxieation, Wlhh S0l the histolomica) [lindinss showed neccoses ih
tha lbver and bn che splecn and theombi in tke liver bod of the venn portae
most probably cacied theeegh the chculation, Mo conglusions con be drewh
from the findinds in tho m:.rnt-.ardlum, a3 the numhsr of changes were small
fonly one animal). :

 BUMMALY

The acuie toxic offect of stannnus chlovide dissolved o pure lemon joles,
administerod to white niice [averade weighl 25 g, of stapdatd besed), by tucans
gl & sbaoach tube, in oo dose of 0 mg kg weighi, was obsecved. Tin caused
ioabe ehanges both in Lhe cllnleal and in the pethologieal pichire.
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THE EFFECTS OF METALS ON THE CHICK FMUEYO:
TOHXICITY AND PRODUCTION OF ABNORMALITIES
™M DEVELOPMENT"

By Lo P. Ridgway and Travid A. Eamolsky

Diwcion of Experivierial Chonellivarapy, Staan-Feterng Fastiitnda for Covcer Remrc,
. W Vel Wew Fows

The stivmttoe far a study of the efects of the various eements on the
devchopment of the chick snlrye wea initizted by Lhe etriking eficct pro-
duced by thalliom =sulfaie inrcted into 1he yolk sac of the {our-day-old
embryol In omier ta determinc the epecificity of this effect, 33 gther
elemenls sere assayed against the chick embryo, The curront status of
G wouk 8 prescoted in Uids report.

M rz.!ﬁficrﬁ_mn:! Mothodr

The effects of he clements were studicd prineipally in the four- and
gight-day-old embrye sinee developmentel abhormelities are alten grossly
evdent 3t these glder apes. Furilermore, clemenrs peneally toxic to
grbryas cardy in devalspuient may prodoce sebective grewch effests when
gives to more Berentinted cmbeyas.  Elemteats fovpc to produce speeifiz
and consilznt ahnormalities when idjected at four or edgld days were
sluslioe] furthoer in ywungee and clder emhryos.

Comamercia]ly suppliod White Leghorn epys nere uscd.  They wers inain-
frincd at a tenperature of 38%C, and eomlbed daily for viabdity.  The vol-
utne of the test agert injected per eap vanged from 05 co. to 0.2 co. with
an occasional yelk sae injection of B or 0.4 ee. When pessible, water
saluble salts wove used, lait, in rane cuses, insuloble salls weee preund
distilled water and injecied as o suspensionn.  The injections were made by
firp Toules: ito the yolk, or onlo the choriallantgic memirane (CAN)
of cight-dny eggs.  Yalk sat Injections were made through a hele dritled
in the bhmt end of (e exg ol 130 epening then was saled with melted
farafin.  The CAX was mpeclart tooegh  smwall window eut i the <ielt
directly aver Uwe membrine a0 the nponing wis scaled with Scelch tape
after Lhe injection,

The prelbiminaey toxicity tests were carmied out in Uwe four-day-ol e
Lrye.  Vour epgs were mjected ad cach of three of [oar tese levels, und, alter
spween] traks, the LI dose was approxiowied,  Growps of sixote Len ofs

were injecled al several dose levels alove and below tie estinsated T
" in cnder to chtsin & more precise faure,  Tn many inztances, several oo
frmelony Lovisly runs were necessary 1o oblain i reasonally consistent
LDg fimerc. With the four-day volk sac dats as a guide, simibar boxicity
wudics were completed i the eight-day embeye by (ke yolk sac and CAM
routes,

The embrvos wete candled daily and, each day, the dead embryos wete
roeorded acd exomeimed.  Deesstonnlly, embeyes wore sncrificed for specific

T ot w3t gupptiLed by grants drum the Maiaeal Copees Tnetivdda of ke i terd, Skes T ohile
Theq'th Seper o the St Moy o7 Mepeeinl Fimil S Taders Serrarely ol e Jenrsann C1mcer Zanict
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1easons during inoubation bul, in mest mstances, towdeity Experimenty
comtinued il the $Bth duy af incubation, when all embryos weze sacrificed.
At this time, the embryos were weighed aad examined grossty for abnortaali-
tica of tha skin, feathers, bome, hraic and itemal arguns.  The membrancs
and yolk were aise inspecied.

Rerults

Fosicity dite. Tha TN of 54 elements in various farms, whea injected
into the chick epbryn at four and cight days of development, ave summarizad

dn wanim 1. Whea more than onz sk ol an clemerl wae lested, they ane

lisred with 1he most touic st of ket slement. There are remerous factors
whish mluence the toxicily of an clement in ke fertike chicken oge, besides
the inhezent ot dieecl waicliy of the chomical at jts locus of action. Tlese
faciors aro relnked to:

{a) Fhecge, The ege vayiea i sise and chesrical pomuosition, the labler
heing related to 1nc diel ef the heo Lo a censiderable exlent. Coeriuin &xe
cossis ot deficioacics of minerals or vilaetes, for esmply may modily te
respoviag of the cmbrve, A cxtvemchy important factnr is e dovelop-
menlat cpe ol the crboyoat ke time Uhe cheraica! is injecierl, singe 1he Hroe-
enee of xpecific arpus of melakalie systenas ey be eriticel in deLermining
{he offest of a chemical.

0y Tho sfate and progertics af the fujecied chepdeel. The route ol in=
metion and the vehich: uzed may be very Unpprtant in the rate of ahsocption
of the dinies]l.  Cortain cloments may reack with nos-embrya constitucnts
of 1he erp, may e precipitated at the site of injection, oF way Le comverted
Ly combiming with sebstances in the eme to form o substance uf greate:
physiodogical artivity.

{ct Disributim: wnd wielebolism of the infecled ehewsizal, The role of ab-
sarplion andl the tuzicity of Mgh blood lzveis of an clement aze important
fuctora in tosieiy.  Same chemicals arc concentrated i the albymen or 1n
the alentmc mac, and 1hus detoxified ns far os tho embryo is concerned.
Otker ceaceals may be doposiied i hisctive Sne 30 aume prrie of the cn-
hrye, as 1he Dores, and Des b rendertd foss toxle.

31| af these [aclors Tiost be trken inte ancausat in interpreling the soxicity
de terarnpeie clloct of an cioment,  In miguRe I, tho cements amve boon
Civided into four groups, baged on their taxicity in the four- and cighlday
emlryo, by ke yoli sic and CAM seutes, These mroupings suppest how
anme of the factass mentéoned above inflecnce Whe ackivity of specific
chemenls.

Specific Effecs o2 Kmbryontic Decdagoment, Under approprivte orcum-
elanices, it s prolable that an exoess of any elewent can e shawm to hove
some specifie offect on eshryenic devilopragne.  In many nsiances, how-
gver, the element appears (6 be grnerally toxic and Lhe embrye ither dics
rramptly or, iF ke embiryn survives, st with develop nomaclly, Do the
gtper hamd, ritueliong Tave boen Foundd in which some clemitnls will exhibit
syl Ialericn) aciivity ke Chick voileya, Some chements sxert their
offert wies given inocny clomizal form, et anyr tinae daring e lian, and




b : -

Ridgway & Rarnclsky: Betals and Chick Embryo 203

Tamie L
Taxwrry oF SalTe oF Varwun Ecceeste i Fotas awn Ewr-nay Cocr Teeevtoe

Eutweared Ly
. Mefar Microarons fepg®
Elenent Forsnls of Selt e ial

Ay -day | §-dax A day

s CAH

Tl sas rumis | Fulit

Anenic KAl - gae 0.t 0.3 o0
Arscnbe N LASD,  THOD 0.k LIRE T80 0.3z

Arscrie Azt f.16 1,90 |

Chimiym I aam LI Y 0.22 O,k
Bolcriwm Sl . .03 o.17 0.3s 2.1l
Phibnse - 2L - AT A 0.1l .23 =19.0 v
Lead FuiA | 0.1 O,% 1 50 1.8
hlemacy HpCl. 0 .08 0. d.w B
Choomniam . | NagOrelly -2HAD N 06 0.43 @.1: 1,07
Chruriam L Mika]a -9 HO 1.5 2Ry =G T. 4D
Aduinwary ol . 0.1 0,44 273M 0.08
" Bl ver Myri, 0. 0.5u (r.ELL 0.3
Kickrl Witk GHD 0.20 : 0.k mn 1.40
Wanadium WO L O3, 1.10 || R 024
Tenplen Ml 0.7% | 24l B.ILK 6.3
Rlobyrladoswon Magifol, - 21ILr 0.50 LI | Tue 144
Leqopser CulCl,- TH,0 B.u0 1.5 0.0 LIS |
Bwouliam Er[!":&h]l: 0.kno M >HD | 5D
Caliale Tol X ¢.al k- H 7.0 1.0
"Cellutin o Nas1ed 1.0 4,50 180 Q.12
CEmiure Qs 1.x 4,7 540 (LT
Thalliam 1.5y 1.0 L 3,50 1.0
Lantbanpm LaCh-TE10 L] 14.0 H.O i.80
Lot s, THO 200 17.0 | G620 1.0
CetiaLin O W0y -HLO 5.y 150 =40 3.60
ek i ety Mn%0,- 41k 10 g >80 1.30
Umnakum BOAC O 20 150 20| »ma| 0k
Tndhewm Ity 5,00 i >5L0, F3Y
H‘.I.ihl.'rﬂtl.rl Hu[?r, 1.m .:i‘.'} :".Irﬁuﬂ - ﬂu}ﬂ
Tron Fud0, Til4) 50 e T 2.CD
Tzn FePOy - 2HL 15.4 50 FLN | 1.90
Therium Th{NC AHLD 3.0 BOf 30| 140
Fhasrkac MaF 175 ERr ] 7.0 3.0
Fidiom ItCla .0 arad 13.¢ 1.30
Lodime Kl LI 45,1 Lrif| -}
Taintalum RiTabr m.n L1 KN 6.40
Tin Snl3s 1.0 ag4 | =150 T4
Tin - EnCE, X ir.0 7.0 LI
Galhwe Galulldy 15,0 550 770 2.50
MegneEnm WS, THE 15.0 61,04 1110 | LS
Lilhium LISy -HD 30 62.0 Tah| .
Firmun 0 CatTy0n), 5.0 B0 | H>To0 | 13.0
Enran U0, 50 B1-0 11530 £l
Alondnam ACEH 150 120 »1¥.0 1641
sxifi cun NaaSigh 20,0 MY | =T 300
Germamuam 1 Gel; »10_0 =3.0 ita i
ald AuCLHCHAHL =0.0 =419 4l 0 [ . H
Fhodiuin Rhik =103 - =440 K1 4,30
Wisenueth TiCY, BI00 Q0 AN A1 1.0
YLLridin ok |1 0 - ar.0 z.90

YNy D

g

i

e mcm

[T

;

206 Annals New York Academy of Sciences
Tawee L [CORILRUED)
Kulucie] L0y
digsfees Mioemguzferg”
Flemras Forwwo of Sail

duy | dday | ddey |- Sdoy

. el

1all S rosile Fruld
Hardum BuChL-1H =20 »81.0 _ 43D 3.30
Tal’alinm K- 1HAD =200 =0 =40 19 &
Tiianium T (500]a >0 | »1040; ERO( ANE
TeryIfiam Tt - 1LY =m0 | =110 »113.0 3,060
CrdLm Cetd =14 | »ieE . »nnd 7.0
Hularliam kL] 30 | »MED, »i3.0| Tlrb
Cnlch-m Call, =3n.l A0, 2504 aig
Potazsum | B I T T A N I
Sl ik Held 50,0 | »835.0 | 08500 1430

Ll 13 Srern M PWH o wa, arams of almnent in salt The ZUw e mebeew

" Lrcrul Lil:a 13
Hicrul T T Alail uL?

=20 L= pmE.

fac rack aalt for dae sinti-dor cmlheys o saloulibed csily From e relodTzz il belwern Lhe @gyiees
mhatalemarrr dals presnied bor clee Soue L ETionco

DIAGRAN OF TOXICITY RELATIONSHIPS OF
ELELITHTS, AS RELATED TO AGE OF EMARYD
AMD ROQUTE QF IRJZCTION -

TG

LEX%
TS

'y

A day 8 day i doy
Dk Soch {Cak) ik Sn) FHAMPLES
[ F. k| E‘m
"'{’““"___'qx O HICKEL
X LEAB
a BARIUM

Frtixe 1. Ty of shewsrna Indecied imle Towr and eigh
™4 bt ;Irn-_'plefgl expar Hhe majority of

A rute:

illustrated e Somn rafdibe cpxeimeLel)y the zame
ienticn. Triv mar it rhiil che c=2ni
pgriamas it spptarain the cabnn, I

cal in meadilr ab

Lredoy-ald ekl £on by

+ mmmArzed In TamTa 1.
Dhn Unar, drpmoprtTvg 8 e kit OF matle o wnlade-
ool oma] Shcal 1E ok e ]Sy dh ok Acerain
tha 3w £lem 7 npt preaced ak 1 ioe of inpcttiot e them st tamali

[T LY.
w chements,

Biclomertiy inFefiva nnkil i ;-.-Tr wwiene Ale mechan'sm aprcars. Tin deane s, fllutereced iy ke,
e

thew derreaed torici Iy wL kichs Lo
iha TR ac minht Sy Thin g he [=1eep gt @s indiceling 10 alisrnl
CAM reute, anil =1 'hr elovs Inese in fue i

ik 2ok el b [y das b yull e Phjofiled

mnore ol tae mall in neriadfy

o bl ety mbc bl el
Hin oF 13z w3l In s cflusens
e 3l

Adadr

15 prr ofRE 36 1oz Chemicale bemtes] 4271 i Lhic Cicerary,  The ekemen tm, dlles sed S B, am sl puzle
s ~m| F3T cvutcs. "Chis dupperti Ehat Lthe sail

ar [eee gaya, 2o h- s Inwie ol el Al by ksl
Lg rerdaiy Bliznrter] doim e gila rax a7 well 2o cne CAM, wml tho Calrrancs af the ambiey

zh=i i, The tlemats, ifi-siraied by haroem, are elofe Wowe by iie
Ldwmiralain tha

lecseyras wish

154 ok B0 TIUT,
eetip iniy R prapinnil

nod espeerod 1o the
PR LY I LR ) T

T

Trinerraapipie.
Thiv. bl =rn ok Foafel b whinnt %2 per eens ol therlem- s eeearcc.
-n_l In 1 w0t s oF TTer ALY Teach with 1he waf

jajericd bme  clmllie :ﬁ.ﬂhll'.

0 " che bl

AL chen by

] L comuimald s 14ad ehe b
i3 1hak | the elymidal o rul'll.b' mhizie bl VFus
=1y m asuTely sasre Ll 1 ninr Ayres aH Tzl AT e mihetanee otk A #heaA

deasn L2 2tk mo, i coalimn =g dimloxldy oF rEcrere ia htor: 3 berha] comeiakrs T tievelujn




Ridgway & Kamafsky: Metals and Chick Embrye 207

hy any route of adminitration, whiie glhers are aclive ey when given at
spaecific stapes of development, or by a certain rowte of administzatian, erin
& definite chemical e, Dering the covrse of our Loxicity atvedica, IF gross
ani dehnite cyidenot of ombryenic abrormality was pradaced by a given
element, the effect was aonlyssl in macs detail. I notleng specile ecoucred,
possibly Letauss at abnoriadily was riissed Ta oue pross methods of sxamis
L, or Tecaess tive enebryg was nipl treated properly o ring ot sl an
effect, ferther studies liave oot been carmed ouwt. Ik does oot mesn, of
corre, Lhat Lie elerent i commecely withoot teraderenic activily, Nine
elctnenls thus Far have been {onnd to prexuce o specife amd roprodacile
citeck an cnbinponsc developmend, and these are summarized o TABLT 2,

. ‘TamLr 2 .
Sonsauy oF ELENENTE FAuppoases ApxounabiTi® gF Fusevoxg Isymrovigss
]
Juxi ch=
wdiaand doHiory Apltdrimold
. , e T T rmumsle ey
Elewnil Abnavmaliy £get of o muldf"? enl
. fewibryo @l Boete of uiectoom |tregied cwebirps
imfection | -
Thailigm achoedroptesa 10 P vtk mc, CAM 100
Chemmium mikl &chwcidaoalaecs B ; Cihll &
Tl hajn Injury 515 | yolease, CAM 000
Cohalt lvain infuey e i ik = B
lomo paleond cdemobous, fenther | 0-F .| pelk sac, CAM b E
Lolulatian
Arssnic stunted, edomwmela, ab- 4 widk Bac CHE
- demivel elsws
Rhodlizm slan e, feathes inhibilinn, ) CALL i H
edc rowclim, mild edernn
Rerium almorpes o, ] Jyelis 2az, TAM i
et iy biatrrz ohoomalitle, [F8 ] el ga0, TAM T30
Mualpg

{a) Thalltsm. Thallivin sulfale produced 2 severe and consistent pichuce
of aclwndroplasia in the chick embrye,’ which wos evideat in embryns
sacriliced or dyinp st ten days of incubation gr later.  The mest matkaed
efects were scen when thallium was given ite Lhe yoik sac ¢t four o ten
days of incubation, and (ke LDy dost during this peried was belwesn gne
sl bog mpdeem, Thallivm did net produce achamdroplasia when given
at the rusinom lolorated dose (0.3 wgfoped to the twa doy embryo, prs-
sumably Lecavse thalliem had n penerndly teadc cffect at higher doses at
two days, ond ower daoses werc insuflicient to povxluce achendeoplasiz,
The L1y of thatbum sulfaie po the CARL af =5ghe days s .7 egfepe, and
achaomiroplasis agoure consistently ol deses ol 04 w 0.7 mzdepr by this
rante. Thakium prodeecs a less severe aclwedreplesis in emlmyos in-
jeciert afier the teath diy,

Whea sacmiced 2l 18 fo 20 days, the cmitmya freated wilh thatlivm at
[t e e fhs days is severcly ackendroplastic, the limbs arm short and 1he

N e e
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long battes curved, the trunk §s thickened, the hend is El!'II..'Lﬂ and the beak
ressmbles 7 partav's, O gross esamiation of the hend, the eyoe and orhit
aprear smaller Uhan normzl.  The, brain small, sametimes coninins cysts
and the cembellnm may be atrophicd.  The abnoemulities in the centeal
noreous Eysem are presuoly duc ko compressian of the brain and eyes as
o et of defective smowth ol the skull, The feathers appeaT narmal
frreuas 24%  Meontmenogrosss of the Thalkum-treated embryos shew "h,"‘"
eansrcusus inteclezence dn booe prowll (Frommm 20, Bl Mwrcacapic
ceerion of the toe of the thellium-rested =mbsyos shows defertive castilaje
cpewnth, with, falkere of locgiludinal bone growdh, bot Lhe shafr 1s wid:'m-:d
and Uieticeml by Lie depesition of bone iz Lhe suaft (ACURE 2N, ()
{0 Cheaivat, Solium ddichromnte (NaaCrs 2E4D) produced ne ap-
pavenk abnermalitics when frjectnl into the yidk 3¢ of the lowzulay om-
hovo, Whin sadium dichromate was injecud onte the CAM, however,
il A per cend of the emliryos developud moelerate achendroplasia, pmevot
benks, sli].-,l;I stunting in growth, palencas and, m seme In=pEmows, SpATSC
[ratbes fupreuion (Ticucs PN Achondroplasle was nevin f5 severs ul

that produced by thallinm.  Injestien of sedivm dicaromate imio the yolk -

saC a% cizhil davs, and elromniym nitrate 0N Dby DEOY inlo Ehe fm.:r—
il oiti-day cmbnyo failed to anedues pross deyelopmental H.bfl-l:l'l_;m:ﬂttl:t‘s.

fer Leed. The effect of lead o3 the eatly fevelopment of Lnc ek
atnbryo haz beer the sebject of soveon] sudics, inclodiog thns._c uf‘h;l.m:m:r,t
amd Walam® awd Catlzoac and Gray? the ltier grovp, working i the O ke
£8 haur of inezizling poried, concluded thol Jead can speclically affece the
moroherenesis of the conlml netveus sysicm of the chick. (hr stedies
veere corrimd ot oldur embryos, and lead was found to hoee a l:markn!:lg
effect on 11e centrad nervons sysient,  Four-Juy-okd embryos Injected with
0.15 mg. of lead nitrate showed na cxbreme degres of h}rdlrucr:phnlul when
mxymined 2t 18 cays of aget. Tn most instances, fallewiog 1_1-m yolk pag
tnjection of 0.15 myfeoe of jead nilrate o fraz deye, emheyos dying or k-
fov il the nest foer devn raliilinial besin henwrfase (et 3 W
Tratiryas examinel afer Gl diys of Jeoulsten peesenioil vivcring rleproes
of hydrocephales, ranging im=a gt herniation of 1he MEECS A0 LSS
celargeteens of e biead (FIGURE 4h, BY.  After t!l_m H:n‘lhdi'.}f of incubation,
same of e bruing showed évidornce of regenenition ol nervous bissad, par-
tivularly at the base and anterior gordan, )

Lepd meaduest, brain Lemeorrrape whea injected inta the yolk sae pwer
the fonr- 13 15-dey ineubation pecied, At cygld days, dosez of 0.1 mgfeps
or higher of Jead nileate produced beain injury 1 !;Ifl_p-r:r cent of the embiryos.
“Thewe embryos asually shawed neerosis of the brain subslance at 1 days,
and waly 7 thin shell of mecvous tissee remained, distended by a :l:'l.l:rmly
fluil,  Althauwsk (ke wheraoce of the enéarya lor leadl ingreased I'E!.[‘.:-l.l:'.lll.}", the
duse injuricy the brain was fairly constant during the fourt® to eighth day.
AE the lenth day amd beyond, Jarges desta of lead nitrete, up Lo 3W0 :Trg,-’c{_-,;,
wire morwisary o madacs hrain injury. This was arinbuoled o dae fuct
hat othar systems, such as booe, were appearing in the chick :r::hrg.ru.irlu'l
1he dead ey huve been comprelitivaly Jiaol by thess oo pystaias oot
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Frzunk 2. ETeer of ataflivm on e thitk mh:lpu. A—Englrya, saoeheed EE1E Japn, infecled uith sne
. of thalilum w1l ind the 2T 03¢ ab Twys daya. - Embeie iy dhaeacteria i plovars al aghnndzes
%. wlia phinrliccd pemmisise a3 pefrol Leaka 15 Shlepapagit wretlon ot par el Dauderecla ankieyo,
Toa of 13-day kmileys preited ok faer deye niclt thellfam,  Tor th=l wm Bre=ted D i vrarkgngd, culie
g Joamatind smpaled, bl tlers ix anme Lene fommelin 15 lUg stwiy,  D—Raeczriprpnosm al & noemal
T coleyn. L—ia =iy thalium-irened tibrio. “Frc bpnes of Mee thErmILice app sidleard,

gurved wfid ATepcar denped dhan the eancenl,
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hlstopathalogy of 1he louin injury induced Ly feud B new uncler study,b
but the sequenee of evens, as they are soon prosaly, are exlensive hemorrhage
througheul the brain subsiance within 48 houts afer injection, followed by
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Ficuar J. A--Cemienl. B-.Tesd-rersio| pmbepn pin days of Lge.  [nj in tha polk sas ikl 0.1
m- Temd nidsie o foer Jaya of age. Blorkal bemurrhage g’munﬁt in EIFIJr!:mI. ¥e

& - a

Fluires 4, M]rr'u'-:r.n:\[-k:c:l.lm al hrral ol cebpnl &, sind Seailebrmiicd erabiera Jb, aizhy, <lass @l age. T R
injeated In Lhe yolk aae with 4,10 =5, 1::_-4 Eitrabe ab bour gaya, Tt cosibem of the kead-Lreetod mnboye ik
nad smpty, oo 3 reste of i Rertatthpgis nocensis in bhe heatn induced ey bad,
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neerggis of the fissue. Sone recovery 35 seen later, parsicslarly if beatn
injuty wos induced carly in development.

Lead mitrate failed to indivee pross evidenre of hrain injsry when injeeted
inta the yodk sac ot twaodays of eviotion, whereas i the tnroo-day embrve,
braio injuty oecurred in 3G per cont, and, in the fouwsfay soshryn, in 3 1o
20 per conl of the 1reated embores. It s of interest Ubat the period of
developmaont when lopd besing 10 induce its effeces g the beain coineidad
wilh the appearance of blocd vessels iz 1he pervous syster.®

The cfterts of lead and thallivet could be induced by Eie sionullaarous
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Yravekd, BEmbaron, L o el g, injrabnd wih nne 2 of chalilun sulfa e inbnd he wnlk 530 2l fooa does,
aml 1,14 rf ol Tiail airaee [ain Lo g b we# < pighl dare o ace. Molc = th.ml dymia il aydra-
:?'n'ﬂ.lun- el amd 1% digrealer! ey sboezm S, Ao dinclar phoowse feglame e 2mglianenus. injoclive
Loy agmnke &b 2ighd dnve of wee.

iujectijun of kead nittale and thalivm sulfate inlo U same embryn (FIGUAFS
EA, B).

{g8) Coball. Gruy and Scully? reported that cobalt chloride, injecicd inlo
the albumen ©f the epp before incubation, did not induce amy specifc
abmarmalbiace in the embieyo, Dol 1 appenred o inhibit the groweh of the
amnian.  Jeour work, coball has been wsed luter in develapment,  Cobadt
chluride injrcted inta the wolk sae of sight-day embirvos consistently induced
goftening and gome hemarrhage in the bewie, when it was examined ot 16
to 18 days (rreres 63, By, The cmbryos also wote pale, shighily edematoys
and the Ivers were cnlarged.  The ratur of the bein injury ig under study.
Lobalt mcluoed Brain injury, apparesly less severe than at sight days, whos
givert at four ar 12 days of dovelopment.
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{¢) Bors. When given in the yolk sic of the feur-day-old embryn na
boric acid, boron caused 1marked growth inhibilion, and embryns sucviving
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Erauae 1. A— Esthbyw, sacrilad st 15 dage, infeclel ea tbho CALE ke riphE dags eyl Ave Mg borie ygid,
he .:rnr.rin it e ung kluate, 1) shned on el Frlalingur ch=z and seunty =1 in’: iy Ll fenther
o HeEmqhryn, saericoed gt 13 sbiva of azr, un juje e will e Ing: 0l Mk clive e anze Lig

gl ot elehe gl "L vl I fevraely pon il wich slhd meernniclla g il foother [seg-ailon.
Emlero wmiclicel 4t 1% days, nis injeecal onio che O3 wich &1 Lo 1 MRTORL LLE

. j]!r'aﬂ:fh ;lrir;lr'ml-;irnr:;unq: Wk Thembrys ghows o meetcm iy Lo o i it h parras Baak, ared

to 14 days were also very pale, showeed definite interferones m Benther gronth
und oceaslerdl Lk doformities. Horic 28id, by 1le wolk soac el CAL
Toule: ab eighl Juys, cavscd a similar effect on the eoabryos, ond thoee
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srvlving 1o 18 davs 2lso showed an ovee-adl nelatinous edema (Frovxe
1AL The LBy dose of boric ackl given intg the velk sac av zemo and oo
days of age wis in the 2ame cange as the four and tighl-day dazage, fve
nag/egn, and the efects on the embryo when examined st 15 days were
someivhat similar, irrespective af the ige of the embrve when injected.
Bator, therefnre, ciused 5 gaecific ind consistent efect on the chick eralirvo
when givea al zeen to cinhi clays at & fairly wniform dose feyvel

Araeniz,  Sodium arllio wrscnore [NngFlA=D, - 714000, a [serdavalenl ar-
senical, produced definile grewth inhibalion when injectesd jnin the volk sac

Freyig g, A-- Crilipym, anzrifeed 20 10 dag, injecled Inla the yolk wae al foue davs of a7 wisl D30 e,
of 45 prapoial sair £ xmyl e, TELO  The emilirya iy iy roa-r efuncad, wanes i poiorselt “pLired
deather growtt 2id sugil=; of Lhe ebidnmen, ad cympared wlze 0, 2 nocinml J9-day-add il embpig,

of fpur-lay embovns, Tl not in the sight-duy corbryn. AL 18 daye, the vm.
bryos were mali, showed mild micromelia and alwlominai edems (Tajusr
BA).  Polussiym arsenite (RAsQ) and arsenie pentoxide (As.0,) did not
preduce this pictare when given at four or cight days.

Rhgdfam.  Rhodium chlocide produced aboormagl emhiryos when injeeted
on the CAM at eight days. The ombrynos SRTviving 1o 18 day s weore some.
what simifar to those treated with sodium arthe arsendte, ) 1hat thay
were atunted, with mild mmicronselin and celema, bt the thadiom trenfpd
erbtyos showml preater Bterforence with Zeather groweih (PrsTRs TH)

Barium.  Hatium thloside, injecled ints (e roll exc or ante the CAD
of the cight-dny embeyn, produced @ cemprkalle infihition in the growih

Tiis abuormality ocrerped Lerequlerly, but wag
sttt in about 30 por cenl of the treapsd embryos surviving to 18 dnys
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Faoeme 3, Toet of 28 dey smboyom.  A—dbey ipjection in the wali we b lght <lavs =ity i me, bariam
eblnride, rrl showing delo muty azed jokibition in 1o developsmant ks comnared wiih & —twmiza normal toes,

igowhaling wilh iy myr seleiouu agiod (LEek:Lh), T 0 etstlirs a0 whuws smadfcomatinn uf hoark 2 yopar kan
Beatbalay ambryn inievied in 1ta yolk sac wd Eipkh daen wlih @0t mp. of sclinioog 4. The onbrm d
wllnged apharenisy novmally, axcont for the enormous cyabe on the rempe

Ficuns |t Elecd of sclenlum an she zhick malirga. A--LElay aal Frjoried im Yhe sk mc helorm
u

ke
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Thars were no ulher gros effccts noted on the embeye. None of the em-
bryos injectet 3t # days showed toc ahnormalities.

Celrniwm. Trahke, of ¥ chtpined a variety ol monsters fotiowing the
injortton of sodimn seleadte inte the aic sac prdor o imcubation, We
obtained revisal pbnosmial embayos, 1o ol whicl are thown in ounE 104,
E, when selenius acidl (4:5eil) was imjecteed into e yolk sue of embryos
from ieto te eigal daye of age. The incidence of abneymenlities Inouk
experience was Jow, in the eanpe of 1 fo 3 per cent of Lhe embryos surviving
to 18 days.

Comclusione

The eficels of excessive concentrations of eloments o e devsloping
chick smbiryo may Le o useful meshod for studying the bialemical propertics
of the ¢lements, Tt iz apparent that some elepcnts, at least, induce a
chamelenistic effcct on the embryn when given at the pooper period of de-
velopment, and Lwo elements, piven simultaneously, may ezch induce their
specific shnosmality in the embrye. Swme of the clements have caused
destrnction nd regression in an ormin alieedy welldevetoped ot the lime
of treatmenl, this demengtrating o eratogenic eficat by reizuyrossion of an
agtablished organ, rather than by dumage 1o the anlage af 3 developing or-
gan. The apsciic adfinily of some elements and embopeiic ofgang, as
suggested by selective injure Lo these oopans. mey sugsest anproaches and
methods for dumaging heoplistic growths srising from those organs.

it ogra fory
1. Easxarsy, I3 &, T P Reooway LT A Poitersoa, 19030 Frotm:tion of ochandro-
plaala i the elick embesa with talive.  T'req, See Exp Mol Mool Th: 2a=li0,
2. Hawuert, In 5 & V. 1. Waleacz, 128 Bwidics an e Laskeny of metair. V1T,
Tha [nduroce of lead en the develnpmeant of the chick emlore.  [- Fopo dled. di:

1

. S
1, CaQroNe, O % E Gea, 1M Fvpuriments oo chenleal lotericrence with 1ibe
enrly wpejrhegenesid of o ndck.  Folap. Leol BT 71,
4 Kagsowiny, D AL & LT Reawar 19330 Uosduelion of Iy 1o Lhe cenlen] nere
m;; gvstem af e chick cmthmye Dy wead ealis,  J. Dharpincoh. Exg Theap, L
11
5 Mansaxw, P, 1o (Bu preparation.d :
& Fresew, J. T, Tu. & B Ta WATTERSDE, 1945, The deschgaimenl al the wastwlar
Lere within il wolls ef the condrul secvous system of e chick embryo,
, Mnrpl. 182 221.
T Gmar, T & T3 Seely. M5 The s re=sive eflect of cobmly o 1be 2mnion in
td.rll}l' ehirk diovalupment.  Anac- Ree 784 20 .
8. Frawer, R W, AL 3owo, W, T, Porey W, CTrwee 130, Monstmyilee

procuced Ly Lne mnjeclio at pelaadums fadca fnlo ben's eggn, Asmr Rec #i 13
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Effects of Oral Administration of Two Tin Compomds
te Bats over Prolonged Periods
F.) C, Rak, B BovLasT asnd K. MILLICAN

Chesrer Brarly Researeh bostitner, Inuithie of Caweer Research, Ryl Canesr Hozplirar,
‘ Fuliraee Bowl, Lawelion S1F Y, Ewrliamg

{fersiiel 38 Mavember 196)

Abttract==Th e fodienant Lo rs were seen in M3 Auguss als D13 mals end 1Y fermu i) which
pervived for 1 ¥r o mofs 0 0 dicl eomaining 275 sodinu chborostunnabe, Owe 10308 was
an adenocarcirarna oF wmamnary Hrigin, anolber o plesnten phee oo anksing i@ the e
gnd the third, an Aderasantitoma Erisingg in 1 reica: nt 1l g, Lo 2Y sl makes wrd 16
bwnsabey) which survived loc | e os mora onn dict conegininz ot Gimst 1% thea 52 stannocs 2-
tihyl hiwoabe, Do mEoplasms wers seen. In 33 a6 mafzs and 17 fomabe) bed on 2 contrel
dinl for Hw carma periced mo malignant tonnn wers soen. Chroni: murine mrlecnaid with

" ppaniplicating Bdonchitaasis was prossol b mosl v7s np deach, The cilfeeese i weoor
il et oo e lpwn Bl 3 grosrps i Tewspdod ad be g, probakly withowt sfenEfiremss, But a frnbbr
gt sarwrichient weuld be recossaTy I pddablith Uhis with cenaionw,

INTRODUCTIOM
The reasons for wndertaking this experimessts] work huve been given and the back-
ground of previous studies againgt which it was undestaken in the previons paper (Walteee
& Rog, 1965,

EXFPERIMENTAL

Mareriafs, + Sodium chlocostannate was obtained fron Lhe Brifish Dirug Houses Lid,
Pocde, Dorset and stenneus 2-ethyl hesoate Trom Theodore 50 Just & o, Whilheld,
Manghester.

Avimafr, Inbeed Augost hooded ras of both sexes wore used., Molhers were [ed the
diets from the day (heir lizters were born. The youny were weaned at 4 weeks and transferred
lo fresh cages with ¥-10 matey or females per cage, Capes made of zine were wsed, hoth for
bieding and for subsequent howsing, Water wus provided ad b throughaur the axperi-

. Theal,

Bosi: dier, A powdered diet was supplicd by Messrs Dixon, Wars, Herls. It was supple-
meniad by the addition of gruchis oil {5 %0 aod certam vitaming and minerals, The fotmuls
o the rosulting 209 praiein basic Jiet (s given by Walters & Rog (1965).

Tesl fiers.  Sodiem clildrostannate was dissolved o warsr and the salutian thoaroughly
mized wilh the poedered dist in an electeic mexer Tor o pariod of 10 min o make 3 dough.
Smegoun 2-ethy] exoats was 2ddxd ta the Jicl cssentially ina similar e nnergeacepd Lhat
I was digsolved inarachis oil instead of water before heing mixed in. A roundéd masy af the
dough wos placed in each 'came of rats, ihe mass being in execess of thear daily requirement.
Efets wern oade up in doueh Feem twice weekly but fod daily during the week. A double
yuanticy wis provided on Sarurdays, bul none on Soodig's.

217

117



L

=
1

17 F. I. C. RO, E, BOYLARD and K. MILLICAoN

Conduict of experimend.  Animals were examined cursorily each day excepl Sundays, and
woiphed and (horoughly oxamined ench week. Sick animaly were kifhed and examined pace
morierr for tumour developmeont gnd ather shunges.

Evperimentat desipn. Pregnunt August ras were divided ac random into 3 trcotment
groups. From the day of birth of Hiters enwards, groups | amd 2 were fod for up 10 8
woeks wo 8 20% protein dict containig 27, sodiume chlorostumate and 1% stmnmon
2-elhyl hemoate, respeciively ;s groun 3 pies were (gl ciean urtirented 2054 protedn dizt for the
samne period. According 1o the initizl plam of the experiment, e young miecd by medhzn
fed on the 3 daffoeent Wiets were, at tha time of weaning, to be separated by sex and there-
after fed the same dicts eontinuausiy wiil death. The nuobers of animals in the 3 groups at

. wenting were: grosp 1—37 (19 males and {§ {omades), pronp 2—37 (17 males and 20

females), proun J--40 (20 males und 20 Lemales).

RESULTS

Unfiartunately, the plan of the cxporiment could not be fodlowed absoiutely. Rats ef
group 2 were severely nndecweizhe and macroscopically obviowsly anacmic al the time of
weamng Howerer, the diet contining | 7% seannous 2-cthyl acsoats was stitl fed to them
By week 8 the averaps bady woight of malzs af group 2 was 63 g and of females, 74 g AL
this Tine coteal matcs in prowp 3 averusd 146 ¢ and control Ferales 114 g. Rats in group
1, ot the other hund, shuwed o il etfecks and ware almost a5 stuedy as the controls, the
maley avernring 135 ¢ and the females, 105 g '
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Fro. 1. Body welghd gains i maks and fomales of g cecclving 2055 protein dicta contodning 232 sodivm
Chlormaannate (f ===k, 15 slaonous oyl RBeapare (0——0) or ™0 D CHOpOUTY, EEsng,
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LOMO-TERM FEFRENG OF TIX COMPOUNTHE TO RATS m

Becavse of the poor conditien of twls in group 2, they wore piven the conieal dise Tar 4
wetke after which their condition kad greatly impeoved sl theic body weighls wers ot
much kss than the comrals, They wire then returned 1o o dice containtng 0-357, instcad
o 103 stanncus F-ethyl-bevaale and remained on this dict vretl deat.

Atthough there was no evidence al texie offzer, rats of group T were ateo taken aff treat-
Reut will the kst substance froon wesks 8 120 However, o resumpiom of treatment with
wxliom chierocstanmate the level of incarpordtion tata the diet resedoed, as efore, at 227

The periods of troatment amd shs pattern of increass in weight gain it e 3 groups ace
ilegiraked in Fig, b Tluring €l esl vear of e esperiimens there were 24 daaths as follows:
Tingronp t {6 meadas and | femezle), 10 in proup 2 (6 males and 4 Temnales), und 7 in growp 3
4 males and 3 femnalesk Tvidance of chronic marins pneumania was geescnt Do awosl ol
thest animals and was the primary cause of death o reason for heing killsd, in most cases,
Ho gther patholorical chanee or aeaplasliv lesian was obsere].

Chronic respiratary dismase was gvidant in the maygaricy of raes of all proups alive at 1 3T
bd remnined in cvidence antil cthe suevivors waee lically kilted ar $0 wesls

The restdls ol Lhe experiment o5 regamds survivad bevongt waak 50, and nzoplastie fesiong -
P acimals so sorviving, are suntruarizcd in Table 1. The mmjority of sxgs in all 3 proups
Seawed evidence of modecate or severe lung infeetion with wids cus of snonesuckar cefls
wound bronchi and vessels, and, i masy cases, brosehicclatic chanpges. Slizht dopencr-
Mivtghanges wure vhszrved microscopically in somz of the livers of aninals of all % geaups
Ind were o moge frequent U the geoups receiving Lin. No hyparplastic ner nzopiastic
ksiony wese £2en in the gastra-inbesting| track, Areas of didutod tubules wene suem in e renad
ealiey of & icw rats of each of the 3 proups. Thooe was no other sipnifcant patholozical
Lating.

Table 1. Tragisssnr, Mruika, il podf-pmortorly findinee

Mew of survisors 3 wesk beooplresms found o necropsy
0 wnicds dying during

Trwp Treaiment B* 5 1] npiky 57 -F0
I 3% 8~dium  chloroatannae 195 Lim EM  AdenOCETINGTE AISiRE it
L500K] prm By in 207 pra- Tagiom of jaw
icin diet Trom berlh ull weck
Foand fran wesk 12 witd 1BE ITF LEF  Pleonwstpdie: sansemg of
death wilerr
Mopmnary adenocarcinoma
1 1% Stanoous I-ethyl besoars  17W "M M Hooc
500 ppint 8a) ja 20% pra-
* o aein dind fracs b ol weck  00F I5F I14F  Mone
B tbien O34 (M50 ppen S0
unil deil ke
Y X% Prodrin dict onby 204 1641 12% . bMonc
Lomsoi] 20F HF {6F  Lymphewasrcoems gf lung

hefim figlo F=Femnle
Y [hern e o denthe up till week 8.

The 3 malignant tumours seen in giaup | are illustrated in Figs. 2 4.
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The result of the experitment is, unfortunately, inconclusive [t is possible, perhap
probabln, that all 3 malignant wmatcs ia rats of growp 1 were sponldneous 1o orlgin, and
that the high intake of tin Mayvod no cawsaiise role. Thic problem cowld not be settled with.
aut the ose of much larger groups of animuls, amd our knowledge =od pest cxpericnce of the
Avgust hopded sisain wsed is insuilicient o be belplal

The luck of any apparent chanrss i the pastra-intestinal weael, 204 the lack of an obsery-
able difference betwoon the livers wnd kidneys af dreatcd and condral groaps is cucourmyiae,
tinte theee wre e gites oot ikely to be aflecied by o dietacy cancinogen. The lock of any
evidonee of earciaogenicity uf tin in mice {Wakers & Roe, 1965) is similarly eacauraging,

Akhouph rulmonary dlsease wie cife in all 3 growps and seduced surviva! to 89 weeks
there i3 ne reason to think that the presenes of this disease imerfercs with the respons: of
agimals I candmogenie aganls 1o the eatenl of changig & posilive result 10 a1 neghlive one,
or viee wered. '

Ackmowfedagumonts-—We are geatelul b Alr, WEL Percival, K1E, B, Kiplnge e G, Paarce. M J, Cdmunds
gnd Mo, Christing Hall far okilled techrizal zistuse, 0 B2 C E Dabes and De M, F, C, Gowing [ov
dheir opinions on ke ulsTine maligretey, and 16 K K, Maréman and Wi L AL 52 Xes for premasing the
pliotemicograshs and line fgures, respeciively, M Kay Poster aod blies Matperie Bult kindly helped
in kb prepacation of the manussripl, This v igalion has been supporisd by gramds Irocn tha Wediad
#egearch Council, the Grihsh Empire Cancer Campaipn for Bosenrch aod by tlw Poblic el Xenie
Rusearch Cheamt Moo OA D310 frorm Lk Molions] Canoar busniiots, US Poblc Heallh Servicn,

REFERTLNCES

Welsd, M. AL & Roa, FOLC (1965 A tiudy of thy offecny of zloe med o adminiftered orally (¢ mig
ovar & prolonged peried, S Cosmper, Frocicel. 3, 271,

Eftets de 1"Adminigmtion Grale fe Deoy Compusés g8 I'Etain 4 des Rats
Fendant es Ferlodes Prolongées

RBisami—Trois femenrs mnlipnes uppurerent chez 30 nis of3 o oo J'wodt L3 odles o |7
Termebleay oui suppenerent pendarl un anoou phus un régine conenans 2% de chlomdiannie
e sodiwre, Lene et umeury dnit wn nddnacarcinmome dorlgbec mammales, yne pokre, wn
sarcnet; preomorphigue oo Iurérus, of Lo iedisire, wn adineamboene o I3 nigion de e
mAchoine. Sue 27T B (L e o1 1A e rweliss) gur s neEurent e e mee plus 38 LN rdgima
gotibematl Cibard 17, puic 0,54, ¢ 2@ty ] hesoate Manmous, o0 DE conshatn LuSwn ndo-
plame. Sur 33 ez 116 milles et 1T Semelfesy girdés sous contrible mlinmestaire pendanl 1o mdiom
penicide, on ne Gétccli aucune turrur maligre, 1 exéstait de 12 pretsanic murne ooty ue
compliqués dz bronciestasic cner lw plupact des racs, 3 B2 more L diférence duars le aonsbee
des tumewrs ening i85 fems gooLpres est cansideice oo me S35 Sygtelaaricd raballe, e on
m powrait conclure aves Cotitude quiapnss dos capirence 3 ple geemde ecbiclle.

Wirkung Zovicr Zinnverbindongen bel Romten bel Linperer Oxaler Verabradehurg

Dwgmmeniorsang—An 30 Augustratien 13 manalivhen wnd 17 acEEchcnt do een Jabir ader
langer die Verabrekhang circe Fustors mit cinom Gebalt son 2 Mauszcachblorstannae ihere
ebten, wurden drgi matipae Temeren festegshalln. Ein Tunwr war o Aedennsers sam mam.
rearen Lrsprungs eer weils cia ploomenmies darkom it Licros wned der origl= min Jaleoocars
¢mom im Boieferbergicn. Boe 1T Ratten [1E nginehchor ool 16 aeibbick:a), Jie gin Jahr odee
Eoger ie Yocabreichiiog vioes Foies nae ecnem Genale yon zuersy 37 dann 8.9%7 Stenne-2-
fithyibe st ien Jebden. worlen kema Wenplusmen mmlonden. Bei 35 Reteen (L6 mtinnlichen opd -
T wurhlichion], die elenane Boewe eie Konrobhidt erhielten, wiedes keine matlengn Tumomnen
fstpestielt. Heins Tode wirds i den meisien Ticren Rattenpoourionte voit Broaclickidsie bl$
Eermplikation gefonden. Der Uprerschied in der Tumosbigu ivied Bed den Srei Grunpeo Bl
wahrsleonllee nechil sigon Akoaut, glogh wiTe ef ne weirern Auagelenpsoe Uinersyciturg esforders
lich, urm dees it Sicherkeil fesisiellen 70 kbnnen.
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Fis. 2 Adenocardnoma from jaw region of ianale
rat of gragg: 127 soddium chlogsdan nale) L illed
fdesing meek 80 ol 11 tapriensiel. 1l Bumcear wig
IRcughl 1 hiee whictn o oe of tie adre=sgl

|-|I-I-I'ldi af the skin. Haens losylin ael eosie + 4060,

. S LT e N 5 R
: e ST S L L E L CarF o e

. r
ST N oa P IR | ' . [
'y ol i i

e LR St T R Byt
A UL T L P SRR T -—t e b A .J-L | W 'hll-l""-i".'-l".r ; ik el
Froi, A, Adencciniromi of mata s glidd ooigin Foumad in g raf of grop 022, soli o clibosocoiannatey
killed during woek 30 af g experiniend, Hasmewoas lin and coean -~ 50,

¢

Fa. A Peomurphes mincpariy ol Ehe ureTus dn ook
ol preupr | 2V sl chlapgeesa e s Lélled
dburiti weerk ST of He cxperimaent, The ol by slioos el
nerk s varialinn in siae, sthundong qezle sasimaplirlie
wi baplusal o Tresgoeed, il abporo . miegie
Agures. Haenadirsa o anf ensin Joe
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ABNORMAL TRACE METALS IN MAN: TIN®

" HENRY A. SCHROLDER, M.D.1. JosERH 1. HALASSA, Ph.D, and Isaore H. Ttron, Ph.IDD.

Department of Plivsiclony. Duriiouw b Medical School, Harsvey, MNow Hampshine: the Branbabar
Kattretn, Bruttbebore, Yermonl: Deparmwnt of Plhysics, Lniversity of Tennessoe, Koomille,
Tentstpan

{Revetvenl B2 Blrceonder 1967)

Aa a biotogically inloresting irace mewd, tin has been lacpely nerlected since the tarn
of the century. [ngesied tio fo wsual smoesnts was assunied 10 be nantoxic. Heman
EXpOosres. Were helieved to come muinly from tined Jood. Owvert toxicity rarely hos
been doscribod. MNotible biological effecis on tiving systems or (heir componeonta ace
prnretly ok mown. -

Amd yat fram o theoresical stundpoint, tin is erc non-ubiquikens mctal o which
eivilied guin has lorg been exposed and which acewmulates in his tssues in widely
My ameunts, The bodily content al the mverage Americn adult cyeeeds thoge of
the pesertiol or probably cacmial merals. maneanese, cheomicm, mu | vhdengn,
wamdiint sind cobalis and those gl the zpparcirly non-sssantiaf omes. cadmium,
baclurn . sitanium., mickel and zireonwnn. 16 os were 0 suspect trace metals of playing
eliologicol rolss v degenetanive diseases of civilized man, G woukl be among the et
i o surveved. ' '

Tin Bas plaved an ampuortant rele in civilizarion since the Beginning of the Bronze
Apz The unknown meta|lwrsist w o fiest mised tin with copper in properiions of |- 9
made 3 discovery which clonged the course of hislory. For the @rst (ime 3 workable
hard metsl with o low-melting point was avaidable to Gibricate durible weapons,
QERIMIENLS, coits. cooking ulensils, bells und stawary.: bining and smelling bevame
sstabdishad imdusiries, sdjacent eities grew w multhy. the scicnee of navipalion edvarnced,
wrade Aourished, trading centers expanded. a copitalistic sconomy developed, new
Manads ween discovered amd much of Curope and 1he Near Enst was opencd to eom-
merct The wealds ol Lhe cily of Tarshish probably was frunded nn Spanish tin and
toppar. As aunes wene depleted, explorigon for new SOUFees stin s bed wvorrmees of
discovery aad tride with Britain far Corsish 1in (otilt being mined) srd with Central
Europe Bor Morevian tin bocame essential. This thousand-veur-old mnitifageied
civilization declined with e sdveny of iranmonsering.

Thay second preat tin revelution bogn o 1310, when tin plate was first wsed for

*Rupported by Lramte in aid from, Lhe Malivianl Heart Inegicez, Unied S12ne Pyblic Health Servace
(H=3075), e ¥ermant Flean asssciauon and CTRA Pharmaceucical Producis Inc.

YResgusts fan reprings should beson ta D, H. AL Schrogder, 72 Linden S3reet. Brad | leboro, Yermant,

IMichelangcia, in speaking of seulpiane, said that vy neprosents s, plasier Jeaih ¢ brones im.
Inflb‘tl-Tl'l:s-'. The survival of artifaces for 350 yemars westifics w the materlal aspect of the immonulin
of brongs,
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canning fomds. Responding to the military needs of ihe Mapoleonic Wurs, Poier
Dwirand, an Fnglishman, developed the discavery of Nickols Appert, & Frencliman,
that foods could be preserven] Ly boiling and corking the comainers [1}. Thisiovention
eventually chamged the nutrizgion of rech of the human ace, a8houeh five decades
were to ebypse belory counning #F Meod hecome prevalenl. Concurrently an enormous
INCreast in huaan expueasres 1o tin spread first throughow North Ametica apd later
throvghout ehe civilized world, Althowoh dhe prosent domesii sensy repion al tin iy
about the sume agidt was in 1916 [2] emaugh Lin plaie for cxhning s used vearly 1o make
& 100 foot-wide belt around the cunth at dhe eyuntor, Becausc most of Lhe major
Industrind mations mise litth: or no tin, polioal amd sceoomic pressures hawve been
excrted of majar tin-prodecing wreas of the work! (Asia sipslics &3 per cent, Somil
Aunerica amd Africa 11 per eenc cach, of the aockd s Ling., Widespreawd humun exposures
ie tinned Tood, therefore, have lasted abont 100 yeors and have hoeome relively
iiversal For abaul 50 3ears.

The purpese of this communivation, the seventh nf x sezivs [3-%]. i3 1o examine
sources and exposuces of man to Lo as objectively as possible. Stv guestions were
acked: ([} I3 tin an invariable componend of human tissees? 49 To whal saient does
tin accumulbate wilie sepe? (3) ook 5in ovewr in wild animmls (43 Whan Fresl foods
conain tin? {5) What js the evillener thit tin is nantoxjc? 16} Docs 1in Beluive in the
biosphere a3 an essential traoe et or as am fndustial comzminant ?

SETHODLS

Samples were ashed a0 45070 in o mutle fornece alter drving ut 110°C ko constant
weipht. Tin was Mespmeasarged by the eethod of Saxorie 9], wsing tolwene 3. 4-dithin|.
When & new buich of dithicl was synthesized by the manufacturer # wus found un-
satisfactory, producing heavy oilloidal clondiness in the sample whereby uptical
denalty was impossible lo meonsweee, Therefors, most of (he avdyEds Wers mods by the
phenylfluorone method of Tioveson and BMoCrraax [H0). Compurison of 5
analyses by the two methods mve almost ddentied results. Accuracy of the fatter
reethiod was berier than 94 per cont, recaverics of known amotnts added 10 blanks or
unkpowns averuged 00 per cont and s Jite as 5.0 pe could be detegled, or 0,5 003
k(B wet weight. In rhe tables, 0.0 means less than 005 peda.

Analytical tesults on human tissues from argund the werkl were obiained by
spactrographr: methods previowsly published [11], The raw data of TieTow wnd Cook
o4 American fissues [12] ond ol TiPmos e ol on Moreien tissues [13] wore SUrvawed
individually by agze and areq. Recoverics of known amomsts varcd from 75 to 92, 5
per cent. depending upoa the concentration, and the melkod was semsitive Lo lss than
5 p-pom. aste. 1o the tables. & means dess thap 5 pop.m. ash. :

Mozt camples of foad were obtained lrom thires sources: |13 A hame mitrden wever
Fertilized supplicd somo vegeribles. Hye was prown on fliow ground on poar ol
cleared of frevs in a remate forest, Samigles ot vegetation cxe fromm the forest. [2)
The ruck garden of this institution supplied uther vepoeables. 3} €3dier foods were
purchased toeally Eram national chain storcs. Wild animubs wera obtained by shooung
o7 trapping.

. RESULTS

‘Ovgan specifivity of i in fanan rissees

Tin was found in every one of 29 organs and tissues of American adulis. The highest
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Concentrations were in the intestinal traet where 42 pex cerit of B37 samplos showed 5,
Mcdizn concenirations oleared cuudally as follows {p.p.m. dshy: esephagys 18
samach |8, duedeaurm 24, jejunem 35, fleum 78, eocwm 130, sigmoid colon 45, rectum
51, This interesting pattern eppears related Lo reabsorption of fulds from jnasting]
rontenls.

Sizeable amannls of 4in were found in tung, adrenat and Fver, with 7, and 21
P respectively, Tin was seldom detecded in brain (5.4 par eent) or muscls (19 por
#enty, while diaphrapm, heort and paneress had fow concentrations. in no single
Fmeue, hawever, was tin altways fonnd, alshaugh ul] subjecrs showed it in mdny Drgans,
Boiie gocttmolaied vuriable 1o lakgre amagunte.

Tin, theroives, was widely bur nol wniversally disiributed through almast afr
Averican homan 1isses, with 5 Bredileet ion lor intestine and lung.

Padeed rank correlations of voneentralions of argan tin with 1hose of oiber metals
were mace by digital computer, Few highly significant {r=0.30; 2<0.001) corre-
kton cocificients were found Tor any bssue. Onlby silver fn skip. iron in ltevny,
baHum, coloium and ranganese 0 reclum and nickel in cecum appoared (o ascin-
hate with din to g signilican derree, Cotcendrutions of tin and Joad WEre associatod
dhly in esaphagus (a=0,37: P DK% Tn the poma, which oiten conliuny Tew
Whoocml erace moldls [12} tin renked fifih in prevalence taller aluminuym, strombium,
Yeast and buciam) and fourth in whandance. being faund in 9% por eeng of 13 gpeciinens
mt & medlan conceniration of |4 p.p.m. ash.

Bedividual variations In tistue tin

I wiewing the rew diga, we weve im pressed by the accasiomal ault cases wigh arYy
Migh o very law concentrations. For example, in aorln, kidney and liver thors wers
Faunples with lovels preatec thag 150 P-pair wsh {E.635 ppong, wer weighth, and in
g $ sampics, 2 of them with more than R p.pom. Five samples from (he EASIr-
intestinal truct contained moce {han WOR ppm, O the other hand, in 1600-[45
sanples, there were 5 adwld lungs, 7 livers, arrias, 23 spleens, 6 puncresses and 17
kidneys with uniletectable Lo tmwe amounts, Even 20 of 438 sumples of intestinal (eaet
were devaid of Lin, ag were 30 of 199 sampcs of caophagus did stoemach, Therefgra
ougrmures probably can vary considerably from one individena 1o anoiher,

Wowlmions it Hrxue b according o uge

Eo Tabdz I are shown tin concentrations in kiduey, liver, lunz end ileum by docade of
Efe.  Walues for infants and children are divided batn three groutss: siillbarn, infonty
Up to one yeur of uge and ehifdren up o 10 yers, Ligela ar none wzd feund in the seifl-
barnt, only one tbung showing it {fwilh 8 trice in tws intestines), while some-infans
appoared ro e exposed relatvely early in lifg {within duys). Children sometimmes had
higher tissue Ievels Than young adules, 4 Kidneys and 4 fivers xhibitiag mara than
130 p.p.m. ash, Becuuse of the wide individual variations, sumpes ae ot shawn,
Thepuiore, tin does not appear 1o cross the placental Barrior, bog arrives in LT
shomtly alter Birth o srova. Tlhere 17 4 tendency For il to dccumiulaly in lung with
sdvancing age (r=0,52; Fe.001), but nol in Jiver, kidney, dorta or intestine.
. - Small but lenifican <{0.001) increments wers found in heart, prostate, werus
. ahd Lruchea.
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Taeie . Tix e iUmay 105600% BY aGE, MEAM [R5 varre Epop.m. ash)

J— LICIEES

Age group (e} 9 ol 1L1e 1-20 20-30 M40 2130 W60 6170 TI-%4
Kudney :

Concenication . 0 Lt L 1 b n 0 e 2y 2 a4 Ly
LHouTESDER Qe 90 1Ry LIS 191 MRAY EN2Ae O IBAT 134 K3
Linar

Concaniraton 4 g+ Gl* a2 " ) 11- et iF Ag* M
[hsurrones W20 1 AR ddfbd 2] MR43 O INIE 255 11 B9
Ling

Concenlration {18 15 M 43~ a7 H* Iy s 2
Crcurmce 10 54 e LAy BEfAL HARE OITAT MR L3I 9
I '

o ALrm iom L (L]} el Bl 174 11& w7 i3 171 140
Cccurpence 08 L I 9 12013 JafX®  MET O IIfIZ &% 34

Tatal tecluroence
[ {-8 247 940 F27 3R TRE 919 4K 97T 0L

L

AT —— e — s —— - - - - f—  mEer

Mote: Coneentruioos of posilive samples.,
Dopyrrence refels bo 1l member posilivefiolil caees, .
*Exucting valum = L350

Geographical variations e Fsme tin

Tisswees From § cities of the United S1atos showed no marked variations in average
prgan 111, Mean concentratians i 24-2T sumples of Lidney from cach lacalion
ranged rom 0.23 to 0.76 p.p.m, wel weight s in liver from .35 to 1.0 p.p.m.; in lung

TamiE 2. GLULEABHN AL JAEVIEIRUMON OF TIN IN XIDNEY, LIVER AXD LUKG OF Mihk o ashk

—_— ——— e — —_——

* Mo, af .o
samples nesent Mbeain Range Median

wionEy

LFmited Stales &L 57 b 1] < A4H0 A

Swilzmrlxnd 8 31 5 <= 17 <%

Alrica A 1% 1 =5 3 <%

Mrddle East 41 42 K ) 53 <5

“Far Eaxt 51 Lt 11 = 3=l 10 =5
LA

United Spckes 161 i 23 = 300 p L

Switmerlind L 18 4 b Te

Africa g i¥ 4 E S ] =5

kllddls Fost ad 35 1 < 5-1an ,Te

Far Easl 5 41 m . == T x5
LMD .

Utited 5w 159 o 43 L= ba i »

Switzorland LT 10d 3T M- &2 p]

Adrica : 3 4 10 = 5= 40 ¢

Wlidelle East 43 ol 33 = B iy I7

Far Easl 7 L} 65 = 5= L0 b}

M T =1rao, 10 EIML;F_'.' eraciabele.
biemty dw) ynedian vaducd waré oblostes) by 2ayigrdng o vallee of cpe-half the kenst delegtable
AIMEAHTE 3 AP s wheiiom Le wiie mial delece),

i - Svibitadiintn R e i Fet
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from 0,44 to 120 popom. omed i ot Trom O0X2 1o 094 poposa,. Mo single ared ehawed
fin Lo be present infrequently and it wat uniformly prescot i@ -l Tour of these tissucs
Iram Sealtle, Sar Trancisco and Richmand, Yirginia., Thesedrte, Americans in these
ciligs appeared 10 be r2lasively anifarmly exposad,

Table 2 showes the Lin Tound o Eeopraphice] proops Moo aneand (Re world. Tinin
Africins wos notalily Jow, Itowas undetected a0 T8 por cand o [ivers, 1 per cent of
kidneys, A0 per cent of banes, %0 et cont of hearts, 76 per cent ol spleens ood 63 per
cent of aprtas, Tin wis not faund in eny vegan oo a thimd of 51 subjeets and was
present anly in lung ie 30 odbeer cases from Africa.

Al peozruplical croups B fower meen and median waloes thon Americans,
differences heinp less marked in the case ol lung. Debriled amalyses of local sumples
revealed in in one or mere organs from eoch of B4 subjecys I'rom Japan, banila,
Hong Kong, Heaolulu, Aaclorge in Alsskas, leirol. Bembay. and Deene in Switzer-
lamd, alibough V1 had it anly in lurg [0 was 1ot detected in any orpan from & of 49
subjocts from Ielhi, Luckmowt Veallore, Bungkok and Farpei, and was only present in
leng in £ others, Exposurcs to tin, therelore, appear to be a bacal phanomenot i botiy
absolute amd relive 1pems. '

Despile Lhe small nwaher of cases, recionol difereicds iz oFgan tin were evidenl in
Alrica, Sewen sreas supplicd sebjucis. Excheding lung, thire nas notin detected i the
kidneys, livers, heans. aortas and splevns of watives livine wader more ar less pimiein e
conditions in Welkom. Lisurnbura and Bompala, a totad of 71 anadyses, Tin was
fournd n 125 of these orpans, 41 times in ey dwellers oF Gaivo, Addis Ababa and
Lagos, A small series from Lambeusrene, on the other haul, comprised of autives living
wnder very primitis e corditians. shawed tnin 9 of 21 sunwphs. sogpesting 1hal Gabon
might be 2 tin-beasing urea or that some subjects had had secets to-canned foods.

Ewen more markod reooraphicid diferences iare evident when [oreign and American
concentrations ure compared in teems ol valucs Tuling wishim che lower thitd of the
range fov dilTerent ticsues, For Eubney, K% per oent of Swivs, ¥ per cent of Adricuns,
BS per cant of Midls Fastern and T4 per cent of Far Fastern values were within the
lower Lhard of (e L nited S4ptes valigs. For lver. the porcentass of ¥alees i the lawer
1hird wern: Swigs B9, African 9%, Middle Ewsicrn 82 and Far Bostern 803 for lung:
Swlis 20 African 9 Middlc Eoseerre &b, Fur Casteren 420 Thexefoce (e Joly indicaig
that Afticans wre exposed to much feas tin than are Amereans, while peaple of other
areus may collect it in their lumgs bt do net acéumulate moach in Ltheir kidneys and
livags.

Because of the refutive infrequensy of atheroselerosls m mony zrepy of Centrul
Africa and its opporently increxsing prévalence in Asiz, Evrape and America, in-
dividunl vulues of aorsic tin were correluted with the cawse af dearh of 88 sehjecrs
from the Uniled States and 68 subiests Meam the Far East, of whom 32 per cent and
28 per cent, respectively, died of athercsclerotic complications. No local or gencral
correlations were {ound.,

Tin fr fresh amd provesoed fonds

Consentrations in versrble foods grown in ohis ama (Southern Vermort) are
shown it Tablc 3. Unfortunuicty For the perpose of 435 smniey. the sil of this arca
was found to conplitin considerabfe wmounts of 1in. This cenurenee i vnusual, foc
modt sqils examined In the Uairsgd Seates are devoid of tin (see EMseussion), The
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Tamis 3, Td IN FRESH AMD PAQCEIZID EQOD AND TISSONS Pt weight)

Lample MEfR | ug/ I Saunce
ol
Cotvlimenis
Carllc bud 0.1 _— Chivmt. xars
Cloves, packaged A7 — Chema e
Veputables
Pext, sprlik, grecn. dried, bulk .02 o C ki thawr'vr
Peas, splil, dried, packaged 4.50 | kit xhoar 4
Peun, frcch L.G# 184 Hime ganlen
Pea=, (hosh, Terilized .80 it Rurpme ganden with phoaphate
Beans, Mavy, driced A_Bib 1t L Froyiom. siaprac
Beyns, sriog, Nosh B 28 127 Hore gandon
Podater, rav B DY 1il Yermomt
Turnip, rmw 0l &l Home gardcn
Turnip greeng 0.07 &l  Tlomee garcen
Radishes 0.3 FL L Home gandicn
Kodiah keuves 0.0 —  Howtier garidcn
Pacanipa 1.0z Y Ty gifden
Swlg Chued 323 fA TristMme xarden
Lathoce, |loebary 0.7 Bl 1loae garsten,
Spinch 1.2} 473 [nctidede gardes
Spinich . R 142 Huiewer gndin
Spanoch, fresh, packaged G 47 bl T, WY
Cabbugs, Taw [ R H 44 Tnsunde g rdeit
Kale 0.3 430 F o garcicn
Aspurzgis. fresh 0 L L 1| o=l “eanivally” grewn
Rhuluu b fresh 1.2¢ 2150 Instigoex garden
Ehulurk, foesh 1.2k 3135 Lol “owganisally” giown
Mushruchie, Trask 1.08 1543 Chas sare
hlushropens, an ylus Q.1 10k Chala mar:
Sail, dry weight L&) a4 —_— Flovme paidcn
So.I]._dr_'.r weiphl 2.7 _— Forvvioen: gArden
Jurlmnzh 1l95ucs
Lamb twver 1 LK 1 Yermook
Lamb chopr 1.15 72 Local mankst
BecE, growund, Jen 2.6 JaF Cinval mmarhcl
el roast o.M 23 [ o=l market
» Bacl, brisket 1. 28 Ll mporkel
bl and fal, meound 1 90 I ol mearkel
Boul, Bone meroew, forelimb 0.4 — Chaim sxxc
Fork, lcun chop 054 2% Locekwwrkel
Chicken bremst, [Toren 1.7 o Local sl ket
Gelatin, pochaged L5 115 Chain e
Lobsler, vlaw nwal 0.50 S50 Flidne
Cysrers, fromen 1.38 T4 Cape Codd
Hallbur slenk L.2l I Ciuin siare
Codish sicak, 1 3.67 433 Chuaie share
Codfsh sonk, 2 04 B0 Chain staxs
Girg e MLlet 3.M kY ) T [ .
Blodiers, snpkod 4,30 154 Chaia yumn
Deer liver .52 — Yermant
Drexer kidoey .20 — Yermomn
Dwer Kidney 145 — Yormon
Dcer bieart . —_ Vormom
Dwer kidnevs {41 LI — Tconcoex
Foed fox liver 310 — Yormxx

LT
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Tamr ). (rontimard)
Sapape g poficd Soawce
i al
Anamgl tissues  (oalinver} .
Ruffed groime liver .50 — Vool
Muskral liver 0.3 —  Yerment
Weasdehark Jivers 14 1.1 — VYermpoat
Pyaver heart T.28 —  Venmom
Cepenls and groina
I By, wirler t.5 5 Fallow gremand
Soil. fizld, dry weighs 37,10 _— et ©vT prown
Rye four froom wred 4.0 - Feed s
Barley n.a% 1B Feoed gore
. Cort meal nmn J Thicauc
Coin, fresh on ol n.jz 1 Lol o
Macaroni 4. M 415 Chain o 4
Whez Arur - .47 4 Japan
Whean fiokir LER — LS.
l Wt nend a.¢ Fewad sp002
Wheyid hreud 2% | s chere
Dats, 5ol 1. — Feed siine
Datmeol, Tuckupurd 161 Ll Chainr siore:
l Riwe, parkiiped ¢.28 B Chain wane
Dalry products
. Milk, dry skim, mick e 0.5 b Waronally dirribuled
' Mitk, raw, Buok cana tinoeld TR 100 Local farms
' Milk. foow w=dder bnto polyel by lane 4.1 29 bl farm
Cheese, infoil wrapped Y] 3 France
Epgs, chlcken oY%l 57 Local fapm
ol ] lumatus
Pasch 0. —  Chain store
‘Ter, packaged, bags 228 — Cavlon
Ral dwet lnye. coen oil, dry skine nallk) (L 7
Loboralory dug chony 1.0 25 Rmetrogeaphic cwetbhod*
l Dog neal .4 2 Spetirigraping nwthod*
Rabbir pellete 2.0 ] Apeimpripha: method
. B diey, mevmmereial ok .1 Rperirogragliics medhwul
. 20%, Superphosphule M — Foraa
Phasphuie rovk 4 14 —  Tenoewee
0% Superphosphote® 4,06 _— Yuposlevis
Cicnrettes 1.9 == Mathoal eand
Lirine, hurnat 0.0 — Wornd homale
I "oty from H. £1. KEENak. Principal Speciroscopisn, UE P HS.
Comupmionl Hewlih Fiald Hg,, Clwinnali. (HLig.
Coloric volwes were calvulied from MeCazcr, B, A, amd Wnoowse, B M.
Tite Chemioal Cavvnanivion of Fasds, 1947, Chemicl Puls, Con,, Heookben, Y.
l tFurnlghed by 1. C. Grics.
analyses of fresh foods are therefore meaningtul only in relodion 10 this area and
l annot bo construed a8 universally applicable. Afl fresh vegetables showed tin,
wgunlly lets than 1 pp.m. Ry¢ prown on a tailow (orest fald albgarped tin: Locs!
gsparagus had jarpe amounts, Vegetables imporied iaro this arcs also waually con-
tained much tin, especilty dried l2gumes, groins and packagee spinach, although
' - precautions undoubredly were rot 1oken to avoid gontaminaton Suring washing and
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Tamk A, TiM 1y CA%SED BRI AMD 1IN WATER PIPES [wet weight)

Fannpobe BRH w00 Sourca
el
Comicd cans
Crmdensed rmulo e T.33 1470 Lhain stone:
Green bonns, 1rench I.%4 4055 Chain stord
Whole koors 3. L Lhain slore
Cherroda, drewic 4.45% LIk Chevclamd. Chiio
AprkaL, $wietensd d_w BLE Clewelamd, Qhic
&pnach, diclelic IT-E2 Lan Clevedormd. Ohio
Adparagus B AR Caliliroa
Uocoaled cans
Kipper enscks 61,88 Ml Morouy
Anchovies 12 3] B3Il Paniuail
Rardirms 1B 51 B34 hloroeco
Bunlines 1.3 31 Ponugai
o il by lk 4.0 FL] Mugébvnak brand
Cidlee, arouml J.65 —  Wationzl brand
Molusses 4.15 161 Lsvaisiana
Chili powder A9 —  LChain sore
Thyme, ground 4.4 =  Chain stote
Cloves, »holc 1.26 —  Chnin store
Warer pipes :
Tron pipe S — -
Copper pipe 51 44 _ }Drlmlud it il

m———— —_——

packing. The secumulation of fin by mitk from uddet i table undaubtedly mpresents
coptaminatiot. Tho finding of large amounds of tin in superphosphales suggasts a
possible sonree Mrom Rertitizers.”

T In comted Foods
Tahic 4 shows valwes for tin in canned foods. Most modéon cans are laequeted,

which reduces eonctct of Foodd with tin, In alarost every cuse, hwwever, conecntrations
wene [erper than those in frosh Boeds, often providing seversf me in 100 Gibories, The
high contents in three aily Nish i uslscquered cans are nuteworthy,

Tin in anfmal tisener :
The few specimens from focal wild unimols coatained Lin {Table 3}, as might be

expected from its presence in soil and local vegetation. It was pot detecred, however,
by spoetropruphic nethods in the kidneys of faur Tannessee deer, probably mdicating
thal vegetation in that area conained little. Food of animal erigin always showed tin,
especially lacgs amaumnes being found in same sea foody, There wos some varatin
between samples of the sume tissue, which may have coine [Fom contanination.

Trt in & suepla oice
A pne-dey institutional deiet contoined 3.6 mg of tin [Tabke 53, It is likely thal the

" Fhwi B [voeds grons it [0 Lhie Bome unFertitlied garden contiined n mewn of 0047 ey, e & grown in 1he
farlilized insiitwte mioden had 0.%8 'y while the § obiuinged from chein swores fcorrected for wor
waight} hiasd 1- 56 ua,¢. There ans an isorease imcin when peos and spinach were prown o Jeetilived
soil and the spaoach packeged. Absorpoion From sail may dopend, o5 # does for other moiab, upes
aoll pH dnd oot directly upan concencention of metal in soil.
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Abnormal Teace Mok in Man: Tin .1

TaBtt 3, T IN INSTITUTIOMAL NEFT

Wet v g1 % dry PR Wl vk 1y Totalpg
sube.lance
Breaklast 786 0 #E 1M Y 249 £
D per 40 & 8.4 L £.97 1420 ¢
Supper 0BT 19, 1,32 5.9 11863
Tesal 0T menn R 5 I | i.di o.M 1556, 7

—_—

WMote: Brealfou: cammnl yrapelruin juice, oarmeal, griddle cakes and syzun. Leakr, buller, cofes.
Liuer: foaae pord and graey, mnshed poliioes cannmd saserkrar, bread, buer, canned
appbesace, cullie.

Segger: luded nucironi and cheew, canned orangs and grepefrube with bananas on feenkics,
oy Bread, Raetier, oo,

eusjar partion carme (rom canned fruit juices and frois, for che mean ooncentration of
L.41 pgig was scldom exeveded by these of the other fonds amd was ustalby bess,

TARLE &, TN 1N YEGETALIGN pAOM SOUTHFAY YERMOST (el

- —_— —_— =

Rainpde Wel Dy Ash
Pin, white, wecdbes Firurs recifer LIRS O #,90 13
Spruee, red, teedles Fieva triva L - —
Soly wond chips .70 0T 175.0
Elm, soction, 40 yr obd i.10 LM 255 0
Elm, sction. 80 yr ol t.» 147 IS0
Clover. Trefislhnn prorrure 03 e 1 131
Wild Musberries ([ F 1.0z 4.6
Poplor loave, Poyorins fremnfatedes a.ar —_ —
Mapls feaus, Aoer sarchornm o. j8* 9. 53 8.F
Bivcly leavis, fpnciy gtha a.n - -
Otk vasien, [Drercug Fiowr .0 -— —_
Alfubla, Afrfiompa e mnr 2.0 .7 161.1
Fern, satorhip, frands 05+ 4 & .6
Peoniea. nink Nlowers . 0.0 — —
Rurbeerics 1.08 4,24 .2
Mountain axh, bermics LI i 0.5 1.1
Enilf, farese — . -

Mol denecied in Finfond, avcording 1o LOUNAba [17).

FOccasimialily detpiod.

Nisle: "Uremc wnd bluckerrics wars situated in & reike filliop Forew; dhwe efm, Ten Bnd mountpin
ash were duburban, The clover and 2li:8fa came from 2 Ragsee 5 oveley [Tom @ Town,

Fin i vegeiation

Analylieal resubes for u fow samples of loce] vegetaton are shawn in Tuble 6. Tha
abaorpiion by planfs was ercatic, although seil tin was kigh. This upexpectsd
phenomenon limits the peneral sipniference of our survey, Tin in sections of an [0
year ohl slm indicaces that exposure of this troe is oot of meem ornigin and that the
subsnil has coctained the metal,
Intake of mae _

From ihesc analyses, diers tow and high in tin ean be formulated, IT B30 calories
eame from ¥ ¢xaned vegetables and 1 canned flsh und the romainder of the diet
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contained no tin, 23 mg would be inpeyled. 1 the remainder imokkfed SO0 cadories of
dried pess. packuced spinache fresh asparagus, mushrooms, rhuboerb, and certain fish.
ancther L4 mp would be added. Making op o remaining 1000 calories from ptain
products and milk wewald add less chan 1 ma 1o give s coital of 38 mz per day, cortainly
a large 2rncunt Jor a trace meial. On dhe oihoer haed, o died of 2400 clories composed
Tatgeiy of somc Iresh meals, grain prodoers and vegetables world contain abont 1 g,
Therelore, hurnan intakc may vary consideralbly,

DISCUSSION
Deochemisiry of 1t

Mason says: “Foruo element (1o bave Blogenchemical signilieance, it must either be
ghown to perticipate in the life of the droanism or else ta be presem cansistently in
concent rulions areater Wan that iy the eavieonmena™ [14].

GF the 30 trace metals of pluiible or probable Bbielorcal impociomce, Lin runks 2s,
in the universe. 17th on the geosphere O3 poponch 121h Bnthe kydrosphee (3 popcb b aed
Sih in the body of Amepicun mat ({4 prpei): thos abordance has froptetsively
pocreased. This (oot an the surface is somewhae surprising. for the ubtquity of Lin va
this planct has wot been demonstraeed, vast areas in the northemn Lititudes upparently
lacking it. Tin iy one metal, oecordiag to el BRCHWIRT [L5], which enguesticnably
differs In abundance in variaus neeeons of the plobe and s Oreguently sodereciable as o
frace element in magmatic rocks,  Extensive dute compiled by the Unied States
Gealopgical Survey [§] (riled bo show deteelable Ui i macome evapoites (exeept tlose
in Germanyy, i volomic emamriens (eacepl ftom a single source in Japan), in b
genic and chemoeenie siliceows sediments and in sandstones feem many aras of the
world,

‘The sxiensive investigations of Louxavans [I7] oo the upsake ol voes metals by
plants in Finland mcluded Lin, He lound 0 onky in soils overlying silicic outerops, amd
then relatively seldom, the highest concentrations yarying from 10 w0 30 ppem. The
mean-concentration in the and odicrap of silicic rock where it was prezen: wis 3.8 =
0. 56 p.p.m- and in overlyving silioc sails 4.5 + 0,5 popom. (Table 7). MudHeLL [18] olso
Faund less than 1 ppom. in Enplish soile, althouzl podzal granile scils of Western
Morayvin contain 300 10K pont Aaosos and Sanoes [19] did not detect 1in in 53
soil sumples from Florida, not in 52 [rot other stares, by spectropraphic methods.
Carnrgar nnd ROGERS [20] found no o in - larida soit or inoplagts grown onoid. 1in
has besn mined in smakl amounts in only 1§ stales in this vounptry. Thenefoze tim dors
not appear 1o be wbiguilous on the peospliere bat oocurs in leczlized areas such as oues,
to which it wus protably carried from the Mareh by placial movements. IN so0, we
should expect tin depositd in Eastern Canade.*

Cramake [1]. the fxther of geechemisiry, slated in 1924 “Tin {5 one of the marer
melals and it ores are oot guroerous,  Mative G is oocasionaiiy fouond, Bur never i
more than trilioe guansities ., . . w assaciation with granie rodis.” Ho discusses the
koown deposits in Adaska, esico, Movada, Texas, Yirgindz, Catiforniy, baine, South

*This hypothesis wis sonflsmed by H. W Wapren {parsonnf commundearion): A mining coinpany
B deeloping whit we Rope will lurn aut 16 B an Jponant tioprnlaci Ly poopenty in by
Brtutwick. in 2 distohcl which might be ceganded as am ex1ensicon of the one in wlich you ac wodkog,™
He alst staies that wnminecalized wreds o Deven and Cortaabl hsve 75 o, normally in seil, oed
miinaraliced aread wir b ind moce Y 3000 o pam, Acvendiog o O G, Do, Stiee Geologist, "Tin
has not been eecunded in Yecmant gealogical Lileramure” (personal comamatnicution).
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Tape T, TININ FLAWTE (After Touwamas [ITH
Posivive rsumples Cirntemit (P, 10,70, asR}
Specics o, of Bedl]®
. mpher M. i Menn 5 Lek,. Kangs
Lichens b 35 93.2 3 T:14a7 o | -tk
Lr LR 10— &i
hoscs : & 10 K25 5 M- 6 = 1= 60
. i 1655 = ]0- A%
L 12130 == ¥
Ferns, fronds 1 20 r] ) rLrE0o4) = 13- 1
Conifers 0 9 0.8 5 L2005, =<i0- 1D
Trecidbionr irees 2od shruba 7 2% 1.7 <10~ 10
D shruthes AR 5 " I4 L1} EpIio < 10— 10
Merbs e k| 7 1.7 U I k0,80 « 10— 1
Grosoex in 1 1.3 L] —
2ol o 13 13, 2 « 4505 <10= 10
21 1 o o — < 10
17 3 ir.é [y 516 E (1
Rk 150 ] 4.4 5 F.K=0. 54 = 1O
L1 & ¢ v —— = It
o 1 Q - g _— =10

. T emyilile, L altreboske, © =cnlciseons, Thess temms describe (he chamctor of Lthe undselvisng rocks

T which, che soil was farmed .

1The blich et tevrineita wen the onty deciduows tTen or shrub containlg vis, 2 of 59 samplas
showng b, OF the dparl shruba. 2 of 13 semples of mowntoin cranbereey, 2 of 16 summles of heal ber
nid & oof 4 samenlae & craw berey commined in. Two of M Morway Spruce ard T of 42 while pina
Toewis votitadived b mictal, Inono spogies of herb wos more than aoe swmgk: positive. U ool
mirvey (Table 8) ditfori markedly Becanr af 1in 1n owr 3i]. ' '

Dakonn, Cormwall, Tasmanin, the bMalay Peminsuls, Saxony, South Advic ond Boliva.
To theso foust e added 1he Belplan Congo, Indonesia, Thailavd, China, US55 R, and

Migeria [2].

Tin da seer woker ond mideitte organisies

Tri s water, 1, is present in Zmaounid af about 3 b accacding to Yoo rapoy
[22] and Masow [L4]. Therafors, its presence in marine organisms /s i be pkpectod,
although Little neteniion has been peid to e Tin hes been found B matine algas bue
was pot detected b plankton, basteria, flowering plants, prolozog. wponpey (although
BowEw angd Surrom (23] found i sccumobwting io one spoage}, are sieranes, schino-
derms, crustaced, or moest fishes; small amounts wgre ound in 3 marino warm;, &n
oysber and a daghish [22). I would wppear thot most marine orgaislsme Rave an

- wverilon to tim and Ui Jigtle goarers e baody of mon via sealopds, nithough we found

it constantly., The presence af tin in plisphaoe fecrilizers which come Trom mprine
phosphariies, supeests that marine animalzs in the Pleiatosmie eca abzarbed it from the
A, : . .

12
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Tinine fresl water

Mo bty was derected in 119 analyses al 71 locations on 28 mejor civers of the United
Bliles by the Mulignud Water Quality Morwerk [24] Duweos and Haremy of the
Geological Survey found (in in only 3 of 39 samples frem 15 major North Amenican
rivers, the Apulachicola (Flosida), the Mobile (Alibema) and the Nelson {Manitaba)
[25]. Maine waiters coptained litlle un, mgan .08 poob, with a high of 2. 50 p.p.b.
It was not reporied moany other river, Rake or sub-turfoce waters of the world [16),
Miany sabie vf L are msaluble end 1035 unlkcly thie Bciory eMents contritale moech
103 TivETS.

There is less ageeemcnt o lhoaizipal watees. 13 RUs and Haeroy of the Geological
Survey 6] analysed supplics from 42 United States eities;  sim wos detected in oniy
twer fL. b uad 2.2 p.pk On the other haed, analyses by she United Staies FPublic
Health Service showed eanceninitions of 0.8-30 p.p.b. in 32 of 173 finished municipgl
walers [27] It iz kaown bl cotrosive waters when acidic or alkaline ean areack
bronze fitiings in pumping suens, presamably releosing some tig, bul correlations of
cotrosion and wanel lin have oot been mude, Obviowaly, very Jike vig enters the buedy
of man from weier.

Tim in qir

Sizeably wmounts of Un oveer im the air of Amecican cilies, especially wlere much
industry is loculed. Amonats fram 0,003 (e 4.3 pg/m* were found in 60_6 per cent uf
TH zaraples taken fram 22 cities [28] Subuchan arens had keast, while 17 per cant of
A2 samples (rom 6 major industrial conters bad 0,03 2.3 pem Assuming a
respiralory vobumy of 20 mduy, 70 pg of tin in the lunps, and deposition of one-
eighth of she tin inspieod. air condaining 0,003 pp'm?® would not aceount for Tiuman
pribmonary levels until are 55 Presumably some pulmonary His 10 American aduls
comcs Erom aic, however. for many fteigners had (b,

Adamiic sferocinre aod clenden! melivit e

Tit occurs in three valense shates, the trivalom furne being unstabde. Most of i5s basie
properties lic borween germanium and fead. the ather two members of its grovp in 1he
Perodi: Tuble. The waie cewdies of tegravalene cin is close ta those of rickel, cubalious
amd mrclxbdenwn {1V ons, Divalenl L is readidy oxidized in soBution.

Tin difTers considerably Mrom dead in many of its chemical reaerions, o resormhis
permanium quite closcly.,  Complexez of stannous hexachionde with co-ordination
wurnber € have o vondensed structure of acriiedrd sharing odees [29]. Other chelaes
are formeed with ditficufiy, and such condensed structures may rof be applicubls 1o
béonaterial. Tin. however, remdily forms lakes wilh ghocyanis and other pigmenis®
and combines with halogens., dithiols. and proteing, the lust becoming insoluble.

Tin iee planis

GorosctnaoT {15] {ound tin enricled in forest litter and humes and concentrieg
incoal. Samples were prasumably taken in Germany which has tin deposits. Gogboy
[31] reparizd 30-300 ppm. in mesh peat. Hatrwa ond Ceaxt [32] found 1in

*For Usa enperewed o kilchen l.hcmmrjr a gmple test for Gin is exailable, The julig o black
currams or hdackbereies (ems Blue or violet o 1be presence of . Iron gisy © simitar colos, The
palon of Perztan barcies turng yel lew, o pignaeat weed in confedtaome: e [MH.
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present in all bul T of 47 samples of faliage from 13 specics of ornamental plants
atyd deees in Mew Jersey. Spuorics variations occurred in plunis- grown on the same
scif and no offect of soil pH was foynd, The uswal eonccntratioss were Ioss than 0.5
p.pm. dry weight.

Loanaxtan [17) studying wild Finnish plants, Found that lichens cancentrated tin to
exceptionally high levels considering the small amowats in rocks. These growing an
silicic roeks had 73517 ppoo. trapge < 10-100% and those on wbcubasic rocks
374 8.0 {range LF-60Y Six of 16 mosses hud undetecttble dmounts, the pemainder
shoawing (0-30 p.pm, Tin in kigher plants was prescat ondy sporadically (Table 7).
Hig limit of detection wus 10 p.pa. ash. Tin therefore may e sccumulzied hy
primiteve plants agzinst an emvicosmendal geadient, bat in Finland, o lepst, does aot
ordinurily enter orther vepclation Ty sol.,

The peesence of tin i wild plants may he wn entirely Joca] phenomenon dependent
upan whether nr got e plut comes from lin-heuring aeeas. Murceell {1%] found it
in Erplish cultivoted heers. Loy, srain and psture berhame, On the other hand,
# werics of studies on Spanish vepewble fuods by LOPEZ DE Azena, SaNTos KU1z and
DEsn Guriesco [33] by spectropmaphiic aasthods faiked to detect 1in in cereals,
kgumes, grains, vondunents, spices. coflee, sarden vegetables ang Tryit, except whon
canned. Apparertby some areds of Spain, like Finlund, are relatively devaid of tin.

ALLROR und WinTRean {34] fownd Lin in some Americtn oneznic fertitizers, sech
¥ castor. pennut, sovbern and cottonsend mezls. Howcwss and CrexoTor [33]
found it in Kemlushy hay and Toroln [36] in Africon colee wood. HunTeR [Ex] |
devecied i in Amcrican brachen, and Magata [3B] in Japanese teu. Othorwise Tepory
rre meager and there fe lincke doi on Teesl fuads,

Al this point we can draw cortain conclusions front the data as presented. Tin is not
whiguitows, Therefore it is not an essemial element for plans. Because it is nol always
found in plants, it is presumably ned cssential for mamials, Bitause b is not Tound in
EOAT TMArine: Orfantisms, it is nreswmnbly not cisential for nnioe ifs, For wn clement
Lo perform w ncvessary bielopical function, 3t must be uniformly availthie, or livinge
ings would Traise remaingd focalizad ta sreas whote it wes present. I sadium, for
ELAMIME, Were nob ubluitous. the development of terrestrial animals would have Bach
confined to ahe litteral, and evalytion ol veriehostos probably wodd kase crowed at
tha amphibicn stugs,

The diference hetween Lin in American and foreizn buman tissues, and its ahsence
i tany African subjects Murller indicates that it is not essenttiol for mar. Therefore
WT muit coniiter sounces of supply us comimg usually ram other than the noioeal
savivnmenl,

T frr praperealion (issnes

Tha occurrence of tin was surveyed by KEIOR e off, in 1940 [39] by spartrochamical
mothods; they found it in about 20 por cent of samples of 311 Roenal human T 19RUBE,
Plood and urinc. There appeared to be ar approsimate balaros botween amoumts
sacreted in feces and ingested in food. Whon present in blood (owan valse 14 pgf
100 g)* abmast all was i esythoocytes {mean 11 g/ H} g} Successive weekiy aunples

"By X-ray emission spEctrosmpy, GPAaH o of. Fousd seram yir in 21 Subgmets to e 0,010 93
pa‘ml ooz a0 ) f60)]. The highese value wos |23 ppiml, or wboud 4 ilowcs BLEHOE'S upper Linair.
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from & single male varied from <3 pp 10 25 pg. Brain thowed livtle, 25 we also have
Cound,

Pricr to thoir anpelyses, tin had been demonstrated in humsn tissues [#0] and in
almost all tissues of the ox, horse and sheep, 2i conceotratians of 0 5—4.0 p.p.m. dry
weight. it has been found in human tecth {41], in spinal fuit [42] and in human milk
and gow's processed milk 31 There is lictle data o (eesh Foods [30].

Biofagical effoers

There is remarkably lietle in the literware on the action of tih an plants ared uninials,
conskbering is wide use, CoueN [ Tound it traces stimnulated root provet by the
sunflower, whife S p.pm. were toxic 4o it dnd 1o corn aml peas, MICHUELS [43]
demonstrred <timmlatary actions of calloidal tin oh a numbver o =rains and legurnes,
whilc tomatoes prown on neat seemed Lo benelit, The svidence & far o CAnYInCing.
No positive actions by traces of tin an bacteriv. small rmammals ar mam have boen
damanstealed W our kowvwledge, althouph the licratene of half 2 CERtURY AE0 Sontine
referances ta its lick of eilest on loboratary andmals.

Taxiciry of 1y :

Relutively large doscs of tin can be wilcrated orally by mamniate Cats and rurs
bave 1.ken M-50 mg-hy of body weight per day: daps ared o E50-1000 ragfday |24,
Enormous doses, such as 1 gevony G or M dows given Lo rabbils coused death in one or
Twe munths wilh renul ind bepatie degeneration and parafysis of the hingd legi. The
faral dose of stanoews chloride is piven as 4-6 7, Bevere sastrotnrescn AYTERTOMS in
man have resalted Mo o ruil punch{pl! 3pcomaining 2ot absprbed from & ratinne
S-galmilkcan [46]  Galdfish have sarvived W00 p.pm. jir water for 1-14 hr, but were
killed by 620 popom. in 4.3 e Prpleir waoing were Killed by tercovalenl Lim ut 146
ppe and by divalent tin it 25 popome, inthe fow renec of the tenicily of bariam, unti-
mony and manpanese. Yuung eels, Rowever, suconmbed sl & poporm. in less than 3 hr,
Send cultures containing 40 popan. stwmous ion Jdid not affect the ergwth of sump
beats [47). Tin, thorelote, is ane al the least woxic of the heavy metals in erms of overt
effeets.

SotsaNH 48] discusses the pharmacolosy of vip beiclly, stating that small quan-
titics accumulaie in the tissues. Injecied tin caused magked migury to the kidneyws, but
its acule tosicity s [ow. Older obsecvers reported chronie offects, ranging from
gastroenteritis to wlaxis and motor paralyses, tescmbling chromie exd poisoning
Inhabet tctramethyi und tetracthy] tie eaused aliphatic narcosis, Followsd by &
temporary pamlysiz and deluved eacephalopathy.

It is interesting, considering the appurent newretaxicity of infhafed wnd infeceed tin,
that the hunwen brain was wsealle devdd of i Onby 5.3 per cent of 75 brains anplrzed
shawed tin, alwieys ti (cace amaunes < 5 pent ashy. Apparcally [t seldam crossgs
the “Blood—hrain barricr,” encept, perhaps, in ocgaaic forms, posstbiy boeause of Tack of
affinity for Lipids, YaRmans and Quasizl [49] have offered an sxplunation o the
effects of tetrueihy| tin {and lead) on corsboal coror, When rets wers tagascd to small
CORCENLIStiOnS Causing sYMPLoRIs, Active teanspott ol amino achfs and oxiduion gF
glutamate by shices af their bruing were infiibited, witluout allzsting plucose fmer-
bolisin. In wddition. porassium-stimulated cercbral respiration wis ubolished. These
authore suggest thet the compounds act on phoespholigid proups concerned wilh
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uming acid and cation transpoet at the cell membrane, CaesveEn, however, demon-
strmied that tetraerhy] metal compounds were rapidly converted to triethyl tim and begd
by the tiver, thass substances being extremely active inhibitors of merabolic procestes,
pacticulirly of cerebral plucose meloholsm [30]. Triethyl tin is a potent uncoupher
of oxidative phosphorylation, as are ssverl vther trace metale

The nephaotozicity of injected tin wos dermunstruted by HappoN [51} for the
divalent metal chloride. Lower nephron secrosis cansed death in all rats at 63 mg; the
LDuas pt 72 hy being 32.5 mp, Oue-tenth of this dose given 2t i-day intervals for 20
doses eitlver praduced no chanpes ar eirised o vuricky ot renal keaons. This LD dose
for the: rat is equad to the total contem of 1the Ametican “Standard Man." Therefore,
while inpested tin usually does not appear to be foxic, fnjecied in in O parative [y
Iargs smounts is quite nephrotaxic, tike viher heavy mewls. Recondie toxicity for the
lifettme of enimale Juis 1ot been asoerttined bul s being investizated, Mo Jocal
deleterinus effecty un gingival tissue have been ohserved [52]

Tin in camicd foad

Af gnormous arwoint of tin can aecumulute in Fopds i contaet with lin-plaic. In
1908 a sugeesied limit for canned faad was set at 286 p.pm. MOoNER-WH.Liavs [
diecuszes 1bhe subject ol iongth. boith regardiog donfle-locquered cans, where the
centent tarcly exceeded 40 popom, and plain cans, whers it was useally below 100
p-pm. Latper umounts have been fonnd (ppom. ) 3K in asparamus, 5 in spinach,
T in aprieots, 7604 [ish ail and 2500 i anchovies il tommn sopee. Foods Tresers o
in heaxily tinned cans frum ihe ume of Prry's Arctic Eapeditsrn in 1824 had wp to
24} pp.m.

Maodern cans have twe improvements which decreasg expasiret aof Tood wo G, The
cens are Licquer=d. The wops are erimped on, llowing bttde conacl of Toods with
solder (uin, 1-4 per eent, the remainder lead; occasionally tin Wp o 30 per cont).
Imperied cans. cantaining such (oods a5 anchovies. sirdines amd pubiey, wtten show no
lnequer and trod ooy be in direct comlact with solder. Lacquers, huwever, may
develop pinhole in time. ullowisge contact of food with dn azd starling CoOfTosion,
Therelorr, stonige of cunned Gusl ean resull in acowmulanion of Lin,

Any condition which fyvees the reraad of stnnews bams froen solotion jtRuences
the absezption of fin fram cans, aecorling W AN ER-WILLLOS (30} Corrosion is
increased by wir, which promoes stk af tin by acids, Chelation-of 1ig by orgunic
acids allaws moce stannous ions feom ke lining 10 go into wolution, tin becoming
anadic ta iren {pinholes in lin plating invirizbly occur). Ovidizing agents, ait, feric
salls, nilrktos, cupeie salts, cermai pipments, salfor doxide 2w oiber sulfur com-
pounds peonwde corrosion. Other substances ure oils, soid Fruits and salt. Cheege
wrapped in tinfoil oy be athieked by Bactie and citeic ocids; Erom 300-2000 p.p.m.
bave bean Found, the larper vulues aiter praloneed contect. Upon exposure to air and
fowrapping a chesse, rin ingresed frem 3460 1w 2000 p.p.m. [30;.*

{ne carmot holp but wander whether o ool cxposures ol civilized man 1o rin have
decreancd with Lhe use of lacquess and modern mcthods of scaling cans, while cx-
posures of primitive wan have incrensed Lrom very low lovels weth aceessthiliny 10
camncd food. [F che analbvtical date wre correct, Ametican find contains loss Bt than

*Scvov'Eva showed that verctobles in [acquered cabw ahrarbed vt and from in prapoTiion to the
hogth of stémys from: 12 w0 i3 maoths, toan 2oane of < 100 p.p.r [S1L
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formerdy, Buocitasas und SCHuyviw [53} in 1WE suggesied 286 p.pom. 25 the allow-
able dimit. Avas and Horser [54] in E237 foond most tinned fords had fess than 100
puprn- and those in lacguered cans loss thaw 40 popam, Mok aff 260 saaples of canned
maring foods marbeted ia the Ocient In 1962, Rowgver, contained more than 150
P-p-m. tin, gspeciafly when stared pver 12 months {35]; the cans were unlacquersd.
I {940 Keno of af, messuned the dastiey inlake ol normal mar as 17144+ 10,17 mg
(mean 80 a finure which would gjve ahant ¥ popon. in a 2500 g diet oo t4 p.pom,
if hadf of the leod wis canned and 1he other hall conlained pa tin. Ooranalyses showa
Rfih of this value in a sample institotians] dice and few of owr fresh of canned foods
condained T p.p.m. Lin.

A npw expisure invelves the uss af stnnnons Auoride in demdeifices, Extrupolution of
incrcasing use dusing the past fow yvears indicaies that it aadl be widespread im0 o few
more yeurs, oo smell extent replaving previous exposeres due to solders apd un-
weguersd cans. '

Bafanee In men

Perky ond Peaky [58] found that 24 odult subjects in S, Lowis evcreled 16,641 .84
pef. of tin in urine [range 3-40 pa 1), or 234 pe'doy, This amount is slightly more
Wan gne-fifteen Lundredih e 00500 of our ealeelited intoke. Teén v 2s frund o cvery
mample and there were Ao differtnces between the sexes or beeweon 1he two ruees. A
thitd of the samples [tom Alriean pationts, however, did nor eomnin any detectahle
fur A single carelul experimend showed thal wrinary tin wasdoubled in mild alkalosis
ond depressied i acidesis; the fol] excrebed was adso mone 1hun doubled in high
voluniosd of prine, The Porrys™ two oo edcreted lest Lin thae id their prandfalbers.
Kenok of of, (39 found I8 £ 2 pe L in 30 Amecrican urine samples, 941 pg/l. in 30
Mexican weine semples und nope in 34 French vring sumples.

Fhoy mesured tin in fhe food. Auids aod feoes of o pormel American man for 28
dayy, wilh these resultz fmeanfday £ 565}

dntake fmyg) Owrpar (g}
Food and Bevoruges 17 144 1.92 Feces e L)
Uring, 1. 0.014 4 0,001

Hecause cxposurcs ave decreased in the laso 20 years, daify miolt humen balance of
e probably con now be wpproximuted somewhat a8 follows:

Amake gmy) Ot ()
Foed 4.0 Feees {cslimarcd) 3.98
(range, 1-40) {range, 1-40)
Water 0.0 Liring 0,021
frapge, U-0.03) {range, 1-0.01)
Air 0.003
{smnge, O-0_COT)
Total 4,003 (140} 4,003 [ 141

Retention of about 5.5 pg'day for the first 15 years of bile would sccount for the
sccumylated badily conlént of 30 mz. These balemces, which are quite impressive in
the light of the nbsance of sicady sccumylation (Foable 1) sopgest cither that inletrinal
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transport and batrier Systems are present in man, or 1that over 29 ror cent of ingestad
tin i imscluble,*

Ir dim v exepnitiagl draee aleement :

Ankauph ne nne hias sugpested seviously that tin might be esszatlal, we must
exgmnine the cvidence nevenbeless, nceording to the saveral eriteri by which we Luspert
o metnl of having a bivlegizad funetion. Tin daes not hokang to this valegory,

1. Tin apparensfy is nol ubiyuedows on che carth's surface. Fssentiai trace elements
must be available

2. Tin 5 not comsistently Tound In plants, the sowre= of ruee metals for ol 2mimal
dife, direcliy and indircetly.t Iis presance in animafs probasly is the result of
sporndic exposares. In man, the evidenor & canvinciog that measureable Lin is not
mecessary for lifs or healih,

3. The chemical natare of vin indicates that it does not act a3 a good catalyst in
biologicul runges of hvdrogen ions. -

4. Known biological eflects, vither stimylatory or depressant, ane far from proven,

3. The pewborn human being waually contains re detectubie tim, ahbough it is well
sarpplicd with essentinf 1eace metafs.

6. Tin accumulues rapidly in tissues following envirosmezial exnasures, tltheugh
s comortitiation increeses e or pong with age. Fesent il 1raes metals show kiktlo
wndmcy b accumubate. )

b omly twe rospects dags Lin behave like an essential tmee metalz (1) It has 2 low
onder of foxictry to living things. (20 The absence of progressive nevamulation in most
rgans sgnests wther bt bomeostute mochanisms ane active in axan oF thit ingested
tha & larpely insoluble in the sastraiimeestinal tract.

We r2n eonsider tir. theeefone, as an ‘ubnormal’ trace metal recently pul in man's
titues 25 2 resubt of his own invenriveness and his abiliyg o B che enviran men ta
Beic maests . Becowse of is ubigidly in the tissues ot civilized man, we must make cfonts
o prove that bt s comipletely withaut serivus bologicn] elfecrs during o lifelime of
eposare, end that recondite metabalic alieeations of wunnie orign may not itiate
o ot toere degengestive disondess common ta civilization. Eifetme studies in small
mammals, sach as we ace condocrng [58, 394 may belp meerthy to amswcr Lhis question.
To date we have ohserved no eifects of small doses of tin on the srawily uf weunling

SUMMARY AND COMCELUSIONS
A srvey of {in im the lizsuss of mur from vaoous areas of the wordd and of sy pces
#asd gaposures thereto has bern made by spectropruphic and microeaalylical chetmical
mrthouds, '
Tin is not ybiguitinus on the card's crust. Memoalinn enposures come from
vegatation grown an more o less isolated tin-bruring areas (ol which $outhernVermont

*Tha balences bt glosr anz ab great variows with thowe of Kevr and MoeCa ks I3%] wha faumd
3000 per et o 1im i gesed fromn Fooad cwereied in ghe arime, The ditkberemces afe whiehlved

TIn B lle of 307 plars dind trews for busgeochemic prospecrieg, comipileld by SR LsLE ansg £ v s
2L amily hecdhar, Calra rafearis, was given ag ALtk i, Thest watocy ahdoubedly
st Lo Lo sasnsa [17] wlo Mound o, howeser, in aftly 2l b samp et D v auterap of tine
b w0l The raricy oF tin o thisiz lisg onul (19 pecsenes [msome ol gur Shneigdi-s wre Lipihar ey bdones
oof e searcity ol this abanund van lue vl h's erss, eecepe For local e,
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is onth Human exposires come largely from canned Ffaod. Coated {lacgrrersd)
vans give up less in to food than do unceated cans, The Auman daily intake of
Lin has decreased during the pust 29 yedrs, and now approximites 4 my.

Human tissues from civilized uress contmin much more tin than do thote {rom
uncivilized arcis, Adulr Lusanan bethes from U latier may be gavaid of detectahbe
1m.

Tin is seldam present in the newborn Ameriean. 11 is deposited in tisgyes cagrisdly
during the first decade of Life but dess not sccaimolate with age. 1t has a predilagtjun
lor the pastmintestinat tract, e funge, lver. kidnoy and auria, Wida varigtians in
tissue concent lalians orur, presemably due o vanaiions in 7 L e,

Chvert Loxieily is fuw, But Jittle is knewn of recondite or seb-clinicul loxicity.

Tin does nol behive like an ezsentisg trace melal, but &5 w0 environmental cog-
taminant lareely the result of 1the presarvation of food in s

* Aok fefermnt L —We ik KR Baswovorr end Saxnas Fesare for e enalvass, and W, H.
¥iupow, Ja, and Ray 1, Prence foc ohe ssmples of Gatiage and wild achmat suges.
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Dy poririent of Phivsicleny, Partiauty

Hampehire, wpd Hewrsfe
. Arateleborg, Vermund

ARSTHACT Certain drace elemenrs Fow
ee adverem bivlagiord eftacic wlsin Led in

Hivtlowe,  Oiliers wuay e inert or have £ovosilde ocijang,
eoth pil and doed skim nelk cpplas g

fol 5 diet of rye,
®ermAidum snd tin nnd lerack amewnis ol
eufule mare contanyinante. Dranpe of
®iEen 5 ppm of these clipatnis as acerile
ArbEing whter from weuning wnnl watwead

s watel wE thoce pives atsemis and pecmaniom did Lgie consute

shromsdign affawied prowih. Bledion
tinbey glven gormanlene nnd
Fhin dnbato coxicity wns 1o
dwalis eeeumulaied jg ol oc

tf wih sexry

Mrdical Schand, Banasger, New
bore Alvinerial Hopital,

ad i the human enviromment sy pro-
sl amounts M mats and mice for tlee
Mice nwnbering G103 wars
swall aniols 2 areenic,

vunadum, In an envirvnment dewigned to

52 tp 10H or mure dividad 2 by sex werg

« EPTMATLALE, wanedyl ar mtumme g Sane 1
deati,. Clrvmiom CL ppm ¥ oLy added 1o
o edemnemt buk

bic hpaus unct Inngeviey aF thg oldest 105 af

AEVED arsd e were pnmeehal slorbewed.

obaerved Ly wmmals ghen thl and vaoedisem. 311 els.
mBoRl OCANY, Sormoilidae unod

tin in splesmn with mgn,

Ne (Irmeatt wus carchrenenie. Lifo-tern caposurcy of ubmals o imce floasncate may

dwar [Aherent toxiciics ot leeels wlcealle

trilain biclogleal effects of small doses
Vel Ituee elements, piven in drink
CRAUT B mides and raws from the tine
revatlng wntil clewrh in gn envivermene
eily It of eentaminauing metals,

- ek fnvestipation. Thls epert con-

oo race melnl which may beoin-
"ed 0t 2 comaminant ln food. rn.
© thece teace elements ordinarily prescent
Dent foods, arseiue, vapadiuig and BON-
© ulg,

METIODS

i experimental conditions of the cn-
Cotanent, and dhe fopd and wacer o
‘obowlee were expused forothelr lifce

o have heen sepovted in (b s paper
Tt Rones {1} and bove not been gl
- i Lrlef, the dict consiated of whole
Ao lloug (604 Y, powdesed skim mibik

- ) and gomn pil (975 3. to which wus
Tl V% Aodized sodiom chlotlde, 100
i b iron as fervons suilate and g vita-
-7 daixhire, The drinkine waler came
"roi mountaby spring and was deolly

Lok 1o Bt were adidil he essenual
e anetals, dne {50 goml), copper {3
vl Wmanganese (10 ug By, cnhalt
Coml) and melybdenum (1 pgomil)
“diraes, acetares or miobybdate; these
“ilrations are simllar (o those prosent

"tmmnM, BT B

Q3 YOWILE andinila,

in romnercial ditts,  Extensive pirecay-
Hons were raken o0 awold metslllc con-
tarmdtation €17,

Randerm-bred mice of tke Charlas River
£ Blrnin were bort of poegnune fomales
purchasad from the supplier. At the time
vf weanlng 54 males and 34 females, 6
cage, were givenl the basie <drinking water
containing 5 peml arsesde s sodiam
armenite and 1 pg/ml clwomivm a5 chromie
ncclate, we have found chounium (L}
be a grawih factor for ratss and moice (1,
23, Anoibier group of 71 male and 65 fp.
male weanling 1les were ziven the water
with alded chromivm and 5 vevml germ-
manium as rodiom mermanate.  Contmoby
were B4 miles and 34 females given the
Lasle watect with added chroriom, Littors
were divided among the 3 proups. The
diel contalned 046 /e Ermenic and 0.32
g germanium on o wetwwelcht basis,

At the dme studies om tin snd vena.
ditm wete begun, we were mat fulby awage
ol the essentizlly af chromiwm (1[0 there-

TNecedved Log publleotion Febewaooy 2. 1957,

'Eupposecd We Tobie: Huxfih  Service  Aawsnrch
Ceunt po, JIE0G0TE Frime the Moutianal Ilcart BrisLi-
paee. Quedrack [ B5Na Jrom the: LS, Arenw, CIBA
Plarmazedeical Prodecie [nae azed the  Gennanceg
Bescarch Cyanmiiece.

P Cureent uddprsy: 9 Daleopmd dirvenwa, Bistil=boro,

Vermmwt Loual.
1Thy Chureles iyt Mouse Fagsus. Tne., Wopth Wil

mliyiog, hlusdackaeui,

15
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fove this element was omilicd from the
drinking water. Mice of Lhe same strain
bumbering S males und 34 fymales wore
given the baszie waler in which were gdded
5 ngsml Lin as stannous chlaride, nnd 62.5
s ol asconbde acid (w dnhibic oxidallon
1o stanpie Und Conugeoly were 34 males
wid 48 omaics, The diet contrined (025
Wg o din, woed woeighe.

A pllet stndy no vapulium was maade,
wuing 23 males anied 28 female malee which
were fiven S px-oml vanadivm as vanadyl
gilfate §n ihe diinklog werer. We e
empicd 18 nulke 2 dice low in vooadiuens,
and fov this purpoae used defarted  Tish
Bour * {30%0 3. eefinsE whoul Koo (30456 3,
white mueoar {104F } and tard (455 ). with
g chbonlde {172 3 and vitamlos added.
This dict warn [od Lo awicy [er 8 monba. i
comtaimed 14 o g ovaoedonn, A e ond
of ahls perdml, g mice woere iven tho
repnler died, which conlained 3.2 oy
varlam. o wet basis. A cimilur iuim-

A Vahin Ca

were reated Ideotfcally, wilhouy oo
yiadiwm.

Animale were welghed weekby ap o,
atd then at menhly iteervals, Iyl
nals were autopaied, (WNSE aad pn-.

" sions noted and sinormal EE300s .-

for mibceoscopic analvsis, Heap, 1
kitdneys, tivers ard spleens weer pal +
sapmyHes of 2 4 B3 from various awe .
and analvied for the eleruents gl
vaust of (he smatl skze of the sy,
wis dimpossible eo oanalyze all congn; .
sucs Tor each of the 4 elemepy,

Thesues analvead far v aod vane .
wore ashed ot 430° In mufle Biegue
handled as yweported €3, 4% Inotlw, -
ol arsenic amd germaandwre. iy «
ished im g Iowrempersiture sslops o
proximaicely 103 31 naseont oxyeey o -
a partil vacwes (3, 8%, Analyvocal o .
ody yscd were: oo the chemica 15
of Thompsvn and MeCleband ¢, 7.

ber of coutrols, 23 males aimd 26 fonales, b Taneueluls 'Eg‘i‘:“_;‘,ﬁ‘;ﬁiﬂg:htE!im';"-
G0 i
As 3
50 MICE ;
.
1
w Ho :
> |
= ik
X 3o 2
2 3 :I
I -
. fz0 ~ 1
s I.
_ |
10 : 1
| i i
T 150 M58 g

DAYS

Fig. 1 Mean scichts ol miv BivIMT ATACHIC

. recaiving acoenbc, the domed bary moile conr
wrwrnds, e open bars Lhele controls, Xlenifleant £ vivne=s i noithe wer= confiwd n it

. Ab 930 dayk, wnl cettcols axoemded ancn|e-fed L¥ 4.7 g £F < 0.05) ond oL SO ..

itCRuite at variome g The salid Tor e .
o, The dached Bars copresens Feniakos ms. |

Reg (P :.: 0.003 ). Tha dlterence sl 56 duvs in the iemiale group wae 7.8 B bub Wak md slyr,, |
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-B4
50 .
(40 !
b3 -
< 1
% 30 t
i
F20 [
i
0 i
1 130
DAYS

Me 3 Bean welghtn of e yiven gesemooinm 4 coouranice a) variows oges. The salid bagd rep.
T makew recelviog peniuastivn, e deltcd bine gl coutreds. Tle dashed Lage IEpITHOTT 1enik]len
rrivEe peoingiidsun, the dy:en Lere Ui cisntenls, Sipnilicant dilfciencrs in woipht were condicud to

Pk Moles of 360 davs abifTerrd by by aLF
Unabes atiferod ar 340 davs by 8.3 & (P < D).

"eittn, that of Lule apd Campbell &,
Toodenie, that of Sandell ¢35, 9%, moj-
S that of Evans and Randemer C10;

smnHum, that of Sandell (11}, sligluly
“elllimb (43, Sewnsitivitics pod limits of
helban of these methads in var labora.
o nve been wopogted (3-8,

HEEDT.TS

irareth rates,  None of the four tace
" lals gignlieantly aflected grawth raws
" milee, compared willi their cantrals,
vroe wore slmnificont difeveiecs, how-
“rin those given ehipmiom and these
1ol fommer gronps Leing Decvier
: wis (P 081-0.003 ). 0 weporied in
1 sovies of mice (1Y and pars (9,

ured 14 show the respecilve mcap
“ubls. At 18 monthe of ope Lxly wiolzht
Fowiesed In femubea given each metu! nng
~ miles given arsenic, Mice led the fish-
et liet goined 293 g and theose ted the
viwaller with added vanrahivm 31.0 g 1o
-onvky, an Insignificunt diitevence.

=TLL0AY A ar SN daye by B.7 g (D < 00230,

Sirvlval ratez.  The pepcentiee of ani-
wrals surviving at each 3-moneb perlod ara
showt in Nigures 58, lncreasod mortalivy
wis eXDibited by anbomals fod avsenic aod
Tenaniam at ane or mare oteocals com-
pared witl eemtzubs, Tin and aaadicem
did not apprar 1o affect merialley af Ay
age. Uhe survival enrves of maies recelving
vanodivm and tin and their coneeals, low-
ever, iendidd to be Erizly srralaht, whereas
thnze of males an arseiie and germandum
anl their comreals woere sigmoid-shaped.
Such wraight curves have been reported
for male animals deficiens it chrominn
(12, 137,

f.ifespoie and longevily af mice,  Me-
than tifc spans of molc mice fed amsenfe
and getitdillitsn were 053 than that of
theie controls by 7-F and 82 days, vespee.
teelr ftable 1} Similarly, females fod
arsaibc and permanpivm iad shoroned me-
tlir life spanzs by 76 and 33 duyy, ro-
spectively, No such shorening of tlife
span ecculted im mice wecviving tin or
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GRAMS

Filp. 3 Mean walglies af mice teceiving ik nr vations ages. Tho solid bors represont Lig Erd Mt
tha doiled bara theit conerobs, The Briched hgga presend Lin-ded Ezmales, e open Bare i . .

troln.
mica

Thers wiio mn slynificunt STeremes tetwroun contrale und tin-ted anftmain at Any ape L.
did nat recedve chromiun:; Thoy wese Feublilicuntly lighter than the contrely 2w i o, -

ard 2 which hud 1 ug/g in waleT, mables dafforlng by 2.0 to 9.02 ¢ ot oqrlour dmed [ <0 D0% iy,
and femaier didfering by S0 (o 7.7 & (F =7 0,093 00008 ).

vanadilun.  Male controls had 3 G0-doy
attd females n Sd-day longer medisn 1ife.
Fpan when piven cliromiom than when not:
eimilar datd Rave been reported previous!y
(12,

Longevicy, deflited x3 1lie tmean aoe ot
dedaib of the cldest 10% of animals wos
slgriflciuntty less In mala than io fomaie

et piven arsonic and germamimm, wnd
EXEALET A males given Un Ctabde 9. Cum-
pared with contrels, mice o hoth stxes
fed arsenic gnd malgs fed et anium
had a lessencd langoviey.

Accuwmulation of mictale, In all caees,
the trace mctals accumulsted i ope gr
more oefana of yodew, In some coases in
sizeeble quantltlea (tables 3-8%, Azcomy-
Yaton with age was demonriraled for o
and gertnanium (lable 73 the nomsler of
:uml:ﬁf:s analyzed far vanadium end arsenic
Were o few ta cstimate age-linked agep-
muladon; although the highest values for

ArstTHE in Bplcen were hoted in oldor g,
L0 pzrp .

Ltideucs of spontaneous (ymor:,
nificanily fewer spontaneous tumaney, |
were cbscrved In rnice Fod arsenic |
In the conirols which Bad 53, ur 1y I
permanivi which hizd 23, tin wlich 1
22 or vanadlum swhich hied 15 (P« .
These data are reported in getai| 4.
whetse ¢ 1473,

Other pathelagical changes, Fxun,
tion of the microscopic Scrtons e
ne comsistent pachologieal changes ..
ated with the ingestion of any of .
four truce elements.

- DIBCT3SIoN

These expeckments, whick ara cu it
o mice, sugpest no inherent or recomd.
toxicity of tetrasalent vapadiom iy ¢
form and dose siven, i1 terms of Thu,
survival, lomgevity, lifa span er puthia,

L P R P T . T T
e, L ] oy el et 4 i ) 1.
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' KL
el
3
30
L1
20
10
g 1B \Y
fi 4 Wlean weights of mlee Teeeiving vimadilm oe yenadyl ion et worbous agos. Solid bars TEp- !

Tt vanadiumfed mwales, duteed hazy theiy coutcads: harched bate femsalkes frd wapadiom, open
i IbElr bomizols. Mo signlficant dillecences Sppeared ar any age. For e frgt 100 doys o mice

ol Elod & divt Lantyinig fich flour Cefe toxi], thereafeer cthe regpular diet. Chrortiiing was uak added
“leelr watez.
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weminfed mobes, davhed Eoes ihoie oMomls:  gutmaniom-Ted malcs, dashed e thoic wantruly
¢ ek Hnew show arsewic £nal females, dofted]  dotdushod [hes ghewr rermaniueeied {smales,
+m el cotemis. By clligquare analysli thern  dotted Hoes their contels, By chisguare anatyoig
2 smalflgeee QiKwaice o 13 nwonthd in eoxlng  theee is j hignidleawt differe yoe at L8 mthg in

F"J-J 1 and at 31 manths in females (F = oales (B 00053 et par im femalen
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Flg. 7 Survival «F mlcr given 1fn. Solld lince
show ln-Fod anales, dashed lines thele eoserots:
det-dashed lites vhew din-fed Doiesbes, dadiod baes
Wbedr comitrels. Mole cuzvival cutves are melulively
wrabebt, chargclerisile of parsgd ckiconype de
folency, Mo bigniBpunt dilerence In asertabliy
Wir {oubid at wny gpe.
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i
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MONTHE

Fle. 8 Burviwal of nuive given wamadions, b,
line eepresenty meale. doslied poed sbeded fin
iy oty obup deadeil 1ng eepeewcney makbe, e
line {emale mice fed vunadimn. Aale wikpep,
curves akn Jelutively seralp i, eharactecivig: ol o
tia] chroanluae deBewr oy, N ek Beaok dien o -
in iomzlalily in cach ues was found ot any o

i@ 3 5

TABLE |
Mrdigu Hfe spans of mice plven trece efeoacmia
HI].'EI-- Femulie -
-y Ha, Hyomen
nnimaln AHEm Al
FE L) dapy
Conkry) &2 g SI0 T £ G0
Venmdiuem ¢ 23 D0 23 =30 B
Tint 1.+ ada .1 Lo [
Cantral 54 T 1| = -2 |
Arsenic 2 . L H Ed L4 22
Garmnanium * TI 4T G5 L 11l
Total sz 325
1 W chiwmbunt added 10 delnkdng waer, - B
B A e e ST Ao, T oot sevtrs ens S ool e the vanadtun
§ el added 12 SHNRIGE Wades, L ugy ol | WEOUFS were
TABLE ¢
Lonpecdin ' of mice piven tnee clemernts
Male - . Frmude
MWean Maxional Yilun? Mean I'Iul.mul-
Aka agm Agm [T
] AyyE daun dagy
Tontecl ¥ HOGE 300+ ooy nz ¢ Y33 =200 Te%
Vanadivin T =370 E15 n B3 =050 1084
Tin 38 £3% 8 So0 =< O.KEF Tl =141 -1
Caatrol ? Ealtasg 1316 e Bl =456 T 105
Arpenie ML T4 00 < WA TEA =g IED|
AEntisium TEZ =202 % 234 = O B2 =335 Tl

i Kira]

& difletanee

T No chaomltm added,

I Mrem + af of meap,

ol one.

b 2 1T 1] . lﬂ!r."uu_ mcldrA.

b ¥l Com lrel valug, B o fh i,

& EFfrre fram chg ekl conorak valur, oo Qi
r chéomiim Sonetal volus, § < LD,

¥ la the merm aqe: af t'I;r. in:l. serviving 107 of abimalc in guch proup.
lvero maude waid Edpminle vatug,

—
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EFFEZCTIE OF TEACE FLEMENTE IN MICE

TAALE A
Arwrtle lu mouse fivcuen, ot adight !

Couleols A reendcFrd
Iﬁi’u. bo
andmaola amdmaals

LK | T

ey b 1.3 16 1.31
. TrP D 0.c2 11 G431
it i = 0L 13 14l
ns 11 ol 17 1.35
ien L 560 13 k MEE
Taonp 1 0Rd 1 o149
'rlm;lu Were €A lir od D10 Mrave of
Mo 1m.-ilud Foad cavmdimed 2490 o @ o tackoc.
" wild mica had no derecieblo prsenie an kldnew,

ladr g i Lveg joed 1.3 g Lo gk,
TADLE 4
Fermanfame iz #rodid Hineer, wol welpht?
Canyraly T Germuilum-fed
Mo Bio.
LLLE Y andmals

MR a9

Liwry L1 0.1 k] a.1g
e a LD a3 T3
e 2 1.62 4R 1.52
.y 2 a5 hCit} 333
ley 11 oss & 11047
doig 3. 1.80

Meaik oF bath ppies im;i.uﬂ-rﬂ. Otxane were pocled

L) . ganlained 033 . T AR,
?I‘:I-e:i Eiée hud D98 g g o liver :u‘drt-lft L

Ly L et e i ol i b i e e e ctarbla B e b Sl A T LR

e

[Rr P TRENTEY BL N WL TE TR PR

51
TARLE &
Tl th mouse tErsues, wel wreight 14
Rialin - an_::ihl
e HMa.
enimgals anfmale
Kofz HPE
Kldnuy = 170 a7 95u
Liver i) 1.14 a3 bl
Hearr 43 4245 L] Ly 2
Lung : a2 547 a7 t.A0
LT 43 1.81 a7 147
F:: | A1
T liyruid 14 215
Yurmer 1 51%

I drgons waepe d b kics of 3-34, Fuod rmocalned
.14 u'llint'“ﬂ' Mena vobees hnwn
= Ten w COLCEoil He=me=y ez pywdiobly Bor tabualas

tan; they coutalnged lign thag 0,48 ARSE LA

TAELE ¢
Vaned(uin (i otoeter tissues, wel weight 1
Coneraly L";n::.d.l.n.uh-hql
Mo Mo,
Aniiaay ATlmaals
F L4
Kicloey 4 5.0
Liver ) 3.08 19 1.04
Heart 18 540 L] 2532
Lung 4 A K0 E: 2T
Spleen 17 74 1 104G
Thyruid I 11640
Tumor 1 AL 1 1.80
| Mtualk of both e Sewluled, Crgama worn pml.ﬂi
i loay of 5-§1 i LAY vanadlarm

. 14 eE
Jor drst B nwoghy of ape, thm:m:r#g.f MESE [t

text).

TARLE 7

Accumuaialion of K and permapnis in mine “’”}5 ofd, drpama of ighest concanerations
toel olnhd

Tin Lernan him
A ?
] aminiiy Heart Spleen anmyy  Seleen
dags . HECF P TR
. [41] 4 .43
=400 18 76 081 10 313
401801 B 4.0 Eug = 85
R -000 15 FE3 305 7 9,17
&1 00 b | Eal 233 A .63
ToL+ a 513 2439

"Mme vl of fovicwstralions in mI—"I“I:. tll oll apfmals dring 38 ahe fferynde gBown ore

e Qigans wemd poslsd In loke af

il chanpes, despite accumulations in
4t abd spleen. HKecause of the rela-
¥ blgh comeentratione af vanadiwm le
": ety {vanadiwm |s found concentrated
B Wegenie Hpida atudied (217, we were
v e ‘b0 demonsirace bhysiotogical ef.
7% by compariug growth and survival
“mimid by fed litle or o metal with those
"mimal amounts.

Althoupgh stanpoes tin gceumulated {n

spleem. and, to lesa cxcent, in heart, only
one effect of this edepient appearcd. The
median Jie span of males and femples
wis almost identical. and loogevity of
miles was greater (kao that of femaies.
In vur other zerles of mice, femates usg-
ally lived longer than males £123. There.
fore, Inhate toxicity of Lin according 1o the

A, ——awiriE .

T
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exlteria studied was nor Jomoastrable, de
spite probable accumulaiions,

Trivalent arsente showed a slight wend-
#nCy o kccumulate in heare pnd lung of
mice and, ot the levelr plven, was slitghtly
texke In ey of medlan W span, lon-
gevity and survival, but ot in reomy of
Erowih.

Although inarpands trivalent arsenic has
been traditionaily reputed (o cause cancer
in man, atlempis 10 induce caawer with
thia elemend in mice and Tals have cops
sistently faidedd (133, The grnegis  und
suwthentichty nf the beliel har been les-
toned (1E6). Wo observed fewer spaniane.
ouE TUMSrs in mice piven 1t at this fevpl
The suppreesion of carmeer incldence was
dpparemiy nod assoclated with the  dos
vreased life span (143}, Lifctcmm expori-
renls i rars, however, {udicoled ne in-
herent tuxicity of arsente. These datg will
ke reported.

Germznium sccuniulaled ln the spleens.
Kidnevs, Nyers and lungs of rodec, and at
the level given, was slightlv toxly in rerms
of life span, survival aod lowpcevity of
miles, bul por of growwth, Sich solitle
toxicity as appeared wag eonfined 1o mules,
Germaniure, fiowever, has bren sabd o
show o low order of toaicity in zewle ex-
periments {15, :

These exporiments compared low levcls
of clementg In ihe digt with hirher bevels
In drinking wxicr, A rouph approxinaion
of the comparable lntubrs can Le wnde,
esyumdng ¥ ml of water * qnd 6 ¢ food in-
goated per 100 g hody weisht per day (27,
On this basis, the relatlve ineakes of the
contlroly and experimental undmaals e
10 g body welght per day, respecdvely,
were: arsemnfc, 276 and 37.76 .5 goe
manium, 1.892 and 36.52 pp; vanadiom, 8.4
ta 10,2 und 43.4 to 54.2 ug: tin, 1.68 and
36.68 ug.

Brecauge prowth and suevival of wean-
fing and young mice were unaffooled by
any of these 4 elements, (he levels given
were toleroble. It is probuble that lan-
gevity, lute survlval and lfe spon of ani-
mzls an: mare dlreet criteria of ipnate
toodeily of elements than is the erteclon of
prowth, especiully at levels wolarated by the
YOUIE,
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mrenees wl bhisel  pressuace. roguiring
aicsthiesing far sowpling of Lilawd for anal-
vees of Fasudne serom olucese levels and
chiotosterol. and for cleuaning their cages
al weizhiog Gooee At natweal deostlhe they
wieres weicheod, dissceted and gross patha-
logwal chanpes described. Lheaer, lubg.
kirlney, liver, spleen and anmars wore fsed
fu Decinds solotioae, sec i, stained with
hematosviin and mosin and examined un-
der licho wicrosonpy, Pordons of hese
tissues wore [reeen in polvethyleone bostles
arab at o suitalle ioeeval, ashed aeed ana-
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38 H. A SUUROTLEH, Al KaNIYAWA,

peciture asher * was used for avsende {7
and pormiadtlam 5%, 23 b=t clotnencs
are volatile; o the case ol tin {03, fesues
were ashed al 4507 in mullh: N'yrnaces.
Anpiviieal methods used snad s Ben-
sitivilics have been repooied i the study
on imlce (5}.

Serum plucose wos veasiened by the
ghncose oxidase mothod of Washke ond
Hfce (87, wsing proinixed reagonds and o
Brrkeley  Meodica]l  Insliumment speciens
pluslamicter. * [hplicale and replicale nnnl-
yacs aprocd within 4%, Hood  sannides
far fasthtr levels wore obtaiped frme 12
raw of eoch sex wud vach wroop, afeee oy
bud been denrives] of Tood for 18 hours,

Ureine wae st seasdquanitaheely iy
sensMized paper * Lor protcin and clovose.
Blood proessure wiay measied o woarmed,
arestlielizgnd  animals e thn owcihod of
Fricdman and I'recd £100,

During the suemmer of 1063 soveral

cslodivs Invelving seneral poesilesda ansd

hload Irttiog swere made on Temale enbrel
aplniale, resultlne In exccealve martalbity
betwoen ihe ames of T3 00 BT ounuths, Ths
merlolily was coufined 1n 5 rares. To
provide adeqguate condelds. the dala on
gurvival-of the remalning & enner (32 ani-
mals} wen: combaned with e nf 11
capea {44 anmimalsT in the eontol serles
previousdy reporeed {40 LDitoneous come-
parizons would hove resalted i the whole
sovics of lanale contenls were sl Sor.
vival of the 32 Temale rats nsed wind slenblar
1o (hat of the 13 anhnmale ulded, Growth
roates wore mensured o the mipml series
af 5% animals.

The leslons faund I mlecroscnnic secs
tiona were evaluated by method s reporicgd
Previouwsly 0110 Losiony were ertaded 2eeo
i 3+ Twa chanors in the Fiver were e
corded: fatty desencratlon. and cellular
ncerosia ol peripheral, nmcdinl and condral
povtinms of the ldede. ae legion in the
Kldrmey was rocorded: vacuslir chaneres
in the renal tebulea, The preseace of pys
elonephritis and oflier disotders was ied
ke not evaluaied in thiz sondy, aa pnodils
ferences were  fourdd DMwrn Eroupe.
Elood wessels were pxarained For chanoes
in their walle in hearr, Kidoey, Weer, Lo
and kplevn,

The diet of =ood rve flour (GOTE Y, dey
skion mllk (30T, cocn old (97T and

. ¥. FROST aNp M, BMITCOINTE

selinum thloride (1% ), o which vitamie
and fermos & dte were added (1), cor
boncel the Foliowirs? aooanls of the e
clepaenis wrler shody (i oppcg oW
welghl)s gercoaiium 32, areenlc s
andg tin 0.3

RiIZULTS

Crontft vates, Mroe ol the 3 elemon
alfects] prowth rater of wits significont
croent At Isobated inlervalds Clable 100
18 momily of 2w, hovwever. males fod o
and geonareiim neizhied less, and Tema
leal germanian weithml mare than o
thedr conrrols, Qulicewise, mean weights,
tin 3 groaps wvaoere remackobdy similar, |4
the fiest fewy weovhe rhe male pats in
serics, given 3 ppm chimomiom e wale
prew  somewhiat anoke raphdly thon d
thisa of tre serics repored oreyjaugly (2
Ll b paetfe G ocheeiy weinligs wore simil:
and ro mmgin-d. Fomabe tais of s sene
were inrper oo alf oges including 1 vear,

Hoard weigbet, The mean body vl
al dearhy, dlee menn wediche of thn hoar
okl tlwic 7ocan rotios are showm in el
2, llears nf anale rots Fed arsendc wo
smaller than those of Uwir controla, [
lerpraloes AT cetier grougs did n g
prar,

Swrvipel.  Wedign, 737 and 905
spans aye theen o tolile 3 apd 1he suevi
curves i femares 1 and 2. DiTeronces
2 moniths 0f more occurted In 3 croupe
three inervafs. Baty of both soxes |
arseude and wdes Tol 4n were nnafe,
as to sureival, sccardine ta these dao
whereag boily sexes iven germaniom =
fonptles givem tio lived sonuwhat Jess b,
gt twse inieevale. The difference of 1
davs in the median life span of males §:
getmantam was slznifcant,

Lewperity. Ucfined ws the mean uwer
the Yaxt sureiving 1078 of animals in ez
group, meeviey 15 chown in table 3, 8
nillcanth lessened onmevity sl foumd
Femade rats wiven tin, and B owas Iea
pre than & mnniles i females fed -
nanim,. Morhe alle alea are the ares
the aldest swcvivars. A male fed aese
lived a vear Togger Qe any of the m

1 Tenceetak, S5m0 4. Rlchmond. Califorslar

A Rrekebry Wedicsl Indmimeoen. New F=get
X.Ruv srd Ebeeconic Eqwriene, Brookbtoe, 3.
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CEAMANIULL. TIN AND ARKENIC 1N KATS 41

rrndds, nare than 2 meuhs, which Wils
M dave Jonger than aar ugher eldos) an-
mwat, gne fol chromlam ().

el gared Wrfeaey  findivgr,  Sormm
dhubstirol jevels an thieae rate have boen
Wisaled (133 they were siilac in all
Wide mroops, hvafes pbven arsenfe Rl
lwehie nean vadoes ¢ - D031 ol e
ten eetianinn ook Jowey mean valies
ATTIROOTY ol el ey,

Mesm fasting serum alocose lgvels in
Wab: wary (= gEm ) omipd 1ho sigoificanes
ol dlllereieees dne the vulies of the throg
annps Feom the coaitrals were i e 1030
Bl - erscraods, I06. 523,06, arsenic 7E.5+ 1.4
LB pormiaeiom, 108.0= 7. and
P, T01.8%4.9, T feaaale ra thoy were:
rumercile, TOHM B2 mrwenic, THEER R
LORELILE, POLFREE (P < 0O and tln,
FILLSAE. (P < 0001 . These PNLELITD.
BWls wokre iado e AP abely 3wy
L age far the cuterals, 6 magelis For e
MBI group, 10 nwishs fee the eermmae
W Lrong and 18 muaens For 1l kin
|.|||||I..

Chevsuria was frund in 15 of 65 can.
ol ralg, @ oF 20 i (the areenic eroap, 1 of
alin ahe gepmanium meong and 6 of 9 g
Hee vim group, It wag ef slichit dewrcn 1n
A vases but one cantrel, i wliich iL was
satkeil, Differences hemvess OYORI]s were
b satistheally slonifico ot

Praleinurla ‘was commen o ohyost all
. Revere meades {30 and 453 eere
haml in U7.3¢r af B contral Az,
AN of (hose i the arsonde oo,
SO ol those in e SETILE LT Mo
LA of those in 110 i wraup. For
o twe prades  differeters  Iedwren
AU were not glemifoaont. Grades T gud
Y levever, ecugeed e 0 nf Hie rats
hurmagium aod G750 af he coneroly
RS,

Mool pressare.  Ton Tocdure mala i
“Uhemale amimaly feom each IO WET
“lnily geleckedt For NUasH¥onnets  af
hs| prossure ae approximately 9 vpears
Vape. Mo ahnormalities were fonnd n
e gL e Medsurelents o
tewildy inforvals,

Twirars.  We have reported (hat micee
“1rmaminin had fewsr tumors I all
Vet these fed arsenie had fower b
ol the lung than did theie contrals,

Lorix the feeding of tio wug ngsociated

with 1o guch ofcct (113, In Tats, a dif-
ference appeared ondy in the Fermanium
group, Tumer {ucklvaces in b 4 IO
were ax fgllows: coneols ATVR v EPECTILE
27.8%, wermanten 929 (8053
and tin 2057 Clusreyy of abtormal livey
colle appearing “protoneormes 117 weppe
mare: frovpuend in i arsenie Frowf CI0EE }
than in e others {1 .07 O e 18
mallznant tupners found, ters wore 8 i
the comivoly, 3 in the arscaic frronp, 2 jny
the fermaoiom grenp (P =C0.05) aod 4
I dhe vin geoup, These data will by oo
povied olsewhiers,

fhthir potfnlagical charges, The de
grecs of Druy deseneration of the liver
Tond in jhe varions TrOUDS arg shown
tabibe L Tncluded are livers Frong Previogsly
repared anlmuts {445 fed clirondy and
cadmin, There waz 2 higly incidence of
Lawy change In e Jivers of the  mer-
mandien- amd din-led s compatred with
the contrals, and a low incidenee |o the
clieeumivum group. Hepaiic cellulic necrosis
oreuned g all wroups (10,1 1o 2227 %
Tdabde 3%, Yaoualar chanues in tha Truxi-
mul renvaloted dubmdes of ||y kitknoy wep:
simiilicanty inerenscd in animals fed i
{36200 P 095) vampared with cone
treks {1R.22 Y (eable 173, Yascudar lestong
wite shigularly rare or alwent in the vapi.
Glim | FOR P,

Avcnmcalation of elrwicuts in o tigsaes,
Alean viluer of e elemienty i tH=soes are
shown in aghles G thraugh 8. Compaved
with cnnirols. hese clemenrs acruntulaeed
e fhie e e aroans.

Mine analvses on 24 siillbarn or LI
Hog vaus showed ne doteclabls (o in their
whole carcasses. Three contingd 0.63 i
g Cvrtiin 1amaors acvawulated e in cone
ecnltadiona of A1 we 7.77 HE €. 5 fon-
g oore fhaan 273 nEw wheoreas 4
other imeors bad na o eetalile tin, Hearts
aent spleens showed mene tin o did
atler nevanal Wesdes 11200e 671, which ws
dlsa e cawe with mlce (41, Accumnla-
liogs were not fapee an:d, alibnuch the dIE
ferenees From the coooole woro ot Sl
tigtlcaily sienificant, the provalences were,
in kitbhey, Weer ond hung,

Avsenic 2ceumulated  with ame In alf
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Although Tew yveone rs were dvailalle
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In these ond previvus studies we have
atbempeed 1o evalume severd troee ol
emenig presol fe lozan Fowd amd fuohe
envimentemd Tor cllfecls on grewih and
langerily and Lor recondito oxIcity bn erims
of chironde discasy, Two emamon disorders
have appenred in e Laloeetoey, Iinper-
fension cousce I oxcess cademiamn (1410
and dbabetes oellitus sesalilng ot ehive-
mivmn deficieney © 18y This study wiguvoeey
o surgeslionn 1o specilic disomlovs nay
resudt from arsemic, sermattidem e L.
Mane af hose elamenis was mmarienle
O capcimoameniv, nor wae ooy ossovinted
wilth ovenl dlseose. o preonic keratosnes
appesrod, and il clement was oot woxis
In torims oF growek sid HFe spam,

In attewoptior o evuloate Jess cbepons
chanpes in b varisws criveria used in
thie studv, we Lan arbueictdy  classily
vataes diflorent frem (e coturels g favars
able or ugbverse, Lhus, Temided soowth, i
seped survnal amld lomgevity,  elovatod
senmn cholestorel aoad elocose levels, ex-
g8 Prercbnirie, cxccss numlber at ionmey,
Eutly chaouees an the Biyer wd teoal esions
can be comsideprd as adverse, whiweas
thelr conoterparts can e considered  ag
Tavorabie, T (bis lighe, female taes Tegd
arscole showal o seenileant EilEeeeoes
from 1the covivals: males bad  clevated
gerumy cholestorol  levels only. Olaensge
levels, however, were Towee than the con-
trols. Tlose tery Tew clpanses accurreed it
1he presenee of o rvemarknhle cecummulaiion
of arsenlc In Lhe els<ues, domoensusacing
that wrsepite, gisen ab this level, is not
exie te rats, .

In pnimals Ted to. males fhowed one
mdvorse 2l[rct, bower Lowly sweipght: ferales
ckhiblbed devrrdsed survivad aod Inacesevity
mad elewnle] clocosn tevels, mwel hoth hagt
increased Incldences of fany cBaeres in
liver and rowdd tubular vacuelizatas, Wa
orbterion wus altered [noa Tovapeahle Qireg.
thort. Thoese chanees nore found in the
presence of only small amwaunts of tio in
thsanea.

In tats ghven sevimaniun. chanaes con-
aidered adverse were sroater. TXooss mro-
telnuria, Mauvy MHvers aud deoreasomd ko
wival were Tound iz borh sexes; mutes bad
lawar weiplhts nind Temolrs deereased banas
gevliy and modeorate hyperglycemla, Con-

I Y L TR, B FERS PR RRU ° - F T e

124

n. ¥v. FROST A™D AL MITICILENER

corndng prosetrod Tavorable gffects, Dnd
woighe i femades was Inoreased, seoe
chabestern! in males was decreased o
theee were fowsr fumors. These £lian
peenrred i thee prosence of slivhe acowgr
Iatloas of gevmtinion in lissues, The
data snanest therelfare that ath per,
viv and ehy s allebtly woxdc 10 eas -
che levels fod. Crommuapivmg sleowed simit
fosieiy g e 037, althouwgsh we did w
finld faur deroncration ol the loer |
creaked I mil= [od these sloments.’
The mpunuxrnate intakes of chess 13
raevis owere A uEs 100 g bady weeishe

dav]: aremic ATT6 mevmendum 360 g1
andd dw 36063, wwhile the conivals Ingesh aay.
“Te, 102 send 188, rospectively, These i
takes arve relattegly meh larger thag e
of Jiunwtn beioes, who fike In food a k1
wialct ahoat YR} wg arsendc (7. 150 Iﬂ&{ﬁ

serrpaniam {51 and A0 oe Lin (G} o | s g
Dol 37 w1080 2 by werehit, sy
tvely. Extrenie Dt "noremal” humam =
takerg of arsenic ond tin have been cale
baled as &8 3oy ool 40 rop. fespectin.
(B ay awd ot g 100 o lody weich
which places tiwe lntake of Un by
ciptivarable toe that of corlain Jwo
bre L,

. We lave analvzed o Tew humnan sy
for arecnbe, & was wol deleceed In e
kidpew, jfvce. heart and pancreas of
Sertonth-oled wmvle, Bt was Do fig
wot weizhty o lung, 00.69; in moscle, 0 g
and Io spleenn. 1,43, In the tiegues of a0 |
vear-ald Fepele. arsenic was vot dotgy
in kidney. Twsed and sploga, ok eoeum
i lHver (OLEG oo ) el Tuog C0.59 o ¢
These concentrations are similar to the
fourd in conlred rats.

We have ool anolyzed Tunoan tiss,
for  pormeaminm.  Conceptrationg of
founcd inrais fod this clement woro slich
lorzer In soune organs than tliose ropom
in Innnan beirees £E7. ot weroe gonenal
similar, Thereiare, e Buman exporien
with respeect b tlh was rersoiably w
duplicated in etz At these tissoe conge
trabions, tim exhilbed eocoawdive doxiciny
female ral= in werms of life spans and s
vival. fauv degeneration af the Tver 2
vacyelar deoeroritlon of the renal tubul,
Thix cHect was oot obsecved it mice £°
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Hn- devels of (hese olements given 1o
el e Toderstlde i berens of crowtl, The
ovel wl besenie was dulerable tnowerms of
ikl abespho large acemulaciona of tils
<l Byrut et ol {153 fownd 1o olloet
Clostmvival mE rmE plven avsente of e
raeds ] meh Tiesbier levels 1hal we nsed.
Iby bewd ulf gernvamiieen, howeror, woas
o] with decreased sgoval. Buch
woeth T was curious elnee linde gor-
chhwean o decumyteliied  in Hseoes, e
Pactlly prrganinm @s geomeorale s
ol oxereicd via the srine (R, Laat
Lo gy charseterisle, [ Apparmaily
s ewn ] ecendite 1oxdcity on diver, Lid-
o] pechapy ot growing Lo eclls,
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Some remarks obh the theraneutic sotivity of some tin derivatives in
function of the histochemigal detection of this metat (]
»y J, Turchinl, L, thaw Vzo Xiem, F. Castel, and Tnai Tuong.

Doring our —wevicus recearch, we had the epoortanity of deteching
hiztochemlieally =some drugs centalming tin, yhiuh kave keen introduced
jrnte tha orpenism durdng intoxigations awd during theraneuntic experlen-
ces on rats and rabhiis, The resolta of the lecsiizstions of tin
derivatives administered erally or injected subcutaneonsly, ha%e brought
us o desuct the toxlc and theraFcutia effects aof those oroducks in
tta treated animals.

Tin detection 43 based ot technisties which are simed ab the
rongervation of tin deriwatlves dus to the fixetion of Jformel vapers
and of different hiatelople fixers which enrtall the diffusicn and the
loss of those protusts, snd due to the uss of throe types of reactions
in ordar to deteoed the metal under Itz various forms: mineval, orgamlc,
soluble or insoluble: 1° a dithicl reaction with pH 2 deteels metal-
1i0 tin by a red coloretion, wherees arganic o comblined in do not
underge this reactien; 2° pulphurized hydrogen in acetonio solution
with g ¢ detects metallic and slightly coobimed tin; 3° pemateln in
zcid or alli",:line redium can result in a colored reaction with the dif-
ferent tin -nﬁm‘hinatims: mineral tin becomze viclaceons red in acld

madiut end viclaceoud in alkaiina medium, organic tir is viclacamus in

{#) Renort cresented to the Socists de Therspeutisue ef de Pharndso-

dwmample, on Apcdl 27, 1950.



= e rmepae ey S B | R EUE T T

1
1

.

[ R T 1 PR T T S-SRI LY | Y SN [P p Jgr er. SURSTI T N RN ) S LR eI TR R 1 LR N P T — - TP R VT
k. : i i

brovn in 21¥zline medinm, combined tin or tin masked by proteins Geeomes
chesglate brown e dark brown., The veaction through furmatlon of ecoleured
hemateine-tin laners was improved by the use of a pemeiratibz ared

soolar vostor, snd it iz carried out on congelstlon sectiona, or on

whole pleces, o in particular pases on paraffine scelions.

Muring our imbexication exgerisness and therapeutic exporirentations
we obsoraed the effspt of some tin containing drogs sach os tin oxrde,
i dﬁlnfi?ié or the association of both, dissclved stancxyl, tln dibubyl-
melleate and tin diicdodiethrl. These products were adsinisterod erel-
1y, subgutaneously, by intraserltoneal or intravenous way in rats apd
rabtits, normal as well as parasite stricken, durdeg a perdod which
varied from aeveral days o zix monthz. The btin dregs wore followed
in the ergonlsm by their hiztochemical lncaiimtiun an? thelr histoe
pathelogical effeats oo tisrzues and organs. The results of thosa
histochemical losaltzations, as well as the chservwtien of sections angd
animalz deping trestmerts, have enabled us to appraieze the toxlelty of
theae vroducts, their posslble thorapeutic effeot in relation %o thelr
naturs {insoluble, soluble, minersl, organicl, thelr ionisation degrme
(more or less resorbable) ond thedr meane of asminiatratien,

b investigation of the resnlts &t the lavel of the polats of
intradestion, of the ways of iranslt, of fixation amd aliminaticn polntas,
can orovide some very useful plepes of Information,

We have primarily examined tissues and orpans where tin derivatives
have had a therapeutic and antfparagitic intra- and extra-intestinal
part, particularly at tha level of the digestive tract, the liwer,
the spleen, the kidneya, the lungs aod veseels, thelr anti-micrebic
affoct at tha level of the skin and hair, nedls and tenth, and event-
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vally wa have given their remote texle effect at the leve) of the brain.
Within the dipestive trach, at the level of stomach and lotestine,
we have examined the effeet of Yin oxyde anc tin ehloride in powdar
form, cither zlone or asvociated, sdded to fosd. Shen they are adminis-
tered orally, the tin derivatives tend to rass quite racidly throvgh
these organst 3in is found at the level of the rmeous membrane of the
st omigh, within the folds andtizhts of plands and particularly at the
level of the mcms membrane of the intestine. Thess mucous membranss
are hearily colored by the Treagents, thus shnm;ng & massive logallna-
tion, The nroduct apnears to pass through the stomach wltheout being
reaorbed, whereas resurphion is is higher in the imtestine, but cyto-
lozie chzervation 1s very diffieult, It shouwld be noted that the
riteois membrane is heavily affected By the saustiecity of Lhose deriva-
tdwves of tin. In cases of intowleation, stomach and imbcstine lose their
tonicity and elasticity, tear wery easlly and dism3ay mrarous ulecer-
ations, ‘Hncral and erpanie tin, when it iz sligb%ly ionda2ed, can
cross the intestinal barrier 2nd penatrate imnteo the intestinal veszels,
the vessals of the liver, into the =plsean, the kidneya, the lungs, ebe.
The depree of absarttion varics with the rature of the abscrbed product.
Hetallis tin 1o litile harmful, inscluble mineral tin ({oxyde and chler-
1de) which iz Jomizable, erossed the dntestinal barrier, and so do the
minerel and orpanic seluble derivatives which po sti1} further as
they can be traged in the nerveus system, in the skin, snd varions
aminotorisa. We cuﬁld et trace tin in tissues axd macous membranes of
sbomach amd intestine If 41t wes edminisizred parenterally. Antigaraslit-
in 1ptra-intestinal apiivity 1s linked to the caustleity of %in salis,

and to the effect of pafasited and their enzymes on protedns, Tin 1s
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to be sliphtly ionized and net wery soluble if 4t 15 1o have an efficient
actiion oo inpcstinal paraaites; minsval salts wewld be hest with ap iden-
tipel quantity and & lewer toxielity. Tir diﬁuylmall&a:e, witich is og-
anio and inzolvble, is agtive if administered oraliy. As it 13 more
reavrbable, it nresente extra-intestinul act ions.

In the liver of rats and rabbits, tin oan be found in gl stantial
quantities, and its oresence can ba involoed for an expiznatioh af
agtivity on intra-hepatie parasites. Jineral derivatives whioh ara not
yary eolublec (anhydrous cxyde or hydrated oxyile} or crzanle {dibubyl-
malleate) are reserbed the metis membranc at reascnsble dosos and go
into the liver, At snall doses and with & rezsonable duratlon, thay
opn carry out & hepabtle irmregnation which ia superior to that obialned

with solulle mineral and organic derivatives sdministered paranterally,
If they are administered at heavy doaes ihey ean penatrata inte the
14ver only if the defenze systen is outflanked; &t smadl doses, on the
other hand, =nd 1f they &sre administered slowly, they can penetrate into
tha hapatis parstchyma and cerry ;ut gome aotivity, These rosults of
hepatlc logalizations could exnlain the sucoesses ohserved in the treat-
mant of bilharzioses end rota,

In the lungs of the same animalz, injected Mineral soluble and
jnscluble derivatives can penairate into the pulmonary paranciyma
yhere they are fixad and he ollminatad by mieclested cells and frea
ge1le of the pulmenary cavity. Orgzenio derivatlises such as tin
dd4odadiethyl, that are more soluble and more toxic, penctrate lese
throuoh the sams way, however, they cao be.fhunﬂ in more or less
< ;u=5e155 1f they aTe conveyed in this way,they could go

¢arthar and panstrate inte the nervons system. In our animals,
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orally sdministered minaral derivatives ean be traced back only later
in the lungs, and durding a lonper srestment. The oregepen of Lin in
the perenchyma can be & rlue towerds the explanation of the therdseu-
tic power of some tin derivatlves In the troabmeat of influwensa and
pulronary affections, and tuberculosls in particular,

Crally or suwheutansously administersd tin derdwallives are also
found in the skin, nails, hairs and teeth. They cano ba ohaerved in
ihe subeutsneois tisswe, in the muselsa, in the vessels aod partiounlarly
ii the hair follicles. Tin 1= aliminated by skin sod badirs, as i can
indesd be found in the root, in the ipternal epithelisl sheath and in
the ¢plls of the marrow of the hair, mecerding o the doration of
treatmant. The mreasnne within the skin and ahove all at the level of
the heir folllecles conld explain the theraseutic activity of tin salis
in the treatment of farunculeais and of staghylocoosex anthrex,

- Mneral derivatives can be found 4n the brain in the form of
traces in the vessels of the pla mater; parenteral administration
refults in a slighter 1:::::3113&1‘.:10;1 than oral administrakion.

Organic tin, such as $in dlledesthyl; in intravencus injection, oan be
faund in $ha vusséls of tha pia mater, in intra-cerebral vessels, and

at the level of the white and grey matter, ‘Iith heawy dosce in the
radial vegion of the gray nuftex, near vessels, come pyramldal more or
1esa gltered cells ean be found that show diffuse traenz of tln in their
protoplasna, Althmagh tin is only elightly coribined with preteins,
sertain signs of nervous intoxiostion and of alteration of nerve cells
can be noted. It can ba sasumed that diiedeethyl and organia salts of

this type ere toxic and thus one ¢an explain the obaerwed therapeutic
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ancidernte, The solubllity of theass organils $in prdducts in llipids s 8s
wo have seen with ORAMZL in the lung eells, can alse gontribute to a
certain cxtent towards the explanatlon of nourctopic action of these

subetances on the brajn, which is rich in lipdds.
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