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Abstract 
Flunitrazepam is a central nervous system depressant in a class of drugs called benzodiazepines. Alcohol has 

been known for many years as a cause of various diseases and conditions, including: mental and behavioral 

disorders, gastrointestinal conditions, cancers and cardiovascular diseases. This study is therefore aimed at 

investigating the histoarchitectural changes that occur in the cerebellum when flunitrazepam and alcohol 

cocktail are given to adult Wistar rats. Forty two (42) adult Wistar rats weighing 130-150 g were used for this 

study and were randomly assigned into six groups: 1, 2, 3, 4, 5 and 6 which had 7 rats each. Groups 1,  2,  3,  4,  

5 and  6 received distilled water, 0.2ml (normal dose) of flunitrazepam  drug, 1ml of 30% distilled alcohol, 

0.1ml (low dose) of flunitrazepam  drug, 0.4ml (high dose) of flunitrazepam  drug and 0.2ml of flunitrazepam  

drug and 1ml of 30% distilled alcohol, respectively. Tissue processing and the open field test were carried out 

according to established methods. Normal cerebellar microstructure was observed in Group 2. Cerebellar 

oedema, atrophy of Purkinje cells and vascular congestion were observed in groups 3 and 4, while group 5 and 

6 showed cerebellar oedema and Purkinje cell proliferation. Open field test parameters were analyzed using 

one-way ANOVA. P<0.05 was considered statistically significant. Findings revealed increased locomotory and 

exploratory activities in groups 2, 4, 5 and 6, while significantly (P<0.05) decreased exploratory/anxiety levels 

were observed in groups 5 and 6. The findings from this study showed that flunitrazepam and alcohol cocktail 

have deleterious effects on the histoarchitecture and behavioural parameters of the cerebellum of adult Wistar 

rats. 

 

Keywords: Flunitrazepam, Alcohol, Cerebellum, Open field test, Wistar rats 

 
Introduction 
Flunitrazepam is a highly lipophilic benzodiazepine derivative used fundamentally as a hypnotic and sedative 

(1). It is a central nervous system depressant in a class of drugs called benzodiazepines. Benzodiazepines are 

sedatives/hypnotics used in the treatment of sleep and seizure disorders. They are also used as skeletal muscle 

relaxant (2). Swiss pharmaceutical company, Hoffman La Roche, Inc., first described and developed 

benzodiazepines (3).  

Flunitrazepam is tasteless, and odorless (4). As soon as it is absorbed, flunitrazepam is distributed promptly to 

the body tissues from the plasma, thereby causing an acute clinical response to the drug that does not correlate 

with the elimination half-life, which is approximately 20 hours (5). The major contributing factors to its abuse 

are its rapid rate of absorption and high lipid solubility, which facilitates its speedy entry into the brain and 

results in a swift onset of effects (5). Sedative effects of the drug typically takes place within twenty (20) 

minutes and could last 6 - 8 hours, with accompanying psychomotor impairment that may possibly linger on for 

12 hours (5). Flunitrazepam, however, is ten times more potent than valium, and it is commonly prescribed for 

anxiety and sleep disorders in Europe and Latin America (6).The accidental or deceitful ingestion of 

flunitrazepam is generally associated with cases of sexual assault, in which it is used to induce a rapid and 

profound state of unconsciousness and subsequent amnesia (7). This has led to the media dubbing flunitrazepam 

the “date rape drug” (8). 

Ab initio, flunitrazepam was marketed as white tablets. This made their detection in drinks close to impossible. 

However, in response to reports implicating flunitrazepam in drug-facilitated sexual assaults, the manufacturer 

reformulated the drug by making its dissolution more difficult and generating a bright blue colour (9). 

Alcohol (ethanol) is the ingredient found in beer, wine, and spirits which causes drunkenness. It is formed when 

yeast ferments. Chronic excessive alcohol consumption is a global healthcare problem of epidemic proportion 

(10).  

Alcohol has been known to act as a stimulant, even at low doses, inducing feelings of euphoria and talkativeness 

(11). However, drinking too much alcohol at one session can lead to drowsiness, respiratory depression, coma or 

even death. Alcohol abuse is recognized worldwide as a major cause of mortality and morbidity (12). Alcohol is 

circulated through the water in the body. This way, most tissues such as the heart, brain, and muscles are 

exposed to the same concentration of alcohol as the blood. The exception is the liver, where exposure is greater 

because blood is received direct from the stomach and small bowel via the portal vein (13).  
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Once absorbed, alcohol must be metabolized immediately, for two reasons: first, the body has no capacity to 

store alcohol, in contrast to the other energy-yielding macronutrients (protein, fat and carbohydrate), and 

second, alcohol has toxic properties. The liver is the principal site of alcohol metabolism, but some alcohol is 

also immediately metabolized in the stomach by alcohol dehydrogenase (the enzyme responsible for breaking 

down alcohol), found in the gastric mucosa (14). In healthy individuals, the majority of alcohol consumed is 

metabolised, and therefore removed from the blood at a constant rate; on average, about 6 g per hour (14). 

However, the rate at which alcohol is metabolised varies significantly between individuals and is affected by a 

number of factors which comprises drug intake, frequency (and usually quantity) of alcohol consumption, age, 

bodyweight and liver size, and some differences may be genetic (15).  

Drunkenness impairs judgment, inhibitions and concentration, and in increasing amounts, leads to drowsiness 

and coma (12). Apart from being a drug of dependence, alcohol has been known for many years as a cause of 

some 60 different types of disease and condition, including injuries, mental and behavioral disorders, 

gastrointestinal conditions, cancers, cardiovascular diseases, immunological disorders, lung diseases, skeletal 

and muscular diseases, reproductive disorders and pre-natal harm, including an increased risk of prematurity and 

low birth weight (16, 17, 18, 19).   

The term “cerebellum” is of Latin origin and means “little brain”. Although it is only about one tenth the weight 

of the cerebrum, it contains about as many nerve cells (approximately 5 billion for each structure) (20). The 

cerebellum is the organ responsible for motor coordination, posture and balance. The cerebellum plays an 

important role in motor control and it may also be involved in cognitive functions such as attention and 

languages as well as in regulating fear and pleasure response (21).  

Alcohol-related cerebellar degeneration is one of the commonest causes of acquired cerebellar ataxia (22). The 

pathophysiology remains unclear, but proposed mechanism includes excitotoxicity, dietary factors, oxidative 

stress, compromise energy production and cell death (23). Nerve cells in the cerebellum communicate with 

nerve cells in the cerebrum, brainstem, and spinal cord, including regions involved in cognitive functions, such 

as spatial and other sensory perception, problem solving, organization, and planning. Skilled performance of 

motor tasks involves timing, feedback from visual and sensory cues, coordination, and learned patterns or 

dynamics of movement that allow movements to be made quickly, smoothly and relatively effortlessly (24). 

These functions include both motor and cognitive processes. The cerebellum also participates in certain aspects 

of motor skill learning (25), control of reflexive actions (26) and tactile learning of complex figures (27). 

When flunitrazepam is mixed with alcohol, another CNS depressant, blackout, stupor, respiratory depression 

and death are more likely to occur (2). Considering the increasing demand of flunitrazepam and alcohol 

cocktail, there is a need for determination of its effect on the cerebellum. 

 

Materials and Methods 

Materials  

Experimental Animals 

Forty-two (42) adult male Wistar rats weighing between 130g - 150g were used for this study. The rats were 

obtained from the Animal House of the Department of Anatomy, University of Benin, Benin city and housed in 

the same location for a period of 4 weeks (31 days), in plastic cages, at normal room temperature (20
o
C – 25

o
C). 

Flunitrazepam and alcohol 

The flunitrazepam used was manufactured by Sigma-Aldrich Chemicals Company, St. Louis, Missouri, United 

States while the alcohol was manufactured by Wuhan Biet Co., Ltd., Hubei, China.  

Methods 

Experimental Design 

The animals were randomly assigned into six (6) groups: 1, 2, 3, 4, 5 and 6, comprised of seven (7) animals each 

(n=7). All groups received food and water ad libitum. After two (2) weeks of acclimatization, administration to 

test groups commenced via orogastric tube, as seen in the protocol below: 

Group 1 (control group) were administered with distilled water.  

Group 2 were administered with 0.2ml (normal dose) of flunitrazepam. 

Group 3 were administered with 1ml of alcohol. 

Group 4 were administered with 0.2ml of flunitrazepam and 1ml of alcohol. 

Group 5 were administered with 0.1ml (low dose) of flunitrazepam. 

Group 6 were administered with 0.4ml (high dose) of flunitrazepam.  

Behavioral Study 

The open field test was deployed to assess the animals’ general locomotory activity and anxiety levels (28). 

These assessments were carried out after administration of the various treatment regimen.  

Sample collection 

After 31 days of administration, the rats were re-weighed to determine their final weight, then sacrificed via 

anesthesia. The brain tissues were harvested, weighed and promptly fixed in Bouins’s fluid. Gross examination 

was carried out to investigate any physical or morphological changes associated with the organs harvested. The 
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harvested organs were placed in labeled universal bottles and fixed for 48 hours. Thereafter, the tissues were 

processed using automatic tissue processing schedule to minimize the introduction of artifacts (29). The tissues 

were dehydrated in alcohol, cleared in xylene and impregnated in paraffin wax. The tissue blocks were 

sectioned using rotary microtome at 5 micron per thickness, dewaxed in xylene and rehydrated in descending 

order before staining with hematoxylin and eosin, and then observed microscopically. 

Data Analysis 

Data generated for each group of animals were subjected to one way analysis of variance (ANOVA) using the 

statistical package SPSS windows version 25. Values were expressed as mean±SEM. Significant difference was 

considered at 95% confidence limit (P<.05).  

 

Results  
Figure 1 shows cerebellar weight of all experimental groups. There were no significant differences (P > 0.05) in 

the cerebellar weights when the experimental groups were compared with the control group. 

Figure 2 shows cerebellosomatic indices of all the experimental groups. There were no significant differences 

(P > 0.05) in the cerebellosomatic indices when the experimental groups were compared with the control group.  

 

 

Fig. 1: Cerebellar weight of all the rats treated with various doses of flunitrazepam and alcohol mixture.  
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Fig. 2: Cerebellosomatic indices of all the rats treated with various doses of flunitrazepam and alcohol mixture.  

Figure 3 shows the frequency of rearing observed in various groups. The increase observed in the frequency of 

rearing of the experimental animals was significant (P<0.5) in groups 2, 4, 5 and 6, when compared to the 

control group.  

Figure 4 shows the frequency of line crossing observed in different groups. The increase observed in the 

frequency of line crossing of the experimental animals was significant (P<0.5) in groups 4 and 5, when 

compared to the control group.  

 

 

Fig. 3: Frequency of rearing of all the rats treated with various doses of flunitrazepam and alcohol mixture.  

*significantly different from the control group 
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 Fig. 4: Frequency of line crossing of all the rats treated with various doses of flunitrazepam and alcohol 

mixture. 

*significantly different from the control group 

 

Figure 5 shows the frequency of grooming observed in different groups. The increase and decrease observed in 

the frequency of grooming of the experimental animals was significant (P<0.5) in groups 5 and 6 only, when 

compared to the control group.  

Figure 6 Shows the frequency of freezing observed in different groups. The decrease observed in the frequency 

of freezing of the experimental animals was significant (P<0.5) in groups 4 and 5, when compared to the control 

group.  

 

 

Fig. 5: Frequency of grooming of all the rats treated with various doses of flunitrazepam and alcohol mixture.  

*significantly different from the control group 
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Fig. 6: Frequency of freezing of all the rats treated with various doses of flunitrazepam and alcohol mixture. 

*significantly different from the control group 

 

Figure 7 Shows the frequency of centre square entry observed in different groups. The differences observed in 

the frequency of centre square entry of the experimental animals was insignificant (P>0.5) across all the 

experimental groups. 

 

 

Fig. 7: Frequency of centre square entry of all the rats treated with various doses of flunitrazepam and alcohol 

mixture. 

 

Plate 1 (Group 1) shows (control) rat cerebellum showing normal molecular layer, Purkinje layer and granular 

layer. In Plate 2, rat cerebellum given 0.2ml flunitrazepam (medium dose) only, for 4 weeks shows vascular 

congestion and normal Purkinje cell architecture. 

 

 



Eze and Akonoafua 
 

146 
 

Histopathological analysis 

 

Plate 1: Control Rat cerebellum composed of A: molecular layer, B: Purkinje layer and C: granular layer (H&E 

x 100) 

 

 

Plate 2:  Rat cerebellum given 0.2ml flunitrazepam only for 4 weeks showing A: vascular congestion, and B: 

normal Purkinje cell architecture (H&E x 100) 

 

 However, the cerebellum of rats treated with 1.0ml of alcohol in Group 3, as shown in Plate 3 shows moderate 

vascular congestion and Purkinje cell atrophy. Severe Purkinje cell atrophy, cerebellar oedema and severe 

vascular congestion were seen in Plate 4 after the rats were given alcohol and flunitrazepam (0.2ml). 
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 In Plate 5, rats given 0.1ml flunitrazepam  (low dose) only shows moderate cerebellar oedema, mild Purkinje 

cell degeneration and molecular layer vacuolation, while Plate 6 shows rats given 0.4ml flunitrazepam  (high 

dose) displaying moderate cerebellar oedema and marked Purkinje cell degeneration.  

 

 

 

Plate 3: Rat cerebellum given 1.0ml alcohol only for 4 weeks showing A: severe vascular congestion, B: 

Purkinje cell atrophy (H&E x 100) 

 

 

Plate 4: Rat cerebellum given alcohol and flunitrazepam (0.2ml) for 4 weeks showing A: severe Purkinje cell 

atrophy, B: cerebellar oedema and C: severe vascular congestion (H&E x 100) 
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Plate 5: Rat cerebellum given 0.1ml flunitrazepam (low dose) only for 4 weeks showing A: moderate cerebellar 

oedema, B: marked Purkinje cell degeneration C: molecular layer vacuolation (H&E x 100) 

 

 

Plate 6: Rat cerebellum given 0.4ml flunitrazepam (high dose) only for 4 weeks showing A: moderate cerebellar 

oedema and, B: marked Purkinje cell degeneration (H&E x 100) 

 

Discussion 
The results (H & E reactions) of Group 3 which were given alcohol only and Group 4 which were given both 

flunitrazepam  and alcohol cocktail showed degeneration/atrophy of Purkinje cells, cerebellar oedema and 

severe vascular congestion. The Purkinje cells, as part of the cerebellum, are involved in motor coordination and 
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posture control. As a result of this, loss of Purkinje cells lead to a moderate ataxia. In addition, the degeneration 

of Purkinje cells is accompanied by the loss of cerebellar granule neurons and some thalamic neurons (30). 

Degeneration of cerebellar Purkinje cells also affects large perineuronal net bearing deep cerebellar nuclei 

neurons (31). Atrophy of Purkinje cells and the poor development of the surviving ones led to a decrease in 

inhibitory function of its fibres which consequently resulted in a decrease in motor coordination in the cerebellar 

cortex (32). The results obtained suggests that the distortion of the Purkinje cells could be associated with 

functional changes that may be detrimental to the health of the rats. 

Cerebellar degeneration is common in alcoholics (22). Researchers have studied cerebellar damage in the brains 

of alcoholics during postmortem examination. The most consistently reported structural damage in the 

cerebellum of alcoholics is tissue volume loss in the anterior superior vermis (33). Tissue volume loss in this 

area is due especially to either shrinkage or atrophy of Purkinje cells (34, 33, 35). 

Cerebellar oedema refers to the neuropathological description of cell loss, atrophy, gliosis, etc. (36). It is usually 

based on the subjective impression of changes of cell density one gets from a microscopic study (36). This 

condition, accompanied with cerebellar infarction, can lead to sudden respiratory arrest due to increased 

intracranial pressure in the posterior fossa (37, 38). Vascular congestion was also observed in this study 

(compromised blood flow), which when severe may increase hydrostatic pressure and subsequently lead to 

cerebellar herniation (39), which causes compression of the midbrain and medulla resulting in states of 

decreasing consciousness, impaired upward gaze and lower cranial nerve palsies, dilated or fixed pupils and 

respiratory irregularity (40). 

A study on the amnesic action of intravenous flunitrazepam showed that it caused amnesia without effect on the 

level of consciousness. Also, the effect of flunitrazepam were harmful to coordination (41). 

The use of flunitrazepam in combination with alcohol is of particular concern as both drugs interactions as 

central nervous system depressants potentiate each other's toxicity (42). 

Patchy vascular intimal erosion/ulceration indicates complicated atherosclerosis which is the most common 

vascular disease and is a major cause for stroke and vascular dementia (43).  

The open field test has also been used widely to assess anxiety and locomotor performance 

(44, 45, 46). The most important outcome of open field test is movement coordination, which is greatly 

influenced by motor output and exploratory drive (47).  In this study, the increase observed in the frequency of 

rearing of the experimental animals was significant (P<0.5) in groups 2, 4, 5 and 6, when compared to the 

control group. This shows that all the groups that were given flunitrazepam had a significant increase in 

locomotion and exploration /or a lower level of anxiety. The number of line crosses and the frequency of rearing 

are usually used as measures of locomotor activity, but are also measures of exploration and anxiety (48). 

Increased grooming behaviour has been related to fear or increased emotional response (49). It has also been 

associated with conflict or frustration in different species (50). The increase and decrease observed in the 

frequency of grooming of the experimental animals was significant (P<0.5) in groups 5 and group 6 only, when 

compared to the control group.  Grooming behaviour is a displacement response and is expected to be displayed 

in a novel environment. Therefore, grooming behaviour should decrease with repeated exposure to the testing 

apparatus (51).  

Anxiety can be referred to as behavioral, psychological and physiological state induced in animals and humans 

by stress resembled conditions, characterized by feeling fear or dread. Fear is a motivational state stimulated by 

specific stimuli that result in escape and defensive behavior (52). Considering that the cerebellum coordinates 

muscular activities of the body, it is not far-fetched that alteration to its microstructure may have resulted in the 

observed motor deficiencies during the open field test. 

The results obtained in this study following the administration of flunitrazepam and alcohol cocktail showed that 

there is a compromising effect on both the histomorphology of cerebellum and by extension, neurobehaviour of 

the adult Wistar rats. Since the use of alcohol in combination with flunitrazepam has become one of the 

consumed drugs among youths for various reasons, it has become imperative to educate the general public about 

the impending damage that such practices could result in. 

 

References  
1. Scharf MB, Bixler EO, Kales A, Soldatos CR. Long-term sleep laboratory evaluation of flunitrazepam. 

Pharmacol;19(4):173-181. 1979. 

2. Carson-DeWitt R, Carroll KM, Fagan J, Kranzler HR, Kuhar MJ. Encyclopedia of drugs, alcohol & 

addict behav. 2016. 

3. Savino JO, Turvey BE. Rape and sexual assault. Rape Investigation Handbook. 23:29. 2011. 

4. Pope E, Shouldice M. Drugs and sexual assault: A review. Trauma, Violence, & Abuse. 2(1):51-55. 

2001. 

5. Mattila MA, Larni HM. Flunitrazepam: a review of its pharmacological properties and therapeutic use. 

Drugs. 1;20(5):353-374. 1980. 



Eze and Akonoafua 
 

150 
 

6. Dubin J. Rapists Discover New Weapons: The Problem and Response to Drug-Facilitated Sexual 

Assault. 2001. 

7. Weir E. Public Health: Drug-facilitated date rape. CMAJ: Can Med Assoc J. 165(1):80. 2001 

8. Saum CA, Inciardi JA. Flunitrazepam misuse in the United States. Subst Use & Misuse. 32(6):723-731. 

1997. 

9. Stark MM, Wells D. Drug-mediated sexual assault. J clin forensic med. 1;6(1):53-55. 1999. 

10.  Rehm J, Mathers C, Popova S, Thavorncharoensap M, Teerawattananon Y, Patra J. Global burden of 

disease and injury and economic cost attributable to alcohol use and alcohol-use disorders. The lancet. 

373(9682):2223-2233. 2009. 

11.  Roehrs T, Roth T. Sleep, sleepiness, and alcohol use. Alcohol res Health. 25(2):101-109. 2001. 

12.  Rowland LP, Pedley TA. Merritt's neurology (10
th

 ed). Philadelphia: Lippincott Williams & Wilkins; 

699-700. 2005. 

13.  Paton A. Alcohol in the body. Bmj. 6;330(7482):85-87. 2005. 

14.  Foster RK, Marriott HE. Alcohol consumption in the new millennium–weighing up the risks and 

benefits for our health. Nutr Bull. 31(4):286-331. 2006. 

15.  Mann J, Truswell S. Essentials of human nutrition. Oxford University Press; 2017. 

16.  Anderson P, Baumberg B. Alcohol in Europe. London: Institute of alcohol studies. 2:73-75. 2006. 

17.  Fergusson DM, Boden JM, Horwood LJ. Tests of causal links between alcohol abuse or dependence 

and major depression. Arch gen psychiatry. 1;66(3):260-266. 2009. 

18.  Neiman J. Alcohol as a risk factor for brain damage: neurologic aspects. Alcoholism: Clin Exp Res. 

22:346s-351s. 1998. 

19.  Harper C. The neuropathology of alcohol-related brain damage. Alcohol & Alcohol. 44(2):136-140. 

2009. 

20.  Kandel ER, Schwartz JH, Jessell TM. Principles of Neural Science. Ion channels; 4:5. 2000. 

21.  Wolf U, Rapoport MJ, Schweizer TA. Evaluating the affective component of the cerebellar cognitive 

affective syndrome. J neuropsychiatry and clin neurosci. 21(3):245-253. 2009. 

22.  Torvik A, Torp S. The prevalence of alcoholic cerebellar atrophy: a morphometric and histological 

study of an autopsy material. J neurol sci. 1;75(1):43-51. 1986. 

23.  Jaatinen P, Rintala J. Mechanisms of ethanol-induced degeneration in the developing, mature, and 

aging cerebellum. The Cerebellum. 1;7(3):332-347. 2008. 

24.  Gilman S, Bloedel JR, Lechtenberg R. Disorders of the cerebellum. FA Davis Co; 1981. 

25.  Sanes JN, Dimitrov B, Hallett M. Motor learning in patients with cerebellar dysfunction. Brain. 

113(1):103-120. 1990. 

26.  McGlinchey-Berroth R, Carrilo MC, Armfield S. Intact delay eyeblink conditioning in medial 

temporal amnesia but not in alcoholic Korsakoff amnesia (abs). In Soc Neurosci, Abstracts 20:430. 

1994. 

27.  Roland PE, Eriksson L, Widén L, Stone‐Elander S. Changes in regional cerebral oxidative metabolism 

induced by tactile learning and recognition in man. Eur J Neurosci. 1(1):3-18. 1989. 

28.  Gould TD, Dao DT, Kovacsics CE. The open field test. In Mood and anxiety related phenotypes in 

mice. Humana Press, Totowa, NJ. 1-20. 2009. 

29.  Ekundina VO, Eze G. Common artifacts and remedies in histopathology (a review). Afr J Cell Pathol. 

1-7. 2015. 

30.  Mullen RJ, Eicher EM, Sidman RL. Purkinje cell degeneration, a new neurological mutation in the 

mouse. Proc Natl Acad Sci. 73(1):208-212. 1976. 

31.  Blosa M, Bursch C, Weigel S, Holzer M, Jäger C, Janke C, Matthews RT, Arendt T, Morawski M. 

Reorganization of Synaptic Connections and Perineuronal Nets in the Deep Cerebellar Nuclei of 

Purkinje Cell Degeneration Mutant Mice. Neural plast. 2828536-2828536. 2016. 

32.  Hadj-Sahraoui N, Frederic F, Zanjani H, Delhaye-Bouchaud N, Herrup K, Mariani J. Progressive 

atrophy of cerebellar Purkinje cell dendrites during aging of the heterozygous staggerer mouse 

(Rora+/sg). Dev Brain Res. 126(2):201-209. 2001. 

33.  Victor M. The Wernicke-Korsakoff syndrome and related neurologic disorders due to alcoholism and 

malnutrition. Contemp Neurol Ser 30. 1989. 

34.  Charness ME. Brain lesions in alcoholics. Alcoholism: Clin Exp Res. 17(1):2-11. 1993. 

35.  Pentney RJ. Alterations in the structure of the cerebellum after long-term ethanol consumption. 

Alcohol-induced brain damage: NIAAA res monograph. (22):249-276. 1993. 

36.  Friede RL. Cerebellar edema: a metabolic and cell-statistical analysis. Arch neurol. 1;8(1):67-81. 

1963. 

37.  Asbury AK, Mac Khann GM, Mac Donald WI, editors. Diseases of the nervous system: clin neurobiol. 

(Vol 2) WB Saunders Company; 1992. 

38.  Dow RS. Robertson LT. Disorders of the cerebellum. Clinical neurology. 3:1-43. 1991. 



Eze and Akonoafua 
 

151 
 

39.  Pfeiffer H. Itabashi HH, Andrews JM, Tomiyasu U., Erlich SS, Sathyavagiswaran L (eds). Forensic 

neuropathology: a practical review of the fundamentals. Academic Press, Burlington, MA, USA, 2007. 

Int J Leg Med. 122(3):269. 2008. 

40.  Fenichel GM. Clinical pediatric neurology: a signs and symptoms approach. Elsevier Health Sci; 2009. 

41.  Druid H, Holmgren P, Ahlner J. Flunitrazepam: an evaluation of use, abuse and toxicity. Forensic Sci 

Int. 122(2-3):136-141. 2001. 

42.  Linnoila M, Mattila MJ, Kitchell BS. Drug interactions with alcohol. Drugs. 18(4):299-311. 1979. 

43.  Hilton DA, Shivane AG. Vascular Diseases. In Neuropathology Simplified. Springer, Cham (pp. 35-

56). 2015. 

44.  Choleris E, Thomas AW, Kavaliers M, Prato FS. A detailed ethological analysis of the mouse open 

field test: effects of diazepam, chlordiazepoxide and an extremely low frequency pulsed magnetic field. 

Neurosci & Biobehav Rev. 25(3):235-260. 2001. 

45.  Prut L, Belzung C. The open field as a paradigm to measure the effects of drugs on anxiety-like 

behaviors: a review. Eur J Pharmacol. 463(1-3):30-33. 2003. 

46.  Eze GI, Ekechi CO, Ekundina VO, Akonoafua KA. Effect of Aqueous Extract of Blackberry 

Nightshade (Solanum nigrum) Leaf on Carbonated Alcoholic Herbal Beverage (CAHB)-Induced 

Cerebellar Damage and Behavioural Changes in Adult Wistar Rats. J Appl Sci Environ Manage. 

22(11):1801-1806. 2018. 

47.  Ajibade AJ, Adenowo TK, Fegemilehin ME, Caxton-Martins EA, Omotoso EO. Some histological 

observations on the cerebellar cortex of adult Wistar rats following quinine administration. Sci Focus. 

11(2):97-100. 2006. 

48.  Walsh RN, Cummins RA. The open-field test: a critical review. Psychological bulletin. 83(3):482. 

1976. 

49.  Archer J. Tests for emotionality in rats and mice: a review. Anim behav. 21(2):205-235. 1973. 

50.  Hinde RA. Animal behaviour: A synthesis of ethology and comparative psychology. (No. 591.5 HIN) 

1970. 

51.  Espejo EF. Effects of weekly or daily exposure to the elevated plus-maze in male mice. Behav brain 

res. 87(2):233-238. 1997. 

52  Naqvi F, Haider S, Perveen T, Haleem DJ. Sub-chronic exposure to noise affects locomotor activity 

 and  produces anxiogenic and depressive like behavior in rats. Pharmacol Rep. 64(1):64-69. 2012. 


