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Abstract

Omega-7 is a monounsaturated fatty acid that has a number of beneficial effects. Cisplatin, an effective
antineoplastic agent is commonly used to treat solid tumors. Cisplatin’s clinical use is limited due to its
nephrotoxicity. Nephrotoxicity induced by Cisplatin is thought to be linked with increased formation of reactive
oxygen species. The purpose of this study was to evaluate the anti-oxidant effect of omega-7 against cisplatin-
induced nephrotoxicity. Thirty male wistar rats were divided randomly into five groups (six rats in each group) ,
group 1 rats received liquid paraffin solution orally for 7 consecutive days , group 2 rats received liquid paraffin
solution orally for 7 consecutive days then received single cisplatin intraperitoneal injection (7.5 mg/ kg) , group
3 rats received omega-7 (50mg/ kg) orally for 7 consecutive days and then received single cisplatin intraperitoneal
injection (7.5mg/ kg) on day 8, group 4 rats received omega-7 (100 mg/ kg) orally for 7 consecutive days and
then received single intraperitoneal injection of cisplatin (7.5mg/ kg) on day 8 , group 5 rats received omega 7
(100mg/ kg) orally for 7 consecutive days .On day 9, all animals were sacrificed and renal tissue homogenates
were used for the estimation of glutathione peroxidase-1(GPX-1), superoxide dismutase-1(SOD-1), reduced
glutathione(GSH), catalase(CAT) and malondialdehyde(MDA). Treatment of rats with omega-7 showed
significant (p < 0.05) elevation in the activities of anti-oxidant enzymes (GPX-1, SOD-1, reduced GSH and CAT)
and significant (P < 0.05) reduction of MDA level when compared to Cisplatin (positive control) group. In
conclusion, omega-7 has a protective effect against cisplatin-induced nephrotoxicity maybe through its anti-

oxidant activity.
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Introduction

Omega-7, also known as palmitoleic acid cold water fish. Studies have reported that omega-7
(16:1, cis -9 - hexadecanoic acid), is a has a number of beneficial effects such as improved
monounsaturated fatty acid found in plants such as cardiovascular risk and enhanced insulin sensitivity
macadamia and sea buckthorn berry and also in o,
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Palmitoleic acid has also been found to

have a positive correlation with body mass index
and HDL cholesterol but not with LDL cholesterol
levels®. However, the effect of omega-7 on the
Kidney is still unclear, therefore this study aimed to
evaluate the anti-oxidant effect of omega-7 against
cisplatin-induced nephrotoxicity.
Cisplatin is a potent chemotherapeutic medication
considered for the treatment of many solid-organ
cancers @, Cisplatin exhibits its anticancer effect via
a number of different mechanisms mainly through
DNA damage, renal vasoconstriction, apoptotic
activation, and cellular damage by oxidative stress
and inflammation™%., Nephrotoxicity is the main
drawback in cisplatin’s  clinical use ©.
Approximately 36% of Cisplatin-treated patients
reported nephrotoxicity. It has been reported that
cisplatin initially enters the cell via cellular
transporters mainly the human copper transport
protein (Ctr 1) and the organic cation transporter 2
(OCT 2) which play an important role in cisplatin’s
mode of cytotoxicity but also in its nephrotoxicity
@, Cisplatin-induced nephrotoxicity is mediated by
a number of mechanisms including necrosis and
apoptosis, and inflammation of the tubules ©.
Oxidative stress is also involved in cisplatin-induced
nephrotoxicity in which reactive oxygen metabolites
alter the structure and function of cellular
membranes @9, Endoplasmic reticulum and
mitochondria are among the most severely injured
cellular organelles by cisplatin @V, Previous studies
have reported that administration of cisplatin
decreased the renal levels of anti-oxidant enzymes
such as SOD-1, GPX-1, CAT and GSH
(12) Therefore the anti-oxidant agents can prevent
cisplatin-induced nephrotoxicity.

Materials and Method
Animals

Thirty adult male wistar rats, weighing
150-200 g were obtained and kept in the animal
house at College of Pharmacy / University of
Baghdad under conditions of  controlled
temperature, humidity, and 12-12hr light-dark cycle
with free access to standard diet and water. All
experimental protocols related to animals were
conducted in accordance with the national institute
of health guide for the care and use of laboratory
animals and have been approved by institutional
animal care and use committee, University of
Baghdad, Irag.

Chemicals and drugs

Cisplatin  (Img/ml, 50ml vial) was
purchased from Accord (United Kingdom) and
omega-7 was obtained from Source Naturals
(USA).Liquid paraffin was supplied from College of
Pharmacy store /University of Baghdad and normal
saline 0.9% was purchased from Pioneer, Iraq.
GPX-1, SOD-1, reduced GSH, CAT, and MDA
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ELISA Kits were purchased from BT Lab (Bioassay
Technology Laboratory, Zhejiang China).

Experimental protocol

Animals were randomly divided into five
groups, six animals per group: group 1 (negative
control) rats received liquid paraffin solution orally
using oral gavage for 7 consecutive days, group 2
(positive control) rats received liquid paraffin
solution by oral gavage for 7 consecutive days then
received single intraperitoneal injection of cisplatin
(7.5mg/kg) diluted in 0.9% normal saline ® on day
8 , group 3 (omega-7 + cisplatin ) rats received
omega-7 (50mg/kg) orally by oral gavage for 7
consecutive days and then received cisplatin
(7.5mg/kg) by single intraperitoneal injection on day
8 , group 4 (omega-7 + cisplatin) rats received
omega-7 (100mg/kg) orally using oral gavage for 7
consecutive days followed by cisplatin (7.5mg/kg)
by single intraperitoneal injection on day 8 and
lastly, group 5 (omega-7) rats received omega 7
(100mg/kg) orally by oral gavage for 7 consecutive
days. On day 9, all animals were sacrificed by
cervical dislocation under diethyl ether anesthesia
(4, The kidney tissue homogenate was utilized for
the estimation of GPX-1, SOD-1, reduced GSH,
CAT, and MDA®),

Biochemical analysis

Renal tissue homogenates were prepared
by immediately excising the kidneys after sacrifice,
cleaning the kidneys from fatty tissues and washing
them with pre-cooled phosphate buffer saline (pH
7.4, 4°C) to remove any left blood. The left kidney
of each rat was utilized for the preparation of tissue
homogenate by taking 0.1g of tissue and adding
0.9ml of phosphate buffer saline (pH 7.4, 4°C) into
a tube and homogenized for 1 minute using tissue
homogenizer and kept at 4°C by immersing the tube
in ice. The supernatant obtained was then
centrifuged by a refrigerator centrifuge for 10
minutes at 10000 rpm and 4°C.The obtained
supernatant was then rapidly collected and stored at
-20°C till analysis .Stored tissue homogenates were
used for estimation of GPX-1, SOD-1, reduced
GSH, CAT and MDA using kits purchased from BT
lab (Zhejiang, China) according to manufactures
procedures®9,

Statistical analysis

The results of the study are expressed as
mean = standard deviation of the mean (SD). One-
way analysis of variance (ANOVA) followed by
tukey’s post hoc were performed for evaluating
statistical significance between different groups. A
p value < 0.05 was considered statistically
significant.

Results
Effects of omega 7 on anti-oxidant enzymes

The results showed that treatment with
cisplatin significantly (P < 0.05) decreased the



Iragi J Pharm Sci, Vol.32( 2) 2023

activities of GPX-1, SOD-1, reduced GSH, and
CAT when compared to the negative control group
as shown in tablel.Treatment with omega-7 prior to
the injection of cisplatin at doses of (50mg/kg, and
100mg/kg) significantly (P< 0.05) increased the
activities of these enzymes to reach the normal level
as shown in Tablel. Furthermore, the dose of
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(100mg/kg) was more effective in amelioration the
activities of these parameters. Treatment with
omega-7 (100mg/kg) increased the levels of GPX-1,
SOD-1, reduced GSH, and CAT Tablel.

The effects of omega-7 on kidney GPX-1, SOD-1,
reduced GSH, and CAT activities measured in
cisplatin-received rats are presented in Figure 1.

Table 1. Effect of omega-7 on anti-oxidant enzymes.

Group GPX-1 SOD-1 GSH CAT

(ng/ml) (ng/ml) (ng/ml) (ng/ml)
Group | (control) 0.8498 + .0817 0.9223 + .1067 92.8933 £1.2031 2.3933 £ 0.4236
Group Il Cisplatin 0.5332 £ 0.0522* | 0.4298 + .1118* 40.3298 + 0.0281* 0.3298 + 0.0281*
(7.5mg/kQg)
Group 111 omega? 0.6042 +0.1017?2 | 0.6372 +0.0418% | 55.2909 + 4.4469% 0.9576 + 0.0217%
(50mg/kg)+Cisplatin
(7.5mg/kg)
Group 1V omega7 0.785 + 0.0571% 0.8777 £ 0.1875% | 66.5443 + 3.2366% 1.5443 +0.4719%
(100mg/kg)+Cisplatin
(7.5mg/kg)
Group V omega7 0.8135+ 0.2069* 1.0288 +0.1078% | 93.8622 + 1.5921% 3.3622 + 0.4396"
(100mg/kg)

The data are expresser as mean = SD (n=6); one-way ANOVA followed by Tukey’s post hoc test; were used for
statistical analysis. * denotes significant difference from negative control; # denotes significant difference when
compared to cisplatin group; a denotes significant difference between combination groups Il and 1V; P < 0.05.
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Figurel. Effects of omega 7 on the activities of (a) GPX-1 (b) SOD-1 (c) reduced GSH and (d) CAT. Results
are presented as mean + SD (n= 6); One way ANOVA followed by Tukey’s post hoc test; were used for the
statistical analysis. * denotes significant difference form negative control; # denotes significant difference
when compared to cisplatin group; a denotes significant difference between combination groups 111 and

1V; P <0.05.
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Effects of omega 7 on oxidative stress parameter
MDA

The activity of MDA in cisplatin treated
rats was significantly (P< 0.05) elevated compared
to the negative control group reflecting renal
impairment as shown in table2. Treatment with
omega-7 at doses of (50mg/kg and 100mg/kg)
significantly(P< 0.05) decreased MDA activity to
return to the normal level (Table2).The higher dose
of omega-7 (100mg/kg) showed similar reduction in
MDA level to the lower dose (50mg/kg) and there
was no difference in the two doses. Treatment with
omega-7 (100mg/kg) alone significantly (P< 0.05)
reduced the activity of MDA to return to the normal
level (Table2).
The effects of omega-7 on the activity of MDA are
shown in (Figure 2).

Table 2. Effects of omega 7 on MDA activity.

Group MDA
(nmol/ml)

Group | (control) 0.9227 £+ 0.0800

Group 11 Cisplatin 1.694 + 0.3658*

(7.5mg/kg)

Group 111 omega? 1.1477 +0.3937*

(50mg/kg)+Cisplatin

(7.5mg/kg)

Group 1V omega7 1.007 + 0.0779"

(100mg/kg)+Cisplatin

(7.5mg/kg)

Group V omega? 0.8963 + 0.0743"

(100mg/kg)

The data are expresser as mean + SD (n=6); one-way
ANOVA followed by Tukey’s post hoc test; were
used for statistical analysis. * denotes significant
difference from negative control; # denotes
significant difference from cisplatin group; P < 0.05.

Mean MDA (nmoliml)

=

0.000

T
control

Figure2. The effects of omega 7 on the activity of
MDA. The results are expressed as meant SD
(n=6); one way ANOVA followed by Tukey’s post
hoc were used for the statistical analysis. *
denotes significant difference from negative
control; # denotes significant difference from
cisplatin group; P < 0.05.
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Discussion

Cisplatin is an effective anti-cancer drug
used in the treatment of various types of solid tumors
such as bladder @7, breast ®®, non-small @9 and
small-cell lung cancer ©@®  Cisplatin-induced
nephrotoxicity is the main dose-limiting factor in its
clinical use®®*??, Oxidative stress which involves the
formation of reactive oxygen metabolites, the
buildup of products of lipid peroxidation and the
suppressed anti-oxidant enzymes is considered to be
one of the important mechanisms of cisplatin-
induced nephrotoxicity ®®. The current study sheds
light on the protective effect of omega-7 as an anti-
oxidant agent against cisplatin-induced
nephrotoxicity. Several studies suggested that
cisplatin-induced nephrotoxicity is manifested by
decreased renal GSH levels and impaired activity of
GPX-1, SOD-1, and CAT enzymes as well as
increased MDA levels and enhanced lipid
peroxidation @9 which are consistent with the
current study results in which GPX-1 ,SOD-1,
reduced GSH and CAT levels decreased while MDA
levels increased in cisplatin treated group compared
with the control group reflecting renal impairment.
Interestingly, treatment with omega-7 significantly
increased the levels of GPX-1, SOD-1, reduced
GSH, and CAT and decreased MDA level, these
study results correspond with previous study
reporting that oral administration of oleic acid
(which is also a monounsaturated fatty acid) in adult
rats prevented oxidative stress by decreasing lipid
peroxidation and enhancing anti-oxidant enzyme
activities ®®-Earlier study about the anti-oxidant
effect of mono-unsaturated fatty acid (MUFA)
suggested that HDL rich in oleic acid was less liable
to oxidation @®. Another study demonstrated that
omega 3(poly unsaturated fatty acid) provided
protection against renal toxicity induced by sodium
nitroprusside by decreasing oxidative damage in rat
kidneys @7, However, it should be noted that the
anti-oxidant effect of palmitoleic acid in the kidney
has not yet been investigated and there are no
previous studies about its anti-oxidant effect on the
kidney, thus this study is considered as the first study
on the kidney.

Conclusion

It could be concluded that omega-7 has the
ability to counter the nephrotoxic effect of cisplatin
by acting as an antioxidant enhancing anti-oxidant
enzyme activities and reducing MDA level, and thus
providing a potential protective effect against
cisplatin-induced nephrotoxicity.

Funding

The authors received no financial support
for the research, authorship and/or publication of
this article.



Iragi J Pharm Sci, Vol.32( 2) 2023

Conflicts of Interest
The authors declare that there is no conflict
of interest

Ethics Statements

This study was approved by the scientific
and ethical committees of the College of Pharmacy,
University of Baghdad according to decision (2049)
on 16/2/ 2022.

Author Contribution

Shurouq Hussam Mahmood; contributed to
data gathering, analysis, practical (follow the
procedure) and written parts of the study. Ali Faris
Hassan gave final approval and agreement for all
aspects of the study, supervision, revision and
rearrangement.

References

1. Song I-B, Gu H, Han H-J, Lee N-Y, Cha J-Y,
Son Y-K, et al. Omega-7 inhibits inflammation
and promotes collagen synthesis through SIRT1
activation. Appl Biol Chem. 2018;61(4):433-9.

2. Betz IR, Qaiyumi SJ, Goeritzer M, Thiele A,
Brix S, Beyhoff N, et al. Cardioprotective
Effects of Palmitoleic Acid (C16: 1n7) in a
Mouse Model of Catecholamine-Induced
Cardiac Damage Are Mediated by PPAR
Activation. Int J Mol Sci. 2021;22(23):12695.

3. Aldossary SA. Review on pharmacology of
cisplatin: clinical use, toxicity and mechanism
of resistance of cisplatin. Biomed Pharmacol J.
2019;12(1):7-15.

4. Peres LAB, Cunha Janior AD da. Acute
nephrotoxicity = of  cisplatin.  molecular
mechanisms. Brazilian J Nephrol.
2013;35:332-40.

5. Oh Ag-S, Kim H-J, Shen A, Lee S Bin, Khadka
D, Pandit A, et al. Cisplatin-induced kidney
dysfunction and perspectives on improving
treatment strategies. Electrolytes Blood Press.
2014;12(2):55-65.

6. Morsy MA, Heeba GH. Nebivolol ameliorates
cisplatin-induced nephrotoxicity in rats. Basic
Clin Pharmacol Toxicol. 2016;118(6):449-55.

7. Madi HSMMHSAMEF, Abdel-Gayoum AA.
Ameliorative Effects of the Aqueous Extract of
Allium porrum (Wild Leek) against Cisplatin-
Induced Nephrotoxicity in Rabbits. 2021;

8. Manohar S, Leung N. Cisplatin nephrotoxicity:
a review of the literature. J Nephrol.
2018;31(1):15-25.

9. Zhu X, Jiang X, Li A, Zhao Z, Li S. S-
Allylmercaptocysteine attenuates cisplatin-
induced nephrotoxicity through suppression of
apoptosis, oxidative stress, and inflammation.
Nutrients. 2017;9(2):166.

132

Effect of omega-7 on cisplatin-induced nephrotoxicity

10. Divya MK, Lincy L, Raghavamenon AC, Babu
TD. Ameliorative effect of Apodytes dimidiata
on cisplatin-induced nephrotoxicity in Wistar
rats. Pharm Biol. 2016;54(10):2149-57.

11. Vladislav, Djokovic B, Jankovic MG, Harrell
CR, Fellabaum C, Djonov V, et al. Molecular
mechanisms of cisplatin-induced
nephrotoxicity: a balance on the knife edge
between renoprotection and tumor toxicity. J
Biomed Sci. 2019;26(1):1-14.

12. Allameh H, Fatemi I, Malayeri AR, Nesari A,
Mehrzadi S, Goudarzi M. Pretreatment with
berberine protects against cisplatin-induced
renal injury in male Wistar rats. Naunyn
Schmiedebergs Arch Pharmacol. 2020; 393
(10) :1825-33.

13. PerSe M, Veceri¢-Haler Z. Cisplatin-induced
rodent model of kidney injury: characteristics
and challenges. Biomed Res Int. 2018;2018.

14. Care | of LAR (US). C on, Animals U of L.
Guide for the care and use of laboratory
animals. US Department of Health and Human
Services, Public Health Service, National ...;
1986.

15. Gagne F. Biochemical ecotoxicology:
principles and methods. Elsevier; 2014.

16. Lampl T, Crum JA, Davis TA, Milligan C,
Moore VDG. Isolation and functional analysis
of mitochondria from cultured cells and mouse

tissue. JoVE (Journal Vis Exp.
2015;(97):e52076.
17. Ismaili N, Amzerin M, Flechon A.

Chemotherapy in advanced bladder cancer:
current status and future. J Hematol Oncol.
2011;4(1):1-11.

18. Gronwald J, Byrski T, Lubinski J, Narod SA.
Cisplatin in breast cancer treatment in BRCAL
carriers. In: Hereditary Cancer in Clinical
Practice. Springer; 2012. p. 1.

19. Zarogoulidis K, Zarogoulidis P, Darwiche K,
Boutsikou E, Machairiotis N, Tsakiridis K, et
al. Treatment of non-small cell lung cancer
(NSCLC). J Thorac Dis. 2013;5(Suppl 4):S389.

20. Chan BA, Coward JIG. Chemotherapy
advances in small-cell lung cancer. J Thorac
Dis. 2013;5(Suppl 5):S565.

21. Alhoshani AR, Hafez MM, Husain S, Al-
Sheikh AM, Alotaibi MR, Al Rejaie SS, et al.
Protective effect of rutin supplementation
against cisplatin-induced Nephrotoxicity in
rats. BMC Nephrol. 2017;18(1):1-10.

22. Prabhu VV, Kannan N, Guruvayoorappan C. 1,
2-Diazole prevents cisplatin-induced
nephrotoxicity in experimental rats. Pharmacol
reports. 2013;65(4):980-90.

23. Ozkok A, Edelstein CL. Pathophysiology of
cisplatin-induced acute kidney injury. Biomed
Res Int. 2014;2014.



Iragi J Pharm Sci, Vol.32( 2) 2023

24,

25.

Song J, Liu D, Feng L, Zhang Z, Jia X, Xiao W.
Protective effect of standardized extract of
Ginkgo biloba against cisplatin-induced
nephrotoxicity. Evidence-Based Complement
Altern Med. 2013;2013.

Mountassif D, Kabine M, Mounchid K,
Mounaji K, Latruffe N. Biochemical and
histological alterations of cellular metabolism
from jerboa (Jaculus orientalis) by 2, 4-
Dichlorophenoxyacetic acid: Effects on D-3-
hydroxybutyrate dehydrogenase. Pestic
Biochem Physiol. 2008;90(2):87-96.

This work is licensed under a Creative Commons Attribution 4.0 International License.

Effect of omega-7 on cisplatin-induced nephrotoxicity

26.

217.

Sola R, La Ville AE, Richard JL, Motta C,
Bargallo MT, Girona J, et al. Oleic acid rich diet
protects against the oxidative modification of
high density lipoprotein. Free Radic Biol Med.
1997;22(6):1037-45.

Khan MW, Priyamvada S, Khan SA, Khan S,
Nagshbandi A, Yusufi ANK. Protective effect
of -3 polyunsaturated fatty acids (PUFAS) on
sodium nitroprusside—induced nephrotoxicity
and oxidative damage in rat kidney. Hum Exp
Toxicol. 2012;31(10):1035-49.

133


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

