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ABSTRACT
Background: The present study was carried out to investigate the possible protective effects of royal jelly (RJ) on
oxymetholone (OXM)-induced oxidative liver injuries in mice. Methods: In total, 32 adult male NMRI mice were
divided into four groups of eight mice each. Mice in groups 1 and 2 were orally administered 5 mg/kg/day OXM
for 30 days. At the same time, mice in group 3 received RJ at a dose of 100 mg/kg/day. Saline control and RJ
control groups were also included in this study. Results: Administration of 5 mg/kg OXM resulted in a significant
decrease in total antioxidant capacity and catalase activity, as well as a significant increase in malondialdehyde
(P<0.05). In addition, OXM-administrated mice showed a slight increase in liver enzymes, including alanine amino
transferase, aspartate amino transferase, and alkaline phosphatase. Although OXM caused histopathological
changes in the liver, RJ could significantly improve all of the above-mentioned parameters at a dose of 100 mg/kg.
Conclusion: The results of the present study indicated that RJ has a partially protective effect on OXM-induced
liver toxicity in mice. DOI: 10.7508/ibj.2016.04.007
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INTRODUCTION

L

iver enzymes and proteins are highly important
biomarkers for the diagnosis and assessment of
the normal function of tissues, organs and
whole body[1]. Major or minor changes in cell
membrane integrity lead to significant changes in liver
enzyme activities. For example, alanine amino
transferase (ALT) and aspartate amino transferase
(AST) are commonly used for the diagnosis of changes
in liver diseases, hepatocellular damage and increased
permeability of liver cells, whereas alkaline
phosphatase (ALP) is involved in extrahepatic or
intrahepatic obstruction[2]. Due to the fact that the
biotransformation of xenobiotic compounds is
accumulated in the liver[3], it is possible to monitor the
safety of xenobiotics such as trial drugs, particularly
medicinal plant extracts.
Oxymetholone (OXM), a synthetic androgen
analogue[4], is an appropriate medicine for patients with
anemia and osteoporosis. It is also able to stimulate
Iran. Biomed. J. 20 (4): 229-234

muscle growth in malnourished or underdeveloped
individuals. Although other agents can be applied for
the treatment of anemia, OXM is quite common among
athletes. OXM is an alpha-17-alkylated steroid that
increases the stress level in the liver. The
recommended doses for muscle size and strength in a
bodybuilder increase from half to one tablet one time a
day for 6-12 weeks. Nevertheless, some athletes take
larger doses (two or three tablets) per day. On the other
hand, all anabolic androgenic steroids can result in
hazardous side effects such as depression, lethargy,
headache, swelling, rapid weight gain, priapism,
changes in skin color, urination problems, nausea,
excessive increase in glycogen reservoirs and liver
cancer[5].
Royal jelly (RJ), a milky white and highly viscous
fluid secreted from the salivary gland of honey bees
(Apis mellifera), results from incomplete digestion of
honeydew in worker bees[6] and is essential for
honeybee queen development[7]. RJ contains a variety
of major nutritional constituents, including proteins,
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sugars, free amino acids, fatty acids, minerals and
vitamins[8]. In experimental animals, RJ has been
demonstrated to have several physical and chemical
properties, including anti-inflammatory, antioxidant,
anti-tumor and immunomodulatory activities[9]. Protein
fractions in RJ exhibit increased antioxidative activities
and high scavenging ability against free radicals, such
as superoxide anion, 1,1-diphenyl-2-picrylhydrazyl and
hydroxyl radicals[10]. In a study, Inoue et al.[11] have
indicated positive effects of RJ on oxidative
deoxyribonucleic acid damage and the life span of
C3H/HeJ mice. In the present study, we attempted to
show the role of RJ, as a natural compound with
antioxidant and immunomodulatory activities, in
preventing the side effects of liver toxicity induced by
OXM[8,9].
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formalin for future histological evaluation, and another
was used for further biochemical studies.
Measurement of catalase activity
Based on its capability to decompose H2O2 in liver
tissue, catalase activity was measured and determined
using the Aebi's method[13]. As a rule, H2O2
decomposition can be assessed by a decrease in
absorbance at 240 nm. To this end, 30 mM hydrogen
peroxide and 50 mM phosphate buffer (pH 7) were
used as a substrate and an alternative substrate in the
blank solution, respectively. The assay solution
contained 2 ml homogenate of liver tissue and 1 ml
hydrogen peroxide. The reaction was initiated by the
addition of H2O2, and the decrease of absorbance was
evaluated by a spectrophotometer (Pharmacia,
Novaspec II, and Biochrom, England) at 240 nm for 30
seconds. The values were expressed as U/g tissue.

MATERIALS AND METHODS
Animals
In total, 32 adult male NMRI mice (8-9 weeks old,
weighing 30±2 g) were obtained from the Animal
House of Science Faculty, Urmia University (Urmia,
Iran). All mice were allowed free access to tap water
and food under controlled temperature (22±2ºC),
humidity (55±5%) and normal photoperiod.
Drugs
OXM was used at a dose of 5 mg/kg (pilot) and
dissolved in saline before oral administration. At the
same time, RJ was used at a dose of 100 mg/kg[12].
Experimental design
The experimental animals were divided into four
groups of eight mice each, including control, OXM, RJ
and OXM+RJ. Control and OXM groups received
saline (0.1 ml/mouse/day) and OXM (5 mg/kg/day)
orally for 30 days, respectively. Mice in RJ group
received RJ at a dose of 100 mg/kg daily, and mice in
OXM+RJ group received 5 mg/kg OXM and 100
mg/kg RJ daily for 30 days.
Sampling
Animals were sacrificed by cervical vertebrae
dislocation 24 hours after the last treatment[15]. The
animal studies were approved by the local Ethics
Committee. Blood for biochemical analysis was drawn
directly from the atrium. To obtain liver tissue
samples, the abdominal cavity was opened through a
vertical midline abdominal incision, and the liver
was immediately excised for analysis. Livers were
divided into two pieces, one of which was fixed in 10%
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Measurement of malondialdehyde (MDA) levels
Lipid peroxidation was determined by the
spectrophotometric thiobarbituric acid assay[14]. MDA,
the end product of lipid peroxidation, reacts with
thiobarbituric acid and generates a colored product,
which can be measured optically at 532 nm. The results
of the assay were expressed as MDA mmol/g tissue.
Measurement of total antioxidant (ferric-reducing
antioxidant power [FRAP] assay test)
The FRAP value was measured by comparing the
change in absorbance at 593 nm in a test reaction
mixture containing the mixture (tissue samples with 2,
4, 6-tri-(2-pyridyl)-s-triazine) with a defined ferrous
ion concentration. Reactive oxygen species (ROS)
resulting from a normal aerobic metabolism is
potentially harmful. These free radicals are usually
removed or disabled by antioxidant groups in vivo.
When reduced to the ferrous form (Feп) in lower pH
values,
the
FeШ-2,4,6-tri-(2-pyridyl)-s-triazine
complex produces an intense blue color product with
high absorption at 593 nm. In general, conditions
favorable for complex development are provided in the
presence of reductants (antioxidants), which allows the
color development. Standard solution of ferrous sulfate
(Feп100 to 2000 mM) was prepared in distilled water.
Data were expressed as mmol tissue weight (FRAP
value)[16,17].
Measurement of enzymes
Serum biomarkers of liver function, including ALT,
AST, ALP, albumin and total proteins[18] were
measured using a spectrophotometric assays kit (Pars
Azmoon Co., Tehran, Iran) and an automatic analyzer
(Architect c8000 Clinical Chemistry System, USA).
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Table 1. The effects of OXM and RJ on MDA, catalase activities and FRAP levels in adult male
mice
Groups

MDA
(mmol/g tissue)
300.66±16.75b
463.33±17.48a
281.66±13.69b
393.66±4.91ab

Control
OXM
RJ
OXM+RJ

Catalase
(U/g tissue)
21.00±1.15b
15.33±0.33a
25.33±0.88ab
16.66±0.88a

FRAP
(mmol/g tissue)
15.52±1.11b
9.26±0.42a
16.48±0.88b
12.44±0.83

a

Significant differences compared to control (P<0.05); bSignificant differences compared to the
OXM group (P<0.05); OXM, oxymetholone; RJ, royal jelly; MDA, malondialdehyde; FRAP,
ferric-reducing antioxidant power assay

Histopathological examination
After fixing in formalin, liver tissues were embedded
in paraffin, sectioned at 5-μm thickness and then
stained with hematoxylin and eosin. All sections were
examined by light microscopy.
Statistical analysis
The data were presented as mean±SEM. Differences
between the groups were analyzed using one-way
variance analysis (ANOVA), followed by Tukey's test
using SPSS software (version 21). Values less than
0.05 (P<0.05) were considered to be statistically
significant.
RESULTS
Catalase concentration
Statistical analysis results showed that in the OXM
group, OXM was able to significantly decrease catalase
enzyme activity, when compared to the control group
(P<0.05). In the OXM+RJ group, RJ was able to
improve this parameter in liver tissues attributed to
the OXM group (Table 1).
Malondialdehyde concentration
OXM-induced lipid peroxidation was found in liver
tissue by significantly elevated MDA in the OXM
group, as compared with the control group (P<0.05).
The MDA content in the OXM +RJ group was lower
than that in the OXM group (P<0.05) (Table 1).

Total antioxidant concentration (ferric-reducing
antioxidant power assay test)
A decrease was found in total antioxidant
concentration (P<0.05) in the OXM group compared to
the control, while OXM+RJ group showed an increase
in total antioxidant concentration as compared to the
OXM group (Table 1).
Biochemical parameters in experimental animals
Table 2 represents the effect of various treatments on
total proteins, albumin and liver enzymes in mice.
OXM treatment alone caused a slight decrease in total
proteins and albumin compared with the control group.
However, mice treated with OXM+RJ showed a slight
improvement in the values of these two parameters in
serum compared to the OXM-treated group. In
addition, OXM-treated mice indicated an increase in
serum levels of ALT, ALP and AST compared to the
controls, but this increase was not significant, revealing
liver damage. Nonetheless, OXM+RJ-treated mice
showed a slight improvement in liver damage, as
compared to the mice receiving OXM alone (Table 2).
Histopathological changes in the liver tissue
Some inflammatory foci were found around the
central venous in the OXM group (Fig. 1B), but not in
the control group (Fig. 1A). In the group that only
received RJ, liver cells were healthy, and port area was
normal (Fig. 1C). Additionally, the OXM+RJ group
indicated that RJ is able to reduce histopathological
changes (Fig. 1D).

Table 2. The effects of OXM and RJ on ALP, ALT, AST, total protein and albomin levels in adult male mice
Groups
Control
OXM
RJ
OXM+RJ

ALP
(U/L)
133.33±4.91
166.00±2.08
131.33±13.53
162.33±17.36

ALT
(U/L)
80.93±0.93
83.36±2.88
80.30±1.90
81.93±1.03

AST
(U/L)
269.53±22.48
279.53±6.18
268.00±28.71
259.96±10.42

Total protein
(g/dl)
6.48±0.09
6.14±0.14
6.51±0.10
6.21±0.06

Albomin
(g/dl)
3.80±0.26
3.33±0.19
3.89±0.15
3.97±0.07

OXM, oxymetholone; RJ, royal jelly; ALP, alkaline phosphatase; ALT, alanine amino transferase; AST, aspartate
aminotransferase
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Fig. 1. Histophatology section of liver. Cross-section of liver derived from A) a control mouse, indicating normal liver cells (H & E
×4000), B) a mouse treated with OXM (5 mg/kg), showing some parts of the inflammatory foci around the central venous (H & E
×4000), C) a mouse treated with RJ (5 mg/kg), indicating healthy liver cells (H & E ×4000), D) a mouse treated with OXM+RJ (OXM
[5 mg/kg]+RJ [(5 mg/kg]), showing RJ beneficial effects on pathological changes caused by OXM (H & E ×400). H & E, hematoxylin
and eosin

DISCUSSION
The use of anabolic steroids can be associated with a
number of side effects[19]. Nowadays, it is clear that the
abuse of anabolic-androgenic steroids can result in
serious adverse effects on the liver as well as
cardiovascular, central nervous, musculoskeletal,
endocrine and reproductive systems[20]. The current
study demonstrated that OXM leads to a significant
increase in liver MDA in treated subjects as compared
to the control group, highlighting the role of OXM in
increased production of free radicals in liver tissue.
Since lipids are the primary targets of ROS, OXM is
able to induce MDA in liver tissue. MDA is the
documented primary biomarker of oxidative stress and
lipid damage resulting from free radicals[21]. OXM
induction results in decreased levels of catalase
enzyme and total antioxidant capacity in treated mice
than the controls.
Hydroperoxides have toxic effects on cells either
directly or through degradation into highly toxic
hydroxyl radicals. They may also react with metals
such as iron or copper and form stable aldehydes like
MDA that damages cell membranes[22]. Therefore, it
232

can be concluded that the negative effects of
oxymetholone on oxidative stress may be due to the
production of free oxygen and hydroxyl radicals by
OXM.
In the present study, serum AST and ALT activities
were measured to evaluate the liver injury. The result
indicated that OXM increases liver enzymes AST,
ALT and ALP. These liver enzymes are used as
‘markers’ to ascertain early toxic effects of
administered foreign compounds on experimental
animals[23,24]. ALP, as a membrane-bound enzyme, and
ALT and AST, as cytosolic enzymes, are highly
concentrated in the liver and kidney. In addition, they
are found in significant quantities in serum when cell
membrane becomes leaky or even completely
ruptured[25-26]. In 2008, Rohani and Imanipoor[28] have
reported that anabolic steroids can induce increased
levels of ALT and AST liver enzymes.
The average daily doses and the duration of
administration of testosterone and anabolic steroids
taken by athletes are usually exceeded from those that
are recommended for medical purposes or administered
in experimental conditions. As expected, the
consumption of high doses of these steroids can cause
Iran. Biomed. J. 20 (4): 229-234

Downloaded from ibj.pasteur.ac.ir at 5:19 IRDT on Tuesday June 18th 2019

[ DOI: 10.7508/ibj.2016.04.007 ]

Nejati et al.

serious side effects especially for the hematological
system and liver[28]. In the current investigation, histopathological examination revealed that OXM induces
inflammation in the liver. This inflammation observed
as inflammatory foci can especially be found around
the central vein and can be attributed to OXM-induced
free radicals in the liver[29]. Despite tremendous
advances in modern medicine, prevention and
treatment of liver diseases still are challenging.
However, the role of oxidative stress and inflammation
in the pathogenesis of hepatic diseases is wellestablished. Therefore, blocking or retarding the chain
reactions of oxidation and inflammation can be
considered as a promising strategy to prevent or treat
liver injury[30].
ROS, as a common by-product of oxidative
biochemical and physiological processes, is involved in
numerous physiological and pathophysiological
processes. Furthermore, higher concentrations of ROS
can result in cell damage through oxidative
modification of proteins, lipids and DNA and,
therefore, plays a major role in the pathogenesis of a
variety of human diseases[31]. Kim et al.[32] have
reported that liver injury is associated with the increase
of ROS generation in liver. We used RJ at a dose of
100 mg/kg, and investigated its effect on OXMinduced oxidative stress damage in liver tissue. The
result indicated that RJ is able to increase significantly
the levels of catalase enzyme and total antioxidant
capacity and decrease the MDA levels in liver tissue.
The body is equipped with a broad variety of
antioxidants defense mechanisms such as superoxide
dismutase, glutathione peroxidase, catalase enzymes
and antioxidant vitamins (like vitamins A, C and E)
that function constantly during normal metabolic and
physiological processes[33]. Therefore, it can be
concluded that RJ can prevent the deleterious effects of
ROS due to its antioxidant properties.
RJ has the ability to decrease the levels of ALT, AST
and ALP enzymes in subjects treated with RJ as
compared to the OXM group, although this effect
could be attributed to the RJ-contained vitamin C,
vitamin E and arginine. Vitamins E and C are welldocumented antioxidants that inhibit free radicalinduced injury of cell membranes and decrease liver
inflammation caused by OXM[33]. In 2011, Ali
Karadeniz et al.[34] carried out an experiment on
protective effects of RJ on liver and kidney of mice
treated with cisplatin. They found that RJ is able to
improve the adverse effects of cisplatin, including
reduced liver enzymes and total antioxidant capacity.
Based on the results of this study, it can be
postulated that OXM has the ability to induce
histopathological changes and increase liver enzymes
Iran. Biomed. J. 20 (4): 229-234
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through increased oxidative stress in this tissue. On the
other hand, RJ has the potential capacity to improve
OXM-induced damages due to its antioxidant property.
This protection may also be attributed to antioxidant
and radical scavenging activities of RJ and its
components. Therefore, RJ can be considered as a
promising compound to prevent liver toxicity
manifested by OXM.

ACKNOWLEDGEMENTS
The present work was financially supported by
Urmia University (Urmia, Iran). The authors thank the
staff in the Faculty of Science of Urmia University for
their assistance.
CONFLICT OF INTEREST. None declared.

REFERENCES
1.

2.
3.

4.

5.

6.

7.

8.

9.

Murali R, Srinivasan S, Ashokkumar N. Antihyperglycemic effect of fraxetin on hepatic key
enzymes of carbohydrate metabolism in streptozotocininduced diabetic rats. Biochimie 2013; 95(10): 18481854.
Chatterjea MN, Shinde R. Textbook of Medical
Biochemistry. New Delhi: Medical Publishers; 2002.
Edet EE, Atangwho IJ, Akpanabiatu MI, Edet TE, Uboh
FE, David-Oku E. Effect of Gongronema latifolium leaf
extract on some liver enzymes and protein levels in
diabetic and non diabetic rats. Journal of
pharmaceutical and biomedical sciences 2011; 1(5):
104-107.
Chu K, Kang DW, Kim DE, Roh JK . Cerebral venous
thrombosis associated with tentorial subdural hematoma
during oxymetholone therapy. Journal of neurological
sciences 2001; 185(1): 27-30.
Cardoso CR, Marques MA, Caminha RC, Maiolic, MC,
AquinoNetoa FR. Validation of the determination of
oxymetholone in human plasma analysis using gas
chromatography–mass spectrometry application to
pharmacokinetic studies. Journal of chromatography B
2002; 775(1): 1–8.
Eshraghi S, Seifollahi F. Antibacterial effects of royal
jelly on different strains of bacteria. Iranian journal of
public health 2003; 32(1): 25-30.
Isidorov VA, Czy_zewska U, Jankowska E, Bakier S.
Determination of royal jelly acids in honey. Food
chemistry 2011; 124(1): 387-391.
Yang A, Zhou M, Zhang L, Xie G, Chen H, Liu Z, Ma
W. Influence of royal jelly on the reproductive function
of puberty male rats. Food and chemical toxicology
2012; 50(6): 1834-1840.
Hattori N, Nomoto H, Fukumitsu H, Mishima S,
Furukawa S. Royal jelly and its unique fatty acid, 10hydroxy-trans-2-decenoic acid, promote neurogenesis
233

[ DOI: 10.7508/ibj.2016.04.007 ]

Protective Roles of Royal Jelly on Liver Damages

10.

11.

12.

13.

Downloaded from ibj.pasteur.ac.ir at 5:19 IRDT on Tuesday June 18th 2019

14.

15.

16.

17.

18.

19.

20.

21.

234

by neural stem/ progenitor cell in vitro. Biomedical
research 2007; 28(5): 261-266.
Nagai T, Inoue R. Preparation and the functional
properties of water extract and alkaline extract of royal
jelly. Food chemisry. 2004; 84(2): 181-186.
Inoue S, Koya-Miyata S, Ushio S, Iwaki K, Ikeda M,
Kurimoto M. Royal jelly prolongs the life span of
C3H/HeJ mice: correlation with reduced DNA damage.
Experimental gerontology 2003; 38(9): 965-969.
Silici S, Ekmekcioglu O, Eraslan G, Demirtas A.
Antioxidative effect of royal jelly in cisplatin-induced
testes damage. Urology 2009; 74(3): 545-551.
Aebi H. Catalse in vitro. Methods in enzymology 1984;
105: 121-126.
Esterbauer H, Cheeseman KH. Determination of
aldehydic lipid peroxidation products: Malonaldehyde
and 4-hydroxynonenal. Methods in enzymology 1990;
186: 407-421.
Shi S, Zhang M, Guo R, Miao Y, Hu J, Xi Y, Hu J, Xi
Y, Li B. In vivo molecular imaging and radionuclide
(131I) therapy of human nasopharyngeal carcinoma cells
transfected with a lentivirus expressing sodium iodide
symporter. PLoS ONE 2015; doi.org/10.1371/journal.
pone.0116531
Hosseinzadeh H, sadeghnia, RH. Safranal, aconstituent
of corcus sativus, attenuated cerebral ischemia induced
oxidative damage in rat hippocampus. Journal of
pharmacy and pharmaceutical sciences 2005; 8(3): 394399.
Iris FF, Strain JJ. The ferric reducing ability of plasma
(FRAP) as a measure of antioxidant power: the FRAP
assay. Analytical biochemistry 1996; 239(1): 70-76.
Abolfathi AA, Mohajeri D, Rezaie A, Nazeri M.
Protective effects of green tea xxtract against hepatic
tissue injury in streptozotocin-induced diabetic rats.
Evidence-based complementary and alternative
medicine 2012; 2012: 740671.
Socas L, Zumbado M, Pe´rez-Luzardo O, Ramos A,
Perez C, Hernandez, Boada L. Hepatocellular adenomas
associated with anabolic androgenic steroid abuse in
bodybuilders: a report of two cases and a review of the
literature. British journal of sports medicine 2005;
39(5): e27.
Karila TAM, Karjalainen JE, Mäntysaari MJ, Viitasalo
MT, Seppälä TA. Anabolic androgenic steroidsproduce
dose-dependent increase in left ventricular mass in
power athletes, and this effect is potentiated by
concomitant use of growth hormone. International
journal of sports medicine 2003; 24(05): 337-343.
Shodehinde SA, Oboh G. Antioxidant properties of
aqueous extracts of unripe Musa paradisiaca on sodium
nitroprusside induced lipid peroxidation in rat pancreas
in vitro. Asian pacific journal of tropical biomedicine.

Nejati et al.

2013; 3(6): 449-457.
22. Halliwell B, Chirico S. Lipid peroxidation: its
mechanism, measurement, and significance. American
journal of clinical nutrition. 1993; 57(5): 715S-724S.
23. Akanji MA, Ngaha EO. Effect of repeated
administration of Berenil on urinary enzyme excretion
with corresponding tissue pattern in rats. Journal of
pharmacological and toxicological methods. 1989;
64(3): 272-275.
24. Adesokan AA, Akanji MA. Effect of administration of
aqueous extract of Enantia chlorantha on the activities
of some enzymes in the small intestine of rats. Nigerian
society of biochemistry and molecular biologys 2004;
18: 103-105.
25. Cotran R, Kumar V, Robins S. Robbins and Cotran
Pathological Basis of Disease. 4th edn. Philadelphia:
W.B. Saunders Co.; 1989.
26. Ngaha, EO. Renal effects of potassium dichromate in
the rat: composition of urinary excretion with
corresponding tissue pattern. General pharmacology
1981; 12: 291-358.
27. Adesokan AA, Oyewole OI, Turay BMS. Kidney and
liver function parameters in alloxan-induced diabetic
rats treated with aloe barbadensis juice extract. Sierra
leone journal of biomedical research 2009; 1(1): 33-37.
28. Rohani A, Imanipour V. Effects of oxymetholone on
hematological and liver factors in the male
bodybuilder's serum. Procedia social and behavioral
sciences 2009; 1(1): 2814–2816.
29. Muriel P. Role of free radicals in liver diseases.
Hepatology international 2009; 3(4):526-536.
30. 30Tacke F, Luedde T, Trautwein C. Inflammatory
pathways in liver homeostasis and liver injury. Clinical
reviews in allergy and immunology 2009; 36(1): 4-12.
31. Dröge W. Free radicals in the physiological control of
cell function. Physiological reviews 2002; 82(1): 47-95.
32. Kim SH, Chu HJ, Kang DH, Song GA, Cho M, Yang
US, Kim HJ, Chung HY. NF-kappa B binding activity
and cyclooxygenase-2 expression in persistent CCl(4)treated rat liver injury. Journal of Korean medical
science 2002; 17(2): 193-200.
33. Kensler TW, Egner PA, Wang JB, Zhu YR, Zhang BC,
Qian GS, Kuang SY, Gange SJ, Jacobson LP, Muñoz A,
Groopman JD. Strategies for chemoprevention of liver
cancer. European journal of cancer prevention 2002; 11
Suppl 2: S58-S64.
34. Karadeniz A, Simsek N, Karakus E, Yildirim S, Kara A,
Can I, Kisa F, Emre H, Turkeli M. Royal jelly
modulates oxidative stress and apoptosis in liver and
kidneys of rats treated with cisplatin. Oxidativ e
medicine and cellular longevity 2011; 2011: 981793.
doi: 10.1155/2011/981793.

Iran. Biomed. J. 20 (4): 229-234

