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Abstract
Background: Nitrate (NO3) is the most common chemical contaminant in the world’s ground water aquifer. Oxidative stress 
has been proposed as a possible mechanism involved in NO3 toxicity on non-target organism.
Objectives: The current study aimed to elucidate the potential protective effect of  Telfairia occidentalis (pumpkin seed oil, PSO) 
against hepatotoxicity induced by sodium nitrate.
Methods: Wistar rats were exposed either to NaNO3 (200 mg/kg bw) in drinking water in drinking water, or to 4ml PSO/kg bw 
by gavage or to their combination. Oxidative stress parameters, biochemical biomarkers and liver histopathological examination 
were determined.
Results: Our data showed that the exposure of  rats to NaNO3 caused significant changes of  some haematological parameters 
compared to the control. In addition, there was a significant elevation of  the levels of  biochemical markers as that of  aspartate 
aminotransferase, alanine aminotransferase, alkaline phosphatase and lactate dehydrogenase when compared with the control. 
Furthermore, exposure of  rats to NaNO3 induced liver oxidative stress as indicated by the increase of  malondialdehyde, pro-
gressive oxidation of  protein products and protein carbonyl levels. In addition, a reduction in anti-oxidant status (catalase, 
glutathione peroxidase, glutathione-S-transferase and superoxide dismutase, reduced glutathione and vitamin C) was observed.
Conclusion: Co-administration of  PSO to the NaNO3 restored most parameters cited above to near-normal values. Therefore, 
the present investigation revealed the ability of  PSO to attenuate NaNO3-induced oxidative damage.
Keywords: Sodium nitrate, Telfairia occidentalis, pumpkin seed oil, hepatotoxicity, oxidative stress, protection, anti-oxidant status, 
rat.
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Introduction
Nitrate exposure may be considered as a causative factor 
in the context of  the environmental pollutants. Drinking 
water is the most common pathway through which the 
population is exposed to nitrate1. In recent years, con-
siderable attention has been paid to the intensive use of  
nitrates as agricultural fertilizers that reach humans and 
animals by different routes2. In fact, it penetrates through 
soil and remains in ground water for decades3. More-
over, nitrate levels in drinking water should not exceed 
50 mg/L as recommended by the World Health Organi-
zation guideline4.
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Nitrate is relatively non-toxic5, but approximately 5% of  
all ingested nitrate is converted by microflora in the gas-
trointestinal tract to the most toxic nitrite2, which binds 
to haemoglobin to form methemoglobin. Thus, children 
are particularly susceptible to developing methemoglo-
binemia3. The risk of  nitrate toxicity mainly belongs to 
formation of  reactive oxygen species, free radicals as well 
as other toxic transient compounds, such as peroxynitrite, 
hydrogen peroxide and superoxide anion, which interrupt 
the equilibrium between oxidants and anti-oxidant, caus-
ing the so-called oxidative stress6. When produced in ex-
cess, ROS could damage critical molecules such as lipids, 
proteins and nucleic acid bases, thus resulting in cell cycle 
arrest and apoptosis7. Its presence may cause metabol-
ic, and physiological modifications in hepatic cells8. Diet 
supplementation with natural anti-oxidants can serve as 
a type of  preventive medicine, for this reason, research 
works dealing with the determination of  natural anti-
oxidant sources are important9. Therefore, the number 
of  reports focussing on the identification, isolation and 
testing of  natural anti-oxidants from plants has increased 
immesely during the last decade9.

Fluted pumpkin Telfairia occidentalis is a species of  cucurbi-
taceae family in the tropics and largely consumed in some 
African countries10 and frequently used as functional food 
or medicine11. The health benefits of  pumpkin seeds are 
attributed to their macro- and microconstituents as pro-
teins, triterpenes, lignans, phytosterols, polyunsaturated 
fatty acids, anti-oxidative phenolic compounds, carot-
enoids, tocopherol and minerals12.

Pumpkin seed oil is used in the preparation of  some sal-
ads, giving them a very pleasant taste13. It is also an ex-
traordinarily rich source of  diverse bioactive compounds 
having functional properties used as edible oil or as a po-
tential nutraceutical. In recent years, several studies have 
highlighted the medical properties of  pumpkin seed oil 
known as strongly dichromatic viscous oil14.
The aim of  the present study is to elucidate the possible 
beneficial effects of  pumpkin seed oil in preventing so-
dium nitrate induced toxicity by evaluating biochemical, 
hematological and oxidative stress parameters as well as 
the liver histological architecture of  wistar rats.
 

Materials and methods
Chemicals  
All chemical products used in this study were purchased 
from Sigma Chemical Co. (St. Louis, France).
 
Plant
Hemani pumpkin seed oil was provided from a local mar-
ket. Commercialised Oil was prepared by pressing roast-
ed pumpkin seeds in Pakistan.
 
Determination of  total phenols
Total phenolic compounds were determined using the Fo-
lin-Ciocalteau reagent according to the method described 
by Bouaziz et al15. The optical density was measured at λ 
= 727 nm by using the spectrophotometer (OPTIZEN 
2120UV). The total phenolic content is expressed as mil-
ligram of  gallic acid (GA) equivalent per gram of  PSO.
 
Total flavonoid contents
Total flavonoids were measured by a colorimetric assay 
adopted by Zhishen et al16. The absorbance against blank 
was determined at 510 nm. The total flavonoid contents 
were expressed as milligram quercetin equivalents (QE)/g 
extract.
 
Condensed tannin contents
The method of  Julkunen-Tiitto was applied to measure 
condensed tanins at 500 nm after 15 min. Total tannin 
contents were expressed as mg catechin equivalent (C)/g 
of  PSO17.
 
Determination of  antioxidant activity
DPPH radical scavenging assay
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical-scavenging 
effect was evaluated following the procedure described 
in a previous study18. The absorbance was read against a 
blank at 517 nm. The inhibition of  free radicals DPPH in 
percentage (IP %) was calculated as follows: IP%= [(Ab-
lank -Ablank)/Ablank] ×100. The anti-oxidant activities 
of  PSO were expressed as IC50, the amount of  antiox-
idant necessary to decrease the initial concentration of  
DPPH by 50%. The lower IC50 values indicate a higher 
antioxidant activity. The synthetic anti-oxidants butylat-
ed hydroxytoluene (BHT) and ascorbic acid were used as 
positive controls.
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Total anti-oxidant capacity by phosphomolybdenum 
method
The total antioxidant capacity was based on the reduction 
of  ammonium molybdate (IV) to ammonium molybdate 
(V) by the sample and the subsequent formation of  green 
phosphate/Mo (V) compounds with a maximum absorp-
tion at 695 nm19.
 
Total antioxidant capacity by ABTS method
The total antioxidant capacity of  PSO was determined by 
the modified method proposed by Turoli et al20. The stock 
solution of  the ABTS radical was prepared by dissolving 
38.4 mg of  2,2’-azinobis (3-ethylbenzthiazoline-6-acid) 
(ABTS) in potassium persulfate solution (2.45 mM), and 
the mixture was dark stored for 12 hours. The working 
solution was obtained by diluting the stock solution of  
the ABTS radical cation with methanol to obtain an ab-
sorbance of  0.7 ±0.002 at 730 nm.
 
Animals
Male Wistar rats (fifteen weeks old, weighing between 
200 and 260g), obtained from Pasteur institute (Algiers) 
were used for the experimental procedures. Animals were 
acclimated for 2 weeks under the same laboratory con-
ditions of  photoperiod, an average relative humidity of  
60% and room temperature of  23±2°C. Food (standard 
food, supplied by the “ONAB, Bejaia”, Algeria) and wa-
ter were available ad libitum.
 
Experimental design
Rats were randomly divided into four groups of  ten an-
imals each (n=10). The first group served as a control. 
The second group was treated with sodium nitrate (200 
mg / kg body weight / day) in drinking tap water through-
out the experimental period (28 days)3, while the third 
group was treated with pumpkin seed oil daily by oral 
gavage (4ml/ kg body weight / day)13. The fourth group 
received a combination of  NaNO3 and pumpkin seed oil 
in the same way as in group II and III. Body weight, water 
and food consumption were monitored during treatment. 
All protocols used in this study were approved by PNR/
SF 08/2012 and by the Ethical Committee of  Directorate 
General for Scientific Research and Technological Devel-
opment at Algerian Ministry of  Higher Education and 
Scientific Research.
 

Blood collection
At the end of  the experimental period, animals were fast-
ed overnight, then weighted and sacrificed by cervical 
decapitation. Blood samples were immediately collected 
into two groups of  ice-cold polypropylene tubes. While 
the first one contained ethylenediaminetetracetic acid 
(EDTA) used for the determination of  haematological 
parameters, the second group (had no anticoagulant) was 
centrifuged at 3,000 rpm for 15 min at 4oC and then used 
for the measurement of  biochemical parameters. Serum 
samples were stored at -20°C. 
 
Preparation of  liver homogenates
Liver samples were quickly removed, washed in 0.9% 
NaCl solution and weighed after the careful removal of  
the surrounding connective tissues, and then 1 g was ho-
mogenized in 2ml of  buffer solution (50mm Tris, 150mm 
NaCl, pH 7.4) in ice-cold condition. Homogenates were 
centrifuged at 10,000 rpm for 15 min at 4 °C (Presvac 
DCS-16RTV); the supernatants were divided into ali-
quots and then stored at -20 °C.
 
Haematological variables
Haematological parameters (red blood cells, white blood 
cells, haemoglobin, haematocrit, platelets) were evaluated 
by Automatic Blood Cell Counter (PCE-210N).
 
Biochemical analysis
Total proteins, glucose, bilirubin, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), alkaline 
phosphatase (ALP) and lactate dehydrogenase (LDH) 
were assessed using Spinreact Laboratory diagnostic kits, 
Spain.
 
Nitric oxide serum levels
The level of  nitric oxide (NO) in serum was measured 
by assaying total nitrate/nitrite, as described by Green et 
al21. The subsequent absorbance was determined using 
an ELISA reader (mindray MR-96A). The concentration 
of  NO was determined using a standard curve prepared 
from NaNO2.
 
Liver MDA, PCO and AOPP measurement
Lipid peroxidation in liver was realised by measuring 
malondialdehyde (MDA) levels according to the meth-
od of  Esterbauer et al22. The absorbance of  TBA–MDA 
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complex was recorded at 530 nm. The MDA content was 
expressed as nmol MDA/mg proteins.
Protein carbonyl (PCO) levels in liver tissue were deter-
mined using the 2,4-Dinitrophénylhydrazine (DNPH) 
method by Reznick and Packer23. The absorbance of  the
sample was read against a blank with guanidine at 370 
nm. Protein Carbonyl (PCO) contents was calculated 
based on the molar extinction coefficient of  DNPH (ε 
= 2.2 104cm M-1) and expressed as nmol/mg proteins.
Liver tissue contents of  advanced oxidation protein prod-
ucts (AOPP) were determined at 340nm according to the 
method of  Kayali et al24. The concentration of  AOPP 
for each sample was calculated using the extinction coef-
ficient of  261cm-1mM-1 and the results were expressed 
as nmol/mg proteins. 
 
Estimation of  liver enzymatic antioxidants
Glutathione peroxidase (GSH-Px) activity was measured 
according to the procedure of  Flohe and Gunzler25. The 
absorbance was recorded at 412 nm and the specific ac-
tivity of  this enzyme is expressed as μmol GSH/mg pro-
teins.
Glutathione-S-transferase (GST) activity was measured 
by the method of  Habig et al26. The 1-Chloro-2,4-dini-
trobenzène (CDNB) was used as electrophilic substrate 
that binds to GSH with the participation of  the enzyme 
and forms a colored GSH-substrate complex, detected at 
340 nm. The activity of  GST was expressed in terms of  
nmol GST/min/mg proteins.
Catalase activity (CAT) was measured using the method 
of  Aebi27. It is based on the ability of  the enzyme to in-
duce the disappearance of  hydrogen peroxide monitored 
by following the decrease in the absorbance at 240 nm 
for 1 min. CAT activity was calculated in terms of  µmol 
H2O2 consumed/min/mg of  proteins.
Superoxide dismutase (SOD) specific activity was deter-
mined according to the method described by Beyer and 
Fridovich28. One unit of  SOD activity corresponded to 
the amount of  enzyme required to cause 50% inhibition 

of  Nitro blue tetrazolium (NBT) reduction at 560nm. 
SOD activity was expressed as units’/mg proteins.
 
Estimation of  liver non-enzymatic antioxidants
Reduced glutathione (GSH) concentrations in liver ho-
mogenates were performed with the method described 
by Ellman29 modified by Jollow et al30. It is based 
on the development of  a yellow color when DTNB 
[5,5`-dithio-bis-(2-nitrobenzoic acid)] is added to com-
pounds containing sulfhydryl groups. The absorbance 
was recorded at 412 nm. Total GSH content was ex-
pressed as nmol GSH/mg proteins.
Liver vitamin C level was performed as described by 
Jacques-Silva et al31. The absorbance was measured at 540 
nm. The data are expressed as µmol/mg proteins.
 
Histopathological examinations
Liver samples were dissected and immediately fixed in 
10% formalin solution for histopathological analysis. 
The organ tissues were processed using a graded ethanol 
series, and embedded in paraffin. The paraffin sections 
were cut into 5μm (Microtome Leica RM 2125RTS) thick 
slices and stained with hematoxylin and eosin for light 
microscopic examination.
 
Statistical analysis
All data were expressed as mean ± SD for 10 rats of  each 
group using Microsoft Excel (2016). Significant differenc-
es between group’s means were determined by Student’s t 
test. The statistical significance was taken at p≤0.05.
 
Results
Polyphenolic contents and antioxidant activity of  
PSO
Results for the quantitative determination of  total phe-
nols, flavonoids and tannins contents of  PSO are shown 
in Table 1. The assessment of  the DPPH showed an 
IC50 value (µg/ml PSO), total antioxidant capacity by 
phosphomolybdeneum (mg Vit C/g extract) and ABTS 
radical scavenging (mg trolox equivalent/g PSO).
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Table 1.  Polyphenols, flavonoids, tannins contents and antioxidant activity of PSO (DPPH, CAT and ABTS). 

Parameters           Contents 
Polyphenols (mg gallique acid equivalent / g of PSO) 1.45±0.01 
Flavonoids (mg quercetin acid equivalents /g PSO) 1.35±0.01 
Tannins (mg catechin equivalents /g PSO) 0.98±0.01 
Percentage scavenging concentration (mg/ml) on DPPH radical 187.56±5.78 
CAT (mg Vit C/g PSO) 3.78± 0.22 
ABTS (mM Trolox E /g PSO) 1.45± 0.01 
Values are means ± SEM, triplicate for each parameter. 

Effect of  treatments on body and liver weight
Changes in body, relative and absolute liver weights are 
presented in Table 2.  Our results showed a significant 
decrease in the body weigt of  NaNO3 group (-8.79%). 
Their absolute and relative liver weight was increased sig-

nificantly by (+13.77%), and (+25%), respectively, when 
compared to that of  the control. However, in NaNO3/
PSO treated rats, a significant decrease in absolute and 
relative liver weight compared to NaNO3 were registered 
(-11% and -15.6% respectively).

Table 2.  Body weight, absolute and relative liver weight, food intake, water consumption of control and treated rats 
with NaNO3, PSO or their combination (NaNO3/PSO) during 28 days. 

Parameters and treatments Control 
(n=10) 

NaNO3 
(n=10) 

PSO 
(n=10) 

NaNO3/PSO 
(n=10) 

Initial body weights (g) 265.33±4.81 265.3±3.63 265.16±4.58 265±4.67 
Final body weights (g) 300.57±5.22 274.14±3.04*** 290.125±6.48 283.375±5.1 
Absolute liver weight (mg) 7.04±0.19 8.01±0.16** 7.15±0.16## 7.13±0.22## 
Relative liver weights 2.36±0.09 2.95±0.09*** 2.43±0.07## 2.5±0.1## 
Food intake(g/day/rat) 19.77±0.05 19.61±0.04*** 18.35±0.17 ***### 17.6±0.14***## 
water consumption (ml/day/rat) 29.37±0.09 29.39±0.07 26.92±0.42***### 27.63±0.37***### 
Quantities of NaNO3 ingested 
(mg/day/rat) 

----- 77.90±0.21 ----- 73.22±0.96 

Values are means ± SEM, n: number of animals in each group. 
*p<0.05, **p<0.01, ***p<0.001: significantly different from control group. 
#p<0.05, ##p<0.01, ###p<0.001: significantly different from NaNO3. 

Effect of  treatments on food intake and water con-
sumption
The PSO and NaNO3/PSO groups induced significant 
reduction in food intake -7.08 % and -8.34 %) and wa-
ter consumption (-10.88 % and -5.92%) compared with 
the control rats. However, NaNO3 group had no effect 
on water consumption and significantly decreased food 
intake by -5span style="font-family:'Times New Ro-
man'">.26%.
 

Effects of  treatments on haematological parameters
The treatment of  animals with NaNO3 significantly 
decreased RBC, Hb and Ht by -11.41%, -20.39%) and 
-7.02%, respectively, and considerably increased WBC 
count by +62.12% in comparison to the control (Table 
3). However, the administration of  PSO alone caused 
a significant increase of  WBC by +10.7% as compared 
to the control. The PSO co-treatment (NaNO3+PSO) 
ameliorated these parameters when compared to NaNO3 
group. 
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Table 3. Hematological parameters in control and treated rats with NaNO3, PSO or their combination (NaNO3/PSO) 
during 28 days. 

Parameters and 
treatments 

Control 
(n=10) 

NaNO3 
(n=10) 

PSO 
(n=10) 

NaNO3/PSO 
(n=10) 

RBC (106/µL) 9.55±0.23 8.46±0.22** 9.97±0.28## 9.39±0.28# 
WBC (103/µL) 9.53±0.3 15.45±1.27*** 8.51±0.34*## 9.72±0.54## 
PLT (103/μL) 332.5±20.87 359.37±14.59 333.62±16.37 332. 37±8.07 
Hb (g/dL) 20.25±0.78 16.12±0.53**## 20.45±1.45## 20.11±0.92## 
HT (%) 38.87±0.6 36.14±0.35**## 39.57±0.99## 38.2±0.61## 
Values are means ± SEM, n: number of animals in each group. 
*p<0.05, **p<0.01, ***p<0.001: significantly different from control group. 
#p<0.05, ##p<0.01, ###p<0.001: significantly different from NaNO3. 

Effects of  treatments on biochemical parameters
Compared to the control, NaNO3 treated animals had a 
significant increase in serum AST, ALT, ALP and LDH 
activities (Table 4). The administration of  PSO alone 
caused a significant decrease of  ALT and LDH activi-
ties compared to the control. In addition, the levels of  
serum glucose, total bilirubin and total proteins of  Na-
NO3-treated rats were significantly increased. The com-

bined treatment (NaNO3+PSO) restored all biochemical 
parameters studied. 

Effect of  treatments in nitric oxide levels
The treatment of  rats with NaNO3 induced substantial 
increase of  serum nitric oxide (NO), while the co-treat-
ment preserved the NO at its normal levels (Table 4). 
MDA, PCO and AOPP levels

Table 4. Biochemical parameters in control and treated rats with NaNO3, PSO or their combination (NaNO3/PSO) 
during 28 days. 

Parameters and 
treatments 

Control 
(n=10) 

NaNO3 
(n=10) 

PSO 
(n=10) 

NaNO3/PSO 
(n=10) 

Glucose (g/L) 0.92±0.03 1.3±0.15* 0.84±0.02## 0.85±0.03## 
NO (m M/L) 1.61±0.06 2.13±0.04*** 1.69±0.07## 1.8±0.03*### 
Total bilirubin (mg/L) 1.48±0.09 2.18±0.17** 1.54±0.13## 1.71±0.09# 
Total proteins (g/dL) 75.75±1.07 62.58±2.54** 79.82±1.77### 73.96±1.813## 
AST (U/L) 173.56±8.55 223.45±12.28** 163.53±7.18## 189.48±9.04# 
ALT (U/L) 55.79±3.49 79.5±2.73** 40.99±1.72***### 62.53±3.04## 
ALP (U/L) 97.57±6.66 140.88±9.91** 99.65±6.03## 105.61±5.61# 
LDH (U/L) 575.23±31.22 772.4±31.53** 457.5±37.48*### 654.85±31.23# 

 Values are means ± SEM, n: number of animals in each group. 
 *p<0.05, **p<0.01, ***p<0.001: significantlydifferent from control group. 
 #p<0.05, ##p<0.01, ###p<0.001: significantly different from NaNO3.       

As shown in Table 5, a considerable increase in MDA, 
PCO and AOPP contents of  liver by +105.13%, +47.34% 
and +90.57%, respectively, was observed in NaNO3 treat-
ed animals when compared to the control. The treatment 

with PSO alone caused a decrease in MDA and AOPP 
levels (-27.62% and -30.43%, respectively) compared to 
the control. The co-administration of  NaNO3 and PSO 
induced a significant amelioration of  MDA, PCO and 
AOPP levels compared to the control.  
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Table 5. MDA, PCO, AOPP and non-enzymatic antioxidant (GSH, vitamin C) levels in liver of control and treated 
rats with NaNO3, PSO or their combination (NaNO3/PSO) during 28 days. 
 
Parameters and treatments Control 

(n=10) 
NaNO3 
(n=10) 

PSO 
(n=10) 

NaNO3/PSO 
(n=10) 

MDA (nmol/mg prot.) 2.56±0.23 5.25±0.17*** 1.85±0.11*### 3.15±0.28### 
PCO (nmol/mg prot.) 46.96±3.67 69.18±4.92** 46.38±3.75## 57.14±1.91*# 

AOPP (µmol/mg prot.) 18.83±1.62 35.88±2.14*** 13.1±0.38**### 21.02±3.65### 
GSH (nmol/mg prot.) 2.12±0.03 1.71±0.08** 2.14±0.03## 2.03±0.05# 
Vit C (μmol/mg prot.) 0.1±0.01 0.06±0.01** 0.15±0.02## 0.1±0.01# 

Values are means ± SEM, n: number of animals in each group. 
*p<0.05, **p<0.01, ***p<0.001: significantly different from control group. 
#p<0.05, ##p<0.01, ###p<0.001: significantlydifferent from NaNO3.             

Non-enzymatic and enzymatic anti-oxidant status
The concentration of  glutathione and Vit C showed a sig-
nificant decrease by -18.87% and -38.08%, respectively, in 
NaNO3 treated group compared to the control (Table 5). 
The GPx, GST, CAT and SOD antioxidant activities also 
decreased. In NaNO3 group, GPx, GST, CAT and SOD 

activities were significantly decreased by -35.54%, -50%, 
-25.47% and -17.2 %, respectively, when compared to the 
control. These modifications were changed by the co-ad-
ministration of  PSO with NaNO3 in animals as indicated 
in the significant increase of  GPx, GST, CAT and SOD 
activities compared to that of  NaNO3 group (Table 6).

Table 6. Antioxidant enzyme activities (GPx, CAT, SOD and GST) in liver of control and treated rats with NaNO3, 
PSO or their combination (NaNO3/PSO) during 28 days. 
  

Parameters and treatments Control 
(n=10) 

NaNO3 
(n=10) 

PSO 
(n=10) 

NaNO3/PSO 
(n=10) 

GPx (µmol GSH/mg prot.) 0.8±0.04 0.52±0.05** 0.86±0.03## 0.74±0.04# 
CAT (μmol H2O2/min/mg prot.) 286.24±13.14 213.34±8.91** 295.84±2.14### 245.94±10.14# 
SOD (U/mg prot.) 242.08±4.28 200.45±3.29*** 257.8±5.78### 224.11±5.53## 
GST (µmol C-DNB/min/mg prot.) 0.08±0.005 0.04±0.006** 0.08±0.01## 0.08±0.01# 

Values are means ± SEM, n: number of animals ineach group. 
*p<0.05, **p<0.01, ***p<0.001: significantly different from control group. 
#p<0.05, ##p<0.01, ###p<0.001: significantly different from NaNO3. 

Histopathological profiles
The histopathological examination of  liver is shown in 
Table 7 and Fig. 1. In fact, the microscopic observation 
of  the control group revealed a normal architecture (Fig. 
1-A). In contrast, NaNO3-treated liver revealed hepato-
cytes degeneration (black arrow), vein congestion (white 
arrow), inflammatory cell infiltration (circle) and sinusoi-

dal dilatation (Star) (Fig1-B). However, no histological al-
terations were observed in the livers of  PSO group when 
compared to the control (Fig 1- C). Furthermore, the 
co-administration of  NaNO3 and PSO (Fig 1-D) has re-
duced the inflammatory cell infiltration, kept normal he-
patocytes architecture and lowered the degree of  sinusoi-
dal dilatation compared to sodium nitrate treated group. 
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Table 7.  Semiquantitative scoring of architectural damage on histopathological examination of control and treated 
rats with NaNO3, PSO or their combination (NaNO3/PSO) during 28 days. 

Treatments Control NaNO3 PSO NaNO3/PSO 
Sinusoidal dilatation (-) (+++) (-) (++) 
Inflammatory cells infiltration (-) (+++) (-) (+) 
Degeneration of hepatocytes (-) (++) (-) (-) 
Vien congestion (-) (+++) (-) (++) 

(−) indicates normal, (+) indicates mild, (++) indicates moderate and (+++) indicates severe. 

 

  

 
         Figure 1. Histological liver sections of controls, with normal architecture, (B) NaNO3 treated group, (C) PSO 

treated group and (D) NaNO3/PSO treated group during 28 days. Optic microscopy: H&E (X400). Hepatocytes 

degeneration (black arrow), vein congestion (white arrow), inflammatory cell infiltration (circle), sinusoidal 

dilatation (Star). 
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Discussion
From the above data, pumpkin seed oil seems to contain 
high amount of  polyphenols, flavonoids and tannins. Ac-
cordingly, Que et al32 have reported that PSO is rich in 
phenolic and flavonoid compounds. These components 
are said to possess many functional groups, including hy-
droxyl groups, which have very strong anti-oxidant po-
tential33. In consequence, polyphenols and flavonoids are 

able to scavenge hydroxyl radicals, superoxide anion and 
peroxylipidic radicals34. Moreover, it was clearly shown in 
this study that PSO had a potential antioxidant to scav-
enge DPPH, phosphomolybdenum and ABTS radical. 
This is why pumpkin is a plant that has been frequently 
used as functional food or medicine11. Anti-oxidant prop-
erties, especially radical scavenging activities, are very im-
portant due to the harmful role of  free radicals in foods 
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and in biological system. DPPH is a stable free radical, 
which accepts an electron or hydrogen radical to become 
a stable diamagnetic molecule35.

This research work showed that the treatment of  rats 
with sodium nitrate induced a significant decrease in 
body weight and daily food consumption, which may be 
due to the toxicity induced by this toxicant. This result 
is in agreement with that obtained previously8,36. Oth-
er data suggested that nitrate can exert its effect on the 
body weight through increasing protein catabolism37. 
Therefore, the decreased serum and tissue proteins may 
indicate the enhanced protein catabolism associated with 
weight loss1. Although the treatment of  rats with PSO 
had no significant effect on body weights14, it had a signif-
icant decrease in food intake and water consumption, but 
it normalises serum total proteins. The decrease in food 
intake and water consumption are probably due to the 
presence of  tannins and gallic acid in pumpkin seed oil, 
which can decrease food ingestion and the growth rate34. 
Furthermore, the increase of  the total proteins perhaps is 
due to the fact that pumpkin seeds (Cucurbita spp.) are rich 
in mineral, calories and proteins38.

The exposure of  rats to NaNO3 increased glycaemia and 
nitric oxide serum levels, which are in accordance with 
the study of  El-wakf  et al, who demonstrated that hyper-
glycaemia could be a cause of  insulin deficiency1. How-
ever, the increased generation of  NO could lead to tissue 
damage, which can have a direct effects mediated by NO 
itself  or an indirect effect mediated by reactive nitrogen 
species1. Yet, the co-administration of  PSO to treated rats 
resulted in significant improvement in serum level of  the 
previous parameters, which are in good agreement with 
the earlier studies39,40.

The exposure to NaNO3 is also characterized by the de-
pletion of  RBCs, HT and Hb and increased WBC counts. 
The significant reduction in RBC and Hb is probably 
due to the effect of  the free radicals generated by nitrate 
on the red cells when certain free radicals, as O2.- and 
OH, are very reactive species able to cause membrane 
lipid damage. Moreover, in the presence of  strong con-
centrations of  these radicals, haemoglobin can easily ox-
idised41,42. Furthermore, PSO co-administration in rats’ 
was found to keep the investigated parameters within 
their physiological ranges. Such effect might be related to 

the phenolic compounds, which act to scavenge the free 
radicals. Soltan38 showed an increase in RBC, Hb and HT 
levels in rats fed with pumpkin powder seed and ascorbic 
acid. Contrary, Kuku et al43 showed a lowering in WBC 
counts in animals fed unprocessed and under-processed 
fluted pumpkin seeds.

Our results demonstrated a significant increase in serum 
AST, ALT, LDH and ALP activities of  NaNO3 treated 
rats. The increases in enzymes activities may be owed 
to hepatic cell damage or dysfunction, which results in 
the leakage of  these enzymes from hepatocytes into the 
blood and/or to the disturbance in the balance between 
biosynthesis and degradation9. The present results are in 
agreement with those obtained previously8. Meanwhile, 
NaNO3 treatment also caused a significant increase in se-
rum bilirubin levels, emanating from the toxic effect of  
nitrates by destructing red blood cells. However, serum 
bilirubin increases could also be of  hepatic origin (hepa-
titis, cirrhosis). Indeed, Al-Ezzy et al5 showed a rise in the 
serum total bilirubin level of  mice treated with sodium 
nitrate. In fact, the co-administration of  PSO was prov-
en to ameliorate the levels of  all studied biochemical pa-
rameters. Our findings are consistent with those of  Abou 
Seif11 who reported that pre-treatment of  rats with PSO 
improved the serum total proteins and bilirubin levels 
and the activities of  LDH, ALT and ALP. The admin-
istration of  proteins extracted from pumpkin seeds af-
ter CCl4 intoxication had significantly reduced the LDH, 
ALT, AST, and ALP activities44. The possible explanation 
is that PSO had hepathoprotective effects on nitrate tox-
icity, by scavenging free radicals, quenches their damaging 
effects and remedies liver injury.

Among the various oxidative modifications of  amino ac-
ids in proteins, PCO formation may be an early marker 
for protein oxidation7. From this information, we pro-
ceeded to assay MDA, PCO and AOPP levels in liver 
tissue. The actual data showed an increase of  all these 
parameters in NaNO3 group in the presence of  sodium 
nitrate, which induces the formation of  free radicals that 
attack lipids and proteins of  hepatic cells. In parallel, 
Bouaziz-ketata et al8 have shown that the administration 
of  NaNO3 caused a remarkable rise of  rat liver MDA 
contents. Owing to the MDA cytotoxicity and inhibitory 
action on cellular protective enzymes, it is suggested to 
act as a tumour promoter45.
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The antioxidant and other cell redox state modulating en-
zyme systems act as the first-line defense against ROS in 
all cellular and extra cellular compartments46. Oxidative 
damage is aggravated by the decrease in antioxidant en-
zymes activities as SOD, CAT, GPx and GST, which act 
as free radical scavengers in conditions associated with 
oxidative stress47. More specifically, SOD is the first line 
of  antioxidant defense, which accelerates the dismutation 
of  superoxide ion into less toxic H2O2. The latter is sub-
sequently converted into nontoxic water and oxygen mol-
ecules by the action of  CAT48. Nevertheless, GPx plays a 
pivotal role in H2O2 catabolism and GST acts a key role 
in cellular detoxification41,49. It was found that small devi-
ations in physiological concentrations may have dramatic 
effects on the resistance of  cellular lipids, proteins and 
DNA to oxidative damage49. Moreover, the treatment of  
rats with sodium nitrate lowered the levels of  SOD, CAT 
and GPx activities8.  

In addition, a reduction of  Vit C and GSH levels in 
NaNO3 treated rats were recorded in this study. It is pos-
tulated that the hepatoprotective effect of  vitamin C is 
associated with its antioxidative property by decreasing 
lipid peroxidation either directly or indirectly through the 
regeneration of  vitamin E5. Moreover, GSH, the most 
abundant thiol in the cell, is considered as the major cel-
lular redox buffer46. The decrease of  GSH level of  liver 
tissue can be provoked by the toxic effect of  NaNO3, 
by blocking its thiol function with direct conjugation of  
nitrate and/or its metabolite, or through the inhibition 
of  glutamyl-cysteine-synthetase activity. Furthermore, 
decreased hepatic GSH level was noticed after the treat-
ment of  rats with sodium nitrate8.

In parallel, the treatment of  rats with pumpkin seed oil 
have not disturbed the concentrations of  MDA, PCO 
and AOPP. In addition, PSO supplementation ameliorat-
ed the non-enzymatic GSH and Vit C and the enzymatic 
antioxidant activities of  SOD, GST, CAT and GPx. This 
rebalance of  the antioxidant status is certainly related to 
the high antioxidant potential of  PSO that contains poly-
phenols, flavonoids acids and tannins detected in its phy-
tochemical study. The PSO is also known to contain high 
amounts of  tocopherols and selenium, which are power-
ful anti-oxidants. The latter are suggested to provide good 
tissue oxygenation50. On the same way, the pre-treatment 
of  rats with pumpkin seed oil induced a noticeable re-

duction in lipid peroxidation and boosted the antioxidant 
status represented by hepatic CAT, GST and GSH11. 
Moreover, hepatoprotection was observed through the 
decrease of  MDA level after supplementation of  flax and 
pumpkin seed mixture53. Makni et al. (2011)39 also showed 
a rise in anti-oxidant enzymes activities and GSH level in 
diabetic rats supplemented with flax and pumpkin seed. 
Likewise, polyunsaturated fatty acids (linoleic acid and α 
-linoleic acid) have been shown to display protective roles 
against lipid peroxidation, by increasing the levels of  sev-
eral cellular antioxidants, such as ascorbic acid, α-tocoph-
erol and GSH11. Furthermore, the essential trace mineral 
zinc in pumpkin seeds was suggested to neutralize free 
radical generation, or directly occupy the iron or copper 
binding sites of  lipids, proteins, and DNA molecules51.

In fact, the relative and absolute liver weight of  rats treat-
ed by nitrate was significantly increased. This increase 
may be due to the toxic effect of  nitrate or its metab-
olites, which could induce liver injury and hepatocytes 
necrosis.  These results agree well with those of  Ogur et 
al52 who showed that nitrate intake caused hepatomegaly. 
In the present study, the liver histology of  NaNO3-tread-
ed rats showed an infiltration of  inflammatory cell, vein 
congestion, hepatocytes degeneration, and sinusoidal dil-
atation, which may be due to the formation of  free rad-
icals, protein carboxylation and lipids peroxidation that 
caused plasma membrane destruction. Therefore, the his-
topathological study of  liver tissues confirms the changes 
of  the previously studied parameters. In nitrate-treated 
rats, liver showed a vein inflammation, cellular degener-
ation and cell necrosis8. Fortunately, PSO co-administra-
tion showed only slight histological alteration, by reduc-
ing inflammatory cell infiltration and lowering the degree 
of  sinusoidal dilatation. This result is in accordance with 
those of  Makin et al53 who showed a normal architecture 
of  rat liver tissues fed with cholesterol and pumpkin seed 
mixture. 
 
Conclusion
The results obtained in this study revealed the presence 
of  phenolic, flavonoids, tannins and antioxidant scaven-
gers in pumpkin seed oil. However, PSO co-administra-
tion with sodium nitrate decreased liver injury, and main-
tained haematological, biochemical and oxidative stress 
parameters of  rats within the physiological ranges. This 
finding suggests the possible protective roles of  pump-
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kin seed oil towards the cytotoxicity induced by sodium 
nitrate.
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