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Extensive research on the placenta
in the past and the present has sug-
gested that the state of pregnancy is
very largely the result of hormonal
factors in which the placenta holds a
key position. It is generally conced-
ed that the placenta is the source of
oestrogens and progesterone. In
toxaemias of pregnancy the prema-
ture aging of the syncytiotrophoblast
causes marked reduction in the ex-
cretion of the oestrogens and preg-
nandiol. The presence of ACTH sub-
stances in the monkey has been con-
firmed by several experiments and it
is believed that the site of production
is in the chorionic villi. The collect-
ed data, however, serve to high-light
many problems which are still un-
solved.

* Department of Obstetrics & Gynae-
cology, Lady Hardirige Medical College
& Hospital, New Delhi.

In 1949, Rapport was able to
isolate a ecrystalline substance from
the serum, serotonin, with a suggest-
ed structure of 5-hydroxytryptamine
sulphate with the excretion product
(5 HIAA) 5-hydroxy1ndole acetic
acid in the urine. Since then more
than a decade of research has been
conducted on the role of serotonin in
normal and abnormal conditions of
the body but the exact role of this
hormone is still not clear. Paasonen

"(1957) reported that the action of

serotonin on the human placenta was
normally purely constrictive follow-
ed occasionally by secondary dilata-
tion. Sjoerdsma (1959) refers to
serotonin as a smooth muscle stimul- -
ant since isolated arterial rlngs uteri
and isolated intestinal strips all con-
tracted on exposure to it. Kuriaki
and Inoue (1955) reported that sero-
tonin 'seems to act on the smooth but
not on the striated muscle. The role
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played by an affected vascular syg-
tem in the aetiology of toxaemias of
pregnancy is well established.
Browne (1944 a) suggested that the
vascular process is due to the pre-
sence of a large amount of vasopres-
sor substance in the circulation of an
eclamptic or pre-eclamptic patient.
Edwards (1951) claimed that pre-
eclampsia is a pathological reaction
of the body to water retention under
the influence of the hormonal secre-
tion of the placenta. Erspamer and
Ottolenghi (1950) reported that sero-
tonin when given 20 rg./kgm. body
weight in rats resulted in anti-
diuresis. They further reported that
the primary function of serotonin
was concerned with the physiologi-
cal regulation by reducing glome-
rular filtration through increased
tone of the afferent vessels. Browne
and Veall (1953) while studying the
clearance of Na** in the choriodeci-
dual space found that the clearance
was reduced to 1/3 of the normal in
toxaemic pregnancy. Hollander et al
(1956) showed that intravenous in-
jection of serotonin in man resulted
in significant retention of sodium
and water. From the above it is
fairly obvious that the symptom
complex of toxaemia of pregnancy
and the properties of serotonin have
much in common. Further, in spite
of intensive research the aetiology of
toxaemias of pregnancy is still a
mystery. One of us working on the
role of serotonin in eclampsia and
severe pre-eclamptic toxaemias of

pregnancy found a marked reduction -

in the urinary 5 HIAA during - the
acute stage of the disease. The cause
of this interesting finding is not clear.
Proteinuria per se does not intérfere

with the determination of 5 HIAA in .
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the urine but albuminuric renal
disease may itself lead to diminished
excretion of 5 HIAA. On the other
hand the low excretion of 5 HIAA in
toxaemic cases may be due to poor
monoamine oxidase activity of the
placenta or kidney lesions causing
retention of serotonin in the blood.
Estimation of blood serotonin by
bioassay in a few cases with eclamp-
sia revealed raised values in -the
blood, i.e. findings similar to Krupp
and Krupp (1960). Blood and uri-
nary levels could however not be
correlated individually with the
clinical features. It was then decided
to estimate the content of the placen-
tal serotonin and to try to correlate
it with the clinical condition of the
patient.

Material

Total number of 78 placentas were
taken for study and they were divid-
ed into different groups according to
the clinical features of the case in
order to correlate the serotonin con-
tent. The placentas were thus divid-
ed into groups A, B, C, D, E and F.
Pieces of fresh placenta were taken
from 5 different places and acetone
extracts prepared. Group A consists
essentially of 34 normal cases.
Group B represents 5 cases of essen-
tial hypertension, i.e. B.P. above
130/90 mm. of Hg. Groups C and D
were composed of 14 and 13 cases
respectively suffering from pre-
eclamptic toxaemia and were divided
into.mild (C) and severe (D). In
the mild category the B.P. was 160/
100 mm. of Hg. or below with not
more than one plus proteinuria in
the urine. Group E consisted of 7
patients with antepartum eclampsia.
Group F was made up of 5 patients
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with accidental haemorrhage with-
out any marked pre-eclamptic toxae-
mia.

Method

A. 1. Preparations of Acetone
Extracts of Placental Tissue. The
tissue was collected from the fresh
placenta in five different places and
mopped with filter paper to remove
blood and the fluid portion till no
colour stain was visible and the tissue
was completely dry. One gm. of such
tissue was chopped into small pieces
and mixed with 10 c.c. of cold ace-
tone homogenised, kept for a few
minutes and the upper liquid part
decanted off. The residue was again
mixed with 10 c.c. of cold acetone
and treated as above. The upper
liquid portion was then deeanted off.
The tissue was again mixed with 10
c.c. of cold acetone and the mixture
kept below 0°C for 24 to 72 hours.
Before the bioassay the liquid part
was decanted off. The whole col-
lection of acetone extracts was then
kept open in a petri dish, evaporated
and the residue obtained was mixed
well with 1 to 2 c.c. of Locke’s solu-
tion. The solution thus obtained was
bicassayed against the prepared
standard solutions of serotonin crea-
tinine sulphate. The bioassay was
carried out on virgin rat’s oestrus
uterine horn suspended in 2 c.c.
tissue bath (modified Erspamer me-
thod).

II. Selection of Rat. Virgin
white rat’s vaginal fluid was examin-
ed. If non-nucleated cornified cells
were found in large number, without
any RB.C. or W.B.C,, it was taken
that the rat was ingestrus phase. If
the specimens were ready for the

bioassay and if the rat in oestrus
phase was not found, subcutaneous
injection of stilboestrol (0.1 mgm.
per Kgm. of body weight) in Arachus
oil was given to the rat 24 hours
prior to the bicassay to produce an
artificial oestrus phase. The selected
rat was killed by pithing and the
uterine horns were separated with
greai care. The rats selected were
between 120-160 gms.

III. Preparation of Horn and Its
Suspension in Bath. The. uterine
horns were at once kept in Locke’s
solution and were freed from all the
neighbouring  tissues  carefully.
About 2 cms. of the middle part of
one of the horns was suspended in
2 c.c. electrostatic tissue-bath. Tem-
perature of the bath was kept at
29°C. to 30°C. and the oxygen flow
was kept constant. The lever with
about 1 gm. tension was fixed and
the magnification was about 10
(Fig. 1).

Fig. 1
Bioassay apparatus.

IV. Bioassay of Serotonin. After
the spontaneous contractions of the
suspended uterine hern were over,
series of increasing doses of standard
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solutions of known concentrations
were added and the ‘contractions
within one minute recorded. Once
the rhythmic contractions were esta-
blished, the acetone-extract-residue

. mixed with 1 to 2 c.c. of Locke’s

solution was added and the contrac-
tions within one minute noted. The
bath between the doses was changed
thrice and the interval given was 3
minutes. If spontaneous contrac-
tions appeared, baths were repeated
and longer intervals were given.
Sometimes rest was given up to 15
minutes for complete relaxation.

V. Standardisation of Technique.
1 gm. of the dry tissue was mixed
with 10 c.c. of N/10 HCI to see if any
blood was left in the tissue but the
added HCI remained almost colour-
less showing absence of acid haema-
tin. .

Dose-response curve was drawn
to find out the sensitivity of the pre-
paration for bioassay.

B. Specificity of Method of Sero-
tonin Estimation.

I. Erspamer (1954) has shown
that serotonin can be extracted
quantitatively from tissues even
with 959, acetone without sub-
stance P. Substdnce P is insoluble
in acetone. The acetone used for

these experiments was analar
(B.D.H.).

II. . The action of acetylcholine is

prevented by the atropine 10 in the
bath.

III. The extracts presumably
contain salts and also adenosin com-
pounds but they are insoluble in ace-
tone.

IV. Progesterone oestrogen, oes-
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tradiol and cholesterol are soluble in
acetone but insoluble or -almost in-
soluble in water. Hence these hor-
mones will not be soluble in the
Locke’s solution.

V. The amount of nor-adrenaline
and adrenaline in most organs is
correlated with the extent of their
adrenergic innervation (Von Euler
1955) and the nerve-free -placenta
has none at all.

Results

Table I represents the placental
serotonin in primiparas and multi-
paras (Group A). The maximum in
primiparas is 49.03 ngm./gm., while
the minimum is 28 ngm./gm. of
dried placental tissue. In multiparas
the maximum reading is 55.59 ngm./
gm., while the minimum is only 10
ngm./gm. showing a very much
wider variation compared to the
primiparas. The significance of this
is, however, not clear because the
average in primiparas is higher, i.e.
34.13 ngm./gm., compared with the
average of 33.73 ngm./gm. in multi-
paras. This difference is however
not significant.

Table II shows the placental sero-
tonin in five cases of essential hyper-
tension (group B). The average of
51.67 ngm./gm. is much higher than
that found in normal cases of group
A {

Table III or Group C is composed
of 14 patients of mild pre-eclamptic -
toxaemia. These were composed of

" 5 primiparas and 9 multiparas. The

average placental serotonin again
was found to rise in both, the aver-
age being 55.37 ngm./gm. in primi-
paras and 56.91 ggm./gm. in multi-
paras. The maximum reading in
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TABLE I
it s Placentfxl Adge :in Placentfal
No. yoars / serotonin No. years ) serotonin
in ngm./gm. in ngm./gm.
Primi 1 18 . 49.03 Multi. 1 29 10.00
2 18 46.00 2 32 32.14
3 17 29.57 3 26 40.53
4 19 3147 4 24 50.00
S 21 30.01 S5 25 28.07
B 28 37.22 6 32 25.43
7 22 31.22 7 32 37.10
s 25 30.00 8 21 37.10
) 23 32.23 9 24 31.47
10 21 28.00 10 23 24.64
11 20 28.28 11 27 37.22
12 19 36.56 12 30 38.13
Average 209 3413 13 22 27.29
14 30 31.22
" 15 35 35.38
16 27 20.00
17 30 28 80
18 26 25.08
19 32 40.00
L] 20 29 33.3¢
21 .33 55.59
, A 22 35 4350
Average 28.3 33.73
Total average 33.93 ngm./gm.
TABLE 1I TABLE III
Age in Placental Age in P lacer'xtal'
No. AT No. serotonin in
years serotonin in years
ngm./gm. s aws
; Primi 1. 25 53.29
2 21 53.14 3 22 53.14
r 4 28 61.49
‘ Average 21 47.08 5 e GhEa’
Multi 1 25 - 49.30 Average 25.9 55.37
30 64.93 Multi 1 28 50.00
22 - 5000 - 2 26 60.00
Average 25.6 54.74 f’; ;‘z -ggﬁg
Total average  51.67 ngm./gm.’ 5 30.0 63.10
6 i 23 54.19
" 7y 21 49.03
this group is 64.48 ngm./gm. while. - ’3 gg gg-zg
the minimum is 49.03 ngm./gm., but P ==y e

it is apparent that the variation in
the readings is fairly small.

Total average 56.14 ngm./gm.

L
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Table IV represents the placental
serotonin in 13 cases of severe pre-
eclamptic toxaemia (group D). This
group is composed of 7 primiparas
and 6 multiparas. There is wide
variation in the primiparas, i.e. from
27.21 ngm./gm. to 67.06 ngm./gm.,
the average being only 45.63 ngm./
gm. On the other hand, the average
reading in the multiparas is very
much higher, ie. 72.24 ngm./gm.
The range of variation is also much
less as seen from the readings.

TABLE 1V
Bae i Placex‘ltaI.

No. serotonin in

years e,
Primi 1 25 31.75
2 - 26 60.00
3 18 40.00
4 25 67.06
5 19 5043
6 17 21.21
7 21 48.99
Average 215 45.63
Multi 1 25 81.06
2 27 81.76
3 35 70.65
4 32 61.29
5 21 v 73.88
6 31 64.80
Average 28.23 72.24

Total average 58.93 ngm./gm.
Table V represents 7 cases of

eclampsia (group E) with 7047
ngm./gm. of dried placental tissue as
the average of the entire group.
The difference in the readings in
the primiparas and the multiparas is
not statistically significant. It will
be further observed, that some of
the readings in group D are above all
these found in group E.

TABLE V
Age i Placental |
No. serotonin in
years
ngm./gm.
Primi 1 21 66.49
2 20 65.03
3 17 76.14
Average 19.3 69.22
Multi 1 35 75.80
2 32 79.38
3 22 70.26
v 4 22 60.21
Average 27.7 7141
Total average 70.47 ngm./gm.

Table VI represents 5 cases of acci-
dental haemorrahage where the
average reading shows a marked fall
and is comparable to that found in
normal cases. There were no cases
of accidental haemorrhage in this
group where there was any marked

epre-eclamptic toxaemia.

TABLE VI
o o Placental
. No. serotonin in
years
ngm./gm.
Primi 1 24 20.00
2 20 48.48
Average ] 22 24.24
Multi 1 31 52.42
' 2 27 20.00
3 21 28.28
Average 26.3 33.56
Total average 29.83 ngm./gm.

Table VII represents the average
placental serotonin of the groups A,
B, C, D, E and F with the standard
diviation of = 6.80, == 8.28,* 4.86,
*= 5.68, = 7.18, and = 4.2 respec-

tively. If group A is taken as 100

then the placental serotonin of group
B, C, D, E and F works out as
152.2'7?, 165.49,, 173.6%, 207.6%,
and #1.99% respectively. The above
rise in the readings is statistically
significant in the groups B, C, D and
E. .

—
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Discussion and Comments

The foregoing tables and the sero-
tonin concentrations in the placenta
of the different groups lead to many
interesting speculations. Whereas
the concentrations in normal patients
and those with accidental haemor-
rhage are fairly similar 33.93 ngm./
gm. and 29.83 ngm./gm. respective-
ly, the patients with severe pre-
eclamptic toxamias and eclampsia
present markedly raised readings, i.e.
58.93 ngm./gm. and 70.47 ngm./gm.
respectively. These findings defi-
nitely suggest a correlation between
the placental serotonin and the acute
toxaemic process. The above data
ate further strengthened by the con-
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sistent finding of increased levels of
serotonin in the blood and extremely
poor excretion of 5-hydroxyindole
acetic acid in the urine in the acute
phase in those cases (unpublished
work done by one of us). A study
of the literature, however, has not
revealed any such work on the pla-
centa. Krupp and Krupp (1960)
working on serum 5-HT levels have
also reported similar findings. We
are further in agreement with these
workers that we could not establish
any correlation of the serotonin con-
centrations with the clinical severity
of the disease individually. We,
however, differ from Krupp and
Krupp (1960) that there is no cause
and effect relationship with sero-
tonin levels and prereclampsia. The
presence of increased concentrations
of serotonin in the placenta, especial-
ly in acute toxaemia, may be due
either to storage or increased pro-
duction of the hormone in the pla-
centa. Liver damage may also be a
factor in the above process by its in-
ability to metabolise or detoxicate
serotonin thus raising the blood and
tissue levels. Reduced excretion due
to kidney disease may also confuse
the picture. The persistent raised
levels of placental serotonin in pre-
eclampsia and eclampsia did not ap-
pear to have any correlation with the
administration of any particular drug
like reserpine: In group D the high
concentrations found in the multi-
parous group is also significant
though no correlation could be ob-
tained on studying the age of the
patients. From the above it is very
interesting to speculate that sero-
tonin appears to have some aetio-
logic pressor effect in pre-eclamptic
toxaemias and eclampsia. The exact
cause and effect relationship can
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however only be elucidated with
further research..

Summary -

(1) The placental serotonin in
normal cases and in patients suffer-
ing from essential hypertension, pre-
eclamptic toxaemias, accidental hae-

morrhage and eclampsia has been .

estimated by bioassay.

(2) Method (modified  Ers-
pamer’s method), materials and
. technique are given in detail. The

similarity between the properties of
serotonin and the symptom-complex

of toxaemias of pregnancy is discuss-

ed.

(3) Significant rise in placental
serotonin has been obtained, parti-
cularly in eclampsia and severe pre-
eclamptic toxaemia of pregnancy.
The raised levels are higher in multi-
paras. No individual correlation
between the raised levels and clini-
cal severity of the disease could be
established.

(4) The significance of raised
placental serotonin has been discuss-
ed in eclampsia and pre-eclamptic
toxaemia: '

(5) There is a probability that
serotonin may have some aetiologic
pressor effect in toxaemias of preg-
nancy.

(6) Levels of placental serotonin
in accidental haemorrhage were
lower than those found even in cases
of dormal labour. This is another
significant factor showing that the
pathology in accidental haemorrhage
may be quite different to that found
in toxaemias of pregnancy, contrary
to the popular belief.

Acknowledgment

We are very grateful to the Princi-
pal and the Head of the Department

JOURNAL OF OBSTETRICS AND GYNAECOLOGY OF INDIA

of Obstetrics and Gynaecology for
permission to carry out this work.
We will be unfailing in our duty if
we did not express our gratitude to
the Professor of Pharmacology and
his staff far granting facilities for
carrying out the experiments and
their valuable advice.

Last but not least we would like to °
thank many others too numerous to
mention, who with their help have
made this study possible.

References

1. Albert Sjoerdsma: The New Eng-
Jand Jour. Med.; 261, 181, 1959.

2. Browne F. J.: (1944 a) Jour. Obst.
& Gyn. Brit. Emp.; 47, 365, 1944 a.

3. Browne J. C. M. and Veall N.;
Jour. Obst. & Gyn. Brit. Emp.; 60,
141, 1953.

4. Edwards J. C.: Med. Jour. Austr,;
2, 33, 1951, :

5. Erspamer V. and Ottolenghi A.:

- Experientia; 6, 428, 1950. .

6. Erspamer V. and Ottolenghi A.:
Experientia; 7, 191, 1951.

7. Erspamer V.. Quoted after Amin
et al. J. Physiol.; 126, 596, 1954.

8. Hollander et al.: J. Clin. Invest;

35, 976, 1956; and Circulation
(N.Y.); 16, 246, 1957.

9. Krupp P. and Krupp I.: Obst. &
Gyn.; 15, 237, 1960. -

10. Kuriaki K. and Inoue T.: Compt.
"rend. Soc. Biol.; 149, 2053, 1955.

11. Passonen: Brit. J. Pharmacol.; 12,
410, 1957.

12. Rapport M. M.: J. Biol. Chem.;
180, 961, 1949.

13. Von Euler and Floding I.: Acta
Physiol. Scand; 188, 45 and 57,

. 1955. 3
14. Von Euler and Orwen I.: Acta
-+ Physiol. Scand; 118, 1, 1955.



