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INTRODUCTION

Methionine is an essential amino acid found in both 
animal and plant proteins. Methionine is a protective 

factor against various types of liver damage, but excessive 
dietary methionine is hepatotoxic (Sukhanov et al., 2013). 
When the metabolic pathways of methionine are interrupt-
ed due to malnutrition or gene mutation, homocysteinemia 
(Hcy) level will be elevated ( Jakubowski, 2006). New sug-
gestion revealed that hyperhomocysteinemia (HHcy) play 
an important role in different physiological disorders in-
cluding, lipid peroxidation (Bouzouf et al., 2005), oxidative 
stress (Delvin et al., 2007; Vanzin et al., 2011), cardiovas-
cular commitment (Refsum et al., 1998; Tounyz and Schif-
frin, 2008), Alzheimer disease (Hooshmand et al., 2013) 
and depression (Nabi et al., 2013). Moreover, Hcy has been 
shown to affect lipid metabolism, which in turn contributes 
to the development of atherosclerosis (Zhang et al., 2012).

Punicagranatum L. is used from ancient times and reports 
of its therapeutic qualities has echoed throughout the ages. 
The pomegranate fruit have many functional and medic-
inal effects. Pomegranate flowers attenuate aging-medi-
ated undesirable skin abnormalities (Wang et al., 2012), 
besides possessing potent antioxidant and hepatoprotec-
tive activity (Kaur et al., 2006) hypoglycemic (Huang et 
al., 2005) properties   and cardioprotective effect (Mohan 
et al., 2010; Al-Okaily and Abdullah, 2014). Whereas, the 
pomegranate peel has been shown to have anti-inflamma-
tory (Bachoual et al., 2011), anti-mutagenic (Zahin et al., 
2010) and antifungal activity (Endo et al., 2010). Pome-
granate seeds are by-products of pomegranate juice (PJ) 
and they can be useful for food applications as a functional 
agent (Tehranifar et al., 2010; Mohagheghi et al., 2011). 
Recent studies found that pomegranate seed have been re-
garded as a good source of nutrients and antioxidants (Avi-
ram 2000). It has been suggested that dietary supplemen-
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tation with pomegranate seeds may reduce weight gain 
and risk of type 2 diabetes (Strohacker and Kueht., 2009), 
prevention of cancer (Lansky and Newman., 2007) and 
also reduce menopausal symptoms (Auerbach et al., 2012). 
The health effects of pomegranate seeds may be related to 
the presence of a variety of biologically active compounds 
(Viuda-Martoset al., 2010), particularly polyphenols (Ba-
lasundram et al., 2006). Besides, significant levels of phe-
nolic content were detected in pomegranate seeds (Pande 
et al., 2009; Elfalleh et al., 2011).Therefore, this study was 
aimed to evaluate the protective role of pometon (PSO) 
against deleterious effect induced by methionine overload 
on oxidant/antioxidant status in adult rabbits.

MATERIAS AND METHODS

Thirty two 6-8 months female local rabbit weighing 1250-
2000gm were used in this study. Animals were housed in 
cages in conditioned room (22-25°C) in the animal house 
of College of Veterinary Medicine -University of Baghdad, 
the experiment commenced from November 2012 till Feb-
ruary 2013. Animals had free access to water and standard 
pellet diet consisting according to Lab Diet Rodent Diet 
5001 (PMI Nutrition International, St. Louis, MO, USA). 
Rabbits were randomly divided into four equal groups and 
treated for 42 days. Group(C): administered ordinary corn 
oil orally, serving as control, group T1 were administered 
methionine 100 mg/kg B.W (Segma), group T2 treated 
with same dose of methionine plus pmetone (PSO) 30mg/
kg BW (vitane pharma Gmph-Germany) and group T3 
were treated with PSO alone at same dose in T2. Fasting 
blood samples were collected at 0, 21, 42, days of the ex-
periment by cardiac puncture technique (cardiocentesis) by 
using vacuum tube with gel colt activator. Isolated serum 
was collected and kept at -20°C until analysis for measur-
ing the concentration of: serum total cholesterol (TC) us-
ing enzymatic kit (Linear Chemicals S.L,Spain), malondi-
aldehyde (MDA) was determined according to (Guidet and 
Shah,1989), peroxynitrite radical (Van Uffelen et al., 1998) 
and reduced glutathione (GSH) was determined by method 
as described by Burtis and Ashood (1999). Besides, serum 
lactate dehydrogenase (LDH) activity according to (King, 
1965). The concentration of serum GSH micromole/litre 
was obtained from the standard glutathione curve (Figure 1).

Statistical Analysis 
The results are expressed as mean ±SE. Analysis of data was 
performed on the basis of Two-Way Analysis of Variance 
(ANOVA) using a significant level of (P<0.05). Specific 
group differences were determined using Least Significant 
Differences (LSD) (Snedecor and Cochran, 1973).

RESULTS AND DISCUSSION
	
Table 1 showed a general trend for the TC values to in-

crease significantly (P<0.05) after 21and 42days in group 
T1 compared with groups C, T2 and T3.On the other hand, 
serum TC concentration dropped significantly (P<0.05) at 
day 42 of the experiment in groups T2 compared to group 
T1. Besides, PSO intubation to normal rabbits in group 
T1 caused significant decrease in this parameter along the 
experimental period comparing to others group.

Figure 1: Standard curve of GSH 

Table 1: Effect of pometone on serum total cholesterol 
(mg/dl) in methionine overload female rabbits

Groups

Day T3
 (methionine 
+PSO)

T2
(PSO30 mg/
kg BW) 

T1
(methionine 100 
mg/kg BW)

Control

93.44±0.6
A        a

94.34±0.9
A          c

93.92±1.1
A        c

93.97±0.7
A        a            

0

84.35±0.9
D         b

110.84±0.4
B          b

116.87±0.5
A          b

94.51±0.6
C      a

21

66.21±0.5
D         c

127.91±0.5
B            a

183.50±0.6
A          a

95.48±0.8
C         a

42

Values are mean ± SE, n=8; Small letters denote within group difference 
p<0.05. Capital letters denote between groups difference p<0.05.

The results showed that oral administration of rabbits to 
methionine overload for six weeks (group T1) caused pro-
nounced increase in serum cholesterol concentration com-
paring to control and other treated groups (T2, T3).These 
results are in agreement with other studies (Delvin et al., 
2007; Ventura et al., 2000). HHcy plays an important role 
in cholesterol biosynthesis by inducing transcription as well 
as translation of 3-hydroxy 3-methyglutaryl co-enzyme re-
ductase. It also increase cholesterol synthesis and intestinal 
absorption which suppressed cholesterol excretion (Ventu-
ra et al., 2000). Besides elevated Hcy may impaired nitric 
oxide (NO) through depression in plasma cysteine (Le-
occini et al., 2003 and Tanriverdi et al., 2007), the most 
important amino acid for cholesterol excretion, and salt 
formation (Finkleston and Holbrook, 2000). According-
ly, Hcy after methionine overload could be attributed to 
hyperlipidemia observed in this study. Hcy can potentially 
induced endoplasmic reticulum (ER) stress, activates and 
induce expression of sterol regulatory binding proteins-1, 
an ER membrane bound transcription factors of vascular 
endothelium and human hepatocytes, leading to elevate in 
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biosynthesis and uptake of cholesterol , triglycerides with 
accumulation of cholesterol (Werstuk et al., 2001; Woo et 
al., 2005). The high capability of PJ to scavenge free rad-
icals, inhibit LDL oxidation in vivo and in vitro (Gil et 
al., 2000; Aviram et al., 2000 and 2002) and reduction in 
oxidative stress (Salonen et al., 2000 and 2003)may be due 
to high content of polyphenols which responsible for its 
hypolipidemic effect.

Table 2: Effect of pometone on serum malondialdehyde 
concentration in methionine overload female rabbits

Groups

Day
T3
 (methio-
nine +PSO)

T2
(PSO30mg/ 
kg. BW)

 T1
(methionine 
100 mg/kg 
BW)

Control

0.26±0.004
A         c

0.25±0.003
A          c

0.25±0.003
A          c

0.25±0.004
A          a

0

0.23±0.004
C           b

0.30±0.005
B          b

0.36±0.007
A           b

0.26±0.005
D       a

21

0.24±0.003
C       a

0.38±0.004
B          a

0.45±0.007
A        a

0.25±0.005
C         a

42

Values are mean ± SE, n=8; Small letters denote within group difference 
p<0.05. Capital letters denote between groups difference p<0.05.

Statistical analysis of the results of MDA concentration 
at day 21 and 42 showed that intubation of animals with 
methionine (group T1) caused significant (p<0.05) in-
crease compared to control, T1 and T3 (Table 2). Whereas, 
treatment of rabbits with methionine plus PSO (group 
T2) caused a significant (p<0.05) decrease in the serum 
MDA concentration at the same periods of treatment 
compared to group T1. PSO cause lowering in serum 
MDA concentration in group T3 and the results near that 
of control. The result showed that intubation of rabbits 
with methionine (group T1) caused a significant (p<0.05) 
increase in serum peroxynitrite concentration at two 
treated periods compared to control, T2, and T3 groups. 
Results have also clarified that treatment of rabbits with 
PSO (group T3) showed significant (p<0.05) decrease in 
the serum peroxynitrite concentration at 21 and 42 days 
of experiment compared to T1 group. Highest significant 
(p<0.05) reduction in serum peroxynitrite concentration 
were observed after pomegranate seed oil intubation 
to normal animals in group T3 comparing to T1 and T2 
treated groups (Table 3). 

A significant (p<0.05) decrease in serum GSH concentra-
tion were detected after 42 days of experiment in groups T1 
and T2 comparing to control and T3 treated groups (Table 
4). The results also showed that oral intubation of PSO 
to normal animals caused significant (p<0.05) increase in 
serum GSH concentration of treated rabbits (group T3) 
comparing to other treated. 

Table 3: Effect of pometone on serum peroxynitrite radical 
concentration in methionine overload female rabbits

Groups

Day	
	

T3
(methio-
nine+
PSO)

T2
(PSO30 mg 
/ kg. BW)

T1
(methionie 
100 mg/kg.   
B.W)

Control

33.51±0.5
A      a

34.72±0.4
A         c

33.51±0.3
A          c

33.57±0.7
A     a0

31.68±0.4
C       b

40.03±0.3
Bb

42.43±0.4
A         b

32.08±0.4
Ca

21

32.68±0.5
C     b

45.03±1.03
B          a

63.25±1.01
A          a

33.50±0.3
C       a

42 

Values are mean ± SE, n=8; Small letters denote within group difference 
p<0.05. Capital letters denote between groups difference p<0.05.

Table 4: Effect of pomegranate seed oil on serum reduced 
glutathione concentration in methionine overload female 
rabbits

Groups

Day T3
(methio-
nine+
PSO)

T2
(PSO30 mg 
/ kg. BW)

T1
(methionine 
100 mg / 
kg. BW)

Control

0.05±0.0010
A           c

0.06±0.0007
A           a

0.06±0.0007
A           a

0.06±0.0008
A          a               

0

0.13±0.0006
A         b

0.05±0.0006
D     b

0.05±0.0010
C           b

0.06±0.0007
B           a

21

0.14±0.0010
A         a

0.05±0.0004
C         b

0.05±0.0005
D              b

0.06±0.0006
B            a

42

Values are mean ± SE, n=8; Small letters denote within group difference 
p<0.05. Capital letters denote between groups difference p<0.05.

The overall results of the present study demonstrated that 
treatment of rabbits with methionine overload induced 
an elevation in oxidative stress parameters, evidenced by 
increased serum MDA and peroxynitrate and decreased 
reduced GSH concentrations. Biological oxidative stress 
is defined by an imbalance between antioxidant and free 
radicals, and this phenomenon is associated with HHcy 
(methionine overload) (Petrak et al., 2007; Tounyz and 
Schifrin, 2008). It has well known that the free radicals 
initiate the peroxidation of membrane polyunsaturated 
fatty acids which results in the generation and excess pro-
duction of reactive ROS and finally cell necrosis (Melin 
et al., 2000; Manna et al., 2011). The subsequent increase 
in serum MDA concentration in the current study may 
be attributed to high sensitivity of rabbits to free radicals 
production (by HHcy) induced by methionine over load. 
This elevation in generation of lipid peroxidation (MDA 
level) was postulated to cause a gradual cell injury by free 
radicals liberating lipoxygenase enzymes which oxidized 
unsaturated membrane fatty acids and subsequent pro-
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duction of MDA, overwhelming endogenous scavenging 
system including GSH resulting in oxidative stress (Stark, 
2005; Handy and Zhang, 2006) .

It has been postulated that peroxynitrite mediated 
one-electron oxidation of biomolecules may be an im-
portant event in its cytotoxic mechanism (Augusto et al., 
1994). The generation of peroxynitrate over long periods 
of time will result in substantial oxidation of potential 
destruction of host cellular constituents, leading to the 
dysfunction of critical cellular processes, disruption of cell 
signalling pathway, and the induction of cell death through 
both apoptosis and necrosis (Pacher et al., 2007).

A significant decrease in serum GSH concentration in 
methionine treated group in the present study is correlated 
with (Ventura et al., 2000; Huang et al., 2001; Hayden 
and Tyage, 2004). Many authors demonstrated that mild 
HHcy is much more common and is associated with post-
methionine loading in water (Labinjoh et al., 2001; Bagi 
et al., 2003) or in diet (Apeland et al., 2003; Zhang et al., 
2004). The predicted HHcy after methionine overload 
may decrease the ability of the cells to detoxify H2O2 and 
other lipid peroxide (Tounyz and Schifrin, 2008) and it 
might be indirectly produce oxidative reduction in the ac-
tivity of intracellular antioxidant enzyme. 

The present study showed that PSO supplementation dur-
ing treatment of methionine overload exhibited an increase 
in GSH concentration and reduce MDA and peroxynitrate 
concentration, compared to methionine–treated group (T1). 
Phenolic compound (Kaur et al., 2006) present in juice , 
including punicalagin, ellagic acid (Cuzzocree et al., 2001; 
Chen et al., 2012) and anthocyanins (Seeram et al., 2005) 
are known for their properties in scavenging free radicals 
and inhibiting lipid oxidation and elevation antioxidants 
capacity of the body. The mechanisms of antioxidant ef-
fects of PJ may include: 1) suppressing reactive oxygen spe-
cies formation either by inhibition of enzymes or chelating 
trace elements involved in free radical production, 2) scav-
enging reactive oxygen species, 3) up regulating or protect-
ing antioxidant defenses (Grassi et al., 2009a; Grassi et al., 
2009b; Ferri and Grassi, 2010) and 4) increasing resistance 
to oxidative stress (Li et al., 2006; Bachoual et al., 2011).

Significant decrease in LDH activity was shown in T2 
treated group comparing to group T1 at 21 and 42 days 
of the experiment (Table 5). Highest significant (p<0.05) 
increment in this parameters was shown at the end of ex-
periment in methionine treated group (T1), methionine 
plus PSO (T2) comparing to control and group T3. While 
intubation of pomegranate seed oil to normal animals (T3) 
caused significant (p<0.05) decrement in serum LD activ-
ity comparing to T1 and T2 treated groups. Also the results 
have clarified that were no significant (p>0.05) differenc-

es between T3 and control group in the same duration of 
treatment when compared in each other.

Table 5: Effect of pometone on serum lactate dehydrogenase 
activity in methionine overload female rabbits

Groups

Day
T3
(methio-
nine+ PSO)

T2
(PSO30 
mg/ kg. 
BW)

T1
(methionine
100 mg /kg. 
BW)

Control

63.81±0.8
A          a

65.84±1.2
A             c

65.87±0.9
A            c

65.25±1.06
A           a

0

62.61±1.05
C          a

104.73±0.9
B        b

137.28±0.9
A        b

64.88±1.08
C            a

21

65.13±1.04
C       a

114.92±0.9
B        a

158.96±0.9
A         a

64.93±1.2
C          a

42

Values are mean ± SE, n=8; Small letters denote within group difference 
p<0.05. Capital letters denote between groups difference p<0.05.

The present study showed a significant elevation in LDH 
activity in animals treated with methionine for six weeks 
indicating occurrence of liver function disorder (Ferre et 
al., 2002; Ebbesen and Ingersity, 2005). The liver produce 
a large amount of LDH which are secreted to the circu-
lation with injury or death (Wolff, 2006), in addition, re-
lease of liver enzyme from cytosol can occur secondary to 
cellular necrosis with membrane damage (Valentin et al., 
1990). This fact is documented in this study by the oxida-
tive stress induced by methionine overload leading to cell 
damage and increase in this enzyme. Also methionine over 
load may cause oxidative stress and damaging the hepa-
tocell membrane and central portal liver cells with subse-
quent release of AST and ALT enzymes (Garcia-Terijano 
et al., 2001; Sahi et al., 2006). The current study found a 
marked significant decrease in LDH activity after PSO 
intubation explained the alleviation of oxidative insults by 
antioxidants properties of PSO. Some studies showed the 
presence of flavonoids, steroids, terpenoids and tannins in 
pomegranate reduce xenobiotic- induced hepatotoxicity in 
animals and counteract the damaging effects of oxidative 
stress, cooperating with natural system like glutathione 
and other endogenous protective enzyme (Abdel-Rahman 
and Abdel-Megeid, 2006; Toklu et al., 2007). No study, 
however reviewed the effect of pomegranate seed oil on se-
rum LDH as a hepatoprotective agent. In conclusion, me-
thionine overload induced oxidative stress and pomegran-
ate seed oil can ameliorate the oxidative stress evidenced 
by measured biomarkers.

CONCLUSION

The study conclude that methionine overload induced ox-
idative stress and pomegranate seed oil can ameliorate the 
oxidative stress evidenced by measured biomarkers.



NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

July 2015 | Volume 3 | Issue 7 | Page 381

CONFLICT OF INTEREST

There do not exist any conflict of interest.

AUTHORS CONTRIBUTION

Baraa Najim Al-Okaily designed the experiment, analyzed 
and interpreted the data. Lekaa Najim Abdulla performed 
the experiment and wrote the paper. Khalisa Khadim Khu-
dair gave technical support and conceptual advice. 

AKNOWLEDGEMENT

Authors of this study would like to thank College of Vet-
erinary Medicine, University of Baghdad, Iraq for their 
support.

REFERENCES

•	Abdel-Rahman MK, Abdel-Megeid AA (2006). Hepatoprotec-
tive Effect of Soapworts (Soapworts officinalis), Pomegranate 
Peel (punica granatum L) and Cloves (Syzygium aromati-
cum linn) on mice with CCL4 hepatic intoxication. Word J. 
Chem. 1(1): 41-46.

•	Al-Okaily BN, Abdullah LN (2014). Cardioprotective role of 
pometone (pomegranate seed oil) on electrocardiography in 
methionine overload rabbits (Part 1). Online Int. Interdis-
cplin. Res. J. 5(2): 21-36.

•	Apeland T, Mansoor MA, Pentieva K.MC, Nulty H, Seljeflot I, 
Strand jord RE (2003). Fasting and post –methionine load-
ing concentrations of homocysteine, vitamin B2 and vitamin 
B6 in patient on antiepileptic drugs. Clin Chem. 49: 1005-
1058. http://dx.doi.org/10.1373/49.6.1005

•	Aviram M, Dornfeld L, Rosenblat M, Volkova N, Kaplan M, 
Coleman R, Hayek T, Presser D, Fuhrman B (2000). Pome-
granate juice consumption reduces oxidative stress, athero-
genic modifications to LDL and platelet aggregation: Stud-
ies in humans and in atherosclerotic apolipoprotein E-defi-
cient mice. Am. J. Clin. Nutr. 71(5): 1062-1076.

•	Aviram M, Dornfeld L, Kaplan M, Coleman R, Gaitini D, Ni-
tecki S, Hofman A, Rosenblat M, Volkova N, Presser D, 
Attias J, Hayek T, Fuhrman B (2002). Pomegranate juice fla-
vonoids inhibit LDL oxidation and cardiovascular disease: 
studies in atherosclerotic mice and in humans. Drug Exp. 
Clin. Res. (Biscience Ediprint Inc.) 28:49–62.

•	Auerbach L, Rakus J, Bauer C, Gernar C, Ullmann R, Wimmer 
H, Huber J (2012). Pomegranate oil in women with meno-
pausal symptoms: a prospective randomized, placebo-con-
trolled, double-blinded trial. Menopause. 19(4): 426-432. 
http://dx.doi.org/10.1097/gme.0b013e3182345b2f

•	Augusto O, Gatti RM, Radi R (1994). Peroxynitrite-mediated 
formation of free radicals in human plasma: EPRdetection 
of ascorbyl, albumin-thiyl and uric acid-derived free radi-
cals Arch. Biochem. Biophys. 310: 118-125. http://dx.doi.
org/10.1006/abbi.1994.1147

•	Bachoual R, Talmoudi W, Boussetta T, Braut F, El-Benna J 
(2011). An aqueous pomegranate peel extract inhibits neu-
trophil myeloperoxidase in vitro and attenuates lung inflam-
mation in mice. Food Chem. Toxicol. 49(6): 1224-1228. 

http://dx.doi.org/10.1016/j.fct.2011.02.024
•	Bagi Z, Cseko C, Toth R, Koller A (2003). Thrombosis of vas-

cular system by free radical oxidative stress, dysregulation of 
arteriolar wall shear stress and blood pressure in hyperho-
mocysteinemia is prevented by chronic vitamin C treatment. 
Am. J. Phys. Heart Circ. 285: H2277-H2283. http://dx.doi.
org/10.1152/ajpheart.00448.2003

•	Balasundram N, Sundram K, Samman S (2006). Phenolic com-
pounds in plants and agri-industrial by-products: antioxidant 
activity, occurrence and potential uses. Food Chem. 99: 191-
203. http://dx.doi.org/10.1016/j.foodchem.2005.07.042

•	Bouzouf M, Martinez-Cruz F, Molinero P, Guerrero JM, Os-
una C (2005). Melatonin prevents hyperhomocysteinemia 
and neural lipid peroxidation induced by methionine in-
take. J. Curr. Neurovasc. Res. 2 (2): 175-178. http://dx.doi.
org/10.2174/1567202053586839

•	Burtis CA, Ashood ER (1999). Tietz Textbook of clinical chem-
istry”, 3rd ed. W. B. Saunders Company, Tokyo, Pp. 1034-
1054.

•	Chen B, Tuuli MG, Longtine MS, Shin JS, Lawrence R, Inder T, 
Michael ND (2012). Pomegranate juice and punicalagin at-
tenuate oxidative stress and apoptosis in human placenta and 
in human placental trophoblasts. Am. J. Physiol. Endocri-
nol. Metabol. 15(9): E1142-52. http://dx.doi.org/10.1152/
ajpendo.00003.2012

•	Cuzzocree, S, Riely DP, Coupli AP, Salvemini M (2001). Anti-
oxidant therapy. Pharmacol. 53: 135-215.

•	Delvin A, Singlh R, Wads E, Innes S, Bottiglieri T, Lentz S 
(2007). Hyper homocysteinemia. J. Bio. Chem. 282(5): 
37082-37088.

•	Ebbesen S, Ingersity J (2005). Folate deficiency-induced hyper 
homo cystenemia attenuates, and folic acid supplementation 
restores, the functional activities of rat coagulation factors 
XII, X and II. J. Nutr. 135(8): 1836-1840.

•	Elfalleh W, Tlili N, Nasri N, Yahia Y, Hannachi H, Chaira N 
(2011). Antioxidant capacities of phenolic compounds and 
tocopherols from Tunisian pomegranate (Punica grana-
tum) fruits. J. Food Sci. 76(5): C707–C713. http://dx.doi.
org/10.1111/j.1750-3841.2011.02179.x

•	Endo EH, Cortez DA, Ueda-Nakamura T, Nakamura CV, 
Filho BP (2010). Potent antifungal activity of extracts and 
pure compound isolated from pomegranate peels and syn-
ergism with fluconazole against Candida albicans. Res. 
Microbiol. 161: 534-540. http://dx.doi.org/10.1016/j.res-
mic.2010.05.002

•	Ferre N, Gomez F, Camps J, Simo J, Michelle M, Ballart J, Joven 
J (2002). Plasma homocysteine concentrations in patients 
with liver cirrhosis. Am. Assoc. Clin. Chem. 48(9): 183-185.

•	Ferri C, Grassi D (2010). Antioxidants and beneficial micro 
vascular effects. Is this the remedy? Hypertension. 55: 1310-
1311. http://dx.doi.org/10.1161/HYPERTENSIONA-
HA.110.152165

•	Finkleston T, Holbrok N (2000). Oxidants, oxidative stress and 
the biology of aging. Nutrition. 408(68): 239-247.

•	Garcia-Terijiano E, Barasia C, Rodriguez J (2001). Hyperho-
mocysteinemia in liver cirrhosis: mechanisms and role in 
vascular and hepatic fibrosis. Hypertension. 38: 1217-1221. 
http://dx.doi.org/10.1161/hy1101.099499

•	Gil MI,  Tomàs-Barberàn  FA,  Hess-Pierce  B, Holcroft  DM, 
Kader AA (2000). Antioxidant activity of pomegranate juice 
and its relationship with phenolic composition and process-
ing. J. Agri. Food Chem. 48: 4581–4589.

•	Grassi D, Desideri G, Tiberti S, Ferri C (2009a). Oxidative 

http://dx.doi.org/10.1373/49.6.1005
http://dx.doi.org/10.1097/gme.0b013e3182345b2f
http://dx.doi.org/10.1006/abbi.1994.1147
http://dx.doi.org/10.1006/abbi.1994.1147
http://dx.doi.org/10.1016/j.fct.2011.02.024
http://dx.doi.org/10.1152/ajpheart.00448.2003
http://dx.doi.org/10.1152/ajpheart.00448.2003
http://dx.doi.org/10.1016/j.foodchem.2005.07.042
http://dx.doi.org/10.2174/1567202053586839
http://dx.doi.org/10.2174/1567202053586839
http://dx.doi.org/10.1152/ajpendo.00003.2012
http://dx.doi.org/10.1152/ajpendo.00003.2012
http://dx.doi.org/10.1111/j.1750-3841.2011.02179.x
http://dx.doi.org/10.1111/j.1750-3841.2011.02179.x
http://dx.doi.org/10.1016/j.resmic.2010.05.002
http://dx.doi.org/10.1016/j.resmic.2010.05.002
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.152165
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.152165
http://dx.doi.org/10.1161/hy1101.099499


NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

July 2015 | Volume 3 | Issue 7 | Page 382

stress, endothelial dysfunction and prevention of cardiovas-
cular diseases. Agro Food Industry Ii-tech. 20: 76-79.

•	Grassi D, Desideri G, Croce G, Tiberti S, Aggio A, Ferri C 
(2009b). Flavonoids, vascular function and cardiovascular 
protection. Curr. Pharmcol. Des. 15: 1072-1084. http://
dx.doi.org/10.2174/138161209787846982

•	Guidet B, Shah SV (1989). Enhanced in vivo H2O2 generation 
by rat kidney in glycerol-induced renal failure. Am. J. Physi-
ol. 257(3-2): F440–F445.

•	Handy D, Zhang L (2006). Homocysteine and oxidative stress: 
Time for reality check. Arterioscl. Thromb. Vasc. 20: 1182-
1184. 

•	Hayden M, Tyage H (2004). Homocysteine and reactive oxygen 
species in metabolic syndrome, type 2 diabetes mellitus and 
atheroscleropat. The pleiotropic effects of folate supplemen-
tation. Nutr. J. 3: 4. http://dx.doi.org/10.1186/1475-2891-
3-4

•	Hooshmand B, Polvikoski T, Kivipelto M, Tanskanen M, Myl-
lykangas L, Erkinjuntti T, Makela M, Oinas M, Paetau A, 
Scheltens P, van Straaten ECW, Sulkava R, Solomon A 
(2013). Plasma homocysteine, Alzheimer and cerebrovascu-
lar pathology: a population-based autopsy study. Brain. 136: 
2707–2716. http://dx.doi.org/10.1093/brain/awt206

•	Huang RF, Hsu YS, Lin HI, Yang F (2001). Folate depletion 
and elevated plasma homocysteine promote oxidative stress 
in rat’s liver. J. Nutr. 131: 33-38. 

•	Jakubowski H (2006). Pathophysiological consequences of ho-
mocysteine excess. J. Nutr. 136(6): 1741S-1749S.

•	Kaur G, Jabbar Z, Athar M, Alam MS (2006). Punica grana-
tum (pomegranate) flower extract possesses potent antioxi-
dant activity and abrogates Fe-NTA induced hepatotoxicity 
in mice. Food Chem. Toxicol. 44: 984-993. http://dx.doi.
org/10.1016/j.fct.2005.12.001

•	King J (1965). The hydrolases - acid and alkaline phosphatase. 
In: Van D, editor. Practical Clinical Enzymology. London: 
Kerstin Company Ltd; 1965. pp. 191–208.

•	Labinjoh C, Newby DE, Wilkinson IB, Megson IL, MacCal-
lum H, Melville V, Boon NA, Webb DJ (2001). Effect of 
acute methionine loading and vitamin C on endogenous 
fibrinolysis, endo- thelium-dependent vasomotion and 
platelet aggregation .Clin. Sci. 100: 127-137. http://dx.doi.
org/10.1042/CS20000178

•	Lansky EP, Newman RA (2007). Punica granatum (pomegran-
ate) and its potential for prevention and treatment of in-
flammation and cancer. J. Ethnopharmacol. 109: 177–206. 
http://dx.doi.org/10.1016/j.jep.2006.09.006

•	Leoccini G, Pascale R,   Signorello M(2003). Effects of Homo-
cysteine on L-arginine transport and nitric oxide in humane 
platelet count. Eur. J. Clin. Invest. 33: 713-719.

•	Li Y, Guo C, Yang J, Wei J, Xu J, Cheng S (2006). Evaluation of 
antioxidant properties of pomegranate peel extract in com-
parison with pomegranate pulp extract. Food Chem. 96(2): 
254-260.

•	Manna P, Bhattacharyya S, Das J, Ghosh J, Sil P (2011). Phyto-
medicinal role of Pithecellobium dolce against CCl4-medi-
ated hepatic oxidative impairments and necrotic cell death. 
Evid. Based Compl. Alternat. Med. Pp. 17.

•	Melin AM, Perromat A, Deleris G (2000). Pharmacologic apli-
cation of Fourier transform IR spectroscopy: in vivo toxicity 
of carbon tetrachloride on rat liver. Biopolym. 57(3): 160-
168.

•	Mohagheghi M, Rezaei K, Labbafi M, Mousavi SME (2011). 
Pomegranate seed oil as a functional ingredient in beverag-

es. Eur. J. Lipid Sci. Technol. 113: 730-736. http://dx.doi.
org/10.1002/ejlt.201000334

•	Mohan M, Patankar P, Ghadi P, Kasture S (2010). Cardioprotec-
tive potential of Punica granatum extract in isoproterenol-in-
duced myocardial infarction in Wistar rats. J. Pharmacol. 
Pharmacother. 1: 32-37.  http://dx.doi.org/10.4103/0976-
500x.64533  

•	Nabi H, Bochud M, Glaus J, Lasserre AM, Waeber G, Vol-
lenweider P, Preisig M (2013). Association of serum ho-
mocysteine with major depressive disorder: results from 
a large population-based study. Psychoneuroendocrinolo-
gy. 38(10): 2309–2318. http://dx.doi.org/10.1016/j.psyn-
euen.2013.04.018

•	Pacher P, Beckman JS, Liaudet L (2007). Nitric oxide and per-
oxynitrite in health and disease. Physiol. Rev. 87(1): 315-
424. http://dx.doi.org/10.1152/physrev.00029.2006

•	Pande G, Akoh CC (2009). Antioxidant capacity and lipid 
characterization of six georgia-grown pomegranate cul-
tivars. J. Agri. Food Chem. 57: 9427-9436. http://dx.doi.
org/10.1021/jf901880p

•	Petrak D, Myslivcva P, Man R, Cmejla J, Vylor M, Elleder V, 
Vulp C (2007). Proteomic analysis of hepatic iron overload 
in mice suggests deregulation of urea cycle impairment of 
fatty acid oxidation and changes in the methylation cycle. 
Am. J. physiol. Gastro. Intest. Physiol. liver physiol. 292(6): 
490-498.

•	Refsum H, Ueland PM, Nygard O, Vollset SE (1998). Homo-
cysteine and cardiovascular disease. Ann. Rev. Med. 49: 31–
62. http://dx.doi.org/10.1146/annurev.med.49.1.31

•	Sahi A, Pan X, Paul R, Malladi P, Kahli R, Whitington F (2006). 
Roles of phosphotidylinsitol 3- kinase and osteopontin in 
steatosis and aminotransferase roles release by hepatocytes 
treated with methionine–choline deficient medium. Am. J. 
physiol. Gastro. Intest. Physiol. Liver Physiol. 291(1): 55-62. 
http://dx.doi.org/10.1152/ajpgi.00360.2005

•	Salonen J, Nyyssonen K, Salonen R, Lakka HM, Kaikkonen J, 
Porkkala-Sarataho E, Voutilainen S, Lakka TA, Rissanen 
T, Leskinen L, Tuomainen TP, Valkonen VP, Ristonmaa U, 
Poulsen HE (2000). Antioxidant supplementation in ath-
erosclerosis prevention (ASAP) study: a randomized trail of 
the effect of vitamins  E and C on 3-year progression of 
carotid atherosclerosis. J. Int. Med. 248: 77-86.

•	Salonen RM, Nyyssonen K, Kailkkonen J, Porkkala-Sarataho 
E, Voutilainen S, Rissanen TH, Tuomainen TP, Vaalkonen 
VP, Ristonmaa U, Lakka HM, Vanharanta M, Salonen JT, 
Poulsen HE (2003). Six -year effect of combined vitamin C 
and C supplementation on atherosclerosis progression : the 
antioxidant supplementation in atherosclerosid prevention 
(ASAP) stydy. Ciculation. 107: 947-953.

•	Seeram NP, Adams LS, Henning SM, Niu Y, Zhang Y, Nair 
MG, Heber D (2005). In vitro antiproliferative, apoptotic 
and antioxidant activities of punicalagin, ellagic acid and a 
total pomegranate tannin extract are enhanced in combina-
tion with other polyphenols as found in pomegranate juice. 
J. Nutr. Biochem. 16: 360-367. http://dx.doi.org/10.1016/j.
jnutbio.2005.01.006

•	Snedecor GW, Cochran WG (1973). Statistical Methods. 6th 
the Iowa state University press. 238 - 248.

•	Stark G (2005). Functional consequences of oxidative mem-
brane damage. J. Member Biol. 205: 1-16. http://dx.doi.
org/10.1007/s00232-005-0753-8

•	Strohacker KA, Kueht ML (2009). Pomegranate seed oil 
consumption during a period of high-fat feeding reduces 

http://dx.doi.org/10.2174/138161209787846982
http://dx.doi.org/10.2174/138161209787846982
http://dx.doi.org/10.1186/1475-2891-3-4
http://dx.doi.org/10.1186/1475-2891-3-4
http://dx.doi.org/10.1093/brain/awt206
http://dx.doi.org/10.1016/j.fct.2005.12.001
http://dx.doi.org/10.1016/j.fct.2005.12.001
http://dx.doi.org/10.1042/CS20000178
http://dx.doi.org/10.1042/CS20000178
http://dx.doi.org/10.1016/j.jep.2006.09.006
http://dx.doi.org/10.1002/ejlt.201000334
http://dx.doi.org/10.1002/ejlt.201000334
http://dx.doi.org/10.4103/0976-500x.64533
http://dx.doi.org/10.4103/0976-500x.64533
http://dx.doi.org/10.1016/j.psyneuen.2013.04.018
http://dx.doi.org/10.1016/j.psyneuen.2013.04.018
http://dx.doi.org/10.1152/physrev.00029.2006
http://dx.doi.org/10.1021/jf901880p
http://dx.doi.org/10.1021/jf901880p
http://dx.doi.org/10.1146/annurev.med.49.1.31
http://dx.doi.org/10.1152/ajpgi.00360.2005
http://dx.doi.org/10.1016/j.jnutbio.2005.01.006
http://dx.doi.org/10.1016/j.jnutbio.2005.01.006
http://dx.doi.org/10.1007/s00232-005-0753-8
http://dx.doi.org/10.1007/s00232-005-0753-8


NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

July 2015 | Volume 3 | Issue 7 | Page 383

weight gain and reduces type 2 diabetes risk in CD-1 mice. 
British J. Nutr. 102(1): 54-59. http://dx.doi.org/10.1017/
S0007114508159001

•	Sukhanov DS, Vinogradova TI, Zabolotnykh NV, Vasil’eva 
SN, Vitovskaia ML (2013). The hepatoprotective activity 
of remaxol and S-adenosyl-L-methionine for liver damage 
caused by reserve-series antituberculosis drugs. Arkh. Patol. 
75(2): 25-29.

•	Tanriverdi  H, Eurengul  H, Enli  Y, Kuru  O, Seleci  D, Tanri-
verdi , S, Tuzun  N, Kaftan HA,  Karabulut N (2007). Effect 
of Homocysteine-induced oxidative stress on endothelial 
function in coronary slow-flow. Cardiology. 107: 313-320.

•	Tehranifar AM, Zarei Z, Nemati B, Diyari E, Vazifeshenas MR 
(2010). Investigation of physico-chemical properties and 
antioxidant activity of twenty Iranian pomegranate (Punica 
granatum L.) cultivars. Scientia Horticulturae. 126: 180-185. 
http://dx.doi.org/10.1016/j.scienta.2010.07.001

•	Toklu HZ, Dumlu MU, Sehirli O, Ercan F, Gedik N, Gokmen 
V, Sener G (2007). Pomegranate peel extract prevents liver 
fibrosis in biliary obstructed rats. J. Pharmacol. 59(9): 1287- 
1295. http://dx.doi.org/10.1211/jpp.59.9.0014

•	Tounyz R, Schiffrin E (2008). Reactive oxygen species and hy-
pertension antioxidants and redox signaling. Eng. J. Med. 
10(6): 1041-1044.

•	Valentin BA, Blue JT, Shelley SM, Cooper BJ (1990). Increase 
serum alanine amino transferasen activity muscle necrosis 
in the dog. J. Vet. Intern. Med. 4: 140-143. http://dx.doi.
org/10.1111/j.1939-1676.1990.tb00886.x

•	Van Uffelen BE, Van der Zee J, deKoster BM, VanStereninck J, 
Elferink JG (1998). Intracellular but not extracellular con-
version of nitroxyl anion into nitric oxide leads to stimu-
lation of human Neutrophil migration. Biochem. J. 330(2): 
719-722.

•	Vanzin CS, Biancini GB, Sitta A, Wayhs CA, Pereira IN, Rock-
enbach F, Garcia SC, Wyse AT, Schwartz IV, Wajner M, 
Vargas CR (2011). Experimental evidence of oxidative 
stress in plasma of homocystinuric patients: a possible role 
for homocysteine. Mol. Genet. Metabol. 104(1-2):112-117. 
http://dx.doi.org/10.1016/j.ymgme.2011.06.013

•	Ventura P, Panini R, Verlato C, Scarrpeta G, Salvioli G (2000). 
Peroxidation induces and total antioxidant capacity in plas-
ma during hyperhomocysteinemia induced by methionine 

oral loading . Metabolism. 49: 225-228. http://dx.doi.
org/10.1016/S0026-0495(00)91403-3

•	Viuda-Martos MJ, Fern´andez-L´opez J, Perez-´Alvarez JA 
(2010). Pomegranate and many functional components as 
related to human health: A review. Comp. Rev. Food Sci. 
Food Safety. 9: 635-654. http://dx.doi.org/10.1111/j.1541-
4337.2010.00131.x

•	Wang J, Rong X, Um IS, Yamahara J, Li Y (2012). 55-Week treat-
ment of mice with the Unani and Ayurvedic medicine pome-
granate flower ameliorates ageing-associated insulin resis-
tance and skin abnormalities. Evidence-Based Complement. 
Alt. Med. 8 pages. http://dx.doi.org/10.1155/2012/350125

•	Werstuck G, Lentz S, Dayal H, Hossain G, Sood L, shi Y, 
Zhou J, Krisans S, Maliow M, Austin R (2001). Homocys-
teine –induced endoplasmic stress causes reticulum causes 
dysregulation of the cholesterol and triglyceride biosynthet-
ic pathways. J. Clin. Invest. 107: 1263-1273. http://dx.doi.
org/10.1172/JCI11596

•	Wolff SP (2006). Diabetes mellitus and free radicals. Free radi-
cals, transition metals and oxidative stress in the etiology of 
diabetes mellitus and complications. Neph. Dial Transplant. 
21: 2686-2690.

•	Woo C, Siowmy L, Pierce G, Choy P, Minuk G, Mymin D 
(2005). Hyperhomocysteinemia induces hepatic cholesterol 
biosynthesis and lipid accumulation via activation of tran-
scription factors. Am. J. physiol. Endo. Meta. 288: 1002-
1010.

•	Zahin M, Aqil F, Ahmad I (2010). Broad spectrum antimuta-
genic activity of antioxidant active fraction of Punica grana-
tum L. peel extracts. Mutat. Res. 703: 99-107. http://dx.doi.
org/10.1016/j.mrgentox.2010.08.001

•	Zhang R, Ma J, Zhu H, Ling W (2004). Mild hyperhomocyste-
inemia induced by feeding rats diets rich in methionine or 
deficient in folate promotes early atherosclerotic inflamma-
tory process. J. Nutr. 134: 825-30.

•	Zhang D, Fang P, Jiang X, Nelson J, Moore JK, Kruger WD, 
Berretta RM, Houser SR, Yang X, Wang H (2012). Severe 
hyperhomocysteinemia promotes bone marrow-derived and 
resident inflammatory monocyte differentiation and athero-
sclerosis in LDLr/CBS-deficient mice. Circ. Res. 111(1): 37-
49. http://dx.doi.org/10.1161/CIRCRESAHA.112.269472

http://dx.doi.org/10.1017/S0007114508159001
http://dx.doi.org/10.1017/S0007114508159001
http://dx.doi.org/10.1016/j.scienta.2010.07.001
http://dx.doi.org/10.1211/jpp.59.9.0014
http://dx.doi.org/10.1111/j.1939-1676.1990.tb00886.x
http://dx.doi.org/10.1111/j.1939-1676.1990.tb00886.x
http://dx.doi.org/10.1016/j.ymgme.2011.06.013
http://dx.doi.org/10.1016/S0026-0495(00)91403-3
http://dx.doi.org/10.1016/S0026-0495(00)91403-3
http://dx.doi.org/10.1111/j.1541-4337.2010.00131.x
http://dx.doi.org/10.1111/j.1541-4337.2010.00131.x
http://dx.doi.org/10.1155/2012/350125
http://dx.doi.org/10.1172/JCI11596
http://dx.doi.org/10.1172/JCI11596
http://dx.doi.org/10.1016/j.mrgentox.2010.08.001
http://dx.doi.org/10.1016/j.mrgentox.2010.08.001
http://dx.doi.org/10.1161/CIRCRESAHA.112.269472

