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BRI G RGO O [SN Aging is a natural phenomenon which can cause

changes in most organs and cells. Numerous mechanisms including oxidative stress
and free radical generation is involved in the progression of the aging process.
Pomegranate seed oil (PSO), has different therapeutic properties including anti-
oxidant and anti-inflammatory effects. In this research, the effect of PSO against D-
galactose-induced aging is investigated.

W BT R B ERCNY BT B D-galactose, 500 mg/kg, injected subcutaneously (S.C.) to
induce aging in rats. Animals in treatment groups received PSO, 0.4 and 0.8 ml/kg

intraperitoneally (i.p.). After 42 days, behavioral test was evaluated by passive
avoidance (PA). Then animals killed, blood samples collected by cardiac puncture,
and brain and liver removed. Levels of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) measured in serum. Malondialdehyde (MDA) and thiol
contents of brain and liver homogenized tissue samples were determined.

D-galactose increased lipid-peroxidation in liver and brain tissues as well as
elevation of ALT, AST, but the level of thiol contents decreased in homogenized
tissues. Both doses of PSO attenuated d-galactose-induced injury in liver and brain by
decreasing ALT, AST, MDA and elevation of thiol content. The PA test showed that
PSO increased the latency time to enter the dark chamber compared to the control
group.

PSO decreased D-galactose-induced aging in rats via prevention of
oxidative stress. This effect may be related to the presence of various compounds
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and their anti-oxidant properties, which is found in PSO.
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Introduction

Aging is identified as a natural phenomenon, which can
cause changes in most cells, tissues, molecules, and
organs (1). Some diseases, such as atherosclerosis,
cardiovascular disease, neurodegenerative diseases, and
pulmonary and renal disorders, are associated with aging.
D-galactose, which is found in different types of food,
including cherries, plums, honey, yogurt, and butter, is
metabolized to glucose by galactokinase and
uridyltransferase at normal concentrations (2). At higher
concentrations, D-galactose leads to aging via reactive
oxygen species (ROS) production, inflammation, and
apoptosis in different cells (3). The combination of D-
galactose with free amines produces advanced glycation
end products (AGEs), and its binding to their receptors
(RAGE) increases the level of inflammatory agents,
influencing cognitive activity (4).
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Some recent studies have proposed that the function of D-
galactose is similar to the natural aging process in humans.
Therefore, to evaluate the protective effects of different
compounds against aging, D-galactose can be used in
animal models to induce aging (5). It is known that
chronic administration of D-galactose for 6-10 weeks
leads to neuroinflammation, memory dysfunction,
apoptosis, and oxidative stress (6). Different studies have
reported that medicinal herbs play a role in the attenuation
of tissue injury related to the aging phenomenon (7).

Punica granatum, which is widely cultivated in the
Middle East, has different pharmacological properties,
including  anti-proliferative, antioxidant, anti-
inflammatory, anti-tumor, and antimicrobial effects. Fatty
acids comprise nearly 12-20% of pomegranate seeds, the
most important of which is punicic acid. Other isomers
include linoleic acid, catalpic acid, and a-eleostearic acid
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(8). According to different studies, pomegranate seed oil
(PSO) can reduce the side effects of toxic agents, such as
diazinon (9), cisplatin (10), mercuric chloride (11),
gentamicin (12), and hexachlorobutadiene (13). On the
other hand, it is known that oxidative stress and
inflammation play a role in the aging process; therefore,
consumption of natural products may be effective in
decelerating this process. The present study aimed to
investigate the protective effects of PSO against D-
galactose-induced aging.

Materials and Methods

In this study, which was carried out during 2020, D-
galactose (>99% purity) was purchased from Samchun
Chemical Co. (South Korea). PSO, extracted from Punica
granatum seeds by cold pressing (d=0.81 g/mL at 25°C)
based on the Production License No. 11616/12, was
kindly gifted by Urom Narin Co. (Urmia, Iran).
Moreover, 2,20-dinitro-5,50-dithiodibenzoic acid
(DTNB) and trichloroacetic acid (TCA) were purchased
from Sigma-Aldrich (USA), and potassium chloride
(KCl), thiobarbituric acid (TBA), and phosphoric acid
were purchased from Merck Co. (Germany). Finally, the
glutathione peroxidase assay kit and the total antioxidant
capacity kit were purchased from Zellbio GmbH
(Germany).

Animals

Forty adult male Wistar rats (220£250 g) were
purchased from the Animal House of the Faculty of
Medicine of Mashhad University of Medical Sciences,
Mashhad, Iran. The animals were housed in a pathogen-
free facility in a 12:12 h light/dark cycle at 21+£2°C (40-
50% humidity), with ad libitum access to food and water.
All animal procedures were approved by the Ethics
Committee of Mashhad University of Medical Sciences
and were in compliance with the national regulations and
the National Institutes of Health (NIH) guidelines for the
use and care of laboratory animals
(IRRMUMS.MEDICAL.REC.1399.163).

Experimental protocol

After acclimatization, the animals were randomly
divided into four groups (10 per group): group 1 (control
group), receiving saline (i.p.) for 42 days; group 2,
receiving D-galactose (500 mg/kg, s.c.) for 42 days; group
3, receiving D-galactose (500 mg/kg/day, s.c.) plus PSO
at 0.4 mL/kg (i.p.) for 42 days; and group 4, receiving D-
galactose (500 mg/kg/day, s.c.) plus PSO at 0.8 mL/kg
(i.p.) for 42 days.

After the end of treatment, a passive avoidance (PA) test
was carried out to evaluate the animals’ behaviors. Next,
blood samples were collected by cardiac puncture and
centrifuged to separate the serum; they were kept in a
freezer to measure the aspartate transaminase (AST) and
alanine aminotransferase (ALT) levels. Besides, the
animals’ brain and liver tissues were removed,
homogenized, and stored in a freezer to determine the
level of malondialdehyde (MDA) and thiol content.
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PA test

The PA test is generally used to evaluate memory and
learning in rodent models with the central nervous system
(CNS) disorders. The test chamber is divided into dark
and light compartments, separated by a gate. On the first
day, the animals were allowed to find both compartments.
Next they were exposed to the light chamber for 60
seconds. The initial latency to enter the dark compartment
was recorded after the guillotine opening. The guillotine
door was closed when the rat entered the dark chamber,
and an electric foot shock (1 mA, 2 sec) was delivered
through the grid floor. Next, the rats were removed from
the dark chamber and returned to the cage. Twenty-four
hours later, the latency time was measured in the same
manner without foot shock, and the latency time to enter
the dark chamber was recorded up to 300 seconds (14).

Measurement of MDA and thiol levels

Lipid peroxidation was evaluated by the measurement
of MDA. For this purpose, 0.5 cc of homogenized tissue
was mixed with phosphoric acid and TBA and added to
boiling water for 45 minutes. After cooling, n-butanol was
added to the mixture, vortexed, and centrifuged for 10
minutes. Finally, 200 pL of the supernatant was
transferred to a plate, and absorbance was read at 530 nm
(MDA level [nmol/mg tissue]= absorbance/1.56x10°).

Measurement of thiol content

The homogenized tissue was mixed with TCA,
vortexed, and centrifuged for 10 minutes. Tris-EDTA was
then added to the mixture, and absorbance was read at 412
nm. Next, 20 uL of DTNB was added, and absorbance
was measured after 15 minutes; DTNB was used as a
blank.

Evaluation of liver enzymes in the serum

The levels of ALT and AST were determined in the
serum using Pars Azmoon Kkits.

Statically analysis

Data expressed as mean = SEM. Statistical analysis was
carried out by Prism 6 software (La Jolla, CA). Data were
analyzed using one-way analysis of variance (ANOVA)
followed by the Tukey-Kramer post-hoc test for
comparison between groups. The p-values less than 0.05

were considered to be statistically significant.

Results
Effect of PSO on Passive avoidance test

Effect of PSO on Latency time

As shown in Figurel, d-galactose group showed lower
time latency to enter the dark chamber during 1, 24, and
72 hours after shock compared to control group
(P<0.001). PSO with dose of 0.8ml/kg increased the
latency time after shock in all mentioned times
(P<0.001) but lower dose of PSO (0.4ml/kg) increased
latency time 1h (P<0.05) and 24h (P<0.01) after shock.
There was no significant difference in the time latency
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72 hours after shock between the d-galactose group and
low dose - administered PSO group.
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Figure 1. Effect of PSO on delay time for entrance to
dark chamber following d-galactose-induced aging. Data
expressed as mean = SEM (n=10).##p<0.001 vs control, *
p<0.05, ** p<0.01 and *** p<0.001 vs d-galastose treated
animals.

Effect of PSO on retention time in dark room

Data showed that d-galactose increased the retention
latency time significantly in dark room compare to
control group during 3, 24 and 72hours (P<0.001). PSO
by high and low dose decreased the retention time 1, 24
and 72h after shock (P<0.001). (Figure2).
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Figure2. Effect of PSO on retention time in dark
chamber following d-galactose-induced aging. Data
expressed as mean = SEM (n=10). ###p<0.001 vs control,
#¥% p<0.001 vs d-galastose treated animals.

Effect of PSO on lipid-peroxidation in brain and
liver in aging model

The amount of MDA was measured as an index of
lipid-peroxidation in liver and brain. D-galactose
increased the level of MDA in both tissues significantly
compare to control group (P<0.001). PSO decreased
MDA significantly by 0.4ml/kg p<0.01 and 0.8ml/kg
p<0.001) compared to D-galactose administered group

(Figure 3).
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Figure3. Effect of PSO on lipidperoxidation following d-
galactose-induced aging. Data expressed as mean = SEM
(n=10). ###p<0.001 vs control, ** p<0.01 and *** p<0.001
vs d-galastose treated animals.

Effect of PSO on thiol content in brain and liver

in aging model

The thiol content was determined in liver and brain
homogenized tissues. D-galactose led to attenuation of
thiol following aging (p<0.001). PSO, 0.4 (P<0.05) and
0.8ml/kg (p<00.01) elevated the amount of thiol

significantly (Figure 4).
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Figure 4. Effect of PSO on thiol content following d-
galactose-induced aging. Data expressed as mean = SEM
(n=10). ###p<0.001 vs control, * p<0.05 and *** p<0.001 vs
d-galastose treated animals.

Effect of PSO on liver enzymes

D-galactose increased ALT and AST compare to
control group (p<0.01). PSO, 0.4 (P<0.05) and 0.8ml/kg
reduced the level of AST and ALT p<0.001) compare to

d-galactose group (Figure 5).

#i4 it E control

s T & D-galactose
= i BB PSO04
) *how ek
5 iy fl PSC 0.8
= 100 e
-
<

liver brain

Wl Control
| D-galactose

Bl PSC04

PSC 0.8

AST (ULL)

Figure 5. Effect of PSO on liver enzymes ALT (top) and
AST (down), following d-galactose-induced aging. Data
expressed as mean = SEM (n=10). ###p<0.001 vs control,
*%% p<0.001 vs d-galastose treated animals.
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Discussion

D-galactose, which is a simple sugar found in most
foods, is converted to glucose by galactokinase and
uridylyltransferase ~ enzymes  (15). At  high
concentrations, D-galactose is converted to galacto-
hexo-di-aldose and hydrogen peroxide by galactose
oxidase, leading to oxidative stress, inflammation, and
apoptosis. Therefore, chronic administration of D-
galactose for 6-8 weeks leads to aging in laboratory
models similar to humans (2). In the present study, the
effect of PSO on D-galactose-induced aging was
investigated in rats for the first time. Administration of
500 mg of D-galactose for six weeks led to learning and
memory dysfunctions in rats. In the PA test, the main
indicator of memory was the latency to enter the dark
compartment. Some studies have reported that an
increase in latency to enter the dark compartment is a
sign of improved memory performance (16). In this
study, the latency to enter the dark compartment was
shorter in the D-galactose group compared to the
control group, which confirms the impairment of
memory and learning. This finding is consistent with
the results of other studies, which showed that D-
galactose causes memory dysfunction (17, 18).

In this regard, Qu et al. showed that subcutaneous
administration of D-galactose (100 mg/kg) for eight
weeks led to the impairment of memory and elevation
of oxidative parameters (19). Moreover, a clinical
study revealed that administration of pomegranate
juice augmented memory in middle-aged and older
adults with mild memory complaints (20). Another
study revealed that pomegranate flower improved
STZ-induced memory deficiency by decreasing lipid
peroxidation and elevating glutathione in the brain
(21). Additionally, passive and active avoidance tests
showed that administration of the hydroalcoholic
extract of pomegranate seed led to the improvement of
memory in a hypoperfusion-induced ischemia model of
female and male rats (22, 23).

Additionally, in a previous study, pomegranate
extracts caused an improvement in memory function
via modulation of amyloid-beta in an age-related
Alzheimer’s disease animal model (24). Ellagic acid,
as an active component of pomegranate, can attenuate
memory dysfunctions in D-galactose-induced aging
via antioxidant and anti-inflammatory properties (15).
Free radicals can attack lipids and lead to the
generation of MDA, which is identified as an oxidative
stress marker (25). Also, oxidative stress decreases the
thiol content, which plays an important role in
antioxidant properties (26).

In the present study, administration of PSO
decreased the level of MDA and elevated the thiol
content in rats in a D-galactose-induced aging model.
This finding agrees with the results reported by
Bihamta et al., which indicated the protective effects of
PSO against H>O»-induced oxidative stress in H9C2
cells (27). Also, PSO caused a reduction in MDA and
improved the thiol content in STZ-induced diabetic rats
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(28) and a model of HgCly-induced nephrotoxicity
(11).

The present results revealed that D-galactose
increased the levels of AST and ALT in the serum,
while PSO significantly decreased the levels of these
enzymes in the serum. Other studies suggest that D-
galactose damages the liver and leads to the elevation
of liver enzymes in the serum (29); besides, PSO plays
a prominent role in the modulation of liver enzymes
(11, 30). Ellagic acid, as an active component of PSO,
reduces AST and ALT in the serum following D-
galactose-induced aging (31). Considering the role of
oxidative stress and inflammation in the aging process,
the anti-aging effects of PSO may be related to its
antioxidant activity due to the presence of active
compounds.

Conclusion

In conclusion, data revealed that PSO decreases D-
galactose induced aging process by attenuation of the
free radicals formation, lipid peroxidation and
elevation of thiol content. Therefore, PSO may
alleviates brain and liver damage due to aging via
modulation of stress oxidative. The protective effect
may relates to the presence of anti-oxidant ingredients.
Evaluation of the anti-aging effect of PSO needs more
investigation as in vitro and in vivo models.

Acknowledgments

This project has been approved under the code
971263 and financially supported by Vice Chancellor
for Research and Technology, Mashhad University of
Medical Sciences, Mashhad, Iran.

Conflict of Interest

The authors declare no conflict of interest.

References

1. Fulop T, Larbi A, Witkowski JM, et al. Aging,
frailty and age-related diseases. Biogerontol.
2010;11(5):547-63. [DOI:10.1007/s10522-010-
9287-2] [PMID]

2. Shwe T, Pratchayasakul W, Chattipakorn N,
Chattipakorn SC. Role of D-galactose-induced
brain aging and its potential used for therapeutic
interventions. Experiment Gerontol. 2018;101:13-
36. [DOI:10.1016/j.exger.2017.10.029] [PMID]

3. Rehman SU, Shah SA, Ali T, Chung JI, Kim MO.
Anthocyanins  reversed  D-galactose-induced
oxidative stress and neuroinflammation mediated
cognitive impairment in adult rats. Molec
Neurobiol. 2017;54(1):255-71.
[DOI:10.1007/s12035-015-9604-5] [PMID]

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.1007/s10522-010-9287-2
https://doi.org/10.1007/s10522-010-9287-2
https://www.ncbi.nlm.nih.gov/pubmed/20559726
https://doi.org/10.1016/j.exger.2017.10.029
https://www.ncbi.nlm.nih.gov/pubmed/29129736
https://doi.org/10.1007/s12035-015-9604-5
https://www.ncbi.nlm.nih.gov/pubmed/26738855

84

Anti-Aging of PSO

10.

11.

12.

13.

14.

Ott C, Jacobs K, Haucke E, Santos AN, Grune T,
Simm A. Role of advanced glycation end products
in cellular signaling. Redox Biol. 2014;2:411-29.
[DOI:10.1016/j.redox.2013.12.016] [PMID]
[PMCID]

Parameshwaran K, Irwin MH, Steliou K, Pinkert
CA. D-galactose effectiveness in modeling aging
and therapeutic antioxidant treatment in mice.
Rejuven Res. 2010;13(6):729-35.
[DOI:10.1089/rej.2010.1020] [PMID] [PMCID]

Ali T, Badshah H, Kim TH, Kim MO. Melatonin
attenuates D-galactose-induced memory
impairment, neuroinflammation and
neurodegeneration  via  RAGE/NF-KB/INK
signaling pathway in aging mouse model. J Pineal
Res. 2015;58(1):71-85. [DOI:10.1111/jpi.12194]
[PMID]

Yamagishi SI, Matsui T, Ishibashi Y, et al.
Phytochemicals against advanced glycation end
products (AGEs) and the receptor system. Curr
Pharmaceut Design. 2017;23(8):1135-41. [PMID]
[DOI:10.2174/1381612822666161021155502]

Boroushaki MT, Mollazadeh H, Afshari AR.
Pomegranate seed oil: A comprehensive review on
its therapeutic effects. Int J Pharm Sci Res.
2016;7(2):430.

Boroushaki MT, Arshadi D, Jalili-Rasti H,
Asadpour E, Hosseini A. Protective effect of
pomegranate seed oil against acute toxicity of
diazinon in rat kidney. Iran J Pharmaceut Res.
2013;12(4):821.

Boroushaki MT, Rajabian A, Farzadnia M, et al.
Protective effect of pomegranate seed oil against
cisplatin-induced nephrotoxicity in rat. Renal Fail.
2015;37(8):1338-43.
[DOI:10.3109/0886022X.2015.1073496]

Boroushaki MT, Mollazadeh H, Rajabian A, et al.
Protective effect of pomegranate seed oil against
mercuric chloride-induced nephrotoxicity in rat.
Renal Fail. 2014;36(10):1581-6.
[DOI:10.3109/0886022X.2014.949770] [PMID]

Boroushaki MT, Asadpour E, Sadeghnia HR,
Dolati K. Effect of pomegranate seed oil against
gentamicin-induced nephrotoxicity in rat. J Food
Sci Technol. 2014;51(11):3510-4. [PMCID]
[DOI:10.1007/s13197-012-0881-y] [PMID]

Bouroshaki MT, Sadeghnia HR, Banihasan M,
Yavari S. Protective effect of pomegranate seed oil
on hexachlorobutadiene-induced nephrotoxicity in
rat kidneys. Renal Fail. 2010;32(5):612-7.
[DOI:10.3109/08860221003778056] [PMID]

Reeta K, Mehla J, Gupta YK. Curcumin is
protective against phenytoin-induced cognitive
impairment and oxidative stress in rats. Brain Res.
2009;1301:52-60.
[DOI:10.1016/j.brainres.2009.09.027] [PMID]

Volume 31, January-February 2023

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Rahimi VB, Askari VR, Mousavi SH. Ellagic acid
dose and time-dependently abrogates d-galactose-
induced animal model of aging: Investigating the
role of PPAR-y. Life Sci. 2019;232:116595.
[DOI:10.1016/.1fs.2019.116595] [PMID]

Fanoudi S, Hosseini M, Alavi MS, Boroushaki
MT, Hosseini A, Sadeghnia HR. Everolimus, a
mammalian target of rapamycin inhibitor,
ameliorated streptozotocin-induced learning and
memory deficits via neurochemical alterations in
male rats. EXCLI J. 2018;17:999.

Wu DM, Lu J, Zheng YL, Zhou Z, Shan Q, Ma
DF. Purple sweet potato color repairs d-galactose-
induced spatial learning and memory impairment
by regulating the expression of synaptic proteins.
Neurobiol Learn Mem. 2008;90(1):19-27.
[DOI:10.1016/4.nlm.2008.01.010] [PMID]

Hao L, Huang H, Gao J, Marshall C, Chen Y, Xiao
M. The influence of gender, age and treatment
time on brain oxidative stress and memory
impairment induced by D-galactose in mice.
Neurosci Lett. 2014;571:45-9.
[DOI:10.1016/j.neulet.2014.04.038] [PMID]

Qu Z, Zhang J, Yang H, et al. Protective effect of
tetrahydropalmatine against d-galactose induced
memory impairment in rat. Physiol Behav. 2016;
154:114-25.
[DOI:10.1016/j.physbeh.2015.11.016] [PMID]

Bookheimer SY, Renner BA, Ekstrom A, et al.
Pomegranate juice augments memory and FMRI
activity in middle-aged and older adults with mild
memory complaints. Evid Based Complement
Alternat Med. 2013;2013. 946298.
[DOI:10.1155/2013/946298] [PMID] [PMCID]

Cambay Z, Baydas G, Tuzcu M, Bal R.
Pomegranate (Punica granatum L.) flower
improves learning and memory performances
impaired by diabetes mellitus in rats. Acta
Physiologica Hungarica. 2011;98(4):409-20.
[DOI:10.1556/APhysiol.98.2011.4.4] [PMID]

Sarkaki A, Farbood Y, Hashemi S, Rad MR.
Pomegranate  seed hydroalcoholic  extract
improves memory deficits in ovariectomized rats
with permanent cerebral hypoperfusion/ischemia.
Avicenna J Phytomed. 2015;5(1):43.

Hajipour S, Sarkaki A, Mohammad S, Mansouri
T, Pilevarian A, RafieiRad M. Motor and
cognitive deficits due to permanent cerebral
hypoperfusion/ischemia improve by pomegranate
seed extract in rats. Pakistan J Biol Sci. 2014;
17(8):991-8.  [DOI:10.3923/pjbs.2014.991.998]
[PMID]

Ahmed A, Subaiea G, Eid A, Li L, Seeram N,
Zawia N. Pomegranate extract modulates
processing of amyloid-B precursor protein in an
aged Alzheimer's disease animal model. Curr

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.1016/j.redox.2013.12.016
https://www.ncbi.nlm.nih.gov/pubmed/24624331
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3949097
https://doi.org/10.1089/rej.2010.1020
https://www.ncbi.nlm.nih.gov/pubmed/21204654
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3034100
https://doi.org/10.1111/jpi.12194
https://www.ncbi.nlm.nih.gov/pubmed/25401971
https://www.ncbi.nlm.nih.gov/pubmed/27774900
https://doi.org/10.2174/1381612822666161021155502
https://doi.org/10.3109/0886022X.2015.1073496
https://doi.org/10.3109/0886022X.2014.949770
https://www.ncbi.nlm.nih.gov/pubmed/25154291
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571228
https://doi.org/10.1007/s13197-012-0881-y
https://www.ncbi.nlm.nih.gov/pubmed/26396355
https://doi.org/10.3109/08860221003778056
https://www.ncbi.nlm.nih.gov/pubmed/20486845
https://doi.org/10.1016/j.brainres.2009.09.027
https://www.ncbi.nlm.nih.gov/pubmed/19765566
https://doi.org/10.1016/j.lfs.2019.116595
https://www.ncbi.nlm.nih.gov/pubmed/31238053
https://doi.org/10.1016/j.nlm.2008.01.010
https://www.ncbi.nlm.nih.gov/pubmed/18316211
https://doi.org/10.1016/j.neulet.2014.04.038
https://www.ncbi.nlm.nih.gov/pubmed/24796811
https://doi.org/10.1016/j.physbeh.2015.11.016
https://www.ncbi.nlm.nih.gov/pubmed/26592138
https://doi.org/10.1155/2013/946298
https://www.ncbi.nlm.nih.gov/pubmed/23970941
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3736548
https://doi.org/10.1556/APhysiol.98.2011.4.4
https://www.ncbi.nlm.nih.gov/pubmed/22173022
https://doi.org/10.3923/pjbs.2014.991.998
https://www.ncbi.nlm.nih.gov/pubmed/26031017

Azar Hosseini et al. 85

25.

26.

27.

28.

Alzheimer Res. 2014;11(9):834-43.
[DOI:10.2174/1567205011666141001115348]

Ayala A, Mufloz MF, Argielles S. Lipid
peroxidation:  production, metabolism, and
signaling mechanisms of malondialdehyde and 4-
hydroxy-2-nonenal. Oxid Med Cell Longevit.
2014;2014: PMC4066722.
[DOI:10.1155/2014/360438] [PMID] [PMCID]

Eaton P. Protein thiol oxidation in health and
disease: techniques for measuring disulfides and
related modifications in complex protein mixtures.
Free Radical Biology and Medicine. 2006;40(11):
1889-99. [PMID]
[DOI:10.1016/j.freeradbiomed.2005.12.037]

Bihamta M, Hosseini A, Ghorbani A, Boroushaki
MT. Protective effect of pomegranate seed oil
against H202-induced oxidative stress in
cardiomyocytes. Avicenna journal of
phytomedicine. 2017;7(1):46.

Mollazadeh H, Sadeghnia HR, Hoseini A,
Farzadnia M, Boroushaki MT. Effects of
pomegranate seed oil on oxidative stress markers,
serum biochemical parameters and pathological
findings in kidney and heart of streptozotocin-
induced diabetic rats. Renal failure. 2016;38(8):
1256-66.

[DOI:10.1080/0886022X.2016.1207053] [PMID]

How to Cite This Article:

29.

30.

31.

XuL-Q, Xie Y-L, Gui S-H, Zhang X, Mo Z-Z, Sun
C-Y, et al. Polydatin attenuates d-galactose-
induced liver and brain damage through its anti-
oxidative, anti-inflammatory and anti-apoptotic
effects in mice. Food & function. 2016;7(11):
4545-55.[DOI:10.1039/C6FO01057A] [PMID]

Manterys A, Franczyk-Zarow M, Czyzynska-
Cichon I, Drahun A, Kus E, Szymczyk B, et al.
Haematological parameters, serum lipid profile,
liver function and fatty acid profile of broiler
chickens fed on diets supplemented with
pomegranate seed oil and linseed oil. British
poultry science. 2016;57(6):771-9.

[DOI:10.1080/00071668.2016.1219977] [PMID]

Chen P, Chen F, Zhou B. Antioxidative, anti-
inflammatory and anti-apoptotic effects of ellagic
acid in liver and brain of rats treated by D-
galactose. Scientific reports. 2018;8(1):1-10.
[DOI:10.1038/s41598-018-19732-0] [PMID]
[PMCID]

Hosseini A, Ziaee L, Rajabian A, Boroushaki M T. Protective Effect of Pomegranate Seed Oil against D-

Galactose-Induced Aging in Rats. J] Adv Med Biomed Res. 2023; 31(144): 80-5.

Download citation:
BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | RefWorks

Send citation to:
@ Mendeley O Zotero ®==rvor= RefWorks

-

Volume 31, January-February 2023

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.2174/1567205011666141001115348
https://doi.org/10.1155/2014/360438
https://www.ncbi.nlm.nih.gov/pubmed/24999379
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4066722
https://www.ncbi.nlm.nih.gov/pubmed/16716890
https://doi.org/10.1016/j.freeradbiomed.2005.12.037
https://doi.org/10.1080/0886022X.2016.1207053
https://www.ncbi.nlm.nih.gov/pubmed/27453190
https://doi.org/10.1039/C6FO01057A
https://www.ncbi.nlm.nih.gov/pubmed/27714005
https://doi.org/10.1080/00071668.2016.1219977
https://www.ncbi.nlm.nih.gov/pubmed/27636015
https://doi.org/10.1038/s41598-018-19732-0
https://www.ncbi.nlm.nih.gov/pubmed/29362375
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5780521
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6142-1&sid=1&slc_lang=en&type=BibTeX
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6142-1&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6142-1&sid=1&slc_lang=en&type=EndNote
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6142-1&sid=1&slc_lang=en&type=Medlars
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6142-1&sid=1&slc_lang=en&type=ProCite
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6142-1&sid=1&slc_lang=en&type=Reference_Manager
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6142-1&sid=1&slc_lang=en&type=RefWorks
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6714-en.html
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6714-en.html
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6714-en.html
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6714-en.html
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6142-1&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6142-1&sid=1&slc_lang=en&type=ris
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html

	Protective Effect of Pomegranate Seed Oil against D-Galactose-Induced Aging in Rats
	Azar Hosseini1,2, Leila Ziaee2, Arezoo Rajabian3, Mohammad Taher Boroushaki1,2*
	1. Pharmacological Research Center of Medicinal Plants, Mashhad University of Medical Sciences, Mashhad, Iran
	2. Dept. of Pharmacology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran
	3. Dept. of Internal Medicine, Faculty of Medicine, Imam Reza Hospital, Mashhad University of Medical Sciences, Mashhad, Iran
	Introduction
	Materials and Methods
	Animals
	Experimental protocol
	PA test
	Measurement of MDA and thiol levels
	Measurement of thiol content
	Evaluation of liver enzymes in the serum
	Statically analysis

	Results
	Effect of PSO on Passive avoidance test
	Effect of PSO on Latency time
	Effect of PSO on retention time in dark room
	Effect of PSO on lipid-peroxidation in brain and liver in aging model
	Effect of PSO on thiol content in brain and liver in aging model
	Effect of PSO on liver enzymes

	Discussion
	Conclusion
	Acknowledgments
	References




