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Abstract

Objective: The aim of our study was to test the protective effect of pumpkin seed oil against sodium nitrite toxicity in rats.
Methods: Forty eight adult male albino rats wete divided into 4 groups. The rats were administered daily 100 mg/kg/day
sodium nitrite in presence/absence of 1.5 ml/kg/day pumpkin seed oil for 5 weeks.

Results: The results indicated that sodium nitrite induced oxidative stress, lipids profile disorders, DNA damage and chro-
mosomal abnormalities. The pumpkin seed oil has antioxidant effect; it improved levels of total antioxidant capacity, malon-
dialdehyde and lipids profile. It also has antimutagenic effect; it decreased the DNA damage and structural chromosomal

abnormalities.

Conclusion: Pumpkin seed oil can ameliorate the toxic effects induced by sodium nitrite.
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Introduction

Sodium nitrite (NaNO,) is an inorganic compound, slightly yel-
lowish crystalline powder that is highly soluble in water. Its chemi-
cal formula is NaNO,. It is used in many industries such as rubber
chemicals, in photography, bleaching fibers, dyeing and printing
textile fabrics, as a corrosion inhibitor and a laboratory reagent
[1]. It has been reported that Sodium nitrite has many medical
uses as in pulmonary hypertension [2], myocardial infarction [3]
and as an antidote for cyanide poisoning [4], an intestinal relaxant
[5] and a bronchial dilator [6].

It is also one of the common food additives in preserving of
refrigerated meats and meat products to prevent botulism by in-
hibition of iron-sulfur clusters and hence inhibiting the growth of
Clostridium botulinum spotes in preserved meats. It also prevents
rancidity by inhibition of lipid peroxidation [7].

Nitrate and nitrite can be found in soil from oxidation of ammo-
nia which results from decomposition of inorganic nitrogenous
fertilizers and organic nitrogenous wastes. Then, the plants absorb
nitrite from soil during their growth. Nitrite can also be formed in
distribution pipes of drinking water by action of Nitrosomonas
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bacteria in stagnant water or by chloramination of water [8].

Humans are continuously exposed to NaNO, from different
sources. In general, vegetables and cured meat are considered the
major sources of nitrate and nitrite in the diet. The daily intake
of nitrite in human is about 0.3 to 2.6 mg/day, mainly from meat
products [9]. Although NaNO, is used in inhibition of bacterial
growth, its high amounts result in human toxicity. Sodium nitrite’s
LD50 in rats is 180 mg/kg and its human LD50 is 71 mg/kg that
means consumption of 4.615 g for 65 kg person lead to death.

[10].

Nitrite oxidizes heme iron from ferrous to ferric state leading to
methemoglobinemia which results in deficiency of oxygen avail-
able to body tissues [11]. Other toxic effect of NaNO, is contrib-
uted to its conversion into the body to nitrosonium ions which
reacts with amines and amides of the foods in the stomach to
produce nitrosamines and nitrosamides respectively [12]. These
compounds lead to lipid peroxidation and cause oxidative stress,
which are risky to different organs in the body [13]. It has been
reported that Diethylnitrosamine produce free radicals in the rat
liver tissue [14].
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Many cases of toxicities or even death in humans and animals
from nitrate and nitrite have been reported [15-17]. Hence, efforts
for reduction of nitrite level in the environment are essential for
protection of human health.

The pumpkin (Cucurbita spp.) is a common conventional food in
many countries. It has been recognized sincel6™ century. Pump-
kin seeds contain about 42 to 54% oil. Pumpkin seed oil is strong
dichromatic viscous oil. It is chemically characterized by Procida
et al,, Rezig et al., and Stevenson et al., [18-20]. 98% of pumpkin
seed oil is fatty acids (mainly; linoleic acid, oleic acid, palmitic acid
and stearic acid). It has high amounts of antioxidant vitamins as
a- and y-tocoferol, § carotene and vitamin E [20]. Pumpkin seed
oil also contains phenolic compounds such as vanillic acid, tyrosol
and vanillin and high levels of selenium and lutein [21]. In com-
patison to other seed oil, it is rich in squalene which is a carbon
organic compound that has many commercial uses [22]. It is an
affluent source of phytosterols and proteins [23].

Presence of all these constituents in pumpkin seed oil, clarify
their useful and valuable effects to human health. Nowadays, it is
used in treatment of many diseases as diabetes [24], hypertension,
hypercholesterolemia [25], symptomatic micturition disorders
[26] and arthritis [27]. Elfiky et al., has reported that pumpkin
has anti-mutagenic activities [28]. Moreover, it has anticancerous
effect due to presence of Lipoxygenases’ inhibitors which has an-
tiproliferative action [29].

The aim of the present study was to test the role of pumpkin seed
oil in prevention and/or reduction of toxicity associated with oxi-
dative stress induced by NaNO, after chronic administration in
adult male albino rats.

Materials and Methods
Chemicals

Sodium nitrite was purchased from Sigma Aldrich (Saint Louis,
MO, USA) and was applied as a freshly prepared solution. Pump-
kin seed oil was purchased from Nutra Manufacturing, Inc, USA
and was applied as oil. Total antioxidant capacity (TAC) (Biodiag-
nostic, Egypt), Cholesterol kit (Biomed diagnostic, Egypt), Tri-
glycerides kit (Biodiagnostic, Egypt), HDL kit (Spectrum, Egypt).

Animals

Forty eight adult healthy male Wistar albino rats weighing 180-200
gm, were purchased from the National Research Center, Cairo,
Egypt. Rats were used after one week for proper acclimatization
to the animal house conditions (12 h lighting cycle , 25 + 2°C
temperature and 45 £ 5% humidity) and had free access to stand-
ard rodent chow; drinking water and specific rats chow diet (ob-
tained from El-Nile Company for chow and chicken). Procedutes
involving animals and their cate were conducted in conformity
with the protocols of the Research Advisory Ethical Committee
of Faculty of Medicine, Minia University, Egypt.

Experimental Procedures

The rats wetre randomly divided into 4 groups with 12 rats in each
one:
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Group I (control group): was received the standard diet only with-
out any treatment.

Group II (pumpkin seed oil group): was received the standard diet
with pumpkin seed oil at a dose of 1.5 ml/kg b.w. (body weight)/
day, according to Eraslan et al., [30].

Group III (sodium nitrite group): was received the standard diet
with sodium nitrite at a dose of 100 mg/kg b.w./day, according to
Sumi and Miyakawa; Abuhatfeil et al., [31, 32].

Group 1V (treated group): was received the standard diet with so-
dium nitrite and pumpkin seed oil with the same previous doses.

Sodium nitrite and pumpkin seed oil were given orally by gastric
tube. The medications were given for a period of 5 weeks. Pump-
kin seed oil was administered 6 hours after Sodium nitrite. The
experimental protocol was approved by the institutional animal
care and use committee at the department of pharmacology, Fac-
ulty of medicine, Minia University.

At the end of the experimental petiod, 6 rats / group were inject-
ed with 0.5 mg/kg of 0.5% colichicine intraperitoneally 2 hours
prior to sacrifing the animals to arrest the mitotic division at met-
aphase stage to investigate chromosomal abnormalities. All rats
were anesthetized with ether and sacrificed by cervical disloca-
tion. Two blood samples were suitably collected after scarification
from each rat (6 non dosed colichicine rats) one for biochemical
analysis and the other for comet assay. The whole liver and heart
were dissected out. Bone marrow cells were collected from both
femur of each rat (6 IP dosed colichicine rats) by aspiration.

Biochemical Analysis

The blood samples were centrifuged (centrifuge Jantezki, T30,
Germany) at 4000g for 10 minutes for serum collection. Sera were
separated and freezed at -80°C until biochemical analysis. Total
antioxidant capacity (TAC) and serum lipids profile (cholesterol,
triglycerides and high density lipoprotein (HDL)) were determined
using colorimetric assay kit according to the manufacturer's in-
structions. Malondialdhyde (MDA) level as an indicator of lipid
peroxidation was determined using the thiobarbituric acid meth-
od as described by Buege and Aust who measured the thiobarbi-
turic acid reactive substances (IBARS) concentration [33].

Preparation of Tissue Homogenates

Specimens from liver and heart were homogenized separately in
phosphate buffer solution (prepared by dissolving 8.01g NaCl,
0.20g KCI, 1.78g Na,HPO,, 2H,O and 0.27g KH,PO, in 1 liter
of distilled water and pH was adjusted at 7.4) using homogenizer
(Tri-R Stir-R homogenizer, Tri-R Instruments, Inc., Rockville
Centre, NY). The ratio of tissue weight to homogenization buffer
was 1:5. The homogenates were centrifuged at 5000 rpm for 10
min at 4°C. The resulting supernatant was kept at -80°c until as-
sessment of cholesterol, triglycerides and HDL levels.

Genotoxic Investigation

DNA damage with comet assay: The comet assay can identify
low levels of DNA damage in tissue samples either 7z vivo ot in
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vitro (any type of cells) and can evaluate the protective effect of
antioxidants/micronuttients to the genetic matetial [34].

The comet assay under alkaline conditions was done as described
by Singh et al., [35] with some modifications according to Grov-
er et al., [36]. Briefly, The cell were embedded in agatose coated
slide, their lysis in alkaline buffer 1 hour at 4°C in dark, alkaline
DNA unwinding occur, and finally electrophoresis at 25 V/ 300
mA for 30 minutes. Wash with neutralization buffer and staining
with ethidium bromide. The extent of DNA damage was meas-
ured by quantitative method; measuring the tail length to measure
DNA damage [37].

Chromosomal aberrations: Chromosome preparation from so-
matic cells (bone marrow cells) was performed as described by
Alder [38]. Femoral bone marrow cells were collected in physi-
ological saline solution (0.9%) sodium chloride and centrifuged
at 1200 RPM at 10 minutes. After centrifugation, the supernatant
was discarded and potassium chloride solution 0.56% was added
to the sediment as hypotonic solution and incubator at 37°C for
30 minutes. The cells were fixed in cold fixative (3:1 methyl alco-
hol: glacial acetic acid). Centrifugation and fixation were done for
three times. Few drops of cell suspension were dropped on clean
cold slide which was dropped in 70% ethanol. Alcohol was burnt
on a burner to dry the slide.

After complete drying, slides were stained in 10% Geimsa stain
in Sorenson buffer for 30 minutes. 50 metaphase for each animal
was examined and structural chromosomal aberrations were re-

corded.

Statistical Analysis

Data were expressed as mean * standard deviation (S.D.) of
mean. The collected data was coded, tabulated and statistically
analyzed using SPSS (Statistical Package for Social Sciences) pro-
gram software version 20.

The differences among treated groups were performed by one-
way ANOVA test followed by Tukey - Kramar post hoc test for

multiple comparisons. The difference of mean was considered
statistically significant at a value of P < 0.05.

Results
Biochemical Analysis

Statistical analysis of serum TAC and MDA level are presented
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in Table 1. Sodium nitrite group showed significant reduction in
serum TAC level that was associated with significant increase in
MDA level as compared with control group. The pumpkin seed
oil significantly prevented the effect of sodium nitrite; the treat-
ed group showed no significant differences in serum TAC and
MDA levels with the control group. The pumpkin seed oil group
showed slight changes in the levels of TAC and MDA but with no
significant differences with the control group.

Lipid profile parameters in serum, liver and heart of the different
groups are presented in Table 2, 3 and 4. Sodium nitrite caused
significant increase in the levels of triglycerides and cholesterol,
however, the level of HDL cholesterol showed significant reduc-
tion as compared to the normal control group in serum, liver and
heart. Meanwhile, significant reductions in the levels of triglyc-
erides and cholesterol with a significant increase in HDL were
recorded in rats treated with pumpkin seed oil either alone or in
combination with sodium nitrite as compared to sodium nitrite
group in serum, liver and heart.

DNA with comet assay

Our experiment revealed significant increase in the tail length of
DNA by comet assay in the sodium nitrite group as compared to
the control group. Pumpkin seed oil treatment significantly re-
duce DNA damage, the treated group showed significant reduc-
tion in the DNA damage as compared with the sodium nitrite
group but still significantly differ from the control group. Admin-
istration of Pumpkin seed oil alone had no significant changes in
the tail length of DNA in compatison to the control group (Table
5) and (Figure 1).

Chromosomal Aberrations

We examined the genotoxic effect of sodium nitrite after oral ad-
ministration of 100 mg/kg/day for 5 weeks on the examined cells
taken from the bone marrow of the rats. The observed struc-
tural chromosomal abnormalities in the examined cells were gap,
break, fragments, deletion and end to end (Figure 2). The mean
values £ SD of the frequency of structural chromosomal aberra-
tions are presented in Table 6.

The data in Table 6 shows that NaNO, induced a significant
increase in the frequency of chromosomal aberrations in rats
as compared to the control group. Sodium nitrite treated with
pumpkin seed oil showed significant reduction in chromosomal
aberrations in comparison to the sodium nitrite group but still sig-
nificantly higher than the control group. No significant changes

Table 1. Effect of Sodium Nitrite and Pumpikin Oil and Their Combination on TAC and MDA in Rats.

Groups | Serum TAC (m mol/L) | Serum MDA (n mol/ dL)
Group 1 1.99 £ 0.103 203.04 £ 8.20
Group II 214 +£0.163" 210.74 £13.62°
Group 111 0.98 £ 0.145* 405.80£10.64"
Group IV 1.83 = 0.069" 219.78 £ 7.99"

Results represent the mean values = SD. (n=06)

* significant (P < 0.05) difference from normal control group,
* significant (P < 0.05) difference from NaNo, group.
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Table 2. Effect of Sodium Nitrite and Pumpikin Oil and Their Combination on Total Cholesterol in Serum, Heart and Liver

in Rats.
Groups | Serum (mg/dl) | Heart (mg/gm tissue) | Liver (mg/gm tissue)
Group 1 70.06 £ 11.51 12.33 £ 2.00 717 £2.21
Group II | 73.97 + 11.66 12.04 £ 2.28 7.37 253
Group IIT | 95.59 + 5.43° 17.16 £ 0.79* 11.00 = 1.94*
Group IV | 77.34 + 829" 12.28 £1.53 7.76 £ 0.71°

Results represent the mean values = SD. (n=0)
*significant (P < 0.05) difference from normal control group,
® significant (P < 0.05) difference from NaNo, group.

Table 3. Effect of Sodium Nitrite and Pumpikin Oil and Their Combination on Triglycerides in Serum, Heart and Liver in

Rats.
Groups | Serum (mg/dl) | Heart (mg/gm tissue) | Liver (mg/gm tissue)
Group I 54.20 £ 7.83 9.98 £ 1.40 7.01 £2.00
Group 11 56.03 £ 7.90 10.19 + 1.46 6.58 £ 2.18
Group III | 81.27 + 7.63° 14.08 £ 0.98 12.91 £ 2.91°
Group IV | 66.80 £ 8.15" 11.00 £ 1.17° 7.92 £ 1.62°

Results represent the mean values £ SD. (n=0)

*significant (P < 0.05) difference from normal control group,
® significant (P < 0.05) difference from NaNo, group.

Table 4. Effect of Sodium Nitrite and Pumpikin Oil and Their Combination on HDL in Serum, Heart and Liver in Rats.

Groups | Serum (mg/dl) [ Heart (mg/gm tissue) | Liver (mg/gm tissue)
Group 1 55.55 £ 7.11 10.38 £ 0.91 9.64 £ 1.41
Group 11 52.03 £ 4.44 10.69 £ 1.20 9.69 + 1.67
Group IIT | 33.41 + 433" 571 £0.78 4.37 £ 0.52
Group IV | 48.65 £ 4.25" 9.83 £ 1.77° 6.43 £ 0.90®

Results represent the mean values £ SD. (n=0)
* significant (P < 0.05) difference from normal control group,
* significant (P < 0.03) difference from NaNo, group.

Table 5. The Tail Length of DNA by Comet Assay in Sodium Nitrite and Pumpikin Oil and Their Combination Groups in

Rats.
Groups Mean + SD
Group I (control) 13.67 £ 1.75
Group II (pumpkin seed oil) 16.44 + 2.05"
Group 1II (sodium nitrite) 3229 + 3.28*
Group 1V (treated) 19.29 + 1.44

Results represent the mean values = SD. (n=0)
*significant (P < 0.05) difference from normal control group,
" significant (P < 0.05) difference from NaNo, group.

in the frequency of chromosomal abnormalities in the group ad-
ministered pumpkin seed oil alone in comparable to the control

group.
Discussion

Nitrite is a common contaminant present in natural water and the
atmosphere [39]. It is also an essential antimicrobial food additive
that prevents the growth of botulinum toxin and inhibits rancidity
during food storage |7]. Nitrite is introduced to the environment
from agricultural sources, the mishandling of inorganic fertiliz-
ers with the misuse of our natural resources that resulting in the
disturbance of nitrogen cycles [1].

The biochemical analysis in the present study was done to inves-
tigate the oxidative stress induced by sodium nitrite after adminis-
tration of 100 mg/kg/day for 5 weeks and evaluate the protective
effect of pumpkin seed oil as an antioxidant. The results revealed
significant decrease in the serum TAC level accompanied with
significant increase in the serum MDA level in the sodium nitrite
group as compared to the control group. Our result is in agree-
ment with previous studies [40, 41]. Krishnamoorthy and Sangee-
tha revealed alteration in the level of lipid peroxidation and anti-
oxidant enzymes after oral administration of sodium nitrite (300
mg/kg) for 30 days [42]. They contributed the cytotoxic effect of
nitrite to the formation of nitric oxide (NO) and peroxynitrite
from the nitrite. The peroxynitrite is a powerful oxidant that leads
to oxidation of thiol groups and causes peroxidation. Patsoukis
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Figure 1. a: Tail length of DNA by comet assay of group I (control group). b: Tail length of DNA by comet assay of group
IT (pumpkin seed oil group). c: Tail length of DNA by comet assay of group III (sodium nitrite group). d: Tail length of
DNA by comet assay of group IV (treated group).

Figure 2. a: Normal metaphase spread from rat bone marrow of control group. b: metaphase spread from rat bone marrow
of sodium nitrite intoxicated group showing gap. c: metaphase spread from rat bone marrow of sodium nitrite intoxicated
group showing fragment. d: metaphase spread from rat bone marrow of sodium nitrite intoxicated group showing break.

e: metaphase spread from rat bone marrow of sodium nitrite intoxicated group showing deletion. f: metaphase spread from
rat bone marrow of sodium nitrite intoxicated group showing end to end.

a b
n"f‘l"' ® ;‘\" °s
* f.‘v:\?. ) toges?> %L
aik.&f o0 w wEE O
DO Rt The
AR w c”aﬁr
Y P .
c % d K
* ’01\".?" A .r:: S
= &30 vs Mt
u - rJ: - I7'$“*"‘;
2 >
o 28 7, /_,,Lf«: "t
"‘ . Gg o H
>
Y '
e /v~ f Y
YeTad o AT RS
cel .. ¢ Y R
1 PR

Table 6. Structural Chromosomal Aberrations in the Examined Cells Taken from the Bone Marrow in Sodium Nitrite and
Pumpikin Oil and their Combination Groups in Rats.

Groups Gap Break Deletion | Fragment | End to end Total
GroupI | 033 £0.52| 050*0.83 | 0.16 £0.40 | 0.50 = 0.55 0 £ 0.00 1.50 = 1.64
Group IT | 0.50 £ 0.84 | 0.50+0.54 | 0.33 £0.52 | 0.16 £0.40 | 0.33 £ 0.81 1.83 +0.98"
Group III [ 316 £ 0.75| 2.67£1.50 | 1.83£0.76 | 1.67 £0.82 | 1.83£1.47 | 11.17 + 2.85
Group IV | 1.00 £0.89 | 1.33 +1.21 1.17 £0.75 |1 0.83 £0.74 | 0.67 £0.82 | 5.00 + 2.37*

Results represent the mean values + SD. (n=0)
* significant (P < 0.05) difference from normal control group, © significant (P < 0.05) difference from NaNo, group.

and Georgiou recorded that sodium nitrite generates free radicals
in high levels that the cellular defense system cannot compensate
and lead to oxidative stress and lipids peroxidation [43].

On the other hand, the treated group showed significant increase
in the TAC level and reduction in the MDA level as compared
with sodium nitrite group while there were no significant differ-
ences with the control group. The previous result indicates that
pumpkin seed oil has antioxidant and antiradical effects which is
in accordance with Xanthopoulou et al., and Nkosi et al., [44, 45].

This finding could be attributed to the composition of pumpkin
seed oil. It is recognized that, vitamin E [46] and phenolic com-
pounds [21] bind to free radicals and so inhibit the cell membrane
oxidation and occurrence of lipid peroxidation. Also, the phy-
tosterols have antioxidant activity and they can reduce LDL-cho-

lesterol which leads to reduction of the lipid peroxidation [22].
Selenium in the pumpkin seed oil is included in the structure of
GSH-Px enzyme which is directly incorporated in its antioxidant
activity [47].

Squalene is composed of a high level of unsaturated aliphatic hy-
drocarbons that prevent oxidation of body lipids and has antioxi-
dant activity against unsaturated fatty acids [23]. Furthermore, the
essential fatty acids have inhibitory action on the cyclooxygenase
pathway, and this assists in the antioxidant defense system [44].

The serum TAC and MDA levels in the pumpkin seed oil group
showed minimal changes but did not differ significantly from the
control group. This indicates that pumpkin seed oil does not af-
fect the antioxidant defense system. It has been suggested that,
the changes observed in the measured enzymes activity may be
due to the action of pumpkin seed oil for elimination of free
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radicals under normal conditions [48].

Our results revealed significant increase in levels of cholesterol
and triglycerides and decrease in level of HDL are in accordance
with many previous investigators. Sherif and Al-Gayyar revealed
significant increase in serum cholesterol, triglycerides after 12
weeks of sodium nitrite treatment (80 mg/kg) [7]. Moreover, pre-
vious investigators reported slight elevation of total cholesterol
levels, and decrease of HDL-c concentration after high dietary
nitrite [49, 50].

On the other hand, our results are in contrast with Helal et al.,
who revealed significant decrease in total cholesterol in heart
tissue after sodium nitrite treatment for six months, while total
cholesterol showed significant increase in serum but insignificant
change in liver tissue after three and six months of sodium nitrite
treatment [51]. Kostogrys et al., confirmed a part of our results;
they noted that increasing dietary nitrite levels resulted in de-
creased serum HDL-c and increased serum triacyglycerols, while
serum total cholesterol was significantly reduced [52].

Elevation in cholesterol and triglycerides levels in serum may be
attributed to lipid peroxidation or the liberation of free fatty ac-
ids from the adipose tissue to the blood stream and raising the
acetyl CoA level which enhance cholesterol synthesis. It has been
reported that oxidative stress stimulates the influence of non-es-
sential fatty acids that leads to increase of cholesterol and triglyc-
erides levels in serum and tissues [53]. Oxidative stress has long
been expected to have a significant role in the development of
atherosclerosis.

Our results revealed that co-administration of pumpkin seed oil
with sodium nitrite significantly prevented the alterations record-
ed in the levels of cholesterol, triglycerides and HDL-c in serum,
liver and heart after sodium nitrite treatment. This result is in con-
cordant with Barakat & Mahmoud who proved the anti-athero-
genic effect of pumpkin seed mixture; it resulted in a significant
improvement in lipid parameters in plasma and liver of rats [54].
The presence of polyunsaturated fatty acids, B-carotene, phytos-
terols and tocopherols in seed mixture may play an important role
in lowering blood cholesterol in human and rats [55]. Hyounjeong
et al., reported that pumpkin has antiobesity effects and attributed
that to its action as metabolic regulator of lipolytic and lipogenic
pathways [50]. Moreover, it affects the lipid products synthesis
and degradation.

It has been reported that antioxidants compensate the radicals of
polyunsaturated fatty acids and disturb the chain reactions; hence
they can inhibit lipid peroxidation [53]. The antioxidants have
been supposed to act as antiatherogenic agents. They may be able
to prevent the oxidative modification of LDL that result in the
accumulation of cholesterol [57].

In this study, DNA damage by comet assay and chromosomal ab-
errations were done to investigate the genotoxic effect of sodium
nitrite and whether the pumpkin seed oil can ameliorate this effect
or not. The comet assay for DNA revealed significant increase in
the tail length of DNA in the sodium nitrite intoxicated group
in comparison to the control group. Our result is almost similar
to the results obtained by Ohsawa et al., [58] and Sherif and Al-
Gayyar who revealed DNA fragmentation after 12 weeks of 80
mg/kg of sodium nitrite [59].

http://scidoc.org/IJCPT.php

This has been explained by Ibrahim and Nassar who proved that
reactive oxygen species, which are generated by NaNO, causes
genetic oxidation and fragmentation of DNA and other macro-
molecules [60]. Nitric oxide (free radicals) which is produced by
sodium nitrite inhibits synthesis of DNA and arrest the cell cycle,
therefore, DNA damage occurs.

Treatment with pumpkin seed oil significantly decreased DNA
damage as compared with sodium nitrite intoxicated group but
still significantly higher than the control group. There are multiple
studies have been reported about the mechanisms of pumpkin
seed oil for prevention of free radical generation and accordingly
prevent DNA damage |21, 22|. Furthermore, the phenolic com-
pounds in the pumpkin seed oil bind to metals as copper and iron
that are incorporated in free radical-generating reactions as the
Fenton reactions [61].

The genotoxic investigation in our study showed marked increase
in the frequency of total structural chromosomal aberrations in
the bone marrow cells of the rats administered sodium nitrite in
comparison to the control group. Occurrence of chromosomal
aberrations at the metaphase is due to molecular lesions in the
DNA and they are considered as the cytotoxic effect of some
chemicals [62].

Hence, our findings revealed the mutagenic effect of sodium ni-
trite and this is in agreement with Ozen et al., who revealed sig-
nificant increase in chromosomal aberrations after administration
of 20 mg/kg sodium nitrite for 8 months [41].

On the other hand, administration of sodium nitrite and pumpkin
seed oil showed significant reduction in the frequency of total
chromosomal aberrations in comparable to sodium nitrite group.
The effect of pumpkin seed oil may be due to its antioxidant
action, prevention of free radicals and reduction of DNA dam-
age as described previously. The balance between the oxidative
and anti-oxidative systems is the main factor to keep the cellular
health. Any disturbance in this balance leads to cellular degenera-
tion and death [41]. According to the authors™ knowledge, there
is no previous studies have investigated the valuable effect of
pumpkin seed oil for prevention and/or reduction of toxicity in-
duced by sodium nitrite.
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Conclusion

Chronic exposure to high level of sodium nitrite leads to bio-
chemical effect, DNA damage and chromosomal aberrations.
The pumpkin seed oil can ameliorate the toxic effect induced by
sodium nitrite due to its antioxidant, antimutagenic and antifree
radicals effects as it contains high amounts of antioxidant vita-
mins as «- and y-tocoferol, B carotene and vitamin E. Moteover,
it contains phenolic compounds such as vanillic acid, tyrosol and
vanillin and high levels of selenium and lutein. Hence, we can use
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the pumpkin seed oil as a prophylaxis against NaNO, toxicity, tak-
ing into consideration the dose and duration of treatment.
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