
ISSN (Print): 2476-8316  
ISSN (Online): 2635-3490  

Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol. 6 No. 1 March 2020 

 
 

*Author for Correspondence 

I. Lai, Y. Sadau, F. U. Maigari, DUJOPAS 6 (1): 108-117, 2020                                                                       108 

 

Effects of Calcitriol Supplementation on Renal, Liver 
and Lipidperoxidation Biomakers, on Wistar Albino 

Rats that received 10% Fructose 
 

Ibrahim Lai1, Yakubu Sadau1*, Fatima Umar Maigari2 
1Department of Human Physiology,  

College of Medical Sciences,  
Gombe State University  

Gombe, Nigeria  
 

2Department of Biochemistry,  
Gombe State University,  

Gombe, Nigeria 
Email: ysadau@gmail.com 

      

 

Abstract 
Calcitriol is formed in the kidney as the end product of vitamin D metabolism; Low calcitriol status 
has been implicated in the development of cardiovascular risk factors and other disoders. The study 
was designed to examine the effects of calcitriol treatment on indices of renal and liver biomarkers and 
lipid peroxidation on Wistar Albino rats. Animals were randomized into four groups of five rats each 
and supplemented with to 125 µg/Kg body weight calcitriol for three weeks after five weeks of fructose 
drinking. Group I:  Control; Rats received water, Group II:  Rats feed + 125 µg/Kg body weight of 
Calcitriol, Group III: Rats received 10% fructose solution, Group IV: Rats received10% fructose 
solution and125 µg/Kg body weight of Calcitriol. All the parameters were determined using 
commercial kits according to the manufacturers’ instructions. Results showed that rats that received 
fructose exhibited a significant increase in urea, creatinine, liver enzymes activities and lipid 
peroxidation index while the activities of Superoxide dismutase (SOD) and Catalase (CAT) were 
significantly reduced when compared with the control. Calcitriol treatment significantly reduced 
renal failure makers and activities of liver enzymes. However, the activities of antioxidant enzymes 
were significantly increased in rats that received fructose. It was found that calcitriol treatment has 
shown an improved reno-hepatic protection, enhanced the activities of the antioxidant enzymes and 
prevented lipid peroxidation. 
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INTRODUCTION 
Dietary and nutritional imbalances have long been recognized as the key risk factors 
responsible for the upsurge of Type 2 Diabetes mellitus (T2DM) but the underlying 
mechanisms remain elusive (International Diabetic Federation, 2013). T2DM is characterised 
by significant hyperglycaemia resulting from compromised insulin utilisation and 
insufficient compensatory insulin production. It is an important health problem due to its 
high morbidity, mortality and increased global prevalence (International Diabetic 
Federation, 2013). In animal model of experimental diabetes, high fructose diet has been 
shown to promote oxidative cellular damage and exerts detrimental effects by reducing 
antioxidant defenses as well as induces the generation of free radicals (Lustig et al., 2010; 
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Chou et al., 2015).Fructose supplementation on the Wistar Albino Rats increases of hepatic 
acetyl CoA lead to increased production of very low-density lipoprotein and triglycerides 
which is associated with type 2 diabetes (Teff et al., 2009) Fructose causes Metabolic 
Syndrome, metabolic syndrome is a cluster of conditions- increased blood pressure, high 
blood sugar, excess body fat around the waist, and abnormal cholesterol or triglyceride 
levels that occur together increasing risk of heart disease, stroke and diabetes (Sánchez-
Lozada et al., 2007). Numerous studies have shown the increase in insulin resistance upon 
ingestion of fructose (Hwang et al., 2007). Although fructose does not stimulate insulin in the 
short term, the insulin resistance and obesity induced by long term fructose feeding in 
experimental animals induces hyperinsulinemia (Elliott et al., 2002). Hyperinsulinemia may 
then lead to hypoglycemia or type 2 diabetes. 
 
Calcitriol [1, 25(OH) 2 D3] which is a synthetic compound that is identical with the most 
active metabolite of vitamin D, 1, 25-dihydroxycholecalciferol, formed in the kidney as the 
end product of vitamin D metabolism, it is active in the regulation of the absorption of 
calcium from the gastrointestinal tract and its utilization in the body (Guneset al., 2000). 
Adverse effects of over administration of calcitriol include hypercalcemia, hypercalciuria, 
and hyperphosphatemia (Jones et al., 1994). Low calcitriol status has been implicated in the 
development of cardiovascular risk factors such as hypertension, dyslipidaemia, insulin 
resistance as well as type 2 diabetes (Johnson, et al., 2007; Pilz et al., 2013). Calcitriol 
supplementation has been reported to improve β-cell function, increase insulin secretion 
(Mitri et al., 2011), as well as enhances insulin sensitivity (Fu et al., 2010; Al-Daghari et al., 
2012). It has also been shown to maintain glucose homeostasis and protects β-cells from 
oxidative stress induced tissue damage (Manna and Jain, 2012). Increased activity ofrenin 
angiotensin system (RAS) impairsβ-cell function and peripheral insulin sensitivity but 
calcitriol suppresses the RAS activity (Cheng et al., 2011). Studies investigating the effects of 
calcitriol supplementation on diabetes and its complications are often conflicting and 
inconsistent. There is insufficient information on the effects of calcitrol supplementation on 
biomarkers of renal and liver functions in fructose-induced T2DM in Albino Wistar rats. 
Therefore, this study investigated the effects of calcitriol administration on indices of renal 
and liver toxicity, antioxidant enzymes and lipid peroxidation in fructose-drinking rats. 

 
 

MATERIALS AND METHODS 
Animals 
Twenty (20) adult male Wistar rats weighing between 130 – 200 g were obtained from 
College of Medical Sciences, Gombe State University, Gombe, Nigeria and were kept in the 
animal house of the Department of Human Physiology,maintained under standard 
conditions (room temperature 24-27CO and humidity 60-65%) with 12 h light and dark cycle. 
They were fed withstandard laboratory diet dry pellets (Vital feed UAC) and given access to 
drinking water ad libitum. The rats were kept for two weeks prior to the commencement of 
the study, during which the animals were accustomed to routine handling and acclimatize 
to the new environment, as well as to stabilize them from the stressful effect which they may 
have been subjected tofrom where they were purchased to the experimental site (Adenkolaet 
al., 2011). 
 
Preparation of Fructose Solution and Experimental Design 
Animals were fed with 10% fructose solution prepared daily and served as rats’ drinking 
water for five weeks as previously described by Neeharika et al., (2012). Calcitriol treatment 
started 5 weeks after the beginning of fructose administration at a dose of 125µg/ml. 
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Animals were randomised into four groups of five animals each and the study lasted for 8 
weeks as follows: 
Group I: Control received normal food+ Distilled water 
Group II: Received normal food+ 125 μg/kg body weight of Calcitriol 
Group III: Received normal food+ 10% fructose solution  
Group IV:  Received normal food+ 10% fructose solution + 125 μg/kg body weight of 
Calcitriol 
 
The study was conducted in accordance with internationally-accepted principles for 
laboratory animal use and care. At the end of this experimental procedure, rats were 
anaesthetized with diethyl-ether vapour.  Blood samples were collected through cardiac 
puncture (Ebunlomo et al., 2012). 4 ml of blood was collected in lithium heparin bottles. 
Blood samples were centrifuged at 3000 x g for 15 minutes. Plasma was collected into bottles 
using a Pasteur pipette and stored frozen for later analysis. 
 
Enzymes Assay 
Urea, estimatation was using urea Elisa Kit’s according manufacturers’ specification. 
Creatinine estimated by method of Zhibo et al., 2017. The protein concentration of various 
samples was determined using the Biuret method as described by Edem et al. (2012). The 
principle of the test was based on the formation of coloured complex between proteins and 
cupric ions in alkaline solution. The result was expressed in millimole/litre 
 
The activity levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 
and alkaline phosphatase (ALP) were estimated as described by Reitman and Frankel (1957) 
using test kits (Randox, UK). ALT was estimated by monitoring the levels of pyruvate 
hydrazones formed with 2,4-dinitrophenyl hydrazine (DNPH) while AST was determined 
by monitoring oxaloacetate hydrazine formed with DNPH.The plasma levels of SOD and 
CAT in normal, fructose-drinking and treated groups were determined as described by 
Freitas et al. (2005). The method was based on SOD inhibition of auto-oxidation rate of 
Hematoxylin and CAT based on monitoring the consumption of H2O2 substrate. Lipid 
peroxidation biomarker malondialdehyde (MDA) level was assayed by measuring 
Thiobarbituric acid reactive substances (TBARS)formation (Freitas et al., 2005). 
 
Statistical analysis 
Data were collected and analysed using Statistical Package for the Social Sciences (SPSS) for 
windows version 20.0 (SPSS Inc., USA). Values were expressed as mean ± Standard error of 
mean (S.E.M.). Differences between means were evaluated for significant differences using 
one-way analysis of variance (ANOVA) with Turkey-Kramer multiple comparison post-hoc 
tests. P values < 0.05 were considered significant. 
 
Results  
Effects of calcitriol on biomakers of renal failure in Wistar Albino rats 
The effects of three weeks calcitriol administration on urea and total proteins of male Wistar 
rats is presented on Figure 1. Urea, creatinine and total proteins were significantly elevated 
in blood of rats that received 10% fructose for three weeks compared to the control 2.90 ± 
0.36vs2.20 ± 0.16, 41.00 ± 1.58vs35.80 ± 2.59,6.30 ± 0.38 vs5.80 ± 0.7, 2.18 ± 0.821respectively. 
These parameters were significantly reduced in animals treated with calcitriol compared to 
the fructose drinking rats (2.18 ± 0.82 vs2.90 ± 0.36,   36.00 ± 1.48 vs 41.00 ± 1.58, 5.70 ± 0.57 vs 
5.70 ± 0.57 
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Fig 1: Effects of calcitriol treatment on urea concentration in rats that received 10% fructose solution 
Results are expressed as mean ± SEM (n = 5). a = P≤0.05 vs control and b = P≤0.05 vs fructose-fed group. 

 
 
 

 
Fig 2: Effects of calcitriol treatment on total protein concentration in rats that received 10% fructose solution 
Results are expressed as mean ± SEM (n = 5). a = P≤0.05 vs control and b = P≤0.05 vs fructose-fed group. 
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Fig3: Effects of calcitriol treatment on creatinine concentration in rats that received 10% fructose solution 
 Results are expressed as mean ± SEM (n = 5). a = P≤0.05 vs control and b = P≤0.05 vs fructose-fed group 

 
Effect of calcitriol on liver enzymes in Albino Wistar rats 
 AST and ALT level in calcitriol treated rats were significantly reduced when compared with 
rats that received 10% fructose solution (7.00 ±0.13 vs 7.00 ±0.13, and 3.7 ± 1.34 vs 4.5 ± 1.60) 
and were statistically similar to those of the controls 7.00 ±0.13 vs 6.8 ± 1.30 and 3.7 ± 1.34 
vs3.6 ±1.14 respectively. 
 
Effects of calcitriol supplementation on antioxidant enzymes and lipid peroxidation 
Fructose-fed rats exhibited significant decreased in the activities of SOD and CAT as 
compared to their respective controls (3.30 ± 0.16 vs 5.20 ± 0.22 and 7.40 ± 0.54 vs 8.50 ± 1.12 
respectively). Treatment with calcitriol significantly increased the activities of the 
antioxidant enzymes and ameliorated the activity of enzymes in rats that received 10% 
fructose solution(5.70 ± 0.17 vs 3.30 ± 0.16 and 8.40 ± 1.06 vs 7.40 ± 0.54 respectively) as 
shown in table 1. correspondingly, rats that received 10% fructose solution had a significant 
(P˂0.05) increase in plasma TBARS levels in comparison to the control (1.72 ± 0.24 vs 1.20 ± 
0.18) and calcitriol treatment effectively prevented fructose-induced increased in TBARS 
levels in rats (1.22 ± 0.18 vs 1.72 ± 0.24). (Fig 4) 
 
 
Table I: Effects of calcitriol administration on liver enzymes and antioxidant enzymes 

activities in Albino Wistar rats 
 

Results are presented as mean ± SEM (N = 5). *p˂0.05 vs control, and #p˂0.05 vsrats that received 10% fructose 
solution 

 
 
 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

I II III IV

S
e

ru
m

 c
o

n
c

e
n

tr
a

ti
o

n
 o

f 

c
re

a
ti

n
in

e
 (

m
m

o
l/
L

)

GROUPS

b

a

GROUPS I        II III                 IV 

     
AST (U/L) 6.8 ± 1.30 

6.8 ± 1.95 
 8.0 ± 1.58* 7.00 ±0.13# 

ALT (U/L) 3.6 ±1.14 3.5 ± 1.00  4.5 ± 1.60* 3.7 ± 1.34# 
SOD (mmol/L) 5.20 ± 0.22 5.70 ± 0.61  3.30 ± 0.16* 5.70 ± 0.17# 
CAT (mmol/L) 8.50 ± 1.12 8.70 ± 0.99 7.40 ± 0.54* 8.40 ± 1.06# 
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        Fig 4: Effects of calcitriol treatment on MDA concentration on rats that received 10% fructose solution 
          Results are expressed as mean ± SEM (n = 5). a = P≤ 0.05 vs control and b = P≤ 0.05 vs fructose-fed group. 

 
 
DISCUSSION 
The present study investigated the effects of calcitriol treatment on indices of renal, liver 
function and lipid peroxidation biomarkers were investigated as well as the activities of 
antioxidant enzymes in an animal model that received 10% fructose solution is consistent 
with the results of previous studies (Hjelmeseath et al. (2010); Prabhu et al.(2013), the results 
of the present study revealed that urea; creatinine and total proteins  were significantly 
elevated in blood of rats that received 10% fructose solution. A high level of these 
metabolites is significant markers of renal dysfunction (Lameire et al., 2005; Kesari et al., 
2007; Dhanasekaran et al., 2009). Significant alterations in the serum levels of these markers 
are important indicators of kidney nephropathy (Gowda et al., 2010; Saka et al., 2012), 
hepatic insulin resistance, metabolic syndrome as well as type 2 diabetes (Cho et al., 2005). 
Calcitriol supplementation ameliorated the renal indices of toxicity in fructose-fed rats. The 
amelioration of renal indices suggested that calcitriol is effective in protecting the kidney 
against the deleterious effects of fructose diet and improved renal functions in rats that 
received 10% fructose solution. This finding is in agreement with previous studies that 
reported a renoprotective effect of calcitriol (De Zeeuw, et al., 2010; de Boer et al., 2012; 
Huang et al., 2012). Increased in total proteins in rats that received 10% fructose solution 
might be due to micro-protenuria, which is an important clinical marker of diabetic 
nephropathy and/or due to increased protein catabolism. A significant reduction in total 
plasma protein levels upon calcitriol administration indicated its favourable effects in 
reducing the alteration of protein metabolism and/or improved renal functions in rats that 
received 10% fructose solution. The results also showed that the serum liver enzymes (AST 
and ALT) were significantly higher in fructose-fed rats which might be due to toxic effects of 
fructose on the hepatocytes. Increase synthesis of the enzymes or leakages from damage 
tissues elevates enzyme concentrations in serum. Elevated serum AST and ALT levels are 
commonly used as sensitive markers of possible liver damage (Ramaiah, 2007). However, 
calcitriol treatment significantly decreased the liver enzymes in fructose-fed rats (AST and 
ALT). Thus, the result suggests that calcitriol was able to protect the liver against fructose-
induced liver injuries. The result agrees with the findings of Jorde and Grimmes (2011) that 
calcitriol treatment decreased liver enzymes but disagrees with the results of Abbas et al., 
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(2014) who reported no effect on serum liver enzymes following calcitriol supplementation. 
The activities of the enzymatic and non enzymatic antioxidant levels have been shown to be 
reduced during hyperglycaemia and in conditions of oxidative stress (Johansen et al., 2005; 
Dmytro and Volodymyr, 2013) which is similar to our observation. The results of the study 
showed fructose impaired radical scavenging activity and hence exposing proteins and 
lipids to peroxidation. However, calcitriol treatment enhances antioxidant activity and 
reduces lipid peroxidation in ratsthat received 10% fructose solution. This is probably in part 
by scavenging the reactive hydroxyl and peroxyl radicals and enhanced the production of 
endogenous antioxidant enzymes (SOD & CAT) depleted by fructose. Similar to our 
observation, studies have indicated that calcitriol may possess antioxidant properties and 
also strengthens the role of existing antioxidants by inhibiting inducible nitricoxide synthase 
[iNOS] Garcion et al., 1997) and increases levels of glutathione (Baas et al., 2000) in the body. 
The endogenous antioxidant enzymes have been shown to neutralize and prevent tissue 
damage caused by highly reactive oxygen species during diseases (Kumar and Ptiyadarsini, 
2011). This finding is in line with the results of Dong et al., (2012) in which calcitriol 
treatment reduced fructose-induced oxidative stress. 
 
CONCLUSION 
In conclusion this studies have indicated that calcitriol possess antioxidant properties and 
also strengthens the role of existing antioxidants and that might be responsible to its’ 
renoprotective, hepatoprotective due to its attenuation of fructose-induced oxidative stress, 
lipid peroxidation and decreased in biomarkers of renal and liver toxicity. 
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