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Abstract
The present work aimed to investigate induction of circadian rhythm dysfunction and dementia 
upon chronic exposure to light-light, and its reversal by Melatonin in Wistar rats. Animals were 
undergone different light-dark conditions viz. light/dark (DL), light/light (LL), and dark/dark 
(DD) in respective groups for four months. Melatonin 0.5 mg/kg s.c., dextromethorphan 100 
µg/200g s.c., and mifepristone 50 µg/200g s.c. were given once a day. Chronic LL and DD 
conditions significantly increased brain glutamate and cortisol levels. LL period caused a 
deficit in spacial memory, working memory, decision making, and exploration of novel objects, 
compared to LD animals. A significant (p<0.05) change in neuropathological observations in 
the hippocampus, CA1, CA2, and CA3; cortex; and cerebellum regions (40X, 100X, and 400X) 
were observed in the histological study. Induced oxidative stress in brain tissue was also 
observed by estimating tissue glutathione and TBARS levels. Dextromethorphan (NMDA 
antagonist), Mifepristone (corticosterone antagonist), and melatonin significantly (p<0.05) 
reversed the pathological states caused due to LL. The histological features in the 
hippocampus, cortex, and cerebellum region revealed inflammatory cells, vacuolation, and 
pyknotic cells which were rescued by antagonizing NMDA or cortisol or melatonin treatment 
significantly. It may be concluded that continuous exposure to light-light conditions produced 
an imbalance between neuronal excitotoxicity, and stress hormone leading to cognitive 
dysfunction and neuropathology.

Keywords: 
Circadian; Melatonin; Cortisol; Dementia; Glutamate.
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Introduction
Circadian Rhythm (CR) is an endogenous and entrainable biological process in animals, plants, 
and fungi that shows oscillations of about 24 h (Edgar et al., 2012). A rhythm recorded daily, 
weekly, and annually under chronobiology is referred to as CR, a biological temporal rhythm 
(Vitaterna et al., 2001). Zeitgebers derived from the German word meaning "time giver" entrain 
CR, which may be photic (light-induced) or non-photic (feeding time, temperature, physical 
activity-induced) (Bass, 2012). Shift workers experience an increased risk of memory-related 
problems, impaired sleep, and cardiovascular problems due to circadian rhythm disruption 
(Ferri et al., 2016). A recent report from our previous investigation revealed that CR disruption 
induced by chronic light-light conditions precipitates a neurodegenerative state resulting in 
dementia (Sharma et al., 2020; Sharma & Goyal, 2016).
The biological clock's function is nearly reported in every cell and tissue, including enucleated 
cells like red blood cells (Buhr and Takahashi, 2013). Suprachiasmatic nuclei (SCN) is 
identified as a primary circadian clock in mammals and comprised of a pair of distinctive cells 
in the ventral hypothalamus. The light signals transmitted from the retina incident to the surface 
of SCN through glutamatergic signals in the retinohypothalamic tract (RHT) (Bedont and 
Blackshaw, 2015). The mammalian retina performs the function of vision using "classical" 
photoreceptors, "rods," and "cones and is also functionalized with the specialized 
photosensitive ganglion cells projecting directly to the SCN (Do and Yau, 2015). Melanopsin, 
a photopigment found in Ganglionic cells spans directly to RHT leading to the SCN (Welsh et 
al., 2010). A circadian rhythm is observed in circulating cortisol and melatonin levels (Fatima 
et al., 2016). In the subjective morning, the rising cortisol levels drive an awakening response 
that peaks post meridian (Pruessner et al., 1997); in contrast, rising melatonin levels during the 
evening induce sleep and peak around midnight (Yonei et al., 2010). Excitotoxicity is the 
pathological process that occurs at neuronal synapses due to excessive stimulation caused by 
glutamate and calcium influx and induced depolarization (Esposito et al., 2013). This results 
in altered and disorganized neuronal firing, signaling, and localized vulnerability consistent 
with neurodegenerative disorders such as Alzheimer's disease (AD) (Dong et al., 2009). Photic 
Zeitgebers in day-to-day life may cause electrochemical excitotoxicity, and the resultant stress 
disrupts the coordination and homogeneity of nervous signaling across the brain regions. 
In our previous investigation, light-light intervention to a rodent class, Wistar rats for the 
chronic period was able to modulate the level of per2, PRX1, and PRX-SO2/3 gene expression, 
markers of CR disruption in SCN brain region, associated with neurodegeneration, and 
increased level amyloid b, BACE1 and Mgat3 transcript with an altered expression 
of Sirt1 and Prokr2 in the hippocampus region. A pathology of AD phenotype with behavioral 
disturbances of dementia and cognitive disorientation was concluded (Sharma et al., 2021). An 
extension to previous novel findings, we aimed to investigate the role of chronic light-induced 
excitatory signaling caused by glutamate, cortisol, and the reciprocating role of melatonin in-
memory performance in Wistar rats.
Results and discussion
Daily physiological and behavioral rhythms are fundamental features of human organization. 
A daily predictable environment that changes and also drives the rhythms of sleep, endocrine 
secretion, autonomic function, energy metabolism, and function of the vital organs (Morre-Ede 
et al., 1984). Cortisol secretion and induced mammalian body temperature increase before 
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morning awakening so that the body can coordinate to meet the metabolic demands in the 
active sense of the body (Ebling, 1996). The present study emphasized that continuous 
exposure to light leads to memory dysfunction, biochemical and histological changes due to 
excess glutamate release and excitotoxicity.
Glutamate is an excitatory neurotransmitter found in the central nervous system and is 
implicated in the primary visual pathways. The master clock of the body, SCN receives photic 
Zeitgieber’s through a monosynaptic projection from the retina. Glutamate in SCN initiates a 
neuronal signal transduction cascade that ultimately leads to a phase shift in the circadian 
system (Michel et al., 2002). The level of glutamate increased significantly (p<0.05) in LL 
group rats, and melatonin (0.5 mg/kg) was able to decrease it. Inhibition of glutamate action 
by blocking the NMDA receptor by dextromethorphan (100 µg/200 g) was observed. A similar 
effect was also noted while a decreased level of glutamate was found in blocking glucocorticoid 
receptors using Mifepristone in LL rats (Fig 1). Cortisol is identified as a stress hormone and 
is released in the bloodstream in a hyper-excited form upon stress. In the present finding, the 
level of serum cortisol was found to be significantly (p<0.05) increased in LL group rats in 
comparison to LD rats. Treatment with melatonin, dextromethorphan, and mifepristone caused 
a decrease in cortisol when compared to the LL group (Fig 2). Melatonin treatment was found 
to be neuroprotective by decreasing the level of glutamate in the hippocampus (Alghamdi, 
2017).
Continuous exposure and long-term exposure to light induce behavioral and biochemical 
changes in rats (Tapia-Osorio et al., 2013; Sharma and Goyal, 2020). In a recent study by 
Sharma and Goyal (2020) from the same laboratory, it was observed and reported by authors 
that chronic exposure of LL condition cause massive alteration in glutamate, GABA, and 
serotonin levels along with altered state clock genes. In a behavioral study using Morris water 
maze, a task of learning to swim in the water tank and to escape to the platform under the water 
was developed (Morris, 1984). The ability to locate the hidden platform efficiently under the 
situation will depend on the configuration settings for the cues outside the tank. Learning is 
identified with the attainment of shorter latency to escape and path length to find the platform. 
Although rodents can find the platform using non-spatial cues. It is reported to be an efficient 
spatial strategy in young animals to escape after a few days of trial. In the present study, 
contextual learning and memory retention in rats after circadian rhythm disruption was 
assessed on Morris water maze. A significant (p<0.05) decrease in dwell time in animals 
underwent to LL condition (Fig 3), increased latency to entry (Fig 4), and frequency of entries 
in the target quadrant (Fig 5) were noted, compared to LD and DD groups. Treatment with 
melatonin, dextromethorphan, and a glucocorticoid receptor antagonist mifepristone 
significantly (p<0.05) restored the memory retention scores, compared to the LL group. The 
spontaneous alternation, a determinant of working memory, was measured on a Y-maze. Rats 
could freely move in all the enclosed arms for 5 min, and their working memory was assessed 
with spontaneous alternations. A significant (p<0.05) decrease in Spontaneous alternations was 
noted in LL group in comparison to LD group. Treatment with melatonin has been noted to 
improve the performance of animals maintained on chronic LL condition, as evidenced by 
decreasing alternations. Antagonizing NMDA receptors using dextromethorphan and 
glucocorticoid receptors using mifepristone respectively in different groups evidenced the 
significant recovery in working memory, and mifepristone significantly recovered (p<0.05) the 
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working memory deficits compared to the LL rats (Fig 6). A similar finding in the development 
of recognition memory was observed in NORT in the rats. A significant (p<0.05) decrease in 
discrimination index was observed in the LL group in comparison to the LD group. Treatments 
with melatonin, dextromethorphan, and mifepristone in respective groups significantly 
recovered (p<0.05) the recognition memory deficits in comparison to the LL rats (Fig 7). All 
animals of different drug-treated groups showed no significant differences in the ambulatory 
scores in a closed field test (photoactometer). The possibility of locomotor activity of the 
animals influencing the memory impairment was ruled out (Fig 8).
Histopathological changes in the brain specimens from hippocampus, cortex, and cerebellum 
regions treated with hematoxylin and eosin dyes from different groups were examined under 
the microscope. Chronic LL condition for four months to the rats caused significant changes 
in histological features as evidenced by darkly stained nuclei, inflammatory cells, and 
vacuolation in hippocampus CA1, CA2, and CA3 region significantly under 40x, 100x, and 
400x resolution, compared to LD brains. DD rat brain also showed moderate vacuolation with 
fewer dark nuclei. In individual groups, histological characteristics were improved in brain 
tissues from rats treated with melatonin, dextromethorphan, and mifepristone, showing 
significant restoration from chronic neuronal degeneration (Fig 9). The brain cortex region at 
100x and 400x revealed significant marks of darkly stained nuclei, pyknotic cells, and 
vacuolations upon LL exposure, compared to prolonged LD and DD period, whereas the 
protective effect of melatonin was observed in histology (Fig 10). The neuronal signaling of 
glutamate and glucocorticoids may be identified upon treatment of dextromethorphan and 
mifepristone, respectively, with significant restoration in histology. No substantial change in 
histology was observed in the brain cerebellum region at 40x upon exposure to chronic LL and 
DD period and even after drug treatments (Fig 11).
Chronic exposure to LL and DD conditions in different groups for two months is reported to 
cause dysregulation in neuronal signaling mediators, which may further induce oxidative stress 
in brain regions (Sharma and Goyal, 2020). This may be identified with decreased glutathione 
and raised lipid peroxidation levels in brain tissue. A significant oxidative stress (p<0.05) was 
noted with reduced brain tissue GSH and increased TBARS levels in rats who underwent LL 
and DD chronic conditions. Melatonin (0.5 mg/kg) alleviated the oxidative state caused in the 
brain by reversing the level of GSH and TBARS, compared to the LL group. The antioxidant 
effect of melatonin in rodents has been documented in various studies and brain oxidative 
stress, providing neuroprotective action (Joshi et al., 2014) (Figs 12 and 13).
Glucocorticoid binds to glucocorticoid receptor in the basolateral amygdala, which activates 
cyclic AMP and leads to the activation of protein kinases, stimulation of memory consolidation 
in the hippocampus, and other regions of the brain (McGaugh et al. 2002). Excess release of 
cortisol leads to the destruction of memory, as is indicated in the behavioral test. Cortisol and 
melatonin rhythm are greatly influenced during each animal's altered light and dark state, as 
observed in control animals. Melatonin treatment antagonizes the effect of excitotoxicity 
caused by cortisol and associated factors stimulated by light for a chronic period. Melatonin 
has been reported to provide neuroprotective effects in rodents and improve memory and 
cognition in circadian dystonia (Cassone et al., 1986). The present findings signify that the 
circuitry of SCN to the neurons showing circadian rhythm disruption due to increased 
excitotoxicity by cortisol-induced hyper-stimulatory activity at the pre-synapses by glutamate 
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is confirmed by the effect of mifepristone as improved memory and cognition. 
Dextromethorphan acts as an NMDA receptor antagonist and mifepristone acts as a 
glucocorticoid receptor antagonist found useful in restoring memory, which may further be 
confirmed by extensive studies.
Conclusion
The study's findings revealed that continuous exposure to light exacerbates glutamate, cortisol, 
memory dysfunction, and histopathological changes in the animal brain. We may conclude that 
constant exposure to light causes an imbalance between neuronal excitotoxicity and stress 
hormone leading to cognitive deficits and neuropathology.
Material and methods
Drugs and animals
Melatonin from West Coast Pharmaceutical Works Ltd., Ahmedabad, Gujarat, India; 
dextromethorphan [an antagonist of N-methyl-D-aspartate receptor] from Ultratech 
Pharmaceutical Ltd., Baddi, HP, India; and Mifepristone (glucocorticoid receptor antagonist) 
from Dr. Morepen Limited, New Delhi, India were procured (Cassone et al., 1986; Tortella et 
al., 1997; Telleria et al., 1999). All reagents and chemicals used in the work were of analytical 
grade.
Experimental Animals
Animals, Adult Wistar rats (male), bodyweight 180–220 g, were procured from a registered 
establishment and housed in the animal house facility of the institution. They were maintained 
under controlled 25±2°C room temperature, 55±5% relative humidity, and provided with food 
and water ad libitum. Each experiment was duly approved by Institutional animal ethical 
committee (IAEC) vide protocol no. IAEC/SU/17/22. The experiment was conducted 
following the guidelines of the Committee for the Purpose of Control and Supervision of 
Experiment on Animals (CPCSEA).
Chronic light and dark model for Circadian rhythm dysfunction
Animals were habituated to 12:12 hr light and dark cycles for two weeks, acclimatized to the 
laboratory environment, and divided into six groups, each comprising n=8. The animals were 
subjected to the exposure of different light and dark conditions maintained at light/dark (DL), 
light/light (LL), and dark/dark (DD) conditions for four months with two months of drug 
treatment in the latter part. The intensity of light in LD and LL rooms was maintained at 200 
Lux at the base of the cage. The drug treatment, melatonin at 0.5mg/kg s.c. (dissolved 0.9% of 
ethanol in normal saline), dextromethorphan 100 µg/ 200g s.c., and mifepristone 50 
µg/200g s.c. were given once a day. The investigator of the memory performance assays was 
blinded to the trials. 
Morris water maze (MWM) for contextual/ spatial memory
MWM was performed to assess the behavioral performance of rodents for contextual or special 
memory. In the test, water maintained at room temperature 25±2oC was contained in a flat 
bottom container painted in black. Animals have been undergone training for five days, 
consisting of two acquisition trials starting from each extreme (north, south, east, and west). 
The target for each acquisition trial was to find a submerged platform and time is noted. 
Subsequently, the animal was allowed to spend some time for 30 sec on the platform. In the 
situation, where an animal is unable to find a platform for 180 sec, subsequent directions 
through hand may be given. The animal may be given time 10 s to spend on the platform before 
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retrial. Each trial for an animal was split by a period of two hours. Each animal was randomly 
started in the north, east, south, and west extreme facing the wall in each quadrant during a 
training day's session. Testing was performed two times a day at the same time interval. During 
training, dwell time for each animal in each quadrant and time to find the platform (latency) 
were noted for each trial. In a probe trial on 6th day, the animals were subjected to swimming 
for 180 s with prior removal of the platform. In this trial, the performance of the animals was 
tracked for retainment of contextual and spatial memory for platform location. Latency and 
time duration to each of the quadrants including target quadrant and dwell time were used as 
retention indices.
Y-maze for spontaneous alternation working memory
Y-maze behavioral assessment is used to track the performance of animals for working 
memory by measuring a willingness to explore a new environment. Animals opt preference 
investigating a new arm and return to previously visited one. All three arms are made identical 
and require no artificial motivators like food rewards. Each successive entry to an individual 
arm has been taken as an account of the number of alternations. The observation was presented 
as percentage alternation which was calculated from triplet sets.
Novel object recognition test (NORT)
NORT is an ideal assessment for discriminative learning. Animals were habituated by giving 
exposure to an open field environment for up to five min time. Further, the animals were 
familiarized with two identical objects under immediate exposure. Animals respond to objects 
with sniffing, touching, and exploratory behavior. The time for exploration of both objects up 
to 10 sec. In a test session, animals were subjected to exploring a new object of different sizes 
and shapes along with the objects used during the familiarization step max up to 10 min. 
Duration of time noted on each of the objects by each animal was noted (Leger et al., 2013).
Spontaneous locomotor activity test using Photoactometer
The animals were weighed and numbered accordingly. The equipment was first turned on, the 
photocells were checked for accurate recording. The animal was kept at the center of the 
location and each of the activities was recorded for 10 min. The basal activity score of all the 
animals was recorded. Photoactometer maze was used to determine the basic locomotion in 
each animal during the trial.
Brain homogenate
Animals were sacrificed, the whole brain was isolated and rinsed with ice-cold saline. The 
brain tissue was homogenized using phosphate buffer (pH 7.4), centrifuged at 800 g for 5 min 
at 4°C and the nuclear debris was separated. The supernatant obtained was subjected to 
centrifugation at 10,500 g for 20 min and post mitochondrial supernatant was separated. The 
estimation of glutamate, serum cortisol, TBARS, and reduced glutathione (GSH) levels was 
done in brain tissue homogenate as briefly explained below.
Estimation of glutamate level
An aluminum Silica gel 60 F254 high-performance thin-layer chromatography (HPTLC) pre-
coated plates procured from Merck Life Science Private Limited, Mumbai, India was used. A 
standard sample solution of L-glutamic acid was prepared in 0.1 N HCl in 80% ethanol at conc. 
1 mg/ml. A sample application in a volume of 2 µl of each solution to afford 10-100 ng per 
spot was done. For visualization of the spot, a ninhydrin solution was prepared by dissolving 
200 mg of ninhydrin in acetone. 1 ml of pyridine was also mixed into the solution and a volume 
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up to 100 ml was made up to with acetone. Tissue from Hippocampal region was suspended in 
0.1 N HCl in 80% ethanol, homogenized, and centrifuged at 4,500 rpm for 20 min at 25°C. A 
clear supernatant obtained was subjected to the assessment of glutamate level. An applicator-
Linomat V, Scanner-Camag TLC scanner III, and Software-winCATS version 1.3.4 from 
CAMAG, Muttenz, Switzerland were used for HPTLC study. n-butanol: glacial acetic acid: 
water (22:3:5 v/v/v) was used as mobile phase to run the chromatogram using a developing 
chamber of twin trough glass (20×10). The other conditions to the development include 
ascending development mode, time of chamber saturation up to 45min, temp. 25ºC and 55-
65% relative humidity. Linearity, specificity, sensitivity, accuracy, precision, and repeatability 
have been duly validated in each method. Sample development on a pre-coated plate was 
sprayed using a reagent, ninhydrin (0.2%), and kept in an oven maintained at 60-70° for 4-5 
min. The spots observed under the chromatogram were scanned at 550 nm wavelength using a 
scanner and were analyzed. A calibration curve of standard Glutamic acid was performed.
Estimations of serum cortisol level
Serum cortisol was assessed using a competitive binding immunoenzymatic solid-
phase chemiluminescence immunoassay. Cortisol represents a competitive binding towards its 
alkaline phosphatase conjugate for specific antibodies. A conjugate of cortisol-alkaline 
phosphatase, cortisol antibody, and paramagnetic particles coated with a goat anti-rabbit 
capture antibody was added to a reaction vessel. Some materials were bound to a solid phase 
in a magnetic field after incubation whereas remainder is washed off. Lumi-Phos 530, a 
chemiluminescent substrate was added for assessment of light generated using a luminometer. 
A standard calibration curve using cortisol was developed and used for calculation.
Estimation of lipid peroxidation
Lipid peroxidation is indicative of cell wall rupture following necrosis and is assessed by the 
method of Wills (1966). Briefly, brain homogenate (500 μl) was mixed into an equal volume 
of 0.1 M Tris buffer and incubated at 37oC for 2 hrs. To the solution, 1 ml of Trichloroacetic 
acid (10%) was added and subjected to centrifugation for 10 min at 3,000 rpm. To the 
supernatant isolated 1 ml of thiobarbituric acid (0.67%) in distilled water was added and heated 
on a water bath for 15 min. The final solution was cooled under tap water and eluted by adding 
1 ml of distilled water. The sample was analyzed at wavelength 532 nm using a U.V. 
spectrophotometer and TBARS was calculated as nm/mg of tissue.
Estimation of GSH (reduced)
Glutathione reduced was assessed by the method of Ellman (1959). Briefly, a tissue 
homogenate (1 ml) was added to an equal volume of TCA solution (20%) comprising 
ethylenediaminetetraacetic acid (1 mM). An incubation to the sample at 25oC for 5 min was 
subjected and was centrifuged for 10 min at 2000 rpm. A solution of 5,5′-Dithiobis(2-
nitrobenzoic acid) (DTNB) reagent (0.1 nM) 1.8 ml was added to 200 μl of supernatant and 
absorbance was performed on 412 nm.
Brain tissue histological assessments
For the histological study, brain tissues from the cortex, hippocampus, and cerebellum regions 
were excised out and preserved on a 10% formalin solution. The tissue was processed as per 
standard histological procedures, sectioned up to 3-5-micron using a microtome, and stained 
using Hematoxylin and Eosin. After fixation to a glass slide, the sections were examined under 
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a trinocular microscope and photomicrograph at different resolutions 40x, 100x, and 400x for 
brain tissue architecture and inflammatory cells.
Statistical analysis
Data obtained was presented as mean±standard deviation (S.D.) and statistical analysis one-
way and two-way ANOVA followed by Bonferroni's multiple comparison test was performed 
using GraphPad Prism5 software. P-value <0.05 value was taken as a statistical significant.
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Fig 1. Effects of drug treatment on brain glutamate levels. (A) Densitogram of glutamate in 
hippocampi; (B) Quantitation of glutamate levels; Bars represent mean±SD; ap<0.05 vs 
Light/Dark; bp<0.05 vs Light/Light; cp<0.05 vs Light/Light; dp<0.05 vs Light/Light
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Cortisol level in day time

Light Dark Dark Dark Light Light LL Melatonin LL Dextromethorphan LL Mifepristone
0

1

2

3

4

5
a

b c

d

Drug Treatment

ug
/d

L

Fig 2. Effects of drug treatment on blood cortisol levels; Bars represent mean±SD. ap<0.05 vs 
Light/Dark; b p<0.05 vs Light/Light; c p<0.05 vs Light/Light; d p<0.05 vs Light/Light
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Fig 3. Time spent in the target quadrant for memory retention in Morris water maze; Bars 
represent mean±SD. ap<0.05 vs Light/Dark; b p<0.05 vs Light/Light; c p<0.05 vs Light/Light; 
d p<0.05 vs Light/Light.
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Fig 4. Latency to entry in target quadrant for memory retention in Morris water maze; Bars 
represent mean±SD. ap<0.05 vs Light/Dark; bp<0.05 vs Light/Light; cp<0.05 vs Light/Light; 
dp<0.05 vs Light/Light.
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Fig 5. Number of entries in the target quadrant for memory retention in Morris water maze; 
Bars represent mean±SD. ap<0.05 vs Light/Dark; bp<0.05 vs Light/Light; cp<0.05 vs 
Light/Light; dp<0.05 vs Light/Light.
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Fig 6. Spontaneous alterations in percentage on Y maze; Bars represent mean±SD. ap<0.05 vs 
Light/Dark; bp<0.05 vs Light/Light; cp<0.05 vs Light/Light; dp<0.05 vs Light/Light.
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Fig 7. Effect of drug treatment on discrimination index in NORT; Bars represent Mean±SD. 
ap<0.05 vs Light/Dark; bp<0.05 vs Light/Light; cp<0.05 vs Light/Light; dp<0.05 vs Light/Light.
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Fig 8. Ambulatory scores in Photoactometer during the experiment period; Bars represent 
Mean±SD; N.S.: Non-significant.
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Fig 9. Representative images of brain hippocampus, CA1, CA2, and CA3 region (40X, 100X, 
and 400X); A) LD: Rat brain showing normal histological characteristics upon LD; B) LL: Rat 
brain showing darkly stained nuclei, inflammatory cells, and vacuolation significantly; C) DD:  
Rat brain showing vacuolation with less dark nuclei; D) LL+melatonin: Rat brain showing 
improvement in the histopathological structure of the brain tissue; E) 
LL+dextrotromethorphan: Rat brain showing improvement in the histopathological structure 
of the brain tissue; F) LL+mifepristone: Rat brain showing improvement in the 
histopathological structure of the brain tissue.
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Fig 10. Representative images of brain cortex region (100X and 400X); A & A’) LD: Rat brain 
showing normal histological structure; B & B’) LL: Rat brain showing darkly stained nuclei, 
pyknotic cells, and vacuolations; C & C’) DD: Rat brain showing pyknotic cells and 
vacuolations; D & D’) LL+melatonin; E & E’) LL+dextrotromethorphan; and F & F’) 
LL+mifepristone: Rat brain showing significant restoration in histopathological structures.
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Fig 11. Representative images of brain cerebellum region (40X). A) LD rat brain; B) LL rat 
brain; C) DD rat brain; D) LL+melatonin; E) LL+dextrotromethorphan; F) LL+mifepristone; 
There is no evidence showing restoration in histopathological structures.
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Fig 12. Effect of drug treatment on brain GSH. Bars represent mean±SD. ap<0.05 vs 
Light/Dark; bp<0.05 vs Light/Light; cp<0.05 vs Light/Light; dp<0.05 vs Light/Light.
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Fig 13. Effects of drug treatment on brain lipid peroxidation level. Bars represent mean±SD. 
ap<0.05 vs Light/Dark; bp<0.05 vs Light/Light; cp<0.05 vs Light/Light; dp<0.05 vs Light/Light.
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