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is removed ; but whai part of the population is
responsible for the dainage has not vet been ascer-
- tained. There is also evidence that there is some
" L .-segregation of the population into sex- and age-groups,
bus much more information is required o& this point. -
The recovery of seals marked as pups-has proved
.,hat. some of them at leass travel very loag distances
in the first few months of their lives, for e;ample from..
_ the’ Farne Islands to \or:wav..F aroe, gmd the coasts ™
- of Germzmv. Holland, and Beigium."_ The movements
"~ of. older animals have-vet to be  traced:; . regular
s .,..aggmg has been carried on for less than ten years,
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‘In o recent .paper* which shou\d form & usefy) L2
backzround to this invessigation, Dr. B. B. Ras hag 2=

attempted to gather together all that bas beeyZ

written about the grey and common sesals in relation

to ﬁsnenes since the passing of the Grey Seal Prozec-ﬁ

tion Act in 1914. Unfortunately, Dr. Rae mixes the ==5

vncrue smtemems of untrained observers with the eee

relazively few proved - facts, and -tends to reach °
conclusmns some of which start from false premises ;
he bomemmes apoeaxs to abandon objectivity b‘, ,'
stmmmz 10 build up a case against the groy seal vnm
stat.emem.:. that are not adequatel) supporied ov

.There is a prima jacie case against the -"i=H

'¢’~ ‘and it is probable that the methods used at first were-, -evidence. 3 ; '
not ‘efficient. so that. the seals lost theu' tags aft,er a - grey seal, but the solution of the problems it presents -

=~ Ccomparatively. short iime.
; I3 is thus evidert thas no satxsf&ctory pohc) about
grey seals in relation to fisheries can be setiled until
the requisite knowledge abous their nasural history
bhas been obtained. Is is for this reeson that the
W& Natsure Corservancy is av present sponsosing a
Sy three-vear programume oi research on the -grey seal,
- financed partly by ithe Developmeni Commissioners.
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- MIRESTROL :

AN E&STROGEN FROM THE PLANT

can only be found by pstient research and the laying ©

aside of nil emotion and biss on both sides. The

work_is in hand, and if faithfully and umzenuy
prosecuted there is no doubt that the desired resuld

--

will be av »amed_ s

‘D:p:u't-n»n. or Ansi iculturc and Fisheries for acou:md Marine
Research 1960, No. &1 Seals and Scottich Fisheries. Bv Dr. Bznner 3.
Rae. Pp.359 — 2 plates, (Edinburgh and London: H.M, Stationery
Osfice, 1960.) 15s, net.

- PUERARIA #AIRIFICA
By Da JAMES C. CAIN

National Research Development Corporaticn, Londoa, W.I

=
1036, Dr. 3. J. Yolley. working »i the National avaliable ac that tine 21 the Institute and  -he

I

~stizute for Rosearch in Dairyinr 2t Shinteid, in

Fnriand, found thas the

injecsion of cestrone or

cesiradiol benzoate into iactating cows caused pro-
ionzed increases in both the fay and tho non-fatuy

1

soii‘Ls contens of ‘be miikt. This ‘entichment effect’,
iz ~was then called, wes later conrmed and further
izated by :o].!ey and his colleazues?,

ner che eariy spring of 1948, Dr. X2 W, Benneuts,
Western Aus cussed with Drs.
ané Folley his 'u'u. reproductive

ralia, d's
ﬁndim_vs

Barti=tt
disorders in sheep wer2 due (0 the ingestion of

enic compounds apparently present in sub-

n clover, which av ihas sime was the nrhcipal
of heep in W estern Australia.  In view of this
dndineg and the work reported above by Folley und
his colieagues, it was decided to initiate work at the
Nationai Instituie for Research in Dairying on
wsirogens in pastwre herbage. Dr. Bennetts kindly
provided helpful information on the techniques which
he had found useiul, and advice and help was also
sougnt and=:obtained from Sir Charles Dodds -
and his colleagues at the Courtauld Institute of Bio-
chemistry, Middlesex Hospital, London, where also
at that time D. H. Curnow, a research worker
from Western Austrelia, was sbudvmg heroa"e
estrogens.

In May 1948 cestrogenic activity was demonst.ratad

in tho pasture herbage from a “field adjoining..the - -

" “Nationsl Institute for Research in Dairying by
. Bartlett and his colleagues®”~ This finding posed a -

__ host of questions of pmctxcal oxgnlﬁcance for-the-=

'~ ‘solution of _which w was . cleur that the resources™

Courteuid Institute needed 10 be strengihened cn
the cnemical side. Accordingly, in IJ-!Q Dr. . 8.
Pope joined :the steff at Shindield for work on esiro-
gens in pasture plants; the progress of this work has
alroad\' been re nowcd‘

Iz the eorlr stagss of ihe work, when avzempi
were being :nade to isolate the wsrogens ¢f T
“clover (acrial vortions of the plant), atientien wwas
mrcctcd w0 nc anmxcad\ aew nnd hwhlv wotent

4
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Hohiw e(*’ romn -ho tuberous roots of a lequmircus
plant in Tl,axlard investigated from a chemical poin:
of view by Butenandt (194.0). I3 was evidens rhat
this plant source was at least a hundred times as
rich in cesirogenic activity as red clover and is
becamne of considerablo interest for two repsons. The ™
first was thas since both it and red clovér are of the
fomily Leguminosae, it scemed likely shat the sligns
activity of red clover was due'to o low contens of the
same new esirogen as found in tho plant in Thaiiand,
and, therefore, that study of the latter might grestly

help the work with red clover. (In tho event this
forecast proved to be wrong, as the activity of red
clover was found to be due to the very slightly potent °
1soflavonoid estrogens.)  The second resson was &
natural interest in thoe new, highly potent cest.rogen- =
for its ‘Intrinsic valuo.

" At this stage, Mr. D. C. Ructt Carnac, of mej"
British Embassy Bangkok, with whom the workers
‘st Shinfield were in touch, dlrccbed attention - to =~
certain “rclovant: m_fornm.uon in’somo _ of the TbSI-
acxenmﬁc journals.... .. . . 2
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December 3, 1960

Kerr® in 1932 was the first to direct public astention

No 4753

‘to the fact that the tuberous roots of the Thai plant

concerned, & woody elimber found in the-forests of
northern Thailand and known locally as kwao keur,
were considered to be of value as the active con-
stituent of a rejuvenafing drug. The information
came to him privately from Mr. H. B. Garrett .and
Dr. E. C. Cort, and the conclusion resched was that
the plant was Butea superba.” Following Kerr's paper,
various, workers began to collect the roots, and in
1939 Vaina® showed the presence of cesr.rogen n'»
kwao keur, this being confirmed by Schoeller et-al.s.

It became clear, bowever, after detailed botamcal
mv&mz&uon in Thailand, that the name kwao keur

_was, in fact, applied to several species of plant having

tuberous roots, and - that those we]dmb the new
—eestrogen belonged to an unnamed species of Pueraria,
suoerﬁcmlly very similar to Butea superoa. The name
Pueraria m.znju:a was given to it by Lakshnakara
Kashemsanta, Kasin Suvatabandhu snd Airy Shaw'.

In 1952 a gift of 6-1 kamm. of dried Pueraria mirifica
roos was received at Shinfeld from Mr. Kasin Suvata-
bandhu, and in 1953 and 1954 tatches of 9 kgm. and
4 kom. were again obtained through the generosity
of Mr. Kasin Suvatabanchu and with the assistance
of British Council staif in London and Bangkok.
Bioassay, using the mouse userine growsh test, of o
crude methanol extracs of the powdered roos con-
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Experimental Station at Chiengmai, and Mr. R.
Hilton, head of the British Council Department
Bangkok.

At this time the interest of the National Research
Development Corporation was sought and obtained
in this wWork. The chemical novelty was certain at
this sctage; the point was whether the structure,
when known, might be readily accessible by synthesis
The Cor-
_poration accordingly undertook to obtain whatever
pa.t,ent protection was possible in the light of prior

knowledge.and publication and agreed to finance an
sdditional chemist, Dr. D. G. Bounds, at Shinfield,
end certain other costs likely to be incurred in the _
collection of the root, the extraction of rmrcestrol
and the determination of its structure. e

Two plant-collecting expeditions to Thailand were _
then undertaken by Dr. Barilett. The frst in 1954,
vielding 120 kgm. of dried reot, was financed mainly
by a grant from Quaker Oazs, Ltd., but in part by the
Nacional Research Development Corporation, and
the second in 1957, ~v}nch was wholly nna.nced by the
iaster, vielded 200 k

Mcr. Suw.tabanuhu, a well mformed Tha.l botanisz,
knows of only two places in Thailand where quan-
tities of the plant Pueraria mirifica crow : one place
is at the foot of the mountain Doi Suthep near
Chiengmaei, and the other is nearly 100 miles farther

e

firmed the high cestrogenic activicy of the material.. north et Chieng Dao.

The crude methanol exiract (G per cent by weight of
dried root) was then submitted to conventional
solvent partition procedures giving a product {0-5 per
cent by weighe of dried roos) which contained more
than 50 per cent of the cestrogen. Further Duriﬁcanion
was effected by partition cnroma‘orrrapm on kiesel-
ouhr columns, and cerwain Sractions from these crys-
allized in pars and yielded & crystalline producs
(58 mgm. from G -1 L::vn dried root) whnen washed with
othvl acetaze. Recrvstallization from methanol vielded
as thin rectangular plates a colouriess crystalline pro-
duct, meliing with decornposision 23 263> C. {Koder
apparatus). This product appeared to be homo-
ceneous when chromatocrapned on paper in three
different solvent mixtures, in cach case showing as a
pink spo: on reacting with j per cent aqueous poias-
sium carbonaie and diazotized »-aminopnenyl 2.di-
ethylaminoethyl sulvnone. It appeared, thereiore,
thats the product, of melting point 268° C., was & pure
compound. and on tesiing for esirogenic activity iz
was found to be equul to e@stradiol-172 in potency in
tho mouse userino growsh iest. and to have one-
quarter of the potency of wmstradiol-173 in the rac
vaginal cornification tess, in each case wstrogens being
administered by subcusaneous injection. The name
‘mircestrol’ was given to the cestrogen; it is doubt-
less identical o the compound isolated by Schoeller
ct al3. .

For further bxolonxcnl and chemical work, and
especially for an attack on the structure of mircestrol,
much larger quantities of the tuberous roots were
roquired. Dr. S. Bartlett was responsible for the
arrangements cventuaily made to collect additional
supplies of the root, and he personally supervised the
collections on site. The only place whero the plant
was known to grow was in the forest near Chiengmai
in northern Thailand, and it was clear that supplies
could only be obtained by means of a collaborative
effort with the appropriate local authorities. Those
who gave generous help and advice included Prince

The plant clearly has a local reputstion as a
Tejuvenator. At Cmeng Dao, Dr. Bartlett and his
Thai colleagues were traveiling by car in search of the
oiant and asked one of the men who were repairing
the road if he kmew the plans, and ne replied. ““Yes.
we eat i3!”  The iubers of the piant are almoss
Javouriess and somewhas :urnip like in consis:,ency,
and as the Thais are not short of ived is may be
assumed thas Pueraria mirijica is eaten {or some pur-
pose other vhan as ordéinary food. Further evidence of
jocal interest in the plant may be zieaned from the
facs vhat 3Mr. Puk Pakkagem, a mernbar of the oifice
stafl at the British Consulate at Chienminzi. wwas able.
when requested, L0 obtain in a few hours vhirsy local
inhabitanrs who were abie 1o locate the plant in the
forest and Ll”' '-..

An interesting cpizode occurred in November 1954,
when Dr. Bartlett visited the Siam City Bank in
Chienzmai accompanied by Mr. Suvetabandhu.
During casual conversation the bank manager, Mr.
Kraistli Nimmanahacminoa, showed Inieress in
the fact thav they were collecting Xwas and said
bis grandfuther used 10 make medicme Srom the plang
and had written a pamphlet abous it. 2Mr. Nim-
manahaeminoa provided a copy of the pamphlet and
a pot of ‘medicine’, which appeared to be a 50:50
mixzure of dried kwao and honey ; it was made in
1953. The pamphlei, in the 'fhax language, was
kindly translated by Mr. Svuare Simmonds. of the
School of Oriental and African Studies, University of
London, and gave the following information: On
the cover was a diasgrammatic but accurate sketch of
the planst and tho description: “Treatise on the Drug
made from the Tubers of the IXwao Vine by Luang
Anusar Sunthon, Special Commissioner, C'mengmal
_Printed at tho Upati Pongs Printing House, 3000
“copies, May 1931, The main source of information
for the pamphlet. was .o "trentiso written on palm-;
leaves by ‘ancients’ and stored in a termple at”
Psgan, the old capital of Burma. The templo wos

~pne
jreagtdq

Lakshnakara Kashomsanta, Mr. Kasin Suvatabandhu,”—wrecked by lightning, and the treatise then came

the director and staff of the Maejo Agricultural

-

to light. - N
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/ The drug is said to be well known in Burma, where {d) Preiiminary chemical studies.  Elementary =AW
iv is called ‘paukse’, and is stated to rejuvenste old analysis and molecular weight determination in Dy, <33 g:
// men asnd women, but should not be taken by young quqnhy Hodgkin's laboratory, Tniversity of Oxford, =
' people. One man who took the drug was reputed to using the X-ray method, gave C,H,.0, 8s the 1"”2’;
bave lived to 250 vesrs of age. This local folklore, molecular formauia for mirestrol, or less probably = EQR_
wwhich appears to cscribe remarkable properties to the  C,,H:,0,. Analysis of the monomethyl ether ang ~_~=ad g,‘
Ewao (or Pueraria mirifica) in Burma and Thailand, -monoacetsaie, in each case the pbenolic hydroxyl (see ==
may-well be responsible for the'comparative scarcity of ~ below) having reacted, supported this finding. Other - s
the plant. Iz is not known whether it grows in Burms, derivatives of mirestrol were then prepared, details - m»

-buv-the:ares of Pagan mentioned in thelpsmphlet is” “of which have been reported elsewhere'?, and from the = =
now said’to be an atid desert due to thd forést.having ; ultra-violet and infra-red sbsorption curves of thess .~
been cut down in order to build templessizZ? and-their chemical properties it was concluded thag
The pharmaceutical properties of "Paéraria :areZ mircestrol is a monohydric7phenol possessing one
-~ - considered, in Thailand, to include toxicity, and s ¥carbonyl and at least two alcotivlic hydroxyl groups.
* ..~careful study of the constituents of the plant has been - (e) Preparation of a derivative of mircestrol Jor X-ray
* “:’made’in the Chemisiry Depactment of the University  analysis. The complete elucidation of the structure . |
.=* of Bangkok. At the Ninth Pacific Science Congress of mirestrol 'soiél¥ by chemicsl methods appeared
.. at Bangkok in November 1957, an interesting psper likely to be very difficult with the small amount of
-was presented on the ‘“Constituents of the Tuberous material aveilable. It was therefore decided ro
Z.  Roots of Puerarid mirifica”™ by the Thai workers, T. employ X-ray crystallographic analysis to solve the
*= __Nilanidhi, B. Kamthong, X._.Isaresona .and.D. problem, using three-dimensional methods on a heav~.
Shiengthong (unpublished work), in addition 0 a atom derivative. This work was carried out by Dr

joint ons by t’}i? Thai and United Kingdom ':vorL:eA‘S, Dorothy Hodgkin and her colleagues at Oxford.
Iéaksl T karz;1 ;ashf:msaﬂ'?}; 1(138:‘!:11 Suyatéa?:f;nh:ev _ Dr. D. G. Bounds succeeded in making o r5§?{3.
artlest and Fope, on "lhe (bstrogemic SUDSIENCS  Lromg.substitution product of mircestrol. At firss
(Mireestrol) from the Tuberous Roots of Puerarid  yromination of mirestrol wish one molecular pro-’

- mirifica’ . . : ; e .
The collaboration of the Director of the Roxsi portion  of }?r?mme gave complex mixtures, bus
B i Gard g coucht i = stom reaction conditions were evenzually found which gave .
otanic Larcens st hew Wes sougab in an abielmdl 5 mixture containing only two main products. These
o gT 0‘: plents of Pueraria ";;?Jf:’ "F}fre& The 2550 (oo isolated by partitio: chromatography, snd from
- - na. - - T e, -
) t’»}‘odlat ez:l;;tsﬁ\;:e ;;iﬁ:;ed&b » Cg{' VDe 1;‘“ aIfclsb the elementary analysis and ultra-violes and infra-red
. Lkindly s - E. H. . S ; res of o s
.l & s scitl y - oo wojv. 1n Gbsorpuion curves of onc of these compounds, it wes
Larkcom, grew snd is still growing vigorously. In . sneluded thet in this compound a single bromine
533 Miss Jov . e - o S . . N . - >~ .
Dece.n;berf 139.0?‘[\.?;;11 Ofa‘rftzcgfiLf“}wT ci}llgci‘;:; 2 atom hac entered the mircestrol molecule repiscing a
nuIn o :ro . Qu{l“ IP = Gh:;-zsm‘ 1, “HE hydrozen atom and that no other chemical changes
are now also pianted in Kew Gardens. nad tak 1 6 fact + b
biaatea | aes . . & taken place. The fact that the monobrome-
The ._t;_clts‘o:owfeci oy ~1_1e"e_\pemtlon§ o Tnf_‘"’ft: mireestrol isolated coupled much less readily than
were utl xzealer the 10UOWINZ PUrposes M e sculS  gid mireestrol with dinzotized p-aminophenyl 2.8
on miureestrol. o . ethylaminoethyl sulphone wes taken as good evidence
{c) Improvemen: of the method of isolation. The +thas tho bromine atom was present uS & SUbSIiTuent
method of i59i35i011 has peen simplified, and recovery in the benzene ring of mircesirol.
of around 15 mgm. mirestrol per kzm. dried 7oos is
now a routine procedure. Paper chromatograpty,
using neriodate as reazent, which provides a very
sensitive and almost specific colour tess for miresstrol.
gives efiicient analyvtical control.
{b) Detcrmingtion of physical properties. dliresivol

w’

(f) X-ray studies. X-ray crysiailozraphic measura-
ments on monobromomirwsirol were mede by Dr.
Noel E. Taylor, and the crystal structuro was solved
in collaboration with Dr. Eodgkin and Dr..J. S.
Rollett through a series of three-dimensional electron
. densivy calculations carried out on Deuce st tke
@ has been found to crysiailize in two forms, a siabls  National Physical Laborator. The positions of the

hydrated form (stout needles), which after desiccation  avoms found by theso calcuiations are illustrazed in
" quickly regeins its water of crysiallization when  Figs. 1 (a) and (b). Thev lead to the surucsurai
exposed to moiss air. and a non-hygroscopic, 2n-  jormula I, for mircestrol iteeif :

Livdrous form (:hin rectangular plates). The iatzter
.- form has a sharp melting point of 268° C., with some -
. decomposition on meiting (Kofier apparatus, rheostas

setting 350° C.). Like many steroid hormones,

"mircestrol has a high dextrorotatory power, [=z]5 =

301° (1-08 gm./10U ml. in ctharol). Its ultra-violet

and infra-red absorption curves have also been useful
criteria of the puricy of the vatious specimens isolated.

(c) Determination of eestrogenic potency. In addition
to the propertics already notod, mircestrol has been

found to have high wstrogenic-potency when given 2y m

orally : approximately three times that of stilbeestrol i

in the immature mouse uterine growth test!l and Full details of this work have been reported else-
two-thirds that of stilbeestrol in the rat vaginal where!. :

cornification test. It has also 70 per cent of the .. Biogeneticslly, it seems possible to dissect the

activity of cestradiol-173 when administered by sub- nucleus into an isoprene unit and a partly reduced
cutaneous injection, in promoting mammary duct tsoflavene nucleus. This dissection-relates it, on one
~  growth in the rat, and is 2-2 times aa active as hend, to the many plant products in which isoprene

@strono by a similar test in tho mouse!’. _units are found linked to condensed ring systoms {ef.
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” Fig. 1 {a). Electron density-levels over the peaks in p3 in bromo-

. miraestrol . The stracture is seea projected along [010). Contouss
s« at intervals -of approximately 1 el.JA.* except over the bromine
atom, where the Intervals are 4 el. /A"

Y

: Fig. 1 (). A view of the wolccule of bromomirestroi, drawn from
the atomic positions in p3

Pobinson'®), and, on the other, to those isofiavones
and isofiavenes which have been shown o have
cstrogenic properties. Mireestrol is nos a sweroid,
and the bioiogical sctivity is probably a consequence
of aeccidenzal features of molecular geometry. The
actual distance from the 3-OH in mircesivol o the
18-0H is 10-3 A.. which is verv near the distance to
be expected from models of the 3-OH <0 the 17-OH
of astradiol. VWhen, however, one compares the dis-
position of the 17-OH of mireestrol and the 18-OH
of acstriol reiative in cacn case to tne 3-OH, the
similarity is not so close; but pernsaps it is worth
noticing in this connexion that mircescrol is the more
potent cestrogen.

Fyoy (9) Limited citnical trial. The irial was carried out
T by Dr. P. M. F. Bishop and his colleagues &t the
b En e Chelsea Hospital for Women, London.

= Mircestrol has been administered to ien women
s

suffering from osmenorrhea - (primary, two cases:
secondary, seven cases) or ariificial menopause (ono
case). 5 mgm. daily was given on six occasions and
I mgm. daily on another six occasions. JMarked
cestrogen response was noted with both these doses
on the vaginal smear, the .maximum rise in the
cornification index usually occurring during- the
second or third woek efter treatment commenced.
This pesk usually occwrred, therefore, afler the
treatment had been discontinued. (Estrogen with-
drawal bleeding failed to take place on six occasions
(three with doses of 1 mgm. daily from 5 to 10 days;
three with dosed of 5 mgm. daily from 2 to 14 days),
-~ though* withdrawal bleedings had ususlly occurred

in these patients when they had been previously’
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trested with e@strogens. Withdrawal bleeding did
take place on five occasions, however, 7-18 days after
the cessation of treatment. The withdrawal interval
i3 much longer, therefore, than with most other oral
cestrogens. No toxic effects were complained of on
three occasions, the doses being 1 mgm. daily for 7
days, 5 mgm. dsily for 8 days and 5 mgm. daily for
14 days, respectively: Toxic effects werg-rather
marked on the remaining nine ‘occasions and con-
sisted’ of malaise, headache, nauses and_in some
instences vomiting. They did not seem to B8 appreci-

- »_ . 8bly-lesg” severe on the l-mgm. doses than on the

~8*mgm. doses. Work with 0-l1-mgm. doses is being
undertaken. On four occasions there wes enlarge-
ment and tenderness of the breasts. These changes-".
were more severe and more frequent on the Samgm.
doses. On two occasions they were accompanied by
marked pigmentstion of the nipples, which persisted
for some time. In the patient who had received an
“artificial “menopause the hot flushes diminished in
frequency and severity for the first week -of- the
14-day course, but: began to return by the fifth day
after treatment had been discontinued. T

In the light of the limited experience described, it
would seem that mircestrol produced marked cestro-
genic Tesponse In the vagins! smear; is rather slow
to act and its effect takes some time to wear of. It
does not always induce & 3withdrawal bleeding, and
in the doses so far emploved is apt to give rise to
rather disagreesble toxic effects.

In view of the undesirable side-effects of mircestrol,
it appears unlikely that this substance itself will be.
suitable for use in medicine in spite of its high level
of estrogenic activity by the orai route. I: is possible
that modifications of its structure mighs lead to
uséiul cestrogens, but it is eviden:z thes a tozal syn-
thesis of the whole molecule would be diffeult, and
not likely to be commercially feasible ; aiso although
the mircestrol structure is new, is is, as noted above.
relazed in part to aiready known cstrogens. and
therefore does.not displey as great a novely in
regard to its siructure/sction relationship as was
at first thought possible ; neveriheless, mircestrol
presents some features of interess, and further
investigations of its biological properiies sre pro-
ceeding. .
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