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Chronic smokeless tobacco consumption
contributes to the development of renal diseases in

the human male volunteers

Abstract

Smokeless tobacco may able to induce microalbuminuria. The present study
investigates the relation between nicotine and cotinine with renal function in gutkha
and khaini users. Methods: The levels of nicotine and cotinine were estimated by HPLC
methods and other urine variables were detected by spectrophotometric methods.
Current smokeless tobacco users have shown that significantly elevated levels of
nicotine, cotinine, and epinephrine excretion in the urine than non-tobacco users.
Renal function was assessed by glomerular filtration rate (GFR), levels of urea, and
creatinine. Among the kidney function measures that we examined, microalbuminuria,
decreased glomerular filtration rate, and creatinine clearance were found associated
with gutkha and khaini users. Significantly decreased proteinuria, urea and increased
levels of uric acid and creatinine excretion with the concomitant increase in plasma
total proteins, urea, and decreased uric acid levels were observed in the group I and
group II users compared to group III users. The products of smokeless tobacco are
regarded as good predictors of assessing the free radical levels in the cells. The active
markers of nitroxidative stress have been elevated progressively with the uptake of
nicotine and exposure. The nicotine and cotinine were significantly positive correlated
with renal markers (creatinine, urea, and GFR), nitric oxide, malondialdehyde, and
epinephrine. Increased excretion of nicotine and epinephrine indicated that the renal
related complications may occur. The smokeless tobacco products were significantly
and directly proportional to the levels of kidney dysfunction.
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Introduction

Tobacco is consumed mainly in two forms named as smoking
tobacco and smokeless tobacco.! The smokeless tobacco (SLT)
consumption is greatly prevalent in at least 70 low, middle and high
income countries, consumed by more than 300 million people.?
Smokeless tobacco is ingested as chewing, sucking and through the
nasal mucosa, but not smoked. Smoking bans in public places has
increased, the consumption of smokeless tobacco has risen as an
alternative source of cigarettes.” Smokeless tobacco products are
available in Indian market in multiple forms like khaini, gutkha,
mawa, panmasala with tobacco, betel containing lime, catechu, zarda,
and dry leaves of tobacco.* Nicotine is major alkaloid and acts as drug
specific present in the leaves of Nicotiana tubacum tertiary amine
consists of pyridine and a pyrrolidine rings.’ The major portion of
metabolism in nicotine is convert the cotinine and 3-hydroxycotinine
in smoker users.®” Different people convert different percentage of
nicotine to cotinine and metabolize cotinine differently at different
rates.® Cotinine acts as a marker of nicotine exposure and a major
metabolite and its detection is performed in blood, saliva and urine
samples. Smokeless tobacco products could promote the production
of oxygen derived free radicals that enhance the higher rates of lipid
peroxidation. Urinary malondialdehyde is one of the products of

The reactive nitrogen species include nitric oxide and peroxynitrites
with active groups disrupts and damage the DNA and proteins in the
cells.” The adverse effects of smokeless tobacco on renal function
have gained more attention. Uric acid is the end product of purine
metabolism in blood and marked it acts as an early sign of kidney
injuries.’® Oral intake of tobacco by chewing also increased the
excretion as nicotine which can be absorbed from oral mucosa."
Urinary excretion of nicotine and cotinine can be used as an index of
smokeless tobacco consumption and prevalence. Urinary albumin is a
sensitive marker of glomerular injury and microalbuminuria indicates
renal damage induced by smokeless tobacco. The aim of the present
study was to determine the excretion of nicotine and cotinine in the
urine of gutkha and khaini users and their relationship with renal
complications.

Materials and methods
Chemicals

Nicotine with purity of >99% and cotinine with purity of 98% was
used as internal standards for analysis by HPLC method. Standard
epinephrine, Methanol, Dichloromethane, Diethyl ether, Acetonitrile,
Sodium n-Heptane sulponic acid, Potassium dihydrogen phosphate
(KH,PO,), Ammonium acetate and Acetic acid (HPLC grade), N-1-
naphthylethylene diamine (NED), Trichloroacetic acid (TCA),
Thiobarbituric acid (TBA) and all other fine chemicals were purchased
from Sigma Aldrich, Bangalore.
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Study area and data collection

Ninety human male volunteers were included in this study.
The entire studied population was subdivided into three groups:
Gutkha and khaini users are the experimental groups which include
mainly auto drivers, car mechanics and house builders by using a
questionnaire and the control group or non-tobacco users, individuals
who do not consume any form of tobacco were enrolled in this study.
The inclusion criteria are the habitual use of only gutkha and khaini
packets by the gutkha and khaini users respectively, and the unmarried
and low economic status people were chosen. The exclusion criteria
are the consumed either alcohol or smoking groups or religious of the
people are not preferred. Each group consisted of thirty volunteers
and the baseline information for the category of SLT users was that
individuals used smokeless tobacco products habitually, at least 5
times of 4-5 g per day for 4 years. This study was approved by the
Institutional Ethical Committee.

Group I - Gutkha users

Group II - Khaini users

Group I1I- Normal controls.
Urine collection and analysis

First urine samples in morning were collected in a sterile flask
covered with aluminium foil to keep out stray light and processed
within 2h of the collection. The collected samples were centrifuged at
2000g for 10min for further analysis.

Biochemical estimations

The concentrations of nicotine, cotinine and epinephrine in urine
samples were estimated by HPLC method. Spectrophotometric
methods were used to determine the levels of creatinine, lipid
peroxiation and nitric oxide (nitrite and nitrates). Total proteins,
albumins, urea and uric acid levels were estimated by auto analyzer kit
methods. Glomerular filtration rate (GFR), urea clearance, creatinine
clearance, albumin creatinine ratio and protein creatinine ratio were
calculated.

Determination of creatinine (Cr)

Creatinine was determined according to the spectrophotometric
method of Jaffe’s which is based on the reaction of creatinine with
picric acid in alkaline pH described by the method of Varley et al.!

Determination of nitrites and nitrates

Nitrites levels in urine were estimated as described by the method
of Sastry et al.* Urine samples were deproteinized by adding 30%
ZnSO, followed by centrifugation at 10,000g for 5 min. Then
Iml of plasma supernatant was mixed with 1ml of Gries reagent
(1g/lit sulfanilamide, 25g/lit phosphoric acid and 0.1g/lit N-1-
naphthylethylene diamine) and the absorbance was measured at 540
nm and results are expressed as p moles/g creatinine.

For the determination of nitrates urine was mixed with activated
cadmium filings were washed 3 times with distilled water and swirled
for 1 to 2 min in SmM CuSO, solution in glycine-NaOH buffer
and then incubated at room temperature for 90 min, with thorough
shaking. After incubation, cadmium fillings were removed and
the reduced nitrite levels were estimated by using Gries reagent as
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described earlier. The values obtained by this procedure represent the
sum of nitrite and nitrate levels in the form of nitric oxide (NO).

Determination of lipid peroxidation

The extent of lipid peroxidation was measured by the formation of
malondialdehyde (MDA) by the method of Buege.'* One millilitre of
urine was taken in a test tube to which 2ml of reagent (15% w/v TCA,
0.375% w/v TBA and 0.25N HCI) was added and kept in boiling
water bath for 15 min and the contents were allowed to cool and then
centrifuged at 1000g for 10 min. The supernatant was transferred
into a separate test tube and the absorbance of the sample was read at
535nm by a UV-Visible spectrophotometer against the reagent blank
assuming the molar extinction coefficient to be 1.56 X 10°.

HPLC

HPLC system (Shimadzu, Japan) is equipped with a binary
gradient system with variable UV/VIS detector (SPD-20A) and
Rheodyne injector with a 20ul loop and LC-20AD pumps and
integrator. Reversed phase chromatographic analysis was performed
in isocratic condition using C18 reverse phase column (5p) at 37°C.

HPLC operating conditions of nicotine and cotinine

Resolution of peaks was performed with the mobile phase
consisting a mixture of 0.272g of KH,PO,, 0.184g of sodium
n-heptane sulfonate, 820ml of water (HPLC-grade), and 180ml of
methanol (HPLC grade). The pH of the mobile phase was adjusted
by drop wise addition of ortho phosphoric acid (pH=3.2). The flow
rate used was 1.0ml/min, and the wavelength was fixed at 256nm
for nicotine and 262nm for cotinine as per the modified method of
Massadeh et al.'® Nicotine and cotinine at the concentration of 20pM/
ml were used as standards.

Sample analysis of nicotine and cotinine

Sample analysis was processed by the modified method of
Massadeh et al.'® An aliquot of urine (0.1ml) was placed into a glass
test tube was alkalinized with 20ul of 5.0M NaOH, vortex mixed at
2800rpm for 30s. Equal amounts of dichloromethane—diethyl ether
(1:1v/v) and were used for one-step single extraction, and then vortex
mixed at 2800rpm for 2min. The organic layer, after centrifugation at
3500rpm for 3 min, was transferred to a new glass tube containing 4pl
of 0.25M HCI. The organic phase was then evaporated under a stream
of nitrogen at 35°C until dryness and reconstituted in 50ul of mobile
phase. An aliquot of 20ul was injected into the HPLC for analysis.

HPLC operating conditions of epinephrine

Resolution of peaks was performed with the mobile phase
composed of a mixture of acetic acid and 50mM ammonium acetate
buffer pH at 3.1 (1:99 v/v). The flow rate used was 1.0 ml/min, and the
wavelength was fixed at 285nm for epinephrine as per the modified
method of Misra et al.'® Epinephrine concentrations of 1mg/1ml were
used as stock solution.

Statistical data analysis

All the quantitative data were expressed as mean + SEM and
Students t-test was used to determine the significance of the parameters
between the groups and the Pearson correlation coefficient was
analyzed using Graph Pad Prism version 6.01 for Windows. P<0.05
was considered statistically significant.
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Results

Concentrations of nicotine, cotinine, and epinephrine
in urine

Our data demonstrated that the concentration of nicotine and
cotinine excreted found that the significantly increased excretion in
the urine of smokeless tobacco subjects than non-user control subjects.
The smokeless tobacco consumers had significantly elevated levels of
epinephrine in comparison with the non-consumers (Figure 1).

Urine biochemical profile

We found that significantly decreased levels of total proteins
(Gutkha users, -27.40% and khaini users, -28.88%) and globulins in
urine of gutkha and khaini consumers in comparision with controls.
Urinary albumin levels were increased in group I (25.00%) and
group II (6.25%) users than group IIT users. Gutkha consumers had
significantly higher levels of uric acid, while khaini users showed
elevated levels of uric acid with no significant change when compared
to non-chewers control subjects. The mean urea levels decreased in
smokeless tobacco users (group I, -8.57% and group II, -10.66%) with
no significant difference with non-tobacco chewers. The smokeless
tobacco users exhibited that significantly increased levels of creatinine
in plasma and urine compared to non-tobacco users (Figure 2).
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The levels of protein creatinine ratio are diminished in smokeless
tobacco users with no significant change in comparison with non-
users. The group I and group II users had diminished levels of urea
clearance and there was a statistically significant difference in group
I users but not in group II users than normal controls. The levels of
creatinine clearance and glomerular filtration rate were decreased and
the difference between the GFR and creatinine clearance of the two
experimental groups was not statistically significant with the normal
healthy controls (Figure 3).

Levels of nitroxidative stress parameters

The mean concentrations of total nitric oxide were significantly
elevated in gutkha users and khaini users with no significant difference
as compared to non-tobacco users. Smokeless tobacco consumers
exhibited that significantly raised levels of malondialdehyde in the
urine compared to non-chewers. The albumin creatinine ratio (ACR)
was decreased and ACR values of the two experimental groups were
not statistically significant with the non-tobacco users (Figure 4).
Plasma total proteins and globulins were increased whereas albumins
and uric acid levels were decreased in the gutkha and khaini users
with no significant change in comparison with normal control subjects
(Figure 5).

2. Cotinine

20+

Figure | Urinary levels of nicotine, cotinine, and epinephrine in smokeless tobacco users.

Data are represented as the mean + SEM and * indicates that data are statistically significant difference with the controls.
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Data are represented as the mean + SEM and * indicates that data are statistically significant difference with the controls.
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Figure 3 Smokeless tobacco induced kidney markers.
Data are represented as the mean + SEM and data are not statistically significant difference with the controls.

Note: GFR, glomerular filtration rate
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Figure 4 Concentrations of oxidative stress markers in urine of SLT users.
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Data are represented as the mean * SEM and * indicates data are statistically significant difference with the controls. # indicates data are not statistically

significant difference with the other groups.

Note:ACR, albumin creatinine ratio
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Figure 5 Levels of total proteins, albumins urea and uric acid in plasma.
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HPLC chromatograms of nicotine, cotinine, and
epinephrine in SLT users

The range of retention time of standard nicotine is 5.3-6.3min
and showed a chromatogram peak at 5.48min, whiles that standard
cotinine between 3.6-4.6min and showed a chromatogram peak at
4.05min. The normal control group had exposed to environmental
tobacco smoke and some food constituents showed nicotine and
cotinine levels. Further no peaks were observed in chromatograms
of urine in normal controls with retention of 4.01 and 6.00min of
nicotine and cotinine, while gutkha consumers showed no nicotine
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chromatogram peak but showed cotinine peak at 4.29min. In these
gutkha users, a large amount of nicotine was metabolized into cotinine
(Figure 6).

Nicotine showed that chromatogram peak at 5.39min retention
time and cotinine showed at 3.77min in khaini consumers (Figure 7).
The range of retention time of standard epinephrine is 3.5-5.4min and
showed a chromatogram peak at 3.60min. A small chromatogram peak
observed at 3.91min in gutkha consumers showed an epinephrine peak
at 3.69min and chromatogram peak at 4.33min in khaini consumers
(Figure 8).
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Figure 6 HPLC chromatograms of nicotine and cotinine.
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Figure 7 HPLC chromatograms of nicotine and cotinine in khaini users.
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Figure 8 HPLC chromatograms of epinephrine.

a: Epinephrine standard b: Control group c: Gutkha users d: Khaini users.

Correlation analysis

There was a strong uphill relationship of nicotine and cotinine
with lipid peroxidation, nitric oxide, epinephrine, urea, creatinine
and glomerular filtration rate in controls and smokeless tobacco
consumers. In most cases, Pearson correlation coefficients were
between 0.63 and 0.99. There was no correlation of nicotine with uric
acid in group I users and a weak negative correlation in group II users.
There was a weak negative correlation of nicotine with total proteins
in controls and khaini users, but in gutkha users, there was a moderate
positive correlation. A weak negative correlation of nicotine with
albumins in controls, gutkha users and khaini users was observed.
There was a weak negative correlation of cotinine with uric acid in
controls and weak positive in gutkha users. In khaini users, there was
no correlation. There was a weak negative correlation of cotinine
with total proteins in controls and group II users, but in group I users,
there was a weak positive correlation. There was a weak negative
correlation of cotinine with albumins in controls and khaini users, but
in gutkha users there was no correlation. There were no significant
differences of nicotine and cotinine with uric acid, total proteins and
albumins (Table 1 & Table 2).

Table la Correlation matrix of nicotine with kidney markers

Nicotine Gutkha users Khaini users

r P r P
Urea 0.68 0.0155 0.9 <0.0001
Creatinine 0.9 <0.0001 0.89 0.0001
Uric acid -0.017 0.958 -0.17 0.6004
GFR 0.86 0.0004 0.75 0.0047
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Table Ib Correlation matrix of nicotine with oxidative stress parameters

Nicotine Gutkha users Khaini users

r P r P
Lipid peroxidation 0.88 0.0002 0.84 0.0007
Nitric oxide 0.76 0.0044 0.86 0.0003
Epinephrine 0.63 0.0282 0.82 0.001
Albumins -0.14 0.6725 -0.41 0.1907

Table 2a Correlation matrix of cotinine with kidney markers

Cotinine Gutkha users Khaini users

r P r P
Urea 0.94 <0.0001 0.64 0.0246
Creatinine 0.98 <0.0001 0.94 <0.0001
Uric acid 0.13 0.6886 -0.0095  0.9765
GFR 0.99 < 0.0001 0.66 0.0191

Table 2b Correlation matrix of cotinine with oxidative stress parameters

Cotinine Gutkha users Khaini users

r P r P
Lipid peroxidation ~ 0.96 <0.0001 0.99 < 0.0001
Nitric oxide 0.94 < 0.0001 0.94 < 0.0001
Albumins -0.077 0.8121 -0.31 0.3246
Epinephrine 0.92 <0.0001 0.8l 0.0013

r, correlation coefficient; P<0.0001, statistically significant difference
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Data on the distribution levels of nicotine and cotinine in group I,
group II and group III users of urine samples are presented in Figure
9. The main metabolite of nicotine metabolism is cotinine, in addition

a. Nicotine

Figure 9 Quantile comparison plots of nicotine and cotinine levels in urine.
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to this, nicotine is extensively metabolized by the liver into other
metabolites like 5* hydroxy cotinine, 5* hydroxy nicotine, nornicotine
and nicotine iminium ion etc., (Figure 10).
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Discussion

The adverse effects of smokeless tobacco on renal function have
gained more attention because it is associated with various diseases.
The potential effects and dangers of SLT products in chronic kidney
disease (CKD) are not clear. The approach we used to investigate
the relationship of smokeless tobacco products and renal diseases is
strong and can be an important risk factor for renal alterations. We
have demonstrated an HPLC method for quantitative measurement
of nicotine and its metabolite, cotinine in urine and smokeless
tobacco was by far the most powerful predictor of renal functional
deterioration. The major metabolite of nicotine metabolism is cotinine
which acts as a qualitative marker of tobacco use and indicator of
nicotine exposure. Urinary acidification has directly proportional
increased the renal clearance and excretion of nicotine and in the
same way urinary alkalinisation has inversely proportional to the renal
clearance and nicotine excretion.'” The quantification of nicotine and
cotinine in performed in plasma, saliva, and urine of smokeless tobacco
consumers. Our study revealed that smokeless tobacco consumers
had significantly elevated levels of nicotine and cotinine in the urine
samples. Nicotine is found in vegetables such as potatoes, tomatoes,
and eggplants in low levels.'® In a study of smokers, Matsukura et al."’
observed that the urinary excretion of nicotine increased significantly
after smoking. Begum et al.?’ reported that the gutkha and khaini
users showed significantly increased levels of nicotine and cotinine in
saliva. The long half life of cotinine could be useful for its detection
measurement than nicotine and urinary pH has less influence on
cotinine excretion.?' The difference of urine cotinine between smokers
and non smokers was statistically significant.”> Adverse health
consequences of smokeless tobacco would be expected to present
a potential hazard. Nicotine acts as a potential indicator of reactive
oxygen species via an increase in the synthesis of oxygen-derived free
radicals.? Cotinine is present in the blood higher than nicotine and
concentrations of nicotine and cotinine in urine are tenfold to hundred
fold greater than in plasma and saliva.?* Nicotine may enhance the
sense of well-being, produce relaxation, help maintain vigilance, and
reduce anxiety.?' Nicotine is a drug specific to smokeless tobacco
users and can be used as a marker for the prevalence of smokeless
tobacco use. Urinary nicotine and cotinine excretion showed a linear
increase with degree of repeated tobacco exposure.

We observed that significantly increased excretion of epinephrine
in smokeless tobacco users when compared to controls and with
increasing consumption of smokeless tobacco, the concentration of
epinephrine increased progressively. There was a significant increase
in the urinary excretion of epinephrine during heavy smoking
and nicotine increased the secretion of epinephrine by the adrenal
glands.>>?® The concentration of cotinine depends on the original
dose of nicotine exposure and there was a progressive increase in
smokeless tobacco consumption which is associated with renal
disease complications. Our results concluded that the gutkha and
khaini users have elevated levels of nitric oxide in the urine. Nicotine
could alter the activity of nitric oxide synthase (NOS) indirectly
through production of oxygen-derived free radicals.”* Nitric oxide
may be a physiological signaling molecule its high concentrations
serve as a biomarker of health and disease.”” NO is synthesized by the
enzyme inducible nitric oxide synthase (iNOS) and hence, involved
in inflammatory processes and tumorogenesis.***! Malondialdehyde
is the most abundant product formed during the process of lipid
peroxidation and represents a potentially mutagenic and carcinogenic
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marker.*> Higher levels of malondialdehyde observed in the
experimental subjects compared to healthy controls and nitric oxide as
oxidative stress marker are due to the chronic exposure to smokeless
tobacco which results in the greatest amount of reactive oxygen
species production in cells and tissues. Previously published studies
have established that smokers had significantly increased MDA levels
in smokers than non-smokers.*

Smokeless tobacco is one of the renal risk factor and has negative
impact on the renal function. Our data suggested that group I and
group II users had increased excretion of epinephrine and epinephrine
which stimulates platelet aggregation and thrombus formation by
an adrenergic mechanism.** Our study demonstrated that elevated
levels of urine albumins in gutkha and khaini users than controls
and decreased albumin creatinine ratio. Urinary albumin excretion
is measured as albumin creatinine ratio and it reflects the vascular
process which affects the glomeruli and albumin acts as an index of
renal damage.* Tobacco products lead to the risk of albuminuria in the
general population and are early indicators for the progressive kidney
damage.* It is conceivable that the relationship of smokeless tobacco
to albuminuria indicates direct or indirect renal damage induced by
chewing. Smokeless tobacco exerts potent effects on glomerular
function by simultaneous decrease of GFR and creatinine clearance.
The rate of decline in GFR is higher in smokers compared with non-
smokers and an elevated urinary albumin excretion rate was 2.8-fold
higher in smokers.*’

The observed increase in the levels of uric acid excretion as
reflected by the decreased concentrations in plasma of group I and
group II users. A reduction in glomerular filtration rate will increment
in the levels of uric acid.*®* Uric acid has a direct and independent
role in the pathogenesis of vascular disease, hypertension and in
renal disease progression. *#° The levels of creatinine are increased
in both plasma and urine in gutkha and khaini users. An elevated
level in the plasma and decreased levels of urine urea observed in
group I and group II users compared to normal controls and also
showed diminished levels of urea clearance has been demonstrated
in experimental subjects. Urinary urea was inversely related to blood
pressure and hypertension and is the main metabolite of nitrogen
excretion.*! The determination of creatinine has been reported to be
useful in evaluating the renal handling of uric acid as concentration of
this parameter is highly dependent on endogenous production as well
as on renal excretion.” The mechanism by which tobacco products
(either smoking or smokeless) have elevated the risk of renal disorders
may be through enhancing the synthesis of free radicals which may
result in alterations of glomerular function leading to elevated levels
of urea and creatinine in tobacco chewers and smokers.*

Total proteins were decreased significantly in the urine as a
concurrent increased levels observed in the plasma of smokeless
tobacco users compared to controls. The protein creatinine ratio is an
index of proteinuria which decreased in urine of gutkha and khaini
users. Smokeless tobacco products decreased the excretion of proteins,
urea and glomerular filtration which are accompanied by increased
excretion of creatinine, uric acid and albumins in the users of smokeless
tobacco. Negative impact of smoking on renal function contributes to
the increased cardiovascular risk conferred by smoking.* Biochemical
measures of smokeless tobacco are increasingly used to detect the
markers of kidney injuries and treatment of smokeless tobacco related
diseases. Urinary lipid peroxidtion, nitric oxide, epinephrine, and
kidney markers (Creatinine, urea, and glomerular filtration rate) are
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significantly and positively associated with smokeless tobacco. It
is concluded that the gutkha and khaini exert potent and consistent
effects on markers of oxidative stress which are accompanied by acute
changes in renal hemodynamics and albuminuria.

Conclusion

The main finding of the present study is that, smokeless tobacco
causes an acute decrease in GFR, urea, proteins, and creatinine
clearance and increase in creatinine, uric acid, and albumins with
parallel increase in nitric oxide and malondialdehyde and epinephrine
excretion associated with sympathetic activation. Urinary nicotine
and cotinine levels may be useful in predicting the risk of renal
functional impairment. Glomerular filtration rate and urinary albumin,
the early markers of chronic kidney diseases might serve as early
and effective markers for consumption of smokeless tobacco in the
humans. Mechanisms underlying the observed association need to be
further characterized. Cessation of smokeless tobacco may be helpful
in reducing the risk of renal diseases.

Highlights

a. Smokeless tobacco may able to cause an acute decrease in renal
parameters in parallel with an increase in urinary nitric oxide,
malondialdehyde levels, and epinephrine excretion associated
with sympathetic activation.

b. Urinary nicotine and cotinine measurements may be useful in
predicting the risk of renal functional impairment in the smokeless
tobacco consumers.

c. Increased levels of the markers of oxidative and nitrosative stress
indicate the nicotine acts as sensitive marker of production of
reactive oxygen species.

d. A strong linear relationship of smokeless tobacco products and
renal risk and cessation of smokeless tobacco may be helpful to
reduce the risk of renal diseases.
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