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Introduction

Selenium is a natural element in both animals and human diets. It is essential for some enzyme functions,
protects against certain cancers, blocks the action of free radicals and helps stimulate the immune system (Nuttall,
2006). Selenium at high concentration is toxic and known to trigger oxidative stress in a wide variety of tissues
mainly the liver (Manikandan et al., 2010). It is widely used in many commercial applications, thus constituting a
common source of human exposure as it present in steel and copper alloying, glass and paint manufacturing, and
nutritional supplements (Aldosary et al., 2012). Selenium toxicity can affect the oxidative stability of the broiler
chickens and unfortunately, there is little information available on its effects in broiler chicks (Ryu et al., 2005).

Panax ginseng (Korean ginseng), is one of the most important renowned herbal plants worldwide, has a
long history of medicinal use in the oriental regions as a tonic to promote health in last year’s (Han et al., 2006). It
contains ginsenosides which are phenolic acids, flavonoids and popular phytotherapeutic triterpenoid saponins.
These properties of the ginseng are thought to provide many beneficial effects against organs damage (Kitts and Hu,
2000). It has many physiological and/or pharmacological effects on systemic immune, cardiovascular, central
nervous systems, endocrine glands and glucose metabolism (Choi, 2008). It has various antiapoptotic effects that
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including in the liver (Karakus et al., 2011). Thus, we evaluate the possible beneficial effect of ginseng on selenium
toxicity through estimation of the hepatic functions. Also, we clarify the ability of ginseng to adjustment the hepatic
antioxidant status in chickens.

2. MATERIAL AND METHODS
2.1. Material:

2.1.1. Chickens Forty, one-day-old, commercial boiler chickens (Hubbard strain) were purchased from Al-
Kahira Poultry Company. Chickens were maintained in the Laboratoty Animal Center. College of Veterinary
Medicine, Zagazig University kept in clean well ventilated hygienic cages under standard managerial, environmental
and hygienic conditions. Chickens were divided into 4 main groups, acclimatized for 14 days prior the experiment
and maintained on a commercial well balanced ration and drinking water were allowed ad.libitium throughout the
experimental period.

2.1.2. Sodium selenite (Na,SeO3) was purchased from Sigma Chemicals Company for Pharmaceutical
Industries. It was used as 1/20 from LDs, of Na,SeOs of broiler chickens, at a dose of 0.48 mg /kg b.w., in the diet
according to (Kumar et al., 2013).

2.1.3. Panax ginseng root extract (Ginsenoside Rb;=saponin of panax ginseng) was obtained from Sigma
Chemicals Company for Pharmaceutical Industries. It was used at a dose of 100 mg /kg b.w., in the diet according to
(Karakus et al., 2011).

2.2. Methods:
2.2.1. Experimental design

All procedures used in this experiment were approved by the Institutional Animal Care and Use Committee
of Fac. of Vet. Med. Zagazig University. Chickens were divided into four groups (n=10 per group). Group |
(control) were fed a basal diet; Group 11 (Se-intoxicated) were fed with the basal diet supplemented with 0.48 mg
/kg b.w. Na,SeO; for 30 days; Group 11l (PG+Se) were fed with the basal diet supplemented with 100 mg/kg b.w.
for 1o days before administration of 0.48 mg Na,SeOa/kg b.w. in the diet for 20 days; Group 1V (PG treated group)
were fed with the basal diet supplemented with 100 mg/kg b.w PG for 30 days.

2.2.2. Blood sampling

The blood samples were collected on the 31" day from the wing vein. 5 ml of blood collected without
anticoagulant into a clean dry centrifuge tube and allowed to clot for 30 min at room temperature. Blood samples
were centrifuged at 3000 rpm for 5 min. The collected clear sera were separated for biochemical analysis.

2.2.3. Estimation of biochemical parameters

All parameters were colorimetric measured using commercial Kits provided by Biomerieux, Egypt. All
analysis was done using spectrophotometer 5010 v5*, Berlin, Germany for biochemical serum analysis.
Serum enzymes, measuring the activity of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT)
activity (Reitman and Frankel, 1957) & gamma glutamyl transferase (GGT) activity (Fuke et al., 1976). Serum
proteins, serum total protein according to (Krohn, 2002) and serum albumin according to (Fernandez et al., 1966).
Serum globulin level was determined by subtracting the albumin from the total proteins. Metabolic profile, serum
cholesterol according to (Taylor et al., 1978), triglyceride according to (Fossati and Prencipe, 1982) and glucose
according to (Carroll et al., 1971).
2.2.4. Antioxidants and (MDA lipid peroxidation Assay

The liver from all groups was collected at days 31"™. One gram of each liver sample added to 9 ml of
normal saline 0.9% and homogenized using electrical tissue homogenizer, centrifuged at 3000 rpm/15 minutes. The
supernatant was collected, and used for estimation of antioxidants (CAT, SOD, and GPx) and MDA, the marker of
lipid peroxidation (Sidhu et al., 2005). The catalase activity (CAT) was performed according to (Aebi, 1984),
superoxide dismutase (SOD) was determined according to (Weydert and Cullen, 2010), Glutathione proxidase
(GPx) was performed according to (Weydert and Cullen, 2010) and malondialdehyde (MDA) according to
(Valenzuela, 1991).
2.2.5. Statistical analysis

Statistical Analysis System software package were used to analyze the data by one-way analysis of
variance ANOVA (Bewick et al., 2004) and the significant differences between means were determined at a level of
(P < 0.05). Further analysis was carried out. All data showed a normal distribution and passed equal variance testing.
Differences between means were assessed using Tukey’s honestly significant difference test for post hoc multiple
comparisons. Data are expressed as the meanS.E.
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3. RESULTS
3.1. Biochemical results

The activities of AST, ALT and GGT were estimated in serum samples as the liver marker enzymes. These
results are given in Figure 1. The Se intoxication markedly affected the liver specific enzymes. It was found that a
significant (p < 0.05) increase in serum AST, ALT and GGT activities of chickens given Se (group Il) compared
with the control. This result suggests that liver markers are elevated in the serum due to release of the enzymes from
damaged liver. However a significant (p < 0.05) decrease was observed in above serum activities of chickens given
PG + Se and PG compared with the Se intoxicated group (group II).

The serum total protein and albumin (Figure 2) were significantly (p < 0.05) decreased in the Se group
compared with the control. However a significant (p < 0.05) increase was observed in serum total protein and
albumin in chickens given PG + Se and PG compared with the Se intoxicated group. The serum globulin level
showed a non significant change in all groups, Figure 2.

The level of some serum biochemical parameters of chickens in all groups are presented in Figure 3.
Cholesterol, triglycerides and glucose levels were significantly (p < 0.05) increased in the Se group compared with
the control. There were a significant (p < 0.05) decrease in cholesterol, triglyceride and glucose levels in the PG +
Se and PG groups compared with the Se intoxicated group.

3.2. Antioxidant and MDA profile

Selenium enhances the intracellular formation of reactive oxygen species causing hepatic damage. In the
present study we analyze the hepatic levels of several antioxidants (CAT, SOD and GPX) and MDA, Figure 4. A
significant (p < 0.05) decrease in serum hepatic CAT, SOD and GPX levels. Meanwhile a significant (p < 0.05)
increase in MDA was observed in chickens given Se alone (group II). On the contrary, a significant (p < 0.05)
increase was observed in the activity of CAT, SOD and GPX with a significant (p < 0.05) decrease in MDA in
chickens given PG + Se and PG alone compared with the Se intoxicated group.
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B3 Se B3 Se
PG+Se &3 PG+Se
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Fig.1. Effect of selenium and panax ginseng on the activity of hepatic serum enzymes in chickens. Each value
is the meanzS.E. of 5 chickens Bars showing the same letter (a, b, c) are not significantly different (p < 0.05).
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Fig.2. Effect of selenium and panax ginseng on the total protein, aloumin and globulin in chickens. Each
value is the meanzS.E. of 5 chickens Bars showing the same letter (a, b) are not significantly different (p <

0.05).
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Fig.3. Effect of selenium and panax ginseng on the some biochemical parameters in chickens. Each value is
the meanS.E. of 5 chickens Bars showing the same letter (a, b, ¢) are not significantly different (p < 0.05).
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Fig.4. Effect of selenium and panax ginseng on the hepatic antioxidants and MDA level in chickens. Each
value is the meanzS.E. of 5 chickens Bars showing the same letter (a, b) are not significantly different (p <
0.05).

4. Discussion

Selenium toxicity can be found in poultry production causing tissue lesions and even a large number of
deaths (Peng et al., 2012). Excess Se can leading to growth depression, anemia, impaired immune function and
reduced egg production (Zwolak and Zaporowska, 2012). The predominant pathological changes were characterized
by local necrosis in the liver (Xu et al., 2014). Selenium at high concentrations is one of the most commonly used
hepatic toxins in the experimental liver studies. Liver is the largest organ in the metabolism and detoxification,
known as the “Se storehouse.” Selenium has a great biological significance in the liver. Poultry liver is sensitive t0
dietary Se content (Sun et al., 2011). In the present study, it showed a significant increase in the serum level of
hepatic markers such as AST, ALT and GGT activities as compared to respective control indicating hepatic
dysfunction. The present study showed that serum total protein and albumin levels were significantly decreased but
a significant increase in serum cholesterol, triglyceride and glucose were observed in chickens with Se intoxication
in comparison with control group. The increased serum levels of hepatic markers have been attributed to the liver
injury, because these enzymes are place in cytoplasmic area of the cell and are released into circulation in case of
cellular damage with changing the permeability of hepatocyte membranes (Eliot and Jamali, 1999). Selenium
toxicity induced the increase of serum AST, ALT and GGT levels which source from cell membrane and
mitochondrial damages in liver cells as these enzymes activities were significantly elevated after Se intoxication
(Hasegawa et al., 1996). The first reports about of hepatotoxic effects by Se, are lipid peroxidation origin, and are
largely due to its active metabolite. This metabolite can abstract hydrogen from fatty acids, initiating the lipid
peroxidation, lead to cell injury, and finally liver damage (Hoffman, 2002). On the other hand, pretreatment with
ginseng was found to significant suppressed the increase in serum AST, ALT and GGT activities induced by Se
intoxication. This finding implies that ginseng administration has hepato-protective effect as it protects the liver
tissue from Se intoxication. Current studies have provided a considerable support for evidencing the protective

649



ISSN 2320-5407 International Journal of Advanced Research (2014), Volume 2, Issue 9, 645-653

effects of ginseng on liver damage by scavenge and destroy lipid peroxyl radicals and reactive oxygen species
(Karadeniz et al., 2009; Kitts and Hu, 2000). Also, these studies declared that the antioxidant properties of
ginsenosides those phenolic acids, flavonoids and saponins contribute to protection against Se induced
hepatotoxicity in chickens. These compounds may be responsible for its hepatoprotective action by scavenge and
destroy lipid peroxyl radicals and reactive oxygen species such as like the superoxide anion (O, —), the hydrogen
peroxide (H,O,) and the hydroxyl radical (OH) (Jahn et al., 1985).

Se intoxication was associated with a decrease in the total protein and albumin concentration, which may
have resulted from decreased food intake, increased loss of the nutrient through the intestine, immunosuppressive
effect of the selenium, disturbed metabolism of the liver, hyperfiltration induced toxicity nephropathy and increased
protein catabolism (Manikandan et al., 2010). Panax ginseng ameliorated this decrease in serum protein
concentration, an effect that was previously reported (Khalil et al., 2008). Selenium intoxication causing the increase
in triglyceride and cholesterol levels as it responsible for triglyceride catabolism (Dicks-Bushnell et al., 1968).This
situation could be also attributed to the reduction of lipase activity, which could lead to decrease in triglyceride
hydrolysis (Dicks-Bushnell et al., 1968). On the other hand, it can be assumed that hypercholesterolemia in Se
intoxicated chickens has resulted in damage of hepatic parenchymal cells that lead to disturbance of lipid
metabolism in liver (Dicks-Bushnell et al., 1968). The lipid lowering mechanisms of ginseng are mainly unknown,
but recent researches informed that ginseng saponins has a strong inhibitory activity on microsomal acyl coenzyme
A: cholesterol acyltransferease in vitro, which is responsible for acylation reactions in liver (Kwon et al., 1999).
However, there are recent researches reported that ginseng may have a supportive effect like that antiatherosclerotic
agent by diminishing high level of serum cholesterol (Li et al., 2011; Liu et al., 2010). Also, (Hwang et al., 2008)
informed that the administration of ginseng saponins decreased the serum cholesterol level in rabbits which feeding
high cholesterol diet. This result indicates that ginseng or saponins can be affecting the pathway of cholesterol
biosynthesis. As shown in our results, Se intoxicated group have much higher blood glucose levels than control. By
ginseng administration to Se intoxicated chickens, however, blood glucose levels were declined to a certain degree.
The main mechanism of hypoglycemic activity for PG is not clearly, but three possibilities mechanisms can be
suggested that modulation of glucose transport (Khalil et al., 2008), insulin secretion and glucose disposal
(Yokozawa et al., 1984).on the other hand, some components such as phenolics and flavonoids are known to be
responsible for hypoglycemic activity (Yokozawa et al., 1984).

It’s known to trigger oxidative stress in a wide variety of tissues (Kamble et al., 2009; Padmaja and Raju,
2005). We have recently shown the role of selenium in triggering liver diseases, primarily by means of free radical
generation with the severity of lipid peroxidation and the depletion of antioxidant status which causing by damage in
the cell membrane and the organelles of the hepatocyte (Manikandan et al., 2010). This free radical mediated was
inhibited by pretreatment with PG. Its, a traditional herb, has been used to important roles in maintaining oxidative
status, by possessing either direct or indirect antioxidant functions, and has been a component of effective
formulations for treatment of liver diseases (Kalkan et al., 2012; Karakus et al., 2011). Selenium intoxication
seemed to point to a direct and major role for oxidative stress as an inducer of hepatic toxicity. Selenium is known to
disturb the oxidative balance of the organism and the free radical processes have been recognized to be involved in
the mechanisms of health effects of intoxication with these substances. It induces oxidative damage by increasing
the production of ROS (Maraldi et al., 2011) and decreasing the biological activities of some antioxidants, such as
CAT, SOD and GPx (Zikic et al., 1998) which play an important role in antioxidant defense and in the elimination
of free radicals. In the current study, the results of the present work are in agreement with previous studies, which
clearly demonstrated that Se intoxication increases LPO and suppresses the anti-oxidant defense mechanisms in
liver tissue with significant morphological changes (Agarwal and Behari, 2007; Atencio et al., 2009). Panax ginseng
treatment partly counteracts the toxic effect of Se on the bird liver. This element is a well-established antioxidant
and can prevent or decrease the harmful effects of oxidants and ROS in various tissues (Li et al., 2013). This
upregulation of GPx production induced by PG may explain why the GPx activity levels in the liver tissues of the
PG+Se group were higher than in the Se group in the present work. PG also decreased the MDA concentration in the
PG+Se group. These results can be explained by the important role of PG in preventing LPO and in protecting the
integrity and functioning of liver tissues. However, some have reported that PG exerts its protective effect by
significantly decreasing Se accumulation in organs or by inducing are distribution of Se (Hassan et al., 2014;
Ramesh et al., 2012).

In conclusion, we found that PG enhanced the biochemical parameters and demonstrated a protective effect
against Se-induced liver damage. We suggest that PG may be used to protect against Se intoxication and other
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chemical agents in poultry farms. The results of this study indicate that the panax ginseng extract (PGE) effectively
improve serum hepatic biochemical changes and oxidant metabolism in chickens and corroborates the use of this
medicinal plant extract in traditional medicine for treatment of Se intoxication. The use of PGE contribute to the
prevention of hepatic damage with any toxic material, however, additional studies on the biochemical and functional
characterizations of the active components of PG, which influence serum hepatic function and oxidant metabolism,
are needed for better understanding of this plant extract and its benefits.

Conflict of interest: The author declares that there are no conflicts of interest.

REFERENCES

Aebi, H. (1984): Catalase in vitro. Methods in Enzymol., 105: 121-126.

Agarwal, R. and Behari, J.R. (2007): Role of selenium in mercury intoxication in mice. Industrial Health., 45: 388-
395.

Aldosary, B.M., Sutter, M.E., Schwartz, M. and Morgan, B.W. (2012): Case series of selenium toxicity from a
nutritional supplement. Clinical Toxicol., 50: 57-64.

Atencio, L., Moreno, 1., Jos, A., Prieto, A.l., Moyano, R., Blanco, A. and Camean, A.M. (2009): Effects of dietary
selenium on the oxidative stress and pathological changes in tilapia (Oreochromis niloticus) exposed to a
microcystin-producing cyanobacterial water bloom. Toxicon., 53: 269-282.

Bewick, V., Cheek, L. and Ball, J. (2004): Statistics review 9: one-way analysis of variance. Critical Care., 8: 130-
136.

Carroll, J.J., Smith, N. and Babson, A.L. (1971): A colorimetric serum glucose determination using hexokinase and
glucose-6-phosphate dehydrogenase. Biochemical Medicine., 4: 171-180.

Choi ,K.T. (2008): Botanical characteristics, pharmacological effects and medicinal components of Korean Panax
ginseng C A Meyer. Acta Pharmacologica Sinica., 29: 1109-1118.

Kumar, D., Ganguly, D.N., Jana, S. and Pal, S. (2013): Effect of acute selenium toxicity in broiler birds.
International Journal Advanced Innovation Research., 2: 3.

Dicks-Bushnell, M.W., Andrews, R.L. and Laughrey, N.L. (1968): The effects of vitamin E, selenium, lard, and
corn oil on lipids in rat serum, muscles, and testes. Canadian J. of Bioche., 46: 1023-1030.

Eliot, L.A. and Jamali, F. (1999): Pharmacokinetics and pharmacodynamics of nifedipine in untreated and
atorvastatin-treated hyperlipidemic rats. J. of Pharmacol. and Experimental Therapeutics., 291:193-188.

Fernandez, A., Sobel, C. and Goldenberg, H. (1966): An Improved Method for Determination of Serum Albumin
and Globulin. Clin. Chem., 12: 194-205.

Fossati, P. and Prencipe, L. (1982): Serum triglycerides determined colorimetrically with an enzyme that produces
hydrogen peroxide. Clin. Chemistry, 28: 2077-2080.

Fuke, H., Yagi, H., Takegoshi, C. and Kondo, T. (1976): A sensitive automated colorimetric method for the
determination of serum gamma-glutamyl transpeptidase. Clinica. Chimica Acta., 69: 43-51.

Han, K.L., Jung, M.H., Sohn, J.H. and Hwang, J.K. (2006): Ginsenoside 20S-protopanaxatriol (PPT) activates
peroxisome proliferator-activated receptor gamma (PPARgamma) in 3T3-L1 adipocytes. Biological &
Pharmaceutical Bulletin., 29: 110-113.

Hasegawa, T., Mihara, M., Nakamuro, K. and Sayato, Y. (1996): Mechanisms of selenium methylation and toxicity
in mice treated with selenocystine. Archives of Toxicol., 71: 31-38.

Hassan, A.M., Abdel-Aziem, S.H., EI-Nekeety, A.A. and Abdel-Wahhab, M.A. (2014): Panax ginseng extract
modulates oxidative stress, DNA fragmentation and up-regulate gene expression in rats sub chronically treated with
aflatoxin B and fumonisin B. Cytotechnology. [Epub ahead of print]

Hoffman, D.J. (2002): Role of selenium toxicity and oxidative stress in aquatic birds. Aquatic Toxicol., 57: 11-26.
Hwang, S.Y., Son, D.J., Kim, LW., Kim, D.M., Sohn, S.H., Lee, J.J. and Kim, S.K. (2008): Korean red ginseng
attenuates hypercholesterolemia-enhanced platelet aggregation through suppression of diacylglycerol liberation in
high-cholesterol-diet-fed rabbits. Phytotherapy Research., 22: 778-783.

Jahn, C.E., Schaefer, E.J., Taam, L.A., Hoofnagle, J.H., Lindgren, F.T., Albers, J.J., Jones, E.A. and Brewer, H.B.,
(1985): Lipoprotein abnormalities in primary biliary cirrhosis. Association with hepatic lipase inhibition as well as
altered cholesterol esterification. Gastroenterol., 89: 1266-1278.

Kalkan, Y., Kapakin, K.A., Kara, A., Atabay, T., Karadeniz, A., Simsek ,N., Karakus, E., Can, I., Yildirim, S. and
Ozkanlar, S., (2012): Protective effect of Panax ginseng against serum biochemical changes and apoptosis in kidney
of rats treated with gentamicin sulphate. J. of Molecular Histol., 43: 603-613.

651



ISSN 2320-5407 International Journal of Advanced Research (2014), Volume 2, Issue 9, 645-653

Kamble, P., Mohsin, N., Jha, A., Date, A., Upadhaya, A., Mohammad, E., Khalil, M., Pakkyara, A. and Budruddin,
M. (2009): Selenium intoxication with selenite broth resulting in acute renal failure and severe gastritis. Saudi J. of
Kidney Diseases and Transplantation, 20, 106:111.

Karadeniz, A., Cemek, M. and Simsek, N. (2009): The effects of Panax ginseng and Spirulina platensis on
hepatotoxicity induced by cadmium in rats. Ecotoxicol. and Environmental Safety., 72: 231-235.

Karakus, E., Karadeniz, A., Simsek, N., Can, I., Kara, A., Yildirim, S., Kalkan, Y. and Kisa, F. (2011): Protective
effect of Panax ginseng against serum biochemical changes and apoptosis in liver of rats treated with carbon
tetrachloride (CCI4). J. of Hazardous Materials., 195; 208-213.

Khalil, W.K., Ahmed, K.A., Park, M.H., Kim, Y.T., Park, H.H. and Abdel-Wahhab, M.A. (2008): The inhibitory
effects of garlic and Panax ginseng extract standardized with ginsenoside Rg3 on the genotoxicity, biochemical, and
histological changes induced by ethylenediaminetetraacetic acid in male rats. Archives of Toxicol., 82: 183-195.
Kitts, D. and Hu, C. (2000): Efficacy and safety of ginseng. Public Health Nutrition., 3: 473-485.

Krohn, R.I. (2002): The colorimetric detection and quantitation of total protein. Current protocols in cell biology /
editorial board, Juan S. Bonifacino. Appendix 3: 3H.

Kumar, D., Mukhopadhayay, S.K., Ganguly, S., Niyogi, D., Jana, S. and Pal, S. (2013): Effect of acute selenium
toxicity in broiler birds. Int. J. Adv. Innov. Res., 2(5): 680-682.

Kwon, B.M., Kim, M.K., Baek, N.I., Kim, D.S., Park, J.D., Kim, Y.K.,, Lee, H.K. and Kim, S.1. (1999): Acyl-CoA:
cholesterol acyltransferase inhibitory activity of ginseng sapogenins, produced from the ginseng saponins.
Bioorganic & Medicinal Chemistry Letters., 9: 1375-1378.

Li, J., Xie, Z.Z., Tang ,Y.B., Zhou, J.G. and Guan, Y.Y. (2011): Ginsenoside-Rd, a purified component from panax
notoginseng saponins, prevents atherosclerosis in apoE knockout mice. European J. of Pharmacol., 652: 104-110.

Li, J.L., Jiang, C.Y., Li, S. and Xu, S.W. (2013): Cadmium induced hepatotoxicity in chickens (Gallus domesticus)
and ameliorative effect by selenium. Ecotoxicol. and Environmental Safety., 96: 103-109.

Liu, Y., Zhang, H.G., Jia, Y. and Li, X.H. (2010): Panax notoginseng saponins attenuate atherogenesis accelerated
by zymosan in rabbits. Biological & Pharmaceutical Bulletin., 33: 1324-1330.

Manikandan, R., Thiagarajan, R., Beulaja, S., Sudhandiran, G. and Arumugam, M. (2010): Curcumin protects
against hepatic and renal injuries mediated by inducible nitric oxide synthase during selenium-induced toxicity in
Wistar rats. Microscopy Research and Technique., 73: 631-637.

Maraldi, T., Riccio, M., Zambonin, L., Vinceti, M., De Pol, A. and Hakim, G. (2011): Low levels of selenium
compounds are selectively toxic for a human neuron cell line through ROS/RNS increase and apoptotic process
activation. Neurotoxicol., 32: 180-187.

Nuttall, K.L. (2006): Evaluating selenium poisoning. Annals of Clinical and Laboratory Science., 36: 409-420.
Padmaja, S. and Raju, T.N. (2005): Protective effect of curcumin during selenium induced toxicity on
dehydrogenases in hepatic tissue. Indian J. of Physiol.and Pharmacol., 49: 111-114.

Peng, X., Cui, H., He, Y., Cui, W., Fang, J., Zuo, Z., Deng, J., Pan, K., Zhou, Y. and Lai, W. (2012): Excess dietary
sodium selenite alters apoptotic population and oxidative stress markers of spleens in broilers. Biological Trace
Element Research., 145: 47-51.

Ramesh, T., Kim, S.W., Sung, J.H., Hwang, S.Y., Sohn, S.H., Yoo, S.K. and Kim ,S.K. (2012): Effect of fermented
Panax ginseng extract (GINST) on oxidative stress and antioxidant activities in major organs of aged rats.
Experimental Gerontol., 47: 77-84.

Reitman, S. and Frankel, S. (1957): A colorimetric method for the determination of serum glutamic oxalacetic and
glutamic pyruvic transaminases. American J. of Clin. Pathol., 28: 56-63.

Ryu, Y.C., Rhee, M.S., Lee, K.M. and Kim, B.C. (2005): Effects of different levels of dietary supplemental
selenium on performance, lipid oxidation, and color stability of broiler chicks. Poultry science., 84: 809-815.

Sidhu, P., Garg, M.L. and Dhawan, D.K. (2005): Protective effects of zinc on oxidative stress enzymes in liver of
protein-deficient rats. Drug and Chemical Toxicol., 28(2): 211-230.

Sun, B., Wang, R., Li, J., Jiang, Z. and Xu, S. (2011): Dietary selenium affects selenoprotein W gene expression in
the liver of chicken. Biological Trace Element Research., 143: 1516-1523.

Taylor, R.P., Broccoli, A.V. and Grisham, C.M. (1978): Enzymatic and colorimetric determination of total serum
cholesterol. J. of Chemical Education., 55: 63-64.

Valenzuela, A. (1991): The biological significance of malondialdehyde determination in the assessment of tissue
oxidative stress. Life Sciences., 48: 301-309.

Weydert, C.J. and Cullen, J.J. (2010): Measurement of superoxide dismutase, catalase and glutathione peroxidase in
cultured cells and tissue. Nature Protocols., 5:51-66.

652



ISSN 2320-5407 International Journal of Advanced Research (2014), Volume 2, Issue 9, 645-653

Xu, J.X., Cao, C.Y., Sun, Y.C., Wang, L.L., Li, N., Xu, S.W. and Li, J.L. (2014): Effects on liver hydrogen peroxide
metabolism induced by dietary selenium deficiency or excess in chickens. Biological Trace Element Research., 159:
174-182.
Yokozawa, T., Kobayashi, T., Oura, H. and Kawashima, Y. (1984): Stimulation of lipid and sugar metabolism in
ginsenoside-Rb2 treated rats. Chemical & Pharmaceutical Bulletin., 32: 2766-2772.
Zikic, R.V., Stajn, A.S., Ognjanovic, B.l., Saicic, Z.S., Kostic, M.M ,.Pavlovic, S.Z. and Petrovic, V.M. (1998): The
effect of cadmium and selenium on the antioxidant enzyme activities in rat heart. J. of Environmental Pathol.,
Toxicol. and Oncol., 17: 259-264.

Zwolak, 1. and Zaporowska, H. (2012): Selenium interactions and toxicity: a review. Selenium interactions and

toxicity. Cell Biology and Toxicol., 28: 31-46.

653



