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(a) INTRODUCTION. 

h Study 18 (:Malan and Curson, 1836) a few general remarks 
appeared on the nature of the increase in the amount of allantoic 
and amniotic flu ids in the case of 10 Merino sheep, two having been 
slaughtered and examined at the end of each month of pregnancy. 
Whereas it seemed from Table I that the bulk of the increase of the 
a.llantoic :fluid occurred during the second half of the gestation period, 
this does not appear to be the case ''"hen the data in Table I (below) 
are considered. In point of fact Table I contains additional details 
about nine sheep not included in Study 18. The variation is striking. 

In the case of the amniotic :fluid the amounts are not so ex­
tremely variable and there is apparently little increase before the end 
of the first month and after the end of the third month . The :fluid 
therefore shows its increase during the second and third months . 

O uR 0 BsERVATIO "S. 

The releYant information is tabulated in Table I. 
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TABLE I. 

Foetus Foetus Allantoic Amniotic Age of 
of weight :fluid :fluid foetus 

ewe. gm. ccm. ccm. days. 

I 

35712 1 55 2 ·5 31 
25924 0 ·9 48 2·5 31 
35984 0·827 46 4 32 
44803 1·25 56 6 33 

44849 44·5 - 73 240 60 
45082 54·2 95 210 60 
35659 70·6 500 200 61 
30169 59 195 250 61 
35592 82 360 200 64 

15337 530 76 520 90 
21665 470 76 500 90 
33131 617 300 200 92 
39904 680 222 365 94 

44679 2,730 690 930 121 
38521 2,170 555 760 121 
35976 2,230 350 450 122 

44397 3,300 . 670 520 145 
30514 3,540 1,140 300 146 
45023 3,750 3,700 350 150 

The data are represented graphically in Chart A where the 
amounts of the allantoic and amniotic fluids are shown by circles and 
black dots respecti Yely. 

A comparison with the chart (Fig. 493) figured by Needham 
(1931) sho'rn more or less an agreement, but as there is so much 
rnriability it is not considered desirable to draw the curves. As is 
nevertheless evident, at the end of the first month the amniotic fluid 
is considerably less than the allantoic fluid, but then increases 
rapidly and at the end of the third month is apparently more than 
the allantoic fluid. 'rowards the end of pregnancy there is no obvious 
difference between the amounts of the two fluids. 

When the amounts of the two fluids are compared with the 
foetus, as was done by Doderlein for the cow (Needham, Fig. 496) 
it is seen (Chart B) , as pointed out by Needham, that both are 
much more abundant relative to the foetus weight during the early 
than in the late stages of pregnancy . This is so pronounced for the 
allantoic fluid that it has not been possible to include in the chart 
the values for the age of one month. The fall in the amount of the 
allantoic fluid per 100 gm. foetus weight with advancing age is much 
more rapid <luring the first three months than is the case with the 
amniotic, as may be expected in view of the less amount of the latter 
in the beginning, and its more rapid increase during the second and 
third months. This is demonstrated in Chart B, but it is to be noted 
that the cunes shown are only rough illustrations of the situation 
and have no other meaning. Chart H is also in fair agreement with 
that drawn by Needham (Fig . 496). 
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(b) INTRODUCTION. 

The nature and composition of the mammalian foetal liquids 
have been the subject of investigation for centuries and it is therefore 
surprising that so little precise information is available regarding 
them. Concerning the human, Tankard, .Bagnall and Morris (1934} 
make the significant comment that " Althou;gh there are some 
analytical :figures in the text books they are rarely of recent date 
and are also incomplete ". Although Needham (1931, p. 1534) indi­
cates that the chemical study of foetal fluids offers " quick returns 
for work done " associated with " the economy of thought involved 
in trying any handy e.stimation method ", it is disappointing that 
so little data is available concerning the sheep . Needham in refer­
ring to this species mentions (a) J acque's work which indicates that 
" the allantoic :fluid is at first hypotonic to the amniotic :fluid and! 
aftenrnrds hypertonic to it ". Needham adds, " But as usual in 
this subject such a statement by no means applies to the pig or the 
cow, in which the allantoic liquid remains hypotonic to the amniotic 
liquid throughout development, the two approaching somewhat and 
reaching an almost equivalent osmotic concentration shortly before 
birth ". Again he concludes " one fact alone is universally true, 
namely that the ' foetal liquids ' are always a good deal hypotonic 
to the blood whether foetal or maternal ". (b) Needham, in Table 
247, giving the analysis of the amniotic liquid at term, includes 
J acque's (1902) :figures (in gm%) as follows :-total ash 0 · 84, soluble 
ash 0 · 82, insoluble ash 0 · 017, NaCl 0 · 64, and coagula?le protein 
0· 102. (c) In regard to the carbohydrate content of the :fluids, Paton, 
Watson and Kerr (1907) " reported the presence of fructose in " 
both the fluids of the sheep and cow. They " calc,ulated the carbo­
hydrate nitrogen ratio ... and found the interesting, though rather 
enio'matic, result that C/N ratio diminishes in the allantoic as much 
as ft is increased in the amniotic '' (p. 1546); and ( d) in discussing 
maternal transudation in foetal secretions Needham, in Table 249,. 
gives an instructive comparison of an analysis of the :fluids in the 
sheep and cow as follows : -

gm. per cent.-
Protein ..................... . 
Total ash .. ................. . 
Insoluble ash ................ . 
Soluble ash .................. . 
NaCl. ............ . .. ...... . . 
NaCl 
Soluble ash x lOO. · · · · · · · · · · · 

Allantoic fluid. 

Sheep. 

0·54 
0·924 
0·074 
0·85 
0 ·16 

18 ·5 

Cow. 

0·08 
0·275 
0·025 
0·25 
0 ·19 

76 ·0 

rrhe precise age of the foetuses is not given. 

Amniotic fluid. 

Sheep. Cow. 

0·84 
0·017 
0·82 
0·64 

78·0 

Below are tabulated the more important facts relating to the 
nature of the foetal :fluids of the ruminant and equine, very little 
precise data being recorded for the sheep. 
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STUDIES IN SEX PHYSIOLOGY. 

DrscussroN. 

Here "·e will deal not only with the analysis o~ the amniot~c 
fluid at full term (as was done by Needham) but also with the analysis 
of both fluids at the end of each month of pregnancy. As there 
appeared to be a difference macroscopically between the allantoic 
fluid of the pregnant and non-pregnant horns, samples of the respec­
tive liquids were examined from the second month onwards (~nd 
month, ewe 35592; 3rd month, all ewes; 4th month, 44679; and bth 
month, 45023). 

The specific gravity was est~mated by. the direct. weight .m.ethod 
and for the entfre test, includmg chemical analysis, a mu~_1mum 
quantity of 30 c.cm. "·as essential. The gaps tha~ appe~r m t~e 
accompanying Table III are in several cases due to msu:fficient flmd 
being available, e.g. the amniotic fluid at 1 month. Unfortunately 
no determinations were made regarding sugar, Mg or Al salts . 

Although no hippomane was encountered in the allantoic fluid, 
a note has been added (see Appendix) regarding its nature since 
such structures are not uncommon in the sheep. 

The results given in the aboYe table (Table III) are unfortu­
nately too incomplete to justify a detailed consideration of the 
chemical composition of the amniotic and allantoic liquids. Never­
theless, as the study reported in this publication was obviously of a 
preliminary nature it may be worth while to _ emphasize some of the 
indications suggested by the chemical data, especially in the light 
of the findings reported and discussed by Neeoham. 

The values for hydrogen ion concentration, determined by the 
B.D.H. Capillator method, may not be indicative of the true values 
in every case as it was not always possible to carry out the deter­
minations immediately after taking the samples. It would seem, 
how-ever, that the values indicate greater alkalinity during the early 
part of gestation than at later stages, a fact which agrees with the 
observations made on hens' eggs by Gueylard and Portier and quoted 
by Needham. The pH of the amniotic fluid shows a tendency to be 
higher than that of the allantoic fluid of the same period as the 
values of Aggazzotti also indicate in the case of chickens . Determi­
nations of the pH of foetal blood was omitted and is strongly indi­
cated whenever possible in future work. 

According to Needham hardly any investigations have been 
made of the specific gravity of the constituents of the hen's egg and 
apparently none of those of other terrestrial eggs. Groebbels has 
shown that the specific gravity decreases during the course of develop­
ment of a number of wild birds' eggs. The values given in the table 
remain extraordinarily constant for both amniotic and allantoic 
fluids during gestation. 

In regard to the total solids per 100 ml. fluid, it is evident that 
the allantoic liquid is significantly higher than the amniotic fluid 
an<l it would be interesting to make a complete partition of these 
solids .. From the values.of the otlier.constit~ents given it is apparent 
that with the exception of sodrnm higher concentrations of 
the constituents are invariably present in the allantoic fluid. 
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There is also a noticeable increase in the total solid con­
tent of the allantojc fiuicl 10und about the third month 
of get)tation wl~ich is ~lue iu part to the formation of excretory 
products accordrng to ~ eedham. The Yalues do not show a further 
~' ise after thi~ period. The amniotic fluid apparently also increases 
rn conceutratrnn after approximately three months . In the a Lsence 
?f mammalian ~mniotic and allantoic fluids given by other w·orkers 
l t may be men honed that in the case of sheep there is bv no mearn; 
as mar~rncl au increase in total solids as in tlie chick emvbryo "·here 
appro:x.unately 29 times and 5 time::; the values obtained on the 9th 
clay of iucuLation were obtained on the 14th day for the amniotic 
and allautoic liquids respectively. In the sheep's foetal fluids also 
the increase in total solids for both kinds of fluid '\Yas primarilv due 
to an increase in the organjc fraction of the £uidt;. v 

The total ash content of bo,h the amniotic and the allantoic 
fluicl:-i fluctuates but remains fairly constant unless the increases 
registerecl in the allantoic fluid just prior to parturition indicate 
a higher tendency. A comparison with the results of Jacque which 
are also indefinite suggests that further data should be collected on 
the ash contents of these fluids. 

The total X content of the allautoic fluid is considerably higher 
than that of the amniotic fl.ui<l "·hich supports N eeclham's statement 
on the origin of the fluid, viz.: the actiYity of the foetal kidneys and 
hence the depository of a proportion of the embryo's waste products. 
It would also seem that the concentration of N rapidly increases 
from the first to the second and third months of gestation. The N 
content of the amniotic fluid fluctuates very appreciably but 
apparently bears no direct relation to the K content of the allantoic 
liquid. However, a N partition is essential and is bound to contri­
bute Yaluable data to"·ards a discussion of the relative importance 
and significance of the presence of N fractions. 

In regard to the remaining constituents which were determined, 
viz.: calciurn, phosphorus, so<lium and potassium, a comparison 
'\Yith the two Yalues of each of these giYen by Needham according to 
Kamei for avian liquids is interesting. In the latter case it would 
appear that the Na values of both allantoic ancl amniotic liquids 
exceed the K Yalues very considerably at both the periods of incu­
bation gi rnn. This obsenation applies also to the amniotic fluids 
of the sheep's foetuses for all the months of gestation giYen in the 
table but not to allantoic fluids. In this case the Na content de­
creases as o'estation ndYances while the reYerse is true for K. The 
sio'nificaurel:l of this difference behYeen the allantoic an<l amniotic 
fl~ids is not clear although the results of Groene"·ald on calf blood 
analysis may be quoted in this connection. At birth the R; Yalues­
like those of the allantoi c fluid-,Yere "·ell aboYe normal while the Na 
values '\Yere 'rnll below normal for boYines. Both the increase of K 
and. decrease of Na in the allantoic fluid during gestation appear to 
be too great to be unimportant for although the increase in K may 
be explained on the basis of the damning effect of excretory products 
containing K in the allantoic flu.id the decrease in Na must clearly 
be explained on an entirely different basis. (See Chart C.) 
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CHART c. 
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Phosphorus and calcium occur in greater concentrations in the 
allantoic t~an in the amniotic :fluid and do not appear to be subject 
to r~gula~ mcreases or decreases during gestation although the :fluc­
tuat10ns m the values are remarkable. Further "\York in view will 
probably provide more and therefore better data for discussin<» the 
significance of the values. 

0 

In conclusion attention should be drawn to the remarkable uni­
formity on the whole in the chemical composition of the allantoic 
:fluids from the pregnant and non-pregnant horns of the uterus. The 
few differences in composition, although yery considerable in some 
cases, must await the accumulation of additional data for their 
elucidation. 

Origin . ... ..... . 

Colour . ........ . 

Appearance ..... 

Iteaction ....... . 

Amount ....... . 

Specific gravity .. 

Chemical compo­
position 

Function . . .. . .. . 

~UMMARY. 

Sheep (Merino). 

Allantoic liquid. 

" On the whole the evidence is 
decidedly in favour of both AM/ L 
and AL/ L in mammals being of 
foetal origin.'' (Needham, p. 
1562.) 

Varies from colourless waterlike 
fluid at end of first m onth, 
through a pale lem on ct,t end of 
2nd month, through orange at 
end of 4th month, to amber at 
full term. 

Varies from transparent or trans­
lucent appearance at end of first 
month to a translucent or 
opaque appearance from end of 
2nd month onwar::'.s. 

More alkaline than amniotic liquid . 
See table 3. 

44 c.cm,. (1 month), to 1,140 c.cm. 
(5 months). t, Table T.) 

Values remarkably constant 
throughout gestation period. 

See table 3. 

Protection of foetus and dilation 
of vaginal passage. 

Amniotic liquid. 

" Probably first a transudate and 
is afterwards added to by the 
foetal urine." (Needham., p. 
1547.) 

Varies from colourless waterlike 
liquid at end of 1st month, 
through a pale lem, '.:m at end of 
2nd month, through an orange at 
end of 3rd month, back to a pale 
lem on or even colourless liquid 
at full term,. 

Varies from, a transparent appear­
ance up to the end of the ~nd 
month to a translucent at the end 
of the 3rd month, to an opaque 
and viscid fluid at the end of the 
4th month and onwards. 

2 ·5 c.cm. (1 month) , to 930 c.cm . 
(4 months) . (Table I.) 

See table 3. 

See table 3. 

Protection of foetus and lubrication 
of vaginal passage. 

Thanks are due to Mr. J. G. LomY of the Chemistry Section who 
assisted in the various determinations and fo 1fr. F. D. Hor"-ell of 
the Anatomy Section "-ho gave valuable help in the collection of 
the :fluids. 
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APPENDIX. 

A Note on the Hippomane. 

Both Jenkinson (1913) and Zeitschrnann (1923) describe the 
hippomane ai-i a regular disc-like structure of varying size occurring 
in the equine, bovine ancl sheep. rrhe migin is said to be due to an 
accumulatiou of embryotroph or uterine milk( 3

) which in some way 
collects in a fold of the allanto-choi-ion and becomes thrust inward 
(invaginated) to"·ards the allantoic cavity. As indicated by the 
abo·rn authors the hippomane exists firstly as a vesicular structure , 
i.e. a diYertieulum of the allanto-chorion containing embryotroph 
secondly as a 'rnrt-like body attached by a stalk to the allanto~ 
chorion (see Figs. 1 and 2) and thirdly as a free object in the allantoic 
c:avity after rupture of the stalk. The density naturally varies 
according to age, the early structure being soft and composed of 

(
3

) Em-bryotroph is "an em.nlsion of cellular debris and som.e blood" (Arey p. 86) 
added to "the increased glandular secretions (containing glycogan)" (Arey, p. 83) of the 
uterus, and \~~ich is absorbed directly by the trophohlast until the nlore efficient haemotropic 
type of nntntion has heen developed. -
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cellular debris, blood and secretion from the surrounding uterine 
mucosa . The next stage would be represented by a firmer consistence 
owing to connective tissue proliferation. Finally, organisation 
would cease and the deg~nerating mass would become impregnated 
with salts derived from the allantoic :fluid, e.g. ammonium magne­
sium phosphate, oxalic and uric acids, this being the case particu­
larly in the equine. The colour varies from bro-wn to olive green in 
the mare, a dirty white to orange in the cmY, and a brown in the 
ewe . In the goat the colour is dirty white . 

Zeitschmann (p. 151) states that in many stock-rearing centres 
it is believed that hippomanes if fed with salt on bread promote the 
secretion of milk . 

Figs. 2-5 show hippomanes of the cow, donkey, sheep and goat 
(natural size). 
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Fig. 2. 
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Fig. 3. 

Figs. 4 and 5. 
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