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ABSTRACT 

Glucose-6-phosphate dehydrogenase is rate limiting enzyme in pentose phosphate pathway (PPP), whose major physiological role is 
to supply NADPH by conversion of Glucose-6-phosphate to phospogluconate is a major cell reductant and useful to cell survival. 
Brain is highly sophisticated organ of our body which requires continuous supply of energy in form of glucose. Daily requirement of 
brain glucose is 120gm. G6PD plays a key role in it. According to WHO 75% of world population have one or two gene for G6PD and 
2.9% are G6PD deficient. It is most common enzymatic disorder of cell effecting 200-400 million people. G6PD exist in all cell to 
oxidative damage and it is responsible for various neurodegenerative disorder like Parkinson’s disease, Alzheimer’s, Schizophrenia 
catatonia, Neuronal toxicity etc. The present study was aimed to evaluate the neuroprotective potential of Melatonin with 
Primaquine and Aspirin (contraindicated to G6PD deficient individuals) in Atrazine induced G6PD deficiency in Albino Rats. Study 
was carried out for the evaluation of behavioral activity (Elevated-Plus Maze and Morris Water Maze), various biochemical 
parameters (G6PD, Nitrites, LDH, Glucose), neurotransmitters (Serotonin, Dopamine, Nor-adranaline), anti-oxidant activity (GSH, 
LPO, SOD and Catalase) and histopathological evaluation. Results suggested that +Melatonin (10mg/kg) along with Atrazine 
(5mg/kg) induced G6PD deficiency in Albino rats showed statistically more significant improvement in neurodegenerative disorders. 

Keywords: Glucose-6-phosphate dehydrogenase, Atrazine, Melatonin, Primaquine, Aspirin. 

 
INTRODUCTION 

lucose-6-phosphate dehydrogenase (G6PD) is the 
rate limiting enzyme in Pentose Phosphate 
Pathway (PPP), whose major physiological role is 

to supply NADPH by the conversion of Glucose-6-
phosphate to 6-phosphogluconate, that is a major cell 
reductant and useful to cell survival. NADPH is also 
generated by the conversion of 6 phosphogluconate to 
ribulose-5-phosphate, in presence of 6-phosphogluconate 
dehyrogenase.

 20
 NADPH plays an important role in 

antioxidant reaction with glutathione (GSH), glutathione-
peroxides (GS-Px) and catalase (CAT). G6PD normally acts 
as “housekeeping” whose expression is constitutive and 
induced by agents causes oxidative stress. 

According to WHO, 75% of world population have one or 
two gene for G6PD and 2.9% are G6PD deficient.18 It is 
most common enzymatic disorder of cell effecting 200-
400 million people. G6PD exist in all cell to oxidative 
damage, also responsible for various neurodegenerative 
disorder like Parkinson’s disease, Alzeimers, 
Schizophrenia catatonia, Neuronal toxicity etc. Effect of 
melatonin along with primaquine and aspirin showed 
significant improvement in G6PD deficient wistar albino 
rats.19 

The present study was aimed to evaluate the ameliorative 
effect of Melatonin along with Primaquine and in Atrazine 
induced Glucose-6-phosphate dehydrogenase deficiency 
in brain.  

Under the approval of Institutional Animal Ethics 
Committee approved proposal no. (273/CPCSEA) study 
were carried out. Animals were divided into five groups 
and in each group number of animals is n=6. Throughout 
the experiment, animals were maintained according to 
the CPCSEA guidelines. 

Dosing protocol was followed for 21days according to 
body weights of the individual animal. During the 
experimental protocol animals were evaluated for 
memory exercised using Elevated plus maze test on 7

th
, 

14
th

 and 21
th 

day. 7
th

 day onward animals were trained for 
swimming to identify hidden platform to check index of 
acquisition using Morris water maze. On 14

th
 and 21

st
 day 

transfer memory and retention memory were observed. 

Statistical analysis were carried out. All values are 
expressed as Mean ± SEM. Multiple comparisons 
between different groups were performed using Analysis 
of variance (ANOVA) followed by Dennett’s multiple 
comparisons test. Difference level at P< 0.05 was 
considered statistically significant condition. 

MATERIALS & METHODS 

Chemicals  

Atrazine, melatonin, primaquine biphosphate were 
purchased from Sigma Aldrich.  

Animals Models  

Wister albino rats of body weight 150-250 g and 6 month 
of age of either sex, procured in the institutional animal 
house (Sardar Bhagwan Singh Post Graduate Institute of 
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Biomedical Sciences and Research) were used for the 
study. The animals were housed in standard poly 
propylene cages and maintained under controlled room 
temperature (22±2ºC) and humidity (55±5%) with 12:12 
hour light and dark cycle. All the animals were provided 
with commercially pallet diet and water ad libitum. The 
study was approved by Institutional Animal Ethics 
Committee under the approved proposal no. 
(273/CPCSEA). Throughout the experiment, animals were 
maintained according to CPCSEA guidelines. 

Animal grouping and treatment protocol  

Wister albino rats were divided into seven groups (n=6) as 
follows:  

Group A 

(Sham control; n=6) normal saline (orally).  

Group B 

(Control; n=6) Atrazine (5mg/kg/orally).  

Group C 

(Standard; n=6) Melatonin (10mg/kg/orally).  

Group D 

(T1; n=6) Atrazine (5mg/kg/orally) and Primaquine 
(10mg/kg/orally).  

Group F 

(T3; n=6) Atrazine (5mg/kg/orally), Primaquine 
(10mg/kg/orally) and Melatonin (10mg/kg/orally).  

Estimation of behavioral activity 

Elevated Plus-Maze test  

Elevated plus-maze was performed for evaluating the 
memory of animal. The plus maze consisted of two open 
(16 × 5 cm²) and closed (16 × 5 × 12 cm) arms, connected 
by a central platform of (5 × 5 cm²).5 The maze was 
elevated at a height of 25 cm above the floor. A fine line 
was drawn in the middle of the floor of each closed arm. 
On the first day (7th day of the treatment) the animal was 
placed individually for 30 min. The time taken by the 
animals to move from open to closed arm (transfer 
latency) was noted on the first day. Transfer latency (TL) 
is the elapse time (in sec.) between the time of placement 
of the animals on the open arm and the time at which all 
four legs were inside the closed arms. The rat was 
allowed to explore the maze for 2 min. Retention of this 
learning task (Retention memory) was examined after 24 
h of the first trial day (i.e. 24 after last dose). Transfer 
latency measured on plus maze on first day served as an 
index of learning and acquisition, whereas transfer 
latency on 2nd and 3rd day (14th day and 21th day of the 
treatment) served as an index of retrieval and memory.  

Calculation  

Inflexion Ratio = L1-L0/L0  

L1 = Transfer latency on day 1  

L0 = Transfer latency on day 2 

Morris Water Maze test  

Morris water maze test was performed employed to 
assess learning and memory of the animal. Morris water 
maze is a swimming based model where the animals learn 
to escape on a hidden platform.17 It consisted of large 
circular pool (150 cm in diameter, 45 cm in height, filled 
to a depth of 30 cm with water maintained at 28±1°C). 
The water was made opaque with titanium dioxide. The 
tank was divided into four equal quadrants with the help 
of two threads, fixed at right angle to each other on the 
rim of the pool. A submerged platform (10×10 cm), 
painted in white was placed inside the target quadrants 
of this pool, 1 cm below surface of water. The position of 
platform was kept unaltered throughout the training 
session. Each animal was subjected to four consecutive 
trails on each day with inter-trial gap of 5 min. The mouse 
was gently placed in the water between quadrants, facing 
the wall of pool with drop location changing for each trial, 
and allowed 120 sec to locate submerged platform. Then 
it was allowed to stay on the platform for 20 sec. If it is 
failed to find the platform within 120 sec, it was guided 
gently onto platform and allowed to remain there for 20 
sec. Day 4 escape latency time (ELT) to locate the hidden 
platform in water maze was noted as an index of 
acquisition or learning, Animal was subjected to training 
trials for four consecutive days, the starting position was 
changed with each exposure as mentioned below and 
target quadrant (Q4 in the present study) remained 
constant throughout the training period.  

On 5th day, platform was removed and each mouse was 
allowed to explore the pool for 120 sec. Mean time spent 
in all four quadrants was noted. The mean time spent by 
the animal in target quadrants searching for the hidden 
platform was noted as an index of retrieval or memory. 
The experimenter always stood at the same position. Care 
was taken that relative location of water maze with 
respect to other objects in the laboratory serving, as 
prominent visual clues were not disturbed during the 
total duration of study. 

RESULTS 

Effect of drugs on transfer latency and retention transfer 
latency on Elevated Plus -Maze  

In control group, Atrazine (5mg/kg) results increase in the 
transfer latency and retention transfer latency on 7th, 
14th and 21th day that indicates impairment of learning, 
memory and anxiety. In treatment groups (T1&T2), 
administration of Primaquine (10mg/kg) and Aspirin 
(25mg/kg) alone with Atrazine (5mg/kg) shown almost 
similar results as to control group. Further, co-
administration of Melatonin (10mg/kg) with Aspirin 
(25mg/kg) than Primaquine (10mg/kg) results statistically 
significant decrease in transfer latency and retention 
latency on 7th, 14th and 21th day as compared to 
standard group. Moreover, treatment with standard 
Melatonin (10mg/kg) results statistically more significant 
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decrease in transfer latency and retention transfer 
latency on 7th, 14th and 21th day as compared to control 
group. (Table 1, 2, 3 and 4)  

Effect of drugs on escape latency of water maze  

In control group, Atrazine (5mg/kg) produced impaired 
acquisition by impairing gradual reduction in escape 
latency time. In treatment group (T1&T2), administration 
of Primaquine (10mg/kg) and Aspirin (25mg/kg) with 
Atrazine (5mg/kg) shown almost similar results in escape 
latency time with successive acquisition trails on day1-6 

as compared to control group. Further co-administration 
of Melatonin (10mg/kg) with Aspirin (25mg/kg) than 
Primaquine (10mg/kg) resulted statistically significant 
decrease in escape latency time from 1st to 6th trails as 
compared to standard group. Moreover treatment with 
standard Melatonin (10mg/kg) showed statistically more 
significant decrease in escape latency as compared 
control group. (Table 5) 

 

RESULTS 

Table 1: Body weight of animals on respective days 7
th

, 14
th

 and 21
th

. 

Treatment (oral) 
Body weight (g) 

Day 7 Day 14 Day 21 

Normal 202.3±1.109 214.8±1.434 218.3±1.548 

Atrazine (Control)(5mg/kg) 189±4.301 186.3**±2.780 171.8***±1.250 

Atrazine (5mg/kg) + Melatonin (10mg/kg, orally) 194±2.799 202.3*±1.702 209.8±1.250 

Atrazine (5mg/kg) + Primaquine (10mg/kg) 199±0.7071 203.3*±2.287 204.5*±1.708 

Atrazine (5mg/kg) + Melotonin (10mg/kg) + Primaquine 
(10mg/kg) 

210.5±2.901 211±3.189 222.5±4.481 

          Values are expressed as Mean ± SEM, *P< 0.05, **P < 0.001, ***P> 0.001, n=6 each group. 

Table 2: Ameliorative effect of Melatonin on transfer latency on day 7th, 14th and 21th in Atrazine induced Glucose-6-
phosphate deficiency in Rats using Elevated Plus Maze  

Treatment (oral) 
Transfer latency (sec) 

Day 7 Day 14 Day 21 

Normal 25±1.140 26.8±1.855 29.80±1.655 

Atrazine (Control)(5mg/kg) 13.20±1.715*** 7.400±0.5099*** 3.800±0.6633*** 

Atrazine (5mg/kg) + Melatonin (10mg/kg, orally) 19±2.915** 151.761** 23.80±2.818 

Atrazine (5mg/kg) + Primaquine (10mg/kg) 4.800±1.068*** 5.400±1.030*** 4.600±0.8124*** 

Atrazine (5mg/kg) + Melotonin (10mg/kg) + 
Primaquine (10mg/kg) 

8.00±1.414*** 14.20±1.562*** 16.80±2.345*** 

          Values are expressed as Mean ± SEM. *P<0.05, **P<0.01, ***P<0.001, n=6 in each group. 

Table 3: Ameliorative effect of Melatonin on retention transfer latency on day 7
th

, 14
th

 and 21
th

 in Atrazine induced 
Glucose-6-phosphate deficiency in Rats by using Elevated Plus Maze  

Treatment (oral) 
Retention transfer latency (sec) 

Day 7 Day 14 Day 21 

Normal 179.4±5.836 179.2±5.843 177.8±5.324 

Atrazine (control) (5mg/kg) 104.4±6.153
*** 

60.40±3.982
*** 

46.20±2.782
*** 

Atrazine (5mg/kg) + Melatonin (10mg/kg) 117.6±3.614
*** 

151.2±4.116
*** 

155.4±7.840
* 

Atrazine (5mg/kg) + Primaquine (10mg/kg) 69.60±6.947*** 51.80±4.684*** 98.40±3.894*** 

Atrazine (5mg/kg) + Melotonin (10mg/kg)+ 
Primaquine (10mg/kg) 

82.60±4.802
*** 

98.20±4.684
*** 

100±4.336
*** 

                   Values are expressed as Mean ± SEM. 
*
P<0.05, 

**
P<0.01, 

***
P<0.001, n=6 in each group. 
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Table 4: Ameliorative effect of Melatonin on retention transfer latency on day 7th, 14th and 21th in Atrazine induced 
Glucose-6-phosphate deficiency in Rats by using Elevated Plus Maze  

Treatment (oral) 
Inflexion ratio (sec) 

Day 7-14 Day 14-21 

Normal 14.14±1.524 15.13±1.282 

Atrazine (control) (5mg/kg) 8.59±1.317*** 89.65±2.587*** 

Atrazine (5mg/kg) + Melatonin (10mg/kg) 26.61±1.866** 24.60±1.983 

Atrazine (5mg/kg) + Primaquine (10mg/kg) 75.07±1.755*** 76.24±2.014*** 

Atrazine (5mg/kg) + Melotonin (10mg/kg)+ Primaquine (10mg/kg) 29.95±2.925*** 29.95±2.954** 

Values are expressed as Mean ± SEM. *P<0.05, **P<0.01, ***P<0.001, n=6 in each group. 

Table 5: Ameliorative effect of Melatonin on escape latency in Atrazine induced Glucose-6-phosphate deficiency in Rats 
using Morris Water Maze 

Treatment (oral) 
Escape latency (secs) 

Day 7 Day 14 Day 21 

Normal 18±1.049 14±1.612 23±2.915 

Atrazine (Control) (5mg/kg) 41.20±1.158*** 52.20±1.393*** 54.80±1.685*** 

Atrazine (5mg/kg) + Melatonin (10mg/kg) 37.60±0.7483*** 32.60±1.435*** 25±0.9487 

Atrazine (5mg/kg) + Primaquine (10mg/kg) 44.20±0.9695*** 48.20±1.881*** 49.60±2.676*** 

Atrazine (5mg/kg) + Melotonin (10mg/kg) + Primaquine (10mg/kg) 27±0.7071*** 23.40±1.208*** 20±0.8367 

             Values are expressed as Mean ± SEM. 
*
P<0.05, 

**
P<0.01, 

***
P<0.001, n=6 in each group. 

DISCUSSION 

Glucose-6-phosphate is a house-keeping enzyme acts as 
potent scavenger of free radicals, whose secretions is 
governed by  endocrine system in pentose phosphate 
pathway (PPP) which is fast-rate limiting reaction. An 
impression of G6PD is present in different parts of body in 
various percentage. The presence was observed in brain, 
heart, lungs, kidney, liver, pituitary, hypothalamus, 
placenta, retina, prostrate, trachea, thyroid, thalamus, 
tongue, testis, thymus, small intestine, uterus, smooth 
muscles, skeletal muscles, salivary glands, pancreas etc. 
Likewise deficiency of G6PD is responsible for various 
neurodegenerative disorder like Parkinson’s, alzeimers 
disorders etc. 

The study was aimed to evaluate the neuroprotective role 
of melatonin with Primaquine  in Atrazine induced G6PD 
deficiency in Wister albino rats. The animals of body 
weight (150-200gm) were housed in standard poly 
propylene cages and maintained under controlled room 
temperature (22±2ºC) and humidity (55±5%) with 12:12 
hour light and dark cycle. All the animals were provided 
with commercially pallet diet and water ad libitum. The 
study was approved by Institutional Animal Ethics 
Committee under the approved proposal no. 
(273/CPCSEA). Throughout the experiment, animals were 
maintained according to the CPCSEA guidelines. Animals 
were divided into seven groups and observed under 
treatment protocol. 

Atrazine were used for induction of glucose-6-phosphate 
dehydrogenase deficiency in animals. Atrazine was 

dissolve in DMSO, Melatonin in propylene glycol, 
Primaquine in distilled water. Dosing protocol was 
followed for 21days according to body weights of the 
individual animal. During the experimental protocol, 
animals were evaluated for memory exercised using 
Elevated plus maze test on 7th, 14th and 21th day. 7th day 
onward animals were trained for swimming to identify 
hidden platform to check index of acquisition using 
Morris water maze. On 14th and 21st day, transfer 
memory and retention memory were observed and 
results showed significant improvement in it.   

The statistical analysis was carried out using Graph Pad 
Prism 5.0 software. All values are presented as Mean ± 
SEM. Multiple comparisons between different groups 
were performed using Analysis of variance (ANOVA) 
followed by Dunnett’s multiple comparisons test. 
Difference level at P< 0.05 was considered statistically 
significant condition.    

REFERENCES 

1. Anderson, H.R., et.al, “Toxicologic evidence of 
developmental neurotoxicity of environmental chemicals”, 
Toxicology, vol. 144, 2000, 121-127.  

2. Au, S.W, and Gover, S.,et.al., “Human G6PD : the citole 
stracture reveals structural NADP molecules and provides 
insights into enzymes deficiency stractures”, vol. 8, issue 3, 
2000, 293-303.  

3. Aykae-Toker, G., “Effect of peroxynitrite on glutaredoxin”, 
Human Experimental Toxicology, vol. 20, 2001, 373-376.  

 



Int. J. Pharm. Sci. Rev. Res., 51(1), July - August 2018; Article No. 28, Pages: 193-197                                                             ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research . International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 

. 

. 
Available online at www.globalresearchonline.net 

 

197 

4. Azza, B., Et, Remessey, et.,al., “High glucose induced 
tyrosine Nitration in endothelial cells : Role in eNOS 
uncoupling and aldose reductase activation, Invest 
opthalmol vis-sci, vol. 44, 2003, 3135-3142.  

5. Bessa, J. M., Oliveira, M., Cerqueira, J. J., Almeida, O. F. and 
Sousa, N. Age-related qualitative shift in emotional 
behaviour: paradoxical findings after re-exposure of rats in 
the elevated-plus maze. Behav Brain Res 162(1): 2005, 135-
142., 

6. Beutler, E., 1994, “G6PD deficiency”, Blood, vol. 84, issue 11, 
3613-3636.  

7. Bhatti J S, Sidhu I P e.,al,. “Ameliorative action of Melatonin 
on oxidative damage induced by Atrazine toxicity in rat 
erythrocytes, Molecular Cell Biochemistry, vol. 353, issue (1-
2), 2011, 139-49.  

8. Birsen, Ozyurt. Et.al., “The effect of anti-oxidant caffeic acid 
phenethyl ester (CAPE) on some enzyme activities in 
cisplatin induced neurotoxicity in rats”, European journal of 
general medicine, vol. 3, issue (4), 2006,167-172.  

9. Boros, L.G, Puigjaner, J., “Oxythimine and DHEA inhibits the 
non-oxidative synthesis of ribose and tumeor cell 
proliferation”, Cancer Research, vol. 57, 1997, 4242-4248.  

10. Cappellini, M.D., Fiorelli, G., “G6PD deficiency”, Lancet, vol. 
371, 2008, 64-74.  

11. Filosa, S., Fico, A., et,al. “Failure to increase glucose 
consumption through PPP results in the death of G6PD gene 
deleted mouse embryonic stem cell subjected to oxidative 
stress”, Bio Chemistry Journal, vol. 370, 2003, 935-943.  

12. Cobon, A., et,al. “Dopaminergic toxicity associated with oral 
exposure to the herbicides Atrazine in juvenile male 

C57BL/6 mice), Journal of neurochemistry, vol. 10, issue (5), 
2007, 1177-1187.  

13. Cocco, P., Todde, P., et,al. “Mortality in a cohort of man 
expressing the G6PD” Blood, vol. 91, 1998, 706-709.  

14. Collins, M.A., et,al. “Potential neurotoxic agents 
provocations in PD”, Neurotoxicology Teratology, vol. 24, 
2002, 571-577.  

15. Cookson, P., “A simple spectrophotometric method for 
quantification of residual hemoglobin in platelet 
concentrates, Vox sang, vol. 87, 2004, 264-271.  

16. Corons, J.V., Kuhl, W., et,al. “Molecular genetics of the G6PD 
Mediterrian variant and disruption of a new G6PD mutant, 
G6PD Andalus”, American Journal of Human Genetics, vol. 
47, 1990, 575-579.  

17. Morris R. Developments of a water-maze procedure for 
studying spatial learning in the rat. J. Neurosci. Methods 11, 
1984, 47–60. 

18. Muller, G., et,al. “NADPH oxidases and endothelial 
dysfunction”, Hoen Metab Resesrch, vol. 41, 2009, 152-158.  

19. Persico, M.G., Vigelietto, G., et,al. 1986. “Isolation of G6P 
(G6PD) cDNA clones : primary stracture of proteins and 
unusual 5’ non-cloning region”, Nucleic acid Research, vol. 
14, 2511-2522. 

20. Yeh, G.C., Daschner, P.J., “Modulation of G6PD activity and 

expression is associated with aryl hydrocarbon resistance 

modulation in vitro”, Journal of Biol Chemistry, vol. 276, 

2001, 34708-13. 

 

Source of Support: Nil, Conflict of Interest: None. 

  

http://www.ncbi.nlm.nih.gov/pubmed/15922074
http://www.ncbi.nlm.nih.gov/pubmed/15922074
http://www.ncbi.nlm.nih.gov/pubmed/15922074

