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The use of snuff in Nigeria especially in the North has increased alarmingly. It is no longer considered a
health risk nor is it seen as morally questionable. This research was designed to investigate the effect of
snuff on antioxidant activities and cognitive function on human participants. A total of 200 volunteers were
divided into 4 groups based on their periods of exposure to snuff; the Control. Group 1 (1-3 years), Group
2 (3-5 years) and Group 3 (5 years and above). All these groups consist of 50 participants each. The groups
were all tested for BP and Glucose levels using standard procedure before and after they were administered
snuff. Blood samples were then collected. Assessments of SOD, GPx, CAT, MDA, AChE and C-reactive
protein were carried out using standard methods. The result revealed a significant decrease in SOD, GPx
and CAT activities and a decrease in MDA level among snuff users compared to the control. An increase
in AChE activity and in C-reactive protein level were also recorded. These findings suggest that nicotine in
snuff may induce oxidative stress and inflammation, and rapid degradation of acetylcholine.
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1. Introduction

Snuff which is also sometimes called smokeless tobacco is
widely consumed in many parts of Africa (Muhammad et
al., 2021).! It is mostly made of ground tobacco that is
consumed by sniffing. Most of the smokeless tobacco is
consumed in countries like Pakistan, Iran and many parts
of Africa (Warigon, 2019).? In Nigeria alone, it is believed
that over 16,000 people are affected and whose lives have
been irrevocably damaged due to excessive consumption of
snuff (Warigon, 2019).2 Consumption of snuff has many
effects on the body. Although the smokeless nature of snuff
reduces the risk of direct exposure to the lungs, there are
other dangerous side effects caused by the intake of snuff
some of which include nicotine exposure and the effects of
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tobacco-specific nitrosamines on the body (Muhammad et
al., 2021).!

Snuff is grounded, cut or powdered tobacco that is
consumed orally or via the nasal cavity/inhalation. This
product, although may not contain smoke, contains nicotine
just like regular tobacco. Snuff consumers believe it is a
healthy alternative to regular tobacco because they believe
that the absence of smoke makes it safer (Thomson et al.,
2014). Believing that they are not exposed to the toxic
combustion from smoke that usually endangers and could
potentially damage the lungs, snuff users consume snuff
with no knowledge of how damaging it can be as well
(Thomson et al., 2014).3 The presence of nicotine and
tobacco-specific nitrosamines makes snuff as dangerous as
many other nicotine-containing products (Thomson et al.,
2014).3
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Tobacco is prepared by drying the leaves under the sun,
and ground to fine powder, the powder is then mixed with
calcium oxide and calcium carbonate primarily gotten from
wood ash. They are also often mixed with flavours such as
menthol and cardamom before being packed in polythene
bags as tiny as tea bags. Snuff is sold in local stores
under different trade names depending on the flavour or the
mix. The grounded tobacco is inhaled while the chewable
tobacco is placed under the tongue or between the gingival
cavities. It is then spat out after it loses its flavour; this
usually takes about 45 minutes (Welch, 2008).4 The use
of snuff in Nigeria especially in the North has increased
alarmingly. It is no longer considered a health risk nor is
it seen as morally questionable. The aim of this research
is to evaluate the level of c-reactive protein, antioxidants
and acetylcholinesterase enzyme among snuff users in Keffi
metropolis, Nasarawa state, Nigeria.

2. Materials and Methods

2.1. Snuff samples, composition and preparation

Snuff samples were purchased from Keffi Market, packaged
and ready for use. According to the manufacturers, the snuff
is composed of moringa, menthol and tobacco.

Inclusion criteria includes healthy adult male between
the ages of 18-40, without high blood sugar, high
blood pressure or currently undergoing treatment for such
diseases. The exclusion criteria include the sick, elderly,
non-smokers, women, children under 18 and those who did
not give consent.

2.2. Experimental design

The experimental design was in two phases: The first
phase involved the use of questionnaires to obtain
relevant information from the participants. Inclusion criteria
includes healthy adult male between the ages of 18-40,
without high blood sugar, high blood pressure or currently
undergoing treatment for such diseases. The exclusion
criteria include the sick, elderly, non-smokers, women,
children under 18 and those who did not give consent.

The second phase of this research was approved by the
Ethical Committee, Nasarawa State University Keffi, South
Atlantic Petroleum Medical Centre on the 9" of February,
2022. 200 participants were enrolled in the study after
signing an informed consent form.

The participants were divided into 4 groups:

Group 1(control) consists of 90 non-smokers, non-users
of snuff.

Group 2 consists of 90 users of snuff with a usage
duration of 1 to 3 years.

Group 3 consists of 90 snuff users with a usage duration
of 3 to 5 years.

Group 4 consists of 90 users of snuff with a usage
duration of 5 years and above.

The participants’ blood glucose levels, blood
pressure and pulse were taken before the experiment’s
commencement. Afterward, participants were given snuff
samples to sniff. After 30 minutes, the tests for the level
of glucose, blood pressure and pulse were repeated and
recorded.

2.3. Sample size determination

The sample size was determined using the sample size
determination formula. The sample size defines the number
of individuals included in a research study to represent
a population included in a study often categorized into
age, gender and location. Sample size was calculated using
confidence level, standard deviation and confidence interval.
The confidence level was 95% which was converted to a z-
score of 1.96. The standard deviation or deviation from the
mean was 0.5 and the confidence interval chosen was +5%.

Sample size = z-score”2 x Standard deviation x 1-
Standard deviation/Confidence interval

Sample size = 1.9672 x 0.5 x 1-0.5/+£5 = 384.16.

2.4. Blood sample collection

Blood samples were obtained from the participants in a plain
bottle, allowed to coagulate and centrifuged at 1200 rpm
for 15 minutes. The supernatant was stored at -4°C before
analysis.

2.5. Biochemical analysis

The following parameters were assayed these include
Superoxide dismutase, SOD, Glutathione peroxidease,
GPx, Catalase, CAT, Malondealdehyde, MDA
Acetylcholinesterase, AChE and C-Reactive protein.

3. Result

The Table 1 describes the levels of bp and glucose 30
minutes before and after the consumption of snuff. The
result shows a significant increase in snuff users’ blood
pressure compared with the control.

Table 2 describes lipid peroxidation and the levels of
antioxidant enzymes after snuff consumption. The table
shows a decrease in the MDA level of snuff users when
compared to the control. A significant decrease in the
activities of antioxidant enzymes compared to the control
was also observed.

The Table 3 describes the levels of AChE and C-reactive
protein in snuff users. The result shows a significant increase
in AChE level when compared to the control as well
as a significant increase in C-reactive protein level when
compared to the control.
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Table 1: BP and glucose levels among snuff users

Blood Pressure (Systolic) (mm/hg)

Groups BP (Before)

Control 108.43 + 4.11°
1-3 years 107.37 + 2.25¢
3-5 years 114.58 + 4.384

Above 5 years 116.27 + 4720

BP (After)
108.43 £ 4.11°
118.23 + 3.87¢
121.18 £ 5.657
125.79 + 4.214

Blood Sugar (mmol/L)
Glu (Before) Glu (After)
4.87 + 0.49¢ 4.87 + 0.49¢
4.88 + 0.507 4.20+ 0.50¢
4.99+ 0.55° 4.49+ 0.540
5.04+ 0.42¢ 4.49 + 0.407

Results are expressed as Mean + SD and are significantly different at p< 0.05. Keys: concentration of BP = blood pressure and Glu = Glucose. Group 1
(Control) is 0-1 years. Group 2 — 1-3 years Group 3 — 3-5 years Group 4 — Above 5 years. The superscripts a, b and ¢ indicate significant difference in the

values.

Table 2: Level of antioxidant enzymes and MDA among snuff users

Groups MDA CAT SOD GPx

Control 11.25 + 0.98° 10.96 + 1.29® 40.10 + 4.18¢ 24.76 + 2.96¢
1-3 years 10.95 + 0.57¢ 10.02 £ 0.95¢ 37.05 £ 5.47° 21.86 + 2.784
3-5 years 10.74 £ 0.78¢ 10.11 £ 1.064 37.50 +5.17° 22.76 +3.317
Above 5 years 11.08 + 0.96° 9.99 + 1.08¢ 36.24 £ 6.804 21.60 + 1.964

Results are expressed as Mean + SD and are significantly different at p< 0.05. Keys: concentration of MDA = malondealdehyde, CAT = catalase, SOD =
superoxide dismutase and GPx = glutathione peroxidase (reduced glutathione). Group 1 (Control) is 0-1 years. Group 2 — 1-3 years Group 3 — 3-5 years
Group 4 — Above 5 years. The superscripts a, b and ¢ indicate significant difference in the values

Table 3: Level of acetylcholinesterase enzyme and C-reactive protein among snuff users

Groups AChE (mmol/L)
Control 1.39 + 0.47¢
1-3 years 1.81 + 0.467
3-5 years 1.77 + 0387

Above 5 years 1.76 + 0.45°

C-Reactive proteins (mg/dL)
28.13 + 5.144
32.52 + 3.657
33.64 + 4.56¢
32.52 + 3.667

Results are expressed as Mean + SD and are significantly different at p< 0.05. Keys: concentration of ACHE = acetylcholinesterase enzyme and C-reactive
protein. Group 1 (Control) is 0-1 years. Group 2 — 1-3 years Group 3 — 3-5 years Group 4 — Above 5 years. The superscripts a, b and ¢ indicate significant

difference in the values

4. Discussion

From the result, the BP level showed a significant increase
in relation to the control. This suggests that the snuff
consumed by the participant possesses some compounds
that can increase BP levels. Among the ingredients used in
producing snuff is tobacco powder which is rich in nicotine.
Nicotine can act as an adrenergic agonist by mediating the
release of catecholamine, angiotensinogen (and angiotensin
in its active form) and vasopressin (and aldosterone) leading
to vasoconstriction and thus increase blood pressure (Page et
al., 2019). SAsa consequence, an increase in catecholamine
may lead to cardiac dysfunction (Page et al., 2019).°

This result tallies with the research conducted by
Hergens et al., (2008)6 who discovered that there is an
increased risk of hypertension among Swedish male snuff
users (Hergens et al., 2008).°

The result of the Random Sugar Test revealed a
significant decrease in blood glucose level 30 minutes after
consumption of snuff. The decrease in the glucose level
could be attributed to nicotine content in snuff. Nicotine has
been found to stimulate the cyclic AMP (cAMP) — protein
kinase A (pkA). Cyclic AMP suppresses the inhibition
of the glycolytic process thus resulting in decrease in

blood glucose level (Wang et al., 2012).” Glycolysis or
glucose metabolism promotes the formation of cyclic AMP
either by increasing the availability of ATP or decreasing
the concentration of inhibitory AMP thus stimulating the
activity of adenylyl cyclase (Shuai et al., 2021).%

Momentary nicotine spike causes an increase in the
activity of the sympathetic nervous system leading to a
series of hormone and amino acid releases (such as L-
arginine hormone, vasopressin and growth hormone). L-
arginine stimulation also activates pkA (Fujiwara et al.,
2014).° And in turn causes insulin release and thus a
sudden crash in glucose level (Kaihara et al., 2015).10
However, chronic and continuous consumption of snuff
predisposes the user to Type 2 Diabetes by creating insulin
resistance due to the nicotine content (D’Arrigo, 2021). !
Nicotine alters the insulin transduction pathway by binding
to nicotinic receptors causing activation of Mammalian
Target of Rapamycin (MTOR) and inactivation of AMP-
Activated Protein Kinase (AMPK). This will degrade
Mitogen-Activated Protein Kinase resulting in the reduction
of Insulin Receptor Substrate 1 (IRS-1) which causes insulin
resistance in organs and cells. This report agrees with the
findings of (Maddatu et al., 2018)'? that cigarette smoking
plays a major role in the development of Type 2 Diabetes.
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The result of the antioxidant assay revealed a decrease in
SOD, GPx and CAT as well as MDA. This scenario could be
attributed to increased pro-oxidants in the blood that induce
oxidative stress. This agrees to Animal studies reported
by Muhammad et al., (2021)! on the effect of snuff on
antioxidant enzymes. Furthermore, tobacco (nicotine) has
been shown to decrease lipid profile in apparently healthy
individuals. (Muhammad et al., 2021).' The decrease in
MDA with corresponding decrease in antioxidant enzymes
could be attributed to the decrease in lipid among snuff
users. (Kamceva et al., 2016).13

Production of Angiotensin due to nicotine acting as an
adrenergic agonist is followed by reactive oxygen species
which then leads to vasoconstriction. The ROS released
from this mechanism could have contributed to the decrease
in antioxidant enzymes. (Aspera-Werz et al., 2018). 4

This result tallies with the research conducted by (Naim
et al., 2020)!5 who discovered that antioxidant activities
decreased as prooxidant levels increased indicating that
chronic snuff users are predisposed to diseases like
diabetes, hypertension, schizophrenia and dementia caused
by oxidative stress (Naim et al., 2020). 13

The result shows a substantial increase in AChE activity
in relation to the control. The decrease in AChE activity
predisposes them to neurodegenerative diseases such as
dementia and Alzheimer’s disease (Ziani et al., 2018).1°
Acetylcholine can be found in the neuronal synapse and
acetylcholinesterase hydrolyses acetylcholine to choline and
acetic acid.

Acetate is converted to acetyl-coA by acyl-CoA short-
chain synthetases (Moffett et al., 2020). 17 Elevated levels
of AChE are seen in Alzheimer’s patients. Once nicotine
spike occurs and the nicotinic receptors are activated,
dopamine is released which stimulates pleasure mood in
snuff users (Ziani et al., 2018).1° Nicotine in snuff binds to
nicotinic ionotropic receptors which are ion-based ligands.
This binding opens the ion-gated channels through the cell
membrane which then leads to depolarization as a result
of the influx of Calcium ion from the outer part of the
cell-membrane to the inner part of the cell membrane.
This depolarization results in a series of chemical and
electrical signalling that triggers the release of dopamine
and hence the feeling of pleasure experienced by users of
snuff. (Wittenberg et al., 2020).'® This result tallies with
the studies conducted by Muhammad et al., (2021)" on rat
brain which revealed that the activity of acetylcholinesterase
increased in rats administered snuff orally (Muhammad et
al., 2021).1

Similarly, the result of current research revealed a
significant increase in the level of C-reactive protein in
relation to the control. This will predispose snuff users to
diseases caused by inflammation such as neurodegeneration
(Sarika et al., 2016).!° When nicotine binds to ligands
and a downstream signalling occurs, macrophages are

also activated. Nicotine stimulates the production of
inflammatory mediators and Nuclear Factor Kapa B which
are involved in the replication process of C Reactive Protein.
(Ashworth and Sproston, 2018).20

The cytokines IL-1f and IL-6 are expressed in
response to inflammation by macrophages. Macrophages
are immune cells that originally function to kill foreign
organisms by engulfing them. Their other functions
include removal of dead cells and activation of other
immune cells by presenting antigens to T cells as
well as initiating inflammation by releasing cytokines.
The cytokines released may be pro-inflammatory which
worsens inflammation and/or anti-inflammatory which
works to reduce/eliminate inflammation. IL-1f3 and IL-6 are
proinflammatory cytokines released by macrophages. The
release of these cytokines activates nuclear factor kappa B,
NF-KB, which promotes transcription of DNA, cytokine
production and cell survival. Over-expression of this NF-
KB induces the release CRP thus, the mRNA of CRP is
transcribed (Agrawal et al., 2003).2! Increased transcription
of CRP by NF-KB activates the f-site APP Cleaving
Enzyme, BACE1 which cleaves APP to form A plaques.
These plaques subsequently result in cognitive deficits. In
addition, increased levels of CRP can lead to an increase
in the level of Tumor Necrosis Factor @ (TNF-a) which is
linked to AB-plaques formation and thus, cognitive deficits.
(Mao et al., 2012).22

This result agrees with the research conducted by Silvano
et al.,, (2018) which revealed that CRP levels increases
in tobacco users, but in periods of cessation, CRP levels
decrease favourably (Silvano et al., 2018).

5. Conclusion

There was no increase in the MDA levels. However,
there was a significant decrease in CRP levels which is
also a biomarker for oxidative stress. Thus, snuff induces
oxidative stress as nicotine in snuff inhibits the activities
of antioxidant enzymes while increasing the activity
of acetylcholinesterase thereby potentially predisposing
chronic and continuous snuff users to such degenerative
diseases like dementia, depression and Alzheimer’s disease.
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