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ABSTRACT

Background: Diabetes mellitus continues to be a public health concern. Vitamin D had sparked
widespread interest in the pathogenesis and prevention of diabetes. The aim of this study was to
investigate the effect of vitamin D (deficiency & treatment) with alteration in fasting plasma glucose,
insulin resistance in alloxan injected rat. Materials and methods: The experiment was carried out
using 40 male albino rats (Sprague Dawley) weighing 150+10g. Animals were randomly divided into
three groups; first group fed standard diet as a negative control group. Diabetic group injected
subcutaneously by alloxan, and fed on standard diet. The third group fed standard diet without vitamin
D for two weeks. After that glucose and insulin were determined in each rat of all groups to insure
alteration in fasting plasma glucose, insulin resistance, Homeostasis model assessment insulin
resistance (HOMA-IR) was calculated. Then the third group was divided to two subgroups. The first
subgroup fed basil diet with required vitamin D; while the second subgroup fed standard diet with
double dose vitamin D. At the end experiment (4 weeks), glucose, insulin, lipid profile, liver and renal
functions were determined in blood and serum, while (HOMA-IR) and LDL were calculated for
normal, diabetic group and both treatment subgroups. Results: Vitamin D deficiency group had the
nearest results to the diabetic group injected with alloxan group in: insulin, glucose and HOMA-IR.
Other groups had lower level than the other two groups in the same parameter. Our data explained the
improvement in glucose level after feeding with vitamin D. Diabetic group injected with alloxan had
increased in liver enzymes, renal function and lipid profile compared with other groups and showed
variable changes in histopathological examination. Conclusion: Vitamin D deficiency status is
associated with a higher risk of type 2 diabetes. Vitamin D improves glucose tolerance and insulin
sensitivity. Vitamin D has also been shown to reduce the risk of diabetes associated complications.
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INTRODUCTION

Diabetes mellitus is a metabolic disease that Vitamin D is the most important regulator of
can affect nearly every system in the body .* calcium homeostasis in the body by increasing
Low vitamin D status can be caused by number absorption of calcium from food and reducing
of factors, including insufficient cutaneous urinary calcium loss. It exerts important
synthesis (due to limited sunlight exposure or functions in skeletal development and bone
aging), inadequate intake and absorption of mineralization elaborated that by Holick °. Yet,
vitamin D, obesity or darker skin. Low blood vitamin D has no hormone activity itself. Once
levels of its main metabolite, 25(OH) D, have it enters the blood circulation, either
been linked to poor health outcomes such as synthesized in the skin or ingested, it is bound
fractures, poor physical function, diabetes, by the vitamin D binding protein and
osteoporosis, cancer, cardiovascular, transported to the liver for further
neurodegenerative, autoimmune and infectious metabolization. To become biologically active,
diseases .2 vitamin D needs two successive hydroxylations
Lips® explained that vitamin D and especially in the liver (at carbon 25) and in the kidney (at
its activated metabolite 1, 25-dihydroxyvitamin a position of carbon 1). In the kidneys, 25-
D3 (1,25D3), are involved in controlling the hydroxyvitamin D (25[OH] D) is converted to
normal function of the endocrine pancreas, and an activated (1, 25-dihydroxyvitamin D; 1,
particularly insulin secretion. Whereas Bourlon 25[0OH] 2D) as well as an inactivated (24, 25-
et al., * indicated that vitamin D deficiency dihydroxyvitamin D; 1, 25[OH] 2D) form. The
inhibits rat pancreatic secretion and turnover of vitamin D hormone, 1, 25(0OH2) D, exerts its
insulin, leading to impaired glucose tolerance, effects mainly by activating the nuclear vitamin
while replacement therapy with 1,25D3, and is D receptor (VDR), a member of the nuclear
able to reverse these abnormalities. receptor super-family of ligand activated
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transcription factors, and, when bound to this
receptor, associates with specific recognition
sequences called vitamin  D-responsive
elements, which are present in the promoter of
target genes and are involved in regulating their
own transcription explained this by Haussler et
al., . In addition Christakos et al, " and Vidal
et al., ®who were pointed out the mechanism of
this transcriptional regulation is very complex
and is only beginning to be unraveled. Classical
vitamin D-responsive elements and other
responsive sites are being discovered in genes
with important functions in the pancreatic b-
cells and in genes with key roles throughout the
immune system (e.g. cytokines, transcription
factors), making vitamin D an attractive
molecule to investigate in the context of
diabetes treatment.
The discovery of receptors for 1a,25-
dihydroxyvitamin D3 (1,25(0OH)2D3), the
activated form of vitamin D, in tissues with no
direct role in calcium and bone metabolism
(e.g. pancreatic beta cells and cells of the
immune system) has broadened our view of the
physiological role of this molecule.®® An
increased prevalence of type 2 diabetes has
been described in vitamin  D-deficient
individuals and insulin synthesis and secretion
have been shown to be impaired in beta cells
from vitamin D-deficient animals. Glucose
tolerance is restored when vitamin D levels
return to normal. *°

The aim of this study is to investigate the
role of hypovitaminosis D in the incidence and
complications of diabetes mellitus in
comparison with the effect of alloxan injection.

MATERIALS AND METHODS

Materials:

e Skimmed milk and corn starch were
purchased from local market, Cairo, Egypt.

e Chemicals: DL-methionine, choline
chloride, vitamins, minerals, alloxan and Kkits
required were obtained from EI-Gomhorya
Company for chemicals and Drugs, Cairo,
Egypt.

e Animals: Forty healthy adult male albino
rats "Sprague Dawley strain” weighing
(150+10g.) were obtained from vaccine and
immunity organization Helwan Farm, Cairo,
Egypt.

e Diets: The standard diet prepared as
previously described by Reeves et al, *! vitamin
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D was supplied by adding the required dose or
double dose.

Methods:

Biological Experiment:-

Forty adult male albino rats (Sprague Dawley
strain) weighing (150+10g) eight weeks old,
were kept in wire cages. The diet was
introduced to the rats in special food cups to
avoid scattering of food. Also water was
provided to the rats. Food and water were
provided ad-libitum and checked daily.

Induction of diabetes

Alloxan monohydrate 150 mg/kg body weight
was dissolved in normal saline (0.9 %) and
injected subcutaneously after 18 hours fasting
to induce hyperglycemia in experimental rats
according to Yanarday and Colak.*> The
experimental animals were fasted for 18 hours
before alloxan injection and the blood glucose
level (BGL) was monitored after alloxanization
in blood samples collected by tail tipping
method using a Glucometer. Rats with blood
glucose level greater than 150 mg/dl were
considered diabetic according to WHO.™ The
control cohort was administered normal saline
subcutaneously.

Experimental design

Forty healthy adult male albino rats were fed on
standard diet for one week for adaptation. After
this week, they were divided into three groups,
each group with similar total body weight and
were housed individually in wire cages. The
first main group (10 rats) fed on basal diet (as
a negative control group). The second main
group (10 rats) fed on standard diet and
injected with alloxan to induce diabetes in rats.
After three days glucose was determined in
each rat in the (first and second main group) to
insure induction of disease. The third main
group (20 rats) was fed standard diet without
vitamin D for two week then glucose was
determined in each rat to know the effect of
deficiency of vitamin D then divided to two
subgroups. The first subgroup (10 rats) fed on
standard diet containing required vitamin D.
The second subgroup (10 rats) fed on diet
containing double dose of vitamin D. The blood
glucose level (BGL) was monitored two time
each week, blood samples collected by tail
tipping method using a glucometer.

At the end of experiment (4 weeks), the
animals were fasted overnight, and then
sacrificed under anesthesia. Blood samples
were taken in dry centrifuge tubes from the
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hepatic portal vein. Serum was separated and
kept in plastic vial at -20°c until analysis.
Biochemical analysis:

Fasting glucose level was determined
by using a glucometer. Insulin was determined
in serum by wusing the enzyme linked
immunoassay (ELISA) method described by
Dhahir et al, ** Calculation of HOMA-IR as
the value of fasting insulin (uIU/ml) X fasting
glucose (mmol/L) divided by 22.5 according to
Pickavance et al.."® Determination of ALT and
AST were carried out according to the method
of Bergmeyer and Horder."® Gamma — GT
was determined according to Szasz. '’ Urea
nitrogen was determined in the serum
according to Tabacco et al."® Uric acid was
determined in the serum according to the
method described by Fossati et al. * Creatinine
forms colored complex when react with
alkaline picrate. This reaction described by
Houot® The quantitative enzymatic —
colorimetric determination of triglycerides in
serum was used according to Wahlefeld.”
Quantitative enzymatic colorimetric
determination of total cholesterol and HDL in
serum was determined according to Stein.?
Low-density lipoprotein (LDL) cholesterol
calculated according to Friedewald et al.®
Histopathological examination:

Livers and pancreas of sacrificed rats were taken
and immersed in 10% buffered neutral formalin
solution. The fixed specimens were then trimmed,
washed and dehydrated in ascending grades of
alcohol. They were then cleared in xylol,
embedded in paraffin, cut in sections of 4-6
microns thickness and stained with hematoxylin
and eosin according to Lambergton and
Rothstein.”

Statistical analysis:

Statistical analysis was carried out using the
program of Statistical Package for the Social
Sciences (SPSS), PC statistical software
(Version 22; Untitled—SPSS Data Editor).

The results were expressed as mean * standard
error (mean + S.E.). Data were analyzed using
one way classification, analysis of variance
(ANOVA). The differences between means
were tested for significance using least
significant difference (LSD) test at p<0.05.%

RESULTS

During experiment there was mortality of rat by
30% for injected alloxan group while the
percentage was 20% for group fed standard diet
without vitamin D (vitamin D deficiency
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group) and 37.5% for the group fed double of
the required dose of vitamin D.

Relation of vitamin D, glucose and insulin
sensitivity is available in table (1) which
showed that all groups had nearly the same
value of insulin except the group fed diet with
two times required of vitamin D, which had
increased insulin  value with significant
differences compared negative control. Vitamin
D deficiency group had the nearest levels in
glucose, and HOMA- IR level with alloxan
injected group and higher than other groups
with significant differences. Data in the table
(1) explained the improvement in glucose and
HOMA- IR level after feeding with vitamin D.
Liver function parameter showed in table (2), it
showed an increase in ALT and AST activities
in the group injected with alloxan compared to
other groups. This difference was significant
(p<0.05). Both subgroups fed vitamin D
displayed decrease in ALT and AST activities
than control or diabetic groups. GGT activity
recorded insignificant change between all
groups.

Kidney function parameters are present in table
(3). It displayed boost of urea level in the
alloxan group compared to other groups with
significant differences. There was an increase
in uric acid and creatinine level in group which
injected with alloxan only.

Lipid profile parameters of this study are
present in table (4). It showed elevation in the
triglycerides, total cholesterol and LDL value
in alloxan group compared to other groups.
While HDL demonstrates a decrease in alloxan
group, however there was an increase in group
fed two times required vitamin D. While both
group fed vitamin D required and control group
were insignificant.

The data from table (5) showed that feed intake
expressed a significant increase in rats of group
fed VD two time required (second subgroup).
There was a significant decrease in body
weight gain in diabetic group. Feed efficiency
ratio showed marked decrease in alloxan group
and both groups fed with Vit.D.

Histological Results

Liver:

Table (6) and picture (1) demonstrates the liver
of negative control group showing normal
histological structure of hepatic lobules. Liver
of rat injected with alloxan (positive control
group) showed hydropic degeneration of
hepatocytes, portal edema associated with
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inflammatory cells infiltration. Liver of group
fed diet supplemented with required vitamin D
(after 2 weeks fed diet deficiency Vitamin D)
(first ~ subgroup), revealed  cytoplasmic
vacuolization and fatty change of hepatocytes
(picture 3&4). The same group showed slight
cytoplasmic  vacuolization of hepatocytes
(picture 5). Liver of group supplemented with
double required vitamin D (after 2 weeks fed
diet deficiency Vitamin D) (second subgroup),
showed few perivascular inflammatory cell
infiltration (picture 6).

Pancreas:

From table (7) picture (1) for pancreas of rat
from group 1 as a negative group showed no
histopathological changes. Pancreas of group
injected with alloxan as positive control group
showed vacuolation of pancreatic acini and
vacillation, necrosis of islets of Langerhan’s
(photo 2&3). Pancreas of rat from first and
second subgroups showed the same result as
the normal control group "no histopathological
changes"” (photo 4&5).

DISCUSSION

Vitamin D deficiency inhibits pancreatic
secretion and turnover of insulin, resulting in
impaired glucose tolerance.”® Alloxan and its
reduction product dialuric acid establish a
redox cycle with the formation of superoxide
radicals. These radicals undergo dismutation to
hydrogen peroxide. Thereafter, highly reactive
hydroxyl radicals are formed by Fenton
reaction. The action of reactive oxygen species
with a simultaneous massive increase in
cytosolic calcium concentration causes rapid
destruction of pancreatic beta cells.?” There is
accumulating evidences to suggest that poor
vitamin D status is associated with a higher risk
of type 2 diabetes 2% ** put little information
exists on the association between vitamin D
status and change in glycemic measures. **
Results showed in table (1) were matching
with Chiu et al. *® who found a positive
correlation of 25-hydroxyvitamin D [25 (OH)
D] concentrations with insulin sensitivity.
Several studies have indicated a relationship
between vitamin D status and the risk of
diabetes or glucose intolerance. Vitamin D has
been proposed to play an important role and to
be a risk factor in the development of insulin
resistance and the pathogenesis of type 2 DM
by affecting either insulin sensitivity or B-cell
function, or both."® % 3 The biological
evidence implicating a potential influence of
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vitamin D on glucose homeostasis was
summarized by Pittas et al. *. Johnson et al, *°
who gave a brief statement of the main points
of the inferences for the manifold roles of
vitamin D include the presence of specific
vitamin D receptors (VDRs) on pancreatic 3-
cells; the expression of 1-a- hydroxylase
enzyme in pancreatic B-cells which catalyzes
the conversion of 25(0H) D to 1, 25-
dihydroxyvitamin D (1, 25(0H) 2D), * the
presence of a vitamin D response element in the
human insulin gene promoter. * In addition, 1,
25(0OH) 2D directly activates transcription of
the human insulin receptor gene, 38 activates
peroxisome proliferator activator receptor-8, *°
stimulates the expression of insulin receptor,
and enhances insulin-mediated  glucose
transport in vitro.** Few studies have examined
the predictive value of 25 (OH) on future risks
of type 2 diabetes mellitus. ** 3 ** Forouhi et
al. 3 found baseline 25(0OH) D to be inversely
associated with fasting glucose, fasting insulin,
and  homeostasis model  assessment-IR
(HOMA-IR) at the 10-year follow up of the
Medical Research Council Ely Prospective
Study (European-origin adults), and
independent of baseline outcome values. Also
the results in this study agree with Tuorkey
and Abdul-Aziz ** who showed that vitamin D
improves glucose tolerance. Vitamin D could
also prevent type 2 diabetes through its role as
an efficient antioxidant. Type 2 Diabetes is
associated with systemic inflammation so that
there was increase in liver enzymes showed in
the same table for alloxan group. Systemic
inflammation has been linked primarily to
insulin resistance but elevated cytokines may
also play a role in beta-cell dysfunction by
triggering beta-cell apoptosis. Vitamin D may
improve insulin sensitivity and promote beta-
cell survival by directly modulating the
generation and effects of cytokines.*®

Data in table (2) illustrated the liver functions
for different groups of rats injected with
alloxan and other received diet added two
levels with vitamin D. The most common liver

function  tests  (LFTs) include  the
aminotransferases, such as alanine
aminotransferase  (ALT) and  aspartate
aminotransferase ~ (AST),  measure  the

concentration of intracellular hepatic enzymes
that have leaked into the circulation and serve
as a marker of hepatocyte injury. y-glutamyl
trans peptidase (GGT) act as markers of biliary
function and cholestasis. Chronic  mild
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elevation of transaminases is frequently found
in type 2 diabetic patients.* Hamden et al. ®
concluded that la, 25(OH) , VD3 might be
useful for the therapy and prevention of
diabetes and the numerous side effects
especially toxicity in liver. This protective
effect showed when reduced toxicity in liver by
significantly aspartate and lactate transaminase
(AST and ALT) activities, in diabetic rats. The
excess in free fatty acids found in the insulin-
resistant state is known to be directly toxic to
hepatocytes. Putative mechanisms include cell
membrane disruption at high concentration,
mitochondrial dysfunction, toxin formation,
and activation and inhibition of key steps in the
regulation of metabolism.”® Other potential
explanations for elevated transaminases in
insulin-resistant states include oxidant stress
from reactive lipid peroxidation, peroxisomal
beta-oxidation, and recruited inflammatory
cells.*” All attribute elevated transaminases to
direct hepatocyte injury. It is also hypothesized
that elevation in ALT, a gluconeogenic enzyme
whose gene transcription is suppressed by
insulin, could indicate impairment in insulin
signaling rather than purely hepatocyte injury.*®
Results obtained by Ohlson et al. * with
similar results, concluded by Vozaroza et al. 50
that higher ALT is a risk factor for type 2
diabetes and indicates a potential role of
increased hepatic gluconeogenesis and/or
inflammation in the pathogenesis of type 2
diabetes. GGT is a nonspecific marker that is
known to rise in patients with type 2 diabetes.
GGT increases in diabetes, and increases in
BMI, it has been proposed as another marker of
insulin resistance.*

Table (3) displays kidney function for different
groups, rat injected with alloxan and other
received diet added two levels of vitamin D.
The major long-term complications relate to
damage to blood vessels. Diabetes doubles the
risk of cardiovascular disease and about 75% of
deaths in diabetics are due to coronary artery
disease and Kkidney vessels. Other "macro
vascular" diseases are stroke, and peripheral
vascular disease.”® Previous studies reported
that Calcitriol, 1, 25-dihydroxyvitamin D3, and
its analogs have been shown to have
therapeutic potential in attenuating
experimentally induced kidney disease. >*°*>>%
Hamden et al. *® concluded that lo, 25(OH)
2VD3 might be useful for the therapy and
prevention of diabetes and the numerous side
effects especially kidney toxicity. This

81

therapeutic effect occurred when reduced
creatinine and urea levels in rats treated with
vit. D.

The lipid abnormalities associated with type 2
diabetes is defined by a high concentration of
TG and small dense LDL and a low
concentration of HDL cholesterol. Plasma LDL
cholesterol levels are generally normal. Insulin
resistance is believed to contribute to this
atherogenic dyslipidemia by increasing the
hepatic secretion of VLDL and other
apolipoprotein (apo) B-containing lipoprotein
particles, as a result of increased free fatty acid
flux to the liver.>”*® This may also be the result
of a diminished suppressive effect of insulin on
apoB secretion, either at the level of the
regulation of apoB degradation, or inhibition of
microsomal TG transfer protein activity.”
These beforehand studies explained data
obtained in the present study (table 4). In
animal models, chronic hyperinsulinemia is
found to predispose the liver to relative
resistance to insulin. This is characterized by a
failure of insulin to signal an increase in insulin
receptor substrate-2. Upregulation of sterol
regulatory element-binding protein 1c (SREBP-
1c) also occurs, leading to increased
lipogenesis.®® Despite down-regulation of the
insulin receptor substrate-2-mediated insulin
signaling pathway in insulin-resistant states, the
up-regulation of SREBP-1c and subsequent
simulation of de novo lipogenesis in the liver
leads to increased intracellular availability of
triglycerides, promoting fatty liver. This also
increases VLDL assembly and secretion.®
Thus; hyperinsulinemia might directly lead to
hepatic insulin resistance with associated fatty
changes. Through the action of cholesterol
ester transfer protein, TGs are transferred from
VLDL to HDL, creating TG-rich HDL
particles, which are hydrolyzed by hepatic
lipase and rapidly cleared from plasma.®A
similar cholesterol ester protein-mediated
transfer of TGs from VLDL to LDL contributes
to the formation of small dense LDL particles.®
Hamden et al.”® concluded that la, 25(OH)
2VD3 might be useful for the therapy and
prevention of diabetes and the numerous side
effects especially toxicity by significantly
triglycerides (TG), total cholesterol, in diabetic
rats. Moreover, the plasmatic non-enzymatic
antioxidant level of HDL-cholesterol, increased
after 1a, 25 (OH) 2VD3 administrations.
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Data in table (5) showed biological parameter
(Feed intake, Body weight gain and Feed
efficiency ratio) for different groups of rats
received alloxan and vitamin D. Results
illustrated significant decrease with biological
parameter for group injected with alloxan and
improved with VD.  These results were in
harmony with Nyomba et al. ® who observed
that the injection of streptozotocin reduced
body weights and feed intake. Treatment with
1,25D3 to rats increased body weights.

Table (6) showed the liver histological
structure. Liver histological picture showed
degenerative changes in alloxan injection
group. Other treatment group with vitamin D
had little improvement in liver tissue. This
results are in agreement with Hamden et al., *
who reported that 1o, 25(OH) 2VD3 might be
useful for the therapy and prevention of
diabetes and the numerous side effects
especially toxicity in liver. The insulin-resistant
state is also characterized by an increase in pro-
inflammatory cytokines such as tumor necrosis
factor-o. (TNF-a)), which may also contribute to
hepatocellular injury.*’

Photos of table (7) showed the pancreas
histological structure. When groups fed diet
with both double dose of vitamin D, there were
amelioration in histological picture of the
pancreatic tissue. Pancreas of rat from first and
second subgroups were given the same results
as the normal control group "without abnormal
histopathological changes". This result is
confirmed by Hamden et al., * who said the
administration of 1a, 25 (OH) 2VD3 in diabetic
rats  protects  against  alloxan-induced
histological changes in pancreas.

CONCLUSION

Based on findings obtained from the present
study, vitamin D as a source to  la, 25(OH)
2VD3 might be useful for amelioration and
prevention of diabetes and to avoid the
numerous side effects especially toxicity in
some organs.
REFERENCES
1 Sicree R, Shaw J and Zimmet P (2006):
Prevalence and projections. In: Diabetes Atlas. 3rd
ed. Brussels, Belgium: International Diabetes
Federation, 16-104.
2 Milaneschi Y, Shardell M, Corsi AM, Vazzana
R, Bandinelli S, Guralnik JM and Ferrucci L
(2010): Serum 25-hydroxyvitamin D and depressive

82

symptoms in older women and men. J. Clinical
Endocrinal Metabolism, 95(7):3225-3233.

3 Lips P (2006): Vitamin D physiology, J. Prog
Biophys Mol Bio., 92:4-8.

4 Bourlon PM, Billaudel B and Faure-Dussert A
(1999): Influence of vitamin D3deficiency and 1, 25
dihydroxyvitamin D3 on the novo insulin
biosynthesis in the islets of the rat endocrine
pancreas. J. Endocrinol., 160:87-95.

5 Holick MF (2003): Vitamin D: a millennium
perspective. J. Cell Biochemistry, 88: 296 -307.

6 Haussler MR, Whitfield GK, Haussler CA,
Hsieh JC, Thompson PD, Selznick SH,
Dominguez CE and Jurutka PW (1998): The
nuclear vitamin D receptor: biological and
molecular regulatory properties revealed. J. Bone
Miner Res., 13:325-49.

7 Christakos S, Barletta F, Huening M, Dhawan
P, Liu Y, Porta A and Peng X (2003): Vitamin D
target proteins: function and regulation. J. Cell
Biochemistry, 88: 238-44.

8 Vidal M, Ramana CV and Dusso AS (2002):
Statl-vitamin D receptor interactions antagonize 1,
25-dihydroxyvitamin D transcriptional activity and
enhance statl-mediated transcription, J. Mol Cell
Biol., 22: 2777-87.

9 Holick MF (2003): Vitamin D: a millenium
perspective. J. Cell Biochemistry, 88:296-307.

10 Chiu KC, Chu A, Go VLW and Saad MF
(2004): “Hypovitaminosis D is associated with
insulin resistance and B cell dysfunction,” The
American J. of Clinical Nutrition, 79( 5): 820-825.

11 Reeves PG, Nielsen FH and Fahey GC (1993):
AIN-93 Purified diets for laboratory rodents: Final
report of the American Institute of Nutrition Ad Hoc
writing Committee on the Reformulation of the
AIN-76, A Rodent diet, J. Nutr., 123:1939-1951.

12 Yanarday R and Colak H (1998): Effect of
(Chard Beta Vulgaris L Varcicla) on blood Glucose
levels in normal and alloxan-induced rabbit, J.
Pharmacol. Comm., 4:309-11

13 World Health Organization WHO, (1999): Part
1: Diagnosis and Classification of Diabetes Mellitus.
14 Dhahir FJ, Cook DB and Self CH (1992):
Amplified Enzyme-Linked Immunoassay of human
proinsulin in serum. J. Clin. Chem., 38: 227.

15 Pickavance LC, Tadayyon M, Widdowson PS,
Buckingham RE and Wilding JP (1999):
Therapeutic index for rosiglitazone in dietary obese
rats. Sepration of efficacy and haemodilution, Br. J.
pharmacol., 128: 1570-1576.

16 Bergmeyer H U and Horder M (1980):
Methods for the measurement of catalytic
concentration of enzymes, J. Clin. Chem. Clin.
Biochem., 18: 521-534.

17 Szasz G (1969): Gamma- GT method of Szasz,
method, J. Clin. Chem., 15: 124-136.

18 Tabacco A; Meiattini F; Moda E and Tarli P
(1979): Simplified enzymatic / colorimetric serum


http://www.ncbi.nlm.nih.gov/pubmed/?term=Dominguez%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=9525333
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jurutka%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=9525333

Hanaa EL-Sayed et al

urea nitrogen determination. J. Clin. Chem., 25:
336-337.

19 Fossati, P, Prencipe L and Berti G (1980): Use
of 3,5-dichloro-2-hydroxybenzene sulfonic acid /4-
aminophenazone chromogenic system in direct
enzymatic assay of uric acid in serum and urine, J.
Clin. Chem., 26: 227-231.

20 Houot O (1985): Interpretation of clinical
laboratoty tests, pp 220-234, Edited by Siest G.;
Henny J.; Schiele F. and Young D.S. Biomedical
pubilications.

21 Wabhlefeld AW (1974): In methods of
Enzymatic Analysis, vol. 5HU Bergmeyer, Ed.
Academic Press, New York, pp. 1831-1835.

22 Stein E A (1986): In textbook of clinical
chemistry, NW Tiez, Ed. W.B. Sander, Philadelphia,
p.p. 879-886, 1818, 1829.

23 Friedewald WT, Levy RI and Fredriek-Son
DS (1972): Estimation of concentration of low-
density lipoproteins separated by three different
methods, J. Clin. Chem., 28: 2077.

24 Lambergton S and Rothstein R (1988):
Laboratory manual of histology and cytology 2™ Ed.
pp.137-140. A.V.l. publishing company, Inc., west
port Connecticut, USA.

25 Sendcor G and Cochran W (1979): Statistical
method 6" ed. Lowa state collage U. S. A : 841.

26 Bourlon PM, Billaudel B and Faure-Dussert A
(1999): Influence of vitamin D3 deficiency and 1,
25 dihydroxyvitamin D3 on de novo insulin
biosynthesis in the islets of the rat endocrine
pancreas. J. Endocrinol., 160:87-95.

27 Szkudelski T (2001): The Mechanism of
Alloxan and Streptozotocin Action in B Cells of the
Rat Pancreas, J. Physiol. Res., 50: 536-546,

28 Pittas AG, Dawson-Hughes B, Li T, Van Dam
RM, Willett WC and Manson JE (2006): Vitamin
D and calcium intake in relation to type 2 diabetes
in women. J. Diabetes Care, 29: 650—656.

29 Pittas AG, Lau J, Hu FB and Dawson-Hughes
B (2007b): The role of vitamin D and calcium in
type 2 diabetes; A systematic review and meta-
analysis, J. Clin. Endocrinol. Metab., 92, 2017-2029
30 Mattila C, Knekt P, and Mannisto S, (2007):
Serum 25 -hydroxyvitamin D concentration and
subsequent risk of type2 diabetes,” J. Diabetes Care,
30( 10): 2569-2570.

31 Forouhi G, Luan J, Cooper A, Boucher BJ
and Wareham NJ (2008): Baseline serum 25-
hydroxy vitamin d is predictive of future glycemic
status and insulin resistance the medical research
council Ely prospective study 1990-2000,”
Diabetes,20:222-234

32 Deleskog A, Hilding A, Brismar K, Hamsten
A, Efendic S and Ostenson CG (2012): “Low
serum  25-hydroxyvitamin D level predicts
progression to typ e 2 diabetes in individuals with
prediabetes but not with normal glucose tolerance,”
J. Diabetologia, 55: 1668—1678.

83

33 Forouhi NG, Ye Z, Rickard AP, Khaw KT,
Luben R, Langenberg C and Wareham NJ
(2012): “Circulating 25- hydroxyvitamin D
concentration and the risk of type 2 diabetes: results
fromthe European Prospective Investigation into
Cancer (EPIC)-Norfolk cohort and updated
metaanalysis  of  prospective  studies,”  J.
Diabetologia, 55(8): 2173-2182.

34 Pittas AG, Harris SS, Stark PC and Dawson-
Hughes B (2007a): The effects of calcium and
vitamin D supplementation on blood glucose and
markers of inflammation in non-diabetic adults. J.
Diabetes Care, 30, 980-986.

35 Johnson JA, Grande JP, Roche PC and
Kumar R (1994): “Immunohistochemically
localization of the 1, 25(0OH) 2D3 receptor and
calcimedin D28k in human and rat pancreas,”
American J. of Physiology, 267( 3) :15-20.

36 Bland R, Markovic D, Hills CE, Hughes SV,
Chan SL and Squires PE(2004): Expression of 25-
hydroxyvitamin D3-1alpha-hydroxylase in
pancreatic islets, J. of Steroid Biochemistry and
Molecular Biology, 89-90(1-5):121-125.

37 Maestro B, Davila N, Carranza MC and Calle
C (2003): Identification of a Vitamin D response
element in the human insulin receptor gene
promoter,” J. of Steroid Biochemistry and
Molecular Biology, 84( 2-3): 223-230.

38 Maestro B, Molero S, Bajo S, Davila N and
Calle C (2002): Transcriptional activation of the
human insulin receptor gene by 1, 25-
dihydroxyvitamin D3,” J. Cell Biochemistry and
Function, 20( 3): 227-232.

39 Dunlop TW, Vaisdnen S, Frank C, Molnar F,
Sinkkonen L and Carlberg C, (2005): The human
peroxisome proliferator-activated receptor delta
gene is a primary target of lalpha,25-
dihydroxyvitamin D3 and its nuclear receptor, J.
Mol Biol., 349: 248-260

40 Maestro, B Campion, J Davila, N and Calle, C
(2000): Stimulation and insulin responsiveness for
glucose transport in U-937 human promonocytic
cells” J. Endocrine, 47( 4): 383-391.

41 Knekt P1, Laaksonen M, Mattila C,
Héarkénen T, Marniemi J, Helibvaara M,
Rissanen H, Montonen J and Reunanen
A.(2008): Serum vitamin D and subsequent
occurrence of type 2 diabetes. J. Epidemiology, 19
(5):666-71.

42 Tuorkey MJ and Abdul-Aziz KK (2010):
Strategies for diabetes and pathways of vitamin D.
Diabetes & Metabolic Syndrome: J. Clinical
Research & Reviews, 4( 2): 101-110.

43 Milner KL, Van Der Poorten D, Trenell M,
Jenkins AB, Xu A, Smythe G, Dore, GJ and
Zekry, A (2010): "Chronic hepatitis C is associated
with  peripheral rather than hepatic insulin
resistance". J. Gastroenterology, 138 (3): 932-41.
44 Elizabeth H and Harris MD (2009): Elevated
Liver Function Tests in Type 2 Diabetes is a fellow


http://www.ncbi.nlm.nih.gov/pubmed/?term=Forouhi%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=22526608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ye%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22526608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rickard%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=22526608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khaw%20KT%5BAuthor%5D&cauthor=true&cauthor_uid=22526608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luben%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22526608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Langenberg%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22526608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wareham%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=22526608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knekt%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18496468
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laaksonen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18496468
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mattila%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18496468
http://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A4rk%C3%A4nen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18496468
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marniemi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18496468
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heli%C3%B6vaara%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18496468
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rissanen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18496468
http://www.ncbi.nlm.nih.gov/pubmed/?term=Montonen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18496468
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reunanen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18496468
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reunanen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18496468
http://www.ncbi.nlm.nih.gov/pubmed/18496468
http://www.sciencedirect.com/science/journal/18714021
http://www.sciencedirect.com/science/journal/18714021
http://www.sciencedirect.com/science/journal/18714021/4/2

Role of Hypovitaminosis D...

at the University of North Carolina, Chapel Hill.
American Diabetes Association

45 Hamden K, Carreau S, Jamoussi K , Miladi
S, Lajmi S, Aloulou D, Ayadi F and ELFeki A
(2009): 10,25 Dihydroxyvitamin D3: Therapeutic
and Preventive Effects against Oxidative Stress,
Hepatic, Pancreatic and Renal Injury in Alloxan-
Induced Diabetes in Rats, J. of Nutritional Science
and Vitaminology, 55 (3): 215-222

46 Neuschwander-Tetri BA and Caldwell S
(2003): Nonalcoholic steatohepatitis: summary of
AASLD single topic conference. Hepatology, 37:
1202-1219

47 Grove J, Daly AK, Bassendine MF and Day
CP (1997): Association of a tumor necrosis factor
promoter polymorphism with susceptibility to
alcoholic steatohepatitis. J. Hepatology, 26:143 -
146, 1997

48 O'Brien RM and Granner DK (1991):
Regulation of gene expression by insulin. J.
Biochem., 278: 609-619

49 Ohlson LO, Larsson B, Bjorntorp P, Erksson
H, Svardsudd K, Welin L, Tibblin G and
Wilhelmsen L (1988): Risk factors for type 2
diabetes mellitus: thirteen and one-half years of
follow-up of the participants in a study of Swedish
men born in 1913. J. Diabetologia, 31:798 -305,
1988

50 Vozarova B, Stefan N, Lindsay RS, Saremi A,
Pratley RE, Bogardus C and Tataranni PA
(2002): High alanine aminotransferases is associated
with decreased hepatic insulin sensitivity and
predicts the development of type 2 diabetes. J.
Diabetes, 51

51 Wannamethee G, Ebrahim S, and Shaper AG
(1995): (Gamma-glutamyltransferase: determinants
and associations with mortality from ischaemic
heart disease and all causes. Am J Epidemiol.,
42:699 -708

52 Ohman .O'Gara PT, Kushner FG, Ascheim
DD, Casey DE, Chung MK, de Lemos JA,
Ettinger SM, Fang JC, Fesmire FM, Franklin
BA, Granger CB, Krumholz HM, Linderbaum
JA, Morrow DA, Newby LK, Ornato JP, Ou N,
Radford MJ, Tamis-Holland JE, Tommaso CL,
Tracy CM, Woo YJ, Zhao DX, Anderson JL,
Jacobs AK, Halperin JL, Albert NM, Brindis
RG, Creager MA, DeMets D, Guyton RA,
Hochman JS, Kovacs RJ, Kushner FG, Ohman
EM, Stevenson WG and Yancy CW (2013):
ACCF/AHA guideline for the management of ST-
elevation myocardial infarction: a report of the
American College of Cardiology
Foundation/American Heart Association Task Force
on Practice Guidelines.". Circulation, 127 (4): e362—
425,

53 Kuhlmann A, Haas CS, Gross ML, Reulbach
U, Holzinger M, Schwarz U, Ritz E and Amann
K (2004): 1,25-Dihydroxyvitamin D3 decreases

84

podocyte loss and podocyte hypertrophy in the
subtotally nephrectomized rat. Am J. Physiol Renal
Physiol., 286: F526—F533

54 Makibayashi K, Tatematsu M, Hirata M,
Fukushima N, Kusano K, Ohashi S, Abe H, Kuze
K, Fukatsu A, Kita T and Doi T (2001): A vitamin
D analog ameliorates glomerular injury on rat
glomerulonephritis. Am. J. Pathol., 158: 1733-1741
55 Panichi V, Migliori M, Taccola D, Filippi C,
De Nisco L, Giovannini L, Palla R, Tetta C and
Camussi G (2001): Effects of 1,25(0OH)2D3 in
experimental mesangial proliferative nephritis in
rats. Kidney Int., 60: 87-95

56 Schwarz U, Amann K, Orth SR,
Simonaviciene A, Wessels S and Ritz E (1998):
Effect of 1,25(OH)2  vitamin D3 on
glomerulosclerosis in subtotally nephrectomized
rats. Kidney Int., 53: 1696-1705

57 Krauss RM and Siri PW (2004): Dyslipidemia
in type 2 diabetes, j. Med Clin Nut Am., 88: 897-
909

58 Laws A, Hoen HM, Selby JV, Saad MF,
Haffner SM and Howard BV(1997): Differences
in insulin suppression of free fatty acid levels by
gender and glucose tolerance status: relation to
plasma triglyceride and apolipoprotein B
concentrations: Insulin Resistance Atherosclerosis
Study (IRAS) Investigators, J. Arterioscler Thromb
Vasc Biol., 17: 64— 71

59 Malmstrom R, Packard CJ, Caslake M,
Bedford D, Stewart P, Yki-Jarvinen H, Shepherd
J and Taskinen MR (1997): Defective regulation
of triglyceride metabolism by insulin in the liver in
NIDDM. J. Diabetologia, 1997; 40: 454— 462

60 Shimomura I, Matsuda M, Hammer RE,
Bashmakov Y, Brown MS and Goldstein JL
(2000): Decreased IRS-2 and increased SREBP-1c
lead to mixed insulin resistance and sensitivity in
livers of lipodystrophic and ab/ab mice, J. Mol Cell,
6: 77-86

61 Lewis GF, Carpentier A, Khosrow A and
Giacca A (2002): Disordered fat storage and
mobilization in the pathogenesis of insulin
resistance and type 2 diabetes, J. Endocr Rev., 23:
201-229

62 Hopkins GJ and Barter PJ (1986): Role of
triglyceride-rich lipoproteins and hepatic lipase in
determining the particle size and composition of
high density lipoproteins. J Lipid Res., 27: 1265—
1277

63 Berneis KK and Krauss RM (2002): Metabolic
origins and clinical significance of LDL
heterogeneity. J Lipid Res., 43: 1363— 1379

64 Nyomba BL, Bouillon R, Lissens W and Van
Baelen H (1985): De Moor P: 1,25-
Dihydroxyvitamin D and vitamin D-binding protein
are both decreased in streptozotocin-diabetic rats. J.
Endocrinology,116(6):2483-2488.


https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Khaled+HAMDEN
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Serge+CARREAU
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Kamel+JAMOUSSI
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Slaheddine+MILADI
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Samiha+LAJMI
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Dorra+ALOULOU
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Fatma+AYADI
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Abdelfattah+ELFEKI
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Abdelfattah+ELFEKI
https://www.jstage.jst.go.jp/AF06S010SryTopHyj?sryCd=jnsv&noVol=55&noIssue=
https://www.jstage.jst.go.jp/AF06S010SryTopHyj?sryCd=jnsv&noVol=55&noIssue=3

Table (1) Insulin, Glucose and (HOMA- IR) for different rat groups injected with alloxan and received
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diet with or without vitamin D

Vitamin D groups
Alloxan - -
Parameter V€ €ontrol group VitaminD | Group fed Group fed
group (+ve control) Deficiency | single dose double dose
group of Vitamin D of Vitamin D
Insulin 58+0.1° | 57402 | 59+02%d | 5g+Q 12cd 6.6+0.1°
(UIU/ml)
Sig. with ; 0.688 0.649 0.786 0.001
control
Glucose 05.843.7% |481.7+49.7° |424.6+46.6™ |153.0+31.2%% 114.0+28.1%%
(mmol/L)
Sig. with ; 0.001 0.001 0.946 0.943
control
HOMA-IR | 24.7+1.0° | 122.0+9.1° | 111.3+2.7° | 39.4+5.0° 33.4+48.9°
Sig. with - 0.001 0.001 0.001 0.001
control

Mean values subscribed with different letters show significant differences between these values a calculated by
ANOVA and LSD at P<0.05.

Table (2) Liver functions for different groups rat injected with alloxan and received diet with vitamin D

+ve Control Vitamin D groups
Parameter -ve Control group Group fed Group fed
group Alloxan single dose double dose
injected of Vitamin D of Vitamin D
ALT (U/L) 29+5.2° 62+14.3" 23+2.5% 20+0.1%
Sig. with control - 0.006 0.676 0.329
AST (U/L) 55+9.8° 125+18.9° 41+2.7% 38.3+3.2%
Sig. with control - 0.008 0.545 0.501
GGT(U/L) 28.6 +0.9° 30.5+1.2% 29.8+1.0%° 26.3+0.5"
Sig. with control - 0.186 0.321 0.150

Mean values subscribed with different letters show significant differences between these values a calculated by
ANOVA and LSD at P<0.05.

Table (3) Kidney function for different groups rat injected with alloxan and received diet with vitamin D

Vitamin D groups
Control roup fed roup fed
Parameter Alloxan grou group group
group group single dose double dose
of Vitamin D of Vitamin D
Creatinine mg/dl 1.02+0.15° 1.6520.79" 1.1+0.24% 0.8 +£0.06™
Sig. with - 0.131 0.890 0.561
control
Uric Acid mg/dI 2.8+0.1° 3.15+0.7% 2.8+0.3% 2.67+0.27%
Sig. with - 0.511 1.000 0.817
control
Urea mg/dl 23.4 +4.2° 113.25+27.0° 29.2+4,3% 23.3+3.3%
S1g. with : 0.001 0.770 0.997
control

Mean values subscribed with different letters show significant differences between these values a calculated by

ANOVA and LSD at P<0.05.
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Table (4) Lipid profile for different groups rat injected with alloxan and received diet with vitamin D

Vitamin D groups
Control Alloxan
Group fed

Parameter group group | Group fed | 40 e

single dose of of Vitamin

Vitamin D

D

Triglyceride 61.6+¢3.0°|  85.755.9" 70.75:2.8° | 72.0¢6.1*"
(mg/dL)
Sig. with i 0.000 0.770 0.997
—ve control
T. Cholesterol 132.4+46°|  17054169° | 125.8450% | 131450
(mg/dL)
Sig. with i 0.012 0.617 0.923
control
HDLc 48.9+2.4°|  38.7£1.7° 45.42.4% | 54.9+0.37°
(mg/dL)
Sig. with control - 0.015 0.603 0.248
LDLc (mg/dL) 75.8+32%|  106.4+136° | 70.1.4%7.1° |  61.6+2.64%
Sig. with control - 0.001 0.060 0.001

Mean values subscribed with different letters show significant differences between these values a calculated
by ANOVA and LSD at P<0.05.

alloxan and received diet with vitamin D

Table (5): Feed intake, Body weight gain and Feed efficiency ratio for different groups rat injected with

Vitamin D deficiency group
Parameter Control group| Alloxan group | Group fed Group fed
single dose double dose
of Vitamin D of Vitamin D
Feed 16.1+0.76 12.240.13" 17.0%0.55° 25+0.85¢
intake g/day
Sig. with ; 0.001 0.001 0.001
control
Body weight gain 38.2+12.1° 11.4+9.3° 24,042 5° 35545 5%
g/period
Sig. with
control . 0.001 0.003 0.334
Feed efficiency ratic b § J
0.084? 0.033 0.05° 0.05°
Sig. with
control : 0.001 0.001 0.001

Mean values subscribed with different letters show significant differences between these values a calculated by
ANOVA and LSD at P<0.05.
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Table (6): Photomicrographs of the Liver

Picture (1) liver of neative control group Picture (2): liver of rat injected with alloxan o
(H & E X 400). (H & E X 400).
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Picture (3): liver of first subgroup, ~|Picture (4): Liver of rat from first subgroup
(H&E X 400). (H&E X 400).
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Picture (5): Liver of rat from first subgroup Picture (6): Liver of rat from second subgroup
(H&E X 400). (H&E X 400).
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Table (7): Photomicrographs of the Pancreas
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Picture (3): Pancreas of rat from positive control | Picture (4): Pancreas of rat from first subgroup
group (H&E X 400).
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Picture (5): Pancreas of rat from secound subgroup (H & E X 400).
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