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Abstract. – OBJECTIVES: In this study, it was
aimed to investigate the effect of n-3 fatty acids (n3 FA) on diethylnitrosamine (DEN) toxicity with respect to alterations including nitric oxide (NO) formation, uric acid level as well as some liver related enzymes such as aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and alkaline
phosphatase (ALP) activities in rats.
MATERIALS AND METHODS: Forty male Wistar
albino rats were used as animal materials. Animals
were divided into 4 groups and treated as follows:
Rats in group 1 (control) were intraperitoneally (i.p)
injected with single dose of saline; rats in group 2
were i.p. injected with DEN at a dose of 150
mg/kg/body weight; rats in group 3 were treated
with DEN (via single i.p. injection at 150
mg/kg/body weight) plus n-3 FA (at a dose of 0.4 g
/kg/day via subcutaneous route in fish oil) for 7
days, and group 4 received n-3 FA via s.c. route at
a dose of 0.4 g/kg/day in fish oil for 7 days. The
plasma samples were analyzed for NO, uric acid
levels as well as for activities of AST, ALT and ALP.
RESULTS: Uric acid level was lower in DEN
group than in control. In addition, NO level and
AST, ALT, ALP activities in DEN group were significantly higher than in control. Nitric oxide
concentration, ALT and ALP activities in DEN +
n-3 FA treated rats were lower than in DEN
alone. Uric acid level in DEN + n-3 FA group was
higher than in DEN group.
CONCLUSIONS: These results suggest that n-3
fatty acids could ameliorate the toxic effects of
DEN in part by means of its free radical scavenging activity and may be of therapeutic value in the
protection of liver against toxic effects of DEN.
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Introduction
N-nitroso compounds are environmental toxicants, which are widely used in industrial solvents.
They are also known as carcinogens and could be

found in different types of foodstuff including
milk, meat, salted fish, alcoholic beverages and
several vegetables1. Both environmental and foodborn N-nitrosamines pose a health risk for human
and animals. Diethylnitrosamine is experimentally
used to induce liver carcinoma and study the mechanisms of cytotoxic injury. The cytochrome P-450dependent enzymes of monooxygenase system also catalyze diethylnitrosamine. Some of the byproducts produced during these reactions react covalently with cellular components leading to cellular necrosis, mutation and cancer2. DEN is reported
to induce generation of free radicals leading to oxidative stress and cell injury through its metabolized end product (ethyl radical). The action of active metabolite ethyl radical on DNA is considered
to play a role in carcinogenesis3. DEN causes alterations in some enzymes found in the serum and tissues. When the liver cells are injured, several types
of liver-specific enzymes, including aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phospatase (ALP) and γ-glutamyltransferase (GGT), are elevated4. Studies indicated
that DEN elevates the activities of these
enzymes4,5. AST, ALT and ALP are the group of
enzymes, which are used to evaluate the status of
liver damage and are considered more sensitive parameters to assess liver injury in rodent species4,6.
It is known that one of the major mediators in
chronic inflammatory processes is the nitrite oxide (NO). It is produced by the liver parenchymal
and non-parenchymal cells from L-arginine via
nitric oxide synthase (NOS)7,8. In normal physiological conditions, NO could be either protective
or cytotoxic. Uncontrolled, prolonged and/or
massive production of NO by inducible NOS
(iNOS) may cause liver damage, inflammation
and even tumour development9.
Uric acid constitutes 33 to 58% of the plasma antioxidant capacity, and it is considered the second important antioxidant molecule following the thiol
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groups within the antioxidant system in the plasma10.
Biologically important long chain omega-3
polyunsaturated fatty acids, including eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA)
and α-linoleic acid (ALA), exist in large amounts
in fish and fish oils11. Recent studies indicate that
n-3 fatty acids could have beneficial effects on
cancer12,13, cardio-vascular diseases14, immune
system15, cirrhosis16 and nervous system disorders17. In addition, omega-3 essential fatty acids
are reported to have antioxidant properties by reducing oxidative stress and preventing generation
of reactive oxygen species (ROS)18,20-23.
This study aimed to investigate the effect of n3 fatty acids (n-3 FA) supplementation on the
NO formation, uric acid level and AST, ALT and
ALP activities in experimentally induced DEN
toxicity in rats.

Materials and Methods
Animal and Treatments
Forty male Wistar albino rats, weighing 185-215
g with the average age of 16 week old, were used as
animal materials in this study. The research work
was carried out with the approval of the Institutional Ethics committee of Kafkas University, Faculty
of Veterinary Medicine. Rats were housed in stainless steel cages in a quite room maintained with
12:12 hr light-dark cycle, at 20-23°C and relative
humidity 50-55%. Rats were fed with standard pelleted chow and water ad libitum. Animals were divided into 4 groups. Group 1 (control) received a
single dose of saline via intraperitoneal (i.p.) injection. Group 2 (DEN alone) was given a single dose
of 150 mg/kg/body weight DEN via i.p. injection.
Rats in group 3 (DEN + n-3 FA) were treated with
single dose of DEN (150 mg/kg body weight) via
i.p. injection plus n-3 fatty acid in fish oil (Marincap, Kocak Pharma, Turkey; the composition of the
Marincap capsule was EPA 18% and DHA 12%) at
a dose of 0,4 g/kg/day via subcutaneous (s.c.) injection for 7 days. Group 4 (n-3 FA alone) received 0,4
g/kg/day n-3 fatty acid in fish oil via s.c. injection
for 7 days. At the end of experiment (at day 8),
blood samples were collected into the heparinized
tubes via cardiac puncture under light ether anaesthesia. Following blood collection, blood was centrifuged at 3000 rpm for 15 min.
Biochemical Analysis
Plasma NO level was measured by the method
of Miranda et al7. Nitric oxide is known to have
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very short half-life, and it is oxidized to nitrite
(NO2.) and nitrate (NO3.). Level of NO can be determined indirectly by measuring the concentration of nitrite (NO2.) and nitrate (NO3.). Initially,
plasma samples were deproteinized with 10% zinc
sulphate. Total NO concentrations (nitrate and nitrite) were determined colorimetrically by the
acidic Griess reaction (via reaction involving reduction of nitrate to nitrite by vanadium (III) chloride). Levels of plasma uric acid and activities of
AST, ALT and ALP were analyzed spectrophotometrically using commercially available kits (BioMérieux, Marcy l’Etoile, France).
Statistical Analysis
Statistical analysis were performed by the statistical package SPSS, version 10.0 (SPSS Inc.,
Chicago, IL, USA). Statistical analysis of data was
carried out using one-way analysis of variance
(ANOVA) followed by Duncan test. Results were
expressed as mean ± standard error (mean ± SE). p
values less than 0.05 were considered significant.

Results
The data obtained from the biochemical assays
are presented in Table I. NO levels were found to be
higher (p < 0.01) in group 2 (DEN alone) than in
group 1 (control). Similarly, NO concentration was
lower (p < 0.01) in group 3 (DEN + n-3 FA) than in
group 2 (DEN alone). No difference was found in
NO level between control and group 4 (n-3 FA).
Uric acid concentration was found to be lower (p
< 0.01) in group 2 than in control. Uric acid concentration was higher (p < 0.01) in group 3 than in
group 2, whereas there was no difference in uric
acid levels among control, group 3 and group 4.
Activities of AST, ALP and ALT enzymes in
group 2 were elevated compared with that of
control. ALT and ALP activities of group 3 were
lower (p < 0.01) than that of group 2.

Discussion
Increased plasma level of NO was observed in
DEN group. It may be due to the enzymatic or
chemical break down of N-NO bound found in the
chemical structure of DEN, which leads to the release of NO. A significant increase in NO concentration observed in group 2 is in accordance with
the previous reports24,25 where it was speculated
that DEN could potentially serve as NO/NO +

Protective effect of omega-3 fatty acids on diethylnitrosamine toxicity in rats
Table I. Effects of omega-3 fatty acids on plasma NO, uric acid levels and activities of AST, ALT and ALP.
Parameters
NO (µM)
Uric acid (mg/L)
ALT (U/L)
AST (U/L)
ALP (U/L)

Control
60.81 ± 2.78b
29.15 ± 2.77a
54.29 ± 1.41b
99.71 ± 4.30c,b
2.26 ± 0.01c

DEN

DEN + n-3 FA

n-3 FA

74.56 ± 4.56a
17.01 ± 2.07b
66.50 ± 3.90a
129 ± 9.13a
2.34 ± 0.01a

62.62 ± 3.76b
23.19 ± 1.14a
58.67 ± 2.22b
113.78 ± 4.01a,b
2.29 ± 0.01b

51.20 ± 4.24b
27.09 ± 2.07a
53.22 ± 1.70b
91.56 ± 3.08c
2.26 ± 0.01c

Values were represented as mean ± SE (n=10). Means with different superscripts (a, b, c) in the same row indicate significant
difference. Control: A single dose of saline given via intraperitoneal (i.p.) injection, DEN: A single dose of 150 mg/kg/body
weight DEN given via i.p. injection, DEN + n-3 FA: A single dose of 150 mg/kg/body weight DEN given via i.p. plus 0,4
g/kg/day subcutaneously (s.c.) n-3 FA for 7 days, n-3 FA: 400 mg/kg/day s.c. n-3 FA for 7 days.

donor. The carcinogenesis induced by N-nitrosamines is reported to be due to α-hydroxylation
by the catalytic action of cytochrome p-450-dependent oxidases and oxygenases. The break down of
α-hydroxy-N-nitroso compounds could indirectly
result in DNA damage via the generation of alkylating agents that are produced from N-nitrosamines25. Nitric oxide can interact with superoxide (O2·) to form peroxynitrite (ONOO-) which is
also a powerful oxidant capable of oxidizing potentially dangerous reactions including thiol groups
of proteins that lead to cellular damage. Other than
its own oxidizing effect, breakdown of peroxynitrite could give rise to the production of hydroxyl
radical (·OH) which is a potent oxidant leading to
cell injury18. It has been shovn that exogenous reduced glutathione (GSH), containing thiol group,
can altered levels of NO in rabbits19.
Studies indicate that n-3 FA treatment in rats
brought about a reduction of NO levels in erhytrocytes18, plasma26 and tissues22. In the present study,
plasma NO concentration in rats treated with DEN
alone was found to be higher than in control and
DEN + n-3 FA group. These findings suggest that
concurrent administration of n-3 FA could reduce
NO level in DEN group. The results obtained in
this study suggest that n-3 FA can react with free
radicals acting as a free radical scavenger, which
may lead to reduce NO concentration18,22.
Uric acid constitutes 33 to 58% of the plasma
antioxidant capacity. It is considered the second
important antioxidant molecule following the thiol
groups within the antioxidant system in the
plasma10. In addition, it was reported that uric acid
serves as a peroxynitrite scavenger27. In this investigation, we have observed that plasma uric acid
level in DEN group was lower than that in the control group. We speculate that this reduction could
be due to the fact that DEN-induced elevation in

NO level results in generation of peroxynitrite,
which can interact with uric acid leading to its depletion in the plasma. The level of uric acid concentration in DEN + n-3 FA group was similar to
the values observed in control. The normalization
of uric acid levels in DEN + n-3 FA group could be
explained by the antioxidant effect of n-3 FA.
However, Schacky et al28 showed that n-3 FA administration in humans did not change the uric acid
concentrations. Uric acid concentration in group 4
(n-3 FA alone) was found to be similar to that in
control. These findings also suggest that n-3 FA
could show antioxidant effect during a toxic insult.
DEN-induced free radical generation may be due
to the action of mixed-function oxidase system
through the cytochrome p-450 dependent enzymatic process. Free radicals generated via this route are
thought to play an important role in many toxicities
and cell injury3. AST, ALT and ALP enzymes are
frequently used to evaluate the status of liver damage and considered more sensitive parameters to
measure liver injury in rodent species3,4,6. Sahin et
al5 and Bansal et al3 reported that DEN administered at doses of 100 and 200 mg/kg resulted in increased AST, ALT and ALP activities in the plasma
of rats. Similar to these reports, we observed significantly increased AST, ALT and ALP activities in
the plasma of DEN-treated rats compared with that
of control indicating that DEN treatment could induce a liver damage in the rats. On the other hand,
Hatzitolios et al29 reported that the administration of
n-3 FA to the patients with hiperlipidemia reduced
the levels of AST and ALT activities and prevented
the occurrence of fatty liver in 35% of the affected
patients. Alwayn et al30 reported that in a nonalcoholic fatty-liver model, n-3 FA administration in
murines, receiving high carbohydrate intake, led to
reduced AST, ALT and ALP activities compared
with the group without n-3 FA treatment. Similarly,
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the concurrent administration of n-3 FA in our
study gave rise to a decreased level of ALT and
ALP in DEN + n-3 FA group. These results suggest
that n-3 FA could protect liver from DEN-induced
liver damage in rats.
The similarity observed between control and n3 FA groups with respect to assayed parameters
indicates that n-3 FA alone has no effect on the
liver. ALT is primarily found in the liver whereas
AST could also be found in liver, heart, kidneys,
brain and muscle tissues. For this reason, ALT is
known to be a more liver-specific enzyme compared with AST6. The discrepancy in ALT and
AST activities could be explained by the specificity of these two enzymes to different tissues.
In conclusion, administration of n-3 fatty acids
reduced NO released and increased uric acid level in DEN-treated rats. In addition, n-3 fatty acid
normalized activities of AST, ALT and ALP enzymes. The results suggest that n-3 fatty acids
could ameliorate the toxic effects of DEN in part
by its free radical scavenging activity and may be
of therapeutic value in the protection of liver
against toxic effects of DEN.

References
1) SUNDARESAN S, SUBRAMANIAN P. S-allylcysteine inhibits circulatory lipid peroxidation and promotes antioxidants in N-nitrosodiethylamine-induced carcinogenesis. Pol J Pharmacol 2003;
55: 37-42.
2) SCOG K. Problems associated with the determination of heterocyclic amines in cooked foods and
human exposure. Food Chem Toxicol 2002; 40:
1197-1203.
3) BANSAL AK, TRIVEDI R, SONI GL, BHATNAGAR D. Hepatic and renal oxidative stress in acute toxicity of Nnitrosodiethylamine. Indian J Exp Biol 2000; 38:
916-920.
4) H A WS, K IM CK, S ONG SH, K ANG CB. Study on
mechanism of multistep hepatotumorigenesis in
rat: Development of hepatotumorigenesis. J Vet
Sci 2001; 2: 53-58.
5) S AHIN S, T URKMEN G. The effect of diethylnitrosamine on the levels of sialic acid, lipidbound sialic acid and enzyme activities of transferase in rat serum. Turk J Vet Anim Sci 2005;
29: 607-612.
6) LIMDI JK, HYDE GM. Evaluation of abnormal liver
function tests. Postgrad Med J 2003; 79: 307312.
7) MIRANDA KM, ESPEY MG, WINK DA. A rapid, simple
spectrophotometric method for simultaneous detection of nitrate and nitrite. Nitric Oxide 2001; 5:
62-71.

470

8) XIAN M, LI X, TANG X, CHEN X, ZHENG Z, GALLIAN JJ,
K REULEN DL, WANG PG. N-hydroxyl derivates of
guanidine based drugs as enzymatic NO donors.
Bioorg Med Chem Lett 2001; 1: 2377-238.
9) AHN B, HAN BS, KIM DJ, OHSHIMA H. Immunohistochemical localization of inducible nitric oxide synthase and 3-nitrotyrosine in rat liver tumors induced by N-nitrosodiethylamine. Carcinogenesis
1999; 20: 1337-1344.
10) MARCINIAK A, LUTNICKI K, SZPRINGER E, BARHAM S. Influence of non-enzymatic antioxidants on antioxidation status in acute haemorrhagic necrotizing
pancreatitis in rat. Bull Vet Inst Pulawy 2005; 49:
133-139.
11) HARDMAN WE. (n-3) Fatty acids and cancer therapy. J Nutr 2004; 134: 3427-3430.
12) ARONSON WJ, GLASPY JA, REDDY ST, REESE D, HEBER
D, BAGGA D. Modulation of omega-3/ omega-6
polyunsaturated ratios with dietary fish oils in
men with prostate cancer. Urology 2001; 58: 283288.
13) R OSE DP, C ONNOLY JM. Omega-3 fatty acids as
chemopreventive agents. Pharmacol Ther 1999;
83: 217-244.
14) TAPıERO H, BA GN, COUVREUR P, TEW KD. Polyunsaturated fatty acids (PUFA) and eicosanoids in human health and pathologies. Biomed Pharmacother 2002; 56: 215-222.
15) DIN JN, NEWBY DE, FLAPAN AD. Omega-3 fatty acids
and cardiovascular disease fishing for a natural
treatment. Br Med J 2004; 328: 330-335.
16) WATANABE A, SAITO S, TSUCHIDA T, HIGUGHI K, OKITA
M. Low plasma levels of docosahexaenoic acid in
patients with liver cirrhosis and its correction with
a polyunsatured fatty acid-enriched soft oil capsule. Appl Nutr Invest 1999; 15: 284-288.
17) YOUNG C, MARTIN A. Omega-3 fatty acids in mood
disorders. An overview. Rev Bras Psiquiatr 2003;
25: 184-187.
18) IRAZ M, ERDOGAN H, OZYURT B, OZUGURLU F, OZGOCMEN
S, FADıLLıOGLU E. Omega-3 essential fatty acid supplementation and erythrocyte oxidant/antioxidant
status in rats. Ann Clin Lab Sci 2005; 35: 169173.
19) ATAKıSı O, ERDOGAN HM, ATAKıSı E, CıTıL M, KANıCı A,
MERHAN O, UZUN M. Effects of reduced glutathione
on nitric oxide level, total antioxidant and oxidant
capacity and adenosine deaminase activity. Eur
Rev Med Pharmacol Sci 2010; 14: 19-23.
20) KIKUGAWA K, YASUHARA Y, ANDO K, KOYAMA K, HIRAMOTO K, SUZUKI M. Protective effect of supplementation of fish oil with high n-3 polyunsaturated fatty
acids against oxidative stress-induced DNA damage of rat liver in vivo. J Agric Food Chem 2003;
51: 6073-6079.
21) SARSILMAZ M, SONGUR A, OZYURT H, KUS I, OZEN OA,
OZYURT B, SOGUT S, AKYOL O. Potential role of dietary ω-3 essential fatty acids on some oxidant/
antioxidant parameters in rats’ corpus striatum.
Prostagl Leukot Essent Fatty Acids 2003; 69:
253-259.

Protective effect of omega-3 fatty acids on diethylnitrosamine toxicity in rats
22) SONGUR A, SARSILMAZ M, SOGUT S, OZYURT B, OZYURT
H, ZARARSIZ I, TURKOGLU AO. Hypotalamic superoxide dismutase, xanthine oxidase, nitric oxide, and
malondialdehyde in rats fed with fish ω-3 fatty
acids. Prog Neuropsychopharmacol Biol Psychiatry 2004; 28: 693-698.
23) WANG HH, HUNG TM, WEI J, CHIANG AN. Fish oil increases antioxidant enzyme activities in macrophages
and reduces atherosclerotic lesions in apo E-knockout
mice. Cardiovasc Res 2004; 61: 169-176.
24) HOU Y, XIE W, JANCZUK AJ, WANG PG. O-alkylation
of cupferron: Aiming at the design and synthesis
of controlled nitric oxide releasing agents. J Org
Chem 2000; 65: 4333-4337.
25) WANG PG, XIAN M, TANG X, WU X, WEN Z, CAI T,
JANCZUK AJ. Nitric oxide donors: Chemicals activites and biological applications. Chem Rev
2002; 102: 1091-1134.
26) ERDOGAN H, FADILLIOGLU E, OZGOCMEN S, SOGUT S,
OZYURT B, AKYOL O, ARDICOGLU O. Effect of fish oil
supplementation on plasma oxidant/antioxidant
status in rats. Prostagl Leukot Essent Fatty Acids
2004; 71: 149-152.

27) HOOPER DC, SCOTT GS, ZBOREK A, MIKHEEVA T, KEAN
RB, KOPROWSKI H, SPITSIN SV. Uric acid, a peroxynitrite scavenger, inhibits CNS inflammation, bloodCNS barrier permeability changes, and tissue
damage in a mouse model of multiple sclerosis.
FASEB J 2000; 14: 691-698.
28) SCHACKY CV, FISCHER S, WEBER PC. Long term effects
of dietary marine n-3 fatty acids upon plasma and
cellular lipids, platelet function and eicosanoid formation in humans. J Clin Invest 1985; 76: 16261631.
29) HATZITOLIOS A, SAVOPOULOS C, LAZARAKI G, SIDIROPOULOS I, HARITANTI P, LEFKOPOULOS A, KARAGIANNOPOULOU
G, TZIOUFA V, DIMITRIOS K. Efficacy of omega-3 fatty
acids, atorvastatin and orlistat in non-alcoholic
fatty liver disease with dyslipidemia. Indian J Gastroenterol 2004; 23: 131-134.
30) A LWAYN IP, G URA K, N OSE V, Z AUSCHE B, J AVID P,
GARZA J, VERBESEY J, VOSS S, OLLERO M, ANDERSSON
C, BISTRIAN B, FOLKMAN J, PUDER M. Omega-3 fatty
acid supplementation prevents hepatic steatosis
in a murine model of nonalcoholic fatty liver disease. Pediatr Res 2005; 57: 445-452.

471

