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Estrogenic activity of petroleum ether extract of
seeds of Citrus medica on immature albino rats
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Estrogenic/anti-oestrogenic activities of petroleum ether extract of Citrus medica seeds was studied in albino rats. The extract at the
dose level of 200 and 400 mg/kg body weight was administered for seven days to immature ovariectomised rats, along with or without
1 pg ethinyl estradiol. Suitable controls were maintained. The extract-treated rats exhibited estrogenic effects, which include increase
in uterine weight and vaginal epithelial cell cornification. The micrometric measurements of the uterus and its components were
increased and glands showed high secretory activity. When the above extract was tested in 30-day-old immature rats, they exhibited
opening of vagina on the fifth day and cornification of vaginal epithelial cells, which is about 10 days earlier compared to controls, further
supporting the estrogenic activity of the extract. Hence, these results strongly indicate the potent estrogenic nature of petroleum ether
extract of Citrus medica seeds, which may be used as an antifertility agent. Phytochemical studies of the petroleum ether extract of

Citrus medica seeds were also carried out to find the chemical nature of the extract.

INTRODUCTION

Phytoestrogens are plant substances that have
structural and functional similarity to estradiol-17B.M
Plant-derived isoflavonoids, coumestans and ligands
compete with estradiol with varying affinities to
bind to oestrogen receptors, induce transcription of
oestrogen responsive genes” and depending on the
outcome measured, either mimic or antagonize the
action of steroidal oestrogens.” The impact of dietary
phytoestrogens on normal biological processes was
first recognized in sheep.™ Therefore, the fact that
these compounds function as phytoestrogens might
be an important dietary factor affecting human
health.®*! Among their widespread clinical effects
dietary phytoestrogen is purported to reduce the
risk of cancer, have antioxidant and free radical
scavenger activity, reduce serum cholesterol, induce
cellular differentiation and inhibit angiogenesis.®*!
Phytoestrogens can therefore potentially benefit
humans, and yet there are probably many more
unidentified phytoestrogens in nature.

Herbal therapies are unconventional treatments in
wide use for many diseases. It can have different
estrogenic effect on both animal and human.['*4

The reduction of ovulation rate in mice™! and
disruption of reproductive hormones and ovarian
function in cyclic women.!!*"¥] In addition,
epidemiological studies have shown that women
who consumed high amount of isoflavones
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from soy had a decrease in serum levels of estrone and
estradiol.l*

Therefore, in the present investigation, efforts have been
made to test the effect of petroleum ether extract of seeds
of Citrus medica in immature (ovariectomised) albino rats.
Petroleum ether extract has been shown to have the most
potent antifertility effect out of the three extracts tested in
our laboratory.”! Emphasis has been placed on studying
the estrogenic/antiestrogenic activity of the extract, as
its antiimplantation property is an important step in the
contraceptive nature of the compound. The biological nature
of the extract has also been studied.

MATERIALS AND METHODS

Plant Material

The seeds of the plant Citrus medica (Lemon) were
collected from the fruits grown in the fields in and around
Gulbarga (Karnataka) during summer (January-May) and
authenticated at the herbarium, Department of Botany,
Gulbarga University, Gulbarga, India, where voucher
specimens were deposited.

Extraction of Plant Material

The seeds were shade-dried, chopped into small pieces,
powdered and subjected to soxhlet extraction successively
with petroleum ether (60-80°C), benzene and ethanol (95%)
for 18-20 h. The extracts were concentrated to dryness in a
flash evaporator under reduced pressure and controlled
temperature (50-60°C). All the extracts were preserved in
the refrigerator at 6°C used for experimental studies.
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Phytochemical Screening

In the present study phytochemical tests were carried out
and the presence of various chemical constituents in plant
extracts were determined by preliminary phytochemical
screening.*%!

Estrogenic/antiestrogenic Activity

Colony-bred immature female albino rats (Wistar strain),
25 days old, weighing between 30-35 g were bilaterally
ovariectomised by dorsolateral approach under light ether
anaesthesia and semi-sterile conditions. Rat cages were
arranged randomly to limit variation based on temperature
and light. They were maintained in barrier rooms under 12:
12 - light: dark cycle, with a temperature of 22 + 1°C and
relative humidity of 50%.

The animals were divided into six groups consisting of six
rats in each group.

Group-I: Control, received 0.2 ml Tween-80 (1%) orally.
Group-II: Treated, received 1 pg ethinyl estradiol/rat/day
in olive oil subcutaneously.

Group-III: Treated, received 200 mg petroleum ether
extract/kg body weight in 0.2 m]l Tween-80 (1%) orally.
Group-IV: Treated, received 400 mg petroleum ether
extract/kg body weight in 0.2 ml Tween-80 (1%) orally.
Group-V: Treated, received 200 mg petroleum ether extract/
kg body weight in 0.2 ml Tween-80 (1%) orally +1 ug
ethinyl estradiol/rat/day in olive oil subcutaneously.
Group-VI: Treated, received 400 mg petroleum ether extract/
kg body weight in 0.2 ml Tween-80 (1%) orally +1 ug
ethinyl estradiol/rat/day in olive oil subcutaneously.

All the above treatments were given for seven days. On the
eighth day of the experiment, the animals were sacrificed
by cervical decapitation and the uteri and adrenals were

dissected out and separated from the adherent tissues and
weighed up to the nearest mg on an electronic balance.
Estrogenic activity was assessed according to the method
of Edgren and Calhoun,®? taking uterine wet weight,
opening of the vagina, and cornification of vaginal epithelial
cells as the points of evaluation. Additionally, the uterine
tissue of rats from each group was fixed in Bouin’s fluid
and processed for histological preparation. Haematoxylin-
eosin!®! stained slides were examined for changes in tissues
and cellular organization.

Statistical Analysis

The gravimetric and histometric measurements were
analyzed by using standard method described by Snedcor
and Cochran.! For estrogenic/antiestrogenic analysis all
the doses of extracts were compared with the vehicle
and ethinyl estradiol-treated groups. All the values were
statistically analyzed by using student’s ,t’ test. The values
were judged as almost significant if P < 0.05, significant if
P <0.01 and highly significant if P < 0.001.

RESULTS

Results of the phytochemical screening of the petroleum
ether extract from the seeds of Citrus medica are presented
in Table 1.

Estrogenic/antiestrogenic activity of the seeds” extract of
Citrus medica [Tables 2 and 3]

The petroleum ether extract when administered orally at 200
and 400 mg/kg body weight caused a significant increase in
the uterine weight in immature ovariectomised rats versus
control (P <0.001) (Table 2). The uterotrophic changes
such as the diameter of the uterus (P < 0.001), thickness of
the endometrium (P < 0.001) were significantly increased

Table 1: Phytochemical investigation of the petroleum ether extract of Citrus medica seeds

Extract Phytochemical tests
Alkaloids  Steroids Glycosides Amino acids Saponins Flavones Carbohydrates Fats and oils  Phenols
and proteins
Petroleum +ve -ve +ve +ve -ve +ve —-ve +ve -ve
ether

+ = Positive; — = Negative

Table: 2: Effect of petroleum ether extract of C. medica seeds on uterine weight, vaginal opening and cornification of
vaginal epithelial cells in bilaterally ovariectomised immature rats

Group Treatment Dose (kg) Uterine wet weight (mg/100g) Vaginal opening/cornification
| Control Tween-80 (1%) 260.55 + 8.22 -/-
Il Ethinyl estradiol 1ug 329.44 + 3.79*** 6/6
] Petroleum ether 200mg 331.71 £ 7.86** 6/6
% Petroleum ether 400mg 347.77 £ 5.81*** 6/6
\ Ethinyl estradiol + Petroleum ether 1 pug + 200mg 320.55 £ 11.9*** 6/6
Vi Ethinyl estradiol + Petroleum ether 1ug+400mg 335.55 +5.55%** 6/6

M+ S.E. = Mean + Standard error; Duration: Seven days, six animals were maintained in group; *P < 0.05; **P < 0.01; ***P < 0.001 when compared with control
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Table: 3: Histometric changes in the uterus due to the administration of petroleum ether extract of C. medica seeds in
bilaterally ovariectomised immature rats

Group Treatment Dose (kg) Diameter of Thickness of Thickness of Epithelial
uterus (um) myometrium (um) endometrium (um)  cell height (um)

| Control Tween-80 (1%) 363.86 £ 5.53 25.60 £ 2.83 58.76 £ 4.22 24.86 £ 2.25

Il Ethinyl estradiol 1ug 885.92 + 9.17*** 130.78 + 4.21*** 250.86 £ 9.71*** 51.98 £ 2.76***

1 Petroleum ether 200 mg 510.76 + 2.25** 40.87 + 5.76* 85.88 + 2.76** 33.9 + 0.0*

\% Petroleum ether 400 mg 780.68 + 2.78*** 76.34 £ 3.76*** 198.87 £ 3.54*** 40.21 £ 7.34**

\% Ethinyl estradiol + 1 pg + 200 mg 928.86 + 2.25*** 96.6 + 3.73*** 260.1 £ 4.83*** 33.0 £ 1.59**

Petroleum ether
VI Ethinyl estradiol + 1 ug+400mg 970.8 £5.75*** 151.5 £ 3.10*** 293.8£6.18*** 54.24 £2.25***

Petroleum ether

M £ S.E. = Mean + Standard error; Duration: Seven days, six animals were maintained in group; *P < 0.05; **P < 0.01; ***P < 0.001 when compared with control

when compared with control rats. The uteri of these rats
were inflated and full of fluid resembling the proestrous
or oestrus uterus. The epithelial layer of the endometrium
consisted of spindle-shaped cells with basal nuclei. The
stroma was represented by fibroblast type of cells and was
loose and oedematous.

The experimental animals showed an open vagina and an
oestrous smear. The number of cornified cells in the vaginal
smears was considerably higher than that of controls, but
notably less than of the ethinyl estradiol-treated animals
(Table 2).

Simultaneous administration of 400 mg of petroleum ether
extract/kg body weight and ethinyl estradiol caused a highly
significant increase in the uterine weight versus control
(P <0.001). The degree of uterotrophic response was greater
than that produced by ethinyl estradiol alone (P < 0.001). It
also caused a highly significant increase in uterine diameter,
thickness of the endometrium and height of the endometrial
epithelium versus control (P < 0.001).

These results indicate that though both the doses are
estrogenic in nature 400 mg/kg body weight dose level
is more potent. The petroleum ether extract and ethinyl
estradiol are synergetic in their action, as their combination
increased all the parameters of the uterus more than their
individual administration.

DISCUSSION

The indication of estrogenic activity is the opening of the
vagina and of vaginal cells. In this study, the petroleum ether
extract of C. medica seeds were tested for their estrogenic
activity. 200 and 400 mg/kg of Petroleum ether extract of
C. medica was tested for the cornification of vaginal cells
(estrogenic effect). The results are consistent with the trend
for uterine weight gain in these rats. Cornification was not
obvious until one week after beginning treatment, which
indicates that the estrogenic effects of both the extracts may
result from short-term administration. Other studies have
shown that the post coital effectiveness of plant agents is
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roughly parallel to their estrogenecity.*”!

Administration of both the doses to ovariectomised rats
tended to increase uterine weight, indicating that both
the doses contain oestrogen-like compounds. The uterine
weight increase was significantly higher than that of the
ethinyl estradiol-treated group, indicating that petroleum
ether extract at 400 mg/kg body weight dose level is only
high estrogenic. Due to the increase in uterine weight, other
parameters like diameter & thickness of the endometrium,
myometrium and epithelial cell height also increased in both
the extracts as compared with the control. Oestrogen levels
are lowest during the oestrous phase and increased gradually
during the dioestrous phase and reached to a peak at the
proestrous phase.?%

In this study, petroleum ether extract affected the uterus
and its parameters. Estrogenic stimuli are highly complex
and a variety of promoter regions upstream from oestrogen
responsive genes confer specificity of tissue activation.*!
In vitro studies have confirmed that isoflavones tend to have
a higher affinity for oestrogen receptor-p not for oestrogen
receptor-a, thus a simple interpretation of oestrogen
receptor specificity as the key determinate of tissue-specific
estrogenic proportion of C. medica seeds extract is sufficient
studying mixture of phytoestrogens like isoflavones,
coumestans, lignans, resveratrol and 8-prehylnarinagenin
such as found in C. medica extract might help uncover
potential mechanisms whole by exogenous estrogens
confirm tissue selectivity. Flavonoids have been reported to
possess antifertility activity,[#2'3 the estrogenic activity of
the petroleum ether of Citrus medica seeds might be due to
the presence of flavonoids or other constituents. In addition,
using a standardized extract to study will help eliminate
questions concerning the dose of the active compounds and
their mixed estrogenic behaviour.

REFERENCES

1. Jordan VC, Mittal S, Gosden B, Kou R, Lieberman ME. Structure-
activity relationships of estrogens. Environ Health Prospect
1985;61:97-110.

| April-June 2008 |



10.

11.

12.

13.

14.

15.

16.

17.

18.

| April-June 2008 |

Sharangouda and Patil: Estrogenic activity of petroleum ether extract of seeds of Citrus medica on immature albino rats

Kuiper GG, Carlsson B, Grandien K, Enmark E, Haggblad ],
Nilsson S, et al. Comparison of the ligand binding specificity and
transcript tissue distribution of estrogen receptors alpha and beta.
Endocrinology 1997;138:863-70.

Hughes CD. Are the differences between estradiol and
other estrogens merely semantical? ] Clin Endocrinol Metab
1996;81:2405.

Schinckel PG. Infertility in ewes grazing subterranean clover
pastures: Observations on breeding following transfer to sound
country. Aust Veterinary Jr 1948;24:289-94.

Bingham SA, Atkinson C, Liggins J, Bluck L, Coward A.
Phytooestrogens: Where are we now? Br ] Nutr 1998;79:393-406.
Cline JM, Hughes CL Jr. Phytochemicals for the prevention of
breast and endometrial cancer. Cancer Treat Res 1998;94:107-34.

Humfrey CD. Phytoestrogens and human health effects: Weighing
up the current evidence. ] Nat Toxins 1998;6:51-9.

Murkies AL Wilcox G, Davis SR. Clinical review 92: Phytoestrogens.
J Clin Endocrinol Metab 1998;83:297-303.

Tham DM, Gardner CD, Haskell WL. Clinical review 97: Potential
health benefits of dietary phytoestrogens: A review of the clinical
epidemiological and mechanistic evidence. ] Clin Endocrinol
Metab 1998;83:2223-35.

Whitten PL, Lewis C, Russel E, Naftolin F. Phytoestrogen influences
on the development of behaviour and gonadotropin function. Proc
Soc Exp Biol Med 1995;208:82-6.

Medlock KL, Branham WS, Sheehan DM. Effects of Coumestrol
and equal on the developing reproductive tract of the rat. Proc
Soc Exp Biol Med 1995;208:67-71.

Burton JL, Wells M. The effects of phytoestrogens on the female
genital tract. ] Clin Pathol 2002;55:401-7.

Whitehead SA, Cross JE, Burden C, Lacey M. Acute and Chronic
effects of genistein, tyrphostin and lavendustin A. on Streoid
synthesis in lutenized human granulosa cells. Hum Reprod
2002;2:589-94.

Bennets HW, Underwood EJ, Shier PL. A specific breeding problem
of sheep on subterranean clover pasters in Western Australia. Aust
Veternery Jr 1946,22:2-12.

Fredricks GK, Kincaid RL, Bondioli KR, Wright RW. Ovulation
rates and embryo degeneracy in female mice fed the phytoestrogen,
coumestral. Proc Soc Exp Biol Med 1981;167:237-41.

Cassidy A, Bingham S, Setchall KD. Biological effects of isoflavones
in young women importance of the clinical composition of soya
bean products. Br ] Nutr 1995;74:587-601.

Duncan AM, Berz BE, Xux, Nagel T, Phippl W, Kurzer MS. Soy
isoflavones exert modest hormonal effects in premenopausal
women. ] Chis Endocnnol Metab 1999;84:192-7.

Kurzer MS. Hormonal effects of Soy isoflavones: Studies in
premenopausal and postmenopausal women. ] Nutr 2000;
30:660-1.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Schimizu H, Ross RK, Bernstein L, Pike MC, Henderson BE.
Serum oestrogen levels in postmenopausal women comparison
of American whites and Japanese in Japan. Br ] Cancer 1990;
62:451-3.

Nagata C, Takatsuka N, Inaba S, Kawakami N, Schimizu H.
Effect of soymilk consumption on serum estrogen concentrations
in premenopausal Japanese women. ] Natl Cancer Inst 1998;
90:1830-5.

Sharangouda, Patil SB. Phytochemical screening and antifertility
activity of various extracts of Citrus medica (Lemon) seeds in albino
rats. ] Adv Pharmacol Toxicol 2007.

Kokate CK. Experimental Pharmacognosy 1st ed. Delhi: Vikas
Prakashan; 1985. p. 320.

Harborne JB. Phytochemical methods. New York: Chapman and
Hall Ltd; 1973. p. 37-214.

Edgren RA, Calhoun DW. The biology of steroidal contraception.
In: Edgren RA, editor. Contraception. The chemical control of
fertility. New York: 1957.

Gurr E. Staining animal tissues. In: Practical and theoretical.
London: Leonard Hill Limited; 1962. p. 233.

Snedcor GW, Cochran WG. Statistical methods. Oxford: IBH
Publishing Co; 1967.

Bhargava SK. Estrogenic and pregnancy interruptery effects the
flavonoides of Vitex negundo seeds in mice. Plant Med Phytother
1984;18:74-9.

Michel F, Antanio T, Paula EZ, Raymond LV. Effect of antibodies
to 17B-estradiol and progesterone on the estrous cycle of the rats.
Endocrinology 1969;85:1070.

Smith MS, Freeman ME, Neill JD. The control of progesterone
secretion during estrous cycle early pseudopregnancy in the
rat: Prolactin, Gonadotrophin and Steroid levels associated with
rescue of the corpus luteum of pseudopregnancy. Endocrinology
1975;96:219.

Paech K, Webb P, Kuiper GG, Nilsson, Gustafsson ], Kushner PJ,
et al. Differential ligand activation of estrogen receptors Er-o. and
Er-p at AP1 sites. Science 1997;277:1508-10.

Khanna V, Choudhury RR. Antifertility screening of plants part-I.
Indian J Med Res 1968;56:1575-9.

Pincus G. Control of Fertility. New York: Academic Press; 1965.
p- 240. Psychoyos A. Recent Research in Egg Implantation. CIBA
Foundation Study Groups 23; 1966. p. 4 -11.

Anderson LL, Moghissi KS, Hafez ES. Biology of mammalian
fertilization and implantation. Thomas: Springfield; 1972. p. 379.
Hafez ES. Reproduction and breeding techniques for laboratory
animals. Philadelphia: Lea and Fediger; 1970. p. 32, 93.

Source of Support: Nil, Conflict of Interest: None declared.

International Journal of Green Pharmacy 94



