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Abstract  

Gentamicin is one of the commonly use antibiotic for gram negative spectrum, and 

this drug is associated with nephropathy this due to the formation of reactive oxygen 

species. The aim of this study to evaluate the ability of Terfezia claveryi extract for 

treatment the oxidative stress induced by using gentamicin. To reach our object 24 

rats were divided in to four groups all of them received water and standard diet while 

the treatment of the control groups were placebo treatments, the Gentamicin group 

received the drug with a ratio of 100mg/kg for 8 days, Terfezia claveryi group 

received oral dose of extract with a ratio of 250 mg/kg for the same period, the last 

group which is Gentamicin Terfezia claveryi; received drug with a ratio of 100mg/kg 

and in the same time received oral dose of extract with a ratio of 250 mg/kg for 8 

days. The results show significantly increase in serum urea and creatinine which is 

associated with  histopathological damage of  the kidney tissue's architecture due to 

the administration of the gentamicin and this increase or damage is positively 

correlate with concentrations of the kidney MDA and negative correlation with the 

activity of catalase, superoxide dismutase and glutathione peroxidase on the kidney 

tissue homogenate, this modulation of the biological parameter histological damage  

is significantly neutralized by the administration of the Terfezia claveryi extract, from 

which we can conduct that administer of the Terfezia claveryi extract reduce the 

toxicity and damage caused by the gentamicin. 

 

الاثر الحافظ لمستخلص الكمأ الصحراوي على الجهد المؤكسد الناتج مه الجنتاماٌسٍه فً 

 الجرذان
 محمد مصطفى هاشم زٌنً

 قسى انعهٕو انُظشٌح, كهٍح انرشتٍح انشٌاضٍح, جايعح كشتلاء, كشتلاء, انعشاق

 الملخص

ثٍى ٔ ْزا انًضاد ٌكٌٕ اسرخذايّ انجُراياٌسٍٍ ْٕ احذ انًضاداخ انحٌٍٕح انًسرخذيّ نهطٍف انسانة يٍ انجشا

انفعانح. انٓذف  الأكسجًٍٍشضٍح نهكهٍح تسثة قاتهٍح ْزا انًضاد عرهى ذكٌٍٕ يشكثاخ انعرشا  يع الا يرضايٍ

جٓذ الاكسذج انُاذج يٍ اسرخذاو انجُراياٌسٍٍ. نًعانجح او يسرخهص انكًأ انصحشأي ٍى اسرخذذقٍيٍ ْزِ انذساسح 

انغزاء انًعٍاسي ٔ انى استعح يجايٍع حٍث كاَد ذضٔد ت جشر قسًد 22ى اسرخذاو ٕصٕل انى ْذف انرجشتح ذنه

يهغِ /  100ٌسٍٍ ترشكٍض اانًجًٕعرح انضاتطح انعلاج انكارب, يجًٕعرح انجُراياٌسٍٍ حقُح تانجُراي انًاء, اسرقثهد

يهغ  250ترشكٍض  انًسرخهص تٕاسطح الاَثٕب انًعٕي يجًٕعرح يسرخهص انكًأ اعرطٍد اٌاو , 8كغى ٌٕيٍا نًذج 

 اعرطٍد يهغِ / كغى ٔ 100حقُح تانجُراياٌسٍٍ تُسثح انكًأ -, يجًٕعرح انجُراياٌسٍٍ / كغى نُفس انفرشج انضيٍُح 

انُرائج صٌادج يعٌُٕح فً ذشكٍض  اٌاو. اظٓشخ 8نًذج يهغ / كغى  250انًسرخهص تٕاسطح الاَثٕب انًعٕي ترشكٍض 

نضٌادج يرضايُّ يع انرهف فً يعًاسٌح خلاٌا انكهى َرٍجح انحقٍ تانجُراياٌسٍٍ انٍٕسٌا ٔ انكشٌاذٍٍُ فً انذو ٔ ْزِ ا

ٍض يٍ انًانَٕذاي انذْاٌذ ٔسهثٍا تفعانٍح كم يٍ انكاذانٍض , سٕتشأكساٌذ ترشك اٌجاتٍأ ْزِ انضٌادج أ انرهف ذشذثط 

او رحانٍم انحٌٍٕح عرذند تاسرخذلاف فً ْزِ اندسًٍٕذاص ٔ انكهٕذاثإٌٌ تٍشٔكسذٌض فً خلاٌا انكهى ْٔزا الاخر

او يسرخهص انكًأ انصحشأي ٔ يٍ ْزِ انُرائج َسرُرج اٌ اسرخذيسرخهص انكًأ انصحشأي تصٕسج يعٌُٕح 

  ٌقهم يٍ انرهف انحاصم يٍ سًٍح اسرخذاو انجُراياٌسٍٍ.



 Kerbala Journal of Pharmaceutical Sciences No. 4 2102 4مجـــــــــــــلة كــــربلاء للعــــــلوم الصــــيدلانية العــدد 

 

40 
 

Introduction 

Oxidative stress is defined as the imbalance between reactive oxidants and 

antioxidants; it is produced when the reactive oxygen species are more than the 

antioxidant capacity or one or more of the antioxidant parameters are decreased or 

depleted (1, 2). Several conditions are associated with oxidative stress shortage of 

antioxidant vitamin and selenium intake, pollution, smoking, diseases, and drugs(3). 

Gentamicin is an aminoglycoside antibiotic routinely used in every day clinical 

practice for the treatment of Gram-negative infections alone or in synergy with beta-

lactam antibiotics. In addition to clinical effectiveness, a low rate of resistance and 

reasonable cost recommend gentamicin as the first line antibiotic for many severe and 

life-threatening diseases. However, its frequent use is limited by a risk of serious side-

effects such as nephrotoxicity and ototoxicity. Incidence rates of gentamicin 

nephrotoxicity reported in some studies vary between 8% and 26% (4-6). 

Most remarkable toxicities of gentamicin include ototoxicity and nephrotoxicity, 

nephrotoxicity occurs as a result of proximal tubular damage and glomerular 

dysfunction, it is because of gentamycin ability to stimulate the generation of reactive 

oxygen species (7) which enhanced lipid peroxidation (8-12)  

Terfezia claveryi grow naturally in many parts of the world including particular 

localities of Arabian Desert (13), and traditionally used in folk medicine for the 

treatment of eye ailments in Iraq,  Saudi Arabia and the Eastern Badia of Jordan. it is 

documented that Terfezia claveryi have antimicrobial properties ageist 

Staphylococcus aureus (14) and hepatoprotective effect against carbon tetrachloride 

toxicity (15), furthermore it was recorded that it has high content of antioxidants such 

as vitamin A, C B-carotene and many phenolic compounds that play an important role 

scavenger of reactive oxygen species as well as chelate ferric ions that inhabit lipid 

peroxidation which is the cell membrane damage caused by oxidative stress (16, 17). 

Since Terfezia claveryi are very rich source of antioxidants and Gentamicin nephron 

toxicity majorly due to the oxidative stress. The present study was undertaken to 

evaluate the protective effect of Terfezia claveryi extract on Gentamicin induced 

oxidative stress. 

Materials and methods 

Chemicals 

Gentamicin was obtained from local pharmacy; Urea and creatinine kits were 

purchased from randox
®
. SOD, CAT, and GPX kits were purchased from bio-vision

®
. 

lipid peroxidation kit were purchased from  cell biolabs
®
.    

Fungus material 
Terfezia claveryi purchased from local markets of Baghdad, and authenticated by 

Professor Adel Al-Kenani from Baghdad University the sample was washed carefully, 

peeled and preceived at -20°C until use. 

Tested animals 

Twenty four adult male Wistar rats, weighing 150–190 g were used in the present 

study. Animals were housed in a central facility under controlled conditions (12 h 

light schedule, room temperature at 20 ± 2 C°). Feed and water were provided ad 

libitum, and acclimatized for 7 days before experimentation. 

Extract preparation 

Frozen samples of Terfezia claveryi were homogenized 1:3 (w/v) in cold distilled 

water using a household blender on full speed for 1 min. The homogenates were 

refrigerated overnight, then filtered through cheesecloth. The filtrates were 

centrifuged at 4000 rpm for 15 min. the supernatants were then dried using rotary 
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evaporator, the dried matter were re-suspended using distilled water and kept at -20°C 

until use  (18). 

 

Experimental protocols 

Rats were divided randomly into four equal groups including six animals of each and 

all of them received water and standard diet: 

 Control group (CON) the rats received a daily intraperitoneal (i.p.) injection of 

normal saline with a ratio of 100mg/kg/day and tab water via gavage with a 

ratio of 250mg/kg for 8 days. 

 Gentamicin group (GEN) the rats were injected (i.p.) with 100mg/kg/day for 8 

days (19) and tab water via gavage with a ratio of 250mg/kg  for the same 

period. 

 Terfezia claveryi  group (TRF) rats in this group received extract via gavage 

with a ratio of 250mg/kg  (20) and a daily intraperitoneal (i.p.) injection of 

normal saline in a ratio of 100mg/kg/day  for 8 days.   

 Gentamicin Terfezia claveryi group (GEN & TRF) the rats were injected (i.p.) 

with 100mg/kg/day and received Terfezia claveryi extract with total sold 

percentage of for 8 days. 

Determination of experimental parameters  

After 24 hours from the last treatment, blood were drawn from all rats by heart 

pincher method to determination of the renal function tests, and the kidney is 

collected for assay the malondialdehyde (MDA) concentration and the activity of 

enzymatic antioxidant system in the tissue, and for histopathological study.    

Serum parameters  

Serum urea assay  

For the determination of serum urea we used the method of Barker (21),  Diacetyl 

monoxime is hydrolyzed under acidic conditions to produce diacetyl which then 

condenses with urea to form a pink chromogen witches is enhancing the color  

development by using Thiosemicarbazide and ferric ions and this chromogen is  

measured at 520 nm. 

Serum Creatinine assay  

Determination of  serum creatinine was done according to the Jaffe’s method (22), 

Creatinine in serum directly reacts with alkaline picrate resulting in the formation of a 

red color, which is measured at 505 nm. Protein interference is eliminated using 

sodium lauryl sulphate.  

Kidney tissue parameters 

Preparation of the kidney homogenate 

Rats were sacrificed the kidney was removed immediately, washed with ice-cold 0.15 

M phosphate buffer saline pH 7.4, a portion of ten percent of kidney was homogenate 

with 1.15% KCl, the mixture centrifuged at 14000 rpm for 15 min and  supernatant 

was used for measuring the parameters. 

Determination of Malondialdehyde in kidney homogenate  

Malondialdehyde was assayed according to Uchiyama and Mihara (23). MDA reacts 

in acidic media with Thiobarbituric acid (TBA) to produce pink colored complex, 

which is measured spectrophotometically at 535 nm. 

Determination of enzymatic antioxidant parameters in kidney homogenate 

Total superoxide dismutase (SOD) 

SOD activity was measured according to the method of Winterbourn (24). It is based 

on the ability of superoxide dismutase to inhibit the reduction of nitroblutetrazolum 

(NBT) by superoxide, absorbances were monitored at wave length 560 nm. 
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Catalase (CAT) 

Renal catalase was assayed according to the method of Beers and Sizer (25). Catalase 

catalyses the decomposition of hydrogen peroxide (H2O2) to water and oxygen, The 

enzyme activity was followed by the decreasing in absorbance at 240 nm at 15 second 

intervals. 

Glutathione Peroxidase (GPX) 

Renal glutathione Peroxidase was assayed according to the method of Leopold Flone 

etal (26). Oxidized glutathione formed during glutathione peroxidase reaction is 

instantly and continuously reduced by an excess of glutathion reductase activity for a 

constant level of glutathione. The concomitant oxidization of NADPH is monitored 

spectrophotometrically at 340 nm. 

Estimation of Protein in the supernatant of liver homogenate 

The total protein was estimated according to the method of Lowery et al (27), Using 

bovine serum albumin as standard. 

Histological procedure 
Small portion of kidneys cortex were fixed in 10% formalin, dehydrate in graded 

alcohol and embedded in paraffin wax, sectioned at 5 μm thickness and stained with 

Hematoxylin and Eosin for light microscopic examination (28). 

Statistical analysis  

The data were expressed as means ± standard errors (SEM). Differences between 

group means were estimated using a one-way analysis of variance (ANOVA) and the 

Tukey’s test was done for multiple comparisons using the SPSS 12.0 for Windows. 

Results were considered statistically significant at p<0.05. 

Results 

The administration of gentamicin to the rats, cause the significant increase in blood 

urea, serum creatinine when we compared with control group (Figure 1, Figure 2). 

Co-administration of Terfezia claveryi extract will decrease the rise in blood urea and 

serum creatinine. 

 
 

Figure 1 The effect of the treatments of the groups in blood urea concentration, 

values are expressed as mean ± SME (n=6) P values where calculated by student t-

tests, mean with different superscripts (a, b, c) differ significantly, P<0.05 
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Figure 2 The effect of the treatments of the groups in serum creatinine concentration, 

values are expressed as mean ± SME (n=6) P values where calculated by student t-

tests, mean with different superscripts (a, b, c) differ significantly, P<0.05 

 

MDA was significantly increased in gentamicin treated group and this rise in MDA 

was decreased by Terfezia claveryi extract (Figure 3). 

 

 
 

Figure 3 The effect of the treatments of the groups in MDA concentration in liver 

homogenate, values are expressed as mean ± SME (n=6) P values where calculated by 

student t-tests, mean with different superscripts (a, b, c) differ significantly, P<0.05 

 

In the kidney tissues the enzymatic antioxidant activity shows that in the gentamicin-

treated rats there was a significant decrease in the activity of SOD, GPX and CAT 

enzymes as compared to control group. However, administration of Terfezia claveryi 

extract to the Gentamicin-intoxicated rats significantly restored these parameters in 

the kidney tissue as we show in (Table 1). 
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 Table 1 Show the antioxidant enzymes parameters in hepatic tissue 

                                

  

   

SOD   CAT   GPX   
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CON 

 

9.26 ± 0.10
c
 

 

0.929 ± 0.017
c
 

 

2.218 ± 0.278
c
   

  

             

  

  GEN 

 

3.20 ± 0.17
a
 

 

0.320 ± 0.024
a
 

 

0.557 ± 0.026
a
   

  

             

  

  TRF 

 

9.32 ± 0.14
c
 

 

0.927 ± 0.010
c
 

 

2.318 ± 0.143
c
   

  

             

  

  

GEN 

&TRF 

 

7.18 ± 0.46
b
 

 

0.737 ± 0.011
b
 

 

1.267 ± 0.049
b
   

                                

Values are expressed as mean ± SME (n=6) P values where calculated by student t-

tests, mean with different superscripts (a, b, c) differ significantly, P<0.05 

 

Histopathological examination shows no changes of glomular structure of kidney 

tissue of the control rat when we compare it with kidney of TRF group (figure 4) and 

(figure 6) , on the other hand the administration of gentamicin alone cause necrosis 

and degeneration of glomerulus (figure 5) and this defects was decreased when we 

administrate the  Terfezia claveryi extract (figure 7).     

 

 

 

 

 
Figure 4 Kidney section from control group showing the normal structure of 

glomerulus 
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Figure 5 Kidney section from rat treated with gentamicin showing necrosis and 

degeneration of glomerulus. 

 
Figure 6 Kidney section from rat treated with Terfezia claveryi extract showing 

normal morphology when compared with control rat. 
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Figure 7 Kidney section from rat treated with gentamicin and Terfezia claveryi  

extract showing a reduction of necrosis and degeneration of glomerulus. 

 

Discussions: 

In this study the administration of gentamicin significantly increase the serum urea 

and creatinine concentration, and this indicate kidney dysfunction (29)  and this result 

are in agreement with several studies(30, 31).  

The increase in serum biochemical parameters were well directly correlated with the 

renal histological damage.  

There have been many studies in recent years suggesting a significant role for reactive 

oxygen species (ROS) in gentamicin induced nephrotoxicity (7). Sha & Schacht (32) 

have suggested that aminoglycoside antibiotics can stimulate formation of free 

radicals in renal cortical mitochondria and glomerula . In addition, ROS scavengers 

and antioxidants are used to ameliorate the gentamicin induced nephrotoxicity (33, 

34). Superoxide dismutase treatment has shown some promise in protection against 

gentamicin induced nephrotoxicity in rats (35). 

The major causative factor of tissue damage is lipid peroxidation which is motivated 

by the ROS formation, and this process is associated with the formation of MDA 

because it is the by-product of lipid peroxidation (36-38). 

Our results show the increase in the MDA formation in significant trend when we 

compare it with the control group and this indicate the administration of gentamicin 

induce free radicals generation and this radicals initiate the lipid peroxidation process, 

previous studies also reported the direct relationship between the oxidative stress and 

MDA formation(39-41).  

The ROS induced by gentamicin and the free radicals of the propagation step of the 

lipid peroxidation will propagate the oxidative stress in the rat and this will lead to the 

depletion of the antioxidant enzymes to neutralize the oxidative stress of reactive 

oxygen species  and this is compatible with our results and other results when they 

studies the correlation between the oxidative stress and the antioxidant enzymes, 

therefore our results show decreasing in the activity of the antioxidant enzymes(42-

47).  

The administration of the Terfezia claveryi extract to the group that resaved 

gentamicin lead to reduce the oxidative stress due to the antioxidant properties of the 

Terfezia claveryi (16, 17). The protective effects are done by several mechanisms like 

http://ep.physoc.org/content/90/4/571.long#ref-22
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scavenger of free radicals, lipid peroxidation chain breaker, recycling of non-

enzymatic antioxidant molecule, and chelating the redox active metal that enhance the 

formation of ROS by Fenton reaction (48-60)   

The Terfezia claveryi properties cause a reduction of the aggressiveness renal defect 

from gentamicin via reducing the formation of the ROS that  cause lipid peroxidation 

(this mean the reduction of the MDA) lead to maintain the integrity and fluidity of the 

cell membrane. And our result shows the reduction of MDA formation after co-

administration with Terfezia claveryi and reduction of formation of ROS. On the other 

hand co-administration of Terfezia claveryi decrease the oxidative stress load, 

therefore the antioxidant enzymes relatively returned to best value compared with the 

enzymes activity of gentamicin alone. 

Conclusion 

The administration Terfezia claveryi extract on the experimental animals had an 

oxidative stress induced by gentamicin will reduce the production of MDA which is 

positively correlate with lipid peroxidation on the other hand Terfezia claveryi cause 

an increase in the activity of  SOD, CAT, and GPX on kidney homogenate and 

ameliorate the histopathological defects that caused by gentamicin. 

 

References  

1. S. Bernotti, E. Seidman, D. Sinnett, S. Brunet, S. Dionne, E. Delvin, and E. 

Levy. American Journal of Physiology-Gastrointestinal and Liver Physiology. 

285:G898-G906 (2003). 

2. J. Dorvaland A. Hontela. Toxicology and applied pharmacology. 192:191-200 

(2003). 

3. G. Block, M. Dietrich, E.P. Norkus, J.D. Morrow, M. Hudes, B. Caan, and L. 

Packer. American journal of epidemiology. 156:274-285 (2002). 

4. M. Barza, J.P. Ioannidis, J.C. Cappelleri, and J. Lau. BMJ: British Medical 

Journal. 312:338 (1996). 

5. J.M. Prins, G.J. Weverling, K. De Blok, R. Van Ketel, and P. Speelman. 

Antimicrobial agents and chemotherapy. 40:2494-2499 (1996). 

6. N. Stojiljkovic, M. Stoiljkovic, P. Randjelovic, S. Veljkovic, and D. 

Mihailovic. Experimental and Toxicologic Pathology (2010). 

7. S. Cuzzocrea, E. Mazzon, L. Dugo, I. Serraino, R. Di Paola, D. Britti, A. De 

Sarro, S. Pierpaoli, A.P. Caputi, and E. Masini. European journal of 

pharmacology. 450:67-76 (2002). 

8. R. Manikandan, M. Beulaja, R. Thiagarajan, A. Priyadarsini, R. Saravanan, 

and M. Arumugam. European journal of pharmacology (2011). 

9. M. Tavafiand H. Ahmadvand. Tissue and Cell (2011). 

10. A.A. Noorani, K.A. Gupta, K. Bhadada, and M. KALE. Iranian Journal of 

Pharmacology & Therapeutics (IJPT). 10: (2011). 

11. S.-H. Shaand J. Schacht. Hearing Research. 128:112-118 (1999). 

12. S.-H. Shaand J. Schacht. Hearing Research. 142:34-40 (2000). 

13. K. Al-Delaimy. Can Inst Food Sci Technol J. 10:221-222 (1977). 

14. S. Janakat, S. Al‐Fakhiri, and A.K. Sallal. Phytotherapy Research. 18:810-813 

(2004). 

15. S. Janakat and M. Nassar. Pakistan Journal of Nutrition. 9:52-56 (2010). 

16. G. Gazzani, A. Papetti, G. Massolini, and M. Daglia. Journal of Agricultural 

and Food Chemistry. 46:4118-4122 (1998). 

17. M.A. Murcia, M. Martinez-Tome, A.M. Jimenez, A.M. Vera, M. Honrubia, 

and P. Parras. Journal of Food Protection. 174;. 65:1614-1622 (2002). 



 Kerbala Journal of Pharmaceutical Sciences No. 4 2102 4مجـــــــــــــلة كــــربلاء للعــــــلوم الصــــيدلانية العــدد 

 

44 
 

18. S. Janakat and H. Al-Merie. Journal of ethnopharmacology. 83:135-138 

(2002). 

19. A. Erdem, N.Ü. Gündogan, A. Usubütün, K. Kılınç, Ş.R. Erdem, A. Kara, and 

A. Bozkurt. Nephrology Dialysis Transplantation. 15:1175-1182 (2000). 

20. G. Hsiao, M.Y. Shen, K.H. Lin, M.H. Lan, L.Y. Wu, D.S. Chou, C.H. Lin, 

C.H. Su, and J.R. Sheu. Journal of Agricultural and Food Chemistry. 51:3302-

3308 (2003). 

21. S. Barker. Journal of Biological Chemistry. 152:453-463 (1944). 

22. C. Slot. Scandinavian Journal of Clinical & Laboratory Investigation. 17:381-

387 (1965). 

23. M. Miharaand M. Uchiyama. Analytical biochemistry. 86:271 (1978). 

24. V. Worthington. Worthington Enzyme Manual, Lakewood, New Jersey, 1975. 

25. R.F. Beers Jrand I.W. Sizer. Journal of Biological Chemistry. 195:133-140 

(1952). 

26. L. Flohéand W.A. Günzler. Methods in enzymology. 105:114-120 (1984). 

27. O.H. Lowry, N.J. Rosebrough, A.L. Farr, and R.J. Randall. J biol chem. 

193:265-275 (1951). 

28. N.A. Begum, Z.F. Dewan, N. Nahar, and M.I.R. Mamun. Bangladesh Journal 

of Pharmacology. 1:16-20 (2006). 

29. E. Esposito, S. Mondello, R. Di Paola, E. Mazzon, D. Italiano, I. Paterniti, P. 

Mondello, C. Aloisi, and S. Cuzzocrea. Naunyn-Schmiedeberg's archives of 

pharmacology. 383:493-508 (2011). 

30. K. Vijay, M. Naidu, A. Anwar, and K. Ratnakar. Indian Journal of 

Pharmacology. 32:108 (2000). 

31. N. Stojiljkovic, M. Stoiljkovic, P. Randjelovic, S. Veljkovic, and D. 

Mihailovic. Experimental and Toxicologic Pathology. 64:69-74 (2012). 

32. S.H. Sha and J. Schacht. Hearing Research. 128:112-118 (1999). 

33. E. Mazzon, D. Britti, A. De Sarro, A.P. Caputi, and S. Cuzzocrea. European 

journal of pharmacology. 424:75-83 (2001). 

34. P.D. Maldonado, D. Barrera, I. Rivero, R. Mata, O.N. Medina-Campos, R. 

Hernández-Pando, and J. Pedraza-Chaverrí. Free radical biology & medicine. 

35:317 (2003). 

35. B. Aliand A. Bashir. General Pharmacology: The Vascular System. 27:349-

353 (1996). 

36. J. Gutteridge. Clinical chemistry. 41:1819-1828 (1995). 

37. J.R. Requena, M.X. Fu, M.U. Ahmed, A.J. Jenkins, T.J. Lyons, and S.R. 

Thorpe. Nephrology Dialysis Transplantation. 11:48-53 (1996). 

38. C. Richter. Chemistry and physics of lipids. 44:175 (1987). 

39. A. Manjrekar, V. Jisha, P. Bag, B. Adhikary, M. Pai, A. Hegde, and M. 

Nandini. Indian journal of experimental biology. 46:514 (2008). 

40. L. Chaĭka, V. Povolotskaia, V. Libina, A. Rosliakov, and A.I. Petrenko. 

Eksperimental'naia i klinicheskaia farmakologiia. 59:43 (1996). 

41. Q. Yan, W. Lai, and Z. Chun-jing. Chinese Pharmacological Bulletin. 9:030 

(2007). 

42. B.I. Ognjanović, N.Z. Djordjević, M.M. Matić, J.M. Obradović, J.M. 

Mladenović, A.Š. Štajn, and Z.S. Saičić. International Journal of Molecular 

Sciences. 13:1790-1803 (2012). 

43. A. Polat, H. Parlakpinar, S. Tasdemir, C. Colak, N. Vardi, M. Ucar, M.H. 

Emre, and A. Acet. Acta histochemica. 108:365 (2006). 



 Kerbala Journal of Pharmaceutical Sciences No. 4 2102 4مجـــــــــــــلة كــــربلاء للعــــــلوم الصــــيدلانية العــدد 

 

41 
 

44. B. Nithaand K. Janardhanan. Food and Chemical Toxicology. 46:3193-3199 

(2008). 

45. A. Karadeniz, A. Yildirim, N. Simsek, Y. Kalkan, and F. Celebi. Phytotherapy 

Research. 22:1506-1510 (2008). 

46. S. Kalayarasan, P.N. Prabhu, N. Sriram, R. Manikandan, M. Arumugam, and 

G. Sudhandiran. European journal of pharmacology. 606:162-171 (2009). 

47. P. Balakumar, A. Rohilla, and A. Thangathirupathi. Pharmacological research. 

62:179-186 (2010). 

48. B.N. Ames, R. Cathcart, E. Schwiers, and P. Hochstein. Proceedings of the 

National Academy of Sciences. 78:6858-6862 (1981). 

49. N. Balasundram, K. Sundram, and S. Samman. Food Chemistry. 99:191-203 

(2006). 

50. G. Cao, E. Sofic, and R.L. Prior. Free Radical Biology and Medicine. 22:749-

760 (1997). 

51. Y.H. Chu, C.L. Chang, and H.F. Hsu. Journal of the Science of Food and 

Agriculture. 80:561-566 (2000). 

52. G. Galati, T. Chan, B. Wu, and P.J. O'Brien. Chemical research in toxicology. 

12:521-525 (1999). 

53. A.E. Hagerman, K.M. Riedl, G.A. Jones, K.N. Sovik, N.T. Ritchard, P.W. 

Hartzfeld, and T.L. Riechel. Journal of Agricultural and Food Chemistry. 

46:1887-1892 (1998). 

54. J.M. May. The FASEB journal. 13:995-1006 (1999). 

55. A. Meister. Journal of Biological Chemistry-Paper Edition. 269:9397-9400 

(1994). 

56. T.W. Sedlakand S.H. Snyder. Pediatrics. 113:1776-1782 (2004). 

57. R. Stocker, A.N. Glazer, and B.N. Ames. Proceedings of the National 

Academy of Sciences. 84:5918-5922 (1987). 

58. F.A.A. van Acker, O. Schouten, G.R.M.M. Haenen, W.J.F. van der Vijgh, and 

A. Bast. FEBS letters. 473:145-148 (2000). 

59. W. Waring. QJM. 95:691-693 (2002). 

60. A. Duttaand S.K. Dutta. Journal of the American College of Nutrition. 22:258-

268 (2003). 

 

 


