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Original Research Article 1 

Protective Effect of Dorema glabrum on induced Oxidative Stress by diazinon in 2 

Hippocampus of Rat 3 

Abstract 4 

Introduction: Diazinon (DZN) administration produces lipid peroxidation as an indicator of oxidative stress in the 5 

brain. Some medicinal plants like Dorema glabrum has antioxidant properties, so can be used as an antioxidant that 6 

may protect neurons from oxidative stress. The aim of present study was to investigate the effect of D.glabrum against 7 

DZN-induced oxidative stress in hippocampus.  8 

Methods: Twenty-four adult male Wistar rats were used in this study. The rats randomly divided into four groups 9 

including a control group, and two groups received different doses of D.glabrum (40 and 80 mg/kg) as pre-treatment 10 

for 21 days with DZN  (100 mg/Kg) that was injected intraperitoneally (ip) in last day of D. glabrum usage, and one 11 

group received only DZN. Thiobarbituric acid reactive substances (TBARS), which are the indicators of lipid 12 

peroxidation, and the activities of antioxidant enzymes (glutathione peroxidase, superoxide dismutase and catalase) 13 

were determined in the rats’ hippocampus. 14 

Results: Administration of DZN significantly increased TBARS levels and superoxide dismutase activity and 15 

decreased glutathione peroxidase activity but there were no significant changes in catalase activity in the hippocampus. 16 

Combined D.glabrum and DZN treatment, caused a significant increase in glutathione peroxidase, a significant 17 

decrease of TBARS and a significant decrease in superoxide dismutase and again no significant changes in catalase 18 

activity in the rats’ hippocampus when compared to the rats treated with DZN. 19 

Conclusion: Our study demonstrated that D.glabrum had an amelioratory effect on oxidative stress induced by DZN. 20 
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 22 

Introduction:  23 

 24 

Diazinon is a thiophosphorus organophosphate pesticide (OPs) which is used commonly as insecticide, nematicide and 25 

acaricide in soil, fruit , plants and vegetable crops in agriculture and urban pest control and veterinary medicine [1]. 26 

DZN inhibit acetylcholinesterase activity, which is an important brain neurotransmitter, and Causing accumulation of 27 

acetylcholine in the synapses [2]. Symptoms of acute DZN poisoning include headache, dizziness, nausea, tearing, and 28 

sweating. Some symptoms, including headaches, blurred vision, and memory problems, can last for months or years 29 

[3]. Low level repeated exposure to OPs cause inflammatory responses in cultured astrocytes [4]  and upregulate 30 
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inflammatory cytokines in vivo [5] and inflammatory cytokines are induce significant impairment in spatial memory 31 

[6]. DZN at high doses induces oxidative stress and the production of free radicals in rats by alteration of antioxidant 32 

enzyme activity, depletion of glutation S-transferas (GST), and lipid peroxidation [7]. Endogenous enzymatic and non-33 

enzymatic antioxidants are so important for the conversion of reactive oxygen species (ROS) to harmless metabolites as 34 

well as to protect and restore normal cellular metabolism and functions [8].The brain is particularly vulnerable to 35 

oxidative stress [2] because it metabolizes about 20% of total body oxygen and has a limited amount of antioxidant 36 

capacity [9]. The hippocampus, which is a part of the limbic system, is a critical center for memory and learning 37 

processes and plays an important role in forming and saving spatial memory. Reactive oxygen species (ROS) are 38 

involved in several diseases including ischemic injury, aluminum toxicity, Parkinson’s disease, Alzheimer’s disease 39 

and Down’s syndrome all of which affect cognitive processes [11,12,13].   40 

ROS can be detoxified by an enzyme defense system, containing superoxide dismutase (SOD), catalase (CAT), and 41 

selenium-dependent glutathione peroxidase (GPx), or non-enzymatic systems by the scavenging action of reduced 42 

glutathione, while organic peroxides can be detoxified by glutathione S-transferase (GST) [14].  43 

Many insecticides have hydrophobic molecules that can bind extensively to biological membranes, especially to the 44 

phospholipids bilayers [15].  45 

 Dorema glabrum belongs to the family of Umbelliferae that distributed throughout the Mediterranean to Central 46 

Asiaaltitudes [16]. The most of the active constituents of this plant are polar phenolic components, which shows 47 

antioxidant activity and has many beneficial pharmacological effects [17]. In a previously work, the crude extract of the 48 

plant demonstrated antioxidant activity and anti-lipidemic effects [18]. 49 

 Members of the genus Dorema (Apiaceae) possess antispasmodic, carminative, expectorant, diaphoretic, mild diuretic, 50 

emmenagogue, stimulant, vasodilator [19], antimicrobial and antifungal [20, 21,22] and hepatoprotector [23] properties 51 

and are extensively used as a green vegetable or as a folk medicine for treatment of many diseases [24]. According to 52 

the common folk believes of Azeri and Armenian people, D.glabrum can suppress different kinds of cancer.  53 

 54 

The present study was designed to investigate the effect of DZN on enzymes of superoxide dismutase (SOD), catalase 55 

(CAT), glutathione peroxidase (GPx) activities, total thiol (TSH) and thiobarbituric acid reactive substances (TBARS) 56 

as an indicator of lipid peroxidation in the hippocampal areas of the rats brain as well as on antioxidant enzymes 57 

activities and TBARS levels.  58 

 59 

 60 

 61 
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Materials and Methods: 62 

 63 

Plant Material: 64 

Seeds of  D.glabrum Fisch were collected during the fruiting stage from slopes of Aras river; Jolfa, Eastern Azerbaijan, 65 

Iran. Air dried and then powdered seeds were subjected to extraction by refluxing  ethanol using a soxhlet (DGE) .Then 66 

the extract was dried by a rotary evaporator  (Heidolph, Germany).  67 

 68 

Animals: 69 

Twenty-four adult male Wistar rats (weighting approximately 250-350 g) used in present study. Animals were obtained 70 

from the animal house of the veterinary department University of Tabriz. The rats were kept under constant 71 

temperature 20-22ºC and 12/12h cycle of light and darkness and access to enough food and water throughout the 72 

experiments. Ethics of working with laboratory animals have been followed during all procedures.  73 

  74 

Animal treatment schedule: 75 

 The rats randomly divided into four groups including group Ι (C): normal control rats, group ΙΙ (DZN): received DZN 76 

in single dose (100 mg/kg), group ΙΙΙ (DGE 40): received (40 mg/kg) of DGE and (100 mg/kg) of DZN, group ΙV 77 

(DGE 80): received DGE (80 mg/kg) and DZN (100 mg/kg). This two experimental groups received different doses of 78 

DGE (40 and 80 mg/kg) as pre-treatment for 21 days with DZN (100 mg/kg) that injected intraperitonealy in last day of 79 

DGE usage.  80 

 81 

Chemicals:  82 

DZN was applied from Aria chemistry Co. (Iran) containing 96% active ingredies. It was diluted with corn oil as DZN 83 

solvent. Thiobarbituric acid (TBA), trichloroacetic acid (TCA), H2O2 (30%), ethylenediaminotetraacetic acid (EDTA), 84 

Tris–HCl, 2,2´-dinitro-5,5´dithio-dibenzoic acid (DTNB), ethanol of technical grade and the other chemicals used in 85 

this study were procured from Merck Co. (Germany). 86 

  87 

Tissue preparation: 88 

Brains (hippocampus) were removed from the animals under ether anesthesia after 21 days of treatment and washed 89 

with cold saline buffer. Then washed tissues were immediately stored at -80°C. To obtain the enzymatic extract, tissues 90 

were homogenized in ice-cold KCl 1.15% to yield 10% (W/V) homogenate. Then the homogenates were centrifuged at 91 
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1000 rpm for 10 min at 4°C. The supernatants were separated and used for enzyme activity of SOD, CAT and GPx 92 

which was expressed in international units per mg protein (IU/mg protein). Biomarkers for tissue damage were 93 

measured using UV kinetics methodology and total protein was determined using bovine serum albumin (BSA) as 94 

standard and the values were expressed as mg/dl. 95 

  96 

Analytical procedures 97 

Thiobarbituric acid reactive substances (TBARS) were measured as an index of lipid peroxidation by the method of 98 

Satho [25]. SOD was determined according to the method described by Ukeda [26]. CAT was measured by monitoring 99 

the decomposition of hydrogen peroxide, as described by Aebi [27]. GPx was evaluated by the method of Paglia and 100 

Valentine (21). Protein was measured by the method of Lowry [28] using bovine serum albumin as standard. Total thiol 101 

content (TSH) was measured in homogenate by the method of Hu [22]. 102 

 103 

 104 

Statistical analysis:  105 

Statistical analysis was performed using one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test 106 

(level of significance  P < 0.05) using SPSS version 16, statistical program. The results are expressed as mean ± SEM, 107 

and were obtained from at least 6 rats in each group. Statistical analysis was based on comparing the values between 108 

the DZN and control groups, while DZN-treated groups concomitantly with DGE were compared with their 109 

corresponding group of DZN-treated rats. 110 

 111 

Results:  112 

Lipid peroxidation:  113 

Lipid peroxidation (LPO) is refers to oxidation of lipids by free radicals and it is one of the main manifestations of 114 

oxidative damage in tissues and cells. In the hippocampus, increased lipid peroxidation was observed by a significant 115 

increase in MDA (malondialdehyd) levels by 30.64% (expressed as nano moles of TBARS/g of protein) in the DZN 116 

group when compared to control group (P<0.01) (Fig1). The DGE 40 group, showed decreased levels of MDA by 117 

31.11% when compared with DZN group (P<0.0001) and the DGE 80 group showed decreased levels of MDA by 118 

29.87% when compared with DZN group (P<0.01) (Fig1). 119 

 120 
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 122 

Fig 1: Effect of DGE 40 and DGE 80 on MDA level of DZN treated rats and effect of DZN (100 mg/Kg) on MDA level of normal rats in the 123 

hippocampus. Values are mean±SEM (n=6). ** P<0.01, compared to control group,  
###

 P<0.001,  compared to DZN group.  124 

 125 

 126 

Antioxidant enzymes: 127 

 128 

SOD, CAT and GPx play crucial role in the cellular antioxidant defense mechanism. The activities of SOD (U/mg of 129 

protein) in hippocampus were increased significantly by 11.56% in DZN treated animals compared to control group 130 

(P<0.001). Whereas in the DGE 40 group, a significant decrease by 27.4% were observed in the activities of SOD 131 

compared to DZN group (P<0.05). In the DGE 80 group, a significant decrease by 21.61% was observed (p<0.01). In 132 

rats’ hippocampus non-significant differences were observed between the groups in CAT activity (p>0.05) (Fig3). GPx 133 

activity was diminished by 39% by DZN (p<0.05). In rats supplemented with DGE 40, 80 we observed an increase 134 

about 64.3%, (p<0.05) and 92.8%, (p<0.05) respectively (Fig4). 135 

 136 

 137 

Fig2: Effect of DGE 40 and DGE 80 on SOD level of DZN treated rats and effect of DZN (100 mg/Kg) on SOD level of normal rats. Values 138 

are mean±SEM (n=6). *** P<0.001, compared to control group, * p<0.05, compared to DZN group. 139 

Control DZN 

 

DGE 40 

 
DGE 80 
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 140 

 141 

Fig3: Activities of CAT in control group and treated rats with DZN, DGE40 and DGE 80. 142 

 143 

 144 

 145 

Fig4: Effect of DGE 40 and DGE 80 on GPx activities of DZN treated rats and effect of DZN (100 mg/Kg) on GPx activities of normal rats in the 146 

hippocampus.  * p<0.05, compared to control group, # p<0.05 and ## p<0.01,  compared to DZN group. 147 

 148 

Total thiol content: 149 

 Rats which received DZN showed non-significant values of total thiol (TSH) when compared with control rats 150 

(p>0.05). Rats in DGE 40 group showed non-significant values of total thiol when compared with DZN group 151 

(p>0.05). The DGE 80 group showed a significant increase by 85.6% when compared with DZN group (p<0.01) 152 

(Fig5). 153 
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 154 

Fig5: Values of total thiol in control group and treated rats with DZN, DGE40 and DGE 80. 
## 

p<0.01, compared to DZN group.  155 

     156 

 157 

Discussion: 158 

Recently, an increasing amount of attention has been concentrated towards free radical mediated damage triggered by 159 

pesticide exposure in biological systems [29]. Some herbal drugs with antioxidant activity have gained importance as 160 

the dietary intake of antioxidants obtained from natural sources is considered to be relatively safe and without 161 

undesirable side effects [18]. The aim of present study was to investigate the effect of D.glabrum against DZN-induced 162 

oxidative stress in hippocampus. 163 

The current study indicated that DZN treatment induced oxidative stress, and increased MDA levels and SOD activities 164 

in the hippocampus but decreased GPx activities and no significant changes showed in CAT activities. Salehi et al., 165 

showed that intraperitoneal injection of DZN leads to an increase in SOD activity and MDA levels in DZN doses 166 

higher than 50 mg/kg and no-significant differences in CAT activity. The increase of MDA levels observed in the 167 

hippocampus following DZN exposure may be attributable to the excessive production of ROS. In a study by Salehi et 168 

al. it was identified that DZN increased SOD activities at doses of 50 and 100 mg/kg in compared with the control 169 

group but there were no significant changes observed in brain CAT activity. Also MDA concentration was significantly 170 

increased at 100 mg/kg dose in comparison with the control group. Abbasnejad et al. indicated that intraperitoneal 171 

injection of DZN leads to an increase in CAT and SOD activities in doses higher than 30 mg/kg and increase in MDA 172 

levels in 100 mg/kg doses in compared to control group.  Our results are in agreement with the studies of [30, 31, and 173 

32]. Under the oxidative stress conditions, SOD acts as the first line of defense against superoxide as it converts the 174 

superoxide anion to H2O2 which is converted to H2O by CAT and GPx. Therefore the increased lipid peroxidation may 175 

be interpreted here by an inhibition of SOD, CAT, GPx activities and other antioxidants in the brain tissue leading to 176 

membrane injury and neuron death [33,34]. 177 
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In our investigation, ethanolic extract of D.glabrum showed an amelioratory effect on DZN-induced changes in MDA 178 

levels and antioxidant enzymes (SOD, CAT and GPx). Ghollassi Mood, Yousefzadi et al., Shahidi et al. and Kumar et 179 

al. showed that members of the genus Dorema (Apiaceae), has a lot of biological properties such as antioxidant, 180 

antispasmodic, expectorant, carminative, diaphoretic, mild diuretic, emmenagogue, stimulant, vasodilator [35,36] 181 

antimicrobial, antifungal [37,38] and hepatoprotector [39] properties. Most of the biological action of D. glabrum is 182 

probably ascribed to its antioxidant potential. In the present study, DGE as pre-treatment with DZN that injected 183 

intraperitonealy in last day of DGE usage, caused a significant increase in glutathione peroxidase, a significant decrease 184 

of TBARS and a significant decrease in superoxide dismutase and no significant changes in catalase activity in the rats’ 185 

hippocampus when compared to the rats treated with DZN. Our study demonstrated that dorema had an amelioratory 186 

effect on oxidative stress induced by DZN. 187 

References: 188 

 189 

 190 

1. Zhou J.F., Xu G.B., Fang W.J. Relationship between acute organophosphorus pesticide poisoning and damages 191 

induced by free radicals. Sci. Biomed Environ, 15: 177–186, 2002. 192 

 193 

2. Casrellano C., Cabis S., Puglisi P. Psychopharmacology of memory modulation: evidence for multiple interactions 194 

among neurotransmitters and hormones. Res. Behave Brain 77: 1-21, 1996. 195 

 196 

3. Reigart J.R., and Roberts J.R. Recognition and management of pesticide poisoning. Washington, D.C.: U.S. EPA., 197 

Fifth edition, 34-38, 1999. 198 

 199 

4. Mense SM., Sengupta A., Lan C., et al. The common insecticides cyfluthrin and chlorpyrifos alter the expression of 200 

a subset of genes with diverse functions in primary human astrocytes. Sci. Toxicol, 93(1):125–35, 2006. 201 

 202 

5. Singh AK., Jiang Y. Lipopolysaccharide (LPS) induced activation of the immune system in control rats and rats 203 

chronically exposed to a low level of the organothiophosphate insecticide, acephate. Toxicol Ind Health. 19(2–6): 93–204 

108, 2003.  205 

 206 

6. Wenk GL., McGann K., Hauss-Wegrzyniak B., et al. The toxicity of tumor necrosis factor-alpha upon cholinergic 207 

neurons within the nucleus basalis and the role of norepinephrine in the regulation of inflammation: implications for 208 

Alzheimer’s disease. Neuroscience, 121(3):719–29, 2003. 209 

UNDER PEER REVIEW



9 

 

 210 

7. Jafari M., Salehi M., Ahmadi S., et al. The role of oxidative stress in diazinon-induced tissues toxicity in wistar and 211 

Norway rats. Toxicol Mech Methods, 22(8): 638-47, 2012. 212 

 213 

8. Bebe F.N., Panemangalore M. Exposure to low doses of endosulfan and chlorpyrifos modifies endogenous 214 

antioxidants in tissue of rats. Sci. Environ. Health, 38: 349–363, 2003. 215 

 216 

9. Floyd R. Antioxidants, oxidative stress, and degenerative neurological disorders. Proc Soc. Exp. Biol. Med. 222: 217 

236–245, 1999. 218 

 219 

11. Poeggeler B., Reiter RJ., Tan DX., Chen LD., Manchester LC. Melatonin, hydroxyl radical mediated oxidative 220 

damage, and aging: a hypothesis. Res. Pineal 14: 151-168, 1993. 221 

 222 

 223 

12. Reiter R., Poeggeler B., Tan D., et al. Antioxidant capacity of melatonin: a novel action not requiring a receptor. 224 

Lett. Neuroendocrinol, 15: 103-116,1993. 225 

 226 

13. Cizova H., Lojek H., Kubala L., et al. The effect of intestinal ischemia duration on changes in plasma antioxidant 227 

defense status in rats. Res. Physiol, 53: 523-531, 2004. 228 

 229 

14. Halliwell B., Gutteridge J. Free Radicals in Biology and Medicine, Oxford University Press, London, pp. 936, 230 

1999. 231 

 232 

15. Lee A., East J. Balgaug, Interactions of insecticides with biological membranes. Sci. Pest., 32: 317–327, 1991. 233 

 234 

16. Dehghan G., Shafiee A., Ghahreman MH. Antioxidant Potential of Various Extracts from Ferula szovitsiana in 235 

Relation to Their Phenolic Content. Pharmaceutical Biology, 45(9): 691–699, 2007. 236 

 237 

17. Mandenova I. Heracleum. In: Rechinger KH, editor. Flora Iranica, Umbelliferae 1987; 162: 492-502. 238 

 239 

 240 

UNDER PEER REVIEW



10 

 

 241 

18. Dehghan G., Khoshkam Z. Tin (II)-quercetin complex: Synthesis, spectral characterization and antioxidant activity. 242 

Food Chemistry.2012, 131, 422-427. 243 

 244 

19. Keyhani J., Keyhani E,, Kamali J. Thermal stability of catalases active in dormant saffron (crocus sativus L) corms. 245 

Mol. Biol. Rep.,29:125-128, 2002. 246 

 247 

20. Gao R., Yuan Z., Zhao Z., et al. Mechanism of pyrogallol autoxidation and determination of superoxide dismutase  248 

enzyme activity. Bioelectrochem. Bioenerg. 45: 41-45,1998.  249 

21. Paglia DE., Valentine WN. Studies on the quantitative and qualitative characterization of erythrocyte glutathione 250 

peroxidase. J Clin La. Med. 70: 158–169, 1967. 251 

 252 

22. Hu ML., Dillared CJ. Plasma SH and GSH measurement. Methods Enzymol, 233: 385–7, 1994. 253 

 254 

23. Saavedra A., Carreton A., Xifro O., et al. Increased PKA signaling disrupt recognition mwmory and spatial 255 

memory: role in Huntington’s disease. Human Molecular Genetics, 20(21): 4232-4247, 2011. 256 

 257 

24. Banerjee BD., Seth V., Bhattacharya A., et al. Biochemical effects of some pesticides on lipid peroxidation and 258 

free-radical scavengers. Toxicol Lett 107(1–3): 33–47, 1999. 259 

 260 

25. Satho K. Serum lipid peroxidation in cerebrovascular disorders determined by a new colorimetric method. Clin 261 

Chem Acta.,;90:37–43, 1978. 262 

 263 

26. Ukeda H., Maeda S., Ishii T., et al. Spectrophotometric assay for superoxide dismutase based on tetrazolium salt 3′–264 

1–(phenylamino)-carbonyl–3, 4-tetrazolium]-bis(4-methoxy-6-nitro)benzenesulfonic acid hydrate reduction by 265 

xanthine-xanthine oxidase. Anal Biochem., 251: 206–9, 1997. 266 

 267 

27. Aebi H. Catalase in vitro assay. Meth Enzymol., 105: 121–6, 1984. 268 

 269 

28. Lowry OH., Roserbrough NJ., Farr AL., et al. Protein measurement with the folin phenol reagent. J Biol Chem., 270 

193: 265–75, 1951. 271 

UNDER PEER REVIEW



11 

 

 272 

29. Banerjee BD, Seth V, Bhattacharya A, Pasha ST, Chakraborty AK. Biochemical effects of some pesticides on lipid 273 

peroxidation and free-radical scavengers. Toxicol Lett. 1999;107(1–3):33–47. 274 

 275 

30. Salehi M., Jafari M., Asgari A., et al. Study of diazinon effect on antioxidant enzymes and lipid peroxidation in rat’s 276 

brain. Iranian Journal of medical sciences, 70: 25-31, 2010. 277 

 278 

31. Abbasnejad, M. Jafari, M.Asgari, A. Haji Hossaini, R. Hajigholamali, M. Salehi, M. and Salimian, M. Acute 279 

Toxicity Effect of Diazinon on Antioxidant System and Lipid Peroxidation in Kidney Tissues of Rats. Scientific-280 

Research Journal of Shahed University, 17(83): 35-42, 2009. 281 

            282 

32. Yilmaz M., Yilmaz M., Altuntas I. Diazinon-induced brain toxicity and protection by vitamins E plus C.Toxicol Ind 283 

health,28(1):51-7,2012. 284 

 285 

 286 

33. Fridovick I. Superoxide radical: an endogenous toxicant. Annu Rev Pharmacol Toxicol 23:239–253, 1975. 287 

34. Nehru B., Anand P. Oxidative damage following chronic aluminium exposure in adult and pup rat brains. J Trace 288 

Elem Med Biol., 19: 203–208, 2005. 289 

 290 

 291 

 292 

35. Ghollassi Mood S.. A contribution to some ethnobotanical aspects of Birjand Flora (Iran). Pakistan Journal of 293 

Botany, 40(4): 1783-1791, 2008. 294 

 295 

36. Yousefzadi M., Heidari M., Akbarpour M., et al. In vitro cytotoxic activity of the essential oil of Dorema 296 

ammoniacum D. Don. Middle-East Journal of Scientific Research, 7(4), 511-514, 2011. 297 

 298 

 299 

37. Shahidi GH., Moein MR., Foroumadi AR., et al. Cytotoxic activity of medicinal plants used in Iranian traditional 300 

medicine on two strains of Saccharomyces cerevisiae. DARU, 10(4), 162-164,2002. 301 

 302 

UNDER PEER REVIEW



12 

 

38. Kumar VP., Chauhan NS., Padh H., et al. Search for antibacterial and antifungal agents from selected Indian 303 

medicinal plants. Journal of Ethnopharmacology, 107: 182-188, 2006. 304 

 305 

39. Govind P. Medicinal plants against liver diseases. International Research Journal of Pharmacy, 2(5): 115-121, 306 

2011. 307 

UNDER PEER REVIEW


