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Abstract

Numerous studies and experiments have revealed that the initiation and progression of type 2
diabetes mellitus is majorly triggered by oxidative stress. Niacin, generally referred to as vitamin
B3, is a critical vitamin that is considered a significant food additive as it eliminates free radical
damage. This investigation aimed to test the extent to which a diabetic environment is affected by
antioxidants with nutraceutical potential. Four distinct experimental treatment groups were
established for the 32 albino rats after the intraperitoneal infusion of Alloxan (120 mg/kg Bwt) to
induce diabetes. These groups include the standard control, niacin (15 mg/kg Bwt), diabetic control,
and diabetic niacin-treated groups. Blood and pancreatic tissue samples were collected from animals
euthanized after four weeks to evaluate various biochemical and histological alterations. The
expressions of insulin in B cell islets were also assessed using immunohistochemistry analysis. In
diabetic rats, several physiological changes were observed, including Increased values of
hyperglycemia, tumour necrosis factor-o. (TNF-a)), pancreatic malondialdehyde and interleukin-1p
and 6 (IL-1pB and IL-6). Additionally, there were decreased levels of plasma insulin and pancreatic
antioxidants, specifically reduced concentrations of superoxide dismutase (SOD), reduced glutathione
(GSH), and catalase (CAT). Furthermore, limited positive insulin immunoreactivity was linked to
histological alterations in the pancreatic islets in the diabetic group compared to the standard control
one. The activities and structure of B cells were significantly restored and recovered after niacin
therapy. There was a discernible drop in oxidative stress markers as fasting blood glucose levels
decreased. Dietary niacin supplementation could relieve diabetes mellitus symptoms owing to its
hypoglycemic, antioxidant, and anti-inflammatory properties.

Keywords: B Cell function, Diabetes mellitus, Inflammation, Oxidative stress, Pancreas.

is diabetes. Multiple pathogen-related processes are

Introduction linked to the acceleration of diabetes, ranging from

The islets of Langerhans within pancreas produce
insulin, somatostatin, pancreatic polypeptide,  and
glucagon in response to stimuli [1]. Diabetes mellitus
(DM) is a collection of metabolic disorders
distinguished by persistently elevated glucose
concentration in the blood because of pancreatic
dysfunction. Errors in the insulin mechanism of
action, secretion, or both can result in hyperglycemia
[2]. The most common metabolic illness worldwide

abnormalities that cause the action of insulin to stop
the immune system from destroying the p-cells in the
pancreas, which results in insulin shortage [3].
Chronic hyperglycemia causes malfunctions in many
organs, mainly kidneys, eyes, heart, nerves, and
blood vessels [1].

Diabetes mellitus is associated with difficulties
from the imbalance of pro-oxidants and antioxidants,
resulting in oxidative damage [2, 4]. Both type 1 and
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type 2 diabetes mellitus pathogenesis have been
linked to reactive oxygen species (ROS), according
to recent research [5]. ROS are essential for
identifying healthy and pathological physiological
states. Overproduction of reactive oxygen species
(ROS) increases cell macromolecule oxidative stress,
including DNA, proteins, and lipids, leading to
cellular apoptosis [6, 7]. The mitochondria are the
main source of ROS in diabetes; for complete
physiological activity, insulin creates ROS.
However, excessive ROS production raises insulin
resistance and type 2 diabetes risk[8].

High blood sugar causes oxidative damage.
Several promising in vivo studies show that oxidative
stress causes organ dysfunction. [2, 3, 8, 9].

In all circumstances, oxidative stress (OS) is
crucial to the pathophysiology of diabetes mellitus
and its complications. Hyperglycemia and free fatty
acid buildup deplete B-cell activity via producing
ROS and reactive nitrogen species (RNS)[7].

Increased MDA  (malondialdehyde) levels
indicate cellular lipid oxidation and oxidative stress
[3]. Higher levels of advanced oxidation protein
products (AOPPs) and protein carbonyls in diabetics
support ROS. This oxidative damage in diabetes
worsens free radical damage[8]. Therefore, a
shortage of cell pro-oxidants and antioxidants can
accelerate diabetic problems [10]. Statins are
available to treat diabetes. But long-term use of these
drugs causes health problems[3]. Our current study
aims to improve the system's antioxidant ability to
combat the adverse effects of the condition.

Nicotinamide and nicotinic acid are two water-
soluble vitamins that constitute niacin (vitamin B3).
Critical for oxidative reactions and energy
metabolism  regulation,  nicotinamide  adenine
dinucleotide phosphate (NADP) and nicotinamide
adenine dinucleotide (NAD) are crucial coenzymes.
These coenzymes control vital biological processes,
such as DNA repair and cell death, and participate in
non-redox signalling pathways [10]. One of the most
important vitamins, niacin, is required for numerous
essential physiological functions in the bodies of
living things [11]. Niacin is possibly used to lower
elevated blood fat levels. Niacin could also be
synthesized from the amino acid tryptophan [12].
Because of its potent antioxidant properties and low
toxicity, it is a good candidate for this usage [13].
Niacin has long been utilized as a cholesterol-
lowering medication and as an antioxidant in
managing problems linked to lipoprotein and plasma
lipid metabolism. Since more than 50 years ago, the
usage of niacin has been found to improve
dyslipidemia and reduce the likelihood of
cardiovascular  complications  associated  with
diabetes[12, 14]. Because blood lipid and lipoprotein
levels vary, niacin reduces HDL and increases LDL.
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Research has shown that niacin possesses the
capacity to minimize the risk of heart attacks,
atherosclerotic diseases, and high blood pressure
associated with kidney disease [12]. Coenzymes
associated with niacin, in addition to their
antioxidant activity, NAD and NADP, play important
functions as reduction/oxidation coenzymes in the
metabolism of amino acids and energy, and in the
detoxification of pharmaceuticals and other harmful
chemicals [15].

One significant exogenous nutritional antioxidant
is niacin. Two examples of redox enzymes that
niacin coenzymes are nicotinamide mononucleotide
(NMN) and nicotinamide adenine dinucleotide
(NAD) [16]. Several research has investigated the
impact of niacin on a variety of medical disorders,
including anemia and  hypertension  [17],
cardiovascular diseases (CVD) [11], liver disorders
[6], and certain types of cancer (esophageal, skin,
breast, and lung). However, the study of how niacin
functions as an antioxidant and an anti-inflammatory
has yet to be thoroughly studied, which is one way it
may impact health. Numerous in vivo and in vitro
studies have confirmed the potent antioxidant
properties of nicotinamide (NA). Elevated oxidative
stress was associated with inadequate niacin[17].

The objective of the current work was to
determine whether niacin might safeguard pancreatic
functioning in male rats with Alloxan-induced
diabetes and to investigate its antioxidant and anti-
inflammatory characteristics.

Material and methods

Ethics statement

The present protocol and guidelines for the care
and use of laboratory animals were permitted by the
Animal Research and Animal Care Review
Committee of the Faculty of Veterinary Medicine at
Alexandria University, Alexandria, Egypt
(Committee permit number: AU-13-0611-2023-050).
All methods were performed according to the
relevant guidelines and regulations. The study was
reported in accordance with ARRIVE guidelines[18].

Chemicals and reagents

We procured niacin and anhydrous Alloxan from
Sigma-Aldrich (St. Louis, MO, USA). Upon its
initial creation, anhydrous Alloxan existed as a pink,
odorless powder that was dissolved in physiological
salt (0.9 percent NaCl) until it achieved complete
solubility. The Accu-chek Active glucose tester was
acquired from Roche Diagnostics GmbH in
Germany. Biodiagnostic, located in Tahrir, Cairo,
Egypt, offers a range of diagnostic tests including,
hemoglobin Alc (HbAlc) %, glucose, catalase
(CAT), reduced glutathione (GSH), and superoxide
dismutase (SOD) concentration Kkits. Rat insulin
enzyme-linked immunosorbent assay (ELISA)
analysis is kit available from American Laboratory
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Products Co., USA. The kit is identified by the
catalog numbers 80-INSRTH-EO1 and E10. Anogen,
a Mississauga, Ontario, Canada-based Company,
supplies ELISA assay kits for IL-6, TNF-a, and IL-
1B, which are proinflammatory cytokines. All the
chemicals used were analytical and did not require
additional purification.

Experimental animals and protocols

Thirty-two mature male albino rats, weighing an
average of 190+10 g and nine months old, appeared
in good health. The rats were bought from
Alexandria University in Egypt's Faculty of
Agriculture. This experiment was conducted in the
Physiology Department of the Faculty of Veterinary
Medicine at Alexandria University. Rats were fed
water and food pellets (Elfagr Company, Alexandria-
Cairo Desert Road, Egypt) containing 23% crude
protein, 3.35% crude fiber, 5% crude fat, and an
energy content of at least 3000 Kcal/kg. Eight rats
were kept in a wire box that was 80 cm long, 60 cm
wide, and 40 cm high. Prior to the experimental
procedures, by two weeks, the rats were allowed to
acclimate to our laboratory conditions, in which there
were equal periods of light and dark hours, a
humidity level of 60+2%, and a temperature of
25+2°C.

Diabetes induction and niacin treatment

A diabetic model was established by injecting
120 mg/kg of Alloxan intraperitoneally in a single
dosage [9]. After receiving an intraperitoneal
injection of Alloxan, rats were given a 5% glucose
solution to drink overnight to prevent the temporary
hypoglycemia that the treatment created [9].
Following three days of Alloxan induction,
peripheral blood was obtained from the tail vein.
Concentrations of glucose were determined during
the fast using the Accu-chek Active glucometer
manufactured by Roche Diagnostics GmbH in
Germany. It was considered diabetes if the fasting
glucose level in the blood was >250 mg/dL [5].
Diabetic rats were randomly divided into two groups
after diabetes development (groups 111 and 1V). After
3 days of diabetes induction, the diabetic rats began
receiving a course of niacin therapy (group V).
Niacin diluted in distilled water was given orally via
an oral gavage tube at a dosage of 15 mg/kg/day for a
successive 30 days [19].

Each of the four experimental animal groups
consisted of eight rats. The categorizations were as
follows:

a. Group | (Normal Control): A control group of
healthy rats was used, and they were given a regular
meal and normal water.

b. Group Il (Niacin): Healthy, normal rats were
administered niacin at a dosage of 15 mg/kg body
weight, a normal meal, and water.

c. Group I11 (Diabetic control): consisted of diabetic
rats provided with a regular meal and water.

d. Group IV (Niacin +Diabetic): the diabetic rats
were administered niacin at a dosage of 15 mg / kg of
body weight.

Blood and tissue sampling

After 24 hours of final treatment, two samples of
cardiac blood were collected in tubes at room
temperature using sodium fluoride while the rat was
under ketamine/xylazine anesthesia (7.5 and 1.0
mg/kg intraperitoneal injection). The HbAlc% was
assessed in one sample, while the other sample was
centrifuged at 3000 xg for fifteen minutes to isolate
the plasma. The separated plasma was then examined
for pro-inflammatory markers, insulin, and glucose.
After collecting blood, the pancreas was promptly
taken out, dried, visually inspected, weighed, and
split into two equal parts. For histological and
immunohistochemistry analysis, one portion was
preserved in a 10% neutral buffered formalin
solution. The other part was frozen at -80°C to
measure oxidative/antioxidant parameters.

Blood biochemical measurements

The glucose concentrations in plasma [20] and
HbA1c% [21] were measured by spectrophotometry
using the analytical kits given by Bio-diagnostic Co.,
Cairo, Egypt .In accordance with the manufacturer
guidelines, plasma insulin levels were estimated by
an ELISA kit for rats developed using American
Laboratory Products Co., USA.

Homeostasis model assessment of f-cell function
(HOMA-g-cell) index

HOMA B-cell index was calculated using
Matthews' formula, which considers the values of
insulin in plasma and fasting glucose. [22] .Using the
formula: (20 x (Fasting plasma insulin (uU/ml)) /
(Fasting plasma glucose (mmol/ml))) — 3.5, the
HOMA p-cell Index is calculated. The fasting
glucose and plasma insulin values were used to
determine insulin sensitivity indices, including the
fasting glucose/insulin ratio and insulin™ [23].

Analysis of proinflammatory cytokines

Proinflammatory cytokines interleukin-1p (IL-
1B), interleukin-6 (IL-6), and tumor necrosis factora
(TNF-o. )were measured in plasma by using ELISA
kits that were received from Millipore, CA, USA,
and following the manufacturer's guidelines [24]. An
ELISA Plate Reader (Bio-Rad, Hercules, CA, USA)
was employed to check all analyses.

Lipid peroxidation and antioxidants enzymatic
activities

Malondialdehyde (MDA) levels were determined
using homogenates of pancreatic tissues [25]. Super
oxide dismutase( SOD) and catalase (CAT) enzyme
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activity [26], and reduced glutathione (GSH) [27]
were assessed using the diagnostic examination Kits
provided by Bio-diagnostic Co., Cairo, Egypt.
According to [28], the protein concentration in
pancreatic tissues was measured.

Histopathological examination

After collection from six rats per group
pancreatic tissue of about 1 cm® was preserved for at
least one day, in 10% buffered formalin. The fixed
samples were dried in successive ethanol
concentrations (70%, 80%, 90%, and 100%) for 60
minutes except for 100% which took 30 minutes.
Samples were cleaned using xylene | and Il. They
were implanted with Paraplast I, 11, and 111 for 1 hour
per concentration. (Millipore Sigma, St. Louis).
Using a Leica RM2125 microtome (Leica
Microsystems, Wetzlar, Germany), 5-6 um paraffin
sections were cut and dried at 40°C in an incubator.
A light microscope examined general histology, with
H&E staining of the tissue sections. [29] describe
H&E staining procedures.

Immunohistochemical staining and evaluation

Two-step IHC staining with  horseradish
peroxidase mouse (HRP; mouse;  Agilent
Technologies, Santa Clara, CA, USA) was done with
Dako EN Vision + Single Reagent. Abd-Elhafeez et
al.[30, 31] described staining. Briefly, 5-p-thick
paraffin-embedded  sections  were  dewaxed,
rehydrated, and washed three times with PBS (pH
7.4) for 5 minutes every time. We used a few drops
of 3% hydrogen peroxide in methanol at room
temperature for 20 min and intensive washing by
running tap water for 10 min to block endogenous
peroxidase activity. For antigen retrieval, slides were
put in a 10_mm sodium citrate buffer (pH 6.0) and
heated in a tap water bath to 95°C-98°C for 10 min,
then at room temperature for 10 min. Next, the
sections were incubated with the primary antibody
(Insulin Rabbit monoclonal, Abclonal company, Cat
Number, A19066 with dilution of 1:100). Following
incubation, slides were washed three times with PBS
(pH 7.4) for 5 min each and incubated with the
secondary antibody for one hour at room temperature
(Biotinylated goat Anti-Polyvalent, Anti-mouse
Igg + Anti-Rabbit 1gg. Ready to use, Catalog # TP-
015-BN Thermo Fisher Scientific, UK). The slides
were cleaned three times in PBS (pH 7.4) for 5 min
and treated with 3,3'-diaminobenzidine (DAB) and
substrate-chromogen for 5-10 min at room
temperature to form a brown precipitate at the
antigen location. Sections were counterstained with
Harris hematoxylin for 30 seconds. Each slice was
dehydrated in 90% and 100% ethanol for 5 min,
cleaned in xylene, and then coated with DPX. We
examined IHC staining with a Leitz Dialux 20
microscope and Canon Power Shot A95 digital
camera. Negative control samples were obtained
using the same method without main antibodies.
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Following [32] procedure, we were able to determine
the percentage of the pancreatic islets of Langerhans'
positive region for insulin secretion using ImageJ
software (v1.46r, NIH, Bethesda, MD, USA).

Color segmentation according to CMEIAS (for
negative images)

CMEIAS Segmentation, a free, updated
computational approach, separates foreground
objects from backgrounds in color pictures. The user
chose "Negative image" from the "process" menu
after opening the image in CMEIAS Color
Segmentation[33, 34].

Statistical analysis

Statistical analysis was achieved by using
GraphPad Prism 7 software. A one-way ANOVA
was used to examine various parameters with
Tukey’s post hoc multiple range testing. Mean = SE
is used to express all the data for continuous
variables. For the treatment, P < 0.05 was set to be of
statistical significance.

Results
S-cell functions indices

Table 1 shows that the diabetes group had
statistically significant (P < 0.05) enhancement in
fasting glucose in plasma, HbAlc%, glucose/insulin
ratio, and insulin™ relative to the non-diabetic control
animals. The obtained data additionally demonstrated
a significant reduction in the fasting insulin levels
and HOMA B-cell index in diabetic control rats as
relative to non-diabetic control animals. These
indicators showed considerable improvement in the
diabetic niacin-treated rats relative to the diabetic
control group, with the glucose/insulin ratio, insulin’
!, HbA1c%, and fasting plasma glucose significantly
(P < 0.05) lower in the niacin-treated diabetic
animals relative to the diabetic group. Although
fasting insulin and the HOMA B-cell index were
significantly (P < 0.05) increased in diabetes +
niacin-treated rats than in diabetic control ones.

Proinflammatory cytokines:

There was a substantial difference (P < 0.05)
between the mean quantities of IL-1B, TNF-a, and
IL-6 in control diabetic rats and normal control rats,
as revealed in Table 2. The amounts of pro-
inflammatory cytokines (IL-1pB, TNF-a, and IL-6) in
the blood of normal rats that were given niacin did
not differ significantly from those of the normal
control rats. The mean value of IL-1B, TNF-o, and
IL-6 in the blood of diabetic animals dropped greatly
(P <0.05) when they were given niacin.

Lipid peroxidation and antioxidants enzymatic
activities

The results of the present study indicated that
control diabetic animals exhibited significantly
increased values of MDA than normal control rats
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following the induction of diabetes. Additionally, the
mean value of pancreatic GSH, SOD, and CAT
values had substantial decreases (P < 0.05) (Table 3).
The pancreatic oxidative/antioxidant indicators
exhibited insignificant changes when niacin was
administered to normal rats compared to normal
control rats. In contrast to control diabetic rats, niacin
administration led to a substantial increase (P < 0.05)
in the mean value of pancreatic SOD, GSH, and CAT
concentrations, as well as a considerable reduction in
MDA values (table 3).

Histopathological findings

Pancreatic samples of both control and niacin-
treated animals revealed normal pancreatic glands
and islets of Langerhans, as observed in the
histological examination presented in Figure 1 (a-b).
Rats with diabetes induced by Alloxan exhibited a
notable reduction in B-cells within the islets of
Langerhans, which was associated with pancreatitis
and infiltration of lymphocytic cells. This contrasted
with the control group (Fig. 1c). Unlike diabetic
animals, the pancreatic tissue of the diabetic rats
treated with niacin showed less structural damages
and better shape of B-cells in the islets of Langerhans
(Fig. 1d).

Immunohistochemical evaluation of insulin

Figure 2 (a-d) displays the outcomes of the
immunohistochemical examination of insulin
antibodies in pancreatic samples. Both control and
niacin-treated rat showed a significant presence of
brown immunoreactivity in the interlobular ducts and
islets of Langerhans (Fig.3 a, b). In contrast, islets of
Langerhans in diabetic rats showed a limited
response to insulin antibodies (Fig.3 c). In addition,
niacin-treated diabetic rats exhibited increased
insulin antibody immunostaining within B islets of
Langerhans, compared to untreated diabetic rats (Fig.
3d). Negative control images are also shown in
Figure 3.

Table 4 shows the positive area % of insulin in the
various experimental groups.

Figure 4 shows the experiment design and
conclusion.

Discussion

The use of antioxidants as a treatment has long
been recognized as an alternative to traditional
methods for managing diabetes mellitus. According
to a report, the presence of active antioxidants could
help battle insulin resistance, release insulin, and
regenerate  cells in the pancreas [2, 35]. This study
assessed niacin's hypoglycemic, anti-inflammatory,
and antioxidant properties as a potential therapeutic
agent for diabetes treatment. Hyperglycemia, along
with insufficient insulin production, is regarded as a
hallmark of type 2 diabetes mellitus[8], which the
results of current experiment also support. The

insulin sensitivity (IS) and B cell indices can be
accurately determined from a single fasting blood
sample. The significant decrease in the index of B
cell functions and rise in IS indices in diabetic rats
may be brought about by hyperglycemia, B cell
malfunction, or decreased insulin synthesis [4].

In the present experiment, niacin administration
enhanced HOMA B-cell indices and restored normal
histology in type-2 diabetic rats’ pancreatic tissues.
As a result, the data suggest that niacin can scavenge
free radicals, which could improve HOMA indices
by lowering production and buildup of free radicals
[17, 19]. According to the current research, niacin
therapy significantly altered blood serum chemistry,
including capacity for antioxidants. Reduced
oxidative stress may facilitate tissue regeneration in
the treatment groups' pancreas [6, 15] .

Oxidative stress is a substantial element in the
progression of diabetes complications. Compared to
other essential organs, the pancreas already has a low
level of antioxidant defense. According to our
research, the levels of the pancreatic antioxidants
SOD, GSH, and CAT were reduced in diabetic rats,
whereas levels of oxidative MDA were elevated. Our
findings are comparable to [36] They found that
Alloxan (120 mg/kg bw) intraperitoneal infusion
significantly increased the level of malondialdehyde
and markedly decreased the activity of catalase,
glutathione, and superoxide dismutase. Furthermore,
our results are consistent with [37]. They discovered
that administering 125 mg/kg i.p. of Alloxan to rats
resulted in significant oxidative stress, as evidenced
by a reduction in antioxidant enzyme activity (CAT,
SOD, and GSH) and an elevation in MDA
concentration in the pancreas.

Diabetes causes oxidative stress by raising MDA
levels and decreasing antioxidants such as GPX,
SOD, and CAT [2], which can intensify the harmful
effects of free radicals. Glucose auto-oxidation in
people with diabetes encourages the production of
increased harmful free radicals [38]. In a
hyperglycemia condition, glucose is largely utilized
in the polyol pathway, which burns NADPH, which
is necessary for Glutathione reductase (GSR)
regeneration by reduced glutathione enzymes.
Ultimately, elevated oxidative stress is brought on
(MDA) by GSR depletion, which is brought on by
hyperglycemia [39]. The increase in peroxidative
damage to lipids from oxidative stress acquired
during diabetes may cause the observed rise in
malondialdehyde production.

The current study's findings demonstrate that
giving diabetic rat niacin supplements dramatically
lower the production of lipid peroxides and increases
anti-oxidative enzyme activity (CAT, GSH, and
SOD). Our findings concur with [19]. They found
that giving diabetic rats niacin as a supplement
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greatly increased their levels of CAT, GSH, and
SOD. It also decreased the production of lipid
peroxides and brought protein carbonyl closer to
normal. Niacin administration reduces the amount of
MDA in the pancreas of diabetic animals by
scavenging free radicals and restoring the
concentrations of anti-oxidative enzymes [12].

In addition, our research shows that when
Alloxan induces diabetes, IL-1B, TNF-a, and 1L-6
values markedly rise compared to control. Relative to
control normal rats, the control diabetic animals had
IL-6 and TNF- a higher concentrations [40].
Following its release by activated CD4+ T cells, this
inflammatory process results in localized pancreatic
lymphocytic infiltration and necrosis. It eventually
ends with the B cell’s the apoptosis and activates the
pancreas to create TNF-a [3]. Therefore, it facilitates
the pathophysiological mechanism of diabetes
mellitus, directly aiding the damage done to the
pancreatic B cells [41]. Hyperglycemia increases
inflammation and causes cytokines to be produced
[42]. When blood sugar levels are too high, the build-
up of advanced glycation products causes
inflammation ~ [43]. Damage  caused by
hyperglycemia causes pro-inflammatory cytokines
like IL-6, IL-1B , TNF-a and to be expressed [36].
Niacin therapy for diabetic rats concurrently lowers
cytokine production, which enhances niacin's anti-
inflammatory response and may be related to niacin's
anti-oxidative qualities, which lessen the severity of
inflammation and inflammatory indicators [14].

Our biochemical results are consistent with our
pancreatic histological and immunohistochemistry
findings. Regarding the results of histopathology and
immunohistochemistry, the pancreatic tissue of rats
given Alloxan-induced diabetes demonstrated a
notable degeneration of the islets of Langerhans B
cells and a decrease in their abundance linked to
inflammatory  lymphocytic infiltration.  These
deteriorating alterations could be the consequence of
Alloxan's ability to kill pancreatic B cells [44] via
oxidative stress induction and the generation of ROS,
which subsequently causes diabetes [45].

Furthermore, as stated by [46], which could be
connected to the enhancement in metabolic stress and
endoplasmic reticulum stress, in addition to the
induction of inflammatory pathways that cause cell
death and apoptosis. Our findings agree with those of
[38, 47]. According to [38, 45] the biochemical
changes linked to diabetes induced the B cells’
apoptosis, the development of insulin resistance, and
a drop in its secretion, which reduced insulin immune
expression in diabetic rats’ pancreas. Conversely,
administering niacin to diabetic animals resulted in
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improved the pancreatic morphology, B cell count,
insulin sensitivity, and immune response inside the
pancreatic islets [14]. These findings may be linked
to niacin's capacity to reduce oxidative damage
caused by Alloxan and its role as an antioxidant,
which is related to improve antioxidative enzymes
activity, as mentioned and identified by [19].

Conclusion

zTo help lessen the harm triggered by free radical
accumulation in diabetes mellitus, we have
investigated the potential ameliorative remedy of
niacin against diabetic symptoms in this study.
According to our findings, we advise dietary
supplementation of niacin as an essential antioxidant
with vitamin B-complex to diabetic subjects. Niacin
administration to diabetic rats revealed a reduction in
the values of hyperglycemic markers, TNF-a, IL-1p,
IL-6, and pancreatic MDA, in addition to an
improvement in the levels of plasma insulin, -cell
function indices, pancreatic antioxidant biomarkers,
and an enhanced positive insulin immunoreactivity in
the pancreatic islets. The anti-diabetic effectiveness
of niacin was also confirmed by this investigation,
which may be related to its hypoglycemic, anti-
inflammatory, and antioxidant qualities.
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TABLE 1. Effect of Niacin (vit. B3) on hyperglycemic markers and B-cell function indices of diabetic rats

Groups

Parameters Normal Control Niacin Diabetic control Niacin +Diabetic
Glucose (mmol/L) 5.03+0.21° 4.95+0.18°¢ 16.2+1.022 8.43+0.32°
Insulin (nU/ml) 6.84+0.26° 7.04+0.28% 2.87+0.09° 4.97+0.18°
Glucose/Insulin 0.73+0.03¢ 0.70+0.02¢ 5.64+0.25° 1.69+0.02°
Insulin? 0.14+0.001°¢ 0.14+0.001°¢ 0.34+0.015% 0.20+0.002°
HOMA B 23.69+1.41% 24.94+1.26% 0.04+0.002° 8.29+0.42°
HbA1c% 5.37+0.14° 5.17+0.11° 12.3+0.89% 7.21+0.33°

Values are means + standard error. Means in the same row without a common superscript letter differ significantly (P < 0.05).

TABLE 2. Effect of Niacin (vit. B3) on plasma pro-inflammatory cytokines (TNF-a, IL-1p, and IL-6) of diabetic rats

Groups
Parameters Normal Control Niacin Diabetic control Niacin +Diabetic
TNF-a (pg/ml) 184.2 +10.78° 179.2 +11.21° 282.6 +19.13? 207.6 + 13.60°
IL-1p (pg/ml) 112.8 + 7.67° 107.9 + 6.34° 174.5 +9.23% 124.4 + 8.55P
IL-6 (pg/ml) 182+ 1.07° 169 £1.12° 38.2+2.39° 24.9+2.08°

Values are means * standard error. Means in the same row without a common superscript letter differ significantly (P < 0.05).

TNF- a = tumour necrosis factor alpha; IL-1p = interleukin 16; IL-6 = interleukin 6.

TABLE 3. Effect of Niacin (vit. B3) on pancreatic oxidative/antioxidant parameters of diabetic rats

Parameters Groups

Normal Control  Niacin Diabetic control  Niacin +Diabetic
MDA (nmol/mg protein) 3.05+0.14° 2.97+0.09° 10.6 +0.87° 5.31+0.26°
GSH (mmol/mg protein) 11.68 +0.96* 12.2 +0.84° 4.15+0.12° 8.72 +0.52°
SOD (U/mg protein) 4.38 +£0.18° 4.64 £0.19° 1.28 +0.08° 3.17+£0.07°
Catalase (U/mg protein) 6.72 £ 0.47° 7.04+058"  2.13+0.05° 4.89 +0.12°

Values are means =+ standard error. Means in the same row without a common superscript letter differ significantly (P < 0.05).

MDA= malondialdehyde; GSH = reduced glutathione; SOD= superoxide dismutase.

TABLE 4 Effect of Niacin (vit. B3) on the percent of insulin-positive area

Groups
Normal Control Niacin Diabetic control Niacin +Diabetic
% of insulin-positive area 70.05 + 4.26% 73.97 £3.89 20.43 +3.16° 58.34 + 4.86°

Values are means + standard deviations. Means in the same row without a common superscript letter differ significantly (P < 0.05).
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Fig.1. Representative photomicrograph for pancreatic tissues (H&E stain, X200, scale bar =50 pm) of (a) control, (b)
Niacin- treated rats showing normal pancreatic glands (arrow) and B cells in islets of Langerhans’s (arrowhead), (c)
diabetic rats showing pancreatitis associated with lymphocytic infiltration between the pancreatic glands (arrow) and
marked degeneration of B cells in islets of Langerhans’s (arrowhead) and (d) Niacin- treated diabetic rats showing
marked decrease degenerative changes within the p islets of Langerhans’s (arrowhead) and glands (arrow).

Fig.2. Representative photomicrograph for pancreatic tissues (Anti-insulin antibody IHC stained, X200, scale bar
=50 pm) from (a) control, (b) Niacin- treated rats showing marked cytoplasmic insulin antibody expression within the
B cells in islets of Langerhans (arrowhead), (c) diabetic rats showing marked decrease insulin antibody expression
within the B islets of Langerhans (arrowhead) and (d) Niacin- treated diabetic rats showing an increase of insulin
antibody immunostaining within the p islets of Langerhans (arrowhead).

Egypt. J. Vet. Sci.



PROTECTIVE EFFECTS OF NIACIN ON PANCREATIC FUNCTIONS, AND BIOCHEMICAL PARAMETERS ... 9

Fig.3. Negative image of Representative photomicrograph for pancreatic tissues (Anti-insulin antibody IHC stained,
X200, scale bar =50 pm) from (a) control, (b) Niacin- treated rats showing marked cytoplasmic insulin antibody
expression within the B cells in islets of Langerhans (arrowhead), (c) diabetic rats showing marked decrease insulin
antibody expression within the f islets of Langerhans (arrowhead) and (d) Niacin- treated diabetic rats showing an

increase of insulin antibody immunostaining within the B islets of Langerhans (arrowhead).

. - - .
=], CRE=R, =R, =R
Group1 (n=8) Group 2 (n=8) Group 3 (n=8) Group4 (n=8)
“ First day > injection of saline injection of saline IP injection of Alloxan IP injection of Alloxan
\ \ 120mg/Kg \ 120mg/Kg \
‘ FGL FG :
ﬂ 250mg/dLs 50mg/dL: ‘
N7
"Third day > Niacin(15mg/Kg)for a successive Niacin(15mg/kg) for a successive
30days by oral gagging tube 30days by oral gagging tube

At the end of experiment i &——»

Pancreatic
tissue

Z N\ a

% HbA1C =Plasma X part fixed in ks frozenpart
detection proinflammatory marker 10 % neutral buffer formalin MDA levels
TNF-a ,(IL_G? ,(IL AB) HE stain Immunohistochemical . GSH,SOD ,and CAT
Insulin staining of insluin antibody enzyme activity
glucose
Group3 Group4
ﬁ HbA1c fasting glucose,Insulin Insulin/glucose ratio ,[1 HbA1c: fasting glucose, Insulin Insulin/glucose ratio
T IL-6,ILAB. TNF-a,MDA DiL6 ILABTNF-a
0 GsH.soD,.cAT 1T GSH,SOD, CAT and enhanced immunoreaction of insulin
\\‘
—
=

According to our findings, we advise dietary supplementation of niacin

as an essential antioxidant with vitamin B-complex to diabetic subjects

Fig.4. shows the experimental design and conclusion.

Egypt. J. Vet. Sci.



10

MONA H. HAFEZ et al.

References

1.

10.

11.

Asmat, U., Abad, K. and Ismail, K., Diabetes mellitus
and oxidative stress—A concise review, Saudi
pharmaceutical journal, 24(5), 547-553 (2016).

Hafez, M.H., Elblehi, S.S. and El-Sayed, Y.S., Date
palm fruit extract ameliorated pancreatic apoptosis,
endocrine dysfunction and regulatory inflammatory
cytokines in Streptozotocin-induced diabetes in rats,
Environmental Science and Pollution Research, 27
(34), 43322-43339 (2020).

Almatroodi, S.A., Alnugaydan, A.M., Alsahli, M.A.,
Khan, A.A. and Rahmani, A.H., Thymoquinone, the
most prominent constituent of Nigella sativa,
attenuates liver damage in streptozotocin-induced
diabetic rats via regulation of oxidative stress,
inflammation  and  cyclooxygenase-2  protein
expression, Applied Sciences, 11(7), .(2021) 3223

Ram, H., Kumar, P., Purohit, A., Kashyap, P., Kumar,
S., Kumar, S., Singh, G., Algarawi, A.A., Hashem, A.
and Abd-Allah, E.F., Improvements in HOMA indices
and pancreatic endocrinal tissues in type 2-diabetic
rats by DPP-4 inhibition and antioxidant potential of
an ethanol fruit extract of Withania coagulans,
Nutrition & Metabolism, 18, 1-17 (2021).

Hafez, M.H., Ez Elarab, S.M., Tohamy, H.G., and El-
Far, A.H., Thymoquinone attenuates diabetes-induced
hepatic damage in rat via regulation of
oxidative/nitrosative stress, apoptosis, and
inflammatory cascade with molecular docking
approach, Scientific Reports, 14(1), 13016 (2024).

Dou, X., Shen, C., Wang, Z., Li, S., Zhang, X. and
Song, Z., Protection of nicotinic acid against oxidative
stress-induced cell death in hepatocytes contributes to
its beneficial effect on alcohol-induced liver injury in
mice, The Journal of Nutritional biochemistry, 24(8),
1520-1528 (2013).

Zhang, P., Li, T., Wu, X., Nice, E.C., Huang, C. and
Zhang, Y., Oxidative stress and diabetes: antioxidative
strategies, Frontiers of Medicine, 14, 583-600 (2020).

Abdel-Moneim, A., Abd EI-Twab, S.M., Yousef, A.l.,
Reheim, E.S.A. and Ashour, M.B., Modulation of
hyperglycemia and dyslipidemia in experimental type
2 diabetes by gallic acid and p-coumaric acid: The role
of adipocytokines and PPARy, Biomedicine &
Pharmacotherapy, 105, 1091-1097 (2018).

Gad, S.B. and EI-Maddawy, Z.K., Silymarin improves
pancreatic endocrine function in rats, Pakistan
Veterinary Journal, 34, 214-218 (2014).

Catanzaro, O., Capponi, J.A., Michieli, J., Labal, E.,
Di Martino, I. and Sirois, P., Bradykinin Bl
antagonism inhibits oxidative stress and restores Na+
K+ ATPase activity in diabetic rat peripheral nervous
system, Peptides, 44,100-104(2013).

Ganji, S.H., Kashyap, M.L. and Kamanna, V.S.,
Niacin inhibits fat accumulation and oxidative stress in
human hepatocytes and regresses hepatic steatosis in
experimental rat model, Journal of Clinical
Lipidology, 8(3), 349-350 (20.(14

Egypt. J. Vet. Sci.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Mohsen, E.M.J., Salih, N.A., Wheed, A. and Radhi,
R.A., Nicotinic acid derivatives: Application and uses,
Journal of Research in Chemistry 2, 51-56 (2021).

Shomali, T., Taherianfard, M., Dalvand, M. and
Namazi, F., Effect of pharmacological doses of niacin
on testicular structure and function in normal and
diabetic rats, Andrologia, 50(10), 13142 (2018).

Ozaydin, D., Bektasoglu, P., Koyuncuoglu, T.,
Ozkaya, S., Koroglu, A., Akakin, D., Erzik, C.,
Yuksel, M., Yegen, B. and Gurer, B., Anti-
inflammatory, antioxidant and neuroprotective effects
of niacin on mild traumatic brain injury in rats,
Turkish Neurosurgery, 33(6),1223-1232(2023).

Brinton, E.A., Triscari, J., Brudi, P., Chen, E.,
Johnson-Levonas, A.O., Sisk, C.M., Ruck, R.A,
MacLean, A.A., Maccubbin, D. and Mitchel, Y.B.,
Effects of extended-release niacin/laropiprant on
correlations  between apolipoprotein B, LDL-
cholesterol and non-HDL-cholesterol in patients with
type 2 diabetes, Lipids in Health and Disease, 15, 1-10
(2016).

Long, A.N., Owens, K., Schlappal, A.E., Kristian, T.,
Fishman, P.S. and Schuh, R.A., Effect of nicotinamide
mononucleotide on brain mitochondrial respiratory
deficits in an Alzheimer’s disease-relevant murine
model, BMC Neurology, 15, 1-14 (2015).

llkhani, F., Hosseini, B. and Saedisomeolia, A., Niacin
and oxidative stress: a mini-review, Journal of
Nutritional Medicine and Diet Care, 2(1), 014 (2016).

Du Sert, N.P., Ahluwalia, A., Alam, S., Avey, M.T,,
Baker, M., Browne, W.J., Clark, A., Cuthill, I.C.,
Dirnagl, U. and Emerson, M., Reporting animal
research: Explanation and elaboration for the ARRIVE
guidelines 2.0, PLoS Biology, 18(7), €3000411 (2020).

Abdullah, K.M., Alam, M.M., Igbal, Z. and Naseem,
I., Therapeutic effect of vitamin B3 on hyperglycemia,
oxidative stress and DNA damage in alloxan induced
diabetic rat model, Biomedicine & Pharmacotherapy,
105, 1223-1231 (2018).

Trinder, P., Determination of glucose in blood using
glucose oxidase with an alternative oxygen acceptor,
Annals of clinical Biochemistry, 6(1), 24-27 (1969).

Jeppsson, J.-O., Kobold, U., Barr, J., Finke, A,
Hoelzel, W., Hoshino, T., Miedema, K., Mosca, A,
Mauri, P., and Paroni, R., Approved IFCC reference
method for the measurement of HbAlc in human
blood, Clin. Chem. Lab. Med., 40,1223-1231(2002).

Matthews, D.R., Hosker, J.P., Rudenski, A.S., Naylor,
B., Treacher, D.F. and Turner, R.C., Homeostasis
model assessment: insulin resistance and B-cell
function from fasting plasma glucose and insulin
concentrations in man, Diabetologia, 28, 412-419
(1985).

Legro, R.S., Finegood, D. and Dunaif, A., A fasting
glucose to insulin ratio is a useful measure of insulin
sensitivity in women with polycystic ovary syndrome,
The Journal of Clinical Endocrinology & Metabolism,
83(8),2694-2698 (1998) .

Seriolo, B., Paolino, S., Sulli, A., Ferretti, V. and
Cutolo, M., Bone metabolism changes during anti-



PROTECTIVE EFFECTS OF NIACIN ON PANCREATIC FUNCTIONS, AND BIOCHEMICAL PARAMETERS ... 11

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

TNF-o therapy in patients with active rheumatoid
arthritis, Annals of the New York Academy of Sciences,
1069(1), 420-427(2006) .

Ohkawa, H., Ohishi, N. and Yagi, K., Assay for lipid
peroxides in animal tissues by thiobarbituric acid
reaction, Analytical Biochemistry, 95(2), 351-358
(1979).

Aebi, H., Oxidoreductases acting on groups other than
CHOH: Catalase, Methods in Enzymology, 105, 121-
125 (1984).

Beutler, E., Duron, O. and Kelly, B.M., Improved
method for the determination of blood glutathione, The
Journal of laboratory And Clinical Medicine, 61, 882-
888 (1963).

Lowry, O.H., Rosebrough, N.J., Farr, AL. and
Randall, R.J., Protein measurement with the Folin
phenol reagent, J. Biol. Chem, 193(1), 265-275 (1951).

Bancroft, J.D., Layton, C. and Suvarna, S.K,
Bancroft's theory and practice of histological
techniques. 2013: Churchill Livingstone Elsevier.

Abd-Elhafeez, H.H., Rutland, C.S. and Soliman, S.A.,
Morphology of migrating telocytes and their potential
role in stem cell differentiation during cartilage
development in catfish (Clarias gariepinus),
Microscopy Research and Technique, 86(9),8-11
(2023)

Abdo, W., Haziri, I., Dmerdash, M., Alnasser, S.M.,
Hakamy, A., Ali, E., Soliman, S.A., Abd-Elhafeez,
H.H. and Abd-Eldayem, A.M., Anatabine attenuates
ovalbumin-induced asthma via oxidative stress and
inflammation mitigation and Nrf2/HO-1 signaling
upregulation in rats, Life Sciences, 308, 120954
(2022).

Abd-Eldayem, A.M., Alnasser, S.M., Abd-Elhafeez,
H.H., Soliman, S.A. and Abdel-Emam, R.A,
Therapeutic versus preventative use of Ginkgo biloba
Extract (EGb 761) against indomethacin-induced
gastric ulcer in mice, Molecules, 27(17), 5598 (2022).

Abd-Eldayem, A.M., Makram, S.M., Messiha, B.A.S.,
Abd-Elhafeez, H.H. and Abdel-Reheim, M.A,,
Cyclosporine-induced kidney damage was halted by
sitagliptin and hesperidin via increasing Nrf2 and
suppressing TNF-a, NF-xkB, and Bax, Scientific
Reports, 14(1), 7434 (2024).

Alnasser, S.M., Alotaibi, M., Ramadan, N.K., Abd
ElHafeez, H.H. and Abdel-Hakeem, S.S., The
efficiency of Schistosoma mansoni crude antigens in
inhibition of heat shock protein, apoptosis, and
lysosomal activity: An immunohistochemical study,
Microscopy and Microanalysis, 29(2), 739-753
(2023).

Titcomb, T.J., Fathi, F., Kaeppler, M.S., Cates, S.B.S.,
Cobra, P.F., Markley, J.L., Gregory Ill, J.F. and
Tanumihardjo, S.A., Inadequate Niacin Intake
Disrupts Growth and Retinol Homeostasis Resulting in
Higher  Liver and Lower Serum Retinol
Concentrations in Male Rats, The Journal of Nutrition,
153(8), 2263-2273 (2023).

Miaffo, D., Guessom Kamgue, O., Ledang Tebou, N.,
Maa Maa Temhoul, C. and Kamanyi, A., Antidiabetic
and antioxidant potentials of Vitellaria paradoxa barks

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

in alloxan-induced diabetic Clinical

Phytoscience, 5(1), 44 (2019).

Sajid, M., Khan, M.R., Ismail, H., Latif, S., Rahim,
A.A., Mehboob, R. and Shah, S.A., Antidiabetic and
antioxidant potential of Alnus nitida leaves in alloxan
induced diabetic rats, Journal of Ethnopharmacology,
251, 112544 (2020).

Ibrahim, R.M., Abdelhafez, H.M., EI-Shamy, S.A.E.-
M., Eid, F.A. and Mashaal, A., Arabic gum
ameliorates  systemic  modulation in  Alloxan
monohydrate-induced diabetic rats, Scientific Reports,
13(1), 5005 (2023).

Yan, L.-J.,, Redox imbalance stress in diabetes
mellitus: Role of the polyol pathway, Animal Models
and Experimental Medicine, 1(1), 7-13 (2018).

Malik, M., Sharif, A., Hassan, S.U., Muhammad, F.,
Khan, H.M., Akhtar, B. and Saeed, M., Amelioration
of hyperglycaemia and modulation of pro-
inflammatory cytokines by Tamarix gallica fractions
in alloxan induced diabetic rats, Archives of
Physiology and Biochemistry, 128(6), 1666-1675
(2022).

dos Santos Haber, J.F., Barbalho, S.M., Sgarbi, J.A,,
de Argollo Haber, R.S., de Labio, R.W., Laurindo,
L.F.,, Chagas, E.F.B. and Paydo, S.L.M., The
Relationship between Type 1 Diabetes Mellitus, TNF-
a, and IL-10 Gene Expression, Biomedicines, 11(4),
1120 (2023).

Rifa'i, M., Wahyuningsih, M.D., Lestari, N.D.,
Soewondo, A., Ibrahim, M. and Tsuboi, H., Flow
cytometric analysis of pro-inflammatory cytokine
production in hyperglycemic mouse model, Recent
patents On Food, Nutrition & Agriculture, 9(2), 119-
126 (2018).

43 Davis, K.E., Prasad, C., Vijayagopal, P., Juma,
S., and Imrhan, V., Advanced glycation end products,
inflammation, and chronic metabolic diseases: links in
a chain?, Critical reviews in food science and
nutrition, 56(6), 989-998 (2016).

44 Tuorkey, M.J., El-Desouki, N.I., and Kamel,
R.A., Cytoprotective effect of silymarin against
diabetes-induced cardiomyocyte apoptosis in diabetic
rats, Biomedical and Environmental Sciences, 28(1),
36-43 (2015).

Shawky, L.M., Morsi, A.A., El Bana, E. and Hanafy,
S.M., The biological impacts of sitagliptin on the
pancreas of a rat model of type 2 diabetes mellitus:
Drug interactions with metformin, Biology, 9(1), 6
(2019).

Halban, P.A., Polonsky, K.S., Bowden, D.W.,
Hawkins, M.A,, Ling, C., Mather, K.J., Powers, A.C.,
Rhodes, C.J., Sussel, L. and Weir, G.C., p-cell failure
in type 2 diabetes: postulated mechanisms and
prospects for prevention and treatment, The Journal of
Clinical Endocrinology & Metabolism, 99(6), 1983-
1992 (2014).

El-Esawy, B., Alghamdy, A., El Askary, A. and
Elsayed, E., Histopathological evaluation of the
pancreas following administration of paricalcitol in
alloxan-induced diabetic Wistar rats, World Journal of
Pharmacy and Pharmaceutical Sciences, 5(3), 189-
198 (2016).

rats,

Egypt. J. Vet. Sci.



12 MONA H. HAFEZ et al.

SR U5 (b Sl iy o (B (el Copmaballl BB gl ) i)
5 Sl (2 a3 dbuaal) () 8 (B o auaslil) dgal) g Anlga) cladadl g caal)
s sl e i)

IHAJUJMA L) Sasdnl o sland F5 pdle ) iy o BBl Bl e

e A LY YYVOA ¢y uiuy) daala g shand) Calal) 340 (L ol gandll ad
e g Y] YYVAG iy aii) dasla s slanll calall A4S oy ylanll 4y oY) and
e Ay Y] YYVOA dy niy) dasla s ylandl alall S ASUIRYI La g1 L) ™

seildl
Aeayt A Gu.u‘)d&h.\d‘)ﬁ@:ﬁd\ &}J\ QAL;‘)S‘.J\ ela ki e Ui Coladll g bl Hall (e el cais
saal) ‘)\j)m\ din ) dhga Wilae liliat ‘).uu LuLu\ Lhalid (30 Cpaliidy ag ymall ¢l aa) L;AMSLJ\
@J\ il Al aall 308y Cilaliaa L;JSMJ\ e Alaal) Al );i_\ e bl ) Al Hall sda chdan 3 5al)
sl cliall Jala ((,.....;.“ 00 (s CS/QJA ]20) ul.mS)h(\ CAa Az \J\ﬁ 32 Jdw ad Andle Ale gana
£S5/l 15) Gl Ao sanas il Al il e yandll Sl sandl o3 Jadi g Sl s Aoyl ind
m\}edu\.usum wmbﬁw\dﬁ\@szdﬂ\uaﬂéﬂ\m?mj ‘((N.na.“u)ju,a
u\.\;mua.\s\.as M‘JMM).L\M u\ﬂ\u@yﬂ@b\@j&um\ ub\Pwmh)Su
ul)m 3Ac &_\laaﬁ ‘L;JS,..J\ ¢\.‘u MLAA\ u\).ﬁl\ ‘; Mcb.d\ c«l.m.\g\ d.\l;.\ ("Mb Lu.: J); @ u.ﬂ}uu\}“
aA.uS\}] d}.\; ‘)M_,A) u_u.\l_u‘)s.un mﬂhm)ﬂ.«j cm\ ?)-5“ ‘);_1 dAL‘;} seﬂ\ ‘)S.u u\.:_,.u.m &13;‘)\ L@_\A 54_:;_93_9.1.;&5
Shliae s Lo 3 ol pm) il siase Cuabil (oll3 ) LY (IL-6) 5 IL-1B) GSsSBY15 (s
VIS5 oAl ¢ g5 ¢ 5 g 23mS] s gm (a3 S 55 R 1aa3y chgudy Sl 3auSY)
Colaiul b Sl (8 Rt ity Gl e el s Al Lol Alaiad il ) celld e 3500
Lea¥l Slpdse b Lsale (aliai) @llis OS5 el ZO) any Jasale (S5 Ly Ll Ly LA
¢a u'a\‘):i 31 il OMSa Caad Oi Sy ~?L-"A‘ L eﬂ\ L;.J DS slall b gl (alasds) &= (_;JMSLJ\

LU Baliaall 5 (32uSY) Cilalian 5 caall S Aadlall lpaaibiad Juad; 5 Sl

Losb S| cém‘tﬂ\ Aea ¥ ¢malil) calgaly) eé)&d\ el iy LA Cailda g A1) clalsly

Egypt. J. Vet. Sci.



