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Abstract- non-pharmaceutical use of drugs negatively 

impacts individuals, communities, and global public 

health. Flunitrazepam (FNZ), a benzodiazepine 

commonly associated with drug abuse and drug-

facilitated sexual assault, exerts its effects by acting on 

GABA-A receptors. The brain is particularly vulnerable 

to oxidative damage due to its high oxygen consumption, 

relatively low antioxidant reserves, and abundance of 

polyunsaturated lipids. This study evaluated the protective 

effect of Asystasia gangetica aqueous leaf extract (AGLE) 

against FNZ-induced neurotoxicity in the cerebellum of 

Wistar rats. Forty adult male Wistar rats (200–230 g) 

were randomly allocated into four groups (n = 10 per 

group): Group 1 (control, distilled water), Group 2 (FNZ, 

3 mg/kg bw), Group 3 (FNZ 3 mg/kg bw + AGLE 500 

mg/kg bw), and Group 4 (AGLE 500 mg/kg bw). All 

treatments were administered orally for 21 days. 

Biochemical parameters assayed in cerebellar 

homogenates included reduced glutathione (GSH), 

glutathione peroxidase (GPx), oxidized glutathione 

(GSSG), GSH/GSSG ratio, glucose-6-phosphate 

dehydrogenase (G6PD), and lactate dehydrogenase 

(LDH). FNZ administration caused significant reductions 

in GSH, GPx, and GSH/GSSG ratio, and significant 

elevations in GSSG and LDH activity, consistent with 

oxidative stress and neuronal injury. G6PD activity 

showed a non-significant decrease. Co-administration of 

AGLE with FNZ substantially reversed these biochemical 

alterations toward control values. These findings 

demonstrate that A. gangetica aqueous leaf extract 

confers protective effects against FNZ-induced cerebellar 

oxidative neurotoxicity, and warrants further 

investigation as a potential adjunct therapeutic agent. 
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I. INTRODUCTION 

 

Non-pharmaceutical use of drugs poses serious risks 

to individuals and communities worldwide, 

contributing to a broad spectrum of socio-medical 

challenges [1, 2]. Flunitrazepam (FNZ), a potent 

benzodiazepine marketed under the trade name 

Rohypnol, is a Schedule IV controlled substance in 

many jurisdictions and is commonly associated with 

drug abuse [3, 4]. FNZ is notorious as a drug-

facilitated sexual assault (DFSA) agent — often 

referred to as the 'date rape drug' — because sexual 

predators exploit its amnestic and sedative properties 

to incapacitate victims [5–7]. 

 

Pharmacologically, FNZ acts as a positive allosteric 

modulator at the γ-aminobutyric acid type A receptor 

(GABAA-R), enhancing chloride ion conductance 

and thereby potentiating inhibitory neurotransmission 

[8, 9]. While FNZ has legitimate clinical applications 

— including short-term treatment of severe insomnia 

and pre-anaesthetic medication — its therapeutic use 

has been restricted or banned in many countries 

owing to its abuse potential [5, 6]. 

 

The brain is particularly susceptible to oxidative 

damage because of its exceptionally high oxygen 

demand, relatively modest antioxidant capacity, and 

high content of polyunsaturated fatty acids that are 

prone to lipid peroxidation. Oxidative stress — 

defined as an imbalance between pro-oxidant reactive 

oxygen/nitrogen species (ROS/RNS) and cellular 

antioxidant defenses — is a key mechanism of drug-

induced neurotoxicity. Glutathione (GSH), an 

abundant tripeptide antioxidant comprising cysteine, 

glutamic acid, and glycine, plays a central role in 
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neutralizing ROS and maintaining intracellular redox 

homeostasis in the central nervous system [10]. 

 

Asystasia gangetica (L.) T.Anders (Acanthaceae), 

commonly known as coromandel, Chinese violet, or 

tropical primrose, is a perennial herb found along 

roadsides, riverbanks, and forest margins in tropical 

regions [11]. Its leaves and shoots serve as a food 

source in parts of Africa and Asia, being rich in 

proteins, vitamins, carbohydrates, minerals, lipids, 

and fibers [11]. Phytochemical analyses have 

identified alkaloids, tannins, glycosides, steroidal 

saponins, flavonoids, phenols, and terpenoids in the 

leaves — many of which possess antioxidant, anti-

inflammatory, and cytoprotective properties [12]. 

Despite these promising bioactivities, the 

neuroprotective potential of A. gangetica against 

drug-induced cerebellar neurotoxicity has not been 

systematically investigated. 

 

This study aimed to evaluate the effects of A. 

gangetica aqueous leaf extract (AGLE) on 

glutathione status and metabolic enzyme activities in 

the cerebellum of Wistar rats subjected to repeated 

FNZ administration. We hypothesized that the 

antioxidant phytochemicals in AGLE would attenuate 

FNZ-induced oxidative stress, as reflected by 

improvements in GSH, GPx, GSSG, GSH/GSSG 

ratio, G6PD, and LDH activities. 

 

II. MATERIALS AND METHODS 

 

2.1 Plant Collection, Authentication, and Aqueous 

Extraction 

Leaves of A. gangetica were collected from the Ado 

plant garden, Ekiti State, Nigeria, and authenticated 

by a taxonomist at the Herbarium, Department of 

Plant Science and Biotechnology, Ekiti State 

University (voucher specimen number should be 

deposited for reproducibility). Leaves were hand-

washed with clean water and air-dried at ambient 

temperature for three weeks. Dried leaves were 

pulverized using an electric blender. The powder was 

macerated in distilled water for 48 hours, then filtered 

through Whatman No. 1 filter paper. The filtrate was 

concentrated on a rotary evaporator at 50 °C to a 

semi-solid paste. A stock solution was prepared by 

dissolving 5 g of paste in 500 mL distilled water, 

from which an oral dose of 500 mg/kg bw was 

administered to each rat daily. 

 

2.2 Drug Preparation 

Flunitrazepam tablets (Swinol®; Swiss Pharma 

Nigeria Ltd., Lagos, Nigeria) were dissolved in 

distilled water at 3 mg/kg bw per rat for oral 

administration. Tablets dissolve to a blue-tinted 

solution, which served as a visual confirmation of 

dissolution. 

 

2.3 Animals and Experimental Design 

Ethical approval was obtained from the Institutional 

Animal Ethics Committee of Olabisi Onabanjo 

University, Ogun State, Nigeria (reference no.: 

OOU/SCIENG/EC/0016/130225). All procedures 

complied with internationally accepted principles for 

the care and use of laboratory animals. 

 

Forty adult male Wistar rats (200–230 g) were 

obtained from the animal house of the Department of 

Anatomy, Olabisi Onabanjo University, Shagamu 

Campus, and housed in well-ventilated cages under 

controlled conditions (12 h light/dark cycle, ambient 

humidity and temperature). Standard commercial 

pellets and water were provided ad libitum. Animals 

were acclimatized for one week before the 

commencement of experiments. Animals were 

randomly allocated to four groups (n = 10 per group) 

as shown in Table 1. All treatments were 

administered once daily by oral gavage for 21 

consecutive days. 

 

 

Table 1. Experimental grouping and treatment protocol.

 

Group n Treatment Route Duration 

(days) 

Dose 

1 10 Distilled water (control) Oral 21 — 

2 10 Flunitrazepam (FNZ) Oral 21 3 mg/kg bw 
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3 10 FNZ + Asystasia gangetica aqueous leaf extract 

(AGLE) 

Oral 21 3 mg/kg bw + 500 

mg/kg bw 

4 10 Asystasia gangetica aqueous leaf extract 

(AGLE) 

Oral 21 500 mg/kg bw 

 

2.4 Tissue Collection and Biochemical Assays 

Twenty-four hours after the last administration, 

animals were humanely sacrificed by cervical 

dislocation under light ether anaesthesia. The 

cerebellum was rapidly dissected, weighed, and 

homogenized (1:10, w/v) in ice-cold phosphate buffer 

(0.1 M, pH 7.4) using a glass homogenizer. 

Homogenates were centrifuged at 10,000 × g for 15 

min at 4 °C, and the resulting supernatant was used 

for all biochemical assays. Reduced glutathione 

(GSH), glutathione peroxidase (GPx), oxidized 

glutathione (GSSG), GSH/GSSG ratio, glucose-6-

phosphate dehydrogenase (G6PD), and lactate 

dehydrogenase (LDH) were measured using standard 

colorimetric assay kits according to the 

manufacturers' protocols. 

 

2.5 Statistical Analysis 

Data are expressed as mean ± standard error of the 

mean (SEM). Statistical analysis was performed 

using IBM SPSS Statistics version 25. Group 

differences were assessed by one-way analysis of 

variance (ANOVA) followed by Tukey's post hoc 

multiple comparison test. Statistical significance was 

set at p < 0.05. 

 

III. RESULTS 

 

Biochemical parameters in cerebellar homogenates 

across the four experimental groups are summarized 

in Table 2. FNZ administration (Group 2) caused 

significant reductions in GSH (p < 0.05), GPx (p < 

0.05), and GSH/GSSG ratio (p < 0.05), and 

significant elevations in GSSG (p < 0.05) and LDH 

(p < 0.05) compared with the control (Group 1). 

G6PD activity showed a non-significant decrease in 

Group 2 relative to Group 1. Co-administration of 

FNZ and AGLE (Group 3) substantially reversed 

these changes, with GSH and GPx values returning 

toward control levels (non-significant vs. Group 1). 

GSSG and GSH/GSSG remained significantly 

different from control in Group 3, suggesting partial 

but incomplete normalization. AGLE alone (Group 4) 

did not significantly alter any parameter relative to 

the control. 

 

 

Table 2. Biochemical enzyme activities (mean ± SEM) in the cerebellum of Wistar rats across experimental groups. 

Group GSH 

(µmol/mg) 

GPx 

(U/mg) 

GSSG 

(µmol/mg) 

GSH/GSSG G6PD 

(mU/g) 

LDH (U/g) 

1 (Control) 0.22 ± 0.03 0.46 ± 0.00 0.04 ± 0.01 6.56 ± 1.66 224.33 ± 4.11 62.79 ± 7.43 

2 (FNZ) 0.14 ± 0.01* 0.21 ± 

0.02* 

0.14 ± 0.01* 1.00 ± 

0.04* 

208.09 ± 8.11 101.21 ± 

1.57* 

3 

(FNZ+AGLE) 

0.20 ± 0.01 0.41 ± 0.03 0.10 ± 0.02* 2.18 ± 

0.49* 

219.07 ± 

11.39 

68.39 ± 10.35 

4 (AGLE) 0.22 ± 0.01 0.46 ± 0.04 0.04 ± 0.01 5.64 ± 0.85 217.28 ± 9.96 60.74 ± 8.17 

* Significantly different from Group 1 (control) at p < 0.05 (one-way ANOVA, Tukey post hoc test). FNZ = 

flunitrazepam; AGLE = A. gangetica aqueous leaf extract; GSH = reduced glutathione; GPx = glutathione 

peroxidase; GSSG = oxidized glutathione; G6PD = glucose-6-phosphate dehydrogenase; LDH = lactate 

dehydrogenase. 

 

IV. DISCUSSION 

 

This study investigated the protective capacity of A. 

gangetica aqueous leaf extract (AGLE) against FNZ- 

 

induced cerebellar oxidative neurotoxicity in Wistar 

rats. Our key findings were: (i) FNZ significantly 

depleted GSH and GPx activity while elevating 

GSSG and LDH, indicative of oxidative stress and 

neuronal membrane damage; (ii) co-administration of 

AGLE largely reversed these changes; and (iii) 
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AGLE alone was well tolerated, with no significant 

alteration of any biochemical parameter compared 

with control. 

 

4.1 Reduced Glutathione (GSH) 

GSH is the most abundant non-protein thiol 

antioxidant in the brain and serves as a first-line 

defense against ROS/RNS. When oxidative burden 

exceeds cellular capacity, GSH is consumed as it 

reacts with reactive species or is oxidized to GSSG, 

leading to net GSH depletion and impaired redox 

homeostasis [10, 13]. In our study, cerebellar GSH 

was significantly reduced in FNZ-treated rats, 

consistent with reports of gastric GSH depletion in 

flunitrazepam-treated Wistar rats [1]. AGLE co-

administration restored GSH to near-control levels, 

likely reflecting the antioxidant phytochemicals 

(flavonoids, phenols, terpenoids) in the extract, which 

may spare endogenous GSH by scavenging ROS 

directly [12]. 

 

4.2 Glutathione Peroxidase (GPx) 

GPx catalyzes the reduction of hydrogen peroxide 

and lipid hydroperoxides to water and corresponding 

alcohols using GSH as a co-substrate, thereby 

protecting lipid membranes from peroxidative 

damage. Reduced GPx activity observed in Group 2 

is consistent with substrate depletion (reduced GSH 

availability) or direct enzyme inactivation by ROS. 

Similar decreases in cerebellar GPx activity 

following neurotoxin exposure have been reported in 

cocaine-treated rats [14], supporting a common 

oxidative mechanism across different substances of 

abuse. AGLE co-administration significantly restored 

GPx activity, corroborating its antioxidant efficacy. 

 

4.3 Oxidized Glutathione (GSSG) and GSH/GSSG 

Ratio 

The GSH/GSSG ratio is widely regarded as a 

sensitive index of intracellular redox status. FNZ 

caused a significant increase in GSSG and a 

concomitant decrease in the GSH/GSSG ratio, 

indicating a pronounced shift toward an oxidized 

intracellular environment. This pattern is consistent 

with findings in cadmium-induced neurotoxicity [15] 

and cocaine-induced cerebellar oxidative stress [14], 

in which decreased GSH/GSSG ratios were 

associated with neuronal injury. Notably, the 

GSH/GSSG ratio in Group 3 (FNZ + AGLE) did not 

fully return to control levels, suggesting that while 

AGLE provides substantial protection, the 500 mg/kg 

bw dose may not be sufficient for complete 

normalization, or that some degree of ongoing 

oxidative stress persists during co-administration of 

FNZ. 

 

4.4 Glucose-6-Phosphate Dehydrogenase (G6PD) 

G6PD catalyzes the rate-limiting step of the pentose 

phosphate pathway, generating NADPH, which is 

indispensable for the regeneration of GSH from 

GSSG by glutathione reductase. Although G6PD 

activity showed a non-significant trend toward 

reduction in FNZ-treated rats, the observation that 

AGLE partially restored G6PD suggests that 

maintenance of NADPH supply may contribute to the 

extract's protective mechanism. Future studies should 

include measurements of NADPH levels and 

glutathione reductase activity to fully characterize 

this pathway. 

 

4.5 Lactate Dehydrogenase (LDH) 

LDH is a cytosolic enzyme released into the 

extracellular compartment upon loss of plasma 

membrane integrity, and is therefore widely used as a 

biomarker of cytotoxicity. The significant elevation 

of LDH in FNZ-treated rats indicates neuronal or 

glial cell damage, likely secondary to oxidative 

stress-induced membrane disruption. Reversal of 

LDH elevation by AGLE co-administration supports 

a membrane-stabilizing or cytoprotective effect of the 

extract, possibly mediated by inhibition of lipid 

peroxidation. 

 

4.6 Limitations 

Several limitations of this study merit 

acknowledgment. First, the study used only one dose 

of FNZ and one dose of AGLE; dose-response 

relationships were not characterized. Second, only 

male rats were used, limiting generalizability across 

sexes. Third, while biochemical endpoints were 

comprehensively assessed, histological evaluation of 

cerebellar tissue was not performed, which would 

have provided morphological corroboration of the 

biochemical findings. Fourth, the phytochemical 

composition of the AGLE batch used was not 

quantified, making it difficult to attribute protective 
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effects to specific bioactive compounds. Finally, the 

mechanism of neuroprotection (e.g., direct ROS 

scavenging versus upregulation of endogenous 

antioxidant pathways) was not directly examined. 

Future studies should address these gaps. 

 

V. CONCLUSION 

 

Repeated oral administration of flunitrazepam (3 

mg/kg bw for 21 days) produced significant oxidative 

stress in the rat cerebellum, evidenced by depletion of 

GSH and GPx, elevation of GSSG and LDH, and a 

markedly reduced GSH/GSSG ratio. Co-

administration of A. gangetica aqueous leaf extract 

(500 mg/kg bw) substantially reversed these 

biochemical alterations, demonstrating significant 

neuroprotective activity. These findings support the 

potential of A. gangetica as a complementary strategy 

against FNZ-induced cerebellar neurotoxicity and 

encourage further investigation into its active 

constituents, optimal dosing, and mechanisms of 

action. 
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