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Abstract

Background: Obesity is a significant worldwide health 
challenge that reults in various complications as well as persis-
tent low-grade inflammation.

Aim of Study: The current study aimed to investigate the 
possible effects of vitamin D supplementation with or with-
out added calcium on; obesity indices, obesity-induced insu-
lin resistance, resident immune cells and local inflammatory 
response.

Material and Methods: 32 adult male Wistar albino rats 
were assigned into 2 groups: (1) The Control group, and (2) 
Obesity group. Obesity was induced by giving rats high-fat diet 
(HFD) for four weeks. Obesity was confirmed by BMI. Vita-
min D and calcium were supplemented to the obesity subgroups 
(2B,2C) for 4 weeks. At the end of the study, epididymal adi-
pose tissue was collected and weighed. Serum active vitamin D, 
fasting insulin and glucose levels were measured, HOMA-IR 
was calculated then lipase enzyme gene expression, Uncou-
pling protein UCP2 gene expression, tumour necrosis factor-al-
pha: (TNF-α), Interleukin-6 (IL6), IL 10 and resident CD4 and 
CD8 T lymphocytes were measured in the adipose tissue.

Results: Supplementation of vitamin D significantly de-
creased BMI, weight gain, epididymal fat weight, fasting se-
rum glucose and insulin levels, insulin resistance, adipose tis-
sue TNF-alpha, IL-6 and CD8 T cells. However, it didn’t cause 
a significant change in adipose tissue CD4 T cells. On the other 
hand, it significantly increased adipose tissue gene expression 
of UCP-2 and lipase enzyme, adipose tissue IL-10 and serum 
vitamin D levels. Co-supplementation of calcium together with 
vitamin D caused significant improvement in obesity indices, 
adipose tissue UCP2 and lipase enzyme gene expression as well 
as adipose tissue IL10 compared to vitamin D alone supple-
mentation. However, no added difference was observed in other 
measured parameters.

Conclusion: Co-supplementation of vitamin D with calci-
um could have a synergistic effect on reducing body weight and 
combatting obesity-induced insulin resistance, adipose tissue 
inflammation and immune disorders.

Key Words: Obesity – Vitamin D – Calcium – Immune and in-
flammatory response – Adipose tissue.

Introduction

OBESITY is a significantly increasing worldwide 
problem.  It is a major health challenge that can lead 
to various metabolic complications including insu-
lin resistance (IR), hyperlipidemia, hypertension, 
and atherosclerosis [1].

A paradigm shift has taken place in understand-
ing the biology of adipose tissue (AT). Adipose tis-
sue is now regarded as an endocrine organ secreting 
numerous factors which exert specific functions in 
target tissues. AT seems to play a major & essential 
role as both a source and site of inflammation [2].

Growing evidence suggests that the primary 
pathophysiological factor causing metabolic com-
plications in obesity is adipocyte dysfunction. AT 
regulates metabolism through diverse immunolog-
ical mechanisms that have given rise to a novel area 
of research known as immunometabolism [3]. 

Adipose tissue and the immune system are inti-
mately related. AT is now regarded as an active im-
munological organ with multiple roles in maintain-
ing overall physiological homeostasis. AT contains 
immune cells that often exhibit functions different 
from similar cells in other parts of the body. These 
resident immune cells are crucial for preserving tis-
sue and immune balance [4]. It has been reported 
that even mild degrees of overweight or obesity in-
duce changes in the immunological function of ad-
ipose tissue and cause a shift in the morphologies 
and numbers of immune cells [5]. 
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Interestingly, it has been revealed that inflam-
mation caused by obesity, mediated by the immune 
cells in adipose tissue, contributes to the develop-
ment of obesity-induced IR [6]. In addition, obesity 
promotes the formation of AT fibrosis, a condition 
linked to IR [7].

Vitamin D generally plays a significant role in 
regulating the immune system [8]. There is strong 
cellular evidence that vitamin D reduces inflamma-
tion [9]. Additionally, vitamin D plays a significant 
role in energy balance. The presence of nuclear and 
membrane vitamin D receptors in adipocytes indi-
cates that the adipose tissue responds to vitamin D 
[10]. Low vitamin D levels have been suggested to 
be associated with obesity [11]. Nevertheless, there 
hasn’t been enough evidence from clinical trials to 
conclude the effectiveness of vitamin D supplemen-
tation in obesity.

In addition, consistent evidence is present 
showing that calcium increases the oxidation of fat 
throughout the body and increases the outflow of fat 
in feces [9]. Some studies suggest that individuals 
with high calcium intake are less likely to be over-
weight or obese [12].

However, it’s still debatable if obesity and cal-
cium are related. Moreover, vitamin D and calcium 
were suggested to influence glucose tolerance. The 
effects of combined vitamin D and calcium supple-
mentation on glucose metabolism have not been ex-
tensively studied [13].

The current study aims to investigate the pos-
sible effects of vitamin D supplementation with or 
without calcium on obesity indices, obesity-induced 
insulin resistance, resident immune cells and local 
inflammatory response.

Material and Methods

Ethical approval:
The study included thirty-two mature male Wis-

tar albino rats (150-160g). Rats were bred and raised 
at the animal care unit of the Faculty of Medicine,-
Cairo University during 2019. The duration of the 
study was 8 weeks. The animals were housed under 
ordinary living conditions (e.g., humidity, tempera-
ture, and light/dark cycles); with free access to rat 
chow and water throughout the study period. All 
animals’ procedures were in accordance with the 
recommendations for the proper care and use of lab-
oratory animals and approved by the Institutional 
Animal Care and Use Committee, Cairo University 
(CU-IACUC) (Approval number: CU-III/F/83-17) 
in accordance with ARRIVE guidelines.

Animal groups and the study protocol:
The included rats were randomly assigned into 

2 groups: (1) The control group (n=8); rats in this 
group were fed standard rat chow for eight weeks, 

2) Obese group (n=24); rats of this group were fed 
high fat diet (HFD) for four weeks then after obesity 
was confirmed by BMI calculations, rats were sub-
divided randomly into the following groups for the 
next four weeks: Subgroup 2A: Obese rats receiving 
only HFD (n=8), subgroup 2B: Obese rats receiving 
HFD and vitamin D (10ug/kg/day) orally, once dai-
ly for four weeks (n=8), and subgroup 2C: Obese 
rats receiving HFD and vitamin D (10ug/kg/day) 
orally, once daily and Calcium carbonate (1gm/100 
gm HFD) orally, daily for four weeks (n=8).

Composition of standard rat chow:
Its composition was 5.4% fat, 53.8% carbohy-

drate, 21.9% protein, 2.9% fibre, 6.6% minerals, 
added vitamins A, D, and E, and 0.02% cholesterol 
(350 kcal/100 g).

Induction of obesity:
In the current study, rats were given a high-fat 

diet (HFD) for four weeks in order to develop obe-
sity. The HFD consisted of 60% Kcal fat of daily ca-
loric intake [14]. Obesity was verified by calculating 
the Body mass index (BMI) for each group.

Experimental drugs:
a- Vitamin D supplementation:

Vitamin D was supplemented in subgroup 2B 
during the last four weeks of the experimental pe-
riod using oral gavage. Vitamin D was dissolved in 
corn oil vehicle at a dose of 10ug/kg/day [15].

b- Calcium carbonate supplementation:
Calcium carbonate was co-supplemented with 

vitamin D in subgroup 2C during the last four 
weeks of the study. Calcium was supplied in the 
form of calcium carbonate at a dose of 1gm/100gm 
HFD daily [16].

Anthropometric measurements:
• Body weight gain: All rats were weighed once a 

week till the end of the experiment.
• Epididymal fat weight: At the end of the exper-

imental period, Rats were anaesthetized, the ab-
dominal cavity of each rat was opened, and the 
epididymal fat pads were removed and weighed.

• Calculation of BMI: We measured nose to anus 
length and body weight for each rat then BMI was 
calculated using the formula:

BMI = Body weight (g)/length2 (cm2) [17].
* Length = Nose-anus length (cm).
* (In rats, obesity is defined as BMI greater than 

0.5gm/cm2).

Sample collection:
At the end of the experimental period, after 

calculation of BMI, the rats were anaesthetized by 
90mg/Kg ketamine-10mg/Kg xylazine cocktail for 
removal of epididymal fat pads and blood was col-
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lected from retro-orbital venous plexus and then rats 
were killed by cervical dislocation. Serum was sepa-
rated after blood was centrifuged, then stored at –80 
degrees C for further analysis. Serum was used for 
measuring Active vitamin D level (by ELISA tech-
nique), Fasting insulin level (by ELISA technique). 
Fasting glucose level (by glucose oxidase enzymat-
ic technique). Calculation of insulin resistance in-
dex (HOMA-IR) using the following formula:

Fasting insulin (µIU/ml) ×
Fasting glucose (mmol/L)

HOMA-IR.  = –––––––––––––––––––––––––
22.5

 A sample of the adipose tissue was collected 
from each group and subjected to enzymatic degra-
dation to be used for estimation of: Lipase enzyme 
gene expression (by PCR technique). Uncoupling 
protein UCP2 gene expression (by PCR technique). 
Inflammatory markers: tumor necrosis factor alpha 
(TNF-α), Interleukin-6 (IL6) (by ELISA technique), 
Anti-inflammatory marker: IL 10 (by ELISA tech-
nique), Resident CD4 and CD8 T lymphocytes gene 
expression  (by PCR technique).

Statistical analysis:
Data were coded and entered using SPSS ver-

sion 25. Quantitative variables were summarized 
using means and standard deviations, while categor-
ical variables were summarized using frequencies 
(number of cases) and relative frequencies (percent-
ages). Group comparisons were conducted using 
analysis of variance (ANOVA) with a post hoc test 

for multiple comparisons. The Pearson correlation 
coefficient was utilized to perform correlations be-
tween quantitative variables. A p-value of less than 
0.05 was considered statistically significant.

Results

Obesity indices (weight gain, BMI & epididymal 
fat weight) & serum vitamin D:

As observed in Table (1) and Fig. (1), HFD-in-
duced obesity caused a significant increase (p-value 
<0.05) in the mean value of the body weight gain in 
the obese subgroups 2A, 2B & 2C (147.5±4.63 gm, 
136.25±5.18 gm & 127.5±7.07 gm respectively) 
compared to their corresponding value in the con-
trol group1(110±0 gm).

Interestingly, administration of vitamin D alone 
or combined with calcium in subgroups 2B & 2C re-
spectively resulted in a significant decrease (p-value 
<0.05) in the mean value of the body weight gain 
when compared with their corresponding value in 
the obese subgroup 2A. Moreover, the addition of 
calcium to vitamin D in subgroup 2C yielded a sig-
nificant decrease (p-value <0.05) in the mean value 
of the body weight gain when compared with its 
corresponding value in the obese subgroup 2B.

Additionally, a significant rise (p-value <0.05) 
in the mean value of BMI was observed in the obese 
subgroups 2A, 2B & 2C (as shown in Table 1 and 
Fig. 1) compared to their corresponding value in the 
control group1 (0.73±0.08, 0.67±0.05 & 0.59±0.04 
gm/cm2 versus 0.45±0 gm/cm2 respectively).

Group 1 Group 2A Group 2B Group 2C

Body weight gain (gm)

Body mass index (BMI) (gm/cm2)

Epididymal fat weight (gm)

Serum vitamin D (ng/ml)

110±0

0.45±0

4.14±0.12

10.96±3.03

147.5±4.63*

0.73±0.08*

5.75±0.32*

2.84±0.84*

136.25±5.18*#

0.67±0.05*#

4.7±0.13*#

7.98±1.2*#

127.5±7.07*#$

0.59±0.04*#$

4.56±0.12*#$

8.62±1.15*#

Table (1): Comparison of the mean values of body weight gain, BMI, epididymal fat weight & serum 
vitamin D among the studied groups.

Values are presented as mean ± SD.
*: Statistically significant compared to the corresponding value in group 1 (p<0.05).
#: Statistically significant compared to the corresponding value in group 2A (p<0.05).
$: Statistically significant compared to the corresponding value in group 2B (p<0.05).
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However, supplementation of vitamin D alone 
or combined with calcium in subgroups 2B & 2C 
resulted in a significant decrease (p-value <0.05) 
in the mean value of the BMI when compared to 
their corresponding value in the obese subgroup 2A 
(0.67±0.05 & 0.59±0.04 gm/cm2 versus 0.73±0.08 
gm/cm2 respectively). Moreover, the addition of 
calcium to vitamin D in subgroup 2C yielded a sig-
nificant decrease (p-value <0.05) in the mean val-
ue of the BMI when compared to its corresponding 
value in the obese subgroup 2B (0.59±0.04 gm/cm2 
versus 0.67±0.05 gm/cm2 respectively).

Indeed, a significant increase (p-value <0.05) in the 
mean value of epididymal fat weight was observed in 
the obese subgroups 2A, 2B & 2C (as shown in Table 1 
and Fig. 1) compared to their corresponding value in the 
control group 1 (5.75±0.32, 4.7±0.13 & 4.56±0.12gm 
versus 4.14±0.12gm respectively).

Interestingly, supplementation of vitamin D 
alone or co-supplementation with calcium in sub-
groups 2B & 2C respectively resulted in a signif-
icant decrease (p-value <0.05) in the mean value 
of the epididymal fat weight when compared with 

their corresponding value in the obese subgroup 2A 
(4.7±0.13 & 4.56±0.12gm versus 5.75±0.32gm re-
spectively).

Moreover, co-supplementation of calcium to 
vitamin D in subgroup 2C yielded a significant 
decrease (p-value <0.05) in the mean value of 
the epididymal fat weight when compared with 
its corresponding value in the obese subgroup 2B 
(4.56±0.12gm versus 4.7±0.13gm respectively).

Furthermore, Serum vitamin D was significantly 
decreased (p-value <0.05) in the obese subgroups 
2A, 2B & 2C compared to their corresponding value 
in the control group (2.84±0.84ng/ml, 7.98±1.2ng/
ml and 8.62±1.15ng/ml versus 10.96±3.03ng/ml re-
spectively).

As expected, vitamin D supplementation alone 
or combined with calcium in subgroups 2B & 2C 
respectively resulted in a significant increase (p-val-
ue <0.05) in serum vitamin D when compared with 
their corresponding value in the obese subgroup 2A. 
However, no statistically significant difference was 
observed between subgroups 2B & 2C.

Fig. (1): (A) Comparison of the mean values of body weight gain (gm), (B) Body mass index (gm/cm2), (C) Epididymal fat weight 
(gm) and (D) Serum vitamin D (ng/ml) among the studied groups.

Values are presented as mean ± SD.
*: Statistically significant compared to the corresponding value in group 1 (p<0.05).
#: Statistically significant compared to the corresponding value in group 2A (p<0.05).
$: Statistically significant compared to the corresponding value in group 2B (p<0.05).
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Adipose tissue uncoupling protein UCP2 and li-
pase enzyme gene expression:

As observed in Table (2) and Fig. (2), HFD-in-
duced obesity resulted in a significant decrease 

Interestingly, supplementation of vitamin D 
alone or combined with calcium in subgroups 2B 
& 2C resulted in a significant elevation (p-val-
ue <0.05) in the mean value of the adipose tissue 
UCP2 gene expression when compared to their cor-
responding value in the obese subgroup 2A (1.62 
±0.11 & 3.43±0.21versus 0.48±0.1 respectively). 
Not only this, they even become significantly higher 
than the corresponding value in the normal control 
group 1 (1.62 ±0.11 & 3.43±0.21 versus 1±0.19 re-
spectively).

Moreover, co-supplementation of calcium with 
vitamin D in subgroup 2C yielded a significant in-
crease (p-value <0.05) in the mean value of the ad-
ipose tissue UCP2 gene expression when compared 
with its corresponding value in the obese subgroup 
2B (3.43±0.21versus 1.62±0.11 respectively).

Moreover, induction of obesity by HFD resulted 
in a significant drop (p-value <0.05) in the mean val-
ue of the adipose tissue lipase enzyme gene expres-
sion in the obese subgroup 2A compared to its cor-
responding value in the control group 1 (0.74±0.05 
versus 1.38±0.1 respectively).

However, supplementation of vitamin D alone 
or combined with calcium in subgroups 2B & 2C 

(p-value <0.05) in the mean value of the adipose 
tissue UCP2 gene expression in the obese subgroup 
2A compared to its corresponding value in the con-
trol group 1 (0.48±0.1 versus 1±0.19 respectively).

resulted in a significant rise (p-value <0.05) in the 
mean value of the adipose tissue lipase enzyme gene 
expression when compared to their correspond-
ing value in the obese subgroup 2A (2.4 ±0.09 & 
4.41±0.11 versus 0.74±0.05 respectively). Not only 
this, they even become significantly higher than the 
corresponding value in the normal control group 1 
(2.4 ±0.09 & 4.41±0.11 versus 1.38±0.1 respective-
ly).

 Moreover, co-supplementation of calcium with 
vitamin D in subgroup 2C yielded a significant in-
crease (p-value <0.05) in the mean value of the ad-
ipose tissue lipase enzyme gene expression when 
compared to its corresponding value in the obese 
subgroup 2B (4.41±0.11 versus 2.4±0.09 respec-
tively).

Serum fasting glucose, fasting insulin and HO-
MA-IR:

As revealed in Table (3) and Fig. (3), induc-
tion of obesity by HFD resulted in a significant 
increase (p-value <0.05) in the mean value of the 
serum fasting glucose in the obese subgroups 2A, 
2B & 2C compared to their corresponding value 
in the control group 1 (16.29±1.91, 9.94±1.31 & 
9.25±0.97mmol/L versus 5.72±0.97mmol/L respec-
tively). 

Table (2): Comparison of the mean values of adipose tissue uncoupling protein UCP2 and lipase en-
zyme gene expression among the studied groups.

Values are presented as mean ± SD.
*: Statistically significant compared to the corresponding value in group 1 (p<0.05).
#: Statistically significant compared to the corresponding value in group 2A (p<0.05).
$: Statistically significant compared to the corresponding value in group 2B (p<0.05).

Group 1 Group 2A Group 2B Group 2C

UCP2 gene expression
Lipase gene expression

1.±0.19
1.38±0.1

0.48±0.1 *
0.74±0.05*

1.62±0.11*#
2.4±0.09*#

3.43±0.21 *#$
4.41±0.11*#$

Fig. (2): Comparison of adipose tissue uncoupling protein UCP2 and lipase enzyme gene expression among the studied groups.

Values are presented as mean ± SD.
*: Statistically significant compared to the corresponding 

value in group 1 (p<0.05).
#: Statistically significant compared to the corresponding 

value in group 2A (p<0.05).
$: Statistically significant compared to the corresponding 

value in group 2B (p<0.05).
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Interestingly, vitamin D supplementation alone 
or combined with calcium in subgroups 2B & 2C 
resulted in a significant decrease (p-value <0.05) in 
the mean value of the serum fasting glucose when 
compared with their corresponding value in the 
obese subgroup 2A (9.94±1.31 & 9.25±0.97mmol/L 
versus 16.29±1.91mmol/L respectively).

However, no statistically significant difference 
was observed in the mean value of the serum fast-
ing glucose between subgroups 2B & 2C denoting 
no significant effect for adding calcium to vitamin 
D (9.94±1.31mmol/L versus 9.25±0.97mmol/L re-
spectively).

Additionally, induction of obesity by HFD re-
sulted in a significant increase (p-value <0.05) in 
the mean value of the serum fasting insulin in the 
obese subgroups 2A, 2B & 2C (as shown in Table 3 
and Fig. 3) compared to their corresponding value 
in the control group 1 (21.49±1.89, 14.12±1.34 & 
12.95±0.47mIU/L versus 8.79±0.94mIU/L respec-
tively).

However, supplementation of vitamin D alone or 
co-supplemented with calcium in subgroups 2B & 
2C resulted in a significant decrease (p-value <0.05) 
in the mean value of the serum fasting insulin when 
compared to their corresponding value in the obese 

subgroup 2A (14.12±1.34 & 12.95±0.47mIU/L ver-
sus 21.49±1.89mIU/L respectively).

No statistically significant difference was ob-
served in the mean value of the serum fasting in-
sulin between subgroups 2B & 2C denoting no 
significant effect for adding calcium to vitamin D 
(12.95±0.47mIU/L versus 14.12±1.34mIU/L re-
spectively).

Furthermore, the mean value of HOMA-IR 
(as shown in Table 3 and Fig. 3) was significantly 
(p-value <0.05) increased by HFD in the obese sub-
groups 2A, 2B & 2C compared to their correspond-
ing value in the control group 1 (15.61±2.76, 6.25±1 
& 5.31±0.51 versus 2.25±0.55 respectively). 

However, supplementation of vitamin D alone 
or co-supplemented with calcium in subgroups 2B 
& 2C resulted in a significant decrease (p-value 
<0.05) in HOMA-IR when compared to their corre-
sponding value in the obese subgroup 2A (6.25±1 & 
5.31±0.51 versus 15.61±2.76 respectively).

No statistically significant difference was ob-
served between subgroups 2B & 2C denoting no 
significant effect for adding calcium to vitamin D 
(6.25±1 versus 5.31±0.51 respectively).

Table (3): Comparison of the mean values of the serum fasting glucose, fasting insulin and HOMA-IR 
among the studied groups.

Values are presented as mean ± SD.
*: Statistically significant compared to the corresponding value in group 1 (p<0.05).
#: Statistically significant compared to the corresponding value in group 2A (p<0.05).

Group 1 Group 2A Group 2B Group 2C

Glucose (mmol/L)

Insulin (mIU/L)

HOMA-IR

5.72±0.97

8.79±0.94

2.25±0.55

16.29±1.91*

21.49±1.89*

15.61±2.76*

9.94±1.31*#

14.12±1.34*#

6.25±1*#

9.25±0.97*#

12.95±0.47*#

5.31±0.51*#

Fig. (3): Comparison of the mean values of the serum fasting glucose (mmol/L), fasting insulin (mIU/L) and HOMA-IR among the 
studied groups.

Values are presented as mean ± SD.
*: Statistically significant compared to the corresponding 

value in group 1 (p<0.05).
#: Statistically significant compared to the corresponding 

value in group 2A (p<0.05).
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Adipose tissue inflammatory indices: inflamma-
tory markers (TNFα, IL-6) and anti-inflammatory 
marker (IL-10):

As observed in Table (4) and Fig. (4), induc-
tion of obesity by HFD resulted in a significant in-
crease (p-value <0.05) in the mean values of both 
adipose tissue inflammatory markers; TNF-alpha 

Interestingly, supplementation of vitamin D 
alone or combined with calcium in subgroups 2B 
& 2C resulted in a significant decrease (p-val-
ue <0.05) in the mean values of both adipose tis-
sue inflammatory markers; TNF-alpha and IL-6 
when compared to their corresponding value in 
the obese subgroup 2A (TNF-alpha: 68.94±5.51 & 
56.29±9.52 pg/ml versus 107.79±16.43pg/ml re-
spectively; IL-6: 80.74±5.86 & 72.52±11.02pg/ml 
versus 135.61±5.58 pg/ml respectively).

However, no statistically significant difference 
was observed in the mean values of both adipose 
tissue TNF-alpha and IL-6 between subgroups 2B & 
2C denoting no significant effect for adding calcium 
to vitamin D (TNF-alpha: 68.94±5.51pg/ml versus 
56.29±9.52pg/ml respectively; IL-6: 80.74±5.86pg/
ml versus 72.52±11.02pg/ml respectively).

Contrarily, induction of obesity by HFD resulted 
in a significant decrease (p-value <0.05) in the mean 

and IL-6 in the obese subgroups 2A, 2B & 2C com-
pared to their corresponding values in the control 
group 1 (TNF-alpha: 107.79±16.43, 68.94±5.51 
& 56.29±9.52 pg/ml versus 14.72±1.56 pg/ml 
respectively; IL-6: 135.61±5.58, 80.74±5.86 & 
72.52±11.02 pg/ml versus 31.08±5.72 pg/ml re-
spectively).

value of the adipose tissue anti-inflammatory mark-
er IL-10 in the obese subgroups 2A, 2B & 2C com-
pared with their corresponding value in the control 
group1 (56.1±4.73, 103.18±11.43 & 117.95±5.13 
pg/ml versus 144.59±10.7 pg/ml respectively).

However, supplementation of vitamin D alone or 
co-supplemented with calcium in subgroups 2B & 
2C resulted in a significant increase (p-value <0.05) 
in the mean value of the adipose tissue IL-10 when 
compared with its corresponding value in the obese 
subgroup 2A (103.18±11.43 & 117.95±5.13pg/ml 
versus 56.1±4.73pg/ml respectively).

Moreover, co-supplementation of calcium with 
vitamin D in subgroup 2C yielded a significant rise 
(p-value <0.05) in the mean value of the adipose 
tissue anti-inflammatory marker IL-10 when com-
pared to its corresponding value in the obese sub-
group 2B (117.95±5.13 pg/ml versus 103.18±11.43 
13 pg/ml respectively).

Table (4): Comparison of the mean values of adipose tissue tumour necrosis factor-alpha (TNF-α), 
Interleukin-6 (IL-6) and Interleukin-10 (IL-10) among the studied groups.

Values are presented as mean ± SD.
*: Statistically significant compared to the corresponding value in group 1 (p<0.05).
#: Statistically significant compared to the corresponding value in group 2A (p<0.05).
$: Statistically significant compared to the corresponding value in group 2B (p<0.05).

  Group 1  Group 2A   Group 2B   Group 2C

TNF-α (pg/ml)
IL-6 (pg/ml)
IL-10 (pg/ml)

14.72±1.56
31.08±5.72
144.59±10.7

107.79±16.*
135.61±5.5*
56.1±4.73*

68.94±5.51*#
80.74±5.86*#
103.18±11.43*#

56.29±9.52*#
72.52±11.02*#
117.95±5.13*#$

Fig. (4): Comparison of the mean values of adipose tissue tumour necrosis factor-alpha (TNF-α), Interleukin-6 (IL-6) and Interleu-
kin-10 (IL-10) among the studied groups.

Values are presented as mean ± SD.
*: Statistically significant compared to the corresponding 

value in group 1 (p<0.05).
#: Statistically significant compared to the corresponding 

value in group 2A (p<0.05).
$: Statistically significant compared to the corresponding 

value in group 2B (p<0.05).
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Adipose tissue CD4 and CD8:
As observed in Table (5) and Fig. (5), induction 

of obesity by HFD resulted in adipose tissue immune 
cell infiltration with a significant increase (p-value 
<0.05) in the mean values of both the adipose tis-

Interestingly, supplementation of vitamin D 
alone or combined with calcium in subgroups 2B & 
2C resulted in a significant decrease (p-value <0.05) 
in the mean value of adipose tissue CD8% when 
compared with their corresponding value in the 
obese subgroup 2A (45.12±7.04 & 38.75±6.63% 
versus 62.12±12.24% respectively). However, the 
mean value of the adipose tissue CD4% didn’t 
change significantly among the 3 groups (2A: 
51.5±10.86, 2B: 49.5±7.07 & 2C: 49.75±8.03%).

Moreover, no statistically significant difference 
was observed in the mean value of the adipose tis-
sue CD8% between subgroups 2B & 2C denoting 
no significant effect for adding calcium to vitamin 
D (45.12±7.04% versus 38.75±6.63% respectively).

Discussion

The current study was conducted to investigate 
the effect of vitamin D supplementation with or 
without added calcium in obese rats, to explore the 
crosstalk between the local inflammatory and im-
mune responses in adipose tissue & their contribu-
tion to the development of obesity-induced insulin 
resistance.

sue  CD4 and CD8 cells in the obese subgroups 2A, 
2B & 2C compared to their corresponding value in 
the control group 1 (CD4: 51.5±10.86, 49.5±7.07 
& 49.75±8.03% versus 26.5±6.63% respectively; 
CD8: 62.12±12.24, 45.12±7.04 & 38.75±6.63 ver-
sus 19.5±3.42 respectively).

As expected, in the current study, HFD feeding 
yielded a significant increase in the obesity indices 
when compared to their corresponding values in the 
control group. This was accompanied by a signifi-
cant drop in serum vitamin D.

Results of the current study could be explained 
by the reduced bioavailability of vitamin D in obese 
individuals being trapped in the expanded adipose 
tissues with a subsequent decrease in the formation 
of calcitriol [18]. Another hypothesis for low vita-
min D concentrations is that sedentary lifestyles are 
common in obese individuals who tend to have low-
er levels of physical activity, resulting in reduced 
sunlight exposure and decreased endogenous vita-
min D synthesis [19].

Other interrelated hypotheses include hepatic 
steatosis developing in obesity which impairs the 
metabolism of vitamin D and production of 25- hy-
droxy vitamin D [20]. Also increased leptin levels 
hinder the synthesis of 25-hydroxy vitamin D by 
influencing Vitamin D receptors [21].

Evidence shows that obesity both influences and 
is influenced by vitamin D metabolism, storage, and 

Table (5): Comparison of the mean values of adipose tissue CD4 (%), and CD8 (%) among the studied 
groups.

 Group 1  Group 2A Group 2B  Group 2C

CD4 (%)
CD8  (%)

26.5±6.63
19.5±3.42

51.5±10.86*
62.12±12.24*

49.5±7.07*
45.12±7.04*#

49.75±8.03*
38.75±6.63*#

Values are presented as mean ± SD.
*: Statistically significant compared to the corresponding value in group 1 (p<0.05).
#: Statistically significant compared to the corresponding value in group 2A (p<0.05).

Fig. (5): Comparison of the mean values of adipose tissue CD4 and CD8 among the studied groups.

Values are presented as mean ± SD.
*: Statistically significant compared to the corresponding 

value in group 1 (p<0.05).
#: Statistically significant compared to the corresponding 

value in group 2A (p<0.05).
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action. Low Vitamin D status is likely to contribute 
directly to the development of overweight and obe-
sity, according to Mehmood & Papandreou [22]. A 
diet low in vitamin D would change the responses 
of genes linked to lipolysis, lipogenesis, and adipo-
cyte differentiation [23]; as a result, it may be the 
underlying cause of a worsening of obesity.

In the current study, supplementation of vitamin 
D significantly decreased the obesity indices, ac-
companied by a significant rise in serum Vitamin D 
levels. Consistent with our results, Rosenblum et al. 
[24] demonstrated that supplementation of vitamin 
D can significantly reduce visceral adipose tissues 
in obese individuals.

Vitamin D3 supplementation reduces weight 
gain caused by HFD by increasing lipid oxidation 
[25]. Calcitriol administration modulates peroxi-
some proliferator-activated receptor α (PPARα), 
preventing body weight increase caused by a high-
fat diet by reducing lipogenesis [26].

Moreover, parathyroid hormone (PTH), which 
increases intracellular calcium and encourages fat 
storage in adipose tissue is directly suppressed by 
vitamin D [27]. Also, lower parathyroid hormone 
levels can lead to weight loss through thermogene-
sis and lipolysis mediated by the sympathetic nerv-
ous system [28]. Moreover, 1,25- dihydroxy vitamin 
D can induce apoptosis in adipocytes [29].

In contrast, some studies found that taking vita-
min D supplements had no effect on weight or other 
body composition metrics [30]. Also, Salehpour et 
al. [31] observed no difference in waist circumfer-
ence or body weight, but they did observe a higher 
reduction in fat mass in individuals receiving vita-
min D compared to the placebo group. It is challeng-
ing to draw conclusions from these studies since the 
majority of them utilized low-dose vitamin D or the 
subjects may have been taking other vitamin D sup-
plements during the study.

A growing body of evidence has shown that 
supplementing animals with calcium in their diets 
has anti-obesity effects [32]. However, the effects 
of calcium supplementation combined with vitamin 
D or alone, on weight management and metabolic 
profiles have not been conclusively shown by the 
findings from randomized controlled trials.

In the present study, co-supplementation of vita-
min D and calcium resulted in a further significant 
decrease in the obesity indices compared to obese 
rats receiving vitamin D only, which reveals the 
valuable effect of calcium co-administration along 
with vitamin D on obesity.

Regulation of adipocyte death (apoptosis), adi-
pogenesis and lipid metabolism are among the pro-
posed mechanisms by which calcium and vitamin 
D prevent obesity. Additionally, there is evidence 

that dietary calcium increases the excretion of fecal 
fat [28]. In line with our results, rats fed with chow 
supplemented with calcium significantly reduced 
body weight and visceral adipose tissue depots in 
the epididymus, retroperitonium, and mesentery 
compared to standard chow fed rats [33]. Contrari-
ly, the weight of obese women was not significantly 
affected by calcium and vitamin D supplements in 
another clinical trial [34].

Interest has been growing in understanding the 
mechanism of action of vitamin D and Calcium sup-
plementation on obesity indices. Uncoupling pro-
teins (UCPs) are emerging as new molecular targets 
for boosting energy expenditure, which could be 
beneficial for obese patients who find it difficult to 
follow a regular diet and exercise regimen. In par-
ticular, UCP2 is considered a promising candidate 
gene for obesity and and type 2 diabetes, as it is 
located on areas linked to obesity and hyperinsu-
linemia on mouse chromosome 7 and human chro-
mosome 11q13 [35]. 

In the present study, consumption of HFD caused 
a significant reduction in adipose tissue UCP2 gene 
expression which might contribute to the increased 
adipose mass in our obese rats. However, supple-
mentation of vitamin D resulted in increased UCP2 
expression which was even more prominent with 
the addition of calcium supplementation. Findings 
of the current study are consistent with that of Ma-
hadik et al., [36] who observed desreased UCP2 
gene expression and its correlation with HOMA-IR 
and obesity related parameters in obese and diabetic 
patients.

Obesity and its related metabolic diseases may 
be prevented or treated by targeting fat mobilization 
by decreasing intracellular fat contents and boosting 
lipolysis.According to results of the present study, 
mRNA expression of (HSL) enzyme decreased sig-
nificantly in HFD group compared to that of the 
control group. On the other hand, lipase enzyme 
gene expression significantly increased in response 
to vitamin D treatment and this effect was even 
more pronounced with the addition of calcium to 
vitamin D supplementation.

These results support Beydoun et al. [37] who il-
lustrated that treatment with 1,25(OH)2D enhances 
fat mobilization by decreasing intracellular fat con-
tents and raising basal and isoproterenol-stimulated 
lipolysis. In that study, 1,25(OH)2D increased the 
expression of the lipolytic enzymes HSL and LPL.

In line with our results, dietary calcium supple-
mentation produced a protective effect against obe-
sity induced by high fat diet in mice by lowering the 
lipid content intracellularly, upregulating lipolysis 
gene HSL expression and down regulating lipogen-
esis genes expression including FAS and LPL [38]. 
Moreover, a meal high in calcium is believed to en-
hance fat oxidation, encourage apoptosis of fat cell, 
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and decrease lipid absorption by forming insoluble 
calcium-fatty acid soaps in the intestine [39].

Moreover, induction of obesity in this study re-
sulted in a significant rise in serum glucose, insu-
lin and HOMA-IR when compared to the control 
group 1. However, these parameters significantly 
decreased with vitamin D administration. Notewor-
thy, there was no significant difference when calci-
um was added to vitamin D in subgroup 2C.

These findings could be explained by elevated 
cytokines secretions, dyslipidemia and aberrant ad-
ipocyte signaling resulting from fatty acid release 
into the portal and systemic circulations which is 
usually associated with visceral obesity [40]. How-
ever, vitamin D by regulating cytokine expression 
and activity, mitigates the systemic immune re-
sponse and enhances the expression of insulin re-
ceptors peripherally [41].

In accordance with our results, mice given high 
calcium, high vitamin D3, or high calcium + vita-
min D3, all had higher levels of adiponectin, the 
hormone that makes adipocytes more sensitive to 
insulin, and lower plasma concentrations of glucose 
and insulin [42].

Obesity is tightly linked to systemic chronic in-
flammation. Notably, the expression of inflamma-
tory genes has been reported to be selectively ac-
tivated in adipose tissues during the early stages of 
obesity [43]. In the current study the adipose tissue 
pro-inflammatory markers TNF-alpha, and IL6 in-
creased significantly while IL-10, an anti-inflamma-
tory marker, decreased significantly in the obese un-
treated rats. However, vitamin D supplementation 
resulted in a favourable anti-inflammatory effect 
since TNF-alpha and IL-6 decreased significantly 
while IL-10 increased significantly. Notably, When 
calcium was co-supplemented with vitamin D, lev-
els of IL-10 significantly increased while TNF-al-
pha and IL-6 didn’t differ significantly.

Vitamin D has anti-inflammatory actions by in-
hibiting the NF-KB and the signaling pathways of 
mitogen-activated protein kinase [44], and by reduc-
ing the expression of toll-like receptors [45]. These 
receptors are transmembrane proteins that initiate 
TNF-alpha-activating classical cascade reactions 
[46].

T cells are believed to play a crucial role in 
causing inflammation in adipose tissue. T cell accu-
mulation has been shown to occur in obese adipose 
tissue in both mouse and human [47], occurring even 
before the accumulation of macrophages [48]. It has 
been established that the CD4+/CD8+ ratio, which 
is typically 2:1 in normal mice and humans, is a cru-
cial metric for assessing the intrinsic immune sys-
tem’s immunomodulation status and responsiveness 
to homeostasis [49].

Results of the present study showed evidence of 
visceral adipose tissue immune cell infiltration, indi-
cated by a highly significant increase in both CD4% 
and CD8%  but the increase in cytotoxic CD8% was 
greater than that of CD4 thereby reversing the CD4/
CD8 ratio (<1). Interestingly on administration of 
vitamin D, CD8% decreased significantly with no 
significant change in CD4% there by CD4/CD8 ra-
tio returned to its control ratio (>1). Noteworthy, the 
addition of Calcium to vitamin D showed no signif-
icant difference.

These results are consistent with an in vivo study 
suggesting that supplementing with 1,25(OH)2D3 
suppresses T lymphocyte proliferation, lowers im-
munological organ indices and lowers the CD4+/
CD8+ T cell ratio in an adjuvant arthritis model [50].

The exact mechanisms by which vitamin D af-
fects the immune system are not fully understood. It 
has been demonstrated that T cells express vitamin 
D receptors [51]. Moreover, the vitamin D activating 
enzyme Cyp27B1 is expressed by activated T cells 
[52]. These findings suggest that T cells are not only 
targets of 1,25(OH)2D3 but can also produce it lo-
cally. The cellular immune response is mediated by 
IL-2, which is secreted by type 1 helper T cells. It 
also has the ability to stimulate the growth of T, B, 
and natural killer cells [53]. IL-2 might have a role in 
how vitamin D regulates the immune system. One 
study revealed that 1,25(OH)2D3 therapy increased 
the amount of IL-2 released by CD4+ T cells [54].

Conclusion:
Supplementation of vitamin D is effective in 

reducing obesity indices and combatting obesi-
ty-induced insulin resistance, local adipose tissue 
inflammation and immune dysfunction. Combining 
dietary Calcium with vitamin D added no benefit 
to some of the studied biomarkers such as insulin 
resistance. However, it was beneficial in increasing 
local adipose tissue anti-inflammatory IL10 levels 
and reducing the obesity indices probably by sig-
nificantly upregulating adipose tissue lipase and 
UCP2 gene expression.
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تأثير فيتامين د والكالسيوم كمكملات غذائية على الاستجابة المناعية والالتهابية
للنسيج الدهنى فى ذكور الفئران البيضاء المصابة بالسمنة

____

 الخلفيــه البحثيــة : ترتبــط الســمنة الحشــوية بالأمــراض الأيضيــة المزمنــة، مثــل مقاومــة الإنســولين ومــرض الســكرى مــن النــوع الثانــى 
وحتــى الآن لــم يتــم توضيــح الآليــة التــى تربــط الســمنة بهــذه الأمــراض المصاحبــة بشــكل كامــل، ولكــن تشــير مجموعــه متزايــدة مــن الأدلــة إلــى 

احتمــال تجمــع لحالــة التهابيــة ممــا يــؤدى إلــى التهــاب مزمــن وعمليــات أكســدة موضعيــه داخــل الأنســجة الدهنيــة.

يلعــب التهــاب الأنســجة الدهنيــة دورا أساســياً فــى حــدوث المضاعفــات الأيضيــة المرتبطــة بالســمنة. وقــد لوحظــت الخلايــا المناعيــة المقيمــة 

فــى الأنســجة الدهنيــة، وتم تقديــر المســاهمة المحتملــة لهــذه الخلايــا فــى خلــل التمثيــل الغذائــى فــى الســنوات الأخيــرة.

تشــير الدلائــل المتزايــدة إلــى هــذا الخلــل فــى الخلايــا الدهنيــة باعتبــاره العامــل الباثوفســيولوجى الرئيســى للمضاعفــات الأيضيــة فــى مــرض 

الســمنة. ينبغــى اعتمــاد اســتراتيجيات وقائيــة وعلاجيــة جديــدة لمكافحــة زيــادة الإصابــة بالســمنة وأمــراض الأيــض المصاحبــة لهــا.

الهــدف مــن البحــث : دراســة تأثيــر فيتامــن )د( مــع أو بــدون الكالســيوم كمكمــات غذائيــة علــى وزن الجســم، مقاومــة الأنســولين التــى 
تســببها الســمنة، الخلايــا المناعيــة المقيمــة فــى الأنســجة الدهنيــة والاســتجابة الالتهابيــة فــى الأنســجة الدهنيــة فــى مــرض الســمنة التــى يســببها 

ــر المناعــى لفيتامــن )د( والكالســيوم واستكشــاف  ــن التأثي ــح التفاعــل ب ــى توضي ــا تهــدف الدراســة إل ــى بالدهــون. كم ــى الغن النظــام الغذائ

إمكاناتهــم العلاجيــة المحتملــة فــى الســمنة ومــا تســببه مــن مقاومــة للأنســولين. 

ــران(  ــى مجموعتــن  وهــم المجموعــة الضابطــة )تضمنــت ٨ فئ ــران البيضــاء البالغــه إل ــث : تم تقســيم 32 مــن ذكــور الفئ ــرق البح ط
والمجموعــة البدينــة )تضمنــت ٢٤ فــأرا( وقــد تم تقســيم الفئــران فــى هــذه المجموعــة بشــكل عشــوائى إلــى ثــاث مجموعــات فرعيــه تضمنــت كل 

منهــا ٨ فئــران.

- المجموعة الفرعية )2A(: تم تغذيتها نظام غذائى عالى الدهون فقط لمدة أربعة أسابيع.

- المجموعــة الفرعيــة )2B(: تم تغذيتهــا نظــام غذائــى عالــى الدهــون وتلقــت فيتامــن د )١٠ ميكروجــرام / كجــم / يــوم( عــن طريــق الفــم مــرة 

واحــدة يوميــاً لمــدة أربعــة أســابيع.

- المجموعــة الفرعيــة )2C(: تم تغذيتهــا نظــام غذائــى عالــى الدهــون وتلقــت فيتامــن د )١٠ ميكروجــرام / كجــم / يــوم( وكربونــات الكالســيوم 

عــن طريــق الفــم )١ جــرام/١٠٠ جــم غــذاء عالــى الدهــون( لمــدة أربعــة أســابيع.

وفــى نهايــة الفتــرة التجريبيــة، تم جمــع عينــات الــدم والأنســجة الدهنيــة البربخيــة مــن كل مجموعــة واختبارهــا. تم فصــل المصــل واســتخدامه 

 )HOMA-IR( النشــط، مســتوى الأنســولين والجلوكــوز فــى الــدم الصائــم،  حســاب معامــل مقاومــة الإنســولين )لقيــاس: مســتوى فيتامــن )د

 ،UCP2 فــى حــن تم جمــع و وزن الأنســجة الدهنيــة البربخيــة واســتخدمت عينــة منهــا فــى قيــاس التعبيــر الجينــى لإنــزيم الليبــاز ولبروتــن

ــة  ــا اللمفاوي ــاب: IL 10 ونســبة الخلاي ــة مضــادة الالته ــا )TNF-α(، إنترلوكــن-6 )IL6( والعلام ــورم ألف ــل نخــر ال ــاب: عام ــات الالته علام

. CD8 و CD4  المقيمــة
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ــج : أظهــرت نتائــج الدراســة الحاليــة أن تنــاول فيتامــن )د( كمكمــل غذائــى أســفرعن انخفــاض كبيــر فــى متوســط قيــم كل مــن  النتائ
مؤشــر كتلــة الجســم، زيــادة الــوزن، وزن الدهــون البربخيــة، مســتوى الجلوكــوز فــى مصــل الــدم الصائــم، مســتوى الأنســولين فــى مصــل الــدم 

الصائــم، مقاومــة الأنســولين، عامــل نخــر الــورم ألفــا )TNF-α(، إنترلوكــن-٦ )IL6(، نســبة الخلايــا اللمفاويــة المقيمــة )CD8( فــى النســيج 

الدهنــى ولكــن لــم يلاحــظ لــه أى تأثيــر علــى الخلايــا اللمفاويــة CD4 بالمقارنــة مــع القيــم المقابلــة لهــم فــى المجموعــة الفرعيــة 2A، بينمــا أســفر 

عــن زيــادة كبيــرة فــى متوســط قيــم التعبيــر الجينــى لبروتــن UCP-2 وانــزيم الليبــاز وإنترلوكــن-١٠ )IL10( فــى النســيج الدهنــى ومســتوى 

فيتامــن )د( فــى مصــل الــدم ممــا يــدل علــى الآثــار الإيجابيــة لفيتامــن )د( كمكمــل غذائــى علــى الســمنة التــى يســببها النظــام الغذائــى العالــى 

الدهــون، حيــث حســن تــوازن الطاقــة بالجســم وأثــر بشــكل خــاص علــى الســمنة الحشــوية وحســن أيضــا مقاومــة الإنســولين وفــوق كل ذلــك عــدل 

الحالــة الالتهابيــة الموضعيــة والخلــل المناعــى داخــل الأنســجة الدهنيــة والــذى يعــد مســؤولا عــن المضاعفــات الأيضيــة فــى الســمنة.

عــاوة علــى ذلــك، فقــد لوحــظ أن تنــاول الكالســيوم كمكمــل غذائــى بالإضافــة إلــي فيتامــن )د( أســفرعن انخفــاض كبيــر فــى متوســط قيــم 

كل مــن مؤشــر كتلــة الجســم، زيــادة الــوزن، و وزن الدهــون البربخيــة بينمــا لوحظــت زيــادة كبيــرة فــى متوســط قيــم التعبيــر الجينــى لبروتــن 

UCP-2 وانــزيم الليبــاز وإنترلوكــن-١٠ )IL10( فــى النســيج الدهنــى مقارنــة مــع القيــم المقابلــة لهــم فــى المجموعــة الفرعيــة 2A. مــن ناحيــة 

أخــرى، لــم يكــن لــه أى تأثيــر علــى متوســط قيــم كل مــن مســتوى الجلوكــوز فــى مصــل الــدم الصائــم، مســتوى الأنســولين فــى مصــل الــدم 

الصائــم، مقاومــة الأنســولين، عامــل نخــر الــورم ألفــا )TNF-α(، إنترلوكــن-٦ )IL6(، نســبة الخلايــا اللمفاويــة المقيمــة )CD4( و)CD8( فــى 

.2A النســيج الدهنــى مقارنــة مــع القيــم المقابلــة لهــم فــى المجموعــة الفرعيــة

ــة  ــك الحال ــة  للســمنة وكذل ــوزن، مقاومــة الإنســولين المصاحب ــل ال ــق المكمــات فعــال فــى تقلي ــادة فيتامــن )د(عــن طري ــتنتاج : زي  الاس
الالتهابيــة الموضعيــة والخلــل المناعــى داخــل الأنســجة الدهنيــة. وقــد يكــون تنــاول الكالســيوم كمكمــل غذائــى بالإضافــة إلــى فيتامــن )د( لــه 

تأثيــر معضــد.




