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Abstract 

Modern medicine has involved the search for novel medications made from plant 

extracts. One such substance with several uses in human welfare is Morin. A metal 

contaminant that affects people everywhere is arsenic. The effectiveness of Morin was 

examined here in relation to the neurotoxicity of arsenic in rats. On days 7, 14, 21, and 

28 of the trial, rat’s cognitive abilities were assessed using the Morris Water Maze, the 

Depression Test, and the Novel Object Recognition Test. In addition to estimating the 

levels of Acetyl Choline (Ach), dopamine, epinephrine, and norepinephrine in brain 

tissues, a histology investigation of the brain using two distinct stains H&E and Cresyl 

violet was also carried out. The Morin therapy has improved skills such as spatial and 

retention memory, according to the Morris Water Maze test. The Novel Objects 

Recognition test also showed improvement. There were no signs of depression during 

the Morin therapy. According to the findings, Morin therapy significantly (P) improved 

the content of dopamine, epinephrine, Non epinephrine, and Ach. Significant 

improvements in the architecture of the brain have been seen in histological studies of 

the hippocampus and cerebral cortex with H&E and Cresyl violet stain. Thus it can 

conclude that Morin is significantly beneficial in reducing Arsenic toxicity in rats. 

Keywords: Morin, Acetyl choline, dopamine, epinephrine, norepinephine, 

Hippocampus 
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Introduction 

 

Arsenic (As) is a metalloid element that can be found in substantial quantities in the soil, water, and air. Furthermore, it 

is released into the environment by anthropogenic processes such the production of pesticides and herbicides, glass 

manufacturing, semiconductor manufacturing, metal smelting, and mining waste. Agriculture (fertilizer, 

pesticide/herbicide, animal waste, and irrigation water) and Industry (chemicals, paints, tanning) are two sources of 

arsenic that are linked to anthropogenic activity. Other sources include metal mining, sewage, smelting, and municipal 

solid waste. Additionally, weathering of rock and minerals comes from Geogenic causes. Humans who drink water 

contaminated with arsenic gradually develop cancer in almost all organs, including the liver, kidneys, heart, lungs, 

central nervous system (CNS), gastrointestinal, and skin diseases like hyperpigmentation and hyperkeratosis. Increased 

morbidity and mortality is due to reproductive issues and intellectual impairment in offspring [1, 2]. In the majority of 

instances, exposure to arsenic at work or from the environment leads to poisoning. Millions of individuals throughout 

the world are affected by arsenic toxicity, which has been associated with disorders of the gastrointestinal, pulmonary, 

cardiovascular, neurological, genitourinary, endocrine, hematopoietic system, and skin (3). 

 

The first lines of defence provided by antioxidant enzymes like superoxide dismutase (SOD), catalase (CAT), 

peroxidase (POD), and glutathione reductase (GSR) were severely inhibited by arsenic exposure, and the production of 

oxygen and oxygen-derived free radicals known as reactive oxygen species increased.[4,5] Studies have revealed that 

arsenic has severe effects on learning, memory, and cognitive impairments in animals, indicating that the brain is a 

vital location for arsenic-induced damage [6]. Multiple forms of organic and inorganic arsenicals observed to 

accumulate in various regions of the brain [7]. The blood-brain barrier is easily crossed by arsenic, which further 

enhances its buildup in various brain regions, resulting in an array of neurological diseases [8]. Arsenic interferes with 

the morphological and physiological changes that occur in brain cells. The brain is vulnerable to oxidative stress 

because it needs a lot of energy, and arsenic exposure damages the brain by reducing its antioxidant enzymes [9]. One 

of the main mechanisms of arsenic-induced neurotoxicity is increased oxidative stress [10]. 

 

 Morin (3, 5, 7, 2', 4' -pentahydroxyflavone) is a flavonoid found in old fustic (Chlorophora tinctoria), osage orange 

(Maclura pomifera), almonds (Prunus guajava L.), mill (Prunus dulcis), fig (Chlorophora tinctoria), onion, and apple, 

as well as other moraceae. Morine is often found naturally in plants, different vegetative parts of plants, and fruits such 

as almond, guava, onion, apple, tea, red wine, coffee, and cereal grains. It has potent antioxidant and metal ion 

chelating properties, as well as antioxidation, anti-mutagenesis, anti-inflammation, cardioprotective activities, 

anticancer, xanthine oxidase inhibitor, protein kinase C inhibitor, and cell proliferation inhibitor properties. Morin is 

also a well-known medicinal agent for a variety of ailments. Morin has potency in treating rat liver fibrosis through 

lowering oxidative stress, cytokine production, and nuclear factor kappa [11]. It also protects against lipid peroxidation 

and lipid profile in ammonium cholride-induced hyperamonemic rats [12], and has a nephroprotective role in 

experimentally induced diabetic nephropathy (13), diabetic osteopenia [14], antioxidant and neurotoxicity in Zebra fish 

embryo or larval model [15], memory deficits in Alzheimer's disease rat model [16], encephalopathy and sepsis-

associated cognitive functions [17]. Sleep deprivation causes neurobehavioural abnormalities, as well as the death of 

viable neurons in the hippocampus of mice [18, 19].  

 

Hence, this study reports protective effects of Morin on Neurobehavioral alternations in rats, neurotransmitter levels in 

Brain and Histological changes in Hippocampus and Cerebral Cortex of Brain of rat, exposed to Arsenic. 

 

Materials and Methods 

Albino Wistar rats were used for experimentation. Three month old rats were obtained from Jeeva life sciences 

(CPCSEA/IAEC/JLS/16/07/21/44), Hyderabad and maintained under standard laboratory conditions. Animals were 

divided into four following groups. First group is Group-I – Control (Control); second group Group-II - Arsenic 

(20mg/Kg Body Wt.,) (Ar) ; Third group is Group-III - Arsenic (20mg/Kg Body Wt.,)  + Morin (50mg/kg body wt.,) 

(Ar+M); Fourth group is Group-IV - Morin (50mg/kg body wt.,) (M) . All animals were treated orally. 

Physical Parameters: Body weight, Brain weight and Organ somatic index (OSI) (20).  

                     OSI=   Weight of Brain (gm)   X 100 

                          Weight of Body 

Behavioral studies: 

Rota Rod Test: This test was conducted using Rotarod instrument (Dolphin). The test was conducted 

according to the method of Haelewyn et al., 2007 (21). The speed of the instrument was set at 20 RPM. 
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The initial time was taken as zero seconds, and final time still animal balances itself on the instruments is 

noted final time. 

Water Morris Maze Learning test: This test was conducted according to modified Morris, 1984 (22). Initially 

animals were trained for 5 days prior to day of experiment, in searching the platform to hold on when released in tub 

containing clear water. On day of experimentation water was not clear so that the platform will not visible to animals 

and animals should search for it. Time taken to locate platform was noted in seconds. 

Objective Recognition Test: 

Different objects of varying shapes and sizes which included white color rectangle, black color triangle, Red color 

circular and brown color wooden box, were put to use for evaluating the object bias in the recognition of several 

experimental groups. Each animal was familiarized with specific object during experimentation. On the day of test 

i.e. on 7th, 14th, 21st and 28th day animals were exposed to different objects including its familiar object. All the 

behaviors including object exploration (recognition) and discrimination are noted down. The time taken to recognition 

the object was noted in seconds, cut-off was for 600 seconds. (23). 

 

Depression test (Forced Swim test): 

This test was conducted in accordance with Porsolt et al., 1978 (24). A large cylinder was filled with water up to 

2/3rd of its size; animals were trained in for 15 min every day before experiment. On the day of experiment the 

animals were introduced into cylinder for forced swimming 90 seconds test with videotaping. Duration of 

immobility, which was judged as floating or remaining motionless with only minimal motion expended to maintain 

their head above the water). Duration of immobility was noted to be depression like response. Opposite to this was 

noted to be the struggling time which is represented in the graph. 

Estimation of Neurotransmitters 

Protein quantity in brain tissue was estimation by Lowry et al., 1951, method (25) 

Estimation of monoamines (dopamine, nor-epinephrine, and epinephrine): Extraction and estimation of these 

neurotransmitters were carried out according to the method of Kari et al., (1978) (26). The cerebral cortex of the brain 

tissue was dissected and homogenized (10%) with 0.25M sucrose and centrifuged at 1000rpm at 40C for 10 min. To 

the supernatant, 1ml of acid Butanol was added, mixed well, and centrifuged at 1000rpm at 40C for 10 min. Butanol 

layer was taken into a separate test tube and 2.5ml of heptane and 1.5 ml of ddw were added, shaken thoroughly and 

centrifuged at 1000 rpm for 5 min. The aqueous layer was taken and 200 mg of acid alumina, 1ml of 2M sodium 

acetate was added mixed well for 5 min, and then adjusted to the pH8 with 1N NaOH. Centrifuged for 5 mins at 1000 

rpm. The supernatant was used for the serotonin assay, and the precipitate (acid alumina) was used for the 

catecholamines (epinephrine, nor-epinephrine), and dopamine estimation. 

 

Acetylcholine (Ach): 

 

Acetylcholine content was estimated by using hydroxylamine and ferric chloride reagents. A glass homogenizer 

Potter Elvehjem (Braun, 3508 Melsungen, Germany) with Teflon pestle and a distance between pestle and glass wall 

of 0.1 mm was used for homogenization. Reagents: 1) Hydroxylamine hydrochloride 2 M. keep in ice cold condition. 

2) Alkali Sodium hydroxide 3.5 N 3) acid: 1:2 concentrated hydrochloric and distilled water. 4) Ferric chloride 0.37 

M dissolved in 0.1N hydrochloric acid 5) Standard solution was prepared by dissolving acetylthiocholine iodide in 

0.004 M sodium acetate solution and pH 4.5 was adjusted using 0.001 N HCL and stored in refrigerator. 10mg of 

tissue from the cerebral cortex and hippocampus was homogenized in 1ml of 3% perchloric acid then centrifuged for 

10 min at 1000rpm and the supernatant was collected for the assay. Hydroxylamine reagent was prepared freshly by 

mixing the equal volumes of Reagents 1 and 2 and incubated for 3 hours at room temperature. 2 ml of alkaline 

hydroxylamine reagent was added to 1.0 ml supernatant and before adding 1ml of FeCl3 solution the pH of was 

adjusted to 1.5 by adding 0.001 N HCL and mixed well by vortexing. The density of the purple-brown colour of the 

solution was measured at 540nm (Hestrin, 1949) (27). For calculation of above neurotransmitter parameters, prepared 

appropriate standard graphs with pure HPLC grade chemicals were obtained from the sigma chemicals and the 

standard values obtained and graphs, standard curves prepared used for the calculation of test sample fluorescence 

units and OD. Ach levels were expressed as μmoles of substrate hydrolyzed / min/ mg protein. 

 

Histopathological studies of brain: 

The Histopathological studies were carried out by according to the method of Luna (1968) (28). The tissue sections 

were made using rotary microtome (model No: 45, Lipshew MFG Co Detroit 10 Michigan L-057). 
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H&E Stain 

The brain tissues were fixed in 10% formaldehyde for 1 to 2 days. The tissue was hydrated serially in 100%, 75%, 

50%, 30% alcohol gradients, and distilled water for 10-15 minutes for 

every change, followed by dehydration of the tissues with 30%, 50%, 70%, 90% and 100% alcohol for 20 min for 

every change and cleared the tissue with two changes of xylene for 10 mins, then kept the tissue in wax at 550C 

(minimum two changes required). The tissues were embedded using melted wax (600C) and the L blocks. The 

tissues were cut into the 4 micron sections on rotary microtome. The tissue sections were transferred onto the 0.5% 

gelatin coated slides without wrinkles. The slides were stored overnight in dust free chamber. Next day the tissue 

sections were deparaffinized with xylene I, xylene II for 30 minutes, then hydrated the tissue with 100%, 90%, 70%, 

50%, 30% and dw for 10 minutes every change. Allowed the slides into Harris Hematoxylin stain solution for 5-15 

minutes, and then kept the sections under running tap water for 10 minutes. Dehydrated the sections with 30%, 50%, 

70%, 90% alcohol for 10 minutes. Transferred the slides into 1% eosin (alcohol soluble) for 30 seconds, then the 

slides kept in 100% alcohol, and cleared with Xylene I, Xylene II for 10 minutes, allowed air dry and mounted the 

sections with DPX without air bubbles. 

Cresyl Violet stain 

 

The brain tissues were fixed in 10% formaldehyde for 1 to 2 days. The tissue was hydrated serially in 100%, 75%, 

50%, 30% alcohol gradients, and distilled water for 10-15 minutes for 

every change, followed by dehydration of the tissues with 30%, 50%, 70%, 90% and 100% alcohol for 20 min for 

every change and cleared the tissue with two changes of xylene for 10 mins, then kept the tissue in wax at 550C 

(minimum two changes required). The tissues were embedded using melted wax (600C) and the L blocks. The 

tissues were cut into the 4 micron sections on rotary microtome. The tissue sections were transferred onto the 0.5% 

gelatine coated slides without wrinkles. The slides were stored overnight in dust free chamber. Next day the tissue 

sections were deparaffinized with xylene I, xylene II for 30 minutes, then hydrated the tissue with 100%, 90%, 70%, 

50%, 30% and dw for 10 minutes every change. Allowed the slide into cresyl violet stain solution for 5-15 minutes, 

and then kept the sections under running tap water for 10 minutes. Dehydrated the sections with 30%, 50%, 70%, 

90% alcohol for 10 minutes. Transferred the slides into 1% eosin (alcohol soluble) for 30 seconds, then the slides 

kept in 100% alcohol, and cleared with Xylene I, Xylene II for 10 minutes, allowed air dry and mounted the sections 

with DPX without air bubbles  (Luna 1968)(28). 

Statistical analysis 

Statistical analysis was carried out using SPSS software. Mean, ±SD (standard deviation), ±SE (standard error), one 

way ANOVA variance significance test p< 0.05, multiple regression, post hoc multiple comparison test between 

experimental days, Null hypothesis (H0) were performed. The data was presented in tables as Mean± SD, percentage 

of experimental over control. Graphs were plotted using Mean ± SD with origin 6.0 and Sigma Plot 9.0 software. 

Results 

Table 1. Effect of Morin on Body Weight of Arsenic-Treated Rats 
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The values represent Mean ± SD and the percentage of variation between control and other experimental 

groups. (All values are significant with P<0.05. The body weight is expressed in grams.) 

Body Weight:  The body weights of Arsenic toxicant rats days decreased compared to  the control group i.e -4.35%, -

3.12%, -4.08%, -3.48 on 7th, 14th, 21st and 28th days. However, Morin treatment 

significantly  improved   the  body  weight on   7th  day by  -1.68 %  and  -1.91%  on 14th day and -1.85% on 21st day, 

-1.91% on 28th day respectively and control animals treated with Morin have shown -1.06% on 7th day -0.53% on 

14th day and -0.24% on 21st day, -0.54% on 28th day  (Table.1). Thus, Morin showed time-dependent protective 

effectiveness on body weights of Arsenic affected rats. 

  

Table 2: Effect of Morin on Brain Weight of Arsenic-Treated Rats 

The values represent Mean ± SD and the percentage of variation between control and other experimental 

groups. (All values are significant with P<0.05. The brain weight is expressed in grams.) 

Brain weights: The percentage of variation of brain weights in Arsenic treated rats was decreased than the control 

group i.e. -5.52%, -5.78.71%, -6.56%, -8.96%, on 7th, 14th, 21st and 28th day when compared. However, Morin 

treatment significantly improved the brain weight on 7th day by -3.86 % and -3.15% on 14th day and brought it down 

towards near normal levels -2.52% on 21th day, -6.60% on 28th day and control animals treated with Morin have -

0.51% on 7th day -0.52% on   14th day and -0.50% on 21st day, 0% on 28th day (Table.2).Thus, Morin showed time 

dependent protective effective on Brain weights of Arsenic effected rats. 

Table 3. Effect of Morin on Organo-Somatic Index of Arsenic-treated Rats 

 

The values represent the organ somatic index of the brain expressed in percentage (%). 

Organo somatic index: The values of organo somatic index of the brain are shown in Table.3. The control group has 

the highest value of the organ somatic index. Experimental groups have shown the lowest value of organo somatic 

index. But the experimental group treated with Morin has shown slight recovery in organo somatic index of the brain. 

The control group treated with Morin has shown similar values to the control group. 
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Table 4: Effect of Morin on Neuromuscular Coordination of Arsenic-Treated Rats 

 

The values represent Mean ± SE and the percentage of variation between control and other experimental 

groups. (All values are significant with P<0.05. The Neuromuscular coordination was measured and expressed in 

seconds.) 

 

Neuromuscular coordination test: Neuromuscular coordination test results are shown in Table.4. The control animals 

(C) showed normal coordination, which increased from the first week to the fourth week. Comparatively, the 

experimental animals (As) showed a significant percentage of variation, i.e. -44.44%, -35.40%, -31.43 %, -22.75 on 

7th, 14th, 21st, 28th day. But the experimental animals treated (As+M) with Morin showed recovery in coordination 

when compared with experimental animals (As) and the percentage of variation in comparison with control are 7th day 

by -0.25% and  -25.83% on 14th day , -23.07% on 21th day, -11.31% on 28th day. The control animals (M) treated 

with Morin did not show any deviation from  control  animals  (percentage  of  variation in comparison with control 

3.47% on 7th day -9.09% on 14th day, -7.85% on 21st day and -7.32% on 28th day). 

 

Table 5: Effect of Morin on the Memory of Arsenic-Treated Rats 

 

 

The values represent Mean ± SE and percentage of variation between control and other experimental groups. 

(All values are significant with P<0.05. The time taken for spatial learning was measured and expressed in seconds). 

Morris water maze: Table.5 depicts the results of Morris water maze of all the experimental groups. Control animals 

(C) were quick to learn first week but in fourth week animals took almost took double time to that of the first week. 

Experimental groups (Ar) showed significant deviation in comparison to control animals right from first week to fourth 

week and the percentage of variation in comparison with the control group is as follows 75.71 %, 105.81%, 115.08 %, 

135.89 on 7th, 14th, 21st, 28th day. Experimental treated (Ar+M) groups showed recovery in time in comparision to 

experimental group (Ar) and the percentage of variation in comparison with control are 7 th day by 30.33  % and 

63.85% on 14th day, 74.54% on 21st day,  88.36% on 28th day. Control treated animals (M) did not show any deviation 

from that of control (C) animals (0.5% on 7th day 3.83% on 14th day, 3.86% on 21th day and 2.71% on 28th day). 
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Table 6: Effect of Morin on Memory Using Novel Object Recognition Tests in Arsenic-Treated Rats 

 

 

The values represent Mean ± SE and the percentage of variation between control and other experimental 

groups. (All values are significant with P<0.05. The novel object recognition is expressed in seconds). 

 

Novel object recognizing test:  The results are present in Table.6. There is no significant delay of control animals (C) 

in recognizing the object from the first week to the fourth week. The experimental animals (As) showed significant 

delay in recognizing the object in comparison to control animals (C) from first week to fourth week and the percentage 

of variation in comparison with the control group is as follows: 390.32%, 389.90%, 342.73 %, 311.12% on 7th, 14th, 

21st, 28th day. But in the experimental animals treated (As+M) with Morin there was significant recovery in time for 

recognizing the object and the percentage of variation in comparison with the control group was as follows, on the 7th 

day to 288.69 % and 292.18% on the 14th day , 231.93% on 21th day, 299.29 on 28th day. The control animals (M) 

treated with Morin did not show much variation in comparison with control animals (C) and the percentage of 

variation in comparison with the control group is as follows: 0% on 7th day, 0.65% on 14 th day, -6.07% on 21st day 

and -4.06% on 28th day. 

 

Table 7: Effect of Morin on Depression in Arsenic-treated Rats 

 

 

The values represent Mean ± SE and the percentage of variation between control and other experimental 

groups. (All values are significant with P<0.05.The Depression is expressed in seconds.) 

 

Depression test: The struggling time in control animals (C) was highest from week to fourth week, which means they 

were not showing depression like response (Fig.6). The experimental animals (As) in comparison with control (C) 

were showing less struggling time with more immobility responses, and the percentage of variation in comparison with 

control  group  is   as  follows  -38.58%, -32.14%, -25.69 %, -23.20 on 7th, 14th, 21st, 28th day. But the Experimental 

animals (As+M) treated with Morin were little better when compared to experimental (As) with more struggling time 

and the percentage of variation in comparison with the control group is as follows -17.32%, -13.96%, -12.98 %, -10.28 

on 7th, 14th, 21st, 28th day (Table.9). The control animals (M) treated with Morin almost showed a response similar to 



Praveen Nadipolla / Afr.J.Bio.Sc. 6(5) (2024)                                                                                                             Page 3569 of 21 
 

control animals and the percentage of variation in comparison with the control group is as follows: 1.96%, -0.32%, -

6.09 %, -4.06 on 7th, 14th, 21st, 28th day. 

Figure 1: Effect of Morin on Protein Content in the Brain Tissue of Arsenic-Treated Rats 

 

 

 

The values represent Mean ± SE and the percentage of variation between control and other experimental 

groups. (All values are significant with P<0.05.The protein content is expressed in mg per gram weight of the tissue.) 

 

Proteins: The total protein levels in brain tissue are shown in Fig.1. The experimental group (As) showed a decreased 

trend of protein quantity (percentage of variation in comparison with the control group (C) is as follows -37.55%, -

42.35%, -36.67 %, -32.27 on 7th, 14th, 21st, 28th day). The protein quantity of the experimental group treated with 

Morin (As+M) has shown recovery (the percentage of variation in comparison  with the 

control  group  (C)   is  as  follows, on the 7th day to -19.08 % and -28.21% on 14th day, -22.60% on 21st day, -16.18 

on 28th day). Control animals treated with Morin (M) have shown  similar quantities of protein as that of the control 

group (C) (the percentage of variation in comparison with the control group (C) is as follows -6.25% on 7th day -

1.92% on 14th day, -5.87% on 21st day  and -3.50% on 28th day). 

  

 

Figure 2: Effect of Morin on Epinephrine Content of Brain Tissue in Arsenic-Treated Rats 
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The values represent Mean ± SE and the percentage of variation between control and other experimental 

groups. (All values are significant with P<0.05.The Epinephrine content is expressed in μg amine/gm wet weight of 

tissue.) 

  

Epinephrine:  Figure 2 depicts the levels of Epinephrine in the brain during four weeks of study. But the experimental 

group (As) significantly lowered levels of Epinephrine when compared with the control group (C) and the percentage 

of variation in comparison with the control group was -29.68%, 42.39%, -32.74 %, -34.72 on 7th, 14th, 21st, 28th day. 

The treated group (As+M) showed significant recovery of Epinephrine in comparison to the Experimental group (As) 

and the percentage of variation in comparison  with the control  group was  as  follows: on the 7th  day,  on  -18.75 % 

and -26.08% on 14th day, -19.46% on 21st  day, -18.75 on 28th day. The control (M) group showed no variation when 

compared with the control group (C) (the percentage of variation in comparison with the control group is -6.25% on 

7th day -15.21% on 14th day, -15.92% on 21st  day and -5.55% on 28th day. 

Figure 3: Effect of Morin on Norepinephrin Content of Brain Tissue in Arsenic-Treated Rats 

 

 

 

 

 

 

 

 

 

The values represent Mean ± SE and the percentage of variation between control and other experimental 

groups. (All values are significant with P<0.05. The Norepinephrine content is expressed in μg amine/gm wet weight 

of tissue). 

 

 

Norepinephrin:  Fig.3 depicts Norepinephrin levels in the brain in all experimental groups for four weeks of study. 

The control group (C) showed normal levels of the brain Norepinephrin during all the four weeks of estimation. But in 

the Experimental group (As), it showed significant variation in Norepinephrin levels when compared to the control 

group (C) and the percentage of variation in comparison with the control group was -37.07%, -36.97%, -26.66 %, -

26.11 on 7th, 14th, 21st, 28th day. The treated group (As+M) showed recovery of Norepinephrin levels in comparison 

to experimental groups (As) and the percentage of variation in comparison with the control group was on 7th day by -

29.21% and -26.05% on 14th day, -18.51% on 21st  day, -15.28 on 28th day. The control treated group (M) showed no 

variation when compared with the control group (C) (the percentage of variation in comparison with the control group 

is as follows -13.48% on 7th day -7.56% on 14th day, -3.70% on 21th day and -5.07% on 28th day.) 
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Figure 4: Effect of Morin on Dopamine Content of Brain Tissue in Arsenic-Treated Rats 

 

 

The values represent Mean ± SE and the percentage of variation between control and other experimental 

groups. (All values are significant with P<0.05. The Dopamine content is expressed in μg amine/gm wet weight of 

tissue). 

 

Dopamine: Fig.4 depicts the Dopamine levels in the brain of all experimental groups for four weeks of study. Control 

animals (C) showed normal dopamine levels in all weeks of the study. But the experimental group (As) showed 

significant variation in dopamine levels in comparison with the control (C)  group and the percentage of variation in 

comparison with the control group is as follows -33.71%, -31.36%, -32.87 %, -33.04 on 7th, 14th, 21st, 28th day. The 

treated group (As+M) showed significant recovery of dopamine levels in comparison with the experimental group (As) 

and the percentage of variation in comparison with the control group was as follows: on the 7th day, by -11.30 % and -

6.87% on 14th day, -20.96% on 21st  day, -16.09 on 28th day. The control group (M) did not show any variation when 

compared with the control group (C) (the percentage of variation in comparison with the control group is as follows -

4.59% on 7th day -1.83% on 14th day, -7.27% on 21st  day and -7.75% on 28th day.) 

   

Figure 5: Effect of Morin on Acetylcholine Content of Brain Tissue in Arsenic-Treated Rats 
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The values represent Mean ± SE and the percentage of variation between control and other experimental 

groups. (All values are significant with P<0.05. ACh content is expressed in mg of ACh/gm wet weight of tissue). 

 

Acetylcholine:  Fig. 5 depicts the Ach levels in the brain in an experimental group of four weeks of study. The control 

group (C) showed normal Ach levels in all four weeks of study. Experimental groups (As) showed significant variation 

when compared with the control group (C) and the percentage of variation in comparison with the control group is as 

follows -37.07%, -36.97%, -16.44 %, -21.35 on 7th, 14th, 21st, 28th day. The experimental treated group (As+M) 

showed significant recovery in Ach levels in comparison with the experimental group (As) and the percentage of 

variation in comparison with the control group is as follows: on the 7th day by -29.21% and -26.05% on 14th day, -

9.86% on 21st  day, 11.97 on 28th day. The control group (M) did not show any variation when compared with the 

control group (C) (the percentage of variation in comparison with the control group is as follows -13.48% on 7th day -

7.56% on 14th day, -1.56% on 21st day and -2.60% on 28th day.) 

  

 

 

 

 

 
 

 

 

Fig.6: First (7th) week of study Brain (Hippocampus) histological sections of all experimental groups stained with 

H&E. (A) Normal control group (Control) :Mild proliferation of hippocampus neurons was observed - red arrow; 

(B) As (Experimental group) :Mild proliferation of hippocampus neurons was observed, and Foci of apoptotic 

neurons were observed in the hippocampus – green arrow; (C) experimental group treated with Morin: Moderate 

multi focal necrosis [green arrow] and apoptotic neurons were observed hippocampus of the brain; (D) Control 

treated group (M) Mild proliferation of hippocampus neurons was observed - red arrow (40X, H&E stained). 
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Fig.7: Second (14th) week of study Brain (cerebral cortex ) histological sections of all experimental groups stained 

with H&E. (A) Normal control group (Control) : Moderate meningeal hemorrhages were observed in the meninges 

covering the cerebral hemispheres; (B) As: (Experimental group) : Foci of apoptotic neurons in cerebral cortex and 

Moderate meningeal hemorrhages was observed in the meninges covering the cerebral hemispheres;  (C) 

experimental group treated with Morin: Moderate multi-focal area of demyelination was observed in cerebral cortex 

arrow; (D) Control treated group (M) Multi focal gliosis was observed in cerebral cortex region of the brain - arrow 

(40X, H&E stained). 

 

 
 

 

Fig.8: Third (21st Day) week of study Brain (Hippocampus) histological sections of all experimental groups stained 

with H&E. (A) Normal control group (Control) : Normal morphology of hippocampus region of the brain; (B) As: 

(Experimental group) : Foci of apoptotic neurons were observed in the hippocampus – the green arrow and Mild 

proliferation of hippocampus neurons were observed - red arrow; (C) experimental group treated with Morin: 

Normal histology with mild focal of apoptotic neurons were observed hippocampus of the brain - arrow; (D) control 

treated group (M): Moderate multi focal apoptotic neurons was observed hippocampus of the brain - arrow (40X, 

H&E stained). 
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Fig 9: Fourth (28th Day) week of study Brain (cerebral cortex) histological sections of all experimental groups 

stained with H&E. (A) Normal control group (Control): Normal morphology of the cerebral cortex; (B) As: 

(experimental group) : Multifocal necrosis was observed in the cerebral cortex - arrow; (C) experimental group 

treated with Morin: Normal morphology of the cerebral cortex; (D) control treated group (M): Foci of necrosis and 

deposition of eosinophilic substances in cortex region - arrow (40X, H&E stained). 

 

 

 
Fig. 10: First (7th day) week of study Brain (midbrain) histological sections of all experimental groups were stained 

with Cresyl violet. (A) Normal control group (Control): normal neurons [red], apoptotic [green] neurons, and 

degenerated neurons [yellow] in the midbrain; (B) As (experimental group): Scattered distribution of apoptotic and 

necrotic hippocampus neurons (green arrow); normal neurons (red arrow); degenerated neurons (yellow colour); (C) 

Experimental group treated with Morin: Scattered distribution of apoptotic and necrotic hippocampus neurons (green 

arrow); normal neurons (red arrow); degenerated neurons (yellow colour); (D) Control treated group (M) Mild 

demyelination [lack of myelin layer, lack of blue colour] in mid-brain  (arrow) (40X, Cresyl violet stained) 
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Fig. 11: Second (14th day) week of study the brain (hippocampus) histological sections of all experimental groups were 

stained with Cresyl violet. (A) Normal control group (Control): Normal morphology of the hippocampus neurons; (B) 

As (Experimental group): Scattered distribution of apoptotic and necrotic hippocampus neurons (green arrow); Normal 

neurons (red arrow); Degenerated neurons (yellow colour); (C) Experimental group treated with Morin: Foci of normal 

neurons [red], apoptotic neurons [green], degenerated neurons [yellow] in Hippocampus; (D) Control treated group 

(M) Mild hyperplasia of hippocampus neurons CA 3 region was observed in brain (red arrow) and few necrotic or 

apoptotic neurons (green arrow) (40X, Cresyl violet stained) 

 

Fig. 12: Third (21st day) week of study Brain (hippocampus) histological sections of all experimental groups were 

stained with Cresyl violet. (A) Normal control group (Control): Massive proliferation of hippocampus neurons in CA3 

region; (B) As (Experimental group): mild hyperplasia of hippocampus neurons of CA3 region was observed in the 

brain (red arrow) and few necrotic or apoptotic neurons (green arrow); (C) Experimental group treated with Morin: 

mild hyperplasia of hippocampus neurons of CA3 region was observed in the brain (red arrow) and few necrotic or 

apoptotic neurons (green arrow) (40X, Cresyl violet stained). 
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Fig. 13: Fourth (28th day) week of study Brain (hippocampus) histological sections of all experimental groups 

were stained with Cresyl violet. (A) Normal control group (control): Mild hyperplasia of hippocampus neurons in 

the CA3 region was observed in the brain (red arrow); (C) Experimental group treated with Morin: Scattered 

distribution of apoptotic and necrotic hippocampus neurons: green arrow; normal neurons: red arrow; degenerated 

neurons: yellow colour (D) Control-treated group (M): mild hyperplasia of hippocampus neurons in the CA 3 

region was observed in the brain, and few foci necrotic or apoptotic neurons in the CA2 region (green arrow; 

(40X, Cresyl violet stained) 

Discussion 

In the current study's behavioral trials, arsenic impairs rats' cognitive abilities. Rats' cognitive performance 

was enhanced by the Morin therapy from the first to the fourth week other trial. Arsenic induces neurotoxicity 

in Wistar rat brains by changing neurotransmitters, decreasing motor coordination, 

and inducing histological changes in the cerebral cortex and hippocampus tissue. In arsenic-

treated rats, physical measures such as body weight and brain weight decreased. Body weight loss is thought to be 

the consequence of protein wasting caused by arsenic toxicity, which has been alleviated by Morin treatment by the 

fourth week of the trial. 

 

The observed loss in brain weight could be attributed to a decrease in the number of glial cells and neurons. 

Previously, Nagaraja and Desiraju (1994) [29] observed arsenic-induced weight loss in the body and brain. Tolins et 

al. (2014) [30] reported that arsenic can enter the developing brain and induce neurological effects. Further, they 

hypothesized that exposure to arsenic during pregnancy and the first few months after birth caused the brain to 

weigh less, have less glia and neurons, and have different neurotransmitter systems. This study found that arsenic 

poisoning causes severe impairments in muscle strength and motor coordination in rats, as evidenced by a 

considerable decrease in retention time on the rota rod device. The result of this study is consistent with previous 

findings in rats with arsenic toxicity. (31) Morin therapy reduced rotorod retention time, indicating an improvement 

in neuromuscular coordination in arsenic-toxic rats.  
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Many studies employ the Morris water maze paradigm to assess how toxicants affect spatial learning. Increases in 

the amount of time spent on spatial learning in these arsenic-toxic animals demonstrate changes in learning and 

memory. Morin showed a considerable decrease in the amount of time needed for spatial learning. An object 

recognition test with episodic memory lasting for at least 60 minutes measures non-spatial working memory (32). 

The focus of ORT is on the innate tendency to spend more time studying unfamiliar objects than familiar ones. The 

choice to investigate the novel object demonstrates how learning and recognition memory are used. The cholinergic 

framework's integrity is necessary for object identification, as evident by many studies (33). It is well known that 

learning and memory systems are inextricably linked with cholinergic pathways leading to the cerebral cortex and 

hippocampus (33). According to research, cholinergic insufficiency may account for a portion of the cognitive 

debilitations seen in some neurodegenerative diseases, like Alzheimer’s disease (AD) (34). The current investigation 

reveals the protective capacity of Morin in rats from the learning and memory impairment caused by arsenic 

toxicity, which is evident by the significant decrease in time spent on spatial learning and time spent investigating 

novel objects. 

 

Any substance that can block vacuolar monoamine reuptake and cause monoamine evacuation in the brain can cause 

depressive-like behavior in animals (35). In this study, arsenic toxicity rats have shown depression-like behavior 

with increased immobility time in a forced swim test. Three weeks of treatment with Morin significantly decreased 

immobility time and increased time spent climbing and swimming in the forced swim test. The rise in oxidative 

stress in the brain is one of the factors that contribute to depression. Arsenic has been noted to exacerbate oxidative 

damage, which can lead to depression (36). Morin's antioxidant capabilities may have mitigated the effects of 

arsenic. The neurochemical analysis has revealed certain changes in neurotransmitters in arsenic-toxic rats in 

comparison to the control rats. Neurotransmitters, which are crucial for cellular communication inside the brain, are 

impacted by arsenic-induced neurotoxicity. According to Nagaraja et al. (1993) arsenic does increase dopamine and 

serotonin levels while inversely regulating norepinephrine levels. Arsenic can also change the amounts of 

aminobutyric acid (GABA) glutamate and other biogenic amines [38].  

Acetylcholinesterase (AChE) which catalyses the metabolism of acetylcholine, was shown to be less active in rats 

exposed to aresenic [39]. The results suggest there may be a slight decrease in the binding of muscarinic cholinergic 

receptors in arsenic-treated rats when compared to the control group. Partial learning and memory loss, as well as 

changes to the cholinergic system, were brought on by arsenic induction. This is because cholinergic cell injury has 

been linked to neuronal cell death. In this study, we have also observed a decrease in Ach levels in comparison with 

control rats. Several reports have noted reduced acetylcholinesterase (AChE) activity and choline acetyltransferase 

functioning after arsenic exposure. A decreased level of Ach activity in muscle coordination is evident in our study 

and also according to other studies (40). According to Jiang et al., 2014 (41) a poor outcome in learning and memory 

could be mechanistically linked with altered levels of neurotransmitters released. Arsenic can cause neurotoxicity by 

affecting the amounts of neurotransmitters in the brain, such as serotonin, dopamine, and norepinephrine. (42) 

Dopamine and Norepinephin are significant catecholamines. With varying exposure times and dosages, arsenic 

exhibits diverse neurotoxic effects in various brain areas. (43) Tripathi et al., 1997 (44) have shown that in rats 

treated with sodium arsenite (100 mg/l in drinking water) for 16 weeks, levels of dopamine and Norepiheprin in the 

whole brain were reduced. In the cortical region of the brain, research has shown lower levels of dopamine, 

adrenaline, and norepinephrine, which is consistent with our findings. In the current study, the administration of 

morin to rats exposed to arsenic led to the recovery of low levels of dopamine and norepinephrine, indicating an 

antidepressant effect that was demonstrated by a depression test. In the current study, rats treated with Morin alone 

had no discernible changes in the levels of biogenic amines; however, rats treated simultaneously with arsenic and 

Morin exhibited higher levels of catecholamines in their brains than rats treated with arsenic alone. These findings 

are conclusive and imply that Morin may protect against arsenic-induced neurotransmitter alterations in the rat 

brain. 

Histopathological examination of the hippocampus, cerebral cortex and midbrain with H&E and Creysl violet stain 

revealed substantial neuronal degeneration in arsenic-treated rats, as evidenced by foci of apoptotic neurons in the 

hippocampus (1st and 3rd weeks). The H&E stain revealed moderate meningeal haemorrhages in the meninges 

covering the cerebral hemispheres (2nd week) and multifocal necrosis (4th week). And, using the Creysl violet stain, 

the dispersed distribution of apoptotic and necrotic hyperplasia of neurons in the CA3 region (1st to 4th week) was 

seen. It is well recognised that ROS plays a role in nervous system toxicity, which could be caused by arsenic-

induced oxidative stress. Morin treatment, on the other hand, significantly decreased neurotoxicity, and its beneficial 
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effect may be attributed to its antioxidant features (45). 

 

Chronic arsenic exposure causes oxidative damage in the brains of rats, according to Ghosh et al (2011) (46). 

According to the current study, arsenic-mediated oxidative stress may be the cause of the altered brain architecture. 

According to Okoji et al. (2015) (47), the mechanism behind oxidative stress caused by long-term arsenic exposure 

is linked to methyl deficiency and loss of DNA methylation in animals, which could account for histological 

alterations (48). Yousuf et al. (2023) (49) demonstrated a comparable investigation of the cerebral cortex with 

arsenic toxigenic insults in the form of neuronal cell death, haemorrhage, and lymphocyte infiltration in the 

meninges. Morin pretreatment resulted in milder histological abnormalities, such as neuronal degeneration. This 

implies Morin's antioxidant capabilities in terms of protecting the cerebral cortex. Similar results, such as neuronal 

degeneration in the cerebral cortex of rats following subacute exposure to arsenic, have been reported by Singh et 

al., 2020 (50). Mostafa Falah et al. (2018) (51) demonstrated arsenic-toxic rats with severe white matter lesions and 

cellular damage in hippocampus CA1, which was not evident in our investigation. 

 

Many environmental pollutants have been linked to behavioural alterations, and this has been elucidated in 

numerous studies (52). After being exposed to arsenic, rats exhibited abnormal roto rod, learning, and emotional 

behaviors. Arsenic-mediated behavioural abnormalities seen in the current study may be attributed in part to 

arsenic's detrimental impact on neurotransmitter levels in the brain. According to Sarter et al., 2007 

(53)  abnormalities in neurotransmitter release regulation and/or abnormal levels of extracellular neurotransmitter 

concentrations are core components of hypotheses on the neuronal foundations of behavioural and cognitive 

disorders, as well as the symptoms of neuropsychiatric and neurodegenerative disorders. Previous studies have 

shown a clear connection between oxidative stress and behavioural alterations (54). According to Selvakumar et al. 

(2013) (55) oxidative stress can mediate hippocampal neurodegeneration and behavioural alterations in adult rats. 

Although several transmitter systems have been proposed to play an integral part in specific cognitive processes, the 

extent of interactions between chemical systems is most likely enormous. According to Cheng et al. (2021) (56) 

memory function is modulated by interactions between the cholinergic and glutamatergic systems. Acetylcholine 

interacts with dopamine in cognitive functions (57). Other studies have suggested that the toxicant's interaction with 

the hippocampus and other limbic brain regions is responsible for its influence on learning and memory (58). 

Concurrently, arsenic caused degenerative changes on a histological level in the brain tissue of the treated rats, 

which could be a contributing factor to the detrimental behavioural changes. Previous research has found 

haemorrhage, neuronal degeneration, and vacuolation in rat brain tissue after arsenic toxicity, which is similar to our 

study. The results we obtain demonstrate that oral administration of arsenic has a direct influence on rat behavioural 

levels, neurotransmitter content, and brain histomorphology. 

 

Conclusion 

Arsenic has the potential to directly affect the central nervous system. Arsenic can alter learning behaviour, 

neurotransmitter levels, and the histological structure of the brain. Conclusively, Morin has shown a neuroprotective 

effect on learning, behaviour, neurotransmitter levels, and the histological structure of the brain. Further studies are 

required to resolve the actual neuroprotective mechanism of Morin. 
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