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Abstract:-  Micronutrient zinc is an essential trace 

element being crucial for maintaining the normal 

biological functions. Pre-pubertal male Wistar rats (35-

45 gm) were divided into 4 groups: (1) Negative Control 

(NC) - fed with standard feed (Ashirwad Industries, 

Chandigarh) and tap water was provided ad libitum. (2) 

Zinc Control (ZC) - Fed with diet containing 100 μg/gm 

zinc. Tap water was provided ad libitum. (3) Pair fed 

(PF) - Fed with 100 μg/gm Zn diet but the amount of feed 

given was equal to the feed consumed by Zinc deficient 

group. Tap water was provided ad libitum. (4) Zinc 

Deficient (ZD) - fed with 1.00 μg/gm zinc diet and 

demineralized water was provided ad libitum. 

Experiments were conducted for 2-, 4- and 6- weeks. 

Total protein, protein carbonyl, glutathione, superoxide 

dismutase (Total SOD, Cu-Zn SOD and MnSOD) and 

catalase were assessed. Results revealed significant 

(P<0.05) decrease in total protein, glutathione and Cu-

ZnSOD activity after dietary zinc deficiency while 

concentration of protein carbonyl and activities of  total 

SOD, MnSOD and catalase increased. Study indicates 

that insufficient dietary zinc results in alteration of total 

protein, glutathione, SOD and catalase with consequent 

formation of protein oxidation (carbonyl) indicating the 

generation of reactive oxygen species leading to oxidative 

stress which would impede the functional aspects of 

brain sub-regions. 
 

Keywords:- Zinc deficiency, Brain sub regions, total protein, 
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I. INTRODUCTION 
  

Nutritional zinc deficiency of zinc has affected nearly 

2 billion people in developing countries [1] [2] with 

prevalence in low and middle income countries [3] and 

reported to be four times more common in malnourished 

children [4]. According to Food and Health Organization 

one third of the population resides in countries having high 

zinc deficiency with India being one of them. Myriads of 

biological functions involve zinc which has been widely 

reported.2800 human proteins are potentially zinc-binding in 
vivo, corresponding to 10% of all human proteome [5]. 

 

Authors [6] [7] [8] [9] [10] [11] [12] [13] reported that 

normal functioning of brain requires zinc for neuronal 

proliferation, neurotransmission, neuromodulator, synaptic 
plasticity, learning and memory. In various regions of brain 

neurons contain free zinc ion with high concentration in 

neurons of cortex, amygdala, olfactory bulb, hippocampus 

and neocortex region [14] [15] [16]. Zinc in brain as well as 

its circulation maintains the blood brain barrier and it is the 

integrity of this barrier which is responsible for maintaining 

zinc homeostasis especially during pathological state [17]. 

Various aspects of zinc transporters have been discussed 

[18] [19] [20] [21] [22] with ZnT2 transporter localized in 

choroidal epithelia and freshly isolated plexus tissues in 

choroidal Z310 cells [23]. ZnT3 loads zinc into brain 
synaptic vesicles of a subset of glutamate neurons [24]. 

 

Under normal conditions antioxidant decreases the 

perturbations caused due to generation of ROS/RNS either 

by functioning as a catalytic agent, reducing, 
quenching/scavenging reactive species or by protecting the 

molecules [25]. Carbonylation – protein modification 

usually affecting lysine, arginine and proline is an indicator 

of oxidative protein damage and  has also been associated 

with neurodegenerative disease [26] [27] [28] 

[29].Glutathione( GSH)  – a tripeptide thiol and an 

antioxidant has been reported in neurons although its 

concentration is less than that of astrocytes [30] with Cys  

being an important substrate  for synthesis of GSH in 

neurons [31] while astrocytes utilizes both Cys or cystine for 

synthesis [32]. It antagonizes the concentration of reactive 
oxygen species while efficiently triggering the antioxidant 

defense mechanisms [33] .Superoxide dismutase (EC 
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1.15.1.1) an antioxidant with three distinct class (E-SOD; 

Cu-Zn SOD and MnSOD) each having distinct sub cellular 
localization  catalyzing the conversion of superoxide radical  

into molecular oxygen and hydrogen peroxide functioning as 

a major cellular defense against O2• - and peroxynitrite [34] 

[35]. The decomposition of hydrogen peroxide to molecular 

oxygen and water is catalyzed by catalase, thus bringing to 

an end the detoxifying reaction started by SOD [36]. The 

study evaluates total protein, protein carbonyl, glutathione 

and enzymatic antioxidants (SOD and catalase) in Wistar rat 

brain sub-regions after dietary zinc deficiency.  
 

II. MATERIALS AND METHODS 
 

A. Synthetic diet  

The diets were formulated by using ICN Research Diet 

Protocol (1999). The ingredients of the diet (per kg diet) 

were-  Egg white/ albumin- 180 gm, Corn oil- 100 gm, Corn 

starch- 443 gm, Sucrose- 200 gm, Cellulose -30 gm, Choline 

chloride- 2 gm, DL- methionine- 7 gm, AIN- 76 salt 

mixture- 35 gm, AIN- 76C vitamin-antibiotic mixture- 10 

gm. 
 

B. Basal diet  

Zinc contents of basal diet from each lot was estimated at 

213.9 nm in air-acetylene flame n GBC 902 Atomic 

Absorption Spectrophotometer and zinc concentration 

adjusted to 1.0 μg/gm and 100 μg/gm by addition of 
appropriate amounts of zinc sulphate. 

 

C. Experimental Protocol 

Male Rattus norvegicus (Wistar rats) (30-40 days of 

age,pre-pubertal; 35-45 gm) were  divided into  four  groups 
with 10 animals in each group: Group 1: Negative control – 

fed with standard feed (Ashirwad Industries, Chandigarh) 

and tap water was provided  ad libitum .Group 2 : Zinc 

control / ZC group- Fed with diet containing 100 μg/gm 

zinc. Tap water was provided  ad libitum. (c) Group 3: Pair-

fed group / PF group- Fed with 100 μg/gm Zn diet but the 

amount of feed given was equal to the feed consumed by 

Zinc deficient group the previous day to account for stress 

and starvation effect caused due to low diet intake. Tap 

water was provided ad libitum (d) Group 4: Zinc deficient / 

ZD group- animals were fed with 1.00 μg/gm zinc diet and 
demineralized water was provided ad libitum. Male Wistar 

rats were housed in isolation in polypropylene cages with 

stainless steel grills. Cages and water bottles were washed 

with detergent solution, demineralized water and finally 

rinsed in 1% EDTA solution prepared in demineralized 

water for removal of zinc traces. Experiments were 

conducted for 2-, 4- and 6-weeks and approved by 

University Department Ethics Committee and Committee for 

the Purpose of Control and Supervision of Experiments on 

Animals [CPCSEA (1678/GO/Re/S/12)].  
 

After completion of experiments, animals were 

anesthetized; brain excised, cleaned off of extraneous tissue, 

weighed on Sartorius BS 124 S electronic balance and 

processed for biochemical studies. 
 

 

 

 

D. Biochemical Studies  

Brain sub –regions were homogenized in Remi tissue 
homogenizer and centrifuged at 2000 rpm (Remi –R8C 

laboratory centrifuge) or 10,000 rpm (Sigma refrigerated 

high –speed centrifuge 4 K15 using 18015 rotar) to remove 

cell debris. The absorbance was read on Systronics 

spectrophotometer 169 (Serial No. 827). Total protein [37], 

Protein carbonyl [38], Glutathione (GSH) [39] [40], 

Superoxide Dismutase (SOD)- (i) Total SOD [41] (ii) Cu-Zn 

SOD [42] and (iii) Mn-SOD (Total SOD – Cu-Zn SOD) and 

Catalase [43] were analyzed.   
 

E. Statistical Analysis  

Data expressed as mean  SEM. One way Analysis of 

Variance (ANOVA) was carried out separately for 2-, 4- and 

6- week experimental groups and post- hoc test (Tukey’s 

Multiple Comparison test) was applied if the difference was 

found to be significant. Data were analyzed using Graph Pad 

Prism Version 7.0e.  P < 0.05 was examined to be 

significant. 
 

III. RESULTS 
 

There was a significant (P<0.05) decrease in total 

protein concentration after 2-, 4- and 6- weeks of experiment 

when zinc deficient (ZD) groups were compared with their 

respective controls(NC and ZC) as well as pair fed (PF)  

groups. Decrease was also significant when pair fed group of 

2-, 4- and 6 week experiment were compared with respective 

NC and ZC groups (Table 1). 
 

Protein carbonyl concentration increased significantly 

(P<0.05) after  2-, 4- and 6- weeks of dietary zinc deficiency 

when compared with their respective controls (NC  and ZC) 
and paired  groups. Significant increase was evident when 

pairfed groups were compared with respective controls (NC 

and ZC) (Table 2).      
 

Glutathione concentration decreased significantly 
(P<0.05) after 2-, 4- and 6- weeks of experiment when zinc 

deficient groups were compared with their respective 

controls(NC and ZC) and pair fed groups. Decrease was also 

significant when pair fed group of 2- , 4- and 6 week 

experiment were compared with respective NC and ZC 

groups (Table 3). 
 

After 2-, 4- and 6- weeks of dietary zinc deficiency 

total SOD  activity increased significantly (P<0.05)  when 

zinc deficient groups were compared with their respective 

NC, ZC and PF groups. Comparison of three experimental 

PF groups with respective NC and ZC groups revealed 

significant increase (P<0.05) (Table 4). Cu-Zn SOD activity  

decreased significantly(P<0.05)  after 2-, 4- and 6- weeks of 

dietary zinc deficiency when zinc deficient groups were 

compared with their respective NC,ZC and PF groups. 
Decrease was also significant (P<0.05) when PF groups( 2-, 

4- and 6- weeks experiment ) were compared with their 

respective NC and ZC groups(Table 5). Mn SOD activity 

increased significantly (P<0.05) when zinc deficient groups 

(2-,4- and 6- weeks experiment) were compared with their 

respective NC,ZC and PF groups. Similar pattern of increase 

was evident when pair fed groups of the three experiments 
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was compared with their respective NC and ZC groups 

(Table 6). 
 

Catalase activity increased significantly (P<0.05) when 

zinc deficient groups of 2-,4- and 6- weeks experiment were 

compared with their respective NC,ZC and PF groups. 

Similar pattern of increase was observed when pair fed 
groups of 2-, 4- and 6 weeks experiment was compared with 

their respective NC and ZC groups (Table 7). 
 

IV. DISCUSSION 
 

Nutritional zinc deficiency causes oxidative stress 

which implies critical imbalance between reactive oxygen 

species (ROS) production and antioxidant defense 

mechanisms in the body [44]. It is a disturbance in the 

prooxidant-antioxidant balance causing possible cellular 
damage [45]. Animal studies have revealed that zinc is 

essential for the synthesis of nucleic acids [46] and proteins 

[47] and is crucial in protein metabolism [48]. Oxidative 

stress generated apoptosis cascade which causes ROS 

increases and/or antioxidant decreases, disruption of 

intracellular redox homeostasis and irreversible oxidative 

modifications of lipid and protein [49].  Reference [50] 

reported disruption in protein metabolism in male rats after 

dietary zinc deficiency. Further, reference [51] suggested 

that the effects of zinc deficiency on protein metabolism is 

not due to (i) inability to form functional 
mRNA’s/monosomes or (ii) overall decline in protein 

synthesis but it appears to selectively to decrease synthesis 

of some proteins(repression of genes)  and increasing 

others(activation of genes). Decreased serum hormonal 

(FSH,LH and testosterone) profile was reported [52]. 

Decline in total protein in brain sub–regions after dietary 

zinc deficiency suggests deterioration of enzymes, proteins 

and hormones. The evident decrement in total protein in 

pairfed groups could be the outcome of stress and starvation.  
 

Carbonylation causes major changes in protein 

structure as well as function leading to formation of protease 

resistant protein aggregates which would affect the cells 

making it susceptible to oxidative stress [53], Carbonyl 

stress increases chemical modification of proteins leading to 

oxidative stress and tissue damage [54]. Accumulation of 
protein carbonyl which increased progressively with 

duration of zinc deficiency reflects loss of structural 

/catalytic function of proteins disrupting the cellular 

functions. 
 

Glutathione, an antioxidant is the most powerful 

weapon against oxidative and nitrosative stress that result 

due to excess of free radical generation [55]. A significant 

decrease in the reducing capacity of glutathione has been 

used as a marker of oxidative stress in rats and other animal 

models [56]. Stress caused decrement in GSH and free 

sulfhydryl groups [57] [58]. In present study glutathione 

concentration in brain sub-regions decreased significantly 

which can be contributed to oxidative stress after dietary 

zinc deficiency and due to stress in pair-fed groups.Several 

authors [59] [60] [61] in their studies observed enhanced 
oxidative damage –membrane lipid peroxidation, protein 

carbonylation as well as DNA breakage due to loss of 

superoxide dismutase activity.  Variable degree of oxidative 

damage in the cytoplasm, nucleus and mitochondria using 
Sod1−/− mice [60] and Sod2+/− mutants [62] [59] were 

observed. Using nestin – Cre-loxp system brain specific 

SOD2-deficient mice (B-SOD2-/-) was generated which 

reveled decreased mitochondrial complex II activity ,growth 

retardation, spongiform neurodegeneration in motor cortex, 

hippocampus as well as brain stem accompanied by gliosis 

[63]. Neuronal nitration on account of endogenous 

production of superoxide radical/ peroxynitrite can affect the 

expression of Cu-Zn SOD [64]. Increased total SOD and Mn 

SOD activity was observed after deficiency indicative of 

altered expression /catalytic activity. Overexpression of total 

SOD and  MnSOD  probably in response to oxidative stress 
to protect the brain cells from degeneration on account of 

accumulation of superoxide anion radical and peroxynitrite 

formation which in turn would increase H2O2 concentration  

promoting production of hydroxyl radical. Moreover, Cu-Zn 

SOD activity in brain sub regions decreased in the present 

study which could probably be due to (i) low availability of 

copper to maintain its expression (ii) oxidative stress as well 

as (ii) neuronal nitration. Stress and starvation (due to 

limited food provided) in pair fed groups also exhibited 

altered activity.Catalase mRNA was demonstrated in brain 

neurons and glia cells [65]. H2O2 is also generated by 
protonated form of superoxide (hydroxyperoxyl radical) 

which reacts with iron /copper to generate HO • (Fenton 

reaction / Haber Weiss reaction) which is detrimental to the 

cells.  High activity of catalase in brain sub regions was 

observed in the present study to lower the noxious H2O2 

which can be due to oxidative stress caused by dietary zinc 

deficiency. 
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V. TABLES 

 

Groups 
Total Protein (mg /g) 

Frontal Parietal Occipital Cerebellum 

2NC 43.98± 

0.003 

46.52± 

0.002 

42.45± 

0.003 

45.42± 

0.004 

2ZC 43.97± 

0.004 

46.51± 

0.003 

42.44± 

0.005 

45.42± 

0.005 

2PF 42.36± 

0.002b*d* 

45.65± 

0.004b*d* 

40.36± 

0.002b*d* 

44.04± 

0.003b*d* 

2ZD 39.67± 

0.005c*e*f* 

42.32± 

0.002c*e*f* 

38.25± 

0.003c*e*f* 

41.37± 

0.004c*e*f* 

4NC 48.56± 

0.002 

45.65± 

0.001 

61.56± 

0.004 

63.91± 

0.005 

4ZC 48.55± 

0.004 

45.66± 

0.002 

61.56± 

0.003 

63.91± 

0.006 

4PF 46.69± 

0.003 b*d* 

43.25± 

0.003 b*d* 

59.41± 

0.003 b*d* 

61.41± 

0.004 b*d* 

4ZD 42.56± 

0.001c*e*f* 

39.35± 

0.004c*e*f* 

56.36± 

0.005c*e*f* 

58.76± 

0.004c*e*f* 

6NC 65.27± 
0.003 

68.96± 
0.005 

70.96± 
0.002 

69.93± 
0.003 

6ZC 65.28± 

0.004 

68.95± 

0.003 

70.95± 

0.004 

69.93± 

0.007 

6PF 64.69± 

0.003 b*d* 

65.63± 

0.002 b*d* 

68.05± 

0.002 b*d* 

65.58± 

0.004b*d* 

6ZD 60.48± 

0.005c*e*f* 

61.52± 

0.004c*e*f* 

64.56± 

0.003c*e*f* 

61.02± 

0.002c*e*f* 

               Table 1: Total protein in brain sub-regions of Wistar rat after 2-,4- and 6- weeks of dietary zinc deficieny (MEAN ± 

SEM) 

           

                                                                                                                                                                                                                                                                                                                                    

Where,                                                                                        * P<0.05 Significant 

F= Frontal lobe of the brain, P= Parietal lobe, O= Occipital lobe & C= Cerebellum, 
a= NC Vs ZC, b = NC Vs PF, c= NC Vs ZD, d=ZC Vs PF, e =ZC Vs ZD, f =PF Vs ZD 

Multiple comparison procedures were performed for 2-, 4- and 6 weeks experimental groups 

 

Groups 
Protein Carbonyl (nmoles/mg protein) 

Frontal Parietal Occipital Cerebellum 

2NC 1.61±0.003 1.66±0.001 1.44±0.008 1.66±0.004 

2ZC 1.61±0.004 1.66±0.009 1.44±0.007 1.66±0.005 

2PF 1.69±0.003 b*d* 1.76±0.003 b*d* 1.69±0.001 b*d*  1.85±0.003b*d* 

2ZD 1.81±0.003 c*e*f* 1.96±0.004 c*e*f* 1.75±0.001 c*e*f* 1.99±0.003 c*e*f* 

4NC 1.72±0.001 1.82±0.001 1.57±0.005 1.85±0.005 

4ZC 1.72±0.004 1.82±0.003 1.57±0.007 1.86±0.005 

4PF 1.80±0.002 b*d* 1.90±0.009 b*d* 1.82±0.001 b*d* 1.95±0.003 b*d* 

4ZD 2.05±0.009 c*e*f* 2.04±0.009 c*e*f* 1.92±0.004 c*e*f* 2.12±0.003 c*e*f* 

6NC 1.94±0.009 1.92±0.009 1.65±0.004 1.91±0.004 

6ZC 1.93±0.001 1.92±0.007 1.65±0.009 1.91±0.009 

6PF 1.99±0.009 b*d* 2.04±0.009 b*d* 1.92±0.001 b*d* 2.04±0.003 b*d* 

6ZD 2.24±0.008 c*e*f* 2.14±0.008 c*e*f* 2.08±0.002 c*e*f* 2.21±0.003 c*e*f* 

Table 2: Protein carbonyl in brain sub-regions of Wistar rat after 2-,4- and 6- weeks of dietary zinc deficieny   

(MEAN ± SEM) 
 

Where,                                                                                        * P<0.05 Significant 

F= Frontal lobe of the brain, P= Parietal lobe, O= Occipital lobe & C= Cerebellum, 

a= NC Vs ZC, b = NC Vs PF, c= NC Vs ZD, d=ZC Vs PF, e =ZC Vs ZD, f =PF Vs ZD 

Multiple comparison procedures were performed for 2-, 4- and 6 weeks experimental groups 
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Groups 
Glutathione (GSH) (μM GSH /mg) 

Frontal Parietal Occipital Cerebellum 

2NC 28.75± 

0.003 

30.66± 

0.001 

25.49± 

0.002 

26.92± 

0.004 

2ZC 28.75± 

0.002 

30.31± 

0.002 

25.92± 

0.001 

26.92± 

0.004 

2PF 27.31± 
0.005 b*d* 

29.89± 
0.004 b*d* 

24.67± 
0.002 b*d* 

24.25± 
0.005b*d* 

2ZD 25.95± 

0.004 c*e*f* 

28.11± 

0.002 c*e*f* 

22.89± 

0.005 c*e*f* 

23.75± 

0.003c*e*f* 

4NC 36.21± 

0.001 

39.92± 

0.001 

33.44± 

0.003 

34.73± 

0.003 

4ZC 36.38± 

0.002 

39.23± 

0.004 

33.96± 

0.004 

34.73± 

0.003 

4PF 34.98± 

0.003 b*d* 

37.51± 

0.005 b*d* 

31.62± 

0.003 b*d* 

32.11± 

0.004b*d* 

4ZD 32.62± 

0.001 c*e*f* 

35.87± 

0.003 c*e*f* 

28.01± 

0.005 c*e*f* 

27.96± 

0.003c*e*f* 

6NC 53.25± 

0.003 

56.62± 

0.004 

49.34± 

0.003 

50.18± 

0.003 

6ZC 53.47± 
0.004 

56.46± 
0.002 

49.85± 
0.004 

50.18± 
0.004 

6PF 50.51± 

0.004 b*d* 

53.33± 

0.004 b*d* 

46.21± 

0.002 b*d* 

47.23± 

0.005b*d* 

6ZD 46.32± 

0.005 c*e*f* 

47.15± 

0.002 c*e*f* 

40.63± 

0.003 c*e*f* 

40.01± 

0.004c*e*f* 

Table 3: Glutathione in brain sub-regions of Wistar rat after 2-,4- and 6- weeks of dietary zinc deficieny (MEAN ± SEM) 
 

Where,                                                                                        * P<0.05 Significant 

F= Frontal lobe of the brain, P= Parietal lobe, O= Occipital lobe & C= Cerebellum, 

a= NC Vs ZC, b = NC Vs PF, c= NC Vs ZD, d=ZC Vs PF, e =ZC Vs ZD, f =PF Vs ZD 

Multiple comparison procedures were performed for 2-, 4- and 6 weeks experimental groups 

 

Groups 
Total SOD ( Units mg protein /hr) 

Frontal Parietal Occipital Cerebellum 

2NC 10.36±0.018 9.76±0.027 6.63±0.015 10.37±0.015 

2ZC 7.79±0.026 9.78±0.014 6.63±0.012 10.36±0.017 

2PF 8.55±0.018 b*d* 10.165±0.015 b*d* 7.55±0.019 b*d* 11.93±0.011b*d* 

2ZD 10.12±0.015 c*e*f* 12.11±0.018 c*e*f* 8.95±0.020 c*e*f* 14.10±0.034c*e*f* 

4NC 8.78±0.014 10.47±0.019 7.02±0.011 15.13±0.014 

4ZC 8.78±0.013 10.48±0.013 7.02±0.014 15.13±0.011 

4PF 9.78±0.015 b*d* 11.34±0.019 b*d* 9.32±0.010 b*d* 18.11±0.018b*d* 

4ZD 14.18±0.017 c*e*f* 15.19±0.014 c*e*f* 12.18±0.020 c*e*f* 22.30±0.022c*e*f* 

6NC 9.46±0.016 14.46±0.021 9.27±0.019 29.12±0.014 

6ZC 9.47±0.016 14.46±0.015 9.27±0.021 29.14±0.017 

6PF 11.14±0.018 b*d* 16.00±0.020 b*d* 10.77±0.023 b*d* 34.99±0.333b*d* 

6ZD 18.92±0.040 c*e*f* 23.34±0.021 c*e*f* 16.13±0.020 c*e*f* 40.11±0.015c*e*f* 

Table 4: total Superoxide dismutase (SOD)  in brain sub-regions of Wistar rat after 2-,4- and 6- weeks of dietary zinc deficieny 
(MEAN ± SEM) 

Where,  

* P<0.05 Significant 

F= Frontal lobe of the brain, P= Parietal lobe, O= Occipital lobe & C= Cerebellum, 

a= NC Vs ZC, b = NC Vs PF, c= NC Vs ZD, d=ZC Vs PF, e =ZC Vs ZD, f =PF Vs ZD 

Multiple comparison procedures were performed for 2-, 4- and 6 weeks experimental groups 
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Groups 
Cu-Zn SOD ( Units mg protein /hr) 

Frontal Parietal Occipital Cerebellum 

2NC 4.73±0.016 5.22±0.014 4.53±0.011 6.928±0.013 

2ZC 4.75±0.018 5.22±0.021 4.51±0.012 6.937±0.012 

2PF 4.23±0.014 b*d* 4.63±0.018 b*d* 3.65±0.017 b*d* 5.414±0.013b*d* 

2ZD 3.36±0.020 c*e*f* 3.26±0.022 c*e*f* 2.89±0.013 c*e*f* 5.041±0.017c*e*f* 

4NC 5.95±0.019 6.89±0.013 5.51±0.012 7.234±0.012 

4ZC 5.94±0.021 6.88±0.018 5.51±0.014 7.251±0.017 

4PF 3.87±0.012 b*d* 3.75±0.011 b*d* 2.92±0.013 b*d* 4.928±0.012b*d* 

4ZD 2.99±0.019 c*e*f* 2.85±0.014 c*e*f* 1.98±0.015 c*e*f* 3.456±0.017c*e*f* 

6NC 7.88±0.013 10.72±0.022 7.62±0.019 14.09±0.014 

6ZC 7.87±0.010 10.71±0.023 7.62±0.010 14.0±9±0.020 

6PF 3.02±0.020 b*d* 2.98±0.022 b*d* 2.12±0.014 b*d* 3.528±0.011b*d* 

6ZD 1.98±0.016 c*e*f* 1.63±0.019 c*e*f* 0.58±0.012 c*e*f* 2.020±0.022c*e*f* 

Table 5: cu-zn Superoxide dismutase (SOD)  in brain sub-regions of Wistar rat after 2-,4- and 6- weeks of dietary zinc deficieny 

(MEAN ± SEM) 
 

Where,                                                                                        * P<0.05 Significant 

F= Frontal lobe of the brain, P= Parietal lobe, O= Occipital lobe & C= Cerebellum, 

a= NC Vs ZC, b = NC Vs PF, c= NC Vs ZD, d=ZC Vs PF, e =ZC Vs ZD, f =PF Vs ZD 

Multiple comparison procedures were performed for 2-, 4- and 6 weeks experimental groups 

 

Groups 
Mn SOD ( Units mg protein /hr) 

Frontal Parietal Occipital Cerebellum 

2NC 3.06±0.014 4.55±0.014 2.10±0.014 3.45±0.017 

2ZC 3.09±0.023 4.57±0.014 2.12±0.016 3.44±0.021 

2PF 4.34±0.018 b*d* 5.54±0.013 b*d* 3.90±0.014 b*d* 6.54±0.014b*d* 

2ZD 6.77±0.014 c*e*f* 8.84±0.017 c*e*f* 6.07±0.017 c*e*f* 9.07±0.013c*e*f* 

4NC 2.85±0.015 3.59±0.016 1.51±0.019 7.90±0.012 

4ZC 2.85±0.016 3.59±0.021 1.51±0.020 7.89±0.015 

4PF 5.91±0.017 b*d* 7.59±0.016 b*d* 6.40±0.020 b*d* 13.20±0.015b*d* 

4ZD 11.20±0.018 c*e*f* 12.35±0.015 c*e*f* 10.20±0.015 c*e*f* 18.86±0.012c*e*f* 

6NC 1.60±0.014 3.75±0.014 1.66±0.015 15.06±0.018 

6ZC 1.61±0.012 3.76±0.017 1.65±0.018 15.04±0.017 

6PF 8.13±0.017 b*d* 13.00±0.029 b*d* 8.65±0.018 b*d* 31.80±0.013b*d* 

6ZD 16.95±0.031 c*e*f* 21.71±0.021 c*e*f* 15.56±0.021 c*e*f* 38.10±0.013c*e*f* 

Table 6: Manganese Superoxide dismutase (SOD)  in brain sub-regions of Wistar rat after 2-,4- and 6- weeks of dietary zinc 
deficieny (MEAN ± SEM) 

 

Where,                                                                                        * P<0.05 Significant 

F= Frontal lobe of the brain, P= Parietal lobe, O= Occipital lobe & C= Cerebellum, 

a= NC Vs ZC, b = NC Vs PF, c= NC Vs ZD, d=ZC Vs PF, e =ZC Vs ZD, f =PF Vs ZD 
Multiple comparison procedures were performed for 2-, 4- and 6 weeks experimental groups 

 

Groups 
Catalase (Kat.f) 

Frontal Parietal Occipital Cerebellum 

2NC 0.112±0.006 0.131±0.001 0.102±0.001 0.177±0.002 

2ZC 0.112±0.002 0.131±0.001 0.102±0.001 0.177±0.004 

2PF 0.113±0.001 b*d* 0.132±0.004 b*d* 0.102±0.001 b*d* 0.178±0.001 b*d* 

2ZD 0.131±0.002 c*e*f* 0.145±0.002 c*e*f* 0.109±0.002 c*e*f* 0.196±0.007c*e*f* 

4NC 0.133±0.001 0.133±0.001 0.102±0.005 0.182±0.008 

4ZC 0.132±0.001 0.132±0.001 0.102±0.005 0.182±0.003 

4PF 0.135±0.008 b*d* 0.135±0.008 b*d* 0.103±0.007 b*d* 0.188±0.006b*d* 

4ZD 0.171±0.005 c*e*f* 0.171±0.005 c*e*f* 0.112±0.006 c*e*f* 0.272±0.005c*e*f* 

6NC 0.117±0.001 0.134±0.001 0.103±0.004 0.183±0.006 

6ZC 0.1117±0.001 0.134±0.001 0.103±0.001 0.1836±0.002 

6PF 0.119±0.001 b*d* 0.141±0.005 b*d* 0.105±0.009 b*d* 0.1911±0.001b*d* 

6ZD 0.231±0.009 c*e*f* 0.271±0.001 c*e*f* 0.121±0.005 c*e*f* 0.5117±0.003c*e*f* 

Table 7: catalase  in brain sub-regions of Wistar rat after 2-,4- and 6- weeks of dietary zinc deficieny (MEAN ± SEM) 
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Where,      

* P<0.05 Significant 
F= Frontal lobe of the brain, P= Parietal lobe, O= Occipital lobe & C= Cerebellum, 

a= NC Vs ZC, b = NC Vs PF, c= NC Vs ZD, d=ZC Vs PF, e =ZC Vs ZD, f =PF Vs ZD 

Multiple comparison procedures were performed for 2-, 4- and 6 weeks experimental groups 
 

ACKNOWLEDGMENT 
 

Ms. Yukti Kanwar thanks University Grants 

Commission, New Delhi, for the award of the Non NET 

fellowship. The authors gratefully acknowledge Department 

of Zoology, Centre for Advanced Studies, University of 
Rajasthan, Jaipur, India, for providing necessary facilities. 
 

REFERENCES 

 

[1.] A.S. Prasad, “Discovery of human zinc deficiency: its 
impact on human health and disease,” Advances in 

nutrition, vol. 4(2), pp. 176-190, March 2013. 

[2.] A.S. Prasad, Chapter 10 - Zinc in Human Health. In : 

Personalized medicine, in relation to redox state, diet 

and lifestyle. (Edited Faik Atroshi)  Intechopen, 2020.  

DOI10.5772/intechopen.73582. 

[3.] Gupta, A.K. Brazier and N.M. Lowe, “Zinc deficiency 

in low‐and middle‐income countries: prevalence and 

approaches for mitigation,” Journal of Human 

Nutrition and Dietetics, vol. 33(5), pp. 624-643, 

October 2020. 
[4.] A.K.  Ahsan , S.S. Tebha, R. Sangi, A. Kamran, Z.A. 

Zaidi, T. Haque T and M.S. Ali Hamza, “Zinc 

Micronutrient Deficiency and Its Prevalence in 

Malnourished Pediatric Children as Compared to Well-

Nourished Children: A Nutritional Emergency,” 

Global Pediatric Health, Vol.8, pp. 1–6, October 2021. 

[5.] C. Andreini, L. Banci, I. Bertini, and A. Rosato, 

“Counting the zinc-proteins encoded in the human 

genome,” Journal of proteome research, vol. 5(1), 

pp.196-201, January 2006.  

[6.] H.H. Jan, I.T. Chen, Y.Y. Tsai and Y.C. Chang, 
“Structural role of zinc ions bound to postsynaptic 

densities,” Journal of neurochemistry, vol. 83(3), pp. 

525-534, November 2002.  

[7.] A.M. Adamo, M.P. Zago, G.G. Mackenzie, L. Aimo, 

C.L. Keen, A. Keenan and P.I. Oteiza, “The role of 

zinc in the modulation of neuronal proliferation and 

apoptosis,” Neurotoxicity research, vol. 17(1), pp. 1-4, 

January 2010. doi: 10.1007/s12640-009-9067-4. 

[8.] A.M. Grabrucker, M.J. Knight, C. Proepper, J. 

Bockmann, M. Joubert, M. Rowan, G.U. Nienhaus, 

C.C. Garner, J.U. Bowie, M.R. Kreutz and E.D. 

Gundelfinger, “Concerted action of zinc and 
ProSAP/Shank in synaptogenesis and synapse 

maturation,” The EMBO journal, vol. 30(3), pp. 569-

581, February 2011. doi: 10.1038/emboj.2010.336.  

[9.] L.J. Blakemore and P.Q. Trombley, “Zinc as a 

neuromodulator in the central nervous system with a 

focus on the olfactory bulb,” Frontiers in cellular 

neuroscience, vol. 11, pp. 297, September 2017.  

[10.] S.M. Nam, J.W. Kim, H.J. Kwon, D.Y. Yoo, H.Y. 

Jung, D.W. Kim, I.K. Hwang, J.K. Seong and Y.S. 

Yoon, “Differential effects of low-and high-dose zinc 

supplementation on synaptic plasticity and 

neurogenesis in the hippocampus of control and high-
fat diet-fed mice,” Neurochemical Research, vol. 

42(11), pp. 3149-3159, November 2017. 

[11.] V.N. Corceiro, F.C. Bastos, C.M. Matias, J.C. 

Dionisio, R.M. Santos, L.M. Rosario, R.M. Quinta-

Ferreira and M.E. Quinta-Ferreira, “Sulfamethoxazole 

induces zinc changes at hippocampal mossy fiber 

synapses from pregnant rats,” General Physiology and 

Biophysics, vol. 37(2), pp. 213-221, March 2018.  

[12.] M.Y.  Moon, H.J. Kim, B.Y. Choi, M. Sohn , T.N. 

Chung and S.W. Suh, “Zinc promotes adipose-derived 

mesenchymal stem cell proliferation and 
differentiation towards a neuronal fate,” Stem cells 

international,  April 2018. 

[13.] M. Chin-Chan, S. Montes, V.M. Blanco-Álvarez, H.A. 

Aguirre-Alarcón, I. Hernández-Rodríguez and E. 

Bautista, “Relevance of biometals during neuronal 

differentiation and myelination: in vitro and in vivo 

studies,” BioMetals, vol. 13, pp.1-33, March 2022. 

https://doi.org/10.1007/s10534-022-00380-x  

[14.] C.J. Frederickson, S.W. Suh, D. Silva, C.J. 

Frederickson and R.B. Thompson, “ Importance of 

zinc in the central nervous system: the zinc-containing 

neuron,” The Journal of nutrition, vol. 130(5), 
pp.1471S-1483S, May 2000. 

[15.] T. Kambe, M. Matsunaga and T.A. Takeda, 

“Understanding the contribution of zinc transporters in 

the function of the early secretory pathway,” 

International journal of molecular sciences, vol. 

18(10), pp. 2179, October 2017. 

[16.] S. Choi, D. K. Hong, B. Y. Choi and S.W. Suh, “Zinc 

in the Brain: Friend or Foe?,” vol. 21(23), pp. 8941- 

8965, December 2020. 

[17.] Z. Qi and K.J. Liu, “The interaction of zinc and the 

blood-brain barrier under physiological and ischemic 
conditions,” Toxicology and applied pharmacology, 

vol.364, pp.114-119, February 2019.  

[18.] P.A. Adlard, J.M. Parncutt, D.I. Finkelstein and A.I. 

Bush, “Cognitive loss in zinc transporter-3 knock-out 

mice: a phenocopy for the synaptic and memory 

deficits of Alzheimer's disease?” Journal of 

Neuroscience., vol. 30(5), pp. 1631-1636, February 

2010.  

[19.] S. Ehsani, A. Salehzadeh, H. Huo, W. Reginold, C.L. 

Pocanschi, H. Ren, H. Wang, K. So, C. Sato, M. 

Mehrabian and R. Strome, “LIV-1 ZIP ectodomain 

shedding in prion-infected mice resembles cellular 
response to transition metal starvation,” Journal of 

molecular biology, vol. 422(4), pp.556-574, September 

2012. 

[20.] M.S.  Hildebrand, A.M. Phillips, S.A. Mullen, P.A. 

Adlard, K. Hardies, J.A. Damiano, V. Wimmer, S.T. 

Bellows, J.M. McMahon, R. Burgess and R. 

Hendrickx, “Loss of synaptic Zn2+ transporter 

function increases risk of febrile seizures,” Scientific 

http://www.ijisrt.com/
https://doi.org/10.1007/s10534-022-00380-x
https://pubmed.ncbi.nlm.nih.gov/?term=Choi%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hong%20DK%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Choi%20BY%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Suh%20SW%5BAuthor%5D


Volume 7, Issue 9, September – 2022                 International Journal of Innovative Science and Research Technology                                                 

                                                                                                                                                                 ISSN No:-2456-2165 

 

IJISRT22SEP1161                    www.ijisrt.com                              1679 

reports, vol. 5(1), pp.1-9, December 2015. 

doi:10.1038/srep17816 
[21.] T. Hara, T.A. Takeda, T. Takagishi, K. Fukue, T. 

Kambe and T. Fukada, “Physiological roles of zinc 

transporters: molecular and genetic importance in zinc 

homeostasis,” The Journal of Physiological Sciences, 

vol. 67(2), pp. 283-301, March 2017.  

[22.] T. Kambe, K.M. Taylor and D. Fu, “Zinc transporters 

and their functional integration in mammalian cells,” 

Journal of Biological Chemistry, pp.296, January  

2021. https://doi.org/10.1016/ j.jbc.2021.100320. 

[23.] X. Fu, A. Zeng, W. Zheng and Y. Du, “Upregulation 

of zinc transporter 2 in the blood–CSF barrier 

following lead exposure,” Experimental Biology and 
Medicine, vol. 239(2), pp. 202-212, February 2014. 

[24.] B.B. McAllister and R.H. Dyck, “Zinc transporter 3 

(ZnT3) and vesicular zinc in central nervous system 

function,” Neuroscience & Biobehavioral Reviews, 

vol. 80, pp. 329-350, September 2017. 

[25.] J.M. Matés, “Effects of antioxidant enzymes in the 

molecular control of reactive oxygen species 

toxicology,” Toxicology, vol. 153, pp. 83-104, 

November 2000. 

[26.] R.L. Levine, “Carbonyl modified proteins in cellular 

regulation, aging, and disease,” Free Radical Biology 
and Medicine, vol. 32(9), pp.790-796, May 2002. 

[27.] M. Estévez, “Protein carbonyls in meat systems: A 

review,” Meat science, vol. 89(3), pp. 259-279, 

November 2011.  

[28.] M.J. Davies, “Protein oxidation and peroxidation,” 

Biochemical journal, vol. 473(7), pp. 805-825, April 

2016. 

[29.] M. Estévez, S. Díaz-Velasco and R. Martínez, “Protein 

carbonylation in food and nutrition: a concise update,” 

Amino Acids, vol. 54(4), pp. 559-573, April 2022.  

[30.] R. Dringen, L. Kussmaul, J.M. Gutterer, J. Hirrlinger 

and B. Hamprecht, “The glutathione system of 
peroxide detoxification is less efficient in neurons than 

in astroglial cells,” Journal of neurochemistry, vol. 

72(6), pp. 2523-2530, June 1999. 

[31.] R. Dringen and B. Hamprecht, “N-acetylcysteine, but 

not methionine or 2-oxothiazolidine-4-carboxylate, 

serves as cysteine donor for the synthesis of 

glutathione in cultured neurons derived from 

embryonal rat brain,” Neuroscience letters, vol. 259(2), 

pp. 79-82, January 1999.  

[32.] O. Kranich, B. Hamprecht and R. Dringen, “Different 

preferences in the utilization of amino acids for 
glutathione synthesis in cultured neurons and astroglial 

cells derived from rat brain,” Neuroscience letters, vol. 

219(3), pp. 211-214, November 1996. 

[33.] O. Adeoye, J. Olawumi, A. Opeyemi and O. 

Christiania, “Review on the role of glutathione on 

oxidative stress and infertility,” JBRA assist. reprod., 

vol.4(1), pp. 61, January 2018.  

[34.] T. Fukai and M. Ushio-Fukai, Superoxide dismutases: 

role in redox signaling, vascular function, and diseases, 

Antioxidants & redox signaling, vol. 15(6), pp. 1583-

1606, September 2011. 
[35.] Z. Ďuračková, “Free radicals and antioxidants for non-

experts,” In: Laher I, editor. Systems Biology of Free 

Radicals and Antioxidants, 1st ed., Berlin Heidelberg: 

Springer Verlag, pp. 3-38, 2014.  DOI: 10.1007/978-3-
642-30018-9_2 

[36.] C.A. Otuechere, A. Adewuyi, O.L. Adebayo, E. 

Yawson, O. Kabiawu, S. Al-Rashed, B. Okubio, A.M. 

Beshbishy and G.E. Batiha, “Histomorphological and 

Redox Delineations in the Testis and Epididymis of 

Albino Rats Fed with Green-Synthesized Cellulose,” 

Biology, vol. 9(9), pp. 246, August 2020. 

doi:10.3390/biology9090246 

[37.] M.M. Bradford, “A rapid and sensitive method for the 

quantitation of microgram quantities of protein 

utilizing the principle of protein-dye binding,” Anal. 

Biochem., vol. 72, pp. 248-254, May 1976. 
[38.] R.L. Levine, D. Garland, C.N. Oliver, A. Amici, I. 

Climent, A.G. Lenz, B.W. Ahn, S. Shaltiel and E.R. 

Stadtman, “Determination of carbonyl content in 

oxidatively modified proteins,” Methods Enzymol., 

Vol. 186, pp. 464-478, January 1990. Academic Press. 

[39.] J.E. Brehe and H.B. Burch, “Enzymatic assay for 

glutathione,” Anal biochem, vol. 74(1), pp. 189-197, 

July 1976. 

[40.] J.R. Palamanda JR and J.P. Kehrer, “Inhibition of 

protein carbonyl formation and lipid peroxidation by 

glutathione in rat liver microsomes,” Archives of 
Biochemistry and Biophysics, vol. 293(1), pp. 103-

109, February 1992. 

[41.] S. Marklund and G. Marklund, “Involvement of 

Superoxide anion radical in the auto oxidation of 

Pyrogalol and a convenient assay for Superoxide 

dismutase,” Eur J Biochem, vol. 47, pp. 469-474, 

1974. Back to cited text. 1972(12).  

[42.] B.L. Geller and D.R. Winge, “A method for 

distinguishing Cu, Zn-and Mn-containing superoxide 

dismutases,” Analytical biochemistry, vol. 128(1), pp. 

86-92, January 1983. 

[43.] A.K. Sinha, “Colorimetric assay of catalase,” 
Analytical biochemistry, vol. 47(2), pp. 389-394, June 

1972.  

[44.] B. Halliwell, “Free radicals and other reactive species 

in disease,” e LS, Vol. 1, pp. 1-9, May 2001. 

[45.] H. Sies, “Oxidative stress: oxidants and antioxidants,” 

Experimental Physiology: Translation and Integration, 

vol. 82(2), pp. 291-295, March 1997. 

[46.] M.W. Terhune and H.H. Sandstead, “Decreased RNA 

polymerase activity in mammalian zinc deficiency,” 

Science, vol. 177(4043), pp. 68-69, July 1972. doi: 

10.1126/science.177.4043.68. PMID: 5041777. 
[47.] C.T. Chasapis, P.S. Ntoupa, C.A. Spiliopoulou and 

M.E. Stefanidou, “Recent aspects of the effects of zinc 

on human health,” Archives of toxicology, vol. 94(5), 

pp. 1443-1460, May 

2020.https://doi.org/10.1007/s00204-020-02702-9 

[48.] Papet, N. Meunier, F. Béchereau, F. Glomot, C. Obled 

and C. Coudray, “Effect of zinc supplementation on 

protein metabolism in late–middle-aged men: The 

Zenith study,” Nutrition, vol. 24(2), pp.155-161, 

February 2008.  

[49.] M.L. Circu and T.Y. Aw, “Reactive oxygen species, 
cellular redox systems, and apoptosis,” Free radical 

http://www.ijisrt.com/
https://www.sciencedirect.com/science/article/abs/pii/S0300483X00003061#!


Volume 7, Issue 9, September – 2022                 International Journal of Innovative Science and Research Technology                                                 

                                                                                                                                                                 ISSN No:-2456-2165 

 

IJISRT22SEP1161                    www.ijisrt.com                              1680 

biology and medicine, vol. 48(6), pp. 749-762, March 

2010. 
[50.] J.M. Hsu and B. Rubenstein, “Effect of Zinc 

Deficiency on Histidine Metabolism in Rats,” The 

Journal of Nutrition, Vol. 112(3), pp. 461–467,March 

1982. https://doi.org/10.1093/jn/112.3.461 

[51.] L.G. Crossley, K.H. Falchuk, B.L. Vallee, “Messenger 

ribonucleic acid function and protein synthesis in zinc-

deficient Euglena gracilis,” Biochem, vol. 21(21), pp. 

5359-5363, October 1982. 

[52.] D. Kumari, N. Nair, R.S. Bedwal, “Protein carbonyl, 

3β‐, and 17β‐hydroxysteroid dehydrogenases in testes 

and serum FSH, LH, and testosterone levels in zinc 

deficient Wistar rats,” Biofactors, vol. 38(3), pp. 234-
239,May 2012. 

[53.] T. Nyström, “Role of oxidative carbonylation in 

protein quality control and senescence,” EMBO J., vol. 

24(7), pp.1311–1317, March 2015. 

[54.] V.M. Bhor, N. Raghuram and S. Sivakami , “Oxidative 

damage and altered antioxidant enzyme activities in 

the small intestine of streptozotocin-induced diabetic 

rats,” Internat. J. Biochem. Cell. Biol., vol. 36, pp.89-

97, 2004. 

[55.] S.R. Rai, C. Bhattacharyya, A. Sarkar, S. Chakraborty, 

E. Sircar, S. Dutta and R. Sengupta, “ Glutathione: 
Role in Oxidative/Nitrosative Stress, Antioxidant 

Defense, and Treatments,” Chemistry Select, vol. 6, 

pp. 4566-4590, May 2021. 

[56.] F.Q. Schafer and G.R. Buettner, “Redox environment 

of the cell as viewed through the redox state of the 

glutathione disulphide/ glutathione couple,” Free 

Radical Bio. Med., vol. 30, pp.1191-1212, June 2001. 

[57.] S. Eskiocak, A.S. Gozen, S.B. Yapar, F. Tavas, A.S. 

Kilic and M. Eskiocak, “Glutathione and free 

sulphydryl content of seminal plasma in healthy 

medical students during and after exam stress,” Human 

Reproduction, Vol. 20, pp. 2595–2600, September 
2005. 

[58.] K. Aquilano, S. Baldelli and M.R. Ciriolo, 

“Glutathione :new roles in redox signaling for an old 

antioxidant,” Front. Pharmacol., vol.5, pp. 196, August 

2014.  doi:10.3389/fphar.2014.00196 

[59.] H.V. Remmen, Y. Ikeno, M. Hamilton, M. Pahlavani, 

N. Wolf, S.R. Thorpe, N.L. Alderson, J.W. Baynes, 

C.J. Epstein, T.T. Huang, J. Nelson, R. Strong and A. 

Richardson, “Life-long reduction in MnSOD activity 

results in increased DNA damage and higher incidence 

of cancer but does not accelerate aging,” Physiol. 
Genomics, vol. 16,pp. 29–37, December 2003. 

[60.] S. Elchuri, T.D. Oberley, W. Qi, R.S. Eisenstein, L.J. 

Roberts, H.V. Remmen, C.J. Epstein, and T.T. Huang, 

“CuZnSOD deficiency leads to persistent and 

widespread oxidative damage and 

hepatocarcinogenesis later in life,” Oncogene, vol.24, 

pp.367–380, November 2004. 

[61.] W. Yang, J. Li, and S. Hekimi, “A Measurable 

increase in oxidative damage due to reduction in 

superoxide detoxification fails to shorten the life span 

of long-lived mitochondrial mutants of Caenorhabditis 

elegans,” Genetics, vol. 177, pp. 2063–2074, 

December 2007. 
[62.] H.V. Remmen, M.D. Williams, Z. Guo, L. Estlack, H. 

Yang, E.J. Carlson, C.J. Epstein, T.T. Huang, and A. 

Richardson, “Knockout mice heterozygous for Sod2 

show alterations in cardiac mitochondrial function and 

apoptosis,” Am. J. Physiol. Heart Circ. Physiol, vol. 

281, pp. H1422–H1432, September 2001. 

[63.] N. Izuo, H. Nojiri, S. Uchiyama, Y. Noda, S. 

Kawakami, S. Kojima, T. Sasaki, T. Shirasawa  and T. 

Shimizu, “Brain-specific superoxide dismutase 2 

deficiency causes perinatal death with spongiform 

encephalopathy in mice,” Oxidative Medicine and 

Cellular Longevity, vol. 2015, August 2015.  
[64.] L. Acarin, H. Peluffo, L. Barbeito, B. Castellano and 

B. Gonzalez, “Astroglial nitration after postnatal 

excitotoxic damage: correlation with nitric oxide 

sources, cytoskeletal, apoptotic and antioxidant 

proteins,” J Neurotrauma, vol. 22, pp. 189-200, 

January 2005. 

[65.] Schad, H.D. Fahimi, A. Völki and E. Baumgart, 

“Expression of catalase mRNA and protein in adult rat 

brain: detection by nonradioactive In situ hybridization 

with signal amplification by catalyzed reporter 

deposition (ISH-CARD) and immunohistochemistry 
(IHC)/immunofluorescence (IF),” J Histochem and 

Cytochem, vol. 51(6), pp. 751-760, June 2003. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

http://www.ijisrt.com/
https://doi.org/10.1093/jn/112.3.461

