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Abstract
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Original Research

Amelioratory Effect of Vitamin D3 on some Liver Function and His-
tological Alterations in Experimentally Obese Albino Rats

Obesity is a global public health issue. It is associated with a spectrum of liver abnormalities, like nonalcoholic 
fatty liver disease (NAFLD). The purpose of this study was to investigate the effect of Vitamin D3 on light 
microscopic changes in the liver, as well as hematology and some liver enzymes in experimentally overweight 
albino rats. Five groups of thirty-five male albino rats were formed. For three months, Control (C) group re-
ceived a standard laboratory diet. Corn oil (CO) group received normal balanced diet and given orally 20 mg/
kg corn oil daily. Vitamin D (D) group received normal balanced diet and orally treated daily with 5000 IU/kg 
of vitamin D3. Overweight (OW) group rats received high caloric diet. Overweight/ vitamin D (OWD) group 
received high caloric diet and treated with oral vitamin D3 5000 IU/kg daily. Liver weights of animals were 
recorded, blood samples for hematology, some liver functions, catalase (CAT) and total antioxidant capacity 
(TAC) were collected. Liver samples were fixed in 10% formal saline then stained by H&E for histological 
examination. OW group had significantly higher liver weights, and liver function than CO group. Histolog-
ically, there was an increase of fatty degeneration in the OW group. However, OWD group was lower in all 
the measured and examined liver parameters than that of CO group in this study vitamin D3 supplement could 
ameliorate the abnormal changes in the hepatocytes induced by obesity.
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INTRODUCTION

Obesity is a global public health issue characterized by a vis-
ceral and subcutaneous lipid accumulation and body weight gain 
that may impair health (Caprio et al., 2017). It is associated with a 
spectrum of liver abnormalities, known as nonalcoholic fatty liver 
disease (NAFLD) (Fabbrini et al., 2010). NAFLD is characterized 
by an increase in intrahepatic triglyceride content with or with-
out inflammation and fibrosis (Caprio et al., 2017).  Obesity can 
lead to increased risk of developing gallstones and Fat buildup 
around the liver, leading to liver damage, scar tissues, and even 
liver failure (Königshofer et al., 2019) 

Therapeutic medicines and vitamins help in improvement of 
liver functions and reduce the risk of obesity (Milic et al., 2015). 
Vitamin D is one of the most effective dietary interventions, a 
non-enzymatic antioxidant, has been defined as a potent pre-
ventive and therapeutic agent for the obese subjects (Makhlouf 
et al., 2021). Moreover, vitamin D is well known for its potential 
role in decreasing lipid hydro peroxide (de Las Heras et al., 2020), 
beside increasing total antioxidant status and oxidative capacity 
in monocytes as well as its anti-inflammatory effect (Karabag-Co-
ban et al., 2017).

MATERIALS AND METHODS

Vitamin D

Vitamin D3 “Cholecalciferol”(Ossofortin Original Vitamin D3 

5000 IU 30 F.C Tablets) was used at this study, this product was 
purchased online from EVA PHARMA, Egypt (www.evapharma.
com). All the used chemicals and reagents in this study were of 
high analytical grade. 

Experimental animals

A total of thirty-five adult male albino rats weighing between 
120 to 130 g were maintained in plastic-cages with stainless steel 
wire lids. They were housed for seven days, for adaptation to 
laboratory conditions, before the commencement of the exper-
iments under constant temperature and humidity (25±1oC and 
55.58%, respectively). Animals were provided with rat diet and 
clean tap water without restriction throughout the experimental 
duration. 

Experimental groups and design of work 

Five groups of thirty-five male Albino rats were formed. Con-
trol (C) group received a standard laboratory diet and tap water. 
Corn oil (CO) group received normal balanced diet and treated 
orally with 20 mg/kg corn oil daily by gavage tube (Legette et al., 
2012). Vitamin D (D) group received normal balanced diet and 
treated with 5000 IU/kg of vitamin D3 daily by gavage tube for 3 
months. The selected dose of Vitamin D3  was according to Al-
fawaz et al. (2014). Overweight (OW) group received high calories 
diet (25 % of fructose in water and 21.4 % fat) for 3 months. The 
diet was selected according to Lozano et al. (2016). Overweight/ 
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vitamin D (OWD) group received high calories diet (25 % of fruc-
tose in water and 21.4 % fat) and treated with 5000 IU/kg of vita-
min D3 daily by gavage tube for 3 months.

Blood and liver sampling

At the end of the experiment, blood samples were taken from 
the retro orbital plexus of all rats under light anesthesia before 
decapitation and after overnight fasting. Blood samples were col-
lected in clean dry plain tubes without anticoagulant. Serum of 
non-hemolysis samples was thoughtfully transferred into clean 
dry Eppendorf tubes that were kept frozen at -20oC till used for 
biochemical analysis. The liver and epididymal fat were removed, 
excised, washed and blotted with filter paper. 

Liver and fat weights 

The liver and the epididymal fat were weighed by aid of digi-
tal balance. The liver and epididymal fat relative weights to body 
weight ratio were calculated as follow:

Organ weight/ body weight X100

Biochemical parameters and antioxidants  

Cholesterol was determined using a commercial kit (Egyp-
tian company for biotechnology (S.A.E), Egypt, REF: 230 001), tri-
glycerides (Egyptian company for biotechnology (S.A.E), Egypt, 
REF: 314 001). High density lipoprotein (HDLP) was determined 
using a commercial kit (Vitro Scient, Egypt, REF: 1581), low-density 
lipoprotein (LDLP) (Vitro Scient, Egypt, REF: 1591), very-low-den-
sity lipoprotein (VLDLP) (Biocompare, U.S.A REF: IT3133 ), ala-
nine aminotransferase (ALT) (SPINREACT company, Spain, REF: 
SP41274), aspartate aminotransferase (AST) (SPINREACT, Spain, 
REF: MD41264) and gamma-glutamyl transferase (GGT) (BioMed 

- γ- Cat. No. 30175). Total antioxidant capacity (TAC) and catalase 
activity (CAT) were estimated using kits that were purchased from 
Bio diagnostics, Egypt (CAT. No. GR 25 11 and CAT. No. MD 25 29, 
respectively). All procedures were carried out according to the 
enclosed manufacturer’s pamphlet.

Histopathological examination

The liver was fixed in 10% formal saline and dehydrated. The 
tissues were then placed in molten soft paraffin, then hard paraf-
fin, and cooled. The blocks were cut into thin sections and placed 
on glass slides. The slides were warmed, dried, and stained with 
Hematoxylin and Eosin stain to study the liver’s structure. 

Statistical analysis

One-way analysis of variance (ANOVA) was used, with Tukey 
post-hoc test for multiple comparisons. Data was represented as 
means and standard errors. P-value of the measured parameters 
less than 0. 05 was considered significant. 

RESULTS

Effect of vitamin D3 treatment on Boy weight, epididymal fat, and 
liver body weight ratio of overweight rats 

Body weight, epididymal fat, and liver body weight ratio of 
control and different treated groups were demonstrated in Table 
1. Boy weight, epididymal fat and liver body weight ratio sig-
nificantly increased in OW group in comparison to CO group. 
While OWD group significantly decreased values of body weight, 
epididymal fat, and liver body weight ratio in comparison to OW 
group.
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Parameters
Groups

C CO D OW OWD

Body weight (g) 281.00±1.50d 280 .00±0.19d 284.00±0.12c 312.00±1.38a 291.00±2.00b

Epididymal fats/ body weight ratio (%)  4.59±0.20d 4.03±0.21e 4.63±0.15c 5.71±0.27a 5.02±0.08b

Liver/ body weight ratio (%) 2.91±0.51c 2.86±0.01d 2.84±0.03d 3.73±0.03a 3.41±0.17b

Table 1. Effect of Vitamin D3 treatment on boy weight, epididymal fat, and liver body weight. ratio of overweight rats.

Data is expressed as means ± SEM, n=6. Data is statically analyzed using One-way ANOVA followed by Duncan multiple comparisons test p≤0.05. Different letters showed data of different 
rows which is statistically significant p≤0.05.

Parameters
Groups

C CO D OW OWD

Cholesterol (mg/dL)                             102.00±0.76c 98.12±0.76d 103.21±0.76c 162.02±0.92a 116.00±0.73b

Triglycerides (mg/dL)                        52.30±0.53c 51.15±0.56c 48.01±0.73d 97.02±0.93 a 60.00±0.92 b

HDLP (mg/dL)                                      31.20±0.21a 30.50±0.23b 26.58±0.41c 23.61±0.15d 25.71±0.48c

LDLP (mg/dL)                                     60.31±0.67d 57.34±0.92e 66.91±0.67c 119.00±0.98a 78.32±0.10b

VLDLP (mg/dL)                                   10.41±0.11c 10.21±0.14c 9.61±0.15d 19.41±0.18a 12.01±0.18b

AST (U/L)                                   19.93±0.09c 20.23±0.09c 19.63±0.32d 35.01±0.31a 28.00±0.23b

ALT (U/L)                                 22.20±0.10c 22.15±0.10c 18.84±0.24d 29.12±0.24a 28.93±0.21b

GGT (U/L)                                    21.21±0.07c 20.91±0.12c 20.75±0.15c 31.71±1.43a 27.32±0.87b

CAT (U/m)                                 6.65±0.05a 6.68±0.01a 6.69±0.12ab 4.18±0.02d 5.59±0.01c

TAC (mM/L)                                          1.76±0.04a 1.74±0.03a 1.78±0.03a 1.42±0.012c 1.71±0.10b

Data is expressed as means ± SEM, n=6. Data is statically analyzed using One-way ANOVA followed by Duncan multiple comparisons test P≤0.05. Different letters showed data of different 
rows which is statistically significant P≤0.05

Table 2. Effect of Vitamin D3 treatment on serum biochemical parameters, total antioxidant capacity (TAC) and catalase activity (CAT).
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Effect of vitamin D3 treatment on biochemical parameters and an-
tioxidants of overweight rats 

Serum lipid profile, AST, ALT, GGT, TAC, and CAT were demon-
strated in Table 2. Data explained that all the measured biochem-
ical parameters except the HDLP, CAT and TAC were significantly 
increased in OW group compared with CO group. On the other 
hand, HDLP, catalase and TAC sshowed significantly decreased 
(P<0.05) levels in OW group  compared with CO group.

Histopathological examination of the liver tissue

Corn oil group (Figure 1 b and g) and group received vitamin 
D (Figure 1c and h) had the same appearance as intact control 
rats’ (Figure 1 a and f). Obese rats (Figure 1d and i) when com-
pared with control showed degenerative changes in the central 
and portal area such as hydropic (vacuolation) and fatty degen-
eration. Necrotic nuclei were observed in the hepatocytes.  The 
degenerative changes were decreased remarkably in obese rats 
treated with Vitamin D especially in the central areas. The fatty 
degeneration persisted in the peripheral region of the portal area 
(Figure e and j).

DISCUSSION

Diet containing high fat and fructose is the risk factor for NA-
FLD development. The high prevalence of NAFLD in the world 
raises an important concern for human health (Chen et al., 2023).

Feeding of rats with high calories diet (25% of fructose and 
21.4% fat) in OW group resulted in a significantly body weight 
increased. These results coincided with Lozano et al. (2016) who 
reported that high-fat diet and high-fructose beverages in-
creased body weight. The observed increase in the body weight 
of OW group may be attributed to the increased epididymal fat 
mass. These results confirmed with Bray et al. (2004) who report-
ed that high-fat diets have caused obesity where energy from 
fat has a greater impact on body weight gain than energy from 
non-fat sources. Moreover, high-fat diet is associated with high-
er basal plasma insulin levels and resistance to the metabolic 
effects of insulin which cause inhibition of lipolysis (Ouwens et 
al., 2007). Treatment with vitamin D3 in D group showed signifi-
cantly decreased body weight compared to OW group. This re-
sult confirmed by Vanlint (2013) who reported that weight loss 
is associated with increased serum vitamin D25 concentration in 
overweight or obese women. The significant decrease in body 
weight, epididymal Fat/ body weight ratio and liver/ body weight 
ratio in the OWD group compared to the OW group may be at-

tributed to vitamin D3 reduces hepatic steatosis by reducing the 
free fatty acids circulation. Therefore, subsequent decrease lipid 
accumulation via PPAR-γ. Furthermore, vitamin D regulates he-
patic inflammatory and oxidative stress genes that are causally 
implicated in the hepatic steatosis (Papapostoli et al., 2016). 

Liver/ body weight ratio and epididymal fat showed a signifi-
cant increase in OW group  compared to CO group, these results 
coincided with de Castro et al. (2013) who reported that high fat, 
fructose intake caused increase in liver weight and, retroperito-
neal and epididymal fat deposits. Meanwhile, treatment of rats 
with vitamin D3 in OWD group compared to OW group showed 
significant decrease in liver /body weight ratio. This result was 
approved by Yin et al. (2012). They reported that administration 
of vitamin D3 prevented high fat diet-induced body weight gain 
and reduced liver/ body weight ratio.

There was a significant increase of cholesterol, triglycerides, 
LDLP, VLDLP and significantly decreased of HDLP in OW group 
compared to CO group. These results coincided with Ugwor et al. 
(2022) who reported that obese rats that fed with high fructose 
and high lipid diets had significantly higher body weight and to-
tal body lipids (triglycerides, cholesterol, LDLP, VLDLP and free 
fatty acids) with significantly reduced HDLP and impaired cardiac 
nitric oxide signaling. These results coincided with Njelekela et al. 
(2002) who found that obese men and women had significant-
ly higher mean serum triglycerides, cholesterol and LDLP with a 
higher prevalence of dyslipidemia. The previous results may be 
attributed to effects of a high-fat diet in cholesterol, triglycerides, 
LDLP and VLDL absorption, synthesis and lipoprotein process-
ing. These findings help in the accumulation of hepatic steatosis 
Chung et al. (2013). Meanwhile, treatment of OW rats with vita-
min D caused a significant decrease in cholesterol, triglycerides, 
LDLP while showed a significant increase of HDLP. These results 
were in harmony with Sepidarkish et al. (2019) who reported that 
vitamin D supplementation has beneficial effects on dyslipidemia 
where it reduced triglycerides, cholesterol, LDLP and VLDLP while 
increased serum HDLP. Vit D is associated with the promotion of 
calcium absorption that interns reduces absorption of fat from 
intestine followed by reducing cholesterol level (Wang et al., 
2016). Also, promotion of calcium level favors the conversion of 
cholesterol into bile acids (Vaskonen et al., 2002). Furthermore, 
vitamin D is associated with reduction of parathormone hor-
mone that enhances lipolysis and the peripheral removal beside 
the influence of vitamin D on reducing the hepatic synthesis of 
triglycerides with increasing VLDLP receptor expression therefore 
reduces triglycerides and VLDLP beside increase in HDLP (Kim 
and Jeong, 2019).

In the current study, there was a significant increase in se-
rum ALT, AST, GGT of OW compared to CO group that coincid-
ed with results of Hajifathalian et al. (2020). They reported that 
overweight and obesity are significantly associated with elevated 
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Fig. 1. Photomicrograph of (a & f) control rats, (b & g) corn oil group and group received vitamin D (c & h) showed normal hepatocytes surrounded the central veins (CV) and the portal 
area (PA). Obese rats (d & i) showed degenerative changes surrounding the central vein (CV) and portal area (PA) such as hydropic (HD) and fatty (FD) degeneration. Necrotic nuclei 
were observed in the hepatocytes. Obese rats treated with Vitamin D (e & j) showed normal hepatocytes surrounded the central vein and the fatty degeneration (FD) persisted only in the 
peripheral region of the portal area.
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hepatic serum biochemical markers of ALT, AST and GGT. The ob-
served increase in AST, ALT, GGT in OW group may be explained 
by Yang et al. (2014) who reported that high-fat diet cause lip-
id accumulation and increased infiltration of inflammatory cells 
in the liver evidenced by the increased plasma activities of the 
AST, ALT, GGT and ALP enzymes, These enzymes are considered 
markers of hepatic dysfunction. Meanwhile, treatment of OW 
rats with vitamin D showed significant decrease in ALT, AST, GGT 
in D group. These results were matched to those of  Tavakoli et 
al. (2019) who reported  that supplementation with vitamin D 
caused significant reductions of AST, ALT, direct bilirubin, total 
bilirubin, LDH, and GGT of obese rats. The significant decrease 
in AST, ALT, and GGT in the OWD group compared to the OW 
group may be attributed to the role vitamin D3 in promoting liver 
function. These results harmonized with Tavakoli et al. (2019) who 
reported that there is a significant association between low level 
of vitamin D and liver dysfunction and mortality. 

In this study induction of obesity caused a significant de-
crease in serum TAC and CAT. These results coincided with 
Noeman et al. (2011) who reported that high fat diet-induced 
obesity is accompanied by increase of oxidative stress, which 
is characterized by reduction of antioxidant enzymes activities 
like GSH, TAC and CAT levels. Moreover, Savini et al. (2013) re-
ported that obesity enhanced levels of reactive oxygen or ni-
trogen species. The observed decrease in TAC and CAT in OW 
group may be explained by Kadam et al. (2010) who reported 
that decrease of TAC and CAT may be associated with increase 
of oxidative stress parameters-induced by NAFLD development. 
Whole treatment of OW rats with vitamin D showed significant 
increase of CAT and TAC than OW non treated group. These re-
sults were in agreement  with Fathi et al. (2022) who showed that 
vitamin D promoted the activity of the antioxidant system GSH, 
SOD, TAC, and CAT while reducing MDA and lipid peroxidation 
enzymes. The significant increase in TAC and CAT in the OWD 
group compared to the OW group may be attributed to the role 
of vitamin D3 in mitigating oxidative stress where it has a poten-
tial antioxidant effect (de Medeiros Cavalcante et al., 2015). This 
coincided with the reduced liver retrogressive changes in OWD 
group. Histopathological examination of obese liver illustrated 
marked changes in response to obesity induction and reflected in 
the functional measured markers. These functional and structural 
changes could be related to the generation of obesity oxidative 
damage to the liver tissue (Martínez-Martínez et al., 2021). The 
present result revealed that vitamin D significantly healed with 
high percentage the liver damage induced by obesity. Consistent 
with that result, vitamin D was found to normalize liver tissue 
structural in different models of hepatotoxicity (Hamouda et al., 
2022; Lisakovska et al., 2017).

CONCLUSION

The published results confirmed that obesity is responsi-
ble for remarkable hepatic structural and functional abnormal-
ities demonstrated by perturbed biochemical and pathological 
changes. Vitamin D enhanced the biochemical parameters and 
may be helpful in amelioration of obesity via promoting antioxi-
dants. Different doses of vitamin D with more duration treatment 
for use to reduce fatty liver induced by obesity remain to be fur-
ther elucidated.
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