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Amongst the anthelmintics investigated by Sareen et at. (1961) only
santonin was found to produce a potent and promising antifertility effect in
female albino mice. It was also observed that it prolonged the duration of
oestrus cycle, the dioestrus phase and delayed the onset of matings. These
effects indicated that a disturbed hormonal balance might be involved in its
action and provided the impetus for the present study

METHODS

The experiments were performed on albino mice obtained from the
mouse colony of the Department of Pathology, K. G. Medical College,
Lucknow, and maintained in our laboratory. Santonin, suspended in gum
acacia, was administered orally using a blunted wide·bore hypodermic needle
as the feeding cannula. The following hormone and vitamin preparations
were employed:

Oestradiol dipropionate in oil ("Ovocyclin P" - Ciba), Progesterone in
oil ("Lutocyclin" - Ciba), Testosterone propionate in oil ("Perandren" - Ciba),
Chorionic gonadotropin powder ("Pregnyl" - Organon) - solution in distilled
water, and Vitamin E (Dumex).

Androgenic effict.-Adult male mice weighing 18-22 g were divided in
four groups, each containing four mice, in such a way that each group had
mice belonging to the common litters. The mice of three groups were castra·
ted and one month after the operation treatment with testosterone and
santonin was slarted according to the following scheme.
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Group

Group I I

Group III

Group lV
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UncaSlT3lcd, untreated.

Castrated, untreated.

Castrated, testosterone propionate 0.5 rug/100 g body
weight, i. m., daily.

Castrated, santonin 6 rug/IOO g, orally, daily.

One animal was sacrificed from each group one, two, three and four
weeks aftt'f the commencement of the treatmenl. The prostate and semina.
vesicles were removed at autopsy, kept in Bouin's fluid for 24- hr., dried
between filter papers and the combined weight of prostate, seminal vesicles:
and the included portion of the urethra was determined as reponed by
Vanna et ai. (1959).

Oestrogenic r;ffect.-Adult female mice weighing 15-20 g were ovariectomi·
sed. Fifteen days after the operation they were divided inlo three groups of
ten animals each and the drug administered as follows:

Group I

Group II

Group JII

Control, vehicle (3 per cent gum acacia) .

Oestradiol dipropionate, 5 Jlg. i. m.. daily for
5 days.

Santonin. 6 mg/lOO g, orally, daily for 10 days.

Vaginal smears werc examined daily for 10 days. Appearance of
cornified cells in the smear in place of the usual leucocytic picture of castra
ted mice was taken as evldcnce of oestrogenic activity.

EJftcl on the vaginal patency of immature miCt.-A group of fifteen weanling
female mice, the date of birth of each of which was knoo.vn, were treated
with santonin 6 mg/IOO g body weight orally daily from the day of weaning
till the vagina was found to be patent. A similar group (control) received
only the vehicle (3 per cent gum acacia).

Anti·UIJJrogtnic rJfrct.-The uterine-weight method of Rubin etal. (1951)
was used with simultaneous examination of vaginal smear as an extra check.
Aduh female mice weighing 18-26 g were divided into three groups, of five
animals each, after ovariectomy and treated with the drugs as follows.:

Group I Control (no treatment).

Group Jr Oestradiol,5 1-'g, i. m., daily for 5 days.

Group II I Oestradiol, 5 flg, i. ffi. + santonin 6 rng! 100 g, orally.
daily for 5 days.
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Vaginal smears were examined daily during the period of treatment.
The uteri were removed on the 6th day, put in Bouin's fluid for 24 hr and
weighed. A decrease in the mean weight of uteri and absence of cornified
cells in the smear of the animals of Group TIl as compared to those of
Group n were taken as the criteria for anti-oestrogenic activity.

Progeslrational arul anti·progtStratioTKll ~ects.-Three groups, each consisting
of five adult female mice weighing 18-25 g, were ovariectomised and, after a
week, were primed with oestradiol dipropionate 2 fLg i. ffi. daily for five days.
From the sixth day onwards the animals of the first group were treated
with progesterone 1 mg i. m., the second with santonin 6 mg/IOO g body
weight and the third with progesterone I mg i. m. plus santonin 6 mg/IOO g
body weight orally, daily for five days. At the end of this period the animals
WHe weighed, sacrificed, their uteri removed, fixed in Bouin's Auid for
:24 hr., dried, weighed and microsections prepared for histological examina
tion. Hypenrophy of the stromal nuclei of the endometrium was taken as
the criterion for progesterone-like activity (Hooker, 1945).

Anti-gonadott"opin ifftcl.-(a) Intact adult female mice weighing 19-26 g
were divided into two groups of ten animals each. One group (control)

received only the vehicle (3 per cent gum acacia) and the other was treated
with santonin 6 mg/IOG g orally, daily for 10 days. On the 11th day they
were weighed, sacrificed and their ovaries, adrenal glands and thymus were
removed, fixed in Bouin's fluid for 24 hr., dried and weighed. A decrease
in the mean weight of the ovaries in the treated group was taken as the
criterion for anti-gonadotopic activity (Saunders and Drill, 1958) and thymo
lysis for gluco-corticoid activity (Kessler and Berman, 1958).

(b) Twenty immatu.re female mice, 15·20 days old and weighing 5-8 g,
were divided into four batches of five animals each and treated in the follow
mg mannec:

Group I

Group II

Group III

Group IV

Control (no treatment).

Chorionic gonadolropin (CGT),
10 I. U., i. p., daily for 5 days.

CGT (same dose as above) +santonin 6 mgJIOO g orally,
daily for 5 days.

CGT+santonin (same doses as above)+liitamin E,I mg,
i.m., daily for 5 days.

The animals were sacrificed On the 6th day; their uteri and ovaries re
moved, fixed in Bouin's fluid overnight, dried and weighed.
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(c) Two groups of immature male mice weighing 7-12 g. and containing
ten animals in each group were treated with CCT 10 I.U • i.p , and a combi
nation of CeT (same dose, Lp ) plus santonin 6 mgfl 00 g orally, daily for
three days respectively. The animals were killed on the 4th day, thl': prostate
and seminal vesicles removed, fixed in Bouin's fluid overnight, dried and
weighed.

Effect on tne rafe oj growth oj immature mice.-Immature mice of either sex
weighing 6-10 g were divided into two groups of fifteen animals each. One
of these served as control and re<;cived only the vehicle (3 per cent gum acacia)
while the other was treated with santonin 6 mgjlOO g orally daily for four
weeks and their weights were recorded once a week.

RESULTS AND DISCUSSION

Santonin, in the dose mentioned, was found to be devoid of androgenic
effect as there was no significant difference in the combined weight of prostate
and seminal vesicles (Burn, 1950) of the castrated santonin-treated mice
(Group IV) as compared to that of the castrated controls (Group II), Table I.
The slight increase in the mean weights of these organs in mice of Group IV
as compared to that of Group II might have been due to the relatively greater
loss of the body weight (10.6 per cent) in the former, since the organ weights
were expressed as mg/100 g body weight.

The drug failed to induce oestrus in ovariectomi.sed female mice as judged
by the absence of cornified cells in the vaginal smears. Jt also had no signifi
cant effect (P > 0.5) on the onset of vaginal opening in immature mice
(Table II) indicating that it had no oestrogenic effect (East. 1955a). However,
it may be difficult to draw any conclusions from this observation since induc
tion of vaginal opening in a premature mouse is' not a specific oestrogenic
effect as androgens and even cold stress may also produce a similar reaction
(East, 1955b). Further, it was found neither to affect the weight of the uteri
in the acstrogen treated ovariectomised mice (Table III) nor to prevent corni
fication induced by oestrogen in these animals as checked by the vaginal smear
technique showing the absence of anti·oestrogenic effect as well.

The histological picture of the uteri of santonin treated animals did not
show hypertrophy of stromal cells of endometrium, hence the possibility of a
progesterone-like effect is excluded. The uteri of progesterone-treated and
progesterone plus santonin treated animals did not show any difference in the
degree of glandular development indicating that the drug has no anti·proge5'"
trational effect. The absence of these effects was also indicated by the obser-
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TABLE I

Effte' of santonin on the weight ofproJlale and Jeminal vesic/u ofadult miu

0
~ "

Wt.orpros-
.~ 0-_ Body wt (g) Change tate and
E o~ ;n seminalGroup Drug ~ "8 E a:
0 .- - :s body vesicles
ci J:g- Initial Final wt (%) (rng/loo g
Z body wt)

I I 18 20 420.0
(Uncal- 2 19 17 588.2

Irated) 1 3 20 18 925.0
I 4 17 18 977.2

Mean 18.5 1825 - 1.3 27.6

II I I 20 19 97.9
(Castra- I 2 20 19 99.5

ted) 3 18 20 95.5
4 23 21 90.5

Mean 20.25 19.75 -2.5 95.85

III TeSlOsterone I I 17 18 838.3
(Castra- propionate I 2 19 18 1013.3

100) 10.5 rng/ I 3 21 19 1400.5

100 g, i. m.) I 4 24 22 1286.4

Mean 2025 19.25 -4.9 1134.6

IV Santonin I 22 23 78.3
(CastTa- (6 mg{loo g. 2 21 17 137.6

ted) orally) 3 21 18 103.3
4 21 18 105.5

Mean 21.25 19 -10.6 106.17

TABLE
Effut of Janlonin on the vaginal patency of weanling mice

Mean age at which vagina opened

Drug No. of
mice

Days SE P

(Control) 15 (I) 39.6 ±. 1.12
Santonin (6 mg/lOO g 15 (4) 38.8 ±. 0.09 0.528 0.6

body wt.)

'Tbe- figuru in parenthesis indicate the number of mice that died before tbe vagina became
patent.
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TABLE III
Elftct of santonin on the uttTo/ropi, effict of oestradiol in ovariectomised adult miu-0 Mean body .5e Vteri."E WI. (g) .-'

Croup Drug ~ ~~ Average
0 ;:: >- WI. (mgl
ci Initial Final ~"O 100 , SE t P
Z Uj; body wt )

I 5 22 21.8 -0.9 118.28 ±22.38
Control

II Oestradiol, 5 21 21.8 +3.8 498.10 ±78.28 4.6 0.005
5ftg i.m.,

for 5 days

III Oestradiol, 5 22.8 20.8 -8.7 500.50 ±37.88 0.Q28 0.60
Sllg i.m.+ (IIIvs.
santonin, U)

6mgjlOOg
orally, for

5 days

TABLE IV

Effect of sanlonin on the weight of uteri ofovarieclomised oestrogen·primed mice

0 Mean body Uteri."E wt (g) Change Average

\

0. Drug ~

Initial.l Final
in body I'It. (mgJ, 0 SE t Pe

~
wI (%) 100 g

bodywt)

I Progesterone 5 20.8 21.8 +4.8 796.2 ±43.88 -
(1 mgCor 5 days).

U Santonin 5 21.4 20.0 -6.5 1174.1 ±102.22 3.39 <0.0 I
(6 mg/100 g body

WI. for 5 days)

III Progeslcrone+san. 5 23.0 22.2 -3.5 90.95 ±65.43
tonin (doses same I vs. III 1.45 >0.1

as above, for II vs. III 2.18 >0.05
5 days)
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Effect of santonin on the weight of diffirent organs ofadult female mice

II 10 22.30 22.10 21.08 ±0.795.31 <0.001 17.08 ±1.95 0.387 >0.7 85.83 ±2.30.043 >0.9
antonin

(6 m 1100 g
body wt.)

86.23 ± 1.89 -17.89 ± .76 -

Mean wt. of Ovaries drenals Thymu
mice (g)

INo. of
V t.roup anim- t. t.

als Initial Final mg./IOO E t P mg·/IOO E t P mg·/IOO t p
g body gb dy g body

wt wt wt

I 10 21.75 21.60 29.69 ±1.42 -
\ on 1'01)

G



TABLE VI

E.Jfect of santonin on the weight of uteri and ovarifS of immature mice [reated with CGT+Vitamin E

Average ,
Uteri I Ovaries

Group Drug No. of wt. of mice Mean wt. Meanwt.
mice at autopsy (mgflOO (m~/100

( g ) g body E t P g body S E t P

wt) wt)

I 5 6.5 74.2 ± 4.34- 28.85 ±3.02
(Control)

II CGT (10 LV., 5 8.4- 190.06 ±23.43 4-.85 >0.005 58.7 ±8.26 3.45 0.01-
i.p), for 5 days. 0.005

III CG (same dose 5 8.0 166.03 ±l693 0.83 >0.4- 4-9.0 ±.4.4J 1.03 >0.3
a above) +
antonin (6 mg/

100 g body wt.),
for 5 days.

IV CG + santonin 5 7.3 243.56 ±24-.08 3.51 001- 81.0 ±9.33 3.311 002-
(same doses) + 0.005 001
Vitamin E
(lmg), for 5 days.
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vations on the weights of the uteri. Table IV shows that santonin did not
affect (P > 0.1) the average uterine weight when given in progesterone-receiv
ing ovariectomised mice primed with oestrogen (Group Ill) as compared to
that of tbe animals receiving progesterone alone after oestrogen· priming
(Group I). On the other hand, when given alone in the oestrogen-primed
mice (Group II) it produced a significant increase (P < 0.01) in the uterine
weight as compared to that in Group I,

Santonin, at a dose level of6 mg/loo g given for ten days, significantly
reduced the weight of ovaries (P < 0.001) in the intact adult female mice
without, however, affecting the adrenals and the thymus weights (Table V).
Since a decrease in the weight of ovaries in the drug-treated group is an evi·
dence of anti·gonadotropin activity (Saunders and Drill. 1958), it is probable
that santonin either inhibits the formation and release of gonadotropins or
antagonises these hormones after their release_ Increased gluco-corticoid acti
vilY could also have inhibited the gonadotropin secretion (Cupps, 1955) but
the absence of thymolysis in the drug-treated animals excluded this possibility.
It did not antagonise the effect of exogenously administered CGT on the weight
of the ovaries and the uteri of immature mice (Table VI). The addition of
vitamin E to CGT plus santonin combination, on the other hand, significantly
increased the weight orthe ovaries (P < 0.02) and the uteri (P < 0.01) as
compared to that in the groups treated only with CGT+santonin. The

additional increase in weight in the former group indicated that it might

TABLE VII

Effecl of santonin on the weight ofprostale and seminal vesicles afimmature
male mice Irtaled with CGT

Prostate + seminal vesicles

Treatment
No. of

mice

Average wt. of
mice at autopsy

(g)
Mean wt (mg/]
100 g bodywt) I SE t p

CGT. 10 LV , ip., 10 9.3 153.8 ±17.57

for 3 days

CGT (same dose) +
santonin \6 mg/loo 10 9.9 154.B ±IB.B50.oo5 0.9

g body wt). for
3 days.
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have been due to the action of vitamin E which was not antagonised by
santonin. The action of exogenou CGT on the prostate and eminal vesicles
of immatur mice was also not antagonised by santonin (Table VII). From
these observatIOn it appears that although antonin did not antagoni e the
action of exogenous CGT on mice, it did poss ss som inhibitory action on
the gonadotropins probably at th pituitory or the hypothalamic level.
The decrease in the rat of growth of immature mic (Fig. I) caused by
santonin offers a supporting evidence for an action on the anterior pituitary,
since most substance which prevent the reI ase of O'onadotropin al 0 prevent
the release of the growth hormone ( aund rs and Drill, 1958).
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Effect of santonin on the rate of growth of immature mice. The numbers indicated a'

each point in the growth curves represent the number of animals from which the mean
growth rate has been obtained.

antonin i known to be toxic to the central nervou sy tern, special
senses, liver and kidney. It is po ible that it has a lective toxicity on
the adena-hypophysis which results in a decrea d output of gonadotropin,
delayed ovulation, delayed onset of mating and prolonged oestrus cycles,
all contributing to its anti.fertility effect in mice.

In view of it toxicity the drug itself may not have therapeutic value but
Jt I possible that some of its Ie s toxic synthetic analogues ma.y prove to be
clinically usefu.l antifertility agents.
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The hormonal and the anti·hormonal effects of santonin have been
studied. It was found to have no androgenic, oestrogenic, anti~trogenic,

progestrational and anti·progestrational effects.. It also did not antagonise
the effect of e:(ogenous chorionic gonadotropin although it seemed to inhibit
the sec;.reuon of gonadotropins from the aden()-hypophysis. The decrease in
lhe rate of growth of immature mice appeared to be a supportive evidence

for an action on the anterior pituitary. Because of its toxicity, santonin
itself may not be advocated for clinical use but investigations of its less toxic
synthetic analogues may lead to a bener anti-fertility agent.
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