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ABSTRACT: The effects of prenatal exposure to cgf@ smoke or nicotine on plasma nitric oxide almbd glucose level of
adult rats was studied in this work. Fifteen femalistar rats were divided into 3 groups of fivesraich (A-C).Group A rats
were exposed to cigarette smoke in an exposure lbrarGroup B rats were administered 0.25 mg/kg df.wicotine while
Group C rats served as the Control. After matind gestation, litters from each group were randosuidivided into two
groups of 5 neonates each. Group AaAd A, Group B:B and B,Group C:G and G.

Groups A B; and G were further administered 50 mg/kg b.w VitamindC 4 weeks after birth; Groups,&And B and G
received nothing .Blood samples were collected fadhanimals and nitric oxide and blood glucoseelswvere estimated.
Results show that the neonate s of animals exposedarette smoke had a significantly higher aibkide concentration than
those not exposed, and a significantly lower blghetose level(61.00 +2.03 mg/ dL) when comparedh i control(75.50 +
3.73 mg/dL).On the other hand prenatal exposurenitotine neither had a significant effect on initroxide
concentration(12.50+2.10 uM) when compared with ¢batrol(10.75+2.95 uM) nor on blood glucose levér4.17+3.48
mg/dL) and (75.50+3.73 mg/dL)respectively.

The effects of cigarette smoke shown here coate attributed to the pharmacological activitynafotine,but may be related
to the formation of smoking induced oxidative fradicals,as administration of anti-oxidant,vitar@imeversed these effects.
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Introduction

Cigarette smoking continues to be a widesprpallic healthproblem; of the nearly 1 billion smokers
worldwide, half ardikely to die of smoking-related diseases. The neaianceof smoking behavior is believed to
hinge on the addictive effectd nicotine, mediated predominantly through theicmstof the drug at nicotinic
acetylcholine receptors, whiare distributed throughout many cortical and suticalr brainregions, notably the
thalamus and midbrain. Through acticatsthese receptors, nicotine has widespread effattthe centrabnd
peripheral nervous systems. These effects incladdithtion of neurotransmitter release from dopaminergic,
cholinergicglutamatergic, serotonergic, afichminobutyric acid-ergic nenterminals (Jedt al, 2003).
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While neonatal mortality has greatly declinbbugh improved paediatric care, unfortunatelyehgeems to be
no similar reduction in the incidence of infant idity and in the occurrence of childhood developtakdisorders
of the brain and intellect. The reasons for this manifold; however, several investigations hawe been able to
provide ample evidence that pre-term and low bistkight infant carries the major risk of sufferingorh
developmental delay, whether mental or physicakddition, more serious conditions such as meetalrdation,
retinopathy of prematurity, broncho-pulmonary dgsph, brain haemorrhage, spasticity, cerebral palaydness,
deafness, autism and epilepsy are a frequent coeseg of pre-term birth, which has been linked igarette
smoking during pregnancy (Crawford, 1993)

The health effects of subchronic exposureto levels of wood smoke in rats were examined biafmeset al
(2001). They observed that pulmonary functionsgesly CQ diffusing capacity and pulmonary resistance were
somewhat affected in high exposure group. Also naitdonic inflammation and squamous metaplasia were
observed in the larynx of exposed groups. The #gvel these increased with smoke concentration landth of
exposure. Also Xiuet al (2005) studied the effects of cigarette smoke egrahulation and nitric oxide (NO)
production by mast cells and epithelial cells, fouhd that exhaled NO is decreased in active asdipa smokers,
suggesting that it inhibits NO production. Since MQhe most important vasodilator synthesized lopd vessels,
this study is designed to examine whether premagabsure to cigarette smoke affects plasma NO alidration of
blood glucose level.

Materials and M ethods
Animals

Fifteen (15) presumably healthy female rattaioled from the central Animal House, College oéditine,
University of Ibadan were used for this work. Thasrweighed between 250-300g and were housed ih wel
ventilated cages(5 animals per cage) in the AniMalise of the Department of Physiology ,Universify o
Ibadan.They were exposed to 12 hour light and 1&-tark cycle,relative humidity 50-53% and a tenapere
range of 26-28.The animals were fed rat pellets and tap watkibitum and were allowed two (2) weeks of
acclimatization.

Ovulation/M ating: Ovulation was induced by administration of stilbivel — an orally active synthetic estrogen.
0.042 mg/ kg b.w of stilboestrol was administersthg an oral cannula at 9:00a.m. Ovulation wasiooed by
vaginal smear according to the method describeddrgondest al (2002).

Mating was allowed naturally by introducing a medé into each group. Estrus cycle occurs everydays in rats
and gestation lasts 21-23 days, with notable pmegnat about 14 days. Each female rat had betweand615
litters.

Cigarette Smoke Exposure: London king size (menthol) cigarette, producedLbypdon Tobacco Company was
used. Each contains 14.9 mg tar and 1.2 mg nicoftaés were exposed to smoke from an idling cigeviet the
exposure chamber over a period of 30 minutes pe(@80 a.m-9.30 p.m), from day 0 to day 20 of gtsh. Four
(4) cigarettes were used for each animal groupegposure per day. Food and water were removed ¢f@ambers
beforestart of exposure, and then replaced after exposure

Nicotine Admistration
Standard nicotine was used. 0.25mg/kg b.w was adraiad by intramuscular injection daily from dayo0day 20
of gestation.

Vitamin C Administration

50 mg/kg b.w of vitamin C (by Tuyil Pharmaceutic@mpany, llorin,Kwara State)was administered oraly
means of an oral cannula on a daily basis for rmgef six(6) weeks,beginning from 4 weeks postkbi
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Estimation of Nitric Oxide (NO)

Blood samples were collected by left cardiaogture after ether anesthesia, allowed to clotlf®min and
centrifugedat 2000 x g for 10 minutes at room temperatureur@especimenwere portioned into polypropylene
tubes. All biological specimens were stored at>Qntil analyzed.

Plasma Nitric oxide was estimated by the GriessgBetaSystem (assay). This involves measuring @i(itQ,),
which is one of two primary, stable and nonvolatiteakdown products of NO. This assay relies orazaotization
reaction that was originally described by Griesd879 (Muijserset al, 2000). Absorbance was read at 540nm in a
spectrophotometer (Pharmacia Biotech,Uppsala Sw&dmarage absorbance value of each experimentaplsam
was calculated and its concentration determinecoloyparison (reading off) to the Nitrite Standarférence curve.

Deter mination of Blood Glucose Level (BGL)

Fasting BGL was estimated ten (10) weeks pitt- Blood samples (20 I) were collected from th#-tips of
conscious rats after 12 hours overnight fast. Gheter (Acu-chek Johnson-Johnson,California, USA) and
compatible glucometer strips were used for therdeteation of blood glucose levels.

Experimental Design

Fifteen (15) female Wistar rats were dividetbi3 groups (A-C) of 5 rats each. After mating andfirmation of
pregnancy, Group A rats were exposed to cigaretieks, Group B rats were administered nicotine w&iteup C
rats served as the control. After parturition, redea of the rats were subdivided as follows: @rAuA; and A;
Group B:B and B;Group C: Gand G .

Groups A B; and G further received 50 mg/kg b.w of vitamin C whileoBps A B, and G did not. Animals
were checked once in the morning and once in tieeaiernoon deast 6 hour apart 7 days a week for any clinical
signs of abnormalitynorbidity, or mortality as outlined by Jagial (1997). All procedures involving animals in
this study conformed to the guiding principles fesearch involving animals as recommended by ttetabsion of
Helsinki and the Guiding Principles in the Care &gk of Animals (American Physiological Society02) and
were approved by the Departmental Committee otugeand Care of Animals.

Statistical Analysis

Data are expressed as mean + SEM and analgésgithe student’s t-test and ANOVA where necgsBar0.05
was accepted as significant.

Results
Effect of Cigarette smoke and nicotine on Nitrite Concentration

Intrauterine exposure to passive cigarettekenhad a significant effect on plasma NO. Offspra pregnant
rats exposed to passive CS had a statisticallyifeigntly higher NO concentration (Table 1).Reswdt®owed no

significant difference between Groups #d A indicating the ameliorative effect of vitamin @nainistration.

Table 1: Effect of cigarette smoke on nitrite camcation(uM).

Groups A(Cig+VitC) A,(Cig) B;(Nic+VitC) B,(Nic) C,(Cont+VitC) G(Contraol)
Mean nitrite 11.75+1.89** 21.00+1.29* 10.25+3.07 12.504+2.10 B&3.09 10.75+2.95
conc(puM)

Values are + SEM; n=5 in each group

*Sgnificantly different from the positive control group (C,) at 0.05
** Ggnificantly different from the cigarette group (A)at 0.05
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Effect of Cigarette smoke and nicotine on Fasting Blood Glucose

Results show that neonates of rats exposé&thiad significantly lower BGL compared to the teoin(Table
2).The BGL of nicotine administered animals is sighificantly different from the control.

Table 2: Effect of cigarette smoke on fasting blghgtose.

Groups A(Cig+VitC) A,(Cig) By (Nic+VitC) B, (Nic) C1(Cont+VitC) G(Contraol)
Blood 86.33+3.25** 61.00+2.03* 99.50+1.38 74.17+3.48  ExB.94 75.50+3.73
glucose(mg/dL)

*Sgnificantly different from the positive control group (C,) at 0.05
** Sgnificantly different from the cigarette group (A,) at 0.05

Discussion

It is still unclear whether the injurious edts of cigarette smoking in pregnancy are duedeotine, and if so,
what the effects are. Numerous other toxins inreiga smoke adversely affect the placental cirauteand/or fetal
physiology and development (Jeichl, 2003).

The effects of CS on the NO pathways andidNxide Synthase (NOS) isoenzymes are controdeasih may
vary according to the disease, model or locatiothefNOS (Yatest al, 2001). For example, while exhaled NO has
been shown to be decreased in humans after agateette exposure, inducible nitric oxide synthad®©E) mRNA
expression increased in the lungs of rats expaseigarette smoke, while neuronal nitric oxide base (NNOS)
showed a longer term increase in both transcripiod translation (Yatest al, 2001). CS has been shown,
however, to cause a reduction in nitrite concemtnaand INOS expression in a murine lung epithatall line in
vitro (Kharitonovet al, 1995). In contrast, Comhaét al (2000) showed no change in INOS expression inagirw
cells from healthy subjects exposed to CS. Thectffef CS on NOS in the vasculature has shown @actigh in
endothelial constitutive NO (ecNOS) in the pulmgneaessels in vitro and in vivo, genetic variationmhan, while
vascular intimal thickening and up-regulated iNO&s tbeen described in mice (Comhairal, 2000). These
seemingly contradictory effects are probably exmdiin part by the different tissue situations als by variation
in the constituents of the CS (Comhetial, 2000).

This work showed that the offspring of pregiaeats exposed to passive CS have significantijndr NO
concentration than those not exposed in their pattige. This suggests that prenatal exposure3$onight activate
various intracellular machinery in the offspringtipromote eNOS or iNOS activity or promote expm@ssf gene
coding for these enzymes.

Increased NO production has been shown to pt@mespiratory infection following disease corah. This
might precipitate a vicious cycle of exacerbated @molonged proatherogenic inflammatory responsdsch
would have potential to greatly accelerate an etlser slow progression towards atherosclerosis dner aisease
conditions caused or potentiated by decreased endog NO production. Also this increased NO prddaciay
be immuno-suppressive.M.S Fiketlal (1992) reported that nitric oxide has negativeriogic effect on the heart.
The depressor cardiovascular effect on brain sterotion was also reported by Tsexigl(1996).

Prenatal exposure to nicotine administrat@m the other hand showed no significant differemceNO
concentration when compared with the control grdups, the effect CS shown here could not be ateibto the
pharmacological activity of nicotine, but may béated to the formation of smoking induced oxidatiree radicals,
as administration of anti-oxidants, vitamin C, nesexl the effect. This agrees with the work of Sedled Bnait
(1995) who reported detrimental effects of cigaratinoke in both high and low tar cigarettes. Tloisifpis further
buttressed by the fact that the group exposed toirC$he intrauterine life has a significantly highBO
concentration than those exposed to nicotine. Eugtudies need to be done to see if the effe@tluring intra
uterine life on NO level will be blocked by antixidants.

Previous research has demonstrated theyabilivitamin C administration, taken by nonsmokes® hours
prior to being exposed to CS, to reduce the frdeahdamage, LDL oxidation associated with expegorCS and
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the smoke-induced decline in total antioxidant deé These beneficial effects were not observatbirsmokers
under normal conditions (Valkoneat al, 2000). Recently, researchers have shown thamint&L may enhance
endothelial function by promoting the synthesisN@ or by preventing its inactivation by scavengsyperoxide
radicals (Valkonenet al, 2000).The outcome of this research is consistihtthese, as the NO concentration of the
control group is found to increase following vitan@ administration.

Also, the NO concentration of the group exgabto CS and there after administered vitamin C feasd to be
significantly lower than those not administerecnitn C. There was no significant difference betwienNO level
of the nicotine and nicotine + vitamin C groupsggesting that prenatal exposure to intramusculeotime
injection (0.25mg kg/b.w) had no effect on formatiof oxidative free radicals endogenous NO. Al$w NO
concentration difference between cigarette + vite@igroup and the control group was not significamdicating
that vitamin C administration reversed this damggiffect of CS.

However, this work also showed that prenatglosure to CS caused a significant reduction énBG&L when
compared with the control group. Glucose is stdrednuscle tissue as glycogen, thereby contributmdpody
weight. The low BGL in neonates of prenatally exgmbsats might be a factor in low-birth weight olveef in
women who smoke during pregnancy. Moore and Per&Q@B) attributed the intra-uterine growth retéi@aand
low birth weight infants of maternal smokers te tbility of nicotine to constrict uterine bloodssels, thereby
reducing the amount of oxygen and nutrients aviglah the embryo from the maternal circulation.Timgpedes
cell growth.

On the other hand, the difference betweerBi&é of those exposed to nicotine administratiod #me control
group was not significant. Thus, the effect of @tahexposure to CS on BGL could again not bebaited to the
pharmacological activity of nicotine, but may béated to the formation of smoking induced oxidatiree radicals.
Administration of vitamin C was shown to causegn#icant increase the BGL of the control groupisTimcrease
in consistent in all the groups and are all stafflyy significant. Vitamin supplements thus incsea BGL. This is
consistent with the work of Donovast al (2002) where administration of vitamin C to oveiti fasted dogs
resulted in significant elevation of the BGL ane #levated BGL were shown to be due to significadtiction in
plasma insulin levels in the dogs, due mainly tepaimed insulin release. A likely explanation foethmpaired
insulin release could be that competition betwdeiease and vitamin C for transport into the islelmay have
slowed glucose entry, thereby impairing the gluesesesing apparatus of the islet cells (Donostaad, 2002).

In conclusion, this study clearly demongtridiat prenatal exposure to passive smoke fromratiga causes an
increase in plasma NO and a decrease in BGL ofpifitg and these effects are not associated with the
pharmacological activity of nicotine, because expeso nicotine only did not significantly alterebe variables.
Also administration of the anti-oxidant vitamin €the offspring after birth reverses the effectiuited by prenatal
exposure to CS.
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