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ISOLATION AND IDENTIFICATION OF TWO SMOOTH MUSCLE 
STIMULANTS FROM MENSTRUAL FLUID 

By DR. G. EGLINTON, PROF. R. A. RAPHAEL, F.R.S., and DR. G. N. SMITH 
Department of Chemistry, University of Glasgow 

AND 

DR. W. J. HALL and DR. V. R. PICKLES 
Department of Physiology, University of Sheffield 

T HE presence of a group of lipid smooth-muscle 
stimulants in menstrual fluid was first roportod in 

Nature in 1957 (rof. 1). Since then it has been shown 
that these substances, which aro almost certainly pro
duced by tho endometrium in its secretory phaao2, are 
in part carried to tho myomotrium, and there stimulate 
the rhythmical contractions of normal monstruation. 
An excess of such an effect is probably an important factor 
in causing the intense uterine cramps of primary dysmenor
rhrea•. 

Two physiologically active constituents of high potency 
ha.vo now been isolated from monstruu,l extracts and, by 
methods described hem, have boon identified as prosta
glandins PGE2 and PG.lf20• 
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These substances are members of an important class of 
smooth-muscle stimulants originally dotocted by von 
Eulor4, who introduced the name 'prostaglandin'; tho 
rocent outstanding invostign.tionR of Borgstrom and his 
col1011gues have resulted in the separation and structural 
identification of fivo naturally occurring individuals of 
thitt <Jlosely related group of compoundss,o.io,13 .u_ 

Tho prostaglandins PGE, and PGF,u are certainly not 
thtt only active conRtituents present in menstrual fluid, 
but they do account for tho major part of tho activity. 
Although those two components are only present in minuto 
a.mounts their high activity, dotocto.blo at a concentration 
of 10-10 g/ml., permitted tho physiological offoot to bo 
discerned at 11,n early stage•. 

l'reliminary fractionation results gavo some indication 
that the active materials woro of the long-chain hydroxy
acid typo 7• This result, together with the nature of tho 
activity shown, gave tho first inkling that the substances 
involvod might be mombers of tho prostaglandin oorifls. 
Accordingly, the separation techniques used so elegantly 
by Bergstrom's school in tho isolation of the prostaglandina 
from more abwidant sources were applied to the menstrual 
fluid derived from 3,675 specimens, collected and treated 
as doscribed previously7• Suooossive extractions with 
acetono and dichloromethane produced a crude monstrual 
lipid concontrato (about 75 g). 
. The_ trea_tment of this lipid ooncontrato is briefly out

lined m Fig. 1. Assay of the activo constituents was 

3,676 SPECIMENS 

I 1 
CRUDE MENSTRUAL Lll'lDS (75 g) 

12 
(a) (b) 

POLAR LIPIDS (18 g) 
Active 

13 
(a) 

CONCEN'l'RATI,; P (3·2 g) 
lllihlY notlvo on rabbit 

jejunum 

14 

(b) 

NON-POLAR Lll?IDS 
Inactive 

'RICINOLEIC-TYPE' LIPIDS (14-t, :!) 
Inactive on rabbit 

jejunum 

Eluant 1·4-2·0 I, Eluant 2·6-3·2 I. 

CONCENTRATE Q (165 mg) CONCENTRATE R (85 mg; 

I 6 16 
Fractions 10-17 J!'ractions 26-35 

CONCENTRATE S (20 mg) 

I 6 
CONCI,;N'l'RATE U (0·5 mg) 

'l'U.l!"·type stimulant• 

CONCENTRATE T (Ii ms) 

[ 1 
CONCENTRATE V (0·5 mg) 

'PGE' -tYl)O stimulant• 

.l!'li. I. Fractionation scheme for the isolation of the active constituents 
from the menstrual •pccimcns 

(1) Acetone and dlchloromcthane extraction (ref. 7). (2) Elution from 
hydrophobic 'Embaccl' with (a) aqueous acetone (b) acetone· ether 
(3) Reversed-phase partition chromatography on column of hydr~phobii 
'Embacel' impregnated with paraffin oil (ref. 8). (a) 80 per cent aqneou~ 
acetone, (b) 60-100 pc~ cent aqueous acetone. (4) Rever8Cd-phasc parti
tion onromatography using lso-ootanol/ohlorofom1//methauol/water 
1 : 1 : ll : 10 v/v (see Fig. 2). (5) Reversed-phase partition chromato: 
graphyuslnglso-amylacetate/chloroform/methanol/watcr, 4 :6 :36: 6~. 
(6) Reversed-phase chromatography using the system described In 4 
except that a phosphate buffer of pH 7·2 rep_laced the water, followed by 
re-chromatography using system 4. (7) Extraction from chloroform 
solution with & phosphate buffer pH 7·2 followed by acldlfleation and 

re-extrnotlon Into chlorofom, 
• Blossay of the concentrates obtained at each stage on the guinea pig 

uterus nnd the rabbit jejunum indicated that the recovery of prosta
glandin-like activity In the l!nal concentrates was 11t least 00 per cent of 
that origi11ally present. 

carried out in vitro on vreparations of guinea pig uteni.s. 
human myometriu.m and rabbit jejunwn. Extraction 
of the polar lipids was followed by reversed-phase chroma
tography" to romove the compounds of 'ricinoleic aci<l 
type' polarity. This produced a. concentrate, P (3·2 g), 
containing all the components whioh wore physiological1'· 
active 011. the rabbit jejunwn. Fractionation of I' using 
Bergstrom's first systom9 (Fig. 2) afforded two activo 
fractions Q (165 mg) and R (85 mg) of contrasting physio
logical behaviour. Fraction Q, a potent stimulant of 
tho hwna.n myometrium (Fig. 3), was highly activo on tho 
rabbit jojunum, but relativoly innctivo on the guinea pig 
uterus. Fraction R eithor completely inhibited or fooblv 
Rtimulatod the contro.ctionR of the human myometl'iu~l 
(Fig. 3); it woo extremely activo on the h'IIineu. pig uterw, 
but only moderatoly stimulating to the rabbit jejunum. 

Sep11rato fractionation of Q and R then followed using 
Bergstrom's second system10

, which isoffoctivo in discrimi-

(Oontinued on page 993) 
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( Continued from page 960) 

rutting botwoon tho PGE and P GF t ypes. The main active 
constituent of Q was concentrated by this means into 
fractions 10-17 (concentrate S; 20 mg) of a 60-component 
fractionation (Fig. 4) and chromatographically resembled 
a P GF. Successive furthor fract ionHt,ion with change in 
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The next stop involved the precise identification of tho 
uctual active principles in concentrat es U and V. So far 
the t entative correlation with the two prostaglandin types 
h ad rested on the close parallel between the chromato
graphic behaviour and the typo of biological a<>tivity. 
A routine chemical identification by preparation of 
derivatives was obviously impossible in view of the minuto 

amounts of the concentrates U and V avail
able. Accordingly, thin-layer chromato
graphy comparisons were made between the 
concentrates U and V and authentic sample:;; 
of PGE 0 PGF 1a and PGF 1p kindly supplied 
by Prof. Bergstrom. 

Concentrate U showed a single major 
spot by thin-layer chromatography which 
was readily detectable by the characteristic 
red-brown fluorescence in ultra-violet light 
which developed after its exposure to acid 
eerie sulphate, followed by moderate heat ; 
this spot contained the physiologically 
active substance. Both PGF,a and PGF1p 
gave this colour reaction and the former 
gave a thin-layer chromatography spot 
close to that given by this menstrua l 
stimulant of concentrate U (Fig. 5a). 

Treatment of concentrate U with diazo-
methane gave a relatively inactive product 

Fig. 2. Reversed-phase partition chromatography of concentrate P . Stationary phase : 
70 ml. iao-octanol /chloroform (I: 1) on 100 g of hydrophobic'Embacel'. Moving phase : 
47·5 per cent aqueous methanol. - - Weight distribution; abscissa units l mg/ml.: 
--·- ·-· bloassay on rabbit jejunum ; abscisst. units 6 µg ,PGFia equiv. /ml.; - - - - bioassay 

which most significantly showed the charac
teristic spot (thin-layer chromatography) at 11 

slightly greater RF value than that of authen
tic PGF1a methyl ester (Fig. 5b). Loca-on guinea pig uterus ; abscissa units 15 ng l:'G E 1 equiv./ml. 

pH finally produced an acidic concentrate U ( - 0·5 mg) 
showing intense PGF-type activity corresponding to an 
equivalent content of 2 mg of PGF 10• A similar process 
applied to concentrate R lod to concentrate V ( - 0·5 mg) 
with pronounced PGE-type activity, corresponding to an 
equivalent content of 0·2 mg of PGE 1 • 

U - 70 ng V - 25 ng 

B 

~ t 
U - lOOng V - 25 ng 

li ig. 3. Effects of menstrual stimulants on human myometrial prepara
tion in mtro (bath-volume 4 ml.; time marker, 1 min). A, preparation 
showing good positive responses; B, preparation showing well-marked 

inhibitory responses to concentrate V 

tion of this spot by an iodine spray11 

facilitated extraction of the active substance without 
damage. This product was then exhaustively methyl
ated with diazomethane-boron trifluoride and examined 
by thin-layer chromatography. The major discrete spot 
behaved chromatographically in a manner exactly 
analogous to that shown by PGFia trimethyl ether methy l 
ester using the hexane-ether system. 

At this stage , both the sample and comparison spots of 
the completely methylated products were extracted, 
after location by the iodine technique, and the minuto 
amounts of product (,.., 50 µg) examined separately by gas 
liquid chromatography. As may be soon (Fig. 6), the pro
duct derived from concentrate U and that derived from 
PGFia behaved very similarly, although not identically. 
By comparison of the relative retention volumes with 
those for standard fatty acids on this non-polar column tho 
observed difference strongly suggested that the menstrual 
stimulant present in concentrate U was in fact PGF 20 
which contains one more double bond than PGF 1a in the 
carboxylated side-chain. 

20ng 90 ng 

1 3 5 7 9 11 13 14 15 16 17 18 20 

POE1 POE, 

Fig. 4. Rabbit jejunum responses (bath-volume 4 ml. ; time marker 
1 min) to 1/1,000th aliquot offractions 1-20 of reversed-phase chromato
gram of concentrate Q showing POF-type in fractions 11-17 (concentrate 

S) 
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tho t,ypo of physiological autiv.iLy which 
was now only presont in the PGF region 
of tho plate. 
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similarly reduced and tho PGF-type pro 
ducts purified using Bergstrom's second 
system. After conversion to tho trimethyl 
ot,hor mothyl ester derivatives the two 
isomers wero resolved by thin-layer chrom11-
tography on 'Kieaelgol G' plates by moan~ 
of chloroform (Fig. 5). In this system 
tho PGF 2p dorivativo migmtes foster than 
the corrtir:1ponding PGF2o compound and, 
although the conditioni, are difficult to 
cont.rol , rather remarkable separatiori.-; 
are possible. Final purification of oach 
trimothyl ether methyl ester using the 

]'ig. 5. Characteristic thin layer chromatograms on 0·2 m1n layers of 'Kiesclgel G' of 
prosta1sl,intli11s and allied compounds. a, ()hloroform/methanol/wnter, 00: 10 : 0·5 v/v. 
.Layers made up with 0·2 N oxulie acid pre-washed with developing solvent and develo1,ed 
In saturated atmosphere. b, A~ in (a) except that l"ycrs were made up normally and not 
pre-washc,L Note tailing of 11hloiunolic acid (ii•); r., Hexane/ether, 1 : 1; saturated 
utmos11t1ere development . ii , Analalt chlorofor111 In non-saturated atmosphere. Sub
stance.: (I) 15-hydroxypentadecanoie acid: (11) 0,10,18-trihydroxyoctadccanoic (phloio
nolie Mid); (iii) PUl!'10 ; (iv) PU~',/1; (v) PG.I!:, ; (vi) conecntrat,c Tl; (vii) coucentrnLe V; 
(viii) least polar borohydrtde reduction product from concentrate V ; (ix) most polar 
borohydride reduction product from concentmtc V . JJ, Dye marker mixture of (l) azo-

more consist.ont, but loss selective, hexane 
ether system was followed by gas liquid 
chromatogi-aph analysis of tho products, 
Ono of tho isomers was found to be identical 
wit,h that obtained from concentrate U 
(that is, GPF ,a) and tho other possessed 
an H,p value in accordance with that, 
predicted for PGF2/l. Thus t,he identity 
of the menstrual stimulant in concontro.t.o 

benzcnc, (2) sudan red, (3) p-hydrox yu.1.obmrncne, (4) v-arninoaz.olJenzene 

This was suLstantiated by the thin-layer chromo.to
grnphy bohu.viour of tho trimothyl othor methyl estor 
derivatives of PGF 1a and of the menstrual stimulant using 
silver nitrate complex formation on tho plu.tos12• Tho 
relative ohimgo in RF vo.luo on formation of tho complex 
indicated that the menstrual stimulant contained an 
additional double bond as compared with PGF 1a and th11t 
this doublo bond, was probably of tho cis configuration. 

Final confirmation of th.is identity with l'GF 20 was 
obtained by mw;s spootrometric comparison of tho tri
mothyl othor methyl ester doriva.tivos of PGF 10 and of the 
menstrual stimulant. 

As only small quu.ntitios of oach compound wero avail
able ( - 10 p.g), a special technique was utilized by 
which tho compom1ds were introduced directly into the ion 
sow-ce. Tho spectra woro obtained by an A.E_I. M.S.9 
doublo-foonsing mass spoctromotor and wore run and 
analysed by Dr. M. Barber u.nd Dr. M. Elliott of A.E.I., 
Ltd., Manchostor, and Dr. H.. I_ Rood of this Department, 
who roport as follows. 

"The spectrwn of PGI<\a trimethyl ethflr mothyl ostor 
has already boon roportod 13 and our spectrum a.greed 
closely (Fig, 7B). One interesting diffortince ob<Jervtid by 
us was the parent molecular ion M/e = 412 which was not 
previously roportod. 

"The sp<lctrum of the concentrate U derivative was very 
similar (Fig. 7 A). Up to M/o = 179 tho two spootra aro 
the samo whoreas abovo M/o = 249 tho corresponding ions 
have a mass two units smaller in the menstrual derivativo. 
Tho two uompounilll aro thoreforo of Rimilar structnro, but 
tho concontra.to U doriva.tive contains one more double 
bond. The cracking pattern is entirely consist(mt with 
the assignmont of tho Rt,ruct,uro PG-F2a trimothyl ethor 
methyl ostor to t,his concentrate U dorivativo." 

Concentrate V was similarly examined by thin layor 
ohromatogmphy (Fig. 5a) and Rhowod, aftor dllstructivc 
spraying and heating, a pala-bluo spot under ultra-violet 
light (a charactflristic of tha PGE family) u.t a position 
cloRoly Rimiln.r to thn,t simnlt1moom1ly oht,nin,ld for an 
authontic sample of POE,; the activity of this spot was 
also ;;hown to ho of tho PGE typo. 

Sorlinm horohy<lrido rodnction of an aliquot of V 
(equiv~1lent to 6 p.g PGE,) and exami1rntion of the pro<l
ucfa'I by t,hin-layor uhrom11tography rovoalod th11t tho 
pn.lo hlno Rpot moving in t,ho PGE rngion hnrl boon con
vert,ed into two spot1.< olo;;nly comparable in RP valuo and 
colour to PGF1~ and PGF1/J- Thifl chromatographic 
chango wn.s para.Holed by tho corrosponding change in 

V was confirmed as PGE 2 • 

Tho known oocurronoo of prostaghmdins in hwnau 
semen• made it highly desirable to oxcludo tho possibility 
that this might bo the source of the prostaglan<lins in 
our menstrual fluid samples. Accordingly, a nwnbor .of 
specimens were examined which were known to ho frco 
from this possible adulteration, and which had boon 
collectod in menstrual cups in order to avoid any <Jon
taminat.ion from the usual absorbent materials. They 
Ahowod physiologioal , chromatographic and chemical 
behaviour identical with those exhibited by tho main 
collection. 

Tho idontification prooodures doscribod in this articlo 
wore carried out on amounts of material ranging from 
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J,'lg. 6. Gas-ilquld ehromal,ngra rns of the trlmethyJ ether methyl este.-. 
derived from (a) l'G.1!'10 i$oltited from menstrual fluid (--) and 
(b) PUl!',o (- - - -· ). Column, 6 ft . xi In . of 10 por cont 'Ap!czon L' 
on siliconi7.cd 'Embaoel' 80- 100 mesh; column temperature 283" 0; 
prr.hc11tcr 240° C; inlet pressure 15 lb.fin.'; gas flow 30 ml. of argon 
J11:r min; dutcctor voltagt, 1 1750; aUcnuation x 1 ; lmul 0·5 /t1., of 0·2 per 
eent solution in chloroform. Hetention time for hexacosano 66·5 min 

and cicosane 8·4 min 
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Fig. 7. Mass spectra of the trimethyl ether methyl esters of A, PGF,a from concentrate U; B, PGF1 a 

1 to 50 µ.g and demonstrate convincingly the power of 
modern separation and spectroscopic techniques when 
allied to physiological potency of such a high order. 

The isolation of these two prostaglandins from human 
menstrual fluid adds this source to the several already 
described• for this class of compound. From our present 
results we cannot estimate their concentration in the 
secretory endometrium; but the yield of PGF2a from 
menstrual -9.uid is comparable with that obtained by 
Bergstrom et al. from pig lung14• The quantity of PGE2 

is, however, much less than that of the PGE substances in 
human semen•. The 'menstrual stimulant' prostaglandins 
in the female may be thought of as homologous to the 
seminal prostaglandins in the male; however, the wide 
distribution of smaller amounts of these highly potent 
substances suggests that they may have some general 
type of action. For example, Vogt15 has suggested that 
the smooth-muscle contracting long-chain hydroxy-acids 
may interact with calcium ions, and Clegg, Hopkinson 
and Pickles16 have independently suggested a somewhat 
similar interaction with magnesium ions. 

This work was carried out under the auspices of the 
Medical Research Council and the National Research 
laevelopment Corporation. We acknowledge with particu
Dr gratitude the generous provision of reference samples 
by Prof. Sune Bergstrom. 
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ANOMALY OF ALDOLASE IN PRIMARY LIVER CANCER 
By FANNY SCHAPIRA, JEAN-CLAUDE DREYFUS and GEORGES SCHAPIRA 

Laboratoire de Recherches de Biochimie Medicale, H6pital des Enfants-Malades, Paris 

RESEARCH in enzymology has been more extensive 
in experimental cancer than in human cancer, quan

titative investigations not always being valid in post
mortem cases and biopsies not always being possible. 

The discovery of multiple molecular forms of the 
enzymes named by Markert and Moller "isozymes" 1 

enabled us to re-orient this research on a new basis. In 
the animal, Angelotti and Moore2 •3 have shown three 
peaks for gluco~e-6-phosphate dehydrogenase of mouse 
rhabdomyosarcoma, by chromatography on substituted 
celluloses, instead of one peak in the normal muscle; 
they have obtained analogous results on the acid phos
phatase of the rat hepatoma, in which the chromato
graphic pattern is different from that of normal liver. 

In man, Starkweather and Schoch4, removing cancers 
of diverse origins a few hours after death, found that the 
distribution of the five isozymcs of lactic-dehydrogenase, 

very varied in normal tissue, tended to become uniform 
and to predominate in one peak in cancer tissue. 

The mode of action on the two substrates, fructose-1,6-
diphosphate and fructose-I-phosphate, of aldolase from 
different tissues, and more particularly of hepatic aldolase, 
has given us a new approach for the enzymological 
examination of hepatomas. 

One of us, with Payet5, had, in 1960, pointed out that 
hyperaldolasremia in the course of a primary liver cancer 
was not of the hepatic type, in the sense that the ratio 
of the two aldolaso activities, fructose-1,6-diphospho-

(
F-I 6-P) aldolase and fructose-1-phosphoaldolase ' was 
F-1-P 

in the range of 3, instead of 1 or nearly I as in the 
hepatic type; this ratio of I being that found in the 
normal liver. We had at that time suggested the fol
lowing interpretation: hyperaldolasremia comes from the 
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