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Effect Of Co-administration Of Methamphetamine And Vitamin E On The Hippocampus Of An Adult Male Wistar Rat.


ABSTRACT
Much attention has been drawngiven to the toxic effecteffects of methamphetamine on humans. However, it is not clear whether or not thethis toxicity is related to the vital organs likesuch as the hippocampus,; hence, the present study is geared towardsaimed not only unravelingto elucidate the toxic effect of methamphetamine (METH) on the hippocampus but also, more importantly investigating, to investigate the protective effect of vitamin E against methamphetamine -induced toxicity onin this organ. Thirty-five adult Wistar rats (185–220 g) were divided into seven groups of five animals each. Group A was given normal rat feed and water as the control; groupgroups B, C, D, E, F, and G, was were administered 5mg5 mg/kg body weight of METH, 10mg10 mg/kg body weight of METH, 500mg500 mg/kg body weight of vitamin E, 1000mg1000 mg/kg body weight of vitamin E, 5mg5 mg/kg body weight of METH and 500mg500 mg/kg body weight of vitamin E, and 10mg10 mg/kg body weight of METH and 1000mg1000 mg/kg body weight of vitamin E, respectively. All the treatments were administered orally daily for twenty-one day, 24hoursdays; 24 hours after the last exposure, the animals were anesthetized using chloroform vapour. The brain tissues were harvested, and weighed, and some of the tissues waswere fixed in phosphate buffer-buffered formalin for biochemical analysis, while the rest waswere fixed in 10% neutral buffer formalin for histological studies. There was significant reduction in the body weight ofCompared with those in the control group, the body weights of the animals in groups B, C, F and G, which were administered with methamphetamine when compared with the control, were significantly lower. The serum levels of Malondialdehydemalondialdehyde (MAD) ofin groups B, C, F & G was the highestwere greater (P<0.05) in relative tothan those in the control group, whilewhereas the serum levels of Gluthathioneglutathione (GSH), and Superoxidesuperoxide dismutase (SOD) of group was significantly lower in groups B & C (P>0.05) were significantly lower than those in the control group. Histological observation showedobservations revealed that following the administration of vitamin E, there were no degenerated cells,; instead, there was an increase in the number of active granular cells in groups A, D & E, and mild regeneration, moderate / mild vacoulationvacuolation and a moderate increase in the number of active granular cell was showncells were observed in groups F & G, whilewhereas severe degeneration and vacoulationvacuoulation and severe pyknotic granular cells were shownobserved in groups B & C. The resultresults of this study showsrevealed that no adverse biochemical alterations arewere associated with the use of vitamin E, and no histopathological lesions were found in the hippocampus of adult male Wistar rats when they were treated with vitamin E. The drug vitamin E may containhave antioxidant and chemoprotective properties against methamphetamine -induced neurotoxicity.
Introduction
Background of the Study
Background of the Study
Methamphetamine (METH) is a potent and highly addictive psychostimulant that affects the central nervous system (National Institute on Drug Abuse, 2023). It is typically found as a white, odorless, bitter-tasting crystalline powder, which that dissolves easily in alcohol or water. MethamphetamineMETH induces euphoria and stimulant effects similar to those of cocaine (National Library of Medicine, 2023). It works by increasing the levels of naturally occurring neurotransmitters such as dopamine and norepinephrine in the brain. Compared to cocaine, the effects of methamphetamine last longer, and it is both cheaperless expensive and easier to produce using readily available ingredients. Street names for the drug include chalk, crank, crystal meth, and speed (Medical News Today, 2023), as well as "mkpuru mmiri" in southeastern Nigeria.
Developed in the early 20th century from its parent compound, amphetamine, methamphetamine was initially used in nasal decongestants and bronchial inhalers. ItCompared with amphetamine, it has a higher affinity and toxicity toward serotonergic neurons compared to amphetamine. Methamphetamine can be consumed by swallowing, inhalation, smoking, or injection. Smoking methamphetamine allows it to enter the bloodstream rapidly, with users feeling its effects almost immediately (National Institute on Drug Abuse, 2023).
Vitamin E, a vital lipid-soluble antioxidant, is obtained exclusively through the diet (Volker Bohm, 2018). This nutrient plays a crucial role in maintaining vision, reproduction, and the health of the blood, brain, and skin. As an antioxidant, vitamin E helps protect cells from damage caused by free radicals, which are molecules produced during food metabolism or when the body is exposed to tobacco smoke and radiation. Free radicals can contribute to various diseases, including heart disease and cancer. While vitamin E supplements may not provide the same benefits as naturally occurring antioxidants in food (Mayo Clinic, 2022), it isthey are still considered essential for preventing oxidative damage in biological systems (Packer et alet al., 1991; Pryor et alet al., 2000; Traber et alet al., 2007; Niki et alet al., 2014). BeyondIn addition to its antioxidant properties, vitamin E has been shown to influence cellular signallingsignaling, gene regulation, membrane functions, and nerve activity (Azzi et alet al., 2007; Brighelius-Flore et alet al., 2010; Galli et alet al., 2017). It is also effective in the prevention and treatment of various diseases, such as cardiovascular disease, cancer, cataracts, Alzheimer's disease, and HIV/AIDS. A deficiency in vitamin E can result in neuropathy (Mayo Clinic, 2022).
Foods rich in vitamin E include canola oil, olive oil, margarine, almonds,almond, and peanuts, as well as meats, dairy products, leafy greens, and fortified cereals. Vitamin E supplements are also available in capsules or drops. The recommended daily intake for adolescents is 15 milligrams (Mayo Clinic, 2022).
The hippocampus, a key structure in the brain, is essential for memory consolidation and spatial navigation (Britannica, 2023). Part of the limbic system, the hippocampus is vulnerable to the toxic effects of environmental factors such as heavy metals, plant toxins, drug abuse, and cerebrovascular insufficiency. It is also affected by neurodegenerative diseases.
While the individual pharmacological effects of METH and vitamin E have been studied for their individual pharmacological effects, their specific impactimpacts on the hippocampus remainsremain largely unexplored. Previous research has focused on the effects of methamphetamine on the central nervous system and the antioxidant properties of vitamin E. However, the potential effects of these substances on the hippocampus—particularly in an animal model closely resembling human physiology—warrant further investigation.
The Wistar rat is a widely used model in histological and anatomical research due tobecause of its physiological similarities to humans. Studies involving Wistar rats have provided valuable insights into the toxicological and pharmacological effects of various substances, helping to enhance our understanding of their potential impacts on human health.
Given the limited scientific evidence on the combined effects of methamphetamine and vitamin E on the hippocampus, this study aims to contribute valuable knowledge regarding the potential impact of these substances on the hippocampus of adult male Wistar rats.
[bookmark: _Hlk161669217]Methods
Ethical Approval
[bookmark: _Hlk161669310]All the animals were treated following the approval of the ethical committee with the number FBMS/EA/1220, College of Health Sciences, Nnamdi Azikiwe University, Nnewi Campus, in line with the “Guide for the Care and Use of Laboratory Animals” (NRC 2011).
Experimental Animals
Thirty-five (35) adult Wistar rats were procured from Ela’s Animal Farm, Oko Anambra State. Perspex cages were used to house a group of seven (7) animals for the routine experiment. Each cage had a wire gauze top for cross ventilation. The animals were allowed to acclimatize for a period of two weeks for acclimatization at the animal house of the Anatomy Department, Nnamdi Azikiwe University, Nnewi Campus, before their weight was taken,measured under a controlled room temperature of about 25-28°C,approximately 25–28°C, a relative humidity of about 60-80% and photo-periodicity of 12h day / 12h night. They were fed Ad libitum with water and guinea feed pallets from Agro feed mill Nigeria Ltdapproximately 60–80% and a photoperiod of 12 h day/12 h night. All the animals were treated in accordance with the approval of the ethical committee, of the College of Health Sciences, Nnamdi Azikiwe University, Nnewi Campus, in compliance with the “Guide for the Care and Use of Laboratory Animals” prepared by the National Academy of Sciences and published by the National Institute of Health Guide for the Care and Use of laboratoryLaboratory Animals (1985).
[bookmark: _Hlk161670098][bookmark: _Hlk161670124]Methodology
MethamphetamineMETH was obtained from the National Drug Law Enforcement Agency of nigeriaNigeria (NDLEA). All chemicals used in this study will be purchased at the highest available purity and quality.

[bookmark: _Hlk161670201]Experimental Protocols
The thirtyThirty-five (35) adolescentsadolescent male Wistar rats were gottenobtained from Research enterprise farmsEnterprise Farms, University of Ibadan, Oyo stateState. These rats were weighed and allocated into seven groups of five animals each. The groups were designated as groups A, B, C, D, E, F and G. Group A served as the control group and werewas administered distilled water and feed only. The experimental groups B, C, D, E, F and G were administered different doses of drugs as follows:
Group B ------------ 5mg: 5 mg/kg of methamphetamine (low)
Group C ------------ 10mg: 10 mg/kg of methamphetamine (high)
Group D ------------ 500mg500 mg/kg of Vitaminvitamin E (low)
Group E ------------ 1000mg/kg of Vitamin: 1000 mg/kg vitamin E (high)
Group F ------------ 5mg5 mg/kg of methamphetamine + 500mg500 mg/kg of vitamin E (low)
Group G ------------ 10mg10 mg/kg of methamphetamine + 1000mg1000 mg/kg of Vitaminvitamin E (high)
       Mode of Exposure
The drugs were administered once in a day between the hours of 12-3.30pm12 and 3.30 pm for a period of twenty-eight days. The drugs were administered orally using intubations method. After the twenty-eighteightth day, the animals were weighed, and their weights were recorded.

[bookmark: _Hlk161670211]Behavioural Function Test
Morris Water Maze (Assessment of Spatial Learning and Memorywater maze (assessment of spatial learning and memory)
The Morris water maze (MWM) tasktest was used to assess the spatial learning and memory of the rats in the form of place navigation and probe testtests (Ishola et al, 2017). The MWM apparatus consisted of a circular water tank (110 cm diameter × 60 cm height) filled with water (26 ± 2°C2 °C) to a depth of 30 cm. The pool was divided into four hypothetical quadrants, designated as: N (Northnorth), E (Easteast), W (Westwest), and S (Southsouth). A black round platform ofwith a diameter of 10 cm was placed 2 cm below the surface of the water in a constant position in the middle of the southwest quadrant in all trials. The MWM tasks were given for five consecutive days with 3 trials per day, and the rats were given a maximum of 60 s (cut-offcutoff time) to locate the hidden platform and were allowed to stay on it for 30 s. The time taken for the rat to locate the escape platform was recorded using a stop watch. In the event that the animal was unable to locate the hidden platform within 60 s, it was gently guided to it and was allowed to stay on it for 30 s. Each rat was subjected to a daily session of 3 trials per day for 5 consecutive days. EscapeThe escape latency time (ELT) (time to locate the hidden platform in the water maze) was used as an index of learning (Ishola et al, 2017;, Morris et al, 1982),  on. On day 26, the platform was removed from the tank, and the rat underwent a spatial probe trial in which they were given 45 s to search for the platform. The time spent in a 2× (40 cm diameter) concentric area surrounding the platform (time spent in the platform annulus) was recorded. The experimenter was blinded to the treatment groups. 
Biomedical analysis
The brain tissues were analysed for oxidative stress markers, namely;, malondialdehyde (MDA) for lipid peroxidation and superoxide dismutase (SOD) and reduced glutathione for antioxidants (GSH), at the Department of Biochemistry, Nnamdi Azikiwe University, Nnewi Campus. One gram of each animal brain tissue sample was added to 10 mL of 0.9% normal saline and homogenized at room temperature. After this, each of the samples was subsequently centrifuged at 3,000 rpm for 20 min at room temperature. The supernatants were separated and stored for further analyses.
[bookmark: _Hlk161670285]Tissue Processing
For easy study of the sections under a microscope, the tissues were passed throughsubjected to several processes of fixation, dehydration, clearing, infiltration, embedding, sectioning and staining. Fixation was carried out in 10% Neutral Buffered Formalin (Sodium Phosphate Monobasic 4.0gm, Sodium Phosphate Dibasic 6.5gm, Formaldehyde 37% 100.0ml, Distilled Water 900.0ml). The tissues remained in the fluidneutral buffered formalin (sodium phosphate monobasic, 4.0 gm; sodium phosphate dibasic, 6.5 gm; formaldehyde 37% 100.0 ml; distilled water 900.0 ml). The tissues remained in the medium for 48 hours. After fixation, the tissues were washed overnight under a stream of tap water so as to remove any surplus fixatives. Dehydration of the fixed tissues was done so asperformed to remove water and other substances. This was carried out inwith different percentages of alcohol (50%, 70% and 95% absolute). InFor each grade of alcohol, the tissues were changed twice for two (2) hours, and one (1) hour for each change. After dehydration, the tissues were cleared in xylene for two (2) hours, after which infiltration was doneperformed in molten paraffin wax at a temperature of 60oc60°C for two (2) hours, each inwith two changes. When the paraffin wax cools, it sets asforms a hard block, which allow forallows easy sectioning of the tissues.
[bookmark: _Hlk161670310]Histological processing
Tissue Processing: After weighing the organs were weighed, a small part of the Amygdala tissues were cut outtissue was removed and immediately fixed in 10% formal saline in order to preserve the various constituents of the cells in their normal micro anatomical position and to prevent autolysis and putrefaction. After fixation, the tissues were dehydrated to remove water and other substances. This was carried out inwith different percentages of alcohol (50%, 70% and 95% absolute). InFor each grade of alcohol, the tissues were changed twice for two (2) hours, with one (1) hour for each change. After dehydration, the tissues were cleared in xylene for two (2) hours, after which infiltration was doneperformed in molten paraffin wax at a temperature of 60oc60°C for two (2) hours, each inwith two changes. When the paraffin wax cools, it sets asforms a hard block, which allows for easy sectioning of the tissues. The tissue sections were produced by normal histochemical methods of dehydration, clearing, impregnation, embedding, sectioning and staining (with H&E). The micrographs of the relevant stained sections were subsequently taken with the aid of a light microscope.
 Termination of Treatment:
 Twenty-four hours after the last exposure, following the behavioral test, the animals were weighed, and then anaesthetized under chloroform vapourvapor, and the animal skullskulls were dissected by occipitofrontal incision. Brain tissues were harvested from the animals and weighed. The brain tissues of some of the animals were prepared for biochemical analysis through the process of homogenization, while the remaining tissues of some of the animals were fixed in 10% Neutral Buffered Formalin for 48hrs and grossedneutral buffered formalin for 48 hrs and gross to isolate the brain tissue of interest for histological investigations. They were trimmed down to a size of 3mm3 xmm 3mm thick× 3 mm. The tissue slides were prepared in the histology laboratory, of the Anatomy Department, Nnamdi Azikiwe University, Nnewi, Anambra State. The degree of oxidative stress test was determined using randox kitvia the Randox method.

3.13 Data Analysisanalysis
The data waswere analysed using SPSS version 27.0.1 software package. MeanThe means and standard deviationdeviations were obtained, and one-way analysis of variance (ANOVA0ANOVA) was used to compare values between groups. Data wasThe data are expressed as Mean + Standard Deviationthe mean ± standard deviation (SD) and thenwere considered statistically significant when p <0.05.
[bookmark: _Hlk161670340]RESULTS
[bookmark: _Hlk161670359]Analysis of Body Weight
[bookmark: _Hlk161663228]Table 1: Comparison of the mean initial and final body weightweights and weight change inchanges across all the groups (A, B, C, D, E, F & G).

	[bookmark: _Hlk161658936]GROUPS
	MEAN±SEM
(Initial weight)
    (g)
	MEAN±SEM
(Final weight)
    (g)
	WEIGHT CHANGE (g)
	p-value

	GROUP A
	210.05±0.8

	235.33±1.76
	25.28±0.96
	0.044

	GROUP B
	202.33±0.88

	196.67±1.20

	-5.66±.0.32

	0.001


	GROUP C
	201.33±0.88

	192.00±2.00

	-9.33±1.12

	0.001


	GROUP D
	202.33±0.88

	218.00±2.00
	15.67±1.12
	0.001

	GROUP E
	199.62±3.02

	210.05±4.00
	10.43±0.98
	0.0001

	GROUP F
	197.58±0.67

	189.67±0.88
	-7.91±0.21


	0.001

	GROUP G
	200.34±0.88

	192.76±1.20
	-7.58±0.32
	0.001


Data wasThe data were analysedanalyzed using Student dependent T-testvia Student’s t test, and values were considered significant at P<0.05.


[bookmark: _Hlk161673167]Figure 1: Chart showing the Comparison of the mean initial and final body weightweights and weight change inchanges across all the groups (A, B, C, D, E, F & G).

The resultresults obtained from calculation of the analysis of the initial, final and weight changechanges of the various groups isare presented in tableTable 2. The final body weightweights of groupgroups D and E showed a statistically significant increase (P<0.05) relative to thewere significantly greater (P<0.05) than those of control group A. The final body weight for group B & Cweights of groups B and C, which were treated with justonly methamphetamine was, were significantly lower (P>0.05) than those of the control animals and showed a statistically decrease compared withwere significantly lower than those of the control animals (P>0.05). The final body weight for groupweights of the F & G groups treated with methamphetamine and vitamin E showed a significant decreasewere significantly lower (P>0.05) relative tothan those of the control group.
[bookmark: _Hlk161670373]
Morris Water Maze Test- Escape Latency (Seconds)
[bookmark: _Hlk161666468]Table 2: ResultResults of the Morris water maze test- Escape: escape latency
	
	Groups
	Mean ± SEM
	p-value
	F-value

	[bookmark: _Hlk161658123]Morris Water Maze Test- Escape latency
(Seconds)
	Group A
	16.16 ±2.93
	
	6.369

	
	 Group B
	40.25 ±3.84
	0.044
	

	
	Group C
	43.50±11.23
	0.002
	

	
	Group D
	28.80±11.23
	 0.002*
	

	
	Group E
	29.50 ±5.62
	0.003
	

	
	Group F
	25.20 ±4.54
	  0.341
	

	
	Group G
	33.25 ±3.84
	 0.044*
	



[bookmark: _Hlk161673199]Figure 2: Chart showing the result ofescape latency results of the Morris water maze test- escape latency.

[bookmark: _Hlk161670384]

Activities of serum levels of malondialdehyde (MDA), glutathione (GSH), and superoxide dismutase (SOD).
[bookmark: _Hlk161666514]Table 3 Activities of Serum Levels of Malondialdehyde (MDA), Gluthathione (GSH), And Superoxide Dismutaseserum levels of MDA, GSH, and SOD.
	
	Groups
	Mean±  SEM
	p-value
	F-value

	MDA (mm-1)
	
Group A
	
3.42 ± 0.01
	
	
44.160

	
	
Group B

	
3.64 ±0.02

	
0.000

	

	
	Group C

	3.72 ±0.06
	0.000
	

	
	Group D
	3.42± 0.06
	0.000
	

	
	Group E
	3.40±0.06
	0.000
	

	
	Group F
	3.50 ± 0.01
	0.003
	

	
	Group G
	
3.57 ± 0.02

	0.000
	

	GSH (mm-1)
	
Group A
	
1.44 ± 0.02
	
	
  14.246

	
	
Group B
	
1.30 ± 0.03
	
0.031

	

	
	Group C
	
1.25 ± 0.02

	
0.002

	

	
	
Group D
	
1.42 ± 0.02
	
0.002
	

	
	Group E
	1.44 ± 0.02
	0.002
	

	
	Group F
	1.42 ± 0.01
	0.890
	

	
	Group G
	1.39 ± 0.03
	0.031
	

	SOD (mm-1)
	
Group A
	
8.56 ± 0.02
	
	
        1336.758

	
	
Group B
	
7.54 ± 0.01
	
0.000
	

	
	
Group C
	
7.33 ± 0.03
	
0.000
	

	
	
Group D
	
8.53 ± 0.03
	
0.000
	

	
	Group E
	8.54 ± 0.03
	0.000
	

	
	Group F
	8.29 ± 0.02
	0.000
	

	
	Group G
	7.90 ± 0.01
	0.000
	


DataThe data were analysedanalyzed using Onevia one-way ANOVA, followed by Post HOCpost hoc Fisher’s LSD multiple comparison test, and the data waswere considered significant at P<0.05.

[bookmark: _Hlk161674007]Figure 3: Chart showing the activities of MDA, GSH, and SOD.
 MDA= Malondialdehydemalondialdehyde, GSH= gluthathioneglutathione, SOD= superoxide dismutase.
From theThe results obtained from the calculations of the results of Malondialdehyde (MDA), Gluthathione (GSH) and SuperoxideMDA, GSH and SOD, there was analyses revealed no significant difference indifferences among groups A, D & E in terms of the MDA levels at all the doses of the drugs, except in groupfor groups B & C, which were treated with methamphetamine and vitamin E. The groupIn groups B & C, the MDA activity level statistically were higherlevels were significantly greater (P<0.05) than those in the control group (A) and groups D & E. The GluthathioneGSH activity levels showed a significant increasesignificantly increased (P<0.05) in groups B, D & E in relative tocompared with those in the control except ingroup, with the exception of group C, which was treated with high-dose methamphetamine and vitamin E in a high dose. The SOD activity levels showed a significant increasesignificantly increased (P<0.05) in groups B, D & E in relative to the control (A), except in group C.
[bookmark: _Hlk161670398]5 Acute Toxicity Test (Ld50) Result ofResults for Methamphetamine and Vitamin E:
The methamphetamineMethamphetamine and vitamin E did not producecause any mortality up to the oral dose level of 10mgdoses of 10 mg/kg and 1000mg1000 mg/kg body weight, respectively, in adult Wistar rats. There were also no changes in posture, nature andor frequency of stoolingstool, but there were changes in behavior, as the animals given only methamphetamine and vitamin E were more agile and aggressive.
[bookmark: _Hlk161670412]6 Histopathological Findings of the Hippocampusfindings in the hippocampus.
Micrograph 1 of the microscopic examination of the hippocampal cells of the animalanimals in group A (control) showsrevealed normal hippocampal architecture, as its showsindicated by the presence of active granular cells.
Micrograph 2 isshows the histology/ microscopic examination of the hippocampal cells in group B (treated with methamphetamine and vitamin E inat a low dose). ItThis shows the presence of mild vacuolation with active granular cells, as this mild vacuolation may indicate a possible adaptive physiological response, presumably for damage limitation.
Micrograph 3 isshows the histology/ microscopic examination of the hippocampal cells in group C (treated with high-dose methamphetamine and vitamin E in a high dose). The micrograph shows a normal and active hippocampal architecture, as the granular cells are active and well outlined.
Micrograph 4 isshows the histology/ microscopic examination of the hippocampal cells in group D (treated with just vitamin E inalone at a low dose). It shows aThe results revealed moderate regeneration of cells with mild vacuolation and a moderate increase in the number of active granular cells. ItThe image shows a slightly normal hippocampal architecture.
Micrograph 5 isshows the histology/ microscopic examination of the hippocampal cells in group E (treated with vitamin E inat a high dose). It shows a mild regeneration with moderate vacuolation and moderate pyknotic (cell nuclei condensation) active granular cellcells.


HISTOLOGICAL FINDINGS
[image: C:\Users\user\Desktop\DAMIAN 2o23 RAW WORK\okorocha hipocampus\IMG_20231027-065701-929.jpg] 
[bookmark: _Hlk161674054][bookmark: _Hlk161674053]Plate 1: Photomicrograph of group A (control), a section of the hippocampus (x100(x400) (H/E) (CV) shows hippocampus with active granular cells (GC).
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[bookmark: _Hlk161674118][bookmark: _Hlk161674117]Plate 2: Photomicrograph of group B section of the hippocampus induced with 5 mg5mg/kg of methamphetamine(x100x400) (H/E) shows severe degeneration with severe vacuolation(v) and severe pyknotic(P) granular cells.
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[bookmark: _Hlk161674195][bookmark: _Hlk161674194]Plate 3: Photomicrograph of group C section of the hippocampus induced with 10 mg0mg/kg of methamphetamine(x100x400)(H/E) shows severe degeneration with severe vacuolation(v) and severe pyknotic(P) granular cells.
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[bookmark: _Hlk161674240]Plate 4: Photomicrograph of group D section of hippocampus administered with 500 mg0mg/kg of vitamin E only (x100x400) (H/E) shows mild vacoulation(v) with active granular cell (GC).
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[bookmark: _Hlk161674270]Plate 5: Photomicrograph of group E section of hippocampus   administered with 1000 mg0mg/kg of vitamin E only (x100x400) (H/E) shows well outlined active   granular cell (GC)
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[bookmark: _Hlk161674299]Plate 6: Photomicrograph of group F section of hippocampus induced with 5 mg5mg/kg of methamphetamine and 500 mg0mg/kg vitamin of E (x100x400) (H/E) shows moderate regeneration with    mild vacoulation(v)    and    moderate increase in the number of active granular cell.
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[bookmark: _Hlk161674321]Plate 7: Photomicrograph of group G section of hippocampus induced with 10 mg0mg/kg of methamphetamine and 1000 mg0mg/kg of vitamin E (x100x400)(H/E) shows  mild  regeneration with moderate  vacoulation(v) and moderate  pyknotic(P)  active granular cell.
P
 

[bookmark: _Hlk161670474]Discussion
Methamphetamine is a powerful, highly addictive psychostimulant that affects the central nervous system (National Institute on Drug Abuse, 2023). It takes the form of a white, odorless, bitter -tasting crystalline powder that easily dissolves in alcohol or water. It produces euphoria and stimulant effects likesimilar to those fromof other r stimulants, such as cocaine (National Library of Medicine, 2023). MethamphetamineMETH increases the levels of naturally occurring dopamine and norepinephrine onin the brain. TheThese effects lastslast longer than those of cocaine, and it is cheaper and easyless expensive and easier to make with commonly available ingredients. While Vitamin E is a major lipid-soluble antioxidant in the cell antioxidant system, and it is exclusively obtained from the diet (Volker Bohm, 2018). Vitamin E is a nutrient that is important to vision,; reproduction,; and the health of yourone’s blood, brain, and skin. Vitamin E also has antioxidant properties. Antioxidants are substances that might protect your cells against the effects of free radicals — molecules produced when yourthe body breaks down food or is exposed to tobacco smoke and radiation. Free radicals might play a role in heart disease, cancer, and other diseases. If you take vitamin E is used for its antioxidant properties, keep in mind that the supplement might not offer the same benefits as naturally occurring antioxidants in food (Mayo Clinic, 2022).
The resultresults of this study revealsrevealed that the intake of methamphetamine caused some characteristic physical changes in adult male Wistar rats, as evident in the reduction ofin physical activity, whilewhereas the intake of justonly vitamin E also caused some characteristic physical changes in adult male Wistar ratrats, as evident in the increase in body weight of the animal.
ObservationThe observation of the difference in body weight difference inamong the groups revealsrevealed an increase in the body weight of the animals in group A. This could be physiological, as the only substancesubstances they were exposed to waswere water and feed. TheA significant increase in body weight increase was also observed in the experimental groups D & E that, which were treated with justonly vitamin E, similar to the control group. This could have been caused by the increase in appetite caused by vitamin e. The increase in weight was mainly due to the increase in fat mass. It had been suggested that aA decrease in the production of reactive oxygen species was ablehas been suggested to prevent increases in the metabolic weight of animals (Bartke, Brown-Borg, Bode et al., 1998). ThisThese findings further suggestssuggest that vitamin E (an antioxidant) could result in slowing down ofslow body metabolism and favourfavor fat accumulation. This result agrees with the result byresults of Ima-Nirwana (2000), who reported that  increase increases in weight were seenobserved in Wistar rats givenfed vitamin E diets.
There was a significant decrease (P>0.05) in the body weight ofCompared with those in the control group, the body weights of the animals in groups B, C, F &and G, which were administered methamphetamine, when compared towere significantly lower (P>0.05) than those of the control group. This is probably as a result of the histological inflammation, degeneration and necrosis in fat tissue caused by MethamphetamineMETH. This result agreesis in accordance with the work of Jaafari-Sheybani, Hosseini et al., (2021), which sayswho reported that METH use in Wistar rats resulted in a significant inflammation and necrosis in adipose tissue denoting to, indicating the dangers of METH use, when recreationally targeted for weight loss purposes.
 The measurementMeasurement of the activities of marker enzymes in tissues and body fluids can be used in assessingto assess the degree of assault and the toxicity of a chemical compound on organto organs/tissues (Malamo, 2000; Yakubu et al., 2003). MeasurementThe measurement of enzyme activities can also be used to indicate tissue cellular damage caused by a chemical compound long before histological changes occur (Akanji, 1986). Enzyme activity levels in serum and tissues are often used as markermarkers to ascertain the toxic effects of administered foreign compounds toon experimental animals (Coodley, 1970). MDA is a marker of oxidative stress while, whereas GSH and SOD are enzymatic antioxidants. These enzymes are highly concentrated in some brain tissues like, such as the hippocampus, pre-frontal and prefrontal cortex,; e.tg.c, they are only found in serum in significant quantitiessignificant quantities only in the serum when the cell membrane becomes leaky and even completely ruptured. A rise or fall in the serum level or a decrease in the tissue level of these intracellular enzymes is an index of damage to the hippocampal cells.
In the present study, there was a significant increase (P<0.05) in the serum levels of MDA in groupgroups B, and C, in relative to thethose in control group A, as an increase in the serum levels of MDA indicates thean increase in free radicals. This result indicated that the drug methamphetamine brought about cellular damages incaused damage to the hippocampus during the experimental period. These results agree with those of Kita et al., (2003) and Escubedo et al., (2003), who reported that METH induced neurotoxicity by generating reactive oxygen species.
The antioxidative action and neuro protectiveneuroprotective behavior of vitamin E waswere observed following significant histopathological analysis and a reduction ofin the serum level of MalonaldehydeMDA, and an increase in the serum levels of GluthathioneGSH, and SuperoxideSOD in the groups that were treated with vitamin E (Groupsgroups D, E, F & G). In the present study, there was a slight increase (P<0.05) in the serum levels of GluthathioneGSH in groups D & E animals that, which were treated with justonly vitamin E, in relative to the control (group A). There was also a slight increase (p<0.05) in group F, which was treated with methamphetamine and vitamin E inat a low dose. This could also be as a result of the neuroprotective behavior and antioxidant properties of vitamin E. This result agrees with the findings of Pal et al., (2023), who reported that the decrease in the serum levels of GluthathioneGSH in a rat’s brain werewas reduced under acute stress conditions,; however, the administration of vitamin E or vitamin C demonstrated promising effects in mitigating the oxidative stress induced by acute restraint stress. There was a significant decrease in the serum levels of GSH in group C when compared with the control group in thisthe present study. This is as a result of or can be attributed to the neurotoxic properties of methamphetamine, which inducesinduce oxidative stress toin the hippocampus of the animal. The low levels of GSH could be linked to the xenobiotic detoxification, or adaptive mechanismmechanisms, as reported by Dasari et al., (2018) and Laborde (2010). This result agrees with the work of Nwogueze et al., (2021), who reported that the serum levels of Gluthathioneglutathione-related antioxidants in the brain tissue of stressed Wistar rats were reduced when exposed to stressors likesuch as RCT, MCT, etc. e.t.c, inetc. In this case, the stressor agent was methamphetamine. This observation was supported by Feoli et al., (1971), who reported that glutathione deficiency or reduction could increase the brains vulnerability of the brain to oxidative stress. GSH, which is an enzymatic antioxidant whenwhose level is reduced in the hippocampal tissues or cellcells, can lead to neurodegenerative diseases likesuch as Alzheimer’s disease and Parkinson’s disease. TheCompared with those in the control group, the serum levels of SOD showed a slight decrease (P>0.05) in groups F, D & E when compared to the control group. While theslightly decreased (P>0.05). The serum level of SOD in group G showed a significant decreasewas significantly lower (P>0.05) when compared withthan that in the control group. This decrease is as a result of the neurotoxic/neurodegenerative properties of methamphetamine, which can cause oxidative stress in the brain. This result agrees with the work of Otitoju et al., (2008) which reports, who reported that an increase in the levelslevel of SOD activity in the brain can reduce the possible neurobehavioural effects likesuch as body tremor or aggression, which can be caused by an increase in oxidative stress levels.
HistopathologicalThe histopathological findings of the present study indicatedrevealed normal hippocampal tissues in control group A. This could be physiological, as the only substance they were exposed to was water and feed. The resultresults of groups D & E, as seen in photomicrographshown in photomicrographs 4 and 5, showed arevealed normal hippocampal tissue with active granular cells. This is as a result of the vitamin E that was administered to the animals in these groups.
The animals in groups B & C animals, which were administered only methamphetamine showed, presented severe damage to the hippocampal tissue architecture, as seen in photomicrographshown in photomicrographs 2 and 3, here, there was. Here, severe degeneration with severe vacoulationvacuulation and severe pyknotic granular cells was observed. This could be as a result of a decrease in the levels of antioxidant enzymes and biomarkers caused by methamphetamine. This result agrees with the work of Nwogueze et al., (2021). The groups F & G, which wereincluded the animals that were administered methamphetamine and vitamin E, caused mild damage to the hippocampal tissue architecture, as seen in photomicrographshown in photomicrographs 6 and 7, here, there was a. Here, moderate regeneration with mild vacoulationvacuolation and a moderate increase in the number of active granular cells waswere recorded in the group F animals while, there was, whereas mild regeneration with moderate vacoulationvacuulation and moderate pyknotic active granular cell incells were recorded in the group G animals. This could also be asthe a result of a decrease ofin the antioxidant enzymes and biomarkers induced by methamphetamine. This result also agrees with the work of Nwogueze et al., (2021). The animals in groupgroups F and G givesprovide a particularly interesting observation aboutof the dynamics of reactions to the presence of various substances in our systems. OnAfter the administration of vitamin E to the groups, no toxicity changes in toxicity were associated inwith physical andor behavioral observation, there were body weight increaseobservations. Body weight increases, which were statistically similar withto those in the control group, and few to no histological lesions were observed in the hippocampal tissues. ByOn the basis of these observations, one may deduce that the administration of vitamin E may boostincrease the tolerance capacity forto methamphetamine -induced toxicity. Thus, the neuroprotective effect of vitamin E against methamphetamine on the methamphetamine-induced hippocampus recordedobserved in the present study is attributed to theirits antioxidant and chemo-protectivechemoprotective properties.
[bookmark: _Hlk161670521]CONCLUSION
The vitaminVitamin E did not induce adverse alterations in biochemical parameters ofthe serum levels of MalondialdehydeMAD, GluthathioneGSH, and Superoxideor SOD, and very few histopathological lesions waswere observed in the hippocampushippocampal tissues of the rats given vitamin E. This study has demonstrated the potential ability of vitamin E to protect against methamphetamine -induced neurotoxicity in the hippocampus of adult male Wistar rats. Rat’sRat tissues are very similar in many aspects to those of humanhumans. The findings of this study suggestssuggest that vitamin E administered to individuals exposed to methamphetamine poisoning could provide some slight protection against methamphetamine toxicity and perhaps ameliorate the effects of methamphetamine neurotoxicity on the hippocampus.
[bookmark: _Hlk161670574]RECOMMENDATION
This study has opened a way forprovides a possible means of preventing damage to manhuman tissues caused by methamphetamine. I recommend that vitamin E, either from vitamin E -rich foods or from dietary supplements, should be administered to see ifdetermine whether it is possible to demonstrate a possible counter effectcountereffect on the hippocampus. However, further work is needed, particularly on the effecteffects of these drugdrugs on other organs like, such as the spleen, heart etc and heart.
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MDA	
A	B	C	D	E	F	G	3.42	3.64	3.72	3.42	3.4	3.5	3.57	GSH	
A	B	C	D	E	F	G	1.44	1.3	1.25	1.42	1.44	1.42	1.39	SOD	
A	B	C	D	E	F	G	8.56	7.54	7.33	8.5299999999999994	8.5399999999999991	8.2899999999999991	7.9	


Body Weight Analysis

Initial	
GROUP A	GROUP B 	GROUP C	GROUP D	GROUP E	GROUP F	GROUP G	210.05	202.33	201.33	202.33	199.62	197.58	200.34	Final	
GROUP A	GROUP B 	GROUP C	GROUP D	GROUP E	GROUP F	GROUP G	235.33	196.67	192	218	210.05	189.67	192.76	Series 3	
GROUP A	GROUP B 	GROUP C	GROUP D	GROUP E	GROUP F	GROUP G	2	2	3	5	



MEAN	
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Group A	Group B	Group C	Group D	Group E	Group F	Group G	2.4	4.4000000000000004	1.8	2.8	Series 3	
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