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Introduction 

The kidney is an essential organ involved in the endogenous 

elimination of waste products from the body. Other vital functions 

elucidated by the kidney include the mediation of endocrine functions, 

acid-base balance, and electrolyte maintenance.
1 

Due to its role in 

metabolism, transport, and reabsorption of solutes, typical exposure to 

toxic effects of ingested toxicants, drugs, or chemicals are common.
1
 

In the kidney, proximal tubules contain a high amount of mitochondria 

used for the energy-demanding processes involved in the reabsorption 

of filtrates passing through the glomerulus.
2
 This abundance of 

mitochondria in the kidney also exposes the organ to the production of 

intracellular free radicals,
3
 and possibly nephrotoxicity. 

Interestingly, nephrotoxicity is a significant cause of acute kidney 

disease (AKD).
4
 Globally, approximately 2 million people die 

annually from  AKD,
5
 and many survivors of AKD are even at a 

higher risk of developing end-stage renal diseases and chronic kidney 

disease (CKD).
5
 Various conditions and nephrotoxic agents related to 

kidney failure are strongly associated with oxidative stress induction.
6
 

This association suggests oxidative stress plays a vital role in the 

pathophysiology of kidney diseases.
3
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Nitrosamines, including diethylnitrosamine (DEN), are potent 

carcinogens formed through the reaction of nitrite produced-

nitrosating agents with secondary or tertiary amines.
7
  Nitrosamines 

are found in food, including meat, milk, seafood, oil, alcoholic 

beverages, and other products.
8-11

 DEN has previously been used to 

induce oxidative stress either as single administered toxicants
12-14 

or 

alongside other toxicants like carbon tetrachloride (CCL-4).
15

 Besides 

its hepatocarcinogenic role, DEN has also been reported to cause 

nephrotoxicity.
16

 Nephrotoxic effects of DEN occurs by altering 

kidney functions. 
12,17

 Inclusively, DEN induces oxidative stress 

during Cytochrome P450 (CYP450) metabolic activation. This 

induction can lead to carcinogenesis, mutagenesis, and cytotoxicity.
18

 

Since oxidative stress is associated with various pathological 

conditions reports suggest it could be essential to use exogenous 

antioxidants and vitamins
19-22

 to augment the endogenous antioxidant 

capacity. The augmentation may reduce the risk factors of these 

conditions. 

Vitamin D (Vit D) is a critical hormone principally known for the 

regulation of mineral homeostasis. However, it also mediates 

autocrine functions aside from its usually known classical roles.
23

 

Over the years, scientific evidence has reportedly associated vitamin D 

deficiency with CKD even though Vit D's roles in the progression of 

these diseases are largely unknown.
24-27

 In recent years, Vit D 

supplementation in different conditions indicates that Vit D could 

perform other crucial functions. Therefore, Vit D maintenance is 

essential to regulate the hormone's classical and non-classical 

functions, thus improving clinical outcomes in some CKD patients.
23

 

Suggested non-classical roles of vitamin D include regulating 

physiological processes involved in inflammation, apoptosis, cell 

differentiation, and oxidative stress.
28
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The kidney is an essential organ known for its role in the endogenous elimination of the body's 

waste products. The kidney also functions in metabolic activities, including vitamin D 

metabolism. Other kidney functions involves transport and reabsorption of solutes exposing the 

organ to oxidative stress induced by toxicants. The study, therefore, examined the effects of 

dietary vitamin D (Vit D) on diethylnitrosamine (DEN)-induced oxidative stress in rat kidney. 

Eighty-four male Wistar rats were divided into four groups of 21 animals each, and 30 mg/kg 

body weight of DEN was administered twice weekly for 11 weeks. Each group received either 

DEN + Vit D deficient diet or Vit D diet, and normal saline + Vit D deficient diet, or a Vit D 

diet. Oxidative stress/antioxidant parameters, including Glutathione S-transferase (GST), 

Thiobarbituric acid reactive substances (TBARS), Glutathione (GSH), Superoxide dismutase 

(SOD), and Nitric Oxide (NO), were measured using spectrophotometric methods after weeks 6, 

12, and 20. Results showed an early significant (p < 0.05) increase in GST activity with DEN 

exposure, which was significantly (p < 0.05) reduced with the Vit D diet. In the DEN + Vit D 

deficient diet group, a significant (p < 0.05) decrease in nephrotic NO concentration and 

increased SOD activities were observed in the 20th week of evaluation. Nephrotic tubular 

hyalinization and inflammation were noticeable after 11 weeks of DEN exposure from 

histopathology results. The findings showed that dietary Vit D could, in part, alleviate kidney 

oxidative stress effects through oxidative stress modulation. 
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Given the suggested antioxidant roles of vitamin D and its deficiency 

in kidney diseases, it is essential to understand Vit D's non-classical 

function in alleviating oxidative stress, a necessary factor in kidney 

diseases' pathogenesis. Therefore, this study investigated the role of 

vitamin D in DEN-induced oxidative stress in rats. In contrast to 

previous reports, this study explored the role of vitamin D in DEN-

induced kidney toxicity.
29

  

 

Materials and Methods  

Chemicals/reagents 

Diethylnitrosamine (DEN) used was a product of TCI America, USA. 

Vitamin D mix, vitamin D deficient mix, and mineral mix used was 

from Dyets Inc. Bethlehem, PA, USA.  

 
Experimental design 

Eighty-four male Wistar rats were divided into four groups of twenty-

one animals each. Each group was further subdivided into three groups of 

seven animals each. Rats were housed at room temperature and kept away 

from direct sunlight. Food was supplied with water ad libitum. The 

experiment was carried out according to the Covenant University Ethical 

Committee animal care guidelines with reference number 

CHREC/022/2019. The experimental groups with respective feeding 

routines are described below with the feed composition shown in 

Table 1: 

Group 1: Diet deficient in vitamin D + DEN (D-VDD) 

Group 2: Control diet + DEN (D-V) 

Group 3: Diet deficient in vitamin D+ Normal saline (C-VDD) 

Group 4: Control diet + Normal saline (C-V) 

The experiment was carried out in three stages; 

Stage 1: 6 weeks DEN administration and sacrificed after week 7 

Stage 2: 11 weeks DEN administration and sacrificed at week 12 

Stage 3: 11 weeks DEN administration and sacrificed at week 20 

Feed composition, including vitamin and mineral mix used in the 

experiment and endogenous Vit D depletion, was initially described 

by Adelani et al. (2020).
30

 In stage 1, animals in groups 1 and 2 were 

administered 30 mg/kg DEN twice weekly for six weeks through 

intraperitoneal injection and sacrificed a week after while groups 3 

and 4 received normal saline. In stage 2, animals in groups 1 and 2 

were administered 30 mg/kg DEN twice weekly for eleven weeks 

through intraperitoneal injection, while animals in groups 3 and 4 

received normal saline. However, stage 3 rats were left for an 

additional eight weeks following administration of  30 mg/kg DEN 

twice weekly for eleven weeks before sacrifice using the method 

described by Ding et al. (2017).
29

 Rats were sacrificed by euthanizing 

using 5 mg xylazine and 50 mg ketamine. 

 

Blood and tissue collection 

Blood samples were collected in heparinized tubes while kidney 

tissues were collected, washed in cold saline, and stored at -20ºC 

before analysis. Red blood cells (RBC) were separated from plasma 

for further research.  

 
Blood and kidney antioxidant/oxidative stress parameters 

At different experimental stages, oxidative stress parameters in the rat kidney, 

including Thiobarbituric acid reactive substances (TBARS), Glutathione 

(GSH), Superoxide dismutase (SOD), Nitric Oxide (NO), and Glutathione S-

transferase (GST), were assayed. NO, TBARS, GSH, SOD, and GST were 

quantified using methods described by Yucel et al.
31

 Buege and Aust,
32

 

Ellman,
33 

Marklund and Marklund,
34

 and Habig et al.
35

 respectively.  

 

Kidney histopathology 

Hematoxylin and eosin (H&E) staining were used in kidney 

histopathology. A portion of rat kidney tissues was collected, fixed in 

adequate buffered formalin, processed and embedded in paraffin wax. 

A slice of the tissues (5 microns) was cut using a microtome, air-dried 

and exposed to heat to remove paraffin. Staining was carried out using 

haematoxylin (pH higher than 5) with the cytoplasmic part stained 

with eosin Y .
36,37

 

 

 

Statistical analysis 

Statistical analysis was carried out using R software (version 4.0.2).
38-

41
 Significance was measured with one-way Analysis of Variance 

(ANOVA), and values with p < 0.05 were considered significant. Post 

hoc analysis was done using Tukey HSD, and results shown as mean ± 

SD.  

 

Table 1: Feed composition in g/kg 
 

Composition D-VDD         

C-VDD 

D-V  

C-V 

Maize starch                                                                          500  500 

Soy Bean  350 350 

Oil  50 50 

Vitamin D mix  

Vitamin D deficient mix 

- 

10 

10 

- 

Minerals 35 35 

Fibre 50 50 

Methionine  5 5 

*In Vitamin D mix is composed of 1000IU of vitamin D3  

Diet deficient in vitamin D + DEN (D-VDD); Control diet + DEN (D-

V); Diet deficient in vitamin D+ Normal saline (C-VDD); Control diet 

+ Normal saline (C-V) 

 

Results and Discussion 

Toxic implications generated from DEN administration could have 

influenced the alterations of kidney and RBC oxidative balance. 

However, dietary vitamin D modulated an early stage GST activity 

and mediated late-stage NO concentration in the kidney and RBC after 

prolonged exposure to DEN. In the past, the adaptation of vitamins as 

antioxidants in kidney-related diseases resulted in little success. 

Despite the relatively low level of success in using vitamins as 

antioxidants, their roles in alleviating oxidative stress in kidney 

injuries cannot be underestimated.
23

 Furthermore, vitamins, including 

vitamins C and E, have been previously reviewed for their antioxidant 

roles
42

 in renal injuries and CKD.
43

  

At the first stage of kidney oxidative stress evaluation, GST activity 

was significantly (p < 0.0001) increased in group 1 compared to the 

control groups (Figure 1d). This increase was significantly (p < 

0.0001) reduced with dietary Vit D. Meanwhile, there were a slight 

increase and decrease in SOD activity and NO concentrations with 

DEN administration (Figure 1). Furthermore, other oxidative stress 

parameters showed no significant (p > 0.05) variations among groups 

observed. Incidentally, a reversed observation of events occurred after 

11 weeks of DEN administration (Figure 2). MDA concentration was 

significantly (p < 0.05) reduced in the D-VDD group when compared to 

the control group, C-V (Figure 2c). Also, group 1 showed no significant 

(p > 0.05) increase in NO concentration and GSH levels (Figure 2a & 

2b). Dietary Vit D reduced the increased NO concentration and GSH 

levels non-significantly (p > 0.05). After 11 weeks, the D-VDD group 

showed reduced GST and SOD activities (Figure 2d & 2e). At stage 3, 

oxidative stress evaluation was indicated by a decreased NO 

concentration (p = 0.007), which correlates with an increased TBARS 

level in group 1 (Figure 3). Besides, increased SOD activity (p = 0.003) 

was observed in group 1 compared to the control (C-V) in group 4. The 

inclusion of dietary Vit D upregulated the NO concentration, decreased 

SOD activity, and the TBARS level, although these differences were not 

significant (p > 0.05), as seen in Figure 3. However, in the RBC, 

increased NO concentration and reduced TBARS levels were observed 

at an early stage (6 weeks) of DEN administration (Figure 4). GST 

activity was also significantly (p = 0.012) upregulated in the RBC after 

stage 1 (Figure 4d).  

However, at the late stage (20 weeks), increased GST activity and 

reduced GSH levels were observed in group 1 (Figure 6). Interestingly, 
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reduction (p = 0.056) of NO concentration in group 1 was significantly 

(p = 0.0077) increased with dietary Vit D inclusion (Figure 6). In 

correlation with the observation at stage 2 in the kidney, RBC TBARS 

levels were also reduced in the DEN-administered group void of vitamin 

D diet compared to the control groups. From the 6
th
 week, although 

decreased NO, alongside increased TBARS and SOD, were not 

distinctively observed after six weeks in this study (Figure 1), there 

was a reversed observation of the result after eleven weeks (Figure 2). 

TBARS, however, was significantly reduced compared to the control 

groups. This observation corresponded to the increased SOD activity 

and increased NO concentration. Results at this stage could suggest a 

possible alleviation of oxidative stress effects through organ-specific 

endogenous responses. In histopathology results, all groups of kidney 

tissues showed no major pathological changes except for the vascular 

congestion reported in the D-VDD group (Figure 7). However, after 

11 weeks of DEN administration, tubular hyalinization was observed 

in both the D-VDD and D-V groups. In addition to the hyalinization, 

the D-VDD group also showed some inflammation and interstitial 

haemorrhages (Figure 8). Furthermore, after 20 weeks, the tubular 

hyalinization in D-VDD was accompanied by dysplastic epithelial 

cells. However, D-V groups showed tubular hyalinization and fibrosis 

(Figure 9a-b).  

Overproduction of free radicals and subsequent reduced production of 

antioxidants are important risk factors involved in the progression of 

many renal ailments. Reduced NO concentration after twenty weeks, 

as observed in the study, is a common phenomenon in CKD. For 

example, increased production of free radicals has been reported as a 

significant risk factor in CKD.
3
 This finding could be attributed to 

DEN administration thus, triggering oxidative stress.
12-14

 Increased 

oxidative stress reduces NO bioavailability by upregulating 

endothelial Nitric Oxide synthase (eNOS) in a mechanism that 

simultaneously reduces NOS through feedback inhibition.
44

 The 

results suggest that kidney endothelial dysfunction might have caused 

the reduced NO concentration observed in the study.
45

 Also, since 

renal NO concentration plays a critical role in sodium balance, the 

reduced NO concentration observed from the study could have altered 

the tubular sodium transport
44

 and kidney functions. The results also 

indicate there could be a case of nitrosative stress through the reduced 

NO production or disruption of the NO signalling pathway.  This 

disruption of the signalling pathway is a usual occurrence in the 

development of various kidney diseases.
45-47 

The administration of 

nitric oxide decreased the occurrence of acute kidney injuries and 

CKD.
48 

Besides, there was a time-dependent reduction of nitric oxide 

concentration in the RBC, which was evident after twenty weeks. 

Furthermore, increased SOD activities observed from the study at the 

later stage of the experiment corroborate the endogenous kidney 

response to increased oxidative stress. Since SOD plays a vital role in 

alleviating oxidative stress by converting oxygen radicals to hydrogen 

peroxide, the endogenous response to stress could have triggered the 

increased SOD activity.
49

 Also, it is suggested that the high SOD 

activity, which correlates with reduced NO concentration, could result 

from increased superoxide anions. The increased anions due to 

oxidative stress are vital in NO degradation by reacting to produce 

peroxynitrite (ONOO).
42 

Additionally, increased GST activity 

observed after six weeks of DEN administration in both kidney tissue, 

and RBC could be attributed to internal response mechanisms in 

alleviating DEN-induced oxidative stress.  Furthermore, GSH 

synthesis is generally triggered as an adaptive mechanism in 

eliminating a slight increased oxidative stress. However, a high burden 

of oxidative stress could eliminate the adaptive mechanism and alter 

oxidation reactions of GSH to GSSG, thus, reducing the GSH levels.
50

 

In fact, increased SOD and reduced GSH has previously been reported 

as an indicator of kidney oxidative stress.
51 

Furthermore, the decreased 

GSH reported in oxidative stress could result from the conjugation of 

DEN with GSH, a reaction possibly mediated by GST.
50,52

 This line of 

thought correlates with this study outcome, as seen in the early and 

late stages of DEN exposure.  

 

 

Figure 1: Effects of vitamin D on Kidney DEN-induced oxidative 

stress after six weeks     
(A) NO concentration, (B) GSH level, (C) TBARS, (D)  GST activity,  (E.) 

SOD activity. Plots represent mean ± SD (n = 5). Significance is indicated as 

*** = < 0.001 Thiobarbituric acid reactive substances (TBARS); 

Glutathione (GSH); Superoxide dismutase (SOD); Nitric Oxide (NO); 

Glutathione S-transferase (GST); Diet deficient in vitamin D + DEN 

(D-VDD); Control diet + DEN (D-V); Diet deficient in vitamin D+ 

Normal saline (C-VDD); Control diet + Normal saline (C-V). 
 

 

 

Figure 2: Effects of vitamin D on Kidney DEN-induced 

oxidative stress after eleven weeks  
(A) NO concentration, (B) GSH level, (C) TBARS, (D)  GST activity,  

(E.) SOD activity.  Plots represent mean ± SD (n=5). Significance is 

indicated as ** = < 0.01. Thiobarbituric acid reactive substances (TBARS); 

Glutathione (GSH); Superoxide dismutase (SOD); Nitric Oxide (NO); 

Glutathione S-transferase (GST); Diet deficient in vitamin D + DEN (D-VDD); 

Control diet + DEN (D-V); Diet deficient in vitamin D+ Normal saline (C-

VDD); Control diet + Normal saline (C-V). 
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Figure 3: Effects of vitamin D on Kidney DEN-induced 

oxidative stress after twenty weeks.  
(A) NO concentration, (B) GSH level, (C) TBARS, (D) SOD activity. 

Plots represent mean ± SD (n=5). Significance is indicated as *** = < 

0.001; * = <0.05. Thiobarbituric acid reactive substances (TBARS); 

Glutathione (GSH); Superoxide dismutase (SOD); Nitric Oxide (NO); 

Diet deficient in vitamin D + DEN (D-VDD); Control diet + DEN (D-

V); Diet deficient in vitamin D+ Normal saline (C-VDD); Control diet 

+ Normal saline (C-V). 

 

 

Figure 4: Effects of vitamin D on RBC DEN-induced 

oxidative stress after six weeks.  
(A) NO concentration, (B) GSH level, (C) TBARS, (D) GST activity. 

Plots represent mean ± SD (n = 5). Significance is indicated as * = < 

0.05. Thiobarbituric acid reactive substances (TBARS); Glutathione 

(GSH); Nitric Oxide (NO); Glutathione S-transferase (GST); Diet 

deficient in vitamin D + DEN (D-VDD); Control diet + DEN (D-V); 

Diet deficient in vitamin D+ Normal saline (C-VDD); Control diet + 

Normal saline (C-V). 

 

 
Figure 5: Effects of vitamin D on RBC DEN-induced 

oxidative stress after eleven weeks.         
(A) NO concentration, (B) GSH level, (C) TBARS, (D) GST activity. 

Plots represent mean ± SD (n=5). Significance is indicated as * = < 

0.05. Thiobarbituric acid reactive substances (TBARS); Glutathione 

(GSH); Nitric Oxide (NO); Glutathione S-transferase (GST); Diet 

deficient in vitamin D + DEN (D-VDD); Control diet + DEN (D-V); 

Diet deficient in vitamin D+ Normal saline (C-VDD); Control diet + 

Normal saline (C-V). 

 

 

 

Figure 6: Effects of vitamin D on RBC DEN-induced 

oxidative stress after twenty weeks.        
(A) NO concentration, (B) GSH level, (C) TBARS, (D)  GST activity. 

Plots represent mean ± SD (n = 5). Significance is indicated as * = < 

0.05; ** = < 0.01. Thiobarbituric acid reactive substances (TBARS); 

Glutathione (GSH); Nitric Oxide (NO); Glutathione S-transferase 

(GST); Diet deficient in vitamin D + DEN (D-VDD); Control diet + 

DEN (D-V); Diet deficient in vitamin D+ Normal saline (C-VDD); 

Control diet + Normal saline (C-V). 
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Figure 7: Histopathology of kidney tissues after six weeks of 

DEN administration. 
(a) D-VDD group indicating congested blood vessels; vascular 

congestion, (b) D-V group indicating normal kidney, (c) C-VDD 

group indicating normal kidney, (d) C-V group indicating normal 

kidney. Diet deficient in vitamin D + DEN (D-VDD); Control diet + 

DEN (D-V); Diet deficient in vitamin D+ Normal saline (C-VDD); 

Control diet + Normal saline (C-V). 

 

 

 

Figure 8: Histopathology of kidney tissues after eleven weeks 

of DEN administration  
(a) D-VDD group indicating inflammation, Tubular hyalinization, and 

interstitial haemorrhage (b) D-V group showing focal tubular 

hyalinization, (c) C-VDD group indicating interstitial haemorrhage 

and inflammation with a focal area of fibrosis, (d) C-V group 

indicating an essentially normal kidney with focal interstitial 

haemorrhage Diet deficient in vitamin D + DEN (D-VDD); Control 

diet + DEN (D-V); Diet deficient in vitamin D+ Normal saline (C-

VDD); Control diet + Normal saline (C-V) 

 

 
Figure 9: Histopathology of kidney tissues after 20 weeks of 

the experiment.  
(a) D-VDD group indicating tubular hyalinization and presence of 

atypical dysplastic epithelial cells (b) D-V group indicating focal 

tubular hyalinization and fibrosis; with few atypical cells (c) C-VDD 

group indicating interstitial inflammation and haemorrhage (d) C-V 

group indicating focal tubule-interstitial inflammation with 

hyalinization. Diet deficient in vitamin D + DEN (D-VDD); Control 

diet + DEN (D-V); Diet deficient in vitamin D+ Normal saline (C-

VDD); Control diet + Normal saline (C-V). 

 

From the histopathology results, dietary Vit D showed possible 

ameliorative effects with the absence of vascular congestion and a 

reduced interstitial haemorrhage after six weeks of DEN 

administration. The observed congested blood vessels in DEN 

administered group with vitamin D deficiency could result from 

increased blood flow, which correlates with the observation of Abdel-

Moneim et al.
16 

in a DEN/2AAF induced nephrotoxicity study. 

Additionally, thrombosis, a risk factor in hepatocellular carcinoma 

patients, could also be associated with the findings' vascular 

congestion.
53

 The role of dietary Vit D as an anti-inflammatory agent 

could also attribute to the observations recorded after eleven weeks of 

DEN administration.
30

 Unlike the group fed dietary Vit D, tubular 

hyalinization accompanied by intestinal haemorrhage and 

inflammation were characteristics of the Vit D deficient group. 

Finally, increased nephrotoxic effects through DEN accumulation 

during its reabsorption and transportation in the proximal convoluted 

tubules could have caused the inflammation.
54

 

 

Conclusion 

In conclusion, the study shows that dietary Vit D could, in part, 

alleviate kidney oxidative stress effects through oxidative stress 

modulation. 
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