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ABSTRACT

It has been found previously that
nicotine inhibits ovulation and fertili-
zation both in vivo and in vitro in rats.
Furthermore the onset of puberty was
reported to be associated with
changes in pulsatile gonadotrophin -
releasing hormones secretion in the
hypothalamus. The objective of this
study was to test the hypothesis that
nicotine perturbs the onset of puberty
and to explain the mechanism of
this effect. In addition, it has been
reported previously that nicotine may
alter uterine fallopian tube function
which mediate gamete and conceptus
transport, so this work was also
aiming at evaluation of difference in
response of isolated rat uterus to
either serotonin or oxytocin in
nicotine pretreated and untreated
female rats.

37

Nicotine in a dose of 0.5mg/kg/d.
was injected |.P. to female rats from
the day 15 of postnatal life induced
retardation of the onset of puberty as
assessed in terms of vaginal opening
(64.3+3.2 VS435*2.1day insa-
line treated control). In addition the
animals which have been given nico-
tine showed a significant decrease
in serum levels of FSH, LH, oestrogen
and progesterone beside increased
serum level of prolactin as compared
to saline treated control. The number
of ova in the fallopian tubes released
at first ovulation, weight of ovaries,
uteri and whole body weight were
significantly lower in comparison with
nicotine untreated rats. Furthermore,
postnatal life administration of nico-
tine in a dose of 0.5mg/ka/d, I.P. from
the day 15 of age until the day of first
ovulation induced a significant reduc-
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tion in uterine contractiie response to
either oxytocin or serotonin (5 HT).
Contractile properties of either oxyto-
cin or 5HT on myometrium have had
applications in obstetrics with the use
of ergometrine (a partial agoinst of
5HT) to contract the uterus to reduce
post partum haemorrhage, so the
effect of ergometrine & oxytocin
must be further studied in cases of
cigarette smoking females.

INTRODUCTION

Nicotine has long been considered
as the active agent in tobacco smok-
ing (1). Nicotine is one of the few nat-
ural liquid alkaloids. It is a colourless
volatile base that turns brown and ac-
quires the odour of tobacce on expo-
sure to air; nicotine is a highly toxic
agent, 40-60mg may be lethal (2). It
was concluded that nicotine inhibited
ovulation, estradio! production and
fertilization both in vivo and in vitro in
rat models of ovulation (3). Both fe-
male and male smokers had elevated
levels of adrenal androgens (3,4). It
have been proposed that smoking di-
rectly influences steroid production
and metabolism (4). The effect of
smoking mothers on birth weight of
their babies has been extensively
studied (5). Many experiments on hu-
mans and animals were designed to
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relate smoking to birth weight and
to explain the mechanism of this
relation.

The preparation of the myometri-
um for parturition is dependent cn the
action of estrogens. An increase in
the synthesis of oxytocin receptors
are observed by the action of ocestro-
gens (6). Oxytocin is recognised as a
potent stimulant of myometrium con-
tractility and contractile events of par-
turition (7). 5-hydroxytryptamine
(8HT), stimulates myometrial smooth
muscle cells to synthesize collage-
nase at the end of gestation which in-
dicates that this amine has a possibie
contributary role in the ripening of the
cervix and the timing of human partu-
ration (8 & 9).

The objective of this work is to
study the effect of nicotine adminis-
tration to female rats during the prep-
ubertal period on timing of sexual
maturation and to study its effect on
foilicle stimulating hormone (FSH),
leuteinizing hormone (LH) & prolac-
tin (PRL)and female sex hormones
(oestrogen & progesterone). Further-
mere this work is aiming at evaluation
of the difference in responses of
isolated rat uterus to 5HT or oxytocin
in nicotine pretrea'ted and untreated
female rats.
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MATERIALS & METHODS

Drugs used:

Nicotine: Nicotine 95% (obtained
from Hopkin  Williams and LTD,
England), it was diluted by normal sa-
line.

5-hydroxytryptamine creatinine
sulphate (5HT): The powder was dis-
solved in distilled water to obtain a
concentration of 2400 NM/ml. (Sigma
Co.).

Oxytocin: Commercial oxytocin
distributed by Sandoz laboratories as
10 1U/ml selution.

Animals used:

Albino rats were obtained from the
animal house of Mansoura Faculty of
Medicine on the day of birth (day 0).
All litters were kept with their mothers
until day 15. They were maintained
under similar housing conditions of
humidity, temperature and photoper-
oid of 14H light and 10H dark. At day
15 females were separated from
males. Female rats were divided into
2 groups:

Group (I): Control group, com-
prised 20 female rats injected daily
with 0.5mi saline (IP) from the day 15
until the onset of puberty.

Group (l1): Consisted of 20 female
rats, injected daily, IP. with 0.5mg/kg
nicotine daily from the day 15 until the
onset of puberty (2).

Onset of puberty in female rats
was detected by the day of first ovula-
tion and vaginal opening (VO). The
later was being assessed by daily in-
spection of female rats from the day
15 for the first sign of vaginal mem-
brane rupture as previously reported
(10).

Body weights were recorded every
2 days until the day of VO. Half
of both groups was sacrificed on
the day 35 & the other half was
sacrificed on the day of first ovulation.
Before decapitation, body weight
of all animals was recorded-After
decapitation the oviducts were.
dissected and flushed with sterile
saline & the number of ova was
counted under the microscope (9).
In addition the weight of ovaries &
uteri were determined. Blood was col-
lected & the sera were separated for
hormonal assays. Serum FSH, LH &
PRL were analyzed by diagnostic
ELISA kit supplied by Eurogenetics
Co. (11). Serum oestrogen (E2) &
progesterone were determined by
ELISA using the Fertigenix - Easia
kit, (12).

The uteri were dissected to be
put in an isolated organ bath for
recording response to oxytocin or
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serotonin. De Jalon's solution(13)
was used & the bath was aerated
with carbogen (95% oxygen & 5%
carbon dioxide). The experiments
were started after the preparation
had been allowed to equilibrate for
about 60 minutes. Serotonin applied
in concentrations of 50, 100 &
200NM/mi of water bath at 1.5 minute
periods of application & 15-20 min-
utes intervals (6). Oxytocin was ap-
plied at intervals of 15-20 minutes for
1.5 minute in concentrations of 20, 40
& 80 NM/m (B).

Statistics:

Results are presented as mean
+SE. Statistical evaluation of data
was performed by using student's
t-test, P-value of 0.05 or less was
regarded as significant (14).
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RESULTS

Nicotine administration to femaie
rats daily in a dose of 0.5 mg/kg I.P.
from the day 15 of postnatal life to the
onset of ovulation, induced a signifi-
cant decrease in body weight, weights
of ovaries, uteri & number of ova. Fur-
thermore, it induced a significant de-
crease in serum FSH, LH, Eo & pro-
gesterone associated with a
significant increase in serum PRL as
shown in Tab. (1) & (2).

Nicotine administration as previ-
ously mentioned, produced a de-
crease in isolated uterine contractile
response to either oxytocin or SHT
as compared to isolated uteri of rats
that were not pretreated with nicotine
as shown in (Fig. 1, 2, 3 & 4) & (Tab.
3&4).
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Tab. (1): Effect of nicotine administration on age of vaginal opening (VO),
body weight, weight of uteri, ovaries and number of ova in female albino

rats (Mean £ SE)
¢ Ageat | Body weight | Uterine weight Ovary/pair | Number
rou,
? vo ® (mg) (mg) of ova
Saline treated
438=21 116839 1523+09 307=11 57202
(02 miday 1 P)
Nicotine treated (0 3
myke dav) 1P from fod3=32f 958-432 i401=08 2r=13 1 32204
dav ifupro VO
P <005 <008 <00s <008 <00s

* SE = standard error
* P = significance of difference between nicotine treated & saline treated female rats

Tab. (2): Serum concentrations of follicle stimulating hormone (FSH),
leutinizing hormene (LH); oestrogen: (E2).. progesterone: & prolactin of
female rats treated prepubertally with: saline or nicotine

(M = SEV
Group FSH LH E2 Progesterone | Prolactin
miuw/mi miu/ml pg/ml ng/mi ng/mi
Saline (0 2ml I P )m
day 38 +iz011 162008 | S1=012 | 0212003 6703
Saline (02 ml1P)ar 2=018 fEZa2 1712033 | 09=003 68=-028
day of ovulation P ~001 ~gol ~001 <001 <001
43201 9:007 - *
\-cnl'ine(ﬁ.‘mg’kg,‘d 8 19=00 642027 0522002 2632022
1P )t day 35 P NS NS <001 <001 <001
P ~001 <001 ~001 <001 NS
g $8z202 7203 7203 3 3 -
\lcmimloﬁmmydl 67x035 } 8 0 0572001 221203
- ~00f e | <
at day of ovularion 3 ot il e o
~ 001 <001 ~001 <001 <00%

* Nicotine treatment started on day | 5 of postnatal life

* SE sandard error

* P signiticance of difference as compared to saline treated at day 3%

* P siwmiicance of ditference of nicotne treated as compared 1o safine treared rats at

day of ovulation
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Tab. (3): Effect of prepubental nicotine treatment (0.5 mg/kg/day. 1.P.) on

uterine contractile response to oxytocin in rats (Mean = SE).

Uterine contractile response to

oxytocin in rats pretreated with saline

Uterine contractile response to axytocin
in rats pretreated with nicotine

Concenration

ofoxyiocinin | 20NM/ml | 4ONM/ml | 3¢ NM/ml | 20NM/ml | 40 NM/ml 80 NM/ml
water bath
Uterine
: 112007 | 232003 | 282009 | 052002 122002 12007
contractile
Py <008 P: < 0.08 P:< 005
response (cm)

¢ SE siandard error.
* P, test of significance between nicoline pretreated and saline pretreated rats in

presence of oxyto<in concentration of 20 NM/ml.

* P: test of significance between nicotine pretreated and saline pretreated rats in

presence of oxviocin concentration of 40 NM/mi.

* P: test of significance between nicotine pretreated and saline pretreated rats in

presence of oxyiocin concentranon of 80 NM/ml

Tab. (4} Effect of prepubertai nicotine treatment (0.5 mg/kg/day 1.P.) on

urerine contractile response to serotonin (SHT) in rats (Mean + SE).

Uterine contractile response to SHT Uterine contractile mpons'e to SHT
in saline pretreated rats in nicotine pretreated rais
Serotonin
concentration | <0 NM/mi | 100 NM/mi | 200 NM/ml | 50 NM/mi § 100 NM/mi | 200 NM/mil
in water bath
Uterine
042002 | 04=002 | 042002 | 02=001 | 02=001 | 022001
coniractile
P, <008 P: <008 Py <005
response (em)

* SE. standard error,
* P, significance berween saline pretreated and nicotine pretreated in presence of SHT in

a concentration of 0 NM/ml

* P: significance between saline p

a concentration of 100 NM/ml
* P significance between faline pretreated and nicotine pretreated in presence of SHT in

a concentration of 200 NM/ml
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Fig. 1 : Uterine contractile response to oxytocin (saline pretreated) in rat..

Fig. 2 : Uterine contractile response to oxytocin (nicotine pretreated) in rat..

MANSOURA MEDICAL JOURNAL
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Fig. 3 : Uterine contractile response to serotonin "SHT" (saline pretreated)
in rat.

Fig. 4 : Uterine contractile respor.se to serotonin "SHT" (nicotine pretreated)

in rat.
Vol. 32, No.1 & 2Jan. & Apiil, 2001
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DISCUSSION

In humans and in several animal
species, puberty results from changes
in pulsatile gonadotrophin - releasing
hormones (GnRH) secretion in the hy-
pothalamus. In particular, ‘*~& fr2quen-
cy of pulsatile GnRH secretion in-
creases at onset of puberty (15). The
machanism controlling that increase
in frequency of pulsatile GnRH secre-
tion at the onset of puberty is not fully
elucidated. This mechanism could
consist of either switching off an inhib-
itory control such as that of opioid
peptides & or switching on a facilitato-
ry control suchi as proposed for the
excitatory emino acids, gultamate &

aspartate (15). Dopamine is involved

in the central effects of nicotine. It
was reported that nicotine elicited a
dose - dependent increase in dopa-
mine release in the striatum and in
the nucleus accumbens (16). Chronic
administration of nicotine affected the
circadian rhythm of dopamine in the
striata of mice & this might affect the
function regulated by this transmitter
such as PRL level (17). Dopamine
containing neurons in hypothalmus
play an important role in regulating
hypothalamo - hypephyseal function,
s0 nicotine through its relation to dop-
amine may modulate gonadotrophins
release. Cigarette smoking has been

associated with decreased fertility in
females. These eficcts of =moking
may be related to adverse effects of
nicotine (1).

In the present study serum FSH,
LH, PRL, Eo and progesterone levels
in saline treated group on day of vagi-
nal opening, wiich is the sign of first
ovulation, were significantly higher
than the same control group at day
35. These findings are consistent with
data obtained previously (15). It was
stated that first ovulation in pubertal
female rats, which occur on the morn-
ing of vaginal opening, is caused by
spomianeous surge of FSH & LH. This
is brought about by a surge of GnRH
acting upon the pituitary. These
changes are associated with increase
in serum oestrogen. Stercidogenic
granulosa and theca cells cooperate
under gonadotrophin control to pro-
duce estrogens by stimulating synthe-
sis of steroidogenic enzyme messen-
ger RNAs. Steroid synthesis is
amplified further by local growth fac-
tors and follicular cell muitiplication.
Estrogen synthesis is directed by
FSH, and only small amounts of LH
are needed to amplify the follicular es-
trogenic potential (18, 19). The
present study showed that VO of con-
trol animals happened at age of (43.5

MANSOURA MEDICAL JOURNAL
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+2.1) days while it occurred on day
64.3+3.2 in nicotine treated rats.

In the current study nicotine treat-
ment during prepubertal period pro-
duced significant decrease in Ep ser-
um level. This finding is consistent
with previous study (1). It was report-
ed that nicotine has a direct anti-
oestrogenic effect through inhibition of
oestrogen synthesis and induction of
its metabolism. The present study re-
vealed hyperprolactinaemia in nico-
tine treated rats. The effect of nicotine
on the level PRL may be produced
through the inhibition of hypothalamic
proiactin inhibitory factor (20). This
factor has been shown to be dopa-
mine (16).

The body weight at first ovulation
was significantly lower in nicotine
treated animals in comparison to sa-
line treated rats. This can be ex-
plained by decrease in the secretion
of growth hormone (GH) as a result of
exposure to nicotine in the first weeks
of life which represented the period of
rapid growth that depends on GH in
rats (21). The weight of ovaries &
uteri were significantly  lower in
nicotine treated group. It has been
reported that decreased level of
pituitary gonadotrophins is responsi-

Vol. 32, No.1&2Jan. & April, 2001

ble for the reduction of weight of
ovaries & uteri (22). Also, estrogen
synergizes with FSH at the ovarian
level to increase the number of FSH
receptors per granulosa cells. This
process involves both induction &
maintenance (23), which can be
quantified by ovarian weight augmen-
tation (19). The reduction in number
of ova within the fallopian tube found
in nicotine treated rats in the present
study is consistent with the previous
in vivo study showed that nicotine
reduced the ovulation rate and
perturbed the rate of oocyte matura-
tion ( 24).

Oxytocin is a very potent stimula-
tor of myometrial contraction, it acts
by inhibition of calcium binding to
myometrial microsomes, which results
in an increase in intracellular free cai-
cium & myometrial contraction
through the formation of calmodulin
calcium complex. Oxytocin acts also
by inhibition of calcium-magnesium
ATP-ase activity and increase of intra-
cellular calcium level. This inhibition
was found to be parallel to the in-
creased oxytocin receptors in myome-
trium in late pregnancy (7). In the
present study, there is a decrease in
uterine  contractile response to
oxytocin in nicotine treated rats. This
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decreased response can be due
to decreased number of oxytocin
receptors secondary to lower level of
oestrogen & progesterone (8).

Serotonin induced uterine contrac-
tions through the subtypes of 5HTo 5
receptors which are linked to phos-
pholipase (C) with the generation of
two second messengers; diacviglyce-
rol which activates protein kinase (C)
& inositol triphosphate which releases
intracelluiar stores of calcium (25).
The present study showed a de-
crease in uterine contractile response
to 5HT in nicotine pretreated rats. It
was suggested that uterine mast cells
may mediate an oestrogen - oxytocin
endocrine regulation of free 5HT con-
centration in the myometrium & inhibi-
tion in the rate of 5HT uptake which
could affect the time of interaction of
SHT with its receptors (6).

Conclusions:

On the light of the present study, it
could be concluded that prepubertal
nicotine administration induced ret-
ardation in female rats sexual matura-
tion. This retarded maturation may be
due to decreased ieve! of gonadotro-
phins, oestrogen and progesterone. In
addition prepubertal nicotine adminis-
tration to female rats decreased the

uterine coniractile response to either
oxytocin or serotonin,

Contractile properties of oxytocin
and 5HT on myometrium have had
applications in obstetrics with the use
of ergometrine (a partial agoinst of
5HT) to contract the uterus to reduce
post partum haemorrhage. So the ef-
fect of ergometrine & oxytocin must
be further studied in cases of cigar-
ette smoking females .
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