
Current Research in Toxicology 3 (2022) 100066
Contents lists available at ScienceDirect

Current Research in Toxicology

journal homepage: www.elsevier .com/locate /cr tox
Toxic effects of smokeless tobacco on female reproductive health: A review
https://doi.org/10.1016/j.crtox.2022.100066
Received 14 December 2021; Revised 11 February 2022; Accepted 3 March 2022

2666-027X/© 2022 The Author. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

E-mail address: laldinsangi.c@gmail.com
C. Laldinsangi
Department of Life Sciences, Pachhunga University College, Mizoram University (A Central University), Aizawl 796001, Mizoram, India
A R T I C L E I N F O

Keywords:
Smokeless tobacco
Pregnancy
Ovarian morphology
Hormones
Reproduction
A B S T R A C T

The habitual consumption of tobacco in its various form is widespread and a serious public health issue glob-
ally. In particular, the use of smokeless tobacco has increased substantially due to its easy availability and mis-
conception that it is relatively harmless compared to smoking. Tobacco use has been well established from
numerous studies as a causative agent of devastating illnesses such as cancer, insulin resistance, hypertension,
acute respiratory disease, osteoporosis, etc. Limited but growing evidence have also suggested its role in
adversely affecting reproductive capabilities and outcomes in women of reproductive age and during preg-
nancy. This paper provides an updated review on available literature regarding the negative effects of smoke-
less tobacco use on female reproductive health, during pregnancy and its adverse consequences on the
offspring. Existing data suggests the association between chronic smokeless tobacco use and impairment of
ovarian morphology and function, oocyte quality, hormonal perturbations, fetal development and long‐term
health effects on the fetus. Improved understanding of these issues can contribute to better awareness of the
dangers of smokeless tobacco products.
1. Introduction

The epidemic of tobacco use in various forms has been a critical
global health issue with devastating consequences and its numerous
negative health impacts have been well established. According to the
World Health Organisation, tobacco‐related diseases were responsible
for about 8 million deaths in 2017 alone, and it has also projected that
this number would increase to about 1 billion in the 21st Century if
there are no positive changes in the current trends. Although smoking
is still the primary method of tobacco use, the trends of smokeless
tobacco (ST) consumption has also seen a sharp rise in many parts
of the world partly due to the misconception that it is a safer alterna-
tive to smoking (Siddiqi et al., 2017). ST is a broad term that includes a
variety of tobacco products that can be consumed as alternatives to
smoking, and are consumed either orally and nasally and the types
may vary from region to region. The most prevalent ones include
‘chewing tobacco’ which are dried tobacco leaves, ‘snuff’ which con-
sists of finely ground dry or moist tobacco, ‘mishri’ which is baked
or burnt ground tobacco and ‘gutkha’ which is a mixture of tobacco
with slaked lime, areca nut, catechu (acacia plant extract) and spices
(Willis et al., 2014; Niaz et al., 2017). It has been estimated that glob-
ally, about 356 million people in 140 countries consume ST products
in varied forms (Sinha et al., 2018). The main constituents of ST
include nicotine and recognized carcinogens such as tobacco‐specific
N‐nitrosamines (TSNA), benzo[a]pyrene, nitrate, cadmium, lead,
arsenic, nickel, and chromium (Borgerding et al., 2012, Hecht, 2019;
Guan et al., 2021). Studies have shown that higher levels of nicotine
can enter systemic circulation from ST when compared to smoking,
indicating a much more potent effect through this route (Saleheen
et al., 2014, Li et al., 2018). Benowitz (1997) reported that from chew-
ing tobacco, about 4.5 mg nicotine was systemically absorbed from an
average dose of 7.9 g chewed for 30 min and an average of 3.6 mg
nicotine was absorbed from 2.5 g moist snuff kept in the mouth for
30 min which are evidently much higher than absorption amounts
from smoking cigarettes where an average of 1.0 mg nicotine was
absorbed per cigarette. The harmful impacts of tobacco use have been
intensely investigated and majority of research has focussed on smok-
ing and ST‐use related disorders such as lung cancer, oral squamous
cell carcinoma, cardiovascular disease, immunosuppression, insulin
resistance, hypertension, endocrine disruption etc. (Kuper et al.,
2002; Kapoor and Jones, 2005; Willis et al., 2012; Mouhamed et al.,
2016; Kim et al., 2019; Jiang et al., 2019). A detailed review by
Beal et al. (2017) has pointed to the far‐reaching genetic consequences
of tobacco use in the form of heritable changes that could be passed on
to their offspring. In addition to these conditions, tobacco has been
known to exert its negative influence on reproductive physiology
and outcome in both males and females. In females in particular,
chronic tobacco use has been linked to impairment of fertility and dis-
ruptions at various stages of reproductive function such as ovotoxicity,
disturbed hormone levels, abnormal delivery, complications during
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pregnancy, stillbirths and miscarriages, indicating harmful in utero
effects on pregnant women (Kapoor and Jones, 2005, Kumar, 2013;
Budani and Tiboni, 2017; Jandikova et al., 2017). The Global Adult
Tobacco Survey (GATS) reported in 2007 that 6.7% of women in the
16 countries they surveyed consumed ST in one form or another
(Giovino et al., 2012). In spite of prevalence of use and its established
adverse effects, comprehensive and detailed reviews in this aspect,
particularly in regards to ST use are still lacking. Taking this lacuna
into consideration, in this review, an attempt has been made to assess
the multifaceted effects of ST use on female fertility and reproductive
outcomes. Available literature on ST use and its associated adversative
effects on female reproductive health were searched on Pub Med and
Google scholar and reviewed. A list of various types of ST products,
their general constituents and where they are most prevalently used
is given in Table 1. The paper is divided into various sections based
on the effects of ST on the different aspects of female reproduction,
and both human and animal studies are included. The toxic effects
of ST on female reproductive physiology have been summarized in
Table 2.
2. Chemical constituents of ST

More than 3000 compounds have been identified in ST thus far, and
the exact constituents are influenced by the region from which the
tobacco in sourced, types of pesticides used and the methods employed
to process the leaves (IARC, 2007). Alkaloids are the major compounds
Table 1
Some common types of smokeless tobacco products used globally.

Sl.
No.

Name of
Product

Country/Region of prevalent
use

Product composition

Afzal Oman Tobacco leaves in crushed pow
Chimo Venezuela Tobacco, sodium bicarbonate, b
Gutkha India

Iran
Mixture of betel leaf, areca nut
flavorings (aka betel quid) and

Iq'mik Alaska, USA A homemade mixture of tobacc
Khaini India

Nepal
Tobacco and slaked lime mixtu

Maras Turkey Tobacco leaves mixed with the
grapevine –, in approximate rat

Mishri India Tobacco roasted on a hot metal
powder

Moist snuff USA Tobacco, flavoring, inorganic sa
Nass Iran

Afghanistan
Pakistan

A mixture of tobacco leaves and

Naswar Pakistan
Iran

A mixture of tobacco, ash and s
cardamom and mint

Nuffa/nafha Northern Africa (Tunisia, Libya,
Algeria, Mororcco, Algeria)

Finely powdered tobacco

Qiwam Bangladesh
India

A thick tobacco paste mixed wi
and musk)

Rapé Central and South American
countries

Pulverized and finely sifted tob
materials (tonka bean, cinnamo

Sadagura Assam, India Sun dried and roasted tobacco
aniseed seeds as flavoring agen

Shammah Saudi Arabia Tobacco, slaked lime, black pep
Snuff/snus Sweden

Denmark
Finland
Norway

Tobacco, moisturizers, sodium

Tawa Ghana Dried and finely powdered toba
(potassium nitrate)

Toombak Sudan Crushed tobacco leaves with ad
other additives

Tuibur North east India Tobacco smoke-saturated
aqueous concentrate

Zarda India
Bangladesh

Dried and crushed tobacco leav
chewed by itself, with areca nu
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present in tobacco (0.5–5.0%) out of which nicotine is the chief con-
stituent (85–95% of total alkaloids) and a variety of other compounds
are also found in the form of polyphenols (0.5–4.5%), terpenes
(0.1–3.0%), phytosterols (0.1–2.5%), carboxylic acids (0.1–0.7%), alka-
nes (0.1–0.4%), aromatic hydrocarbons, aldehydes, ketones, amines,
nitriles, N‐ and O‐heterocyclic hydrocarbons, pesticides, alkali nitrates
(0.01–5%) and numerous metallic compounds (IARC, 2004). Nicotine
present in ST products can be absorbedmainly in two forms: protonated
and unprotonated, and it has been shown that unprotonated/free
nicotine, the amount of which is affected by the pH of the product,
can effectively cross cell membranes (Pickworth et al., 2014). The
nitrosation of nicotine as a result of metabolism gives rise to TSNAs,
where N’‐nitrosonornicotine and 4‐(methylnitrosamino)‐1‐(3‐pyridyl)‐
1‐butanone are the two most predominant forms and have been
classified as group 1 carcinogens. N‐nitrosamino acids [includes
N‐nitrososarcosine, 3‐(methylnitrosamino) propionic acids and
4‐(methylnitrosamino) butyric acids] and volatile N‐nitrosamines
[includes N‐nitrosodimethylamine, N‐nitrosopyrrolidine, N‐
nitrosopiperidine and N‐nitrosomorpholine] are other classes of nitroso
compounds present in ST products (IARC, 2007; Kaur et al., 2018;
Hecht, 2019). Apart from these, additives such as menthol, benzyl ben-
zoate, eugenol, benzo[a]pyrene (BaP), urethane, heavymetals, lactones
and pesticides are also present in ST products with varying concentra-
tions (IARC, 2007; Willis et al., 2012; Song et al., 2016; McAdam
et al., 2018). One study byMcAdamet al. (2017) evaluating the radionu-
clide content of 34 Swedish snus and 44 US ST products detected 13
radionuclides such as 40K, 14C, 210Po and 226Ra in the majority of sam-
Reference

der form Al-Mukhaini et al., 2016
rown sugar, Mamo´n tree ashes Stanfill et al., 2011
, slaked lime, catechu, spices, sweet or savory
dried tobacco.

Doherty Lyons et al., 2020

o leaves and tree fungus ash Patten et al., 2020
re Zhao et al., 2021

ashes of wood – especially oak, walnut, or
ios of 1:2 or 1:3.

Taş and Güre, 2020

plate until it is uniformly black and made in to Ganganahalli et al., 2017

lts, humectants Wang et al., 2021
substances such as lime and ash Sighaldeh and Charkazi, 2018

laked lime added with condiments like green Ahmad et al., 2021

IARC, 2007

th powdered spices (saffron, cardamom, aniseed Sharma et al., 2018

acco leaves mixed with finely ground plant
n, clove buds, etc.) or alkaline ashes

Stanfill et al., 2015

leaves with small amounts of black cumin and
ts.

Das et al., 2016

per, oils and flavorings Niaz et al., 2017
carbonate, salt, sweeteners, flavouring Rygh et al., 2019Hemminki

et al., 2021

cco leaf with some chemicals such as saltpetre Doku et al., 2010

dition of alkaline carbonates, flavourings, and Sami et al., 2021

Madathil et al., 2018

es added with coloring and flavoring agents,
t or in betel quid

Hrywna et al., 2016
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ples, in addition to 228Th in a small number of ST products although it
was mentioned that the levels of radionuclides detected may not pose
as serious risks to users. The nicotine content of ST products varies
widely depending on the type of formulation and many studies have
reported as such. Djordjevic and Doran (2009) found that chewing
tobacco products contained about 3.4 to 39.7 mg of nicotine per g pro-
duct, and nicotine levels in dry ormoist snuff products ranged from10.5
to 24.8 and from 4.7 to 24.3 mg/g product, respectively. Sharma et al.
(2015) examined nicotine quantity in a variety of ST products, and
found that ten different brands of gutka and pan masala contained
Table 2
Summary of the toxic effects elicited by ST on female reproductive physiology.

Observed/Reported effects

Ovarian Function Decreased cell viability and estrogen receptor expression, inhibition
receptor expression, increases vascular endothelial growth factor exp
Reduced levels of antioxidant defence markers such as Glutathione,
peroxidase, glutathione reductase, and catalase enzymes activity, hig
malondialdehyde
Statistically significant association of tobacco consumption with irreg
cycles
Inhibition of estradiol production, implications of cytotoxic effects

Decrease in estradiol production, mRNA and protein levels of 17β-HS
Significant increase in the number of cystic follicles

Ovulation and
ovarian
morphology

Significant reduction in ovary weight, follicle number, survival of su
reduction of body weight, impairment of ear and eye opening, tooth
offspring
Alteration of healthy to abnormal follicle ratio in ovary, significant r
number of healthy follicles, negative effects on uterine physiological p
estrous cycle number
Decline in body weight, ovarian and uterine weight reduction, irregu
substantial histological damage in ovary and uterus
Aberrant follicular growth in ovaries due to increased apoptotic cell
Reduction of estrogen level, decrease in germ cell number, deformed
ovaries
Impairment of germ cell development in foetal ovaries, reduction of
mother
Reduction in diameter of zona pellucida-free oocyte, negative alterat
of first polar body
Premature centromere separation and anaphase, advanced ovarian m
proportions of ovulated oocytes
Alteration of diestrus phase, disrupted ovarian tissue morphology, in
stress and DNA damage

Pregnancy
Outcomes

Reduced mean hemoglobin (Hb) levels
Increased risk for ‘very and moderately’ preterm births
Higher risks for stillbirths
Significant alterations in ultrastructural characteristics of tertiary villi
group, increased expression of HIF-1α, oxidative DNA damage bioma
Micromorphological changes in the placenta leading to loss of functi
components
Higher rate (48%) of combined pre-existing and pregnancy-related e
concentrations
Higher incidences of diseases such as cardiovascular, diabetes mellitu
spontaneous abortions
Reduced gestational age at birth and birth weight of newborns
Significant number of stillbirths, reduced birth weights, risk of abno
Increased risk of apnoea in infants born to mothers using ST
Spontaneous abortion during early pregnancy, stillbirth, preterm del
weight, anaemia,

Alterations in heart rate variability, increased low frequency/high fr
Higher systolic blood pressure
Oral cleft formation
Significant decrease in birth weight, length, and head circumference

Significant decrease in gestational period and birth weight, increased
problems and neonatal death
Significant increase in locomotor activity, predisposition to ADHD, r
and length of cingulate cortex
Delayed calcification kinetics observed, osteotoxicity

3

an average of 6.26 ± 2.65 and 3.25 ± 0.7 mg nicotine/g of tobacco
respectively, six different brands of khaini products contained an aver-
age of 6.65 ± 2.69 mg nicotine per gram of tobacco, zarda contained
an average of 20.35mg/g, and 5.05mg/g nicotine in mishri. In another
study comparing the nicotine concentration in various ST products, it
was found that plain tobacco (2.22mg/g) had the highest concentration
of nicotine followed by ghutka (1.85 mg/g), khaini (0.53 mg/g), pan
masala (0.10 mg/g), and supari (0.06 mg/g), respectively (Hegde and
Nanukuttan, 2017). Although nicotine content may be comparatively
lower in ST products than the smoked form, ST tend to be abused more
References Model of Study

of progesterone
ression

Totonchi et al., 2016 Human endometrial stromal
primary cells

glutathione
her levels of

Khademi et al., 2019

ular menstrual Kulkarni et al., 2018 Rural women aged between
15 years to 49 years

Sanders et al., 2002 Theca interna and granulosa
cells of bovine follicles

D1 and P450arom Fan et al., 2019 KGN cell line
Singha et al., 2014 Ovarian follicles of non-

pregnant mice female
perovulated oocyte;
eruption in F1

Liu et al., 2019 Premature female mice

eduction in the
arameters, reduced

Patil et al., 1999 Female albino rats

lar estrous cycle, Mandal et al., 2004 Female rats

death Bordel et al., 2006 Syrian golden hamsters
organization in Al-Mukhaini et al., 2020 Wistar Albino Rats

oocyte number in Cheng et al., 2018 Human fetal ovaries

ions in morphology Mai et al., 2014 Female mice

aturation, reduced Mailhes et al., 2000

creased oxidative Barbhuiya et al., 2020

Subramoney and Gupta, 2008 Adult pregnant women
Wikström et al., 2010
Baba et al., 2014

in low birth-weight
rker

Kumar et al., 2021

onal placentae Ashfaq et al., 2008

levated glucose Ratsch et al., 2021

s, hypertension and Chandirasekar et al., 2019

Gupta and Sreevidya, 2004
rmal delivery Pratinidhi et al., 2010

De Queiroz Andrade et al. 2020
ivery, low birth Hossain et al.,

2014Ganganahalli et al.,
2017Hossain et al., 2018

equen ratio Nordenstam et al., 2017 Infants of snus/snuff users
during pregnancyNordenstam et al., 2019

Gunnerbeck et al., 2014
Shenoy et al., 2020 Adult pregnant women with

occupational handling of ST
implantation Archana et al., 2011 Female mice

eduction in volume Zhu et al., 2012

Martinez et al., 2019 Osteogenic human
embryonic stem cell
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frequently for reasons such as false perceptions of being safer than
smoked tobacco, more inconspicuous form of consumption and more
widespread restrictions of smoking in public places (Sharma et al.,
2015; Siddiqi et al., 2017) and significant levels of nicotine can enter
systemic circulation (Saleheen et al., 2014, Li et al., 2018).

3. Smokeless tobacco and ovarian function

The ovaries are complex endocrine glands whose primary functions
are production of viable ova for reproduction and steroidogenesis. They
are also involved in production of transcription factors, signallingmole-
cules and growth factors that contribute to successful folliculogenesis,
fertilization and reproduction (Havelock et al., 2004). Normal ovarian
function is under the regulation of other hormones and factors, and it
can also be disrupted by various exogenous compounds from lifestyle
habits and environmental stressors. These includenicotine from tobacco
use and a class of hormone‐mimicking compounds known as endocrine
disrupting chemicals (Dechanet et al., 2011; Patel et al., 2015; Piazza
and Urbanetz, 2019). With the rise in ST consumption amongst women
inmany parts of the world, it is evident that this trendwill be associated
with negative reproductive outcomes. Due to the presence of numerous
chemicals in ST alongwith their wide‐ranging targets, ST use appears to
exert adverse effects on the entire reproductive system in women and at
various stages of reproductive function (Willis et al., 2014).

3.1. Endocrine effects

Several studies have suggested that there are significant differences
in biological response to nicotine and progression to nicotine depen-
dence between males and females, where females are more sensitive
to the effects of nicotine than males probably due to hormonal differ-
ences (Sieminska and Jassem, 2014; Chellian et al., 2020; Lee et al.,
2021). The primary active ovarian steroid hormones are estradiol
and is a key factor in female reproduction, and any dysregulation in
its levels can result in certain gynaecological diseases (Fan et al.,
2019). Tweed et al. (2012) highlighted the various mechanisms by
which tobacco and nicotine could cause systemic disruptions, includ-
ing modulating physiological factors such as the endocrine system.
Totonchi et al. (2016) showed that nicotine, one of the most potent
chemicals in tobacco, modulated the expression levels of estrogen
receptor, progesterone receptor and vascular endothelial growth factor
(VEGF) in endometrial stromal cells in a dose dependent manner that
implies a diminishing effect of tobacco on steroid hormone receptors
in the gonads. In a community‐based study in Karnataka, tobacco
use among the women was found to cause significant aberrations in
menstrual cycle patterns, with as much as 85% of the participants
experiencing dysmenorrhoea and 42% with oligomenorrhoea
(Kulkarni et al., 2018). The inhibitory effects of nicotine on the pro-
duction of prostaglandins, aromatase and hormones such as estrogen
and progesterone were also verified in vitro, that may be extrapolated
to lower endogenous levels in ST users (Bódis et al., 1997; Miceli et al.,
2005). Sanders et al. (2002) collected theca interna and granulosa cells
from bovine follicles and then cultured them with nicotine or cotinine
for 24 h after which culture media were assayed for androstenedione
or estradiol levels. Assay results showed that the highest dose of nico-
tine significantly inhibited production of estradiol in granulosa cells
suggesting cytotoxic effects and inhibition of androgen production.
Similarly, in KGN cell lines, Fan et al. (2019) demonstrated that nico-
tine treatment decreased estradiol production as well as mRNA expres-
sion of 17β‐HSD1 and P450arom, and even at the protein level there
was significant reduction of P450arom expression implying the inhibi-
tion of estradiol synthesis by ovarian granulosa cells. In histological
studies on non‐pregnant mice female, ST was shown to significantly
increase the number of cystic follicles in the ovary indicating possible
adverse effects on granulosa cells (Singha et al., 2014).
4

3.2. Effects on ovulation and ovarian morphology

Liu et al. (2019) demonstrated that oral administration of 1‐(N‐m
ethyl‐N‐nitrosamino)‐1‐(3‐pyridinyl)‐4‐butanal (NNA), a major com-
ponent of tobacco‐specific nitrosamines to premature female mice
resulted in a significant decrease of ovary weight, ovarian follicle num-
ber and survival of superovulated oocytes. As a result of increased
oxidative stress caused by tobacco use and exposure, Prasad et al.
(2016) have also implied multiple adverse effects on oocyte quality,
number and reproductive outcome in women. In a study on female
albino rats, it was found that nicotine was responsible for altering
the ratio of healthy to abnormal follicles in the ovary, with a signifi-
cant decrease in the number of healthy follicles and uterine physiolog-
ical parameters were also negatively affected, in addition to reduced
estrous cycle number (Patil et al., 1999). In a similar study examining
the effects of nicotine, alterations in normal body weight, estrous
cycle, and morphological parameters of ovary and uterus were found
to be induced by nicotine administration (Mandal et al., 2004). Syrian
golden hamsters treated daily with nicotine to mimic regular tobacco
consumption showed adverse effects on follicular growth via increased
apoptotic cell death in ovaries (Bordel et al., 2006). Mailhes et al.
(2000) investigated the effects of nicotine exposure on oocyte matura-
tion in vivo in mice ovaries and reported that dosages of 10.0 mg/kg
nicotine caused premature centromere separation and premature ana-
phase, and consequently advanced ovarian maturation in addition to
reduced proportions of ovulated oocytes by approximately 50% com-
pared to control groups. Co‐exposure of female mice to a type of
smokeless tobacco “sadagura” with arsenic which is a common addi-
tive of STs resulted in significant changes in diestrus phase, disrupted
ovarian tissue morphology, increased oxidative stress and DNA dam-
age in treated groups when compared to control (Barbhuiya et al.,
2020). Investigations on the gonadal toxicity of ‘Afzal’, a common type
of ST in Oman, found that oral administration of Afzal aqueous
extracts to Wistar albino rats resulted in reduced levels of estrogen
after the treatment period, and histological examinations revealed a
decrease in germ cell number with deformed organization in ovaries
(Al‐Mukhaini et al., 2020). Cigarette smoke extract, which would be
comparable to ST extracts in terms of constituents, fed daily ad libitum
to mice was shown to cause a reduction in diameter of zona pellucida‐
free oocyte and perturbations in morphology of first polar body imply-
ing the potency of tobacco extracts to decrease the size and quality of
oocytes (Mai et al., 2014). Cheng et al. (2018) demonstrated in their
study that nicotine in vitro could increase apoptosis thereby drastically
impairing germ cell development in foetal ovaries and also reduce
oocyte number in the mother. Cooper and Moley (2008) reported in
their review the possible reasons for delay or absence of conception
in some women exposed to tobacco citing that there was a deleterious
effect on reproductive functions such as ovarian steroidogenesis,
gametogenesis, oocyte maturity, ovulation, oocyte cumulus complex
pick‐up, gamete and embryo transport by the oviduct, fertilization,
and implantation, thereby resulting in infertility. The potential detri-
mental effects of tobacco use on fertility have also been corroborated
by Sahin Ersoy et al. (2017) whose study showed reduced endometrial
CXCL12 and FGF2 expression, which are crucial endometrial regula-
tory cytokines and receptivity markers.

4. Effects on pregnancy outcomes

A considerable number of studies on ST use by the mother during
all stages of pregnancy have been consistent in presenting evidence
of its adverse effects on both the mother and fetus. Chronic use of
ST has direct health implications on the mother, as reported by
Subramoney and Gupta (2008) from their population‐based cohort
study of 918 pregnant women in Mumbai, India, and found that ST
use resulted in significantly reduced mean hemoglobin (Hb) levels



C. Laldinsangi Current Research in Toxicology 3 (2022) 100066
(10.00 g/dl) compared with nonusers (10.46 g/dl, p < 0.000) which
could potentially be associated with anemia. Increased risk for ‘very
and moderately’ preterm births as a result of maternal Swedish snuff
use was also reported by Wikström et al. (2010), showing both spon-
taneous and induced onsets. A study on the associations between
maternal snuff use in early pregnancy and risks for stillbirths and early
neonatal mortality was conducted in Sweden by Baba et al. (2014) in
which 851,371 singleton births were analysed for the purpose. Based
on the results, they reported that snuff users in particular and smokers
during early pregnancy had higher risks for stillbirths with adjusted
odds ratios (ORs) being 1.43 (1.02–1.99) and 1.59 (1.40–1.80),
respectively (95% confidence intervals) compared to the non‐user
group. Conversely, they also found that the similar risks were lower
for women who stopped using snuff or stopped smoking before first
visit to antenatal care. In one study by Archana et al. (2011), long term
exposure of pregnant mice to pan masala, a type of ST product, signif-
icantly decreased gestational period and birth weight, in addition to
increased implantation problems and neonatal death when compared
to control.

A recent secondary data analysis by Shukla et al. (2021) on tobacco
use by women showed concerning numbers regarding the prevalence
of ST during pregnancy, especially in South‐east Asia Region. Since
the period from conception up to two years of age in children, i.e.,
the first 1000 days of life provide a critical stage of development
and linear growth, external factors can influence the health conditions
of both mother and developing fetus (Quelhas et al., 2018). Recently,
Kumar et al. (2021) examined placenta structure collected from tea
leave pluckers who are habitual users of ST, and then measured
expression levels of hypoxia‐inducible factor (HIF)‐1α expression and
oxidative DNA damage. The sample groups were also divided into
low birth weight (LBW) and normal birth weight (NBW) groups after
delivery. Their findings showed significant alterations in ultrastruc-
tural characteristics of the tertiary villi in LBW group of ST users such
as protrusion of endothelial cells into capillary lumen, degenerated
nuclei, substantial thickening of trophoblast basement membrane
and vasculo‐syncytial membrane, aberrations of the microvilli, swollen
or damaged mitochondria, and dilatation in endoplasmic reticulum
cisternae. They also found substantial decrease in the perimeter, area,
and number of the stromal capillary of the tertiary villi of placenta in
LBW group when compared to NBW group from the ST users. In addi-
tion, when compared with nonusers, ST users showed increased
expression of HIF‐1α as well as oxidative DNA damage (8‐OHdG) bio-
marker. These findings corroborate similar results by Ashfaq et al.
(2008) who reported that wet snuff use was linked to micromorpho-
logical changes in the placenta leading to loss of functional placentae
components. In a study on Australian Aboriginal women using pituri, a
type of ST during pregnancy, results showed that pituri users had a
higher rate (48%) of combined pre‐existing and pregnancy‐related ele-
vated glucose concentrations when compared with smokers (22%) and
no‐tobacco users (16%). However, surprisingly the lowest rate (14%)
of clinically significant post‐partum haemorrhage (>1000 ml) was
found in pituri chewers compared with 22% of smokers and 36% of
the non‐users (Ratsch et al., 2021).

Long term consequences of prenatal exposure to gutkha were
demonstrated in mice, where the adult male offspring exposed to a
high fat diet developed histological evidence of non‐alcoholic fatty
liver disease in addition to significant alterations in hepatic fibrosis‐
related cytokines (interleukin (IL)‐1b and IL‐6) and in hepatic collagen
mRNA expression levels compared to control (non‐exposed) group
(Doherty Lyons et al., 2020). A mouse model for prenatal nicotine
exposure from sources such as smoking and ST was used by Zhu
et al. (2012) to investigate predisposition of offspring to cognitive dis-
abilities such as deficit hyperactivity disorder (ADHD) and conduct
disorder later in life. They concluded from their data that nicotine
exposure via oral route significantly increased locomotor activity in
both males and female mice and they observed peak activity during
5

the lights‐off period of the circadian cycle, i.e., the “active” phase in
mice comparable to active phase of ADHD in humans (during the
day). They also reported significant reduction in volume of the cingu-
late cortex (which plays key roles in attention mechanisms) by ∼20%
and decrease in the length (radial thickness) in the nicotine treated
mice.

Similarly, an extensive, systematic review by De Queiroz Andrade
et al. (2020) analysing the association between active tobacco use dur-
ing pregnancy and infant respiratory health suggested that there was a
higher risk of apnoea in infants born to mothers using ST throughout
their pregnancy. A study conducted amongst the residents of the Wes-
tern Ghats, Southern India focused on the use of ST such as betel quid,
areca nut and tobacco leaf to determine any genotoxic effects. Analysis
using genotoxicity biomarkers showed that there was significant DNA
damage in tobacco users than non‐users, and female ST users in partic-
ular reported higher incidences of diseases such as cardiovascular, dia-
betes mellitus, hypertension and spontaneous abortions
(Chandirasekar et al., 2019). In a cohort study of 1217 women in
Mumbai, it was found that ST use during pregnancy significantly
reduced gestational age at birth as well as birth weight of newborns
(Gupta and Subramoney, 2004). The use of ‘mishri’, another smokeless
form of tobacco among pregnant women was found to be responsible
for a significantly higher number of stillbirths as well as reduced birth
weights in 705 women enrolled for the study, and a relative risk of
abnormal delivery of 2.7 was noted for the user group (Pratinidhi
et al., 2010). In a prospective observational study, 56 infants of women
who used snus regularly during pregnancy were examined for heart
rate variability (HRV) and the low frequency and high frequency ratio
(LF/HF ratio). Cotinine concentration in urine of the infants were mea-
sured and HRV during 2 h of sleep were studied 1–2 months after
birth. Higher LF/HF ratio was observed in snus users (mean 3.31;
95% CI 2.78–3.83) compared to control (Nordenstam et al., 2017).
Interestingly, Nordenstam et al. (2019) investigated correlation
between female snus users throughout their pregnancy and health
effects in their children, and found that children of snus users had
higher systolic blood pressure than children on non‐user control
groups. In addition, although both groups had similar heart rates,
snus‐exposed children showed a greater low/high‐frequency ratio,
implying altered autonomic cardiac control evidently by nicotine.

A recent study by Martinez et al. (2019) investigated the potential
toxic effects of snus extract on live osteogenic human embryonic stem
cell cultures since the differentiation process of such cells mimic
embryonic development in vitro. It was observed that after treatment
with 0.1–3% snus extracts, calcification yield of human embryonic
stem cells was adversely affected in addition to delayed calcification
kinetics observed via video‐based calcification analysis, suggesting
that from a development perspective in human fetuses, ST use by
the mother could result in osteotoxicity during critical stages of devel-
opment. A cohort study in Bangladesh by Hossain et al. (2014) deter-
mined correlative effects of prolonged maternal ST use (>5 years) and
pregnancy outcomes. They concluded that concluded that chronic use
of ST for longer than 5 years is significantly associated with adverse
outcomes of pregnancy such as (i) spontaneous abortion during early
pregnancy (ii) stillbirth (iii) preterm delivery (iv) low birth weight
of babies. Similar implications on birth weight were observed in a
hospital‐based cohort study by Ganganahalli et al. (2017) who
reported that consumption of ‘mishri’ by pregnant women led to signif-
icant reduction of birth weight and size (about 480 gm lesser and
6.5 cm shorter in birth length) compared to nonusers. Anaemia was
also reported in 62% of ST users as well as pre‐term delivery in
94.3% compared to non‐users. In another study in Bangladesh examin-
ing the risk of stillbirth in women consuming ST during pregnancy, it
was found that women who used ST daily (>5 times/day) during their
first pregnancy had a significantly higher risk of stillbirth when com-
pared to those who used ST less frequently (Hossain et al., 2018). In
a case report by Frøisland (2017), a newborn, whose mother had
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reported using large amounts of snus (10–20 times/day) during and
after pregnancy, showed symptoms of nicotine withdrawal after birth
such as continuous crying, sensitivity to light, with high amounts of
cotinine in his hair and urine. They also stated that nicotine passes into
the breastmilk, suggesting undesirable impacts on the offspring even
after birth. Ray et al. (2016) selected maternal ST use during preg-
nancy as one of two risk factors, along with oral contraceptives
(OC), associated with Down syndrome in their offspring, and maternal
telomere length were also measured. Mothers and their child with
Down Syndrome were selected as test subjects and their results
showed that maternal use of ST and OC was significantly linked with
higher rates of birthing a child with DS in a case‐control analysis. In
addition, ST use was also associated with shorter telomere length
across all maternal age groups who experienced meiosis I nondisjunc-
tion at gametogenesis, indicating potent effects of exogenous chemi-
cals on molecular components of the oocyte in females. A
population‐based cohort study to determine any possible associations
between maternal snuff use and risk of oral cleft formations was con-
ducted by Gunnerbeck et al. (2014) and 975,866 infants that had
information on maternal tobacco use were considered for the study,
out of which 1761 live births were diagnosed with oral clefts. Results
from the analysis showed that the adjusted odds ratios (95% CI) for
oral cleft formation in infants of mothers who constantly used snuff
throughout their pregnancy was 1.48 [1.00–2.21] when compared to
those mothers who stopped using snuff after pregnancy (adjusted odds
ratios [95% CI] was 0.71 [0.44–1.14]). In addition to consumption of
tobacco, even mere exposure as a result of occupational handling
seems to have detrimental effects on pregnant women. In a cohort
study in South India on women bidi (a type of hand‐rolled cigarette)
rollers, it was reported that mean birth weight, length, and head cir-
cumference were significantly lower in the exposed group. The risk
for ‘small for gestational age’ was found to be 1.51 (95% CI: 1.12,
2.04; P = 0.007) in the exposed group. Serum analysis also detected
nicotine (value ≥ 2 ng/mL) in 38.3% of maternal and 29.6% of cord
blood in the exposed group with maximum absorption at 125 ng/mL
in the maternal and 110 ng/mL in the cord blood (Shenoy et al., 2020).
5. Conclusion

Despite the prevalence of ST consumption across the world, much of
the research on pathophysiological outcomes associatedwith ST use has
focused on oral cancer, cardiovascular diseases, respiratory distress and
insulin resistance, while detailed studies and literature on the effects on
reproductive outcome and gamete quality, especially in women of
reproductive age and during pregnancy is still limited. Moreover, the
consequences of tobacco exposure via the oral or smokeless route is still
largely overlooked, and for reviewing the effects of tobacco constituents
such as nicotine, parallels have to be drawn to some extent with smok-
ing. Many investigations on ST‐associated reproductive outcomes have
also been ambiguous and contradictory for bothmales and females, and
the exact mechanisms of action have not been fully understood. How-
ever, majority of the existing literature implicate the use of ST as a risk
factor leading to adverse outcomes in pregnancy and reproduction,with
long‐term health consequences not just for the mother but also for the
offspring. The lack of awareness about the dangers of ST products and
reluctance towards smoking cessation during pregnancy is an area that
still needs intense effort.

There is substantial lack of studies delving into the effects of the
constituents of ST products, individually and/or as a whole, on the
process of steroidogenesis, reproductive hormones, and their recep-
tors, particularly at the molecular level. Available investigations in
both animal models and humans have shown that ST products can neg-
atively affect ovarian morphology, oocyte quantity and quality and
derange ovarian steroidogenesis. It is critical to establish the endocrine
6

aspects of reproductive impairments in terms of modulation in the syn-
thesis and levels of circulating hormones like estrogen and testos-
terone after chronic ST use, since normal reproductive function is
quantitatively and qualitatively regulated by such factors. The identi-
fication of differentially expressed genes or factors via gonad/gamete
transcriptome studies, analysis of their roles and comparative studies
of both exposed and non‐exposed states at the genetic level are critical
in understanding the systemic perturbations that result from ST use.
Such studies may contribute new details into the various genetic fac-
tors that are affected, their level of susceptibility to exogenous chem-
icals, their mechanism of action and their role in the molecular
cascade leading to reproductive impairment and adverse pregnancy
outcomes in women. A few studies have established negative effects
of ST exposure on the morphology and micromorphology of the pla-
centa although the mechanisms and long‐term consequences not effec-
tively understood. While it is plausible that disruptions in placental
growth and differentiation will in turn affect the growth of the fetus,
detailed investigations are still required in this regard to better com-
prehend the impact and etiology of ST use on the interface between
mother and fetus during pregnancy.

Several studies in this review have also reinforced the associations
between maternal ST use and negative health outcomes in the off-
spring such as pre‐term birth, small for gestational age, low birth
weight, cognitive challenges, apnoea and respiratory issues. However,
long term studies to monitor and assess the post‐natal consequences of
these conditions at birth are also still lacking. In addition, since
tobacco‐induced heritable changes that can be passed on to offspring
have been reported, continual evaluations to comprehend the long‐
term health effects and potential burden of disease in offspring sub-
jected to pre‐natal ST exposure would provide a broader perspective
into the harms of ST use.

However, studying the health effects of STs will come with its own
set of limitations and challenges, since the various ST products can dif-
fer greatly in terms of content and bioavailability of its constituents
such as nicotine, additives, heavy metals and flavouring agents. There
will also undoubtedly be variations in frequency of use and durations
of exposure among different populations and cohorts of women. Apart
from this, cultural norms and perceptions of such habits can also lead
to the stigmatization of ST use, resulting in reluctance to disclose hon-
est patterns of use, and can lead to imprecise interpretations.

The global epidemic of tobacco consumption in smokeless form is
still in large parts an understudied issue, especially in terms of repro-
ductive health and outcome in women of reproductive age and during
pregnancy. More information is still needed in this regard, to create
more awareness about the dangers of ST use in general, to dispel
any ambiguity and misinformation and to promote cessation interven-
tions to decrease the burden of preventable illnesses.
Funding

The author has received no external funding for this work.
CRediT authorship contribution statement

C. Laldinsangi: Visualization, Writing – original draft, Writing –

review & editing.
Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.



C. Laldinsangi Current Research in Toxicology 3 (2022) 100066
Acknowledgements

The author gratefully acknowledges faculty of the School of Life
Sciences, Pachhunga University College for all the facilities and contri-
bution that motivated the drafting of this review.
References

Ahmad, F., Boeckmann, M., Khan, Z., Zeeb, H., Khan, M.N., Ullah, S., Dreger, S., Haq, Z.
U., Forberger, S., 2021. Implementing smokeless tobacco control policy in Pakistan:
a qualitative study among Naswar supply chain actors. Tob. Control. 30 (5),
548–552.

Al-Mukhaini, N., Ba-Omar, T., Eltayeb, E.A., Al-Shehi, A.A., 2016. Analysis of tobacco-
specific nitrosamines in the common smokeless tobacco Afzal in Oman. Sultan
Qaboos Univ. Med. J. 16 (1), e20–26.

Al-Mukhaini, N., Omar, T.B., Eltayeb, E., Al-Shehi, A.A., Al-Belushi, J., Al-Riyami, N.,
Cipriano, R., Al-Adawi, K., 2020. Effect of smokeless tobacco product, Afzal, on the
reproductive hormones and gonadal pathology of Wistar rats. Sultan Qaboos
University Journal for Science [SQUJS]. 25, 1–9.

Archana, K., Gautam, A.K., Lakkad, B.C., Kumar, S., 2011. In utero and lactation
exposure of mice to pan masala: effect on dams and pregnancy outcome. J. Environ.
Pathol. Toxicol. Oncol. 30 (1), 71–81.

Ashfaq, M., Channa, M.A., Malik, M.A., Khan, D., 2008. Morphological changes in
human placenta of wet snuff users. J. Ayub. Med. Coll. Abbottabad. 20, 110–113.

Baba, S., Wikstrom, A.-K., Stephansson, O., Cnattingius, S., 2014. Influence of snuff and
smoking habits in early pregnancy on risks for stillbirth and early neonatal
mortality. Nicotine Tob. Res. 16 (1), 78–83.

Nath Barbhuiya, S., Barhoi, D., Giri, A., Giri, S., 2020. Arsenic and smokeless tobacco
exposure induces DNA damage and oxidative stress in reproductive organs of female
Swiss albino mice. J. Environ. Sci. Health C Toxicol. Carcinog. 38 (4), 384–408.

Beal, M.A., Yauk, C.L., Marchetti, F., 2017. From sperm to offspring: Assessing the
heritable genetic consequences of paternal smoking and potential public health
impacts. Mutat. Res. 773, 26–50.

Benowitz, N.L., 1997. Systemic absorption and effects of nicotine from smokeless
tobacco. Adv. Dent Res. 11 (3), 336–341.

Bódis, J., Hanf, V., Török, A., Tinneberg, H.R., Borsay, P., Szabó,, 1997. Influence of
nicotine on progesterone and estradiol production of cultured human granulosa
cells. Early Pregnancy 3, 34–37.

Bordel, R., Laschke, M.W., Menger, M.D., Vollmar, B., 2006. Nicotine does not affect
vascularization but inhibits growth of freely transplanted ovarian follicles by
inducing granulosa cell apoptosis. Hum. Reprod. 21, 610–617.

Borgerding, M.F., Bodnar, J.A., Curtin, G.M., Swauger, J.E., 2012. The chemical
composition of smokeless tobacco: A survey of products sold in the United States in
2006 and 2007. Regul. Toxicol. Pharm. 64 (3), 367–387.

Budani, M.C., Tiboni, G.M., 2017. Ovotoxicity of cigarette smoke: A systematic review of
the literature. Reprod. Toxicol. 72, 164–181.

Chandirasekar, R., Murugan, K., Muralisankar, T., Uthayakumar, V., Jayakumar, R.,
Mohan, K., Vasugi, C., Mathivanan, R., Mekala, S., Jagateesh, A., Suresh, K., 2019.
Genotoxic effects of tobacco use in residents of hilly areas and foot hills of Western
Ghats, Southern India. Sci. Rep. 9, 14898.

Chellian, R., Behnood-Rod. A., Wilson, R., Kamble, S.H., Sharma, A., McCurdy, C.R.,
Bruijnzeel, A.W., 2020. Adolescent nicotine and tobacco smoke exposure enhances
nicotine self-administration in female rats. Neuropharmacology. 176:108243.

Cheng, S.-F., Qin, X.-S., Han, Z.-L., Sun, X.-F., Feng, Y.-N., Yang, F., Ge, W., Li, L., Zhao,
Y., De Felici, M., Zou, S.-H., Zhou, Y.i., Shen, W., 2018. Nicotine exposure impairs
germ cell development in human fetal ovaries cultured in vitro. Aging 10 (7),
1556–1574.

Cooper, A., Moley, K., 2008. Maternal tobacco use and its preimplantation effects on
fertility: more reasons to stop smoking. Semin. Reprod. Med. 26 (2), 204–212.

Das, S., Upadhaya, P., Giri, S., 2016. Arsenic and smokeless tobacco induce genotoxicity,
sperm abnormality as well as oxidative stress in mice in vivo. Genes Environ. 38, 4.

De Queiroz Andrade, E., Da Silva Sena, C.R., Collison, A., Murphy, V.E., Gould, G.S.,
Bonevski, B., Mattes, J. 2020. Association between active tobacco use during
pregnancy and infant respiratory health: a systematic review and meta-analysis.
BMJ Open. 10:e037819.

Dechanet, C., Anahory, T., Mathieu Daude, J.C., Quantin, X., Reyftmann, L., Hamamah,
S., Hedon, B., Dechaud, H., 2011. Effects of cigarette smoking on reproduction. Hum
Reprod Update. 17 (1), 76–95.

Djordjevic, M.V., Doran, K.A., 2009. Nicotine content and delivery across tobacco
products. Handbook Exp. Pharmacol. 192, 61–82.

Doherty Lyons, S., Blum, J.L., Hoffman-Budde, C., Tijerina, P.B., Fiel, M.I., J. Conklin, D.
J., Gany, F., Odin, J.A., Zelikoff, J.T., 2020. Prenatal exposure to gutkha, a globally
relevant smokeless tobacco product, induces hepatic changes in adult mice. Int. J.
Environ. Res. Public Health 17 (21), 7895.

Doku, D., Koivusilta, L., Raisamo, S., Rimpelä, A., 2010. Do socioeconomic differences in
tobacco use exist also in developing countries? A study of Ghanaian adolescents.
BMC Public Health. 10, 758.

Sahin Ersoy, G., Zhou, Y., İnan, H., Taner, C.E., Cosar, E., Taylor, H.S., 2017. Cigarette
smoking affects uterine receptivity markers. Reprod Sci. 24 (7), 989–995.

Fan, G., Zhang, Q., Wan, Y., Lv, F., Chen, Y., Ni, Y., Zou, W., Zhang, W., Wang, H., 2019.
Decreased levels of H3K9ac and H3K27ac in the promotor region of ovarian P450
aromatase mediated low estradiol synthesis in female offspring rats induced by
7

prenatal nicotine exposure as well as in human granulosa cells after nicotine
treatment. Food Chem. Toxicol. 128, 256–266.

Frøisland, D.H., 2017. Nicotine withdrawal syndrome in a newborn baby after maternal
use of oral applied moist tobacco (snus), should result in greater awareness to the
use of snus among pregnant women. Acta Paediatr. 106:1531.

Ganganahalli, P., Pratinidhi, A., Patil, J., Kakade, S.V., 2017. Correlation of cotinine
levels with use of smokeless tobacco (mishri) among pregnant women and
anthropometry of newborn. J. Clin. Diagn. Res.. 11:LC16-LC19.

Giovino, G.A., Mirza, S.A., Samet, J.M., Gupta, P.C., Jarvis, M.J., Bhala, N., Peto, R.,
Zatonski, W., Hsia, J., Morton, J., Palipudi, K.M., Asma, S., 2012. GATS
Collaborative Group. Tobacco use in 3 billion individuals from 16 countries: an
analysis of nationally representative cross-sectional household surveys. Lancet 380
(9842), 668–679.

Guan, S., Bush, L., Ji, H., 2021. An in vitro study of constituents released from smokeless
tobacco products into human saliva. J. Anal. Toxicol.. https://doi.org/10.1093/jat/
bkab076.

Gunnerbeck, A., Edstedt Bonamy, A.K., Wikström, A.K., Granath, F., Wickström, R.,
Cnattingius, S., 2014. Maternal snuff use and smoking and the risk of oral cleft
malformations–a population-based cohort study. PLoS One. 9:e84715.

Gupta, P.C., Sreevidya, S., 2004. Smokeless tobacco use, birth weight, and gestational
age: population based, prospective cohort study of 1217 women in Mumbai. India.
BMJ. 328 (7455), 1538.

Haj Mouhamed, D., Ezzaher, A., Neffati, F., Douki, W., Gaha, L., Najjar, M.F., 2016.
Effect of cigarette smoking on insulin resistance risk. Ann. Cardiol. Angeiol. (Paris).
65 (1), 21–25.

Havelock, J.C., Rainey, W.E., Carr, B.R., 2004. Ovarian granulosa cell lines. Mol. Cell.
Endocrinol. 228 (1-2), 67–78.

Hecht, S.S., 2019. Smokeless tobacco and its constituents. In: Baan, R.A., Stewart, B.W.,
Straif, K. (Eds.), Tumour Site Concordance and Mechanisms of Carcinogenesis, No.
165.). International Agency for Research on Cancer. (IARC Scientific Publications,
Lyon (FR).

Hegde, V., Nanukuttan, A., 2017. Comparison of nicotine concentration and pH of
commercially available smokeless tobacco products. J. Oral. Res. Rev. 9 (1), 21.

Hemminki, K., Försti, A., Hemminki, A., Ljungberg, B., Hemminki, O., 2021.
Incidence trends in bladder and lung cancers between Denmark, Finland and
Sweden may implicate oral tobacco (snuff/snus) as a possible risk factor. BMC
Cancer. 21, 604.

Hossain, M.M., Rahman, M.E., Khan, T.H., 2014. Maternal smokeless tobacco use and
adverse pregnancy outcome. Mymensingh Med. J. 23, 46–51.

Hossain, M.S., Kypri, K., Rahman, B., Milton, A.H., 2018. Smokeless tobacco
consumption and stillbirth: Population-based case-control study in rural
Bangladesh. Drug Alcohol. Rev. 37 (3), 414–420.

Hrywna, M., Jane Lewis, M., Mukherjea, A., Banerjee, S.C., Steinberg, M.B., Delnevo, C.
D., 2016. Awareness and use of south asian tobacco products among South Asians in
New Jersey. J. Community Health 41 (6), 1122–1129.

International Agency for Research on Cancer, 2004. Working Group on the Evaluation of
Carcinogenic Risks to Humans. Tobacco smoke and involuntary smoking. IARC
Monogr. Eval. Carcinog. Risks Hum. 83, 1–1438.

International Agency for Research on Cancer, 2007. Smokeless tobacco and some
tobacco-specific N-nitrosamines. IARC Monogr Eval Carcinogen Risks Hum. 89,
1–592.

Jandíková, H., Dušková, M., Stárka, L., 2017. The influence of smoking and cessation on
the human reproductive hormonal balance. Physiol. Res. 66, S323–S331.

Jiang, X., Wu, J., Wang, J., Huang, R., 2019. Tobacco and oral squamous cell carcinoma:
A review of carcinogenic pathways. Tob. Induc. Dis. 17, 29.

Kapoor, D., Jones, T.H., 2005. Smoking and hormones in health and endocrine
disorders. Eur. J. Endocrinol. 152, 491–499.

Kaur, J., Sharma, A., Gupta, R., Singh, H., 2018. Development of comprehensive data
repository on chemicals present in smokeless tobacco products: Opportunities &
challenges. Indian J. Med. Res. 148, 4–6.

Khademi, F., Totonchi, H., Mohammadi, N., Zare, R., Zal, F., 2019. Nicotine-induced
oxidative stress in human primary endometrial cells. Int. J. Toxicol. 38, 202–208.

Kim, S.M., Hwang, K.A., Go, R.E., Sung, J.H., Choi, D.W., Choi, K.C., 2019. Exposure to
cigarette smoke via respiratory system may induce abnormal alterations of
reproductive organs in female diabetic rats. Environ. Toxicol. 34, 13–21.

Kulkarni, N., Hawal, N., Naik, V.A., 2018. Tobacco use among rural women in
reproductive age group and its association with regularity of menstrual cycles and
dysmenorrhoea: a community based cross sectional study. Int. J. Community Med.
Public Health 5, 210–214.

Kumar, S., 2013. Tobacco and areca nut chewing—Reproductive impairments: An
overview. Reprod. Toxicol. 36, 12–17.

Kumar, S.N., Bastia, B., Borgohain, D., Agrawal, U., Raisuddin, S., Jain, A.K., 2021.
Structural changes, increased hypoxia, and oxidative DNA damage in placenta due
to maternal smokeless tobacco use. Birth Defects Res. 113, 1198–1214.

Kuper, H., Adami, H.O., Boffetta, P., 2002. Tobacco use, cancer causation and public
health impact. J. Intern. Med. 251, 455–466.

Lee, A.M., Mansuri, M.S., Wilson, R.S., Lam, T.T., Nairn, A.C., Picciotto, M.R., 2021. Sex
differences in the ventral tegmental area and nucleus accumbens proteome at
baseline and following nicotine exposure. Front Mol Neurosci. 14:657064.

Li, L., Zhou, X., Wang, Y., 2018. Smokeless tobacco extract inhibits proliferation and
promotes apoptosis in oral mucous fibroblasts. Oncol Lett. 16, 5066–5074.

Liu, H., Liu, Z., Meng, L., Fu, X., Hou, Y., 2019. Toxic effects of 1-(N-methyl-N-
nitrosamino)-1-(3-pyridinyl)-4-butanal on the reproduction of female mice.
Ecotoxicol Environ Saf, 183: 109544.

http://refhub.elsevier.com/S2666-027X(22)00003-2/h0005
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0005
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0005
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0005
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0005
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0010
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0010
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0010
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0010
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0015
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0015
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0015
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0015
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0015
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0020
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0020
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0020
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0020
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0025
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0025
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0025
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0030
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0030
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0030
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0030
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0035
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0035
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0035
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0035
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0040
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0040
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0040
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0040
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0045
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0045
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0045
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0050
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0050
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0050
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0050
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0055
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0055
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0055
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0055
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0060
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0060
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0060
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0060
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0065
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0065
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0065
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0070
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0070
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0070
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0070
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0080
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0080
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0080
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0080
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0080
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0085
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0085
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0085
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0090
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0090
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0100
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0100
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0100
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0100
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0105
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0105
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0105
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0110
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0110
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0110
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0110
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0115
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0115
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0115
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0120
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0120
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0120
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0125
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0125
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0125
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0125
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0125
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0125
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0135
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0135
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0135
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0140
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0140
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0140
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0140
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0140
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0140
https://doi.org/10.1093/jat/bkab076
https://doi.org/10.1093/jat/bkab076
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0155
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0155
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0155
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0160
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0160
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0160
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0160
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0165
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0165
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0165
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0170
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0170
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0170
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0170
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0175
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0175
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0180
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0180
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0180
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0180
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0185
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0185
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0185
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0190
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0190
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0190
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0190
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0195
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0195
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0195
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0195
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0200
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0200
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0200
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0200
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0205
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0205
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0205
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0205
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0210
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0210
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0210
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0215
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0215
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0220
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0220
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0220
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0225
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0225
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0225
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0225
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0230
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0230
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0230
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0235
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0235
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0235
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0235
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0240
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0240
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0240
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0240
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0240
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0245
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0245
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0245
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0250
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0250
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0250
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0250
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0255
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0255
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0255
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0265
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0265
http://refhub.elsevier.com/S2666-027X(22)00003-2/h0265


C. Laldinsangi Current Research in Toxicology 3 (2022) 100066
Madathil, S., Senthil Kumar, N., Zodinpuii, D., Muthukumaran, R.B., Lalmuanpuii, R.,
Nicolau, B., 2018. Tuibur: tobacco in a bottle-commercial production of tobacco
smoke-saturated aqueous concentrate. Addiction. 113, 575–580.

Mai, Z., Lei, M., Yu, B., Du, H., Liu, J., 2014. The effects of cigarette smoke extract on
ovulation, oocyte morphology and ovarian gene expression in mice. PLoS One. 9:
e95945.

Mailhes, J.B., Young, D., Caldito, G., London, S.N., 2000. Sensitivity of mouse oocytes to
nicotine-induced perturbations during oocyte meiotic maturation and aneuploidy
in vivo and in vitro. Mol. Hum. Reprod. 6, 232–237.

Mandal, K., Dasgupta, S., Chattopadhyay, B.D., 2004. Nicotine induced alterations on
reproductive organs of female rats under protein deficient condition. Indian J. Exp.
Biol. 42, 330–332.

Martinez, I.K.C., Sparks, N.R.L., Madrid, J.V., Affeldt 3rd, H., Vera, M.K.M., Bhanu, B.,
Zur Nieden, N.I., 2019. Video-based kinetic analysis of calcification in live
osteogenic human embryonic stem cell cultures reveals the developmentally toxic
effect of Snus tobacco extract. Toxicol. Appl. Pharmacol. 363, 111–121.

McAdam, K., Kimpton, H., Porter, A., Liu, C., Faizi, A., Mola, M., McAughey, J., Rodu, B.,
2017. Comprehensive survey of radionuclides in contemporary smokeless tobacco
products. Chem. Cent. J. 11, 131.

McAdam, K., Enos, T., Goss, C., Kimpton, H., Faizi, A., Edwards, S., Wright, C., Porter,
A., Rodu, B., 2018. Analysis of coumarin and angelica lactones in smokeless tobacco
products. Chem. Cent. J. 12, 142.

Miceli, F., Minici, F., Tropea, A., Catino, S., Orlando, M., Lamanna, G., Sagnella, F.,
Tiberi, F., Bompiani, A., Mancuso, S., Lanzone, A., Apa, R., 2005. Effects of nicotine
on human luteal cells in vitro: a possible role on reproductive outcome for smoking
women. Biol. Reprod. 72, 628–632.

Niaz. K., Maqbool, F., Khan, F., Bahadar, H., Ismail Hassan, F., Abdollahi, M., 2017.
Smokeless tobacco (paan and gutkha) consumption, prevalence, and contribution to
oral cancer. Epidemiol Health, 39: e2017009.

Nordenstam, F., Lundell, B., Cohen, G., Tessma, M.K., Raaschou, P., Wickström, R.,
2017. Prenatal exposure to snus alters heart rate variability in the infant. Nicotine
Tob. Res. 19, 797–803.

Nordenstam, F., Norman, M., Wickström, R., 2019. Blood pressure and heart rate
variability in preschool children exposed to smokeless tobacco in fetal life. J Am
Heart Assoc. 8: e012629.

Patel, S., Zhou, C., Rattan, S., Flaws, J.A., 2015. Effects of endocrine-disrupting
chemicals on the ovary. Biol. Reprod. 93, 20.

Patil, S., Patil, S., Bhaktaraj, B., Patil, S.B., 1999. Effect of graded doses of nicotine on
ovarian and uterine activities in albino rats. Indian J. Exp. Biol. 37, 184–186.

Patten, C.A., Lando, H.A., Desnoyers, C.A., Klejka, J., Decker, P.A., Bock, M.J., Hughes,
C.A., Alexie, L., Boyer, R., Resnicow, K., Burhansstipanov, L., 2020. Association of
tobacco use during pregnancy, perceived stress, and depression among Alaska
native women participants in the Healthy Pregnancies Project. Nicotine Tob. Res.
22, 2104–2108.

Piazza, M.J., Urbanetz, A.A., 2019. Environmental toxins and the impact of other
endocrine disrupting chemicals in women's reproductive health. JBRA Assist
Reprod. 23, 154–164.

Pickworth, W.B., Rosenberry, Z.R., Gold, W., Koszowski, B., 2014. Nicotine absorption
from smokeless tobacco modified to adjust pH. J. Addict. Res. Ther. 5, 1000184.

Prasad, S., Tiwari, M., Pandey, A.N., Shrivastav, T.G., Chaube, S.K., 2016. Impact of
stress on oocyte quality and reproductive outcome. J. Biomed. Sci. 23, 36.

Pratinidhi, A., Gandham, S., Shrotri, A., Patil, A., Pardeshi, S., 2010. Use of 'mishri' a
smokeless form of tobacco during pregnancy and its perinatal outcome. Indian J.
Community Med. 35, 14–18.

Quelhas, D., Kompala, C., Wittenbrink, B., Han, Z., Parker, M., Shapiro, M., Downs, S.,
Kraemer, K., Fanzo, J., Morris, S., Kreis, K., 2018. The association between active
tobacco use during pregnancy and growth outcomes of children under five years of
age: a systematic review and meta-analysis. BMC Public Health. 18, 1372.

Ratsch, A., Bogossian, F., Steadman, K., 2021. Central Australian Aboriginal women's
pregnancy, labour and birth outcomes following maternal smokeless tobacco
(pituri) use, cigarette use or no-tobacco use: a prospective cohort study. BMC Public
Health. 21, 814.

Ray, A., Hong, C.S., Feingold, E., Ghosh, P., Ghosh, P., Bhaumik, P., Dey, S., Ghosh, S.,
2016. Maternal telomere length and risk of down syndrome: epidemiological impact
of smokeless chewing tobacco and oral contraceptive on segregation of chromosome
21. Public Health Genom. 19, 11–18.

Rygh, E., Gallefoss, F., Grøtvedt, L., 2019. Trends in maternal use of snus and smoking
tobacco in pregnancy: A register study in southern Norway. BMC Pregnancy
Childbirth. 19, 500.

Saleheen, D., Zhao, W., Rasheed, A., 2014. Epidemiology and public health policy of
tobacco use and cardiovascular disorders in low- and middle-income countries.
Arterioscler. Thromb. Vasc. Biol. 34, 1811–1819.
8

Sami, A., Elimairi, I., Patangia, D., Watkins, C., Ryan, C.A., Ross, R.P., Stanton, C., 2021.
The ultra-structural, metabolomic and metagenomic characterisation of the
Sudanese smokeless tobacco 'Toombak'. Toxicol. Rep. 8, 1498–1512.

Sanders, S.R., Cuneo, S.P., Turzillo, A.M., 2002. Effects of nicotine and cotinine on
bovine theca interna and granulosa cells. Reprod. Toxicol. 16, 795–800.

Sharma, P., Murthy, P., Shivhare, P., 2015. Nicotine quantity and packaging disclosure in
smoked and smokeless tobacco products in India. Indian J. Pharmacol. 47, 440–443.

Sharma, V., Chandra, A., Nandan, A., Mehrotra, R. 2018. Qiwam: A potential
carcinogenic smokeless tobacco product consumed with paan. J Glob Oncol. 4:
Supplement 2, 92s-92s.

Shenoy, R.D., Sindgikar, S.P., Shenoy, V., Uppoor, R., Rao, R., Singh, S., 2020.
Pregnancy outcome in occupational tobacco exposure: A cohort study from South
India. Indian J. Community Med. 45, 54–59.

Shukla, R., Kanaan, M., Siddiqi, K., 2021. Tobacco use among 1,310,716 women of
reproductive age (15–49 years) in 42 low- and middle-income countries: Secondary
data analysis from the 2010–2016 demographic and health surveys. Nicotine Tob.
Res. 23, 2019–2027.

Siddiqi, K., Vidyasagaran, A.L., Readshaw, A., Croucher, R., 2017. A policy perspective
on the global use of smokeless tobacco. Curr. Addict Rep. 4, 503–510.

Sieminska, A., Jassem, E., 2014. The many faces of tobacco use among women. Med. Sci.
Monit. 20, 153–162.

Sighaldeh, S.S., Charkazi, A., 2018. Factors contributing to nass consumption among
Iranian Turkmen: A qualitative study. Tob. Induc. Dis. 16, 37.

Singha, S.P., Kazi, A.S., Isaac, U., 2014. Effects of smokeless tobacco on the granulosa
cells of the ovaries of non-pregnant female Swiss albino rats-A histological study.
Proceedings of International Conference on Advances in Social Science, Economics
and Management Study – SEM, 2014:126–128.

Sinha, D.N., Gupta, P.C., Kumar, A., Bhartiya, D., Agarwal, N., Sharma, S., Singh, H.,
Parascandola, M., Mehrotra, R., 2018. The poorest of poor suffer the greatest burden
from smokeless tobacco use: A study from 140 countries. Nicotine Tob. Res. 20,
1529–1532.

Song, M.A., Marian, C., Brasky, T.M., Reisinger, S., Djordjevic, M., Shields, P.G., 2016.
Chemical and toxicological characteristics of conventional and low-TSNA moist
snuff tobacco products. Toxicol. Lett. 245, 68–77.

Stanfill, S.B., Connolly, G.N., Zhang, L., Jia, L.T., Henningfield, J.E., Richter, P., Lawler,
T.S., Ayo-Yusuf, O.A., Ashley, D.L., Watson, C.H., 2011. Global surveillance of oral
tobacco products: total nicotine, unionised nicotine and tobacco-specific N-
nitrosamines. Tob Control. 20, e2.

Stanfill, S.B., Oliveira da Silva, A.L., Lisko, J.G., Lawler, T.S., Kuklenyik, P., Tyx, R.E.,
Peuchen, E.H., Richter, P., Watson, C.H., 2015. Comprehensive chemical
characterization of Rapé tobacco products: Nicotine, un-ionized nicotine, tobacco-
specific N'-nitrosamines, polycyclic aromatic hydrocarbons, and flavor constituents.
Food Chem. Toxicol. 82, 50–58.

Subramoney, S., Gupta, P.C., 2008. Anaemia in pregnancy. Indian J. Med. Res. 128,
780–781.
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