



Biochemical Modulation of Streptozotocin Neurotoxicity by Cinnamonum Verum Bark Extract in Wistar Rats







ABSTRACT 
This study investigates the effects of Cinnamomum verum bark extract on Streptozotocin (STZ) induced neurotoxicity in Wistar rats. Twenty five(25)Male Wistar rats weighing between 80-100kg were divided into five groups: Group A: Control, Group B 65mg/kg STZ, Group C 65mg/kg STZ + 200mg/kg cinnamomum verum extract, Group D 65mg/kg STZ-induced + 400mg/kg Cinnamonum Verum extract and Group E 600mg/kg Cinnamomum verum extract for 28 days. STZ was administered intraperitoneally to induce neurotoxicity, followed by oral administration of Cinnamomum verum bark extract. Neurobehavioral test using Ymaze were conducted to assess cognitive functions. Biochemical assays measured oxidative stress markers, and neurotransmitter levels in the brain tissue.Hippocampal absorbance rates and latency periods were also measured to assess hippocampal intergrity and cognitive performance. The extract showed a significant increase in cognitive functions compared to the STZ-induced group. There was a marked reduction in  malondialdehyde (MDA), and an increase in antioxidant enzymes like superoxide dismutase (SOD) and Glutathione.Treatment with Cinnamomum verum bark extract particularly in Group D and E, significantly reduced (p≤0.005) MDA levels and restored SOD and GTT levels,suggesting enhanced antioxidant protection. In the Y-maze,the STZ only group showed prolonged latency periods, reflecting impaired spatial learning and memory. Cinnamonum verum bark treatment notably reduced latency period in Group D and E,demonstrating improved cognitive function. Furthermore, hippocampal absorbance rates were significantly attenuates STZ induced cognitive impairment in male wistar rats.The extract enhances antioxidant defenses,reduces oxidative stress and improves cognitive performance,suggesting its potential as a therapeutic agent for Alzheimer’s disease.
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Introduction 
Anxiety, depression, and cognitive impairment are among the neurological disorders for which chronic stress is a known risk factor [1,2]. The hypothalamic-pituitary-adrenal (HPA) axis is activated in response to stress, which causes the brain to release glucocorticoids like cortisol. Long-term exposure to these hormones can cause neuronal dysfunction and damage, especially in the prefrontal cortex and hippocampus.
The inner bark of several tree species in the genus Cinnamomum is used to make cinnamon, a spice. Throughout a wide range of cuisines, breakfast cereals, snack foods, bagels, teas, hot chocolate, and traditional foods, cinnamon is primarily used as an aromatic condiment and flavouring additive. Cinnamaldehyde, the primary constituent and essential oil of cinnamon, along with a host of other components, such as eugenol, are responsible for the spice's flavour and aroma [3]. 
Many tree species and the commercial spice products that some of them produce are referred to as cinnamon. Since it originated in Sri Lanka (formerly Ceylon), Cinnamomum verum (or C. zeylanicum) is referred to as "Ceylon cinnamon" and is regarded as "true cinnamon" [4,5].
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Figure 1: Diagram showing Cinnamomum Verum [4].

A small evergreen tree that is native to Sri Lanka and South India, cinnamon (Cinnamomum verum, synonym C. zeylanicum) is 10 to 15 metres (32.8 to 49.2 feet) tall and a member of the Lauraceae family, according to [4]. The bark's unique scent makes it a popular spice. The ovate-oblong leaves measure 7 to 18 centimetres (2.75 to 7.1 inches) in length. The flowers are greenish in colour and have a strong scent. They are arranged in panicles. The fruit is a purple berry with a single seed that is one centimeter in size. 
Traditional uses of cinnamon include treating colon cancer, stress, anxiety, and bleeding [6]. Because of its ability to freshen the mouth and eliminate bad breath, it is added to chewing gum flavours [7].
Additionally, cinnamon has long been used as a tooth powder to treat toothaches, dental issues, oral microbiota, and foul breath [7], as well as to promote tissue regeneration and increase blood circulation in the uterus [10]. 
Cinnamon exhibited the highest antioxidant activity among 26 spices in a comparative study, suggesting that it can be used as an antioxidant in food [8,9,13].
By inhibiting the expression of cyclooxygenase-2 (COX-2), inducible nitric oxide synthesis (iNOS), and nitric oxide (NO) production in the central nervous system (CNS), several compounds found in C. ramulus demonstrated anti-inflammatory effects. Inflammation-mediated neurodegenerative diseases may be prevented or treated therapeutically by C. ramulus through this mechanism [11]. 
Cinnamon extract's anti-diabetic properties show that it reduces blood sugar by activating the beta cells that secrete insulin. Additionally, research shows that cinnamon lowers cholesterol [11,12]. 
Cinnamaldehyde has been shown in numerous studies to have protective effects on the cardiovascular system. Cinnamon may also be used to treat cardiovascular diseases, according to a recent study that examined the possible effects of two compounds isolated from C. cassia, cinnamic acid and cinnamic aldehyde, against myocardial ischemia [12].
Its possible neuroprotective benefits against stress-induced neurotoxicity are not well established, though. Using male Wistar rats as the model, this study attempts to explore the therapeutic value of cinnamon in lowering stress-induced illnesses on the nervous system.
Materials & Methods
Ethical Approval 
Ethical approval was given by the Chukwuemeka Odumegwu Ojukwu University's Uli campus's Faculty of Basic Medical Science. The National Institutes of Health's recommendations for the management and care of laboratory animals were followed when handling and treating rats [14].
Collection and Preparation of Extract 
Dried cinnamon bark was purchased from a local market around Nkwo Nnewi, in the Nnewi North Local Government Area of Anambra state. A taxonomist from Chukwuemeka Odumegwu Ojukwu University's biological science department in Uli, Anambra state, identified and verified the cinnamon bark. They were cut into slices and ground into a coarse consistency using a local grinder. For 48 hours, 50g of ground bark was macerated in 250ml of 98% absolute ethanol. A porcelain cloth was used to sieve the mixture, and Whatman no. 1 filter paper was used to filter it into a sanitised glass beaker. Mel and Technel USA's Digital Rotary Evaporator TT 52 was used to concentrate the filtrate. It was then further dried in an oven with a thermostat to a paste-like consistency and kept in a refrigerator (Haier Thermocool). The procedure outlined by [15,16,17,45,46,47] was followed.

Experimental Animals
From an animal vendor in the state of Nnewi, Anambra, we purchased twenty-five male wistar rats. Five rats each, weighing between 90 and 129 grammes, were divided into five groups, designated Groups A through E. The rats were kept in separate cages with natural cycles of light and dark in the Animal House of Chukwuemeka Odumegwu Ojukwu University in Nigeria. The rats were given unlimited access to regular rat food and tap water. Two weeks were allowed for them to acclimatise to their new environment.
Experimental Animal Groupings

Group A (Control group): Rats in this group were given feed and water only.

Group B (Negative control group): Rats in this group received 65mg/kg of Streptozotocin drug  

Group C: Rats in this group received 65mg/kg of  Streptozotocin  + 200mg/kg of
ethanolic extract of Cinnamonum verum

Group D: Rats in this group received 65mg/kg of Streptozotocin  + 400mg/kg ethanolic extract of Cinnamonum verum

Group E: Rats in this received 65mg/kg of Streptozotocin  + 600mg/kg ethanolic extract of Cinnamonum verum

For 31 days, oral administration was carried out once a day using oral cannulas. 
After the medications were administered, all experimental procedures were closely monitored. 

Acute Toxicity 
The median lethal dose (LD50) was determined using the two-stage method of [18]. This study was conducted at the Department of Physiology, Faculty of Basic Medical Sciences, College of Health Sciences, COOU, Uli. In the end, neither extract displayed any mortality symptoms.

Induction of Diabetes/Neurogenerative Disorder

Before the extract was given, the test group rats were injected intraperitoneally with Streptozotocin at a dose of 65 mg/kg to cause diabetic neurodegenerative disorders, following the procedure outlined in [19,20,21,22,44]. The rats were put through a traction test to confirm that they had the disorders.

NEUROBEHAVIOURAL TEST

The methods of [23,24,25,43] were used to conduct the subsequent neurobehavioural test. 

The behavioural tests took place in a spacious, silent room.Between 8 a.m. and 4 p.m., rodents' spatial learning and memory were assessed using neurobehavioral testing in the Y maze behavioural assay.

Y Maze

Spontaneous alteration is a characteristic of the Y maze, a behavioural test used to evaluate reference memory and spatial working. Three evenly spaced arms (120°, 41 cm long, and 15 cm high) make up the Y maze. Each arm has a five-centimeter-wide Perspex floor.

Method




After being put in one of the arm compartments, each mouse was free to roam around until its tail fully entered another arm. The arms are labelled A, B, and C, and the arm entry sequence is manually recorded using a stopwatch. The animal's memory and spatial navigation skills were evaluated using a variety of metrics, including the number of arm entries, the amount of time spent in each arm, and the number of mistakes made.
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Procedure for Hippocampus absorbance

After being removed, the brain was sectioned and cleaned in ice-cold normal saline. Its hippocampal tissue was taken out and weighed. After that, it was combined with regular saline in a mortar and homogenised. The homogenate was then centrifuged, the supernatant was removed, put in the spectrophotometer, and the absorbance at 450 nm was measured.
Determination of Oxidative Stress Parameters
The hippocampus tissues from each group were taken out and combined with the assay buffer. The tissues were centrifuged at 14,000 × g for 10 minutes at 4°C, and the supernatants were collected for analysis. The SOD and CAT activities were measured using assay kits. The MDA levels were measured using a Sigma-Aldrich® assay, per the manufacturer's instructions [2]. 

Collection of Samples 

Animals were sacrificed at the Department of Physiology, Nnamdi Azikiwe University, Okofia, following the administration of the extract. The animals were first weighed before being put to sleep in their respective groups by placing them in a white bucket that was enclosed and contained a colourless substance called chloroform. A heparinized capillary tube was used to perform an ocular puncture and obtain a blood sample (48). The serum was extracted using a micropipette and used for the biochemical test after the blood sample was collected, placed in an EDTA container, and centrifuged for 30 minutes at 3000 rpm. To make it easier to locate the hippocampus, the animals' skulls were cut open, the brain removed, and the lobes were split in half. This was done using a pair of scissors and dressing forceps. A visible spectrophotometer was used to record the hippocampal tissue after it had been ground with regular saline and homogenised to get rid of any debris.
Statistical Analysis of Results
Version 25 of the Statistical Packages for Social Sciences (SPSS) was used to analyse the study's data. Both post hoc LSD and ANOVA were used to analyse the brain weight data. At p<0.05, the data were deemed significant.
Results

Table  1:  effect  of ethanolic  extract  of Cinnamon  verum bark  on body weight
	Groups
	Initial body Wt (g)
	Final body Wt(g)     P-value             T-value

	Group A
	93.00士3.34
	98.60士2.24                0.010*               -4.635

	Group B
	107.20士2.43
	110.40士2.44              0.062#               -2.563

	Group C
	106.40士2.76
	102.00士2.30              0.001*               8.629

	Group D
	105.40士1.58
	101.20士1.24              0.001*               8.573

	Group E

	107.60士0.92
	111.40士0.87             0.001*               - 10.156


*significant, #: not significant
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[bookmark: _bookmark15]Table  2:  Effect  of ethanolic  extract  of Cinnamon  verum  bark  on  Oxidative Stress Markers
	Group
	MDA level (Umol/L)
	SOD level (U/mg)
	GTT level (U/mg)

	Group A
	2.14士0.04
	1.56士0.05

	1.22士0.02


	Group B
	3.68士0.05#
	0.80士0.02*

	0.74士0.04*


	Group    C
	3.54士0.04#$
	0.94士0.02*@

	0.79士0.04*@


	Group  D
	1.53士0.06*@
	1.89士0.01*@

	2.35士0.05*@


	Group  E
	2.05士0.23*@
	1.74士0.04*@

	2.15士0.09*@


	p-value
	0.000
	0.000
	0.000

	F-ratio
	68.714
	175.922
	175.690





*: significant, #: not significant compared to group A, @: significant, $: not significant compared to group.
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Table 3:  effect  of ethanolic  extract  of Cinnamon  verum bark  on hippocampus absorbance level and spontaneous alternation rate using Y-maze 
	Group
	Hippocampus absorbance   level (%)
	Spontaneous alternation     rate (%)

	Group A
Group B
Group C
Group D
Group   E
	55.30士0.23
55.75士1.9#*
53.35士0.49#$
53.15士0.14#$
44.85士7.13*@
	68.33士4.41
36.67士1.67*
49.33士2.33*@
56.67士4.41#@
60.00士5.77#@


*: significant, #: not significant compared to group A, @: significant, $: not significant compared to group


Discussion of findings
According to reports, streptozotocin caused mitochondrial damage and oxidative stress are playing a crucial role in the pathogenesis of neurotoxicity, which results in cognitive defects (26). Additionally, STZ is a known neurotoxic agent that is linked to inflammation and oxidative stress, which results in neuronal cell loss, cognitive dysfunctions, and learning deficits (27). Numerous agents can cause neurotoxicity, which leads to neuro-degenerative diseases like Alzheimer's disease (AD), which is characterised by irreversible and progressive memory loss and has no effective treatment (25).
Therefore, it has been demonstrated that plants high in flavonoids can both delay the onset of memory-induced defects like AD and other related neuronal diseases, as well as prevent the onset of neuro-degenerative diseases (28, 29). After STZ-induced neurotoxicity in Wistar rats, the study examines the neurobehavioral and biochemical effects of cinnamon bark extract. 
According to the study, the experimental rats' weight increased non-significantly after receiving STZ. Although the physiology after weight gain is unclear, it may be related to changes in the hypothalamus's energy homeostasis after mild oxidative stress. 
Ugwu et al.'s report (30) reveals a non-significant weight gain after STZ toxicity, which is consistent with the study findings. Significant weight loss in STZ rats was observed by Rehman et al. (31), and Khorsand et al. (32) in contrast to the study findings, which are associated with the production of reactive oxygen species (ROS) leading to neuronal loss regulating appetite and feed intake. In contrast with the study findings, Sinzato et al. (33) reported a lower foetal weight loss after STZ-induced toxicity. Additionally, the study found that administered cinnamon verum bark resulted in a significant increase in weight gain after STZ toxicity, which is associated with the presence of flavonoids and high fibre composition.
Nonetheless, it has been demonstrated that flavonoids modulate weight gain by activating neuronal fibres that control energy homeostasis. The results of the study contradict the report of (34). The results of the study are supported by Khorsand et al. (32) who found that rats given cinnamon verum after being given STZ experienced a notable increase in body weight. 
Since lipid peroxidation activity has been demonstrated to be essential to the oxidative stress process in the brain and its various regions, STZ, a neurotoxic agent, has been shown to affect the buildup of lipid peroxidation in the brain of experimental animals (35). 
MDA can indicate the level of oxidative stress in the body and is a recognised indicator of oxidative stress (36). Furthermore, anti-oxidation is a crucial neuroprotective strategy because oxidative stress plays a role in the pathological process of cognitive impairment brought on by diabetes (20). The results of the study showed a marked rise in MDA levels after STZ toxicity, which is associated with elevated levels of reactive oxygen species in the lipid membrane of the brain. The results of (2), which show a marked rise in MDA levels after STZ-induced toxicity in experimental rats, are consistent with the study.
According to Tanbek et al. (37), Ma et al. (38), and other studies, there was a significant increase in the levels of MDA in the brain after STZ-induced neurotoxicity, which is in line with the findings of the study. El-sayed Gawesh et al. (39), on the other hand, reported a significant decrease in the MDA activity after Cinnamon verum in STZ-induced toxicity, supporting the findings of the study. Antioxidants are crucial for the healing process and cognitive improvement in neurotoxic rats (40), and SOD is a significant antioxidant that counteracts the effects of oxidative stress processes after STZ neurotoxicity.
Suppressed antioxidant stores after ROS formation are linked to the study's finding of a significant decrease in SOD levels after STZ-induced neurotoxicity. The results of the study were consistent with those of Tanbek et al. (41), Ma et al. (38) and others who reported a significant decrease in SOD levels after STZ toxicity. However, after STZ toxicity, cinnamon verum treatments demonstrated higher levels of SOD activities, which is related to the flavonoids it contains. Consequently, flavonoids have been demonstrated to be important in preventing the production of ROS, which depletes antioxidant systems. The results of the study were consistent with those of El-sayed Gaweshetal, who found that cinnamon verum significantly raised the SOD level after STZ-induced toxicity (39). 
Following STZ-induced neurotoxicity, the study showed a decrease in glutathione (GTT) levels, which is associated with the production of ROS after elevated lipid peroxidation. Oxidative stress processes that follow increased lipid peroxidation formation within the brain's lipid membrane are the physiology associated with the lower GTT levels. The study supports the findings of Anwar et al. (42) and Tanbek et al. (41), who reported a marked decrease in glutathione activities after STZ toxicity. As a result, the study indicates that GTT levels improved after C. verum bark in STZ toxicity. The presence of flavonoids, which lower the production of ROS and lipid peroxidation, is linked to the physiological mechanism that follows elevated GTT levels. The study concurs with the findings of 

(19) showing a notable decrease in STZ toxicity after plant extract.
Additionally, the study demonstrated that there was no discernible difference between the STZ group and the control group in terms of hippocampal absorbance level. The mechanism of action following the reduced level of hippocampus absorbance is linked to the high amount of flavonoids present. The physiology associated with this level of hippocampus absorbance is also poorly understood. Additionally, treatments with C. verum at high doses after STZ-induced neurotoxicity revealed a significant decrease in the level of hippocampus absorbance. According to the study, the STZ group alone experienced memory loss after spontaneous alternation activity, which leads to oxidative stress and an increase in lipid peroxidation. Following CBV administration, memory or cognitive function significantly improved, which is associated with the flavonoids it contains. The study's findings were consistent with Akbar's (3) report that STZ toxicity improved cognitive function. In line with the study's findings, Mohamed et al. (9) reported a notable improvement in cognitive function after taking cinnamon verum to prevent STZ toxicity.


Conclusion

According to the study, STZ causes oxidative stress, which in turn leads to antioxidant depletion. It also lowers hippocampal absorbance and causes cognitive decline. However, studies using cinnamon verum bark demonstrated improved antioxidant activity and cognitive impairment; as a result, it may be used to treat neurodegenerative diseases brought on by STZ.
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