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ABSTRACT
The radioprotective efficacy of grape seed extract (GSE) and vitamin E against whole body X-radiation was 
studied in Albino Wistar rats. Three groups of rats were investigated: control group (CG) intraperitoneal (i.p.) 
physiological serum 1 ml/day (n = 10), i.p., vitamin E group (VG) 50 mg/kg/day (n = 10), and i.p. grape seed 
extract group 50mg/kg/day (n=10). Four weeks later, 6 Gy radiation dose was given to rats. The blood samples 
were taken 24 hours later after irradiation and Lymphocyte, malondialdehyde (MDA), reduced glutathione (GSH), 
nitrate, nitrite, reduced ascorbic acid, retinol, (3-caratone and ceruloplasmin concentrations were analyzed. The 
levels of GSH (p <0.05), retinol (p <0.001), (3-caratone (p <0.05) and ceruloplasmin concentration (p <0.001) in 
GSE group were found to be higher than control group but the level of MDA (p <0.001) and nitrite concentration 
(p <0.05) in rats supplemented with GSE group were found to be lower than the CG.

The results show that GSE has enhanced the antioxidant status and have decreased the incidence of free radical- 
induced lipid peroxidation in blood sample of rats exposed radiation.

Keywords: Grape seeds; Lipid peroxidation; Peripheral blood lymphocytes; X-rays; Rat

I. INTRODUCTION
The most important action of ionizing radiation on ions, exited molecules and free radicals had a variety effects, 
including peroxidation of lipids in membranes, inactivation of enzymes, dipolimerization of polysaccharides, and 
disruption of nucleic acidsT Each lipid peroxide molecule that forms is also a free radical. Thus, on it starts, the 
process of peroxidation can become autocatalytic, with each lipid peroxide attacking a neighboring fatty acid to 
yield additional lipid peroxide product2*. Reactive free radical formed within cells can oxidize biomolecules and 
lead to cell death3*. X-rays are ionizing radiation which carries enough energy to ionize an atom or molecule. 
These ionizations can be very destructive to living tissue therefore genetic materials of the cell are destroyed, 
thereby halting growth.

An antioxidant has been described as any substance that interferes with the reaction of any substance with oxygen 
or hindered a free radical reaction. In metabolism, the existences of antioxidant systems protect the cell 
membrane against damage caused by free radicals. Such antioxidants involves enzymatic (superoxide dismutase, 
glutathione peroxidase and catalase, among others) and no enzymatic (glutathione, ceruloplasmin, vitamins) 
systems. General supplementation with antioxidants, such as vitamins A, C, and E, and with the sulfur-amino 
acids cysteine and glutathione is known to reduce free-radical damage caused by radiation therapy4*. While 
protection of healthy tissue would best be accomplished if these nutrients were administered prior to radiation 
therapy, some scientists think that these nutrients might help protect the normal cells against the radiation­
generated free radicals needed to kill all of the cancer cells5*.

The seed extracts of Vitis vinifera are mentioned to have antimicrobial and free radical scavenging properties6* 
reduce the risk of chronic disease by protecting against free radical mediated damage7* and prevent incidence of 
stroke due to the radical scavenging action and inhibition of lipid peroxidation8*.

Vitamin E (a-tocopherol) is a natural component of cell membranes and is the strongest antioxidant of the 
tocopherols; it reacts quickly with peroxyl radicals and forms a a-tocopheroxyl radical, which interrupts the free 
radical chain reaction9*. A wide range of radioprotective effects associated with vitamin E have been 
demonstrated, such as preservation of the small bowel crypt, increase in the rate of the DNA repair process10* and 
reduction in the number of micronuclei in human lymphocytes in vitro11*.
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The cytochemical demonstration of alpha- naphthyl acetate esterase (ANAE) activity provides a method for 
identifying human T lymphocytes12\  and animals13,14). Alpha-naphthyl acetate esterase is a non-specific esterase. 
The pattern of esterase activity revealed by this method provides a discriminating marker for mature T- 
lymphocytes showing dense, localized, dot-like positive responses.

The purpose of the study was to investigate the effect of supplemental GSE and vitamin E on lipid peroxidation 
and on the antioxidant systems in rats exposed to X-radiation. These studies demonstrate that antioxidant effect 
of GSE given animal was more effective than that of vitamin E administered rats exposed radiation.

2. MATERIALS AND METHODS 
PREPARATION OF GRAPE SEED EXTRACT (GSE)

Grape was cultivated in the Cal region of Denizli on October. Grape seeds were separated from the pulp and peel. 
The seeds were dried in drying oven at 50°C for 72 hrs. Then, dried seeds were ground to fine powder by grinder. 
About 50 g of each powder were extracted with 500 ml of 100% ethanol at 40 °C for 4 hours and stood for 1 day 
at room temperature. The extract was then filtered, and the ethanol was removed by using rotary evaporator under 
vacuum at 40°C. The residue obtained was dissolved in water and kept in freezer for further experiment.

ANIMAL AND PROTOCOL DESIGN

Before commencing the work, permission from Institutional Animal Ethics Committee of Ege University was 
obtained. All animals were habituated to the laboratory conditions at least 2 weeks prior to training. Thirty male 
Albino Wistar rats weighing approximately 150-200 g were housed five animals per cage and were fed a standard 
rodent chow diet and water ad libitum. They were kept at a constant temperature (22 °C) on 12 h cycles of light 
and dark. The rats were randomly allocated to three groups:

Controls Group: (n = 10): For the 4 weeks prior to irradiation, each rat received a daily intraperitoneal (i.p.) 
injection of 1 ml physiological serum.

Vitamin Group: (n = 10): For the 4 weeks prior to irradiation, each animal received a daily i.p. injection of 50
mg/kg vitamin E (Sigma, St. Louis, USA).

GSE Group: (n = 10): For the 4 weeks prior to irradiation, each rat received a daily i.p. injection of 50
mg/kg GSE.

Four weeks later, 6 Gy radiation dose was given to rats. The rats were sacrificed under intense ether atmosphere 
24 hours later after radiation. Blood samples were taken. The serum was prepared by centrifugation (3000*g, 
10 min, +4 °C).

IRRADIATION

The rats were placed in plastic cages for exposure, and were irradiated using a Indico 100 Rab X-ray instrument 
(CPI, Ontario, Canada). Whole-body of each rats was exposed to X-radiation at the distance of 100 cm from the 
source to deliver the dose-rate of 3 Gy/min.

BIOCHEMICAL ANALYSES

Whole blood malondialdehyde MDA levels were measured according to a method of Jain et al.15). Whole blood 
reduced glutathione GSH concentration also was measured by spectrophotometric method16̂. The concentrations 
of nitric oxide (nitrate and nitrite) were detected by the methods of Miranda et al.17*. Serum vitamin C (ascorbic 
acid) level was determined after derivatization with 2,4-dinitrophenylhydrazine18). The levels of P-carotene at 425 
nm and vitamin A (retinol) at 325 nm were detected after the reaction of serum: ethanol: hexane at the ratio of 1: 
1:3, respectively1̂  Ceruloplasmin (CLP) level was studied by the spectrophotometric method20).

HISTOLOGICAL ANALYSES

Heparinized blood samples were taken from rats for ANAE staining for the purpose of this study. For ANAE 
demonstration2̂ , air-dried blood smears were fixed in glutaraldehyde-acetone mixture for 3 minutes at -10 °C.

337



Following fixation, the smears were rinsed in distilled water and then allowed to dry at room temperature for 30 
minutes. Blood smears were incubated (pH 7.2) for 4 hours, and after incubation the preparations were washed in 
distilled water and counterstained with 1% methyl green for 30 minutes. Following dehydration in increasing 
concentrations of ethanol, the preparations were cleaned in xylene and mounted in DPX. After application of 
ANAE enzyme stain, they were examined under a light microscope. The proportions of ANAE (+) and ANAE (-) 
lymphocytes were determined for each blood smear by counting 500 lymphocytes in a total of five areas (100 
each one).

STATISTICAL ANALYSES

Statistical analyses of data were analyzed with SPSS statistical software (SPSS for Windows; Release 10.0.1 
Standard Version). Comparisons between different groups were performed by one-way ANOVA; if ANOVA 
revealed significant differences, the post-hoc comparisons were performed by Tukey’s multiple range tests. 
Differences between means of P < 0.05 were considered significant. The results are expressed as means ± 
standard deviation.

3. RESULTS
The results of all determination for the two experimentals (GSE and vitamin E) and the control group are given in 
figure 1 and figure 2. The MDA concentration of GSE group was found significantly lower than the control 
group (p < 0.001). When MDA concentration of control group compared with VG, it has diminished in VG (p < 
0.01) but this decrease is smaller than the GSE group with respect to control group. Both nitrate and nitrite 
concentrations in the GSE group were lower than in the VG and in the CG. The decreasing of nitrate 
concentration (p < 0.01) in GSE group is slightly larger than in VG (p < 0.01) compare to the control group and 
the same changing is observed in nitrite concentration between the groups but the p values (p < 0.05) are found 
differently. The results of the present study demonstrate that whole-body irradiation in rats causes damage in 
serum, as assessed by increased lipid peroxidation and decreased GSH levels. GSH concentrations have increased 
in GSE and VG group but its increases in the GSE and VG weren’t identical. The GSH level in GSE group was 
found to be significantly higher in both VG (p < 0.05) and control group (p < 0.001) respectively and there was 
significant difference between VG (p < 0.05) and control group. There were significant differences serum 
ascorbic acid concentrations between VG (p < 0.01) with GSE and control groups. Although serum ascorbic acid 
concentrations appeared to be higher in the GSE group, the differences between GSE and control groups were not 
statistically significant. Retinol levels in all of the studied in serum were found to be significantly higher in both 
in the GSE group (p < 0.001) and VG (p < 0.05), as compared to control group. There were no significant 
differences in (3-carotene concentration was noted between VG and CG but this concentration was found to be a 
important difference between in GSE (p < 0.05) with control groups.

The results of ANAE staining are shown in figure 3. In a light microscope examination, ANAE (+) lymphocytes 
had 1-3 distinct, red-brownish granules representing the reaction product by which they recognized T- 
lymphocytes. No reaction product was present in B-lymphocytes. The numbers of ANAE (+) lymphocytes in the 
GSE was higher than that in other experimental group (P<0.05). The size of ANAE (+) lymphocytes was similar 
in all groups. Our study demonstrated that vitamine E groups ANAE (+) T lymphocytes counts significantly 
fewer compared with control group (P < 0.05).

4. DISCUSSION
The presence of MDA is taken as an indicator of free radical damage through membrane lipid peroxidation22). 
The increase in MDA and hydroperoxide levels in serum suggests enhanced lipid peroxidation leading to tissue 
damage and failure of antioxidant defense mechanisms. When MDA concentration of control group compared 
with GSE group and VG group, its concentration has decreased in GSE group and VG with respect to control 
group. These decreased values have been found 32% and 22% in GSE group and VG, respectively. This result 
shows that GSE is effective than vitamin E for radical capture through membrane lipid peroxidation. Decrease of 
vitamin E concentration is consistent with previous report about the protective effects of vitamin E against lipid 
peroxidation,4,5,23) activity. Falling of serum MDA concentration values in supplemented GSE group coherent 
with Ahn et al. reported that dietary GSE has strong radical scavenging24̂
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The ubiquitous presence of nitric oxide (NO) in the living body suggests that NO plays an important role in the 
maintenance of health. Being a free radical with vasodilator properties NO exerts dual effects on tissues and cells 
in various biological systems. At low concentrations NO can dilate the blood vessels and improve the circulation, 
but at high concentrations it can cause circulatory shock and induce cell death25). Thus, diseases can arise for 
extreme physiological NO concentrations. When examination of serum nitrite and nitrate (such as nitric oxide 
markers) concentrations, its values in control group are greater than the examined groups and changing of two 
parameters concentration in nitrate are found (36 %) and nitrite (22 %). That’s why GSE and vitamin E have 
effected identically over serum nitrite and nitrate concentrations. Because of the decreasing of serum nitrite and 
nitrate concentrations in rats receiving the GSE and vitamin E, this substances have antioxidant properties.

GSH provides major protection in oxidative injury by participating in the cellular system of defense against 
oxidative damage26). GSH scavenges O2' and protects protein thiol groups from oxidation. GSH also has a major 
role in restoring other free radical scavengers and antioxidants, such as vitamin E and ascorbic acid to their 
reduced state. It was reported that tissue GSH levels and the activities of glutathione reductase and glutathione 
peroxidase, which are critical constituents of GSH-redox cycle, were significantly reduced due to oxidative stress 
and the authors propose that impairment of antioxidant defense mechanisms could permit enhanced free radical 
induced tissue damage27,28). It has been reported that GSH has shown anticarcinogenic and antimutagenic effects 
also it has got an important protective factor against the damaging effect of free radicals induced by radiation in 
blood serum, in lung and in brain29). It was stated that GSH levels are affected during radiation therapy, thus 
increasing the risk of DNA and other cellular damage30). In this study, GSH values have increased in GSE and 
vitamin E group but its increases in the GSE and vitamin concentration weren’t identical. GSE treatment 
significantly increased the level of GSH group rats. GSH and vitamin E treatment depresses lipid peroxidation 
and replenishes GSH content in these tissues, which verifies the protective effect of GSH against the oxidative 
injury. This could be explained by the expression of y-glutamyl cysteine synthetase, the rate- limiting enzyme for 
GSH synthesis in flavonoids31) present in grape seed extract.

Ascorbic acid has been shown to directly regenerate the a-tocopherol from a-tocopherol radicals, and is thus an 
integral part of the redox antioxidant-recycling network32). Ascorbic acid being a free radical scavenger33), it is 
more likely utilized in scavenging the free radicals involved in stress or radiation. After the Chernobyl nuclear 
accident, individuals exposed to intense ionization radiation indicated severe vitamin C deficiency3̂ . GSE group 
rats showed increasing tendency in ascorbic acid concentration levels in serum when compared to control rats but 
there were no significant differences. Meanwhile, ascorbic acid concentrations in VG rats were significantly 
higher than those of control and GSE group rats, 39 % times and 34 % times, respectively (p <0.01 with respect 
to control and GSE). The level of ascorbic acid in GSE and vitamin E group is higher than the control group 
show that these substances strengthen the antioxidant system to radiation.

Radioprotective effect of vitamin A (retinol) and (3-carotene has been reported35) in mice exposed to partial-body 
irradiation or total-body irradiation. Vitamin A and related carotenoid compounds have a considerable role in 
cancer prevention3̂  and are of crucial importance to health, in their capacities as potent antioxidants and immune 
modulators. Carotenoids and vitamin A are of considerable importance to the prevention and treatment of many 
diverse cancers in a variety of ways: attack and destroy cancer cells; prevent the appearance or proliferation of 
tumors, and actually reverse precancerous lesions37). Serum retinol concentration of GSE and vitamin E group 
rats was significantly higher than that of the control group rats (p < 0.001 and p < 0.05 with respect to control, 
respectively). (3-Carotene concentrations in the GSE and vitamin E group have been found to be higher than the 
control group but its concentration of GSE (p < 0.05 with respect to control) was significantly higher than that of 
vitamin E group. Vitamin C may support the effects of other vitamin such as thiamin, pantotenic acid, folic acid 
and vitamin A38\  In the present study, GSE enhanced the levels of vitamin A in rats that is why we think that 
GSE can act as vitamin C.

Ceruloplasmin is an important extracellular antioxidant and free radical scavenger. In order to overcome the 
potential harmful effect of free radicals and to reduce the damage by oxidants, a variety of pharmacological 
antioxidants such as GSH, ceruloplasmin and transferrin have been examined39). In the present study, serum 
ceruloplasmin concentration in dietary GSE (p < 0.001 with respect to VG and control group) rats was more 
intense than in dietary VG (p < 0.05 with respect to control) rats compared with control group rats.

Hemopoietic tissue and blood cells are highly radiosensitive. The most marked effects are on the parent (stem) 
cells of the leukocytes, lymphocytes and platelets. As can be seen in Table 2, T lymphocytes counts were 
significantly protected with 50mg/kg/day dose of GSE against irradiation. ANAE staining results revealed that
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positive ANAE staining could be used as a marker for the T-lymphocytes of rats. In this study the similar ANAE 
(+) staining patterns were found with previous authors13̂  ANAE (+) lymphocyte proportions were 79.2%, 75.3% 
and 63.5% in control, GSE and vitamin E groups, respectively. These proportions are close to the peripheral 
blood T lymphocyte ratio of dogs (Aştı et al., 1993) and and humans40), but more than that of chicken23’24’31).
The results indicate that GSE and vitamin E have enhanced the antioxidant status and have decreased the 
incidence of free radical-induced lipid peroxidation in blood sample of rats exposed X-radiation. However, 
antioxidant effect of GSE given animal was more effective than that of vitamin E administered whole-body 
irradiation rats.
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Figure 1. Effects of grape seed extract (GSE) and vitam E on blood sample of rats exposed 
to X-radiation. " P <  0.001 with respect to control b: p <  0.05 with respect to 
control,d: p < 0.01 with respect to control.
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Figure 2. Effects of grape seed extract (GSE) and vitam E on blood sample of rats exposed to X- 
radiation. " P <  0,001 with respect to control, b: p < 0  .05 with respect to control,c: p < 
0.05 with respect to vitamin E, d: p < 0.01 with respect to control, e: p < 0.01 with 
respect to vitamin E f:p <  0.001 with respect to vitamin E

Figure 3. Anae staining in peripheral blood lymphocytes in rats. a: p < 0.05 with 
respect to vitamin E, b: p < 0.05 with respect to control group.

6. REFERENCES
1 Choi, B. H. (1993) Oxygen, antioxidants and brain dysfunction. Yonsei Med. J. 34: 1-10.

2. Bast, A., Goris, R. J. (1989) Oxidative stress, biochemistry and human disease. Pharmaceutisch weekblad. 
Scientific edition 11: 199-206.

3. Felemovicius, I., Bonsack, M. E., Baptista, M. L., Delaney, J. P. (1995) Intestinal radioprotection by vitamin 
E (alpha-tocopherol). Ann. Surg. 222: 504-510.

341



4. Değer, Y., Dede, S., Belge, A., Mert, N., Kahraman, T., Alkan, M., 2003, Glutathione, ceruloplasmin, 
vitamins) systems.(Effect of X-rays radiation on lipid peroxidation and antioxidant systems in rabits treated 
with antioxidant compound. Biol. Trace Elem. Res. 94: 149-156.

5. Mutlu-Turkoglu, U., Erbil Y., Oztezcan, T., Olgac, V., Toker, G., Uysal, M. (2000) The effect of selenium 
and/or vitamin E treatment on radiation -induced intestinal injury in rats. Life Sci. 66: 1905-1913.

6. Jayaprakasha, G. K., Selvi, T., Sakaria, K. K. (2001) Antbacterial and antioxidant activities of grape (Vitis 
vinifera) seed extracts. Food Res. Int. 36: 117-122.

7. Gorinstein, S., Zemser, M., Weisz, M., Halevy, S., Deutsch, J., Tilus, K., Feintuch, D., Guerra, N., Fishman, 
M., Bartnikowska, E. (1994) Fluorometric analysis of phenolics in persimmons. Biosi. Biotech. Biochem. 58: 
1087-1092.

8. Uchida, S., Ozaki, M., Akashi, T., Yamashita, K., Niwa, M., Taniyama, K. (1995) Effects of (-)- 
epigallocatechin-3-Ogallate (green tea tannin) on the life span of stroke-prone spontaneously hypertensive 
rats. Clin. Exp. Pharmacol. 22: 302-3.

9. Kayden, H. J., Traber, M. G. (1993) Absorption, lipoprotein transport, and regulation of plasma 
concentration of vitamin E in humans. J. Lipid Res. 34: 343—58.

10. Konopacka, M., Widel, M., Rzeszowska-Wolny, J. (1998) Modifying effect of vitamins C, E and beta 
carotene against gamma-rayinduced DNA damage in mouse cells. Mutat Res. 417: 85—94.

11. Konopacka, M., Rzeszowska-Wolny, J. (2001) Antioxidants vitamins C, E and beta carotene reduce DNA 
damage before as well as after gamma-ray irradiation of human lymphocytes in vitro. Mutat Res. 491: 1—7.

12. Knowles, D. M., Susan, H. (1978) Tissue localization of T lymphocytes by the istochemical demonstration 
of acid alpha naphthyl acetate esterase. Lab. Invest. 39: 70-76.

13. Aştı, R.N., Kurtdede, N., Ergül, L. (1999) Light and electron microscopic studies on alpha naphthyl acetate 
esterase activity of peripheral blood T lymphocytes in chicken. Deut. Tierarztl. Woch. 106: 397-399.

14. Karaca, T., Cemek, M., Kanter, M. (2006) Lipid peroxidation and antioxidant levels, and alpha naphthyl 
acetate esterase activity of peripheral blood lymphocytes in Mallard, Muscovy and Pekin ducks. Acta Vet. 
Brno 75: (In Pres).

15. Jain, S. K., McVie, R., Duett, J., Herbst, J. J. (1989) Erythrocyte membrane lipid peroxidase and glycolylated 
hemoglobin in diabetes. Diabetes 38: 1539-1543.

16. Griffith, O.W. (1980) Determination of glutathione and glutathione disulfide using glutathione reductase and 
2-vinylpyridine. Anal. Biochem. 106: 207-212.

17. Miranda, K. M., Espey, M. G., Wink, D. A. (2001) A rapid, simple spectrophotometric method for 
simultaneous detection of nitrate and nitrite. Nitric Oxide 5(1): 62-71.

18. Omaye, S. T., Tumbul, J. D., Savberlich H. E. (1979) Ascorbic acid analysis. II. Determination after 
derivatisation with 2.2. dinitrophenylhidrazine. Selected methods for determination of ascorbic acid in 
animal cells tissues and fluids, in: D. B., McCormick, L. D., Wright (Ed.), Methods in Enzymology, 62, pp. 
7-8, Academic Press, New York.

19. Suzuki, I., Katoh, N. (1990) A simple and cheap method for measuring serum vitamin A in cattle using 
spectrophototmeter. Jpn. J. of Vet. Sci. 52: 1281-1283.

20. Schosinsky, K. H., Lehmann, H. P., Beeler, M. F. (1974) Measurement of ceruloplasmin from its oxidase 
activity in serum by use of o-dianisidine dihydrochloride. Clin. Chem. 20: 1556-1563.

21. Maiti, N. K., Saini, S. S., Sharma, S. N. (1990) Histochemical studies on chicken peripheral blood 
lymphocytes. Vet. Res. Commun. 14: 207-210.

22. Katz, D., Mazor, D., Dvılansky, A., Meyerstem, N. (1996) Effect Of Radiation On Red cell membrane and 
intra cellular oxidative defense system. Free Redical Res. 24 (3): 199-204.

342



23. Peker S., Abacioglub, U., Suna, I., Konya, D., Yüksel, M., Pamir, N.M. (2004) Prophylactic effects of 
magnesium and vitamin E in rat spinal cord radiation damage: evaluation based on lipid peroxidation levels. 
LifeSci. 75: 1523-1530.

24. Ahn, H, Jeon, T. I., Lee, J. Y., Hwang, S. G., Lim, Y., Park, D. K. (2002) Antioxidative activity of 
persimmon and grape seed extract: in vitro and in vivo. Nut. Res. 22: 1265-1273.

25. Achike, F.I., Kwan, C.Y. (2003) Nitric oxide, human diseases and the herbal products that affect the nitric 
oxide signalling pathway. Clin. Exp. Pharmacol. Physiol. 30: 605-615.

26. Ross, D. (1988) Glutathione, free radicals and chemotherapeutic agents. Pharmacol. Ther. 37: 231-249.

27. Paller, M. S. (1988) Renal work, glutathione and susceptibility to free radical-mediated postischemic injury. 
Kidney Int. 33: 843-849.

28. Mandel, L. J., Schnellmann, R. G., William, R. J. (1989) Intracellular glutathione in the protection from 
anoxic injury in renal proximal tubules. J. Clin. Invest. 85: 316-324.

29. Erden, M. (1992) Radyasyonun bazı eritrosit enzimlere etkisi, Doga. Turk. J. Med. Sci. 16: 55-66.

30. Bhattatathiri, V.N., Srelekha, T.T., Sebestian, P., et al., 1994, Influence of plasma GSH level on acute 
radiation mucositis of the oral cavity. Int. J. Radiat. Oncol. 29(2): 383-386.

31. Myhrstad, M. C., Carisen, H., Nordstrom, O., Blomhoff, R., Moskaug, J. O. (2002) Flavonoids increase the 
intracellular glutathione level by transactivation of the gamma-glutamylcysteine synthetase catalytical 
subunit promoter. Free Radical Bio. Med. 32: 386-393.

32. Liebler, D. C. (1993) The role of metabolism in the antioxidant functions of Vitamin E, Crit. Rev. Toxicol. 
23:147-169.

33. Jose, J. K., Kutan, R. (1995) Antioxidant activity of Emblica officinalis. J. Clin. Biochem. Nutr. 19: 63-70.

34. Spirichev, V. B., Kodentsova, V. M., Blazheveich, N. V. (1996) The vitamin and trace element status of the 
personnel of the Chernobyl atomic electric power station and of pre school children in the city of Slavutich, 
Fiziol. Zh. 40(3-4): 38-48.

35. Seifter, E., Mendecki, J., Holtzman, S., Kanofsky, J. D., Friedenthal, E., Davis, L., Weinzweig, J. (1988) 
Role of vitamin A and beta carotene in radiation protection: relation to antioxidant properties. Pharmacol. 
Ther. 39: 357-365.

36. Knekt, P. (1991) Dietary antioxidants and the risk of lung cancer. Am. J. Epidemiol. 145(5): 471-9.

37. Gensler, H. L. and Holladay, K. (1990) Enhanced resistance to an antigenic tumor in immunosuppressed 
mice by dietary retinyl palmitate plus canthaxanthin. Cancer Lett. 49(3): 231-236.

38. Russel, L., Me Dewell, J. (1989) Vitamin in animal Nutriation, Acedemic, San Diago.

39. Gutteridge, J.M. (1986) Antioxidant properties of the proteins caeruloplasmin, albumin and transferrin. A 
study of their activity in serum and synovial fluid from patients with rheumatoid arthritis. Biochim, Biophys, 
Açta 869(2): 119-127.

40. Muller, J., Keller, H. U., Hagmann, J. D., Comioley, R. J., Ruchti, C., Cottier, H. (1981) Nonspecific 
esterase in human lymphocytes. Int. Arch. Allergy. Imm. 64: 410-421.

343


