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ABSTRACT

This paper studies the effects on plasma nitric oxide and fasting glycemia in neonates from pregnant rats exposed to cigar ette smoke and nicotine, postnatally treated and
untreated with vitamin C.

Fifteen female Wistar ratsweredivided into 3 groups of fiveratseach. Group A was exposed to cigar ette smoke in an ad hoc chamber. Group B received 0.25 mg/kg body
weight (BW) of nicotine while Group C served as control. After mating and gestation, litters from each group wererandomly subdivided into two groups of 5 neonates each.
Group A: Aland A2, Group B: Bl and B2, Group C: C1and C2.

GroupsAl, Bl and C1received 50 mg/kg BW Vitamin C for 4 weeks after birth while Groups A2 and B2 and C2 did not. Plasma nitric oxide and fasting glycemia were
estimated in blood samples obtained from these animals.

Results showed that the neonates from animals exposed to cigarette smoke had a significantly higher nitric oxide concentration (21.00+1.29 F*M) than those from not exposed
ones (10.75+2.95 I'M) and a significantly lower fasting glycemia (61.00 +2.03 mg/dl) when compar ed with controls (75.50 + 3.73 mg/dl). In contrast, prenatal exposureto
nicotine neither had a significant effect on nitric oxide concentration (12.50+2.10 }*M) nor on fasting glycemia (74.17+3.48 mg/dl) when compared with controls (10.75+2.95
M) and (75.50+3.73 mg/dl), respectively.

While the effects of cigar ette smoke shown here could not be attributed to the pharmacological activity of nicotine, they may berelated to the formation of smoking induced
oxidative freeradicals, since the administration of an antioxidant as vitamin C reversed them.

KEYWORDS: Nitric Oxide, Glycemia, Cigarette smoke, Nicotine, Vitamin C, Prenatal exposure, Rat.

RESUMEN: EXPOSICION PRENATAL DE RATAS PRENADASA HUMO DE CIGARRILLO Y NICOTINA: EFECTOS SOBRE EL OXIDO NiTRICO Y LA
GLUCEMIA EN AYUNASEN RECIEN NACIDOS TRATADOSY NO TRATADOS CON VITAMINA C

Estetrabajo estudia los efectos en €l plasma de 6xido nitricoy la glucemia en ayunas en losrecién nacidos de ratas embar azadas expuestas al humo del cigarrilloy la nicotina,
trasel nacimiento tratadosy no tratados con vitamina C.

Quinceratas Wistar fueron divididas en tres grupos de cinco ratas cada uno. El grupo A fue expuesto al humo del cigarrillo en una sala ad hoc. El grupo B recibi6 0,25 mg/ kg
de peso corporal (PC) dela nicotina, mientras que el Grupo C sirvié como control. Después del apareamiento y la gestacion, las camadas de cada grupo fueron subdivididos al
azar en dos grupos de cinco recién nacidos cada uno. Grupo A: A1y A2, el GrupoB: B1y B2, Grupo C: C1y C2.

LosGruposAl, Bly Clrecibieron 50 mg/kg de peso corporal de vitamina C durante 4 semanas después del nacimiento, mientrasquelosgruposA2y B2y C2 nolo recibieron.
El 6xido nitrico en plasmay la glucemia en ayunas se estimé en muestras de sangr e obtenida de estos animales.

L osresultados mostraron que losrecién nacidos de los animales expuestos al humo del cigarrillo tuvieron una concentracion significativamente méas alta de éxido nitrico
(21.00+£1.29 FM) que las de los no expuestos (10.75+2.95 'M) y una glucemia en ayunas significativamente menor (61.00 +2.03 mg/dl) en comparacién con los controles (75.50
+3.73mg/dl). En contraste, la exposicién prenatal ala nicotina no tuvo un efecto significativo sobrela concentracién de 6xido nitrico (12.50+2.10 FM), ni sobrela glucemia en
ayunas (74.17+3.48 mg/dl) en comparacién con los controles (10.75+2.95 F*M) y (75.50+3.73 mg/dl), respectivamente.

Si bien los efectos del humo del cigarrillo se muestran aqui no se puede atribuir ala actividad far macolégica de la nicotina, que puede estar relacionado con la formacién del
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hébito de fumar oxidativo inducido por radicaleslibres, ya que la administracion de un antioxidante como la vitamina C queinvierte.

PALABRAS CLAVE: Oxido nitrico, glucemia, e humo del cigarrillo, la nicotina, la vitamina C, la exposicion prenatal, Rata.

INTRODUCTION

Cigarette smoking (CS) continuesto be a widespread public health problem; of the nearly 1 billion smokersworldwide, half arelikely to die of smoking-related diseases. It is
still unclear whether theinjurious effects of cigar ette smoking in pregnancy are due to nicotine, and if so, what the effectsare.

The effects of CS on the NO pathways and Nitric Oxide Synthase (NOS) isoenzymes ar e controver sial and may vary accor ding to the disease, model or location of the NOSL.
For example, while exhaled NO has been shown to be decreased in humans after acute cigar ette exposure, inducible nitric oxide synthase (iNOS) mRNA expression increased in
the lungs of rats exposed to cigar ette smoke, while neuronal nitric oxide synthase (NnNOS) showed a longer term increasein both transcription and trangation. CS has been
shown, however, to cause a reduction in nitrite concentration and iNOS expression in a murine lung epithelial cell linein vitro2.

In contrast, Comhair et al3 showed no changein iNOS expression in airway cells from healthy subjects exposed to CS. The effects of CSon NOSin the vasculatur e has shown a
reduction in endothelial constitutive NO (ecNOS) in the pulmonary vesselsin vitro and in vivo, genetic variation in man, while vascular intimal thickening and up-regulated
iNOS has been described in mice3. These seemingly contradictory effects are probably explained in part by the different tissue situations and also by variation in the
constituents of the CS3.

While neonatal mortality has greatly declined through improved pediatric care, unfortunately there seemsto be no similar reduction in the incidence of infant morbidity and in
the occurrence of childhood developmental disordersof the brain and intellect. Thereasonsfor thisare manifold; however, several investigations have now been ableto provide
ample evidence that pre-term and low birth weight infant carriesthe major risk of suffering from developmental delay, whether mental or physical. In addition, more serious
conditions such as mental retardation, retinopathy of prematurity, broncho-pulmonary dysplasia, brain hemorrhage, spasticity, cerebral palsy, blindness, deafness, autism and
epilepsy are a frequent consequence of pre-term birth, which has been linked to cigar ette smoking during pregnancy4

The health effects of sub-chronic exposureto low levels of wood smoke in rats were examined by Y ohannes et al 5. They observed that pulmonary functions, especially CO2
diffusing capacity and pulmonary resistance wer e somewhat affected in high exposure group. Also mild chronic inflammation and squamous metaplasia wer e observed in the
larynx of exposed groups. The severity of these increased with smoke concentration and length of exposure. Also Xiu et al® studied the effects of cigarette smoke on
degranulation and nitric oxide (NO) production by mast cellsand epithelial cells, and found that exhaled NO is decreased in active and passive smokers, suggesting that it
inhibits NO production. Since NO isthe most important vasodilator synthesized by blood vessels, this study was designed to examine whether prenatal exposureto cigarette
smoke affects plasma NO with alteration of blood glucose level; and to ascertain therole of nicotine.

MATERIALSAND METHODS
Animals

Fifteen (15) healthy female rats, weighing 250-300g, wer e obtained from the central Animal House, College of Medicine and housed in well ventilated cages (5 animals per cage)
in the Animal House of the Department of Physiology, University of Ibadan. They were exposed to 12 hour light and 12 hour-dark cycle, relative humidity 50-53% and a
temperaturerange of 26-28°C. The animalswere fed rat pelletsand tap water ad libitum and wer e allowed two (2) weeks of acclimatization.

Ovulation/Mating: Ovulation was induced by administration of diethylstilbestrol (stilboestrol ®) - an orally active synthetic estrogen-. At 09:00 am, 0.042 mg/ kg BW of
diethylstilbestrol was administered using an oral cannula. Ovulation was confirmed by vaginal smear asdescribed by Marcondeset al 7.

Mating was naturally allowed by introducing a malerat into each group. Estruscycle occurred every 3-4 daysin rats and gestation lasted 21-23 days, with notable pregnancy at
about 14 days. Each femalerat had between 6 and 15 litters.

Cigarette Smoke Exposure:

London king size (menthal) cigar ettes (London Tobacco Company) wer e used. Each cigar ette contained 14.9 mg tar and 1.2 mg nicotine. Rats wer e exposed to smoke from an
idling cigarettein an ad hoc chamber over a period of 30 minutes per day (09:00 am-09:30 pm), from day 0 to day 20 of gestation. Four (4) cigarettes were used for each animal
group exposure per day. Food and water wer e removed from chamber s before start of exposure, and then replaced after exposure.

Nicotine administration
0.25mg/kg BW of standard nicotine was daily administered by intramuscular injection from day 0 to day 20 of gestation.

Vitamin C administration
50 mg/kg BW of vitamin C (Tuyil Pharmaceutical Company, llorin, Kwara State) was daily and orally administered through an oral cannula during six (6) weeks from 4 weeks
post-birth.

Estimation of Nitric Oxide (NO)
Blood samples wer e collected by left cardiac puncture after ether anesthesia, allowed to clot for 15 minutes and centrifuged at 2000 sign g for 10 minutes at room temperature.
Serum specimens wer e portioned into polypropylene tubes. All biological specimenswere stored at -10°C until analyzed.

Plasma Nitric Oxide was estimated by the Griess Reagent System, which measures nitrite (NO,), one of two primary, stable and nonvolatile breakdown products of NO. This

assay relies on a diazotization reaction originally described by Griessin 18798. Absorbance wasread at 540 nm in a spectrophotometer (Phar macia Biotech, Uppsala, Sweden).
Average absor bance value of each experimental sample was calculated and its concentration determined by comparison with the Nitrite Standard reference curve.

Deter mination of Fasting Glycemia (GO0)
GO was estimated ten (10) weeks post-birth. Blood samples wer e collected from the tail-tips of consciousrats after 12 hours overnight fast. Glucometer (Acu-chek® Johnson-
Johnson, California, USA) and compatible glucometer stripswere used for these deter minations.

Experimental Design

Fifteen (15) female Wistar ratsweredivided into 3 groups of 5 rats each. After mating and confirmation of pregnancy, Group A wer e exposed to cigar ette smoke (CS), Group B
received nicotine while Group C served as control. After parturition, neonates wer e subdivided as follows:

. Group A: Aland A2;
. Group B: Bland B2;
. Group C: Cland C2.
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GroupsAl, Bland C1 further received 50 mg/kg BW of vitamin C while Groups A2, B2 and C2 did not. Animals wer e checked once in the morning and oncein the late
afternoon at least 6 hour apart 7 days a week for detecting any clinical signs of abnormality, morbidity, or mortality as outlined by Jaci et al °.

All proceduresin this study conformed to the guiding principles for research involving animals as recommended by the Declaration of Helsinki and the Guiding Principlesin
the Care and Use of Animals!0 and wer e approved by the Departmental Committee on the Use and Care of Animals.

Statistical Analysis

Data are expressed as mean + SEM and analyzed using the Student'st-test and ANOVA when necessary. P< 0.05 was accepted as statistically significant.

RESULTS
Effect of CSand nicotine on NO Concentration (NOC)

Neonates of pregnant rats exposed to CS (A2) had a statistically significantly higher NO concentration than controlsand Al. No significant differenceswereregistered with
regardsto prenatal exposureto nicotine (Table 1)

Table 1: Effect of CS and nicotine on NOC in neonates of pregnant rats

A, (Cig+VitC)  A,(Cig) B;(Nic+VitC) B, (Nic) C;(Cont+VitC) C,(Control)

NOC (uM) | 11.75+£1.89*%* | 21.00£1.29* 10.25+£3.07 12.50+2.10 14.33£2.09 10.75+2.95

Values are £ SEM: n=5 in each group
*Significantly different firom the control group (Cy); ** Significantly different from the cigarette group (4;)

Effect of CSand nicotine on GO

Results showed that neonates of rats exposed to CS had significantly lower GO when compared with controlsand Al (Table 2). GO in nicotine administered animals was not
significantly different from controls.

Table 2: Effect of CS and nicotine on GO in neonates of pregnant rats

Groups A (CigtVitC) A,(Cig) B;(Nict+VitC) B, (Nic) Ci(Cont+VitC) C,;(Control)

GO (mg/dl) | 86.33£3.25%* | 61.00+£2.03*% | 99.50+1.38 74.17+£3.48 90.33=1.94 75.50+£3.73

*Significantly different from the contvol group (C,); ** Significantly different from the cigarette group (A-)
g ) i group gni Vai ] £ grouy

DISCUSSION

Results showed that neonates exposed to CSin theintrauterine life had a significantly higher NO concentration than those exposed to nicotine. This corroboratesthe report of
Yang et all which claimed that passive smoking decr eases NOS activity and increased the NO content of mice. Asthe prenatal exposure to nicotine administration showed no
significant differencein NO concentration in relation with the control group, the effect CS could not be attributed to the pharmacological activity of nicotine. Numer ous other
toxinsin cigarette smoke adver sely affect the placental circulation and/or fetal physiology and development12,

However, it may berelated to the formation of smoking induced oxidative free radicals since the administration of an anti-oxidant asvitamin C reversed that effect. This agrees
with reported by Seller and Bnait!3 about the detrimental effects of cigarette smoke in both high and low tar cigarettes.

Previous resear ch has demonstrated the ability of vitamin C administration, taken by nonsmokerstwo hours prior to being exposed to CS, to reduce the freeradical damage,
LDL oxidation associated with exposureto CSand the smoke-induced declinein total antioxidant defense. These beneficial effects were not observed in nonsmokers under
normal conditions!4. Resear cher s have also shown that vitamin C may enhance endothelial function by promoting the synthesis of NO or by preventing itsinactivation by
scavenging super oxide radicals!4. This outcome is consistent with ours, asthe NO concentration of the control group isfound to increase following vitamin C administration.

The NO concentration of the group exposed to CS and there after administered vitamin C was found to be significantly lower than those not administered vitamin C. Therewas
no significant difference between the NO level of the nicotine and nicotine + vitamin C groups suggesting that prenatal exposureto intramuscular nicotine injection (0.25mg
kg/b.w) had no effect on the formation of oxidative free radicals endogenous NO. Also, the NO concentration difference between cigarette + vitamin C group and the control
group was not significant, indicating that vitamin C administration reversed this damaging effect of CS. This agreeswith the work of Yang et al 11 who reported that vitamin E
(an antioxidant) improved the learning and memory ability of offsprings whose mother s wer e exposed to tobacco smoke during pregnancy.

Further studiesare needed to seeif the effect of CSduringintra uterinelife on NO level will be blocked by anti- oxidants.

However, thiswork also showed that prenatal exposureto CS caused a significant reduction in GO when compared with the control group. Glucoseis stored in muscle tissue as
glycogen, thereby contributing to body weight. Lower GO in neonates of prenatally exposed rats could be a factor in low-birth weight observed in women who smoke during
pregnancy5 and might be duein part to the finding that mater nal smoking reduces endothelium-dependent nitric oxide-mediated relaxation in uterine small arteries'6.Recent
findings by Malene et al also indicate that maternal smoking reduces eNOS activity in the fetal vascular bed, contributing to retarded fetal growth caused by the reduction of
vasodilatory capacityl?.

On the other hand, the difference between GO of those exposed to nicotine administration and the control group was not significant. Thus, the effect of prenatal exposureto CS
on BGL could again not be attributed to the phar macological activity of nicotine, but may berelated to the formation of smoking induced oxidative freeradicals.

Administration of vitamin C has shown to cause a significant increasein GO of the control group. Thisincreaseis consistent and statistically significant in all groups. Vitamin
supplements thus increases GO. This appear s congr uent with Donovan et al18 who revealed that the administration of vitamin C to over night fasted dogs resulted in significant
elevation of GO attributed to significant reduction in plasma insulin levels mainly dueto impaired insulin release. A likely explanation for the impaired insulin release could be
that competition between glucose and vitamin C for transport into theislet cells may have slowed glucose entry, thereby impairing the glucose-sensing appar atus of theislet
cellsts,
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Summing up, thisstudy revealsthat prenatal exposure to passive smoke from cigar ettes causes an increase in plasma NO and a decreasein GO of offspring and that these
effects may be not associated with the pharmacological activity of nicotine, since exposureto nicotine did not significantly alter these variables. Furthermore, postnatal
administration of the anti-oxidant vitamin C to the offspring rever sed the effectsinduced by prenatal exposureto CS.
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Comment of thereviewer LourdesL&zaro Asegurado PhD. Department of Neumology. Complejo Asistencial Universitario de Burgos. Spain.

Thisstudy isvery interesting because it sheds light on the pathophysiology of the effects of environmental smoke snuff in the fetus during pregnancy and could be extrapolated
to snuff consumption. Vascular damage would be related to exposur e to smoke oxidants snuff and not to nicotine. The same could be said about the negative effects on
intrauterine growth by lowering fasting glucose.

Thisfinding isof particular interest to support the nicotine replacement therapy during pregnancy and safe ther apy to help quit smoking to pregnant women who do not get it
with behavioral therapy.

Comment of thereviewer Prof. Alberto Enrique D'Ottavio PhD. Professor and Resear cher, Faculty of Medical Sciences, Rosario National University, Rosario (Argentina).
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Thearticle by Obembe OO et al isdevoted to study the effects on nitric oxide and fasting glycemia in treated and untreated neonate ratswith vitamin C whose motherswere
prenatally exposed to cigar ette smoke and nicotine. In general, thistopic keeps scientific significance in accordance with the specialized bibliography. Asitsfinal version did not
deserve essential and/or formal objections, the article may be accepted for publication.
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