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Abstract
Background: Local tobacco snuff is consumed by rural women due to the stimulating effect of its nicotine content.

Aim: To investigate the effects of ingesting local tobacco snuff by pregnant female Wistar rats on their renal
function and histology, as well as on the birth weight of their pups.

Materials and methods

21 female Wistar rats used in this research were randomly separated into three groups and were monitored to
confirm pregnancy after mating. Pregnant rats in group Il (GIl) and group Il (GlII) received 20% and 40%
respectively of the lethal dose (1.6g/kg/day) of the stock solution (tobacco snuff) via oral gavage while pregnant
rats in the control group (GI) did not receive the stock solution. The pregnant rats were weighed during gestation
(pregnancy), and on the delivery days (21st/22nddays of gestation), the pups (newborns of the female wistar rats)
were also weighed. Blood samples were collected from the mother rats for creatinine and urea evaluations using
Jaffe’s method and Urease-Berthelots colorimetric method respectively. The harvested kidneys were stained with
Hematoxylin and Eosin stains to examine the histological architecture.

Results

An average of 5 pups per litter was recorded and the average pup’s birth weight was low in groups Il (4.39+0.309)
and 111 (4.33£0.29¢) but not significantly different (p>0.05) from pups’ birth weight in group 1 (4.50+0.38g). Using
Tukey’s post hoc test for analysis, the maternal kidney function tests showed that serum creatinine (1.27+0.12
mg/dL) and urea (16.77+1.65 mg/dL) levels for group Il were not significantly different (p>0.05) from the
respective values in group | (creatininel.05+0.07 mg/dL; urea 16.77+1.65 mg/dL), but there was a significant
increase in these values for group Il (creatinine 1.68+0.10 mg/dL; urea 21.95+1.37 mg/dL). Histological
examination showed that the kidneys of mother rats in groups Il and 111 had distorted histological architecture.

Conclusion

Consumption of tobacco during pregnancy causes weight loss, severely damages the kidneys and significantly
inhibits fetal growth.
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Interdiction both rural and urban markets in natural, dried and cured forms. Nicotiana
tabacum, one of the varieties of the tobacco plantcontains six alkaloids:
nicotine, nornicotine, anatabine, anabasine, cotinine and myosmine [4, 21].
Of these alkaloids, nicotine accounts for 96-98% of the total alkaloid content

Tobacco plant is an herb, glandular-pubescent and perennial plant that grows
erect [12]. The variety Nicotiana tabacum is basically of American origin
but is grown worldwide as a cash crop [12]. This plant is readily available in
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[4, 21], its causeshigh addiction to tobacco [3], and it has the most immediate
pharmacological action [9].

Aside from alkaloids, tobacco contains other dangerous components like
Propionic acid, 2- Naphylamine, Choline, Tabacinine, Tabacine, 4-(methyl
nitros  amino)-1-(3-pyridyl)-1-butanone),  4-(methyl-nitrosamino)-4-(3-
pyridyl)-butanal (NNA), Mercury (Hg), Cadmium (Cd), 2,3,6-Trimethyl-
1,4-naphthoquinone,2-Methylquinone, N-nitrosonornicotine, Pyrene,
Nicotelline and Cembrene [12].Tobacco-specific nitrosamines (TSNAs) are
harmful carcinogens in cigarette smoke, along with combustion products like
tar and carbon monoxide [10], but in smokeless tobacco, TSNAs are the most
harmful carcinogens, especially in chewed tobacco [6].

In 2007, the International Agency for Research on Cancer (IARC)
documented that no consumer product is as lethal as tobacco [11]. To buttress
more, the World Health Organization (WHO) in 2022documented that
22.3% of the world’s population used tobacco as of 2020, 36.7% of the
world’s men and 7.8% of the world’s women [22]. WHO in 2022 also
mentioned that tobacco kills up to half of its users, it kills more than 8 million
people yearly of which around 1.2 million of this number are non-smokers
who are exposed to second-hand smoke [22].

Tobacco is either smoked in the forms of cigars, cigarettes and pipes or taken
in other smokeless forms (snuffing, chewing and dipping tobacco) and its
consumption is practised by over 1.3 billion people [22]. The consumption
of smokeless tobacco among women in different regions of the world has
been documented [5], and some studies have also reviewed the smoking rate
in women [15]. In third-world countries, it has also been shown that tobacco
consumption during pregnancy is common [2, 7, 20]. A number of these
pregnant women that consume tobacco shy away from the smoking form of
tobacco either because of the carcinogenic tar and carbon monoxide present
while smoking or because of socio-cultural stigma, therefore pushing them
to either swallow or sniff the locally made snuff just to get the stimulating
effect. Pregnant women that consume tobacco do not consider its adverse
effect on the health of their fetus [15, 18], thus the aim of this study is to
investigate the effects of tobacco ingestion by pregnant Wistar rats on their
renal function and histology of their kidneys, their weight during the course
of pregnancy and the birth weight of their pups (newborns).

Materials And Methods
Experimental Animals

Twenty-one female albino Wistar rats (Rattus novegicus) with an average
age of 3 months and an average weight of 145g - 160g were used for this
study. The animals were gotten from the animal house of the Department of
Biotechnology, Ebonyi State University (EBSU), Abakaliki, Nigeria. The
rats were allowed to acclimatize for a week and were fed with standard rat
feed and clean water ad libitum. In the well-ventilated laboratory, the rats
witnessed 12 hours of darkness and 12 hours of light alternatively and a room
temperature of 25+5°C. Ethical approval with reference number
EBSU/REC/MPC/1706/02/002 was obtained from the Ethical Committee of
the Faculty of Basic Medical Sciences, EBSU.

Animal Mating

The female rats used for this research and the male rats meant to be used for
mating were isolated for 7 days. On the 8™ day, the rats were placed in mating
cages at a ratio of 2 females to 1 male. Mating was confirmed with the aid of
vaginal plugs in the females’ vagina clearly seen with the help of a x5
magnifying hand lens.

Substance of Study and its Preparation

Dry tobacco leaves (Nicotiana tabacum) were purchased from Abakaliki
Main Market and identified at the herbarium of the Plant Science and
Biotechnology Department of EBSU. The leaves were blended into fine
snuff (powdery form) and were stored in an air-tight container. The stock
solution for this research was prepared by mixing 30g of the snuff into a
300ml of clean water. The lethal doseso (LDso) oral of the stock solution was
2.4ml which contains 0.24g of tobacco. The LDso oral of tobacco per
kilogram of the Wistar rats was calculated as1.6g/kg.

Page 2 of 6

Experimental Design

There were 21 pregnant female rats in total. 3different groups (I, 1l and 111)
were created, each containing randomly selected seven pregnant rats (n=7).
Rats in group | only got rat feed and drinking water, and constituted the
control group (GI). Group Il received20% (0.32g/kg/day) of the lethal dose
of the stock solution for 23 days. Group Il received 40% (0.64g/kg/day) of
the lethal dose for 23 days. The administration tool was an oral gavage. On
the 215 and the 22" day (days of delivery), the pups in every group were
weighed using an electronic weighing scale made by Denver Company,
USA, 2003. On the 24™ day, blood samples (3-5ml per rat) were collected
by ocular puncture into labeled plain bottles. The blood samples were
allowed to clot after which the blood sera were carefully separated from the
clots. The sera were later centrifuged at 3,000 revolutions per minute (RPM)
for 10 minutes to let any minute clot sediment. These sera were refrigerated
at 5°C and the sera creatinine and urea levels were analyzed afterwards using
Jaffe’s method [8] and Urease-Berthelots colorimetric method [19]
respectively in the Department of Physiology, EBSU. The mother rats were
later sacrificed by cervical dislocation and the kidneys were dissected and
fixed immediately in 10% formal saline. Histological technique on the tissue
was done in the histology laboratory of the Department of Anatomy, EBSU.
The 5-7 um thick sectioned tissues were stained with hematoxylin and eosin
to be viewed under a light microscope. Photomicrographs were snapped for
all the viewed tissue slides.

Statistical Analysis

Data gotten were statistically analyzed using SPSS (version 22) and all the
values taken were expressed in mean + standard deviation. Using the
Analysis of Variance (ANOVA) Tukey post hoc test, multiple comparisons
between the three groups were made and the level of significance was
deduced at p<0.05.

Results And Discussion

Numerous studies have been carried out to check the effects of nicotine or
tobacco in humans yet these studies still prove unending. Tobacco ingestion
either by means of smoking or smokeless forms has been documented by
some authors to be dangerous but the oral consumption of blended dry
tobacco leaves by pregnant women is yet to get enough attention from
researchers, moreso to check its effect on both the pregnant woman and her
baby before and after birth.

The first observation in this study was a profuse leaking of transparent, slimy
saliva from the mouths of the pregnant rats immediately after each
administration of the stock solution. This was observed in groups Il and IlI.
No analysis was done on the saliva but this response was suspected to be the
effect of the snuff constituents on the superior and inferior salivatory nuclei
of the brainstem, which in turn sends parasympathetic input to the salivary
glands just as observed by Sairam, et al [17].

Table 1 shows the effect of tobacco ingestion on the body weight of pregnant
rats. There was a significant increase in the body weight of the pregnant rats
in the control group for the first seven days of gestation as they gained
11.34% of their initial body weight. The weight increased from an initial
weight of 140.20+11.38g before conception to 156.10+8.34g on the 7™ day
of gestation. This initial weight gain was not observed in groups Il and IiI,
which was comparable to Mangubat, et al’s study which stated that nicotine
reduces gain in body weight [14].

In group II, there was a significant 6.24% weight loss (p<0.05). The mean
body weight for pregnant rats before conception was 157.00+£9.48g and on
the 71 day, the mean body weight became 147.20+8.06g.

In group 111, the pregnant rats lost weight for the first 7 days of conception,
but this 0.18% weight loss was not significant (p>0.05). These pregnant rats
had a mean body weight of 166.40+1.13g before conception and
166.10+0.35g on the 71" day. From the 8™ day of gestation, the body weight
of the pregnant rats in all the groups increased due to fetal growth until the
day of parturition after which the weight fell below their initial body weight
before conception.
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Groups | BW before | BW at 7t day of | % BW | p-value | BW at 14" day of | % BW | BW at 1 day
conception(g) + SD | gestation (g) £ SD | difference gestation (g) + SD | difference | P.P.(g) £ SD
Gl 140.20 £ 11.38 156.10 + 8.34 +11.34 0.001* | 161.75+14.78 +3.62 137.30+8.91
Gll 157.00 £ 9.48 147.20 + 8.06 -6.24 0.005* | 161.60 + 3.68 +9.78 149.25+19.87
Glll 166.40 £ 1.13 166.10 £ 0.35 -0.18 0.742** | 169.00 + 3.39 +1.75 157.30+6.51

BW = body weight; SD = standard deviation; g = gram; P.P. = postpartum; *= significantly different (p<0.05); **= not significantly different (p>0.05)
Table 1: Effect of snuff ingestion during gestation on body weight: weight distribution of pregnant Wistar rats

Table 2 shows the mean values of the renal parameters (creatinine and urea)
that were investigated in this study and the statistical comparison between
the biochemical indices of the experimental groups and the control group.
The creatinine value in group 111 (1.68+0.10mg/dL) was significantly higher
(p<0.05) than the value in the control group (1.05+0.07 mg/dL). The
creatinine value in group 11 (1.27£0.12mg/dL) was higher than the creatinine
value in the control group (1.05+0.07 mg/dL), although not significant
(p>0.05).

For urea, the result showed the urea level in group Il (16.77+1.65mg/dL) was
statistically indifferent (p>0.05) from the control group (14.20+0.28 mg/dL);
but at a higher dose administered to pregnant rats in group 111, the urea level
(21.95+1.37mg/dL) showed an emphatic significant increase (p<0.05).

This also compares with Okonkwo, et al’s study as it proved that tobacco
ingestion damages the kidney as it raises the levels of serum creatinine and
urea [16]. Creatinine occurs naturally in chordates and primarily facilitates
the recycling of adenosine triphosphate (ATP) in muscle and brain tissues
[1]. It is found to build up in blood serum if the kidneys cannot naturally
filter it out. Urea increases once a toxic substance is ingested. Both
biomarkers increased significantly (p<0.05) at a rate dependent on dose in
this study, suggesting tobacco is a toxic substance that damages the kidney
and impairs the blood-clearing function of the kidneys of the pregnant Wistar
rats.

Parameters Groups Mean+SD A B p-value
Creatinine Gl 1.05+0.07 Gll 0.117**
(mg/dL) Gll 1.27+0.12 Gl :

Glll 1.68+0.10 Glll 0.001*
Urea nitrogen | Gl 14.20+0.28 Gll 0.179**
(mg/dL) Gll 16.77+1.65 Gl

Glll 21.95+1.37 Glll 0.001*

SD = standard deviation; A and B = indices groups; level of significance at p<0.05; *= significantly different; **= not significantly different

Table: 2 Mean values (with standard deviation) and statistical significance of kidney function parameters of pregnant Wistar rats in all the groups

The pups born in the experimental groups and the control group all appeared
physically normal at birth, as such no anomaly was recorded. The pregnant
rats in the groups had a litter of 5 pups on average and these pups were
closely monitored day and night. Sadly, 4 pups each from groups Il and 11
died within 32 hours after birth because the mother could not produce breast
milk to feed them. Table 3 shows the mean pups’ birth weight. The mean
birth weight in groups Il and Il were 4.39£0.30g and 4.33+0.29g

respectively. These values were lower than the value of the birth weight of
the pups in the control group (4.49+0.38g), although the lower birth weights
were not significantly different (p>0.05) from the birth weight of pups in
group I using the Tukey’s test. This result supports Krishnamurthy & Joshi’s
study that states that children of women who smoke tobacco have relatively
low birth weight [13].

Parameter Groups Mean+SD A B p-value
Gl 4.50+0.38 Gll 0.761**
Pup’s birth weight (g) | GlI 4.39+0.30 Gl
Gl 4.33+0.29 Gl 0.411**

SD = standard deviation; A and B = indices groups; level of significance at p<0.05; **= not significantly different
Table:3 Mean values (with standard deviation) and statistical significance of the birth weight of pups from pregnant Wistar rats in all the groups.

The histological findings in this study support the results gotten from the
biochemical analysis. Plate 1 shows normal renal histology of the mother
Wistar rat in the control group. The photomicrograph displays normal kidney
histology that supports the result of the kidney function test of the control
group. The renal histology of the mother rat was distorted as the glomeruli

were clumpy in appearance; capsular space was distended and at a higher
dose there was extensive fatty change as seen in Plates 2 and 3. From these
histological findings, it can be concluded that the kidneys of the mother rats
were affected in a dose-dependent manner.
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Plate: 1 Photomicrograph of the kidney of mother rats in the control group that did not receive tobacco snuff.

Normal kidney histology with glomeruli (G), distinct renal tubular cells, proximal convoluted tubule (PCT), distal convoluted tubule (DCT), capsular
or urinary space (CS), and collecting duct (CD). Magnification: (x150)

NG

Plate: 2 Photomicrograph of the kidney of mother rats in group 11 that received 0.32g/kg of tobacco snuff.

Theobservable structural distortions of the kidney histology are distended capsular space (DCS) around the glomeruli,and necrotized and clumped
glomeruli (NG). Magnification: (x150)
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Plates: 3A and 3B: Photomicrographs of the kidney of mother rats in group 111 that received 0.64g/kg of tobacco snuff.

Observable distortions of the kidney histology include distended capsular
space (DCS); clumpy and reduced glomerular size; glomeruli looking
atrophic (G); extensive fatty change (EFC). Magnification: A and B (x60 and
x150 respectively)

Conclusion

Tobacco (Nicotiana tabacum) is harmful to the kidneys of pregnant Wistar
rats and distorts the histological architecture of the kidneys. Ingested tobacco
impairs the blood-clearing function of the kidneys as serum creatinine and
urea levels are elevated in the blood. In addition, tobacco ingestion by Wistar
rats during gestation reduces the birth weight of their pups.

Prospects For Further Research

To ascertain the cause(s) of the absence of breast milk production by the
mother rats after delivery; to analyze the effect of tobacco snuff ingestion
during pregnancy on prolactin level; and to study the renal and liver
functions of pups from mothers who ingested tobacco snuff during
pregnancy.

Conflict of Interest

The authors guarantee responsibility for everything published in this
manuscript, as well as the absence of a conflict of interest and the absence of
their financial interest in performing this research and writing this
manuscript. This manuscript was written from an original research work and
has never been published, neither is it under consideration for publication
elsewhere.

References

1. Barcelos RP, Stefanello ST, Maurriz JL, Gonzalez-Gallgo J, Soares
FA (2016). Creatinine and the liver: metabolism and possible
interactions. Mini-Reviews in Medical Chemistry. 16(1):12-18.

2. Caleyachethy R, Tait CA, Kengne AP, Corvalan C, Uauy RC (2014).
Tobacco use in pregnant women: analysis of data from demographic
and health survey from 54 low-income and middle-income countries.
Science. 2(9):513-520.

3. Cesario A, Russo P (2012). Flavour: Specific role in angiogenesis,
proliferation, and apoptosis. Critical Reviews in Toxicology 42(1):68-
89.

4. Clemens KJ, Caillé S, Stinus L, Cador M (2009). The addition of five
minor tobacco alkaloids increases nicotine-induced hyperactivity,

10.

11.

12.

13.

14.

15.

16.

sensitization and intravenous self-administration in rats. International
Journal of Neuropsychopharmacology 12(10):1355-1366.

David A, Esson K, Perucic AM, Fitzpatrick C (2010). Tobacco use:
equity and social determinants. Equity, Soc Determinants and Public
Health Programmes. 199:218.

Desalu OO, Iseh KR, Olokoba AB, Salawu FK, Danburam A (2010).
Smokeless tobacco use in adult Nigerian population. Nigerian
Journal of Clinical Practice. 13(4):382-387

England LJ, Kim SY, Tomar SL, Ray CS, Gupta PC, Eissenberg T,
Cnattingius S, Bernert JT, Tita ATN, Winn DM, Djordjevic MV,
Lambe M, Stamilio D, Chipato T (2010) Non-cigarette tobacco use
among women and adverse pregnhancy outcomes. Obstetrics and
Gynaecology. 89(4):454-464.

Fabiny DL, Ertingshauen G (1971) Automated reaction-rate method
for determination of serum creatinine with centrifichem. Clinical
Chemistry. 17:696-700.

Heishman SJ, Kozlowski LT, Henningfield JE (2010) Nicotine
addiction: Implication for public health policy. Journal of Social
Issues. 53(1):13-33.

Hecht SS, Stepanov |, Carmella SG (2016). Exposure of metabolic
activation biomarkers of carcinogenic tobacco-specific nitrosamines.
Accounts of Chemical Research. 49(10):106-114.

International Agency for Research on Cancer Working Group (2007).
Smokeless tobacco and some tobacco-specific N-nitrosamines. World
Health Organization Monographs on the Evaluation of Carcinogenic
Risks to Humans. 89:345-346.

Kamal K (2014) Monograph of tobacco (Nicotiana tabacum). Indian
Journal of Drugs 2(1): 5-23.

Krishnamurthy S, Joshi S (1993). Gender differences and low birth
weight with maternal smokeless tobacco use in pregnancy. Journal of
Tropical Pediatrics. 39(4): 253-254.

Mangubat M, Lutfy K, Lee ML, Pulido L, Stout D, Davis R, Shin C,
Shahbazian M, Seasholtz S, Sinha-Hikim AA, Sinha-Hikim |, O’Dell
LE, Lyzlov A, Liu Y, Friedman TC (2012). Effect of nicotine on body
composition in mice. Journal of Endocrinology. 212: 317-326.
Martin JA, Hamilton BES, Ventura SJ, Matthews TJ, Ostermanm
JKM (2013). Births: final data for 2011. National Vital Statistics
Reports. 62(1):1-70.

Okonkwo LO, Dada FL, Ugbor Cl, Nwadike IG, Eze NO, Ozougwu
CP (2013) Tobacco induced renal function alterations in Wistar rats:
an 8-week study. International Journal of Herbs and
Pharmacological Research. 2(3):29-35.


https://www.ingentaconnect.com/content/ben/mrmc/2016/00000016/00000001/art00005
https://www.ingentaconnect.com/content/ben/mrmc/2016/00000016/00000001/art00005
https://www.ingentaconnect.com/content/ben/mrmc/2016/00000016/00000001/art00005
https://www.sciencedirect.com/science/article/pii/S2214109X14702839
https://www.sciencedirect.com/science/article/pii/S2214109X14702839
https://www.sciencedirect.com/science/article/pii/S2214109X14702839
https://www.sciencedirect.com/science/article/pii/S2214109X14702839
https://www.tandfonline.com/doi/abs/10.3109/10408444.2011.623150
https://www.tandfonline.com/doi/abs/10.3109/10408444.2011.623150
https://www.tandfonline.com/doi/abs/10.3109/10408444.2011.623150
https://academic.oup.com/ijnp/article-abstract/12/10/1355/720831
https://academic.oup.com/ijnp/article-abstract/12/10/1355/720831
https://academic.oup.com/ijnp/article-abstract/12/10/1355/720831
https://academic.oup.com/ijnp/article-abstract/12/10/1355/720831
https://books.google.com/books?hl=en&lr=&id=7JxutqCmctUC&oi=fnd&pg=PA199&dq=5.%09David+A,+Esson+K,+Perucic+AM,+Fitzpatrick+C+(2010).+Tobacco+use:+equity+and+social+determinants.+Equity,+Soc+Determinants+and+Public+Health+Programmes.+199:218&ots=XGRyznrcF9&sig=-xJ1pZx2jwu0b5wKMtarhQxN6wg
https://books.google.com/books?hl=en&lr=&id=7JxutqCmctUC&oi=fnd&pg=PA199&dq=5.%09David+A,+Esson+K,+Perucic+AM,+Fitzpatrick+C+(2010).+Tobacco+use:+equity+and+social+determinants.+Equity,+Soc+Determinants+and+Public+Health+Programmes.+199:218&ots=XGRyznrcF9&sig=-xJ1pZx2jwu0b5wKMtarhQxN6wg
https://books.google.com/books?hl=en&lr=&id=7JxutqCmctUC&oi=fnd&pg=PA199&dq=5.%09David+A,+Esson+K,+Perucic+AM,+Fitzpatrick+C+(2010).+Tobacco+use:+equity+and+social+determinants.+Equity,+Soc+Determinants+and+Public+Health+Programmes.+199:218&ots=XGRyznrcF9&sig=-xJ1pZx2jwu0b5wKMtarhQxN6wg
https://www.ajol.info/index.php/njcp/article/view/64135
https://www.ajol.info/index.php/njcp/article/view/64135
https://www.ajol.info/index.php/njcp/article/view/64135
https://www.tandfonline.com/doi/abs/10.3109/00016341003605719
https://www.tandfonline.com/doi/abs/10.3109/00016341003605719
https://www.tandfonline.com/doi/abs/10.3109/00016341003605719
https://www.tandfonline.com/doi/abs/10.3109/00016341003605719
https://www.tandfonline.com/doi/abs/10.3109/00016341003605719
https://academic.oup.com/clinchem/article-abstract/17/8/696/5675859
https://academic.oup.com/clinchem/article-abstract/17/8/696/5675859
https://academic.oup.com/clinchem/article-abstract/17/8/696/5675859
https://www.ncbi.nlm.nih.gov/books/NBK215329/
https://www.ncbi.nlm.nih.gov/books/NBK215329/
https://www.ncbi.nlm.nih.gov/books/NBK215329/
https://pubs.acs.org/doi/abs/10.1021/acs.accounts.5b00472
https://pubs.acs.org/doi/abs/10.1021/acs.accounts.5b00472
https://pubs.acs.org/doi/abs/10.1021/acs.accounts.5b00472
https://books.google.com/books?hl=en&lr=&id=eqkt12fGUxYC&oi=fnd&pg=PP2&dq=International+Agency+for+Research+on+Cancer+Working+Group+(2007).+Smokeless+tobacco+and+some+tobacco-specific+N-nitrosamines.+World+Health+Organization+Monographs+on+the+Evaluation+of+Carcinogenic+Risks+to+Humans.+89:345-346.&ots=Ue9_Wtr4aX&sig=IQdRW14mNcRC5pVtOkYqLncXSQg
https://books.google.com/books?hl=en&lr=&id=eqkt12fGUxYC&oi=fnd&pg=PP2&dq=International+Agency+for+Research+on+Cancer+Working+Group+(2007).+Smokeless+tobacco+and+some+tobacco-specific+N-nitrosamines.+World+Health+Organization+Monographs+on+the+Evaluation+of+Carcinogenic+Risks+to+Humans.+89:345-346.&ots=Ue9_Wtr4aX&sig=IQdRW14mNcRC5pVtOkYqLncXSQg
https://books.google.com/books?hl=en&lr=&id=eqkt12fGUxYC&oi=fnd&pg=PP2&dq=International+Agency+for+Research+on+Cancer+Working+Group+(2007).+Smokeless+tobacco+and+some+tobacco-specific+N-nitrosamines.+World+Health+Organization+Monographs+on+the+Evaluation+of+Carcinogenic+Risks+to+Humans.+89:345-346.&ots=Ue9_Wtr4aX&sig=IQdRW14mNcRC5pVtOkYqLncXSQg
https://books.google.com/books?hl=en&lr=&id=eqkt12fGUxYC&oi=fnd&pg=PP2&dq=International+Agency+for+Research+on+Cancer+Working+Group+(2007).+Smokeless+tobacco+and+some+tobacco-specific+N-nitrosamines.+World+Health+Organization+Monographs+on+the+Evaluation+of+Carcinogenic+Risks+to+Humans.+89:345-346.&ots=Ue9_Wtr4aX&sig=IQdRW14mNcRC5pVtOkYqLncXSQg
https://drugresearch.in/pdf/IJOD-2-kamal.pdf
https://drugresearch.in/pdf/IJOD-2-kamal.pdf
https://academic.oup.com/tropej/article-abstract/39/4/253/1634205
https://academic.oup.com/tropej/article-abstract/39/4/253/1634205
https://academic.oup.com/tropej/article-abstract/39/4/253/1634205
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3444240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3444240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3444240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3444240/
https://eric.ed.gov/?id=ED537674
https://eric.ed.gov/?id=ED537674
https://eric.ed.gov/?id=ED537674
https://www.ajol.info/index.php/ijhpr/article/view/106320
https://www.ajol.info/index.php/ijhpr/article/view/106320
https://www.ajol.info/index.php/ijhpr/article/view/106320
https://www.ajol.info/index.php/ijhpr/article/view/106320

J. Archives of Clinical and Experimental Pathology

17.

18.

19.

20.

Sairam K, Rao C, Goel R (2001). Effect of Convolvulus pluricautis
on gastric ulceration and secretion in rats. Indian Journal of
Experimental Biology. 39: 350-354.

Sara CH, Geoffrey TF (2011). Gender empowerment and female—to—
female smoking prevalence ratios. Bulletin of the World Health
Organization. 89:195-202.

Sims GK (2006). Using the berthelot method for nitrites and nitrates
analysis. Soil Science Society of America Journal .70(3):103-108.
Singh PN, Yel D, Sin S, Khieng S, Lopez J, Job J, Terry L, Knulsen
S (2009). Tobacco uses among adults in Cambodia: evidence for a

21.

22.

Page 6 of 6

tobacco epidemic among women. Bulletin of the World Health
Organization. 87(12): 905-910.

Weymarn LB, Thomson NM, Donny EC, Hatsukami DK, Murphy SE
(2016). Quantitation of the minor tobacco alkaloids nornicotine,
anatabine, and anabasine in smokers’ urine by high throughput liquid
chromatography-mass  spectrometry. Chemical Research in
Toxicology. 29(3):390-397.

World Health Organization (2022). Tobacco. Fact Sheets. Available
online.

YV VVVY

Ready to submit your research? Choose ClinicSearch and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At ClinicSearch, research is always in progress.

Learn more https://clinicsearchonline.org/journals/archives-of-clinical-and-

& ClinicSearch

experimental-pathology-

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless
otherwise stated in a credit line to the data.


http://nopr.niscpr.res.in/handle/123456789/23720
http://nopr.niscpr.res.in/handle/123456789/23720
http://nopr.niscpr.res.in/handle/123456789/23720
https://www.google.com/search?hl=en&q=Sara+CH,+Geoffrey+TF+(2011).+Gender+empowerment+and+female%E2%80%93to%E2%80%93female+smoking+prevalence+ratios.+Bulletin+of+the+World+Health+Organization.+89:195-202.
https://www.google.com/search?hl=en&q=Sara+CH,+Geoffrey+TF+(2011).+Gender+empowerment+and+female%E2%80%93to%E2%80%93female+smoking+prevalence+ratios.+Bulletin+of+the+World+Health+Organization.+89:195-202.
https://www.google.com/search?hl=en&q=Sara+CH,+Geoffrey+TF+(2011).+Gender+empowerment+and+female%E2%80%93to%E2%80%93female+smoking+prevalence+ratios.+Bulletin+of+the+World+Health+Organization.+89:195-202.
https://ui.adsabs.harvard.edu/abs/2006SSASJ..70.1038S/abstract
https://ui.adsabs.harvard.edu/abs/2006SSASJ..70.1038S/abstract
https://www.scielosp.org/pdf/bwho/v87n12/10.pdf
https://www.scielosp.org/pdf/bwho/v87n12/10.pdf
https://www.scielosp.org/pdf/bwho/v87n12/10.pdf
https://www.scielosp.org/pdf/bwho/v87n12/10.pdf
https://pubs.acs.org/doi/abs/10.1021/acs.chemrestox.5b00521
https://pubs.acs.org/doi/abs/10.1021/acs.chemrestox.5b00521
https://pubs.acs.org/doi/abs/10.1021/acs.chemrestox.5b00521
https://pubs.acs.org/doi/abs/10.1021/acs.chemrestox.5b00521
https://pubs.acs.org/doi/abs/10.1021/acs.chemrestox.5b00521
https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.121.18192
https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.121.18192
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/archives-of-clinical-and-experimental-pathology-
https://clinicsearchonline.org/journals/archives-of-clinical-and-experimental-pathology-

