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Abstract:

Chitosan (COS) is a natural product. It used as a dietary fiber. We explored the impact
of chitosan administration in case of nicotine toxicity in adult healthy and
corresponding diabetic male rats. Eighty mature male albino rats, weighing 190+10 g,
were distributed into two sections healthy and diabetic section. Each section separated
into 4 groups each one includes 10 rats, groupl: control group, group2: orally
administrated, COS, group3: administrated nicotine and group4: administrated both
COS and nicotine. The experiment lasted 6 weeks. Diabetes induction with STZ caused
significant increase in diabetic biomarker, serum glucose level and HOMA-IR. With a
strong decline in insulin, liver glycogen as well as in liver glucokinase enzyme activity.
Nicotine worsened the diabetic biomarkers. COS administration caused an ameliorative
effect on these diabetic biomarkers that caused by diabetes alone or with nicotine.
Diabetes and nicotine caused increase in TAGs, TC, LDL-C, VLDL-C, RF and Al with
diminished HDL-C level. COS significantly improved the lipids profile in healthy and
diabetic groups. Diabetes induction as well as nicotine injection increased ALT and
AST activities and decreased the serum albumin, while COS improved the effects of
nicotine and diabetes. Diabetes increased serum creatinine, urea and urine albumin.
Also, decreased urine urea and creatinine. Nicotine worsened the kidney function tests
in both healthy and diabetic rats. COS improved the renal function. Diabetes and
nicotine decreased SOD and increased MDA activities. COS increased SOD and
decreased MDA. Diabetes and nicotine increased the DNA fragmentation. COS
protected the DNA from damage. Finally, the study demonstrated that COS have
antidiabetic, antioxidant and antitoxic effects.

Keywords: Diabetes mellitus (DM), Nicotine, Chitosan (COS), antioxidant, DNA
damage.

1. INTRODUCTION

Diabetes mellitus (DM) and Cigarette smoking are from the major threat on
global health. They both lead to cardiovascular disorders and have a major effect on
the absolute risk of death from their co-occurrence. [1]. Diabetes mellitus is a condition

of increasing blood glucose level typically along with glucosuria [2] it is a metabolic
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disorder in which insulin efficacy or insulin distribution to tissues is decreased. This
occurs due to deficiencies in insulin secretion, insulin action or both. It classified to
type 1 diabetes (T1DM) and type 2 diabetes (T2DM). The abnormal glucose
homeostasis expressed as hyperglycemia and also affects the metabolism of fat and
protein [3,4] The morbid characteristic of DM includes the vasculature contributing to
micro-vascular and macro- vascular problems [5]. Prolonged hyperglycemia is linked
with long-lasting damage and deterioration of different organ systems affecting the
skin, nerves, kidneys and heart in particular. This effect of hyperglycemia due to
oxidative stress increases free radical, leading to the rise of Advanced glycation End

products (AGEs) that has been formed via the non-enzymatic glycation of plasma [6].

Tobacco and tobacco smoke contain approximately 4000 harmful substances.
One cigarette a day provide 25mg tar which contain different cyclic and non-cyclic
organic compounds; benzidine (30 nanograms) and nitrosamine (250 nanograms) and
others, in addition of the highly active and toxic nicotine (2mg) all readily absorbed
[7]. Nicotine is the extremely active compound that acquired across the active and
passive smoking. Nicotine has a number of biological side effects, including
atherosclerosis, hypertension and pulmonary fibrosis, which can contribute
significantly in tobacco-induced disease pathogenesis. Glomerular damage in acute
nephritis worsens in addition to nicotine and facilitates the development of human
mesangial cells from the extracellular matrix [8,9] Nicotine has been reported to have
a variety of biological consequences, including atherosclerosis and lung diseases,

which can play a vital role in pathogenesis of tobacco-related ills.

Chitosan (COS) is a chitin-derived natural product. Chitin is the second
plentiful natural compound after cellulose [10]. It discovered by [11] he named it
“chitine modifiée”, it is a heteropolysaccharide involving of two monosaccharides
connected by B-(1—4) glycosidic bonds, N- acetyl- D glucosamine and D-
glucosamine. COS used in many food industry applications and as a dietary fiber in
baked foods approved by the Food and Drug Administration [12]. Owing to its essential
biological plus biochemical features, for instance biodegradability, biocompatibility,
bioactivity and polycationic characteristics. It has a wide variety of biological
functions, including anti-cancer, anti-inflammatory and anti-diabetic agents [13].
Therefore, this study was conducted to assess the protecting and anti-diabetic impact

of chitosan on nicotine toxicity in healthy and corresponding diabetic rats.
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2. MATERIALS AND METHODS
2.1. Chemicals

Streptozotocin (STZ) as well as nicotine bitartrate were bought from Sigma for
Chemicals Company, Chitosan purchased from Savvy Mix for Distribution and

Supply, Cairo, Egypt
2.2. Animals

Eighty healthy mature male albino rats, weighing 190+10 g, delivered from
the Breading Unit of the Egyptian Organization for Biological Products and Vaccines
Helwan, Egypt. Both rats were allocated alone with constantly monitored environments
in metabolic stainless-steel cages, the temperature was 25°C+5°C, air humidity 55%
+10% and12/12 hours light /dark period were held.

2.3. Diet
All rats were offered the standard diet set by [14] and tap water ad libitum.
2.4. Diabetes induction:

Diabetes induced in rats by STZ given intraperitoneally at a single dose of
40mg/kg body weight (dissolved in citrate puffer, pH 4.5) after 12hours fasting
injection. Followed by administration of 5 % fructose solution, three days later, Serum
glucose level at the zero time was measured using enzymatic colorimetric method as

described by [15]. Serum glucose level reached 200+£10 mg/dl.
2.5. Experimental design

Eighty rats divided into two main sections, healthy rats (40 rats) and diabetic
rats (40 rats)

Each group contain 10 rats divided as the follows:

Healthy rats’ section

Group 1: Healthy control group

Group 2: Healthy rats administrated COS orally at dose of 500 mg/kg body weight.
Group 3: Healthy rats administrated nicotine at dose of 3mg/kg.

Group 4: Healthy rats administrated COS orally at dose of 500 mg/kg body weight and
nicotine at a dose of 3mg/kg body weight.
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Diabetic rats’ section

Group 5: Diabetic control group.

Group 6: Diabetic rats administrated COS as reported.

Group7: Diabetic rats Administrated nicotine as reported.

Group8: Diabetic rats administrated COS and nicotine as reported.
2.6. Sample collection

At the end of the study period (6weeks), All animals have been sacrificed;
hepatic portal vein blood samples were obtained. Serum has been isolated at 3000
r.p.m. for 10 minutes at 4°C after blood clotting and maintained for biochemical
analysis. Pancreas, liver and kidney are isolated and cleaned, rinsed immediately and
washed on filter paper by a saline solution for removal of water and processed for

biochemical evaluation.
2.7. Biochemical analysis

Serum fasting glucose level was assessed matching to the enzymatic colorimetric
technique as described by [15]. Serum insulin was assessed utilizing insulin ELISA Kit
for rats as described by [16]. Meanwhile, homeostatic model assessment of insulin
resistance (HOMA-IR) was determined by calculation of [17]. Liver glycogen content
along with liver glucokinase enzyme activity were assessed calorimetrically in liver
tissue as explained by [18] and [19] respectively. Total cholesterol (TC) and
triacylglycerols (TAGs) were measured using enzymatic colorimetric methods
described by [20] and [21] respectively. Very low-density lipoprotein cholesterol
(VLDL-C) was calculated as described by [22]. Low density lipoprotein cholesterol
(HDL-C )was evaluated using enzymatic colorimetric as described by [23], low density
lipoprotein cholesterol LDL-C was calculated according to [24]. The atherogenic risk
factor (RF) calculated as described by [25]. Alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) enzyme activity and serum albumin were measured
calorimetrically as described by [26] and [27] respectively. Serum and urine urea and
serum and urine creatinine levels were measured as described by [28] and [29]
respectively. The antioxidant enzyme superoxide dismutase (SOD) and lipid
Peroxidation byproduct, malonaldehyde (MDA) were measured in pancreas tissue
calorimetrically according to [30] and [31] respectively.
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2.8. Evaluation of DNA destruction in the kidney tissue

1 g of specimen smashed were moved to 1 ml of cold puffer sulphate solution
(PBS), then extracted and mixed for five minutes. A low-melting agarose blended the
colic suspensions (0.8 percent in PBS). The precoated slides were scattered 100 ul of
this combination. The coated slides have been tucked into a buffer for 15 minutes
(0.045 M TBE and a pH of 8.4 with a 2.5% SDS). The slides have been put in a TBE
buffer electrophoresis chamber but were without sodium dodecy! sulphate. The lengths
of the comets' tail from the center of the nucleus until the end of the tail were
determined with a 40x increase for the number and the comet size. Observations were
recorded of Ethidium Bromide -stained for visualizing DNA damage utilizing a 40x

objective on a fluorescent microscope matching to [32].
2.9. Statistical analysis

Mean + Standard deviation (S.D.) from the average result was expressed. The
difference between the means was checked by one-way variance analysis using version
19 of the Statistical Package for Social Science (SPSS) program for significance level.
While P <0.05 was taken into account as shown by [33] statistically significant.

3. RESULTS

From the result set in table (1), Administration of COS in healthy rats caused
non-substantial change in serum glucose in comparison with healthy control group.
While administration of nicotine either alone or with COS in healthy rats indicated a
major rise in serum glucose. Serum glucose levels in the diabetic control group have
been substantially increased. However, the COS administration showed a substantial
decrease in serum glucose levels in diabetic rats. In contrast, the mean value of serum
glucose level in diabetic rats treated with nicotine either alone or with COS caused a
significant increase. Administration of COS caused non-significant change in serum
insulin level. In contrast, the administration of nicotine either alone or with COS in
healthy rat, caused a major decrement in serum insulin and caused a non-substantial
change in the means value of HOMA-IR. Induction of diabetes by injection of STZ
caused a large decrease in the amount of serum insulin and caused a condition of insulin
resistance appeared as a substantial rise in HOMA-IR in comparison with the healthy
control group. While treated diabetic rats with COS resulted in significant increments
in insulin level and a substantial decrease in HOMA-IR. Administration of nicotine
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either alone or with COS in diabetic rats revealed a major decrement in insulin level,
additionally, the administration of nicotine alone or with COS produced no noticeable
changes in HOMA-IR. COS administration caused an increase in liver glycogen
content. Moreover, there was non-substantial change in liver glucokinase enzyme in
healthy treated rats. While administration of nicotine either alone or with COS, the liver
glycogen content decreased significantly. Moreover, there was slightly significant
decrease in liver glucokinase activity. Diabetes induction caused a significant decrease
in liver glycogen content and liver glucokinase activity. Moreover, administration of
COS in diabetic group caused a significant increase in liver glycogen content and liver
glucokinase. In contrast, nicotine administration either alone or with COS caused a
substantial reduction in liver glycogen content. Also, the activity of liver glucokinase
has decreased slightly.

From the results of lipids profile in table (2), COS administration induced a
substantial decrease in TAGs. While nicotine administration either alone or with COS
induced a substantial increment in TAGs. Induction of diabetes produced a substantial
rise in TAGs in diabetic control group, COS administration in diabetic rats caused a
significant decrement in TAGs. While nicotine administration either alone or with COS
in diabetic rats caused substantial rise. COS administration caused a substantial
decrement in TC level in healthy rats. However, nicotine administration either alone or
with COS in healthy rats caused a significant rise in TC level. Induction of diabetes by
STZ as diabetic control group caused a significant (p<0.05) rise in TC. COS
administration in diabetic rats caused a substantial decrease. While nicotine
administration either alone or with COS caused a significant rise. COS caused a
significant increase in HDL-C in healthy rats. However, nicotine administration either
alone or with COS in healthy rats caused a significant decrease in HDL-C. Diabetes
induction caused substantial decrease in serum level of HDL-C. Also, nicotine
administration either alone or with COS in healthy rats produced a significant (p<0.05)
decrements in HDL-C. COS administration caused substantial decrease in serum
VLDL-C level. While nicotine administration either alone or with COS caused a
significant (p<0.05) rise. The level of VLDL-C in the diabetic control rats had a
substantial rise. Also, nicotine administration either alone or with COS caused a
significant increment in VLDL-C. From the result of LDL-C, COS administration to

healthy rat caused a substantial decrease. While the administration of nicotine either
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alone or with COS in healthy rats revealed a significant rise in serum LDL-C level.
COS in diabetic rats caused a substantial decrease in LDL-C. In contrast the mean value
of serum LDL-C level in diabetic rat, administrated nicotine either alone or with COS
caused a significant rise. COS administration in healthy rats caused non-remarkable
change comparing with the healthy control rats. While nicotine administration either
alone or with COS caused significant rise (p<0.05), in RF and for Al The risk factor
and atherogenic index for the diabetic control group increased. COS administration
caused a significant decrease, while nicotine administration either alone or with COS

caused substantial rise in both RF and Al.

From table (3), the effect of diabetes on the liver, the activity level of ALT and
AST enzymes demonstrated substantial increases. However, COS administration to
diabetic rats produced a substantial decrement in the serum level of ALT and AST
activities. Nicotine administration either alone or with COS produced a significant
(p<0.05) rise. COS administration caused non- important rise in the healthy control
group in serum albumin. While nicotine administration either alone or with COS
induced a substantial decrease. In the diabetic control rats, a substantial reduction in
serum albumin has occurred. COS administration induced slightly significant rise in
serum albumin. While nicotine administration either alone or with COS induced

slightly significant reduction in serum albumin level.

From the results in table (4), A substantial increase in serum urea and creatinine
levels was induced by nicotine injection to healthy rats, either alone or with COS. COS
administration in diabetic rats induced a significant reduction in these levels. While
nicotine administration to diabetic rats either alone or with COS induced a significant
rise. Administration of COS caused non-important change in urine urea and creatinine.
In contrast administration of nicotine either alone or with COS in healthy rats, induced
a substantial reduction in urine urea and urine creatinine. Induction of diabetes induced
a substantial decrease in urine urea and urine creatinine. While treated diabetic rats
with COS resulted in slightly substantial rise in urine urea and in urine creatinine.
Administration of nicotine either alone or with COS showed significant reduction in
urine urea and creatinine and significant increase in urine albumin. Administration of
COS in healthy rats caused non-important change in urine aloumin. Diabetes induction
induced a significant rise in urine albumin in the diabetic control rats. While

administration of COS induced slightly significant reduction in urine albumin. In
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contrast, administration of nicotine either alone or with COS in diabetic rats induced a

significant rise.

From the results in table (5), administration of COS in healthy rats induced a
substantial increase in pancreatic SOD. While nicotine administration either alone or
with COS in healthy rats showed a significant reduction in pancreatic SOD activities.
Induction of diabetes by STZ induced substantial decrease in SOD. However, COS
administration to diabetic rats produced a substantial rise in pancreatic SOD. In
contrast, nicotine administration either alone or with COS produced significant
decrement. Administration of COS decreased the level of MDA. While nicotine
administration either alone or with COS to healthy rats induced slightly significant rise
in pancreatic MDA level. Diabetes induction increased the pancreatic MDA level. COS
administration in diabetic rats induced a substantial decrease. While nicotine
administration to diabetic rats either alone or with COS induced a significant rise in

pancreatic MDA.

From the results in table (6), and figure (1) Comet assay is a delicate technique
for the detection of DNA damage. As the healthy control group recorded (4.28+0.05%).
Considering the effect of COS on healthy control group, COS induced a significant
reduction in the damage of kidney cell’s DNA the percent of damage, Tailed DNA (%),
was (3.86x0.07%). In addition, COS substantially risen untailed DNA% that recorded
96.24+0.28% compared with 95.71+1.80% in healthy control group. while tail length
(um), tail DNA% and tail moment mean values were non-remarkable decrements in
chitosan group. While nicotine administration in healthy rats either alone or with COS
produced a damage in kidney cells DNA the percent of damage (Tailed DNA %)
reached to 5.68+0.28%and 5.57+0.28% respectively compared with healthy control
rats. Inaddition, it decreased the levels of comet parameter untailed DNA%. Regarding
the tail length (um), tail DNA%, and tail moment nicotine administration in healthy
rats either alone or with COS caused substantial increments. There was a significant
rise in the damage of kidney cells DNA due to diabetes the percent of damage DNA.
However, COS protected the kidney cells DNA from this damage and induced a
substantial reduction in % tailed DNA. Also, COS increased significantly % of untailed
DNA. In addition, COS decreased the levels of comet parameters tail length (um), tail
DNA % and tail moment. Nicotine administration either alone or with COS produced

a significant rise in tailed DNA%. This resulted in substantial decrease in the untailed
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DNA%. In contrast, nicotine administration either alone or with COS caused a

significant rise in levels of comet parameters tail length (um), tail DNA% and tail

moment.

Table (1): Diabetic biomarker in healthy and corresponding diabetic groups in case of

chitosan and/or nicotine administrations

Groups
Gl G2 G3 G4 G5 G6 G7 G8
Parameters
Serum glucose g g e f b d a c
(mg/dl) 65.00£2.7 | 64.1240.83 | 77.75£260 | 70.76x3.8 | 2205+3.27 | 140.54+2.45 | 249.10+2.26 1855+1.73
Serum insulin a a C b f d g €
(m/mi) 32431032 | 3248+0.27 | 2856+0.33 | 30.92+0.64 | 13104021 | 19274020 | 11.90+059 15.12+0.89
c c c c a a a
HOMA-IR a 6.68+0.09
52040.10 | 514+004 | 548+0.06 | 540+0.16 | 7.13+0.09 73240.16 6.92+0.19
Liver glycogen
b a d c i e h g
content(mg/100g
fissue) 49444216 | 52.38+1.95 | 4163092 | 44.01+1.29 | 27054097 | 3237158 | 2175+1.00 24.26+0.65
iSSUe
Liver
_ a a b C e d g f
glucokinase
) 0.24+0.001 | 0.25+0.004 | 0.20+0.003 | 0.22+0.003 | 01140013 | 0.18+0.010 | 075+0,007 | 0.095+0.007

-Values are represented as mean + SD

-10 rats for each group

-There is no significant differences between means have the same letters in the same

raw for each section (p<0.05)
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Table (2): Lipids profile in healthy and corresponding diabetic groups in case of

chitosan and/or nicotine administration.

Groups
Gl G2 G3 4 G5 G6 G7 G8
Parameters
g h e f c d a b
TAGs (mg/dI)
13321+1.30 | 129074153 | 142.33+2.03 | 137.95+36 | 165.20+3.08 | 152.81+2.81 | 185.70+2.50 | 17055+1.62
g h e f b d a c
TC(mg/dI)
11852+1.38 | 112954140 | 1519+1.77 | 140.65+1.49 | 180104155 | 162.94+2.72 | 18956+2.36 | 173514267
b a d C f e g
HDL-C (mg/dl) h19.24+2.4
47524061 | 5115173 | 3589134 | 39814226 | 2653+1.72 | 3017+017 23014170
VLDL- g h e f c d a b
Cimg/dl) | 26644026 | 25814030 | 2846040 | 2750072 | 3304+061 | 3056+056 | 37.14+050 | 34114032
g h e f b d a c
LDL-C (mg/dl)
4436081 | 3599+1.82 | 87.55+1.85 | 73254298 | 120.71+2.49 | 102.53+2.87 | 132.6242.80 | 116.39+254
Risk factor b
90931002 | g0.70:0.11 | e243+0.11 | f184+022 | c454+0.39 | d339+0.10 | a6.89+0.98
(LDL-¢/HDLc 5.05+0.31
Atherogenic b
) 01564009 | g 1504002 | e1.79+003 | f169+004 | ¢223+0.07 | d200+001 | a2.95+0.02
index(Al) 2.48+0,08

Values are represented as mean + SD
-10 rats for each group

-There is no significant differences between means have the same letters in the

same raw for each section (p<0.05)
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Table (3): Liver function tests in healthy and corresponding diabetic groups in

case of chitosan and/or nicotine administration.

Groups
Gl G2 G3 4 G5 G6 G7 G8
Parameters
Serum ALT g f b d a c
g26.71+2.15 e38.35+2.22
(UL 25.37+1.20 32631169 | 68454295 | 47.79+1.22 | 79444068 | 75.36+0.88
Serum AST f e b d a c
£4050+0.29 e54.67+0.44
(UL 36.98+0.58 52604023 | 77.36+0.38 | 6228+0.29 | 8517+0.18 | 8255+0.76
Serum albumin b f g
a312+009 | a314+006 | ¢268+0.19 d262+0.11 e2.14+0.44
(o/dL) 2791023 | 2271029 2.08+0.08
Values are represented as mean + SD
-10 rats for each group
-There are no significant differences between means have the same letters in the
same raw for each section (p<0.05)
Table (4): Kidney function tests in healthy and corresponding diabetic groups in case
of chitosan and/or nicotine administration.
Groups
Gl G2 G3 G4 G5 G6 G7 G8
Parameters
C
Serum urea g g e f b a
d 39.74+1.03 44.78+2.1
(mgy/dl) 23114117 | 2370106 | 32471284 | 27.29+158 | 49.00+2.36 56.04+2.25 ,
Serum g b
creatinine | g0.80+0.06 e1.00+0.02 | f091+0.03 | ¢1.18+0.1 | d103+004 | al46+0.05
0.80+0.03 1.23+0.02
(mg/dl)
Urine urea b f
a4.34+021 | a4.35+0.18 | €3.7740.20 d4.12+005 | c4.18+011 | g369+0.13
(o/day) 3.98+0.08 3751031
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Urine
b f
creatinine | al134+021 | al135+0.12 | c1.0440.15 e 0801001 | d0.92+002 | g040+0.01
1.1640.02 0.6840.01

(o/day)

Urine g g e f c d a b
albumin 0.018+ 0.017+ 0.026+ 0.022+ 0.034+ 0.030+ 0.045+ 0.040+
@) | oooo7 | 00006 | 00007 | 00004 | 00007 00003 00003 | 00008

Values are represented as mean + SD
-10 rats for each group
-There are no significant differences between means have the same letters in the same
raw for each section (p<0.05)
Table (5): Antioxidant and oxidative stress in healthy and corresponding diabetic
groups in case of chitosan and/or nicotine administrations
Groups
Gl G2 G3 G4 G5 G6 G7 G8
Parameter
Pancreatic
b a d c g e h f
SOD (u/g
tissue) 50.78+1.09 | 55.57+1.45 | 35.27+1.33 | 42.44+2.55 | 24.27+1.19 | 31.02+0.64 | 20.19+1.64 | 27.90+0.49
issue
Pancreatic
MDA (n g h e f c d a b
mol/g 2.17+0.04 | 1.84+0.08 | 2.54+0.03 | 2.20+0.01 | 4.24+0.16 | 3.79+0.14 | 5.06+0.03 | 4.68+0.38
tissue)

Values are represented as mean + SD

-10 rats for each group

-There are no significant differences between means have the same letters in the

same raw for each section (p<0.05)
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groups in case of chitosan and/or nicotine administration.

Table (6): DNA damage in the Kidney tissue in healthy and corresponding diabetic

Groups
G1 G2 G3 G4 G5 G6 G7 G8
Parameter
Tailed f g e e c d a b
(%) 4.28+0.05 | 3.86+0.07 | 5.68+0.28 | 5.57+0.28 | 6.67+0.05 | 6.06£0.09 | 9.53+0.08 | 8.07+0.04
un tailed a b c c e d g f
(%) 95.71+£1.80 | 96.24+0.28 | 94.22+0.05 | 94.41+0.05 | 93.32+0.31 | 93.90£0.15 | 90.48+0.04 | 91.92+0.04
Tail
lenath e e d d C d a b
en
(g) 1.05+0.02 | 1.03+0.018 | 1.95+0.075 | 1.83+£0.037 | 2.19+0.24 | 1.92+0.19 | 3.00+0.018 | 2.80+0.04
pm
d
Tail DNA 1.10+0.019 d b b b c a a
( %) 0.90+0.027 | 1.85+0.03 | 1.79+0.046 | 1.81+£0.039 | 1.62+0.029 | 2.60+0.024 | 2.45+0.016
Tail g g o c o
moment ¢ ¢ 3.5320.04 a
(wnit) 1.14+0.024 | 1.03+£0.034 | 3.65+0.13 | 3.61+0.036 | 4.41+0.17 5.29+0.04 | 4.65+0. 11
uni

Figure (1): The comets tails lengths were evaluated from the middle of the

nucleus to the ending of the tail by 40x increase for the number and determine

the size of the comet.
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4. DISSCUTION

Diabetes mellitus (DM) is a syndrome characterized by elevated glucose levels
induced either by inadequate insulin secretion (Type 1 DM) or insulin action (type 2
DM)). DM is a major health worry the global and is substantial risk factor for
cardiovascular, hypertensive and other complications [34]. Nicotine has a negative
effect on insulin-secreting PB-cells via neuronal nicotinic acetylcholine receptors
(nAChRs) on the B-cells of pancreatic islets. NAChRS subunits, such as a-2, a-3, a-4,
a-5, alpha-7 and B-2, exist on the surface of islet cells in the pancreas. The B-cell
secretion decreased in both acute (60min) and chronic (48 h) exposures of nicotine.
The results indicate that nAChRs play a major role in the hormone release regulation
of B cells. Furthermore, nicotine levels above 1pumol/L were shown to inhibit insulin
secretion in isolated cells of human islets. [35]. Nicotine stimulates sympathetic
function, increases catecholamine, adrenocorticotropic hormone, cortisol, prolactin,
and beta-endorphin circulating levels, and reduces the amount of estrogen. These
results are all antagonistic to the action of insulin. Smoking thus lowers the level of
insulin, delays the catabolism of glucose and contributes to its buildup in the body.
Nicotine directly increases the resistance of insulin. Nicotine causes insulin resistance
associated with a rise in the level of triacylglycerols, as glucose is transformed into
triacylglycerols in fatty tissue. Risen serum FFA and triacylglycerols levels induce
impairment of the transport of insulin-stimulated glucose in the skeletal muscle. [36]
After absorption into the body, chitosan is metabolized into chitooligosaccaride. The
antidiabetic effect of chitosan of this study was linked to the fact that it inhibits 8 cell
losses and promotes B-cell production. Chitosan has been found to enhance
hyperglycemia, hyperinsulinemia, and hype-rtriacylglycerolemia. Chitosan improves
muscle glucose absorption due to increased membrane insertion of the 4 GLUT4, a
major skeletal glucose conveyor, and increased glycemic uptakes, including Akt
phosphorylation [37]. Liver glucokinase is an enzyme that promotes the
phosphorylation of glucose to glucose-6-phosphate. Chitosan treatment has improved
the function of this enzyme by rising glucose influx into Pentose Monophosphate in
order to minimize high levels of blood glucose. This increases the output of the
reduction agent NADPH, which simultaneously reduces the oxidative stress [38]. Our
findings are in line with the outcomes of [39] who found that COS treatment to diabetic

mice reduced the fasting glucose in comparison to diabetic group. Furthermore, the
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performance of insulin tolerance in the diabetic-COS community was substantially
better than that of the diabetic group. Besides this, the results of [38] they indicated
that the activities of the enzymes which responsible for the carbohydrates metabolism
and glycogen content in the diabetic rat’s liver diminished compared to the normal rats.
The results of [40] revealed that serum glucose control levels were substantially lower
compared with diabetic control levels. The influence of COS given orally before a meal
at a dose of 500 mg on blood glucose level after eating assessed in health people [41]
was seen as a substantial reduction in the blood glucose levels of healthy people. The
results of [42] It has been shown that subcutaneous nicotine injection at a dose of 1.5
mg/kg body weight for 4 months in healthy rats induces pathological changes in both
exocrine and endocrine pancreatic tissue. Furthermore, there was a marked increase in
glucose levels. Our results were consistent with the outcomes of [43] Prolonged
exposure to nicotine rising fasting blood glucose levels and HBALC levels comparison
with control animals. The level of insulin in the treated group has diminished
dramatically in comparison with control. Insulin level greatly diminished in the
nicotine treated group, compared to control. Losing of pancreatic cells and insulin

sensitivity that caused by nicotine may lead to hyperglycemia.

As hyperlipidemia is a disorder of diabetes so, they have also elevated the serum
levels of (TC), (TAGS), (LDL-C) and (VLDL-C) with decreased the serum level of
(HDL-C. These findings are in consistent with the outcomes with [40]. Various
pathways contribute to nicotine lipid alteration, as nicotine triggers the sympathetic
adrenal system, leading to increased catecholamine secretion, causes lipolysis, and
releases plasma-free fatty acids. There is evidence that the liver takes up these free
fatty acids, which enhance the synthesis of very low-density lipoproteins [44]. Via
many pathways, chitosan lowers plasma lipids, as chitosan positive charge anions are
bound to dietary fat negatively charged lipids, preventing fat digestion and reducing
fat storage [45]. Chitosan has a major impact on plasma adipocytokines, which greatly
reduces the adiposity index, so COS can monitor circulating triacylglycerol levels and
fight some inflammatory syndromes and metabolic alterations [46]. In addition, COS
treatment raises serum levels of (HDL-C), a cardio- protective particle that contains
lipids which removes the excess cholesterol from tissues and delivers it to the liver for
excretion [47]. Our results agreed with [48] who resulted that chitosan low molecular

weight could markedly reduce serum TC as well as TAGs. In addition, increased LDL-
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C is substantially improved, and the HDL-C levels caused by high fat diets in obese
rats are decreased. Also [49] resulted that serum and liver TG, TC, and LDL-C levels
in the high fat diet group they were considerably higher than those in the standard diet
group. Furthermore, [50] They observed that the mean values of TC, LDL-C and TAGs
were effectively improved by chitosan. Furthermore, the outcome of [51] showed that
the total cholesterol elevated in smoker. In fasting state, lipid profile tests were
performed on 143 patients. The findings indicated that level total cholesterol in the

group of smokers was greater than in the group of non-smokers [52].

Results from this study indicated that the administration of nicotine in rats has
contributed to significant hepatic damage shown by significant imbalance in
biochemical liver marker. In addition to nicotine-produced hepatocellular injure and
lipid profile defects, it produces oxidative liver damage via rising lipid peroxidation
and diminishing tissues’ antioxidant. Nicotine and cotinine have a directly
intoxication effect on hepatic oxidative stress and lipid peroxidation, as well as DNA
damage caused by free radicals caused by mitochondrial respiratory chain disturbance
[53]. Chitosan improved and guarded the liver and kidney from the nicotine toxicity
and the oxidative stress from diabetes due to its antioxidant properties. It also reduces
oxidative stress and improves the intrinsic protection of antioxidants. Hepatocellular
damage has been caused by lipid peroxidation. The foraging activity of COS on
hydroxyl-radicals prohibits phosphatidyl choline and linoleate from peroxidation thus
it preserves the liver [54]. Our outcomes represented those of [55] They showed that
chitosan treatment significantly improved the high fat diet by reducing the levels of
AST, ALT, ALP in the serum and enhancing the liver histology against liver fibrosis
associated with carbon tetrachloride CCI4. The results of [40] showed that the COS
treatments in case elevating serum AST levels caused substantial reduction these
levels in all groups compared with diabetic control. About the level of (ALT) data,
the diabetic control group indicates a substantial rise comparing to normal control.
The findings of [56] indicated that nicotine administration caused an increase in some
liver enzymes. It also induced lipid peroxidation by influencing the hepatocyte
membrane, causing a shift in the permeability of the membrane and lipid degeneration
and accumulation in the liver cells. [57] confirmed that the level of ALT and AST

were substantial rise in nicotine treated group suggesting that nicotine can cause liver
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membrane damage, thus emitting hepatocyte cytosol enzymes and eventually raising

the serum enzymes level.

Renal failure is one of diabetes mellitus complications due to the effect of
glucose on the renal glomerulus and the oxidative stress produced due to diabetes.
Causing alteration in the functions of kidney, rising the serum levels of creatinine and
urea. The outcomes of [58] revealed that COS has a reno-protective role against lithium-
induced renal toxicity in rats. They resulted throughout orally restored levels of kidney
function tests assessed by COS administration to normally in the COS pre-treated group
via lowering the nitrogen levels of urea, creatinine and blood urea. Furthermore, [57]
resulted that nicotine induced substantial rise in the mean values of urea comparison
with control group Therefore, Smoking cigarettes raises the elimination of albumin in
urine, reduces the rate of glomerular filtration, induces increment in the occurrence of
renal artery stenosis which is associated with increased the mortality in end-stage renal
disease patients. Furthermore, the mean creatinine values in the group treated with
nicotine dramatically increased compared to the control group. Additionally, [59]
resulted that levels of serum uric acid, creatinine and urea were substantially increased
in case nicotine administration. [56] proven that nicotine raised serum creatinine in their
study animals, which matched with the outcomes of the present study. It was shown
that the administration of nicotine risen dramatically the amount of kidney
malondialdehyde, blood urea nitrogen, creatinine, and nitrite oxide levels and
diminished glomeruli and tissue amount of reducing/antioxidant power level compared
to the control group [60]. Also, [61] revealed that nicotine injection for 28 days shown
to reduce the glomerular filtration rates and allow creatinine and urea to be stored in the
plasma.

B-cell oxidative stress produced by STZ induced DM, which are especially
susceptible to oxidative insult due to their relatively low antioxidant levels. It was found
that SOD activity had declined, and the level of MDA raised. The study of the [62]
indicated that COS administration contributed to a substantial reduction of oxidative
stress to values such as that of the control group. Additionally, compared to vitamin E,
the antioxidant influence of COS on lipid peroxidation is greater. Furthermore, [63]
revealed that COS ready uptake by cells makes it a very promising compound for use
as natural antioxidants. COS also greatly reduces serum FFAs and MDA concentrations
and allows large antioxidant enzymes, including SOD and CAT, to be published. [64]
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reported that COS significantly reduce serum FFAs and MDA concentrations and rise
antioxidant enzymes activities as SOD and glutathione peroxidase, implying that COS
controlled the antioxidant enzymes activities and diminished lipid peroxidation. In a
study conducted by [65] by administering COS as a preventive agent against zinc
toxicity, it was reported that the COS reduced the MDA levels that increased by zinc-
induced oxidative stress. [66] observed that there was a greatly rise in SOD activity in
CCl4 + COS treated rats implies the efficient protective method of COS. Also, there
results revealed that COS may be associated with diminished oxidative stress and free
radical-mediated tissue damage. Our results are matched of those [40] who indicated
that COS prohibited the programmed cell death of pancreatic islet. All concentrations
of COS can enhance the potential of total antioxidant power and activity of SOD and
decreased the level of MDA in pancreatic cells. Moreover, [67] confirmed that maternal
dietary supplementation with chitosan increased total SOD capacity and caused a
downtrend in the level of MDA on day 110 of gestation. In addition, [68] showed that
the antioxidative activity of COS reduced the lipid peroxidation. The expression of
antioxidants, including catalase and SOD, can also be controlled by COS. The study of
[69] found that lipid peroxidation in rats, which was increased by lead exposure,
decreased following COS supplementation, indicating that COS has have potential
antioxidant effects on oxidative damage generated by lead exposure. In addition, [68]
reported that the anti-oxidative activity of COS inhibited lipid peroxidation. Also, COS
regulated the expression of antioxidant enzymes, including catalase and SOD. [70] In
nicotine-treated rats, an elevation of MDA was seen in comparison with the control
group. An elevated level of MDA can be a result of a decrease in the antioxidant
production in the tissues of rats treated with nicotine, thus changing the delicate balance
towards reactive oxygen. The widely used measure of oxidative stress and resulting
oxidative damage is the lipid Peroxidation of unsaturated fatty acids [71] Exposure to
nicotine has shown systematic oxidative stress and has impaired endogenous
antioxidant defense mechanisms by down-regulation of catalase and SOD. The study
of [72] indicated that antioxidant status profile demonstrated a major alteration in
antioxidant enzyme activities after nicotine administration. The biological antioxidant
system is deficient as a SOD enzyme, since ROS generation increases. In addition, [43]
shown that in the pancreatic extract of the nicotine-treated group the levels of MDA

and nitric oxide, the key elements of lipid peroxidation and inflammatory response were
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massively reduced by compared with the control group. The long-term administration
of nicotine resulted in a substantial reduction in the pancreatic function of SOD. Also,
[73] outcome was a substantial reduction in SOD activity and a substantial rise in MDA
serum level in the nicotine treated group comparing with the normal control. In
addition, [74] showed that nicotine reduced the quantity of serum antioxidants in male

mice, contributing to rise the lipid peroxidation.

Our results agreed with [75] study which indicated that COS have prominent
protective effects on the DNA damage. Also, the study of [63] showed that COS protect
DNA and increase the expression period of genes. In addition, the results of [76] which
revealed that the levels of tail length, tail moment, %DNA in tail and olive tail moment
were substantially boosted in the peripheral blood of nicotine-treated rats when
compared with control group. In another study, a substantial rise in the lipid
peroxidation and DNA damage detected in the mice treated with nicotine than in control
group. In addition, a major increase noticed in mitochondrial DNA destruction of liver,
kidney and spleen [77]. The study of [43] resulted that exposure of nicotine prompt an
oxidative stress and tissue damage. Also, indicated that nicotine produced DNA
damage. [78] revealed that nicotine induced generation of free radicals and lipid
peroxidation. It alters DNA membrane proteins, and produces cell destruction, which
are the main causes of weight and kidney index loss. In the study of [79] conducted that
nicotine induced oxidative stress and caspase-mediated cell death on the kidney
cells.[57] Proved that the free radicals induced by nicotine metabolism trigger lipid
peroxidation and reaction to DNA and membrane proteins, thereby causing cell
damage. Diabetes increased the DNA damage of the kidney cell's due to the effect of
hyperglycemia effect on kidney glomerulus [40]. The lipid deposition in the kidney of
diabetic rats has been boosted with nicotine, indicating lipid metabolism disruption due
to oxidative stress. Further lipid deposition due to exposure to nicotine has shown that
the oxidative stress in DM increases further. A growing accumulation of lipids in the
kidney leads to cell damage and diabetes nephropathy [56]. COS has been shown to
display antioxidant properties by pathways either free radical foraging or antioxidative
enzyme expression enhancement. It has a good scavenging impact against radicals of

hydroxyl and superoxide and a weak scavenging function against alkyl radicals [37].
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5. Conclusion

Our findings have demonstrated the ability of chitosan as antidiabetic agent due
to its ability to modulate numerous biochemical pathways in glucose metabolism and
lipids profile. Also, it can improve liver and kidney functions in addition to its
antioxidant activity. Moreover, our results shed some light on the toxic effect of
nicotine that antagonized insulin action, alter lipid metabolism and increase oxidative

stress status.
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