
Egypt. J. Vet. Sci. (special issue) pp. 35-40 (2021)

THE protective role of Vit.B12 on neurotoxic effect of diazinon has been studied and 
conducted on 24 adults male wistar rats were divided equally into 4 groups, the group I was 

used as normal control; group II was orally given 1/10 LD50 (3.8mg/kg.bw) of diazinon for one 
month; group III was orally given 1/10 LD50 (3.8mg/kg.bw) of diazinon plus systemic injection 
(I.M route) of Vit.B12 (4 mg/kg.bw) for one month; group IV was given systemic injection 
(I.M route) of Vit.B12 (4 mg/kg.bw) only for one month. Biochemically it revealed a significant 
(P≤0.05) increase in GSH, CAT and SOD values in both Vit.B12 groups (group III and group 
IV) as well to control group when compared to diazinon group (group II); while the values of 
MDA and peroxynitrite revealed a significant (P≤0.05) decreases in the both Vit.B12 groups 
(group III and group IV) as well to control group when compared to diazinon group (group 
II); moreover, the histopathological results of the diazinon group (group II) revealed a serious 
neurologic changes included necrotized neurons, diffuse neuronal edema, perivascular edema 
and hyperplasia of glial cells; while the Vit.B12 groups showed no effective histopathological 
changes were more or less to control group. There are a little information has been provided 
concerning the relation between diazinon and Vit.B12,therefore, the current study concluded that 
the Vit.B12 has a significant protective role against the neurological toxic effects of diazinon on 
basis of histopathological and biochemical patterns.

Key words: Histopathological, Neuron, Vitamin B12, Diazinon, Toxicity.

5

The Neuro-protective Role of Vitamin B12 in Diazinon Poisoned 
Male Wistar Rats: Histopathological and Biochemical Evaluation
Aseel Kamil Hameed1 and Jihad Abdulameer Ahmed2 

1Basic Science Department , College of dentistry, University of Basrah, Iraq.
2Department of Pathology & Poultry Diseases, Veterinary Medicine College, Basrah 
University, Iraq.

Egyptian Journal of Veterinary Sciences 
https://ejvs.journals.ekb.eg/

Corresponding author: Aseel Kamil Hameed, E-mail: aseel.hameed@uobasrah.edu.iq , Tel: +9647712653020
(Received 10/08/2021; accepted  23/09/2021)	
DOI. 10.21608/ejvs.2021.90194.1264
©2021 National Information and Documentation Centre (NIDOC)

The 9th International Conference of Veterinary Research Division
National Research Centre, Giza, Egypt 27th -29th September 2021

Introduction                                                                                

The vitamin B12 (Vit.B12) is a water soluble vitamin 
almost important for hematopoiesis, nervous 
system homeostasis, gastrointestinal maintenance 
and Vit.B12 metabolically regulation [1].

The hematopoietic as well as the neurological 
disorders are important clinical features therefore, 
it links to severe and life threatened diseases; 
besides the hematopoietic aspect is the highly 
pathognomonic, thus the primary indicator for Vit.
B12 insufficiency was the disorders of neurological 
aspects show a variation range and don’t receive 
due a recognition as the effect of the Vit.B12 
insufficiency clinically, as well as the neurological 

disorders are the earliest clinical signs of Vit.B12 
deficiency [2,3].

The neurological and the hematological disor-
ders occur together, overall, it may assume that 
near to 60% of patients with pernicious anemia 
were manifested a signs of funicular myelosis. 
About 25% of patients with deficiency of Vit. B12 
as well as the neurological disorders that do not 
show any hematological disorders, there is a cor-
relation between the severity of the neurological 
and hematological variation [4].

Diazinon is an organic phosphorous pesti-
cides, it is a synthetic chemical substances charac-
terized by broad-spectrum insecticide activity [5].
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The diazinon was released to experimental 
estimation in the 1950’s, therefore, nowadays 
it is used extensively in commercial and indoor 
application for control cockroach, lice and flies on 
sheep as well as the insect of plants, food crops, 
parasites and insects in fields [6, 7].

Diazinon causes a serious damage to different 
tissues either in human and animals such as 
neurotoxicity, myocardial injury, cytotoxicity 
and other systemic dysfunctions by inhibition 
of acetyl cholinesterase and up regulation of its 
receptors due to acetylcholine accumulation [8].

The wildlife animals and even the domesti-
cated cattle and birds may expose to diazinon via 
drinking water or by absorbing it via feet and legs, 
through consume grass and grains, or by ingesting 
the toxic agent that impregnated in a carrier par-
ticles [9].The widely spreading of pesticides are 
connected with problems of pollutions and health 
hazards [10]. Thus, this study aimed to investigate 
the neurological protective role of Vit.B12 against 
the neurological toxic effects of diazinon.

Material and Methods                                                                

The current study was performed on 24 adult 
male Wistar rats weighing 200-250 grams at  animals 
laboratory house of veterinary medicine college at 
University of Basrah, the animals were divided to 
4 equal groups: group I was served as normal con-
trol; the group II was orally given 1/10 LD50 (3.8mg/
kg.bw) of diazinon daily for 30 days according to 
Ahmed and Alwan [5].; the group III was orally giv-
en 1/10 LD50 (3.8mg/kg.bw) of diazinon, and a sys-
temic (I.M route) of (4 mg/kg) injections of vitamin 
B12 daily for 30 days according to [11]; the group 
IV was administered only a systemic (I.M route) of 
(4 mg/kg) injections of vitamin B12 daily for 30 days.

Blood samples collection
The samples of blood were collected through 

cardiac punctures by 5ml disposable syringes, 
then the sera were prepared via centrifugation of 
blood in 3x103 rpm for ten minutes, then frozen at 
-20Cº till it used for biochemical analysis.

Serum biochemical analysis
 The glutathione concentration (GSH) was 

analyzed according to Burtis and Ashwood [12]. 
The catalase (CAT) activity according to Goth 
[13], the superoxide dismutase (SOD) activity 
according to Winter bournm et al. [14], the 
malondialdehyde (MDA) concentration according 
to Buege and Aust [15]. The peroxynitrate 
according to Vanuffelen et al.[16]. 

Histopathological examination
The histological processes of brain were per-

formed according to Finkbeiner et al. [17]. 

Statistical analysis
The statistical analysis was done according 

to one-way analysis basis in variance (ANOVA); 
thus, the significant (P≤0.05) difference was deter-
mined by used a least significant difference [18].

Results                                                                      

Biochemical findings
The serum GSH, CAT were significantly (P≤0.05) 

increased in group III (Diazinon + Vit.B12) which 
showed 4.070.9± and 4.050.9± when compared to 
group II (Diazinon group) which showed 2.820.3± 
and 2.850.18± respectively; while the SOD val-
ues showed significant (P≤0.05) increases among 
group I (control group), group III (Diazinon + Vit.
B12) and group IV (Vit.B12 group) which showed 
5.630.9±5.59  ,0.1± and 5.610.3± respectively as 
compared to group II (Diazinon group only) was 
3.1±0.2 (Table 1).

TABLE 1.The serum oxidant & antioxidant biomarkers.

GSH (nmol/g)
Mean ± SE

CAT 
(u/mg) 

Mean ± SE

SOD 
(u/mg) Mean 

± SE

MDA (nmol/
ml) Mean ± 

SE

Peroxynitrite 
(m/l)

Mean ± SE

Group I
Control

4.33±0.4
a

4.67±0.3
a

5.63±0.1
a

7.16±0.1
b

9.18±0.5
b

Group II
Diazinon

2.82±0.3
c

2.85±0.18
c

3.1±0.2
b

15.05±0.1
a

14.12±0.9
a

Group III
Diazinon + Vit.B12

4.07±0.9
b

4.05±0.9
b

5.59±0.9
a

7.37±0.3
b

9.14±0.1
b

Group IV
Vit.B12

4.41±0.3
a

4.62±0.9
a

5.61±0.3
a

7.18±0.4
b

9.1±0.2
b

.letters vertically when differs that referred to a presence of significant differences among groups ٭
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Besides, the MDA and peroxynitrite mean val-
ues showed significant (P≤0.05) increases in 
group II (Diazinon group) that showed 15.1 ± 
0.03 and 14.120.9± respectively when compare 
to other groups 7.160.4±7.18 ,0.3±7.37 ,0.1± and 
9.180.2±9.1  ,0.1±9.14  ,0.5± of MDA and per-
oxynitrite values in the group I (control group), 
group III (Diazinon + Vit.B12) and group IV (Vit.
B12 group) respectively (table 1).

Histopathological findings
The histopathological results of control of 

cerebrum showed a normal neuronal parenchyma 

consisted intact neurons and other glial cells as in 
fig.1; whereas, the histopathological examination 
of cerebrum of group II (Diazinon group) showed 
a perivascular edema, necrotized neurons, 
hyperplasia of glial cells and diffuse interneuronal 
edema as in fig.2; moreover the group III 
(Diazinon + Vit.B12) showed normal cerebral 
parenchyma consisted from normal neurons, and 
mild hyperplasia of glial cells as in fig.3; while 
the group IV (Vit.B12) revealed normal cerebral 
parenchyma consist from normal neurons, and 
normal glial cells as in fig.4.

Fig.1. Histologic view of brain (cerebrum) of group 
I shows normal architectures of brain 
parenchyma consist from normal neuron 
(black arrows), and normal glial cells (blue 
arrows). H. &E. Stain. 400X.

Fig.2. Histologic view of brain (cerebrum) of 
group II shows perivascular edema (black 
arrows), necrotized neurons (blue arrows), 
hyperplasia of glial cells (yellow arrows), and 
diffuse interneuronal edema (green arrows). 
H. &E. stain. 400X.

Fig.3. Histologic view of brain (cerebrum) of group 
III shows normal architectures of brain 
parenchyma consist from normal neuron 
(black arrows), and mild hyperplasia of glial 
cells (blue arrows). H. & E. Stain. 400X.

Fig.4. Histologic view of brain (cerebrum) of group 
IV shows normal architectures of brain 
parenchyma consist from normal neuron 
(black arrows), and normal glial cells (blue 
arrows). H.&E. Stain. 400X.
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Discussion                                                                                  

The main scope of the current study is that Vit.
B12 can significantly decrease the diazinon induced 
neuronal damage in animal model; in which the 
diazinon may  inhibit the acetylcholine esterase 
activity through a phosphorylation the hydroxyl 
serine group that resulted in acetylcholine 
accumulation [19]. The current study revealed 
that the significant increases in serum GSH, CAT 
and SOD in Vit.B12 treated animals, this may due 
to the Vit.B12 enriched the antioxidant activities in 
the body leading to ameliorating the toxic effects 
of diazinon therefore, the Vit.B12 contributes 
significant myelin sheath synthesis as well as 
the epithelial tissues regeneration as a coenzyme 
principal of fatty acid in addition, to carbohydrate 
and nucleic acid metabolism [2].

Besides, the MDA and peroxynitrite mean 
values appeared significantly elevated in diazinon 
treated animals in which the diazinon can 
generates and increasing oxidative stress then 
leading to imbalance among the oxidants and 
antioxidants [20]. In addition, it reported that 
the organic phosphorus compound could cause 
serious oxidative stress by inhibiting enzymatic 
and non-enzymatic antioxidant balance [21]. 
Moreover, the diazinon acts as neurotoxins in 
the environment that suggested causing lipid 
peroxidation [22]. Diazinon is one of the most 
insecticide that it can induce a serious oxidative 
stress, which leads to generate a free radicals 
that altered the antioxidants and the enzymes of 
reactive oxygen species scavenging [23].

The histopathological results of brain of 
group II (Diazinon group) revealed a perivascular 
edema, necrotized neurons, hyperplasia of glial 
cells and diffuse interneuronal edema, these 
changes were occurred due to the effects driven 
by the reactive oxygen species that generated by 
the oxidant action of diazinon on neuronal tissues 
lead to serious histopathological changes, this 
idea agree with Sonei  et al.[24] who found the 
exposure to the pesticide may initiate a effective 
changes to the system of antioxidants and lead 
to oxidative damages in treated mice brain, 
associated with their study on diazinon which 
showed a decreases brain acetyl choline activity 
in mice. Besides, the Vit.B12 treated animals 
showed normal brain parenchyma consist of 
normal neurons that attribute to the protective 
role of Vit.B12 on ameliorating the toxic effects 
of diazinon by reducing the oxidative stress to 
the neuronal tissue, this investigation agrees with 

recent studies  reported that Vit.B12 may promote 
an axonal growth of neurons after injury, which 
is used to treatment particularly the peripheral 
nerves damages clinically [25]. Also, the Vit.B12 
is used in patients suffered from nerve damage, 
it was mentioned that Vit.B12 promoted when it 
used experimentally in rats a recovery processes 
in peripheral nerve damage [26]. The Vit.B12 
was showed as a scavenger for superoxide that 
contributed for axonal growth of the neurons [27]. 
Thus, the current study at an idea for the role of 
Vit.B12 in enhancement the axonal formation of 
neurons by reducing neuronal necrosis and / or 
apoptosis as well as the stabling the microtubule 
structures.

Conclusions                                                                       

There are a little information has been provided 
concerning the relation between diazinon and Vit.
B12 ,therefore, the current study concluded that the 
Vit.B12 has a significant protective role against the 
neurological toxic effects of diazinon on basis of 
histopathological and biochemical patterns.

Acknowledgments 
The authors would like to acknowledge the 

staff of Basrah abattoir for their assistance in 
samples collection, as well as to the stuff members 
of histology laboratory in the Dept. of pathology 
& poultry diseases, Veterinary Medicine College 
at Basrah University, Iraq for their assistance in 
histological preparation. 

Funding statement 
This work was self-financial supported by the 

authors. 

Ethical consideration 
This study was carried out in accordance to the 

ethical rules for samples handling and animal’s 
managements and researches, Veterinary Medi-
cine College, Basrah University, Iraq. 

Conflict of interest 
The authors declare that they have no com-

peted interest.

References                                                                           

1.	 Gröber, U., Kisters, K. and Schmidt, J. 
Neuroenhancement with Vitamin B12 
Underestimated Neurological Significance. 
Nutrients, 5, 5031-5045(2013).

2.	 Gröber, U. Micronutrients: Metabolic Tuning 
Prevention Therapy. Drug Metab. Drug Interact., 
24, 95-331(2009).



39

Egypt. J. Vet. Sci. (special issue) (2021)

THE NEURO-PROTECTIVE ROLE OF VITAMIN B12 IN DIAZINON POISONED …

3.	 Allen, L.H. How common is vitamin B12 
deficiency? Am. J. Clin. Nutr., 89, 693S–696S. 
(2009).

4.	 Healton, E.B. and Savage, D.G. Neurologic aspects 
of cobalamin deficiency. Medicine (Baltimore) 70, 
229–245(1991).

5.	 Ahmed, J. A. and Alwan M. J. Genotoxicity of 
diazinon in male albino rats fed on diet supplement 
with chitosan. Bas. J. Vet. Res., 1, 151-164(2014).

6.	 Aggarwal, V.; Deng, X.; Tuli, A. and Goh, K. 
Diazinon chemistry and environmental fate: 
A California perspective. D.M. Whitacre ed., 
Reviews of Environmental Contamination and 
Toxicology. 223, 108-109(2013).

7.	 Berg, G.L. Farm chemicals handbook. Meister 
Publ. Co., Willoughby, Ohio, pp: 501. (1984).

8.	 Liu, L., Zhou, S., Yang, X., Wu, S. and  Chen, 
G. Paraoxon attenuates vascular smooth 
muscle contraction through inhibiting Ca2+ 
influx in the rabbit thoracic aorta. J. Biomed., J 
Biomed Biotechnol.,  829190, pages 1-9(2010). 
DOI: 10.1155/2010/829190

9.	 Stone, W.B. and P.B. Gradoni. Wildlife mortality 
related to use of the pesticide diazinon. Northeast 
Environ. Sci., 4,30-38(1985).

10.	  Fahmy G.A. and Darwish F.M. Biochemical and 
pathological comparative results of fenitrothion 
and carbosulfan pesticides and their residues in fat 
and meat of poultry. Vet. Med. J. Giza , 50 (4) , 
821 – 841(2002).

11.	  Erfanparast, A., Escort, M., Tamaddonfard, 
E.; Maroufi, S., Kazemi-Shojaei, S., Dabbaghi, 
M. and Taati, M. Systemic and local peripheral 
injections of vitamin B12 suppressed orofacial 
nociception induced by formalin in rats. Drug Res. 
(Stuttg). 64(2),85-90(2014).

12.	  Burtis, C. and Ashwood, E.R. Tetize fundamental 
of clinical biochemistry. 4th ed., W.B. Saunders 
Company. 22 (1999).

13.	  Goth, L. A simple method for determination of 
serum catalase activity and revision of reference 
range. Clinic. Chimica. AC, 196,143-152(1991).

14.	  Winter Bournm C.C., Hawking, R.E. and Brain, 
M. Determination of superoxide dismutase. J. 
Lab. Med., 2,337-341(1975).

15.	  Buege, J.A. and Aust, S.D. Microsomal lipid 
peroxidation. Meth. Enzymol., 51, 302-310(1978).

16.	 Vanuffelen, B.E.; Van Der Zee, J.; De Koster, 
B.M.; Vanstevenick, J. and Elferink, J.G. 
Intracellular but not extracellular conversion of 
nitroxyl anion into nitric oxide lead to stimulation 
of human neutrophil migration. Biochem. J., 330 
(2), 719-722(1998).

17.	 Finkbeiner, W.E.; Ursell, P.H. and Davis, R.L. 
Autopsy patholoy; Manual and atlas . 2nd ed. 
Saunders an imprint of Elsevier inc .USA . 100-
299(2009).

18.	 Steel, R.G.; and Terrie, J.H. Principle and 
procedures of statistics. A biometrical approach. 
2nd Ed. McGraw-Hill Book Company. New York, 
USA. 151(1980).

19.	 Fulton, M.H. and Key, P.B. Acetylcholinesterase 
inhibition in estuarine fish and invertebrates as 
an indicator of organophosphorus insecticide 
exposure and effects. Environ. Toxicol. Chem., 
20,37-45(2001).

20.	 Ahmed, R.S.; Seth, V.; Pasha, S.T. and Banerjee, 
B.D. Influence of dietary ginger (Zingiber 
officinales Rosc) on oxidative stress induced by 
malathion in rats. Food Chem. Toxicol., 38,443-
450(2000).

21.	 Lukaszewicz-Hussain, A. Role of oxidative stress in 
organophosphate insecticide toxicity-short review. 
Pestic. Biochem. Physiol., 98,145-150 (2010). 

22.	 Oral, B.; Guney, M.; Demirin, H.; Ozguner, M.; 
Giray, S.G. and Take, G. Endometrial damage 
and apoptosis in rats induced by dichlorvos and 
ameliorating effect of antioxidant vitamins E and 
C. Reprod. Toxicol., 22,783-790(2006).

23.	 Rahimi-Madiseh, M.; Lorigoini, Z.; Zamani-
Gharaghoshi, H. and Rafieian- Kopaei, M. 
Berberis vulgaris: specifications and traditional 
uses. Iran. J. Basic Med. Sci., 20,569-587(2017).

24.	 Sonei, A.; Fazelipour, S.; Kanaani, L. and 
Jahromy, M.H. Protective effects of Berberis 
vulgaris on diazinon induced brain damage in 
young male mice. Prev. Nutr. Food Sci., 25(1),65-
70(2020).

25.	 Wu, F.; Xu, F.; Liu, L.; Zhang, K.;  Xia, L.; Zhang, 
M.;Teng, C.;Tong, C.; He, Y.; Xue, Y.; Zhang, 
H.; Chen, D. and Hu, A. Vitamin B12 Enhances 
Nerve Repair and Improves Functional Recovery 
After Traumatic Brain Injury by Inhibiting 
ER Stress-Induced Neuron Injury. Frontier in 
Pharmacology. 10, 406, pages 1-12(2019). https://
doi.org/10.3389/fphar.2019.00406



40

Egypt. J. Vet. Sci. (special issue) (2021)

ASEEL KAMIL HAMEED AND JIHAD ABDULAMEER AHMED 

26.	 Hobbenaghi, R., Javanbakht, J., Hosseini, E., 
Mohammadi, S., Rajabian, M. and  Moayeri, P. 
Neuropathological and neuroprotective features of 
vitamin B12 on the dorsal spinal ganglion of rats 
after the experimental crush of sciatic nerve: an 
experimental study. Diagn. Pathol., 8: 123, pages 
1-8(2013). doi: 10.1186/1746-1596-8-123.

تقييم  للديازينون:  المعرضة  الجرذان  ذكور  في   12 ب  لفيتامين  للأعصاب  الواقي  الدور 
نسيجي مرضي وكيميائي حيوي

اسيل كامل حميد1 و جهاد عبدالامير احمد2
1 فرع العلوم الأساسية - كلية طب الاسنان - جامعة البصرة - العراق.

2 فرع الامراض وامراض الدواجن - كلية الطب البيطري - جامعة البصرة - العراق.

تم  ذكر  استخدام 24 جرذ  الديازينون من خلال  تأثير  لفيتامين ب12 ضد  الواقي للأعصاب  التأثير  دراسة  تم 
تقسيمهم الى اربع مجاميع بصورة متساوية حيث كانت المجموعة الأولى مجموعة سيطرة سالبة اما المجموعة 
الثانية فأعطيت 10/1 من نصف الجرعة القاتلة للديازينون )3.8 ملغم لكل كغم من وزن الجسم( فمويا لمدة شهر 
واحد، بينما المجموعة الثالثة اعطيت 10/1 من نصف الجرعة القاتلة للديازينون )3.8 ملغم لكل كغم من وزن 
الجسم( فمويا مع )4 ملغم لكل كغم من وزن الجسم( من فيتامين ب12 بالعضلة لمدة شهر واحد ، اما المجموعة 
الرابعة فأعطيت )4 ملغم لكل كغم من وزن الجسم( من فيتامين ب12 بالعضلة لمدة شهر واحد. أظهرت النتائج 
الكيموحيوية وجود زيادة معنوية في قيم  GSH و CAT و SOD في المجاميع المستخدم بها فيتامين ب12 
ومجموعة السيطرة مقارنتا مع مجموعة الديازينون بينما أظهرت النتائج وجود انخفاض معنوي في قيم MDA و 
peroxynitrite في المجاميع المستخدم بها فيتامين ب12 و مجموعة السيطرة مقارنتا مع مجموعة الديازينون. 
وأظهرت النتائج النسيجية المرضية لمجموعة الديازينون وجود تغيرات عصبية تضمنت نخر الخلايا العصبية 
وترسب سوائل منتشر )وذمة عصبيه( حول الخلايا العصبية للدماغ وكذلك الأوعية الدموية الدماغية مع تكاثر 
للخلايا الدبقية في المخ، بينما لم تلاحظ أي تغييرات نسيجية في الدماغ في المجاميع التي استخدم فيها فيتامين ب 
12. لذلك استنتجت الدراسة الحالية ان لفيتامين ب 12 دورا واقيا حيويا للنسيج العصبي في الدماغ ضد التأثير 

السمي للديازينون.

الكلمات المفتاحية: الانسجة المرضية، الخلية العصبية، فيتامين ب 12، ديازينون، التسمم. 

27.	 Chan, W., Almasieh, M., Catrinescu, M.-M., and 
Levin, L. A. Cobalaminassociated superoxide 
scavenging in neuronal cells is a potential 
mechanism for vitamin B12 –deprivation optic 
neuropathy. Am. J. Pathol., 188, 160–172(2018).


