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ABSTRACT 

The striatal synaptic pathways play a crucial role in the functioning of the basal ganglia and are an essential part of the cortical-
basal ganglia loops that regulate motor function, emotion, and cognition. The purpose of this study was to examine the 
potential therapeutic benefits of extracts from the leaves of Tinospora cordifolia (TC) and Khaya senegalensis (KS) on striatal 
ischemia injury resulting from amitriptyline (AMT). Eleven groups (n = 5) comprising fifty-five adult male Wistar rats 
weighing between 184 and 254 g were created: Distilled water (2 milliliters per kilogram) was used as a control. The groups 
that included AMT (750 mg/kg), KS (200 mg/kg) + AMT, KS (300 mg/kg) + AMT, KS (400 mg/kg) + AMT; TC (200 mg/kg) 
+ AMT; TC (300 mg/kg) + AMT; TC (400 mg/kg) + AMT; COM (200 mg/kg) + AMT; COM (300 mg/kg) + AMT and COM 
(400 mg/kg) + AMT. Treatment was given orally for a period of 14 days. Rats were neck dislocated to stop the experiment 
and brain tissues were removed and preserved in 10% buffered formal saline. TNF- α result showed a significant increase 
(p<0.05) by 708.9±28.05δ in AMT-treated rats compared to the control (324.8±7.58). And decreased significantly 
(328.5±5.24α, 380.4±3.43δ and 375.3±5.50δ) in the treated groups compared to AMT-treated rats. Normal cytoarchitecture 
of the striatal cells was intact in the control group. AMT rates (Ischemic stroke rats) revealed neurodegenerative changes, 
characterized by cellular hypertrophy and perivascular edema, and proliferation of reactive astrocytes and microglia. 
However, the treatment of KS, TC, and COM KS+TC remarkably ameliorates striatal cell degeneration by preserving striatal 
cell cytoarchitecture, especially with COM KS+TC 400 mg/kg treatment. Findings suggest that COM KS+TC possesses anti-
inflammatory properties, which could be of potential benefit in the treatment and management of ischemic stroke.  

Keywords: Amitriptyline, Striatal Ischemic, Khaya senegalenesis, Tinosporacardiofolia, Neurovascular unit. 
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INTRODUCTION 

The striatum, the largest and most intricate region of the 

basal ganglia, combines data from the dopamine system, 

brain, thalamus, and pedunculopontine nucleus (PPN). 

The striatal synaptic pathways play a pivotal role in the 

functions of the basal ganglia and are an essential part of 

the cortical-basal ganglia loops. They are involved in 

motor control; learning and memory, action selection, 

motor skill acquisition, emotion, and the process of 

determining which actions are worthwhile repeating. 

Since dopamine influences the synaptic plasticity at 

striatal dendritic spines, dopamine may be a crucial 

learning signal for this kind of reinforcement learning. 

The content of striatum-based learning includes 

information from the senses, the motor system, the brain, 

and motivation (1, 2). Due to the intricacy of the cortico-

striatal networks, striatal neurons may be uniquely 

positioned to process convergent inputs from the cortex, 

control subcortical nuclei through the basal ganglia 

output nuclei, and/or influence cortical dynamics through 

the thalamus (1, 3). 

Hunnicutt et al (4) reported that the dorsal and ventral 

striatum are the two areas into which the striatum is 

commonly split. The tail of the striatum (TS), which is 

located posterior to the dorsal striatum, has recently been 

recognized as an additional functionally separate area. 

According to studies, the dorsal striatum can be divided 

into sections known as the dorsolateral (DLS) and 

dorsomedial (DMS). In rats, these regions are equivalent 

to the putamen and nucleus caudate, respectively, in 

primates. According to reports, the DLS receives 

afferents from sensor motor cortical areas, whereas the 

DMS receives afferents mostly from prefrontal and 

associative cortices (4, 5). The consensus in studies has 

been that the dorsal striatum plays a major role in the 

movement, especially in automatized fine skills and 

micro-movements that are integrated into action (6, 7). 

Cortex-basal ganglia loop activities of the striatum have 

also been demonstrated in other segments of the striatum. 

The nucleus acumens (the amino acid NAC), located in 

the ventral region of the striatum (VS), is engaged in goal-

related movements, which are movements in which the 

animal encodes values to the performance of the 

movement. It receives projections from limbic cortices 

and the amygdala. (1, 8). Valjent and Gangarossa, (9) 

reported that the tail of the striatum is mostly supplied 

with projections from the sensory cortices; it has been 

demonstrated to be involved in safety learning and avoidance, 

and it may also serve to sift out irrelevant sensory inputs to 

prioritize goal-directed activity. Amitriptyline is a tricyclic 

antidepressant drug with a sedative effect, it’s also used in the 

treatment of depression, posttraumatic stress disorder 

(PTSD), anxiety disorders, or insomnia. Despite its use in the 

treatment of depression and other mood disorders, it has been 

reported that its several mechanisms may cause impaired 

endothelial function, modifications to fibrinolysis or 

coagulation, or the encouragement of risk factors for vascular 

disease (10, 11). Hypothermia, sleepiness, tachycardia, and 

other arrhythmic abnormalities like bundle branch block, 

congestive heart failure, and blocking voltage-sensitive 

sodium channels in the heart convulsions; severe 

hypotension; stupor, coma polyradiculoneuropathy 

constipation, and brain have also been linked to overdosage. 

This is due to its antiadrenergic and antimuscarinic properties 

(12-14). 

The plant known as Khaya senegalensis A. Juss (Meliaceae) 

is a medicinal herb that has been utilized in traditional 

medical systems by numerous cultures worldwide, 

particularly in African, Indian, and Chinese societies. It has 

been stated that this plant's leaves, stem barks, seeds, and 

roots can be used to cure a variety of illnesses, including 

dermatitis, diabetes, arthritis, infections, ulcers, fever, and 

malaria (15). Extracts from the stem bark of Khaya 

senegalensis have been reported to exhibit antipyretic, 

analgesic, and anti-inflammatory effects (16). It is well 

known for its capacity to scavenge reactive oxygen species 

and is abundant in polyphenols as secondary metabolites, 

including flavonoids, lignans, and phenolic acids (17, 18). It 

has shown a chemo-preventive property against 

neurogenerative and cardiovascular disorders (19-22). The 

bitter constituents of Khaya senegalensis, called "calicedrin" 

in the West African region, are commonly utilized as a bitter 

medicinal for treating a range of inflammatory diseases (23). 

Tinospora cordifolia Miers (Menispermaceae) is widely 

known for its vast therapeutic value. Its common name in 

English is Heart leaf moonseed. The Indian medical system 

employed it to treat a wide range of illnesses and gave it the 

intriguing Hindi name Giloya, which is a legendary reference 

to the heavenly elixir that kept celestial creatures youthful 

forever and prevented them from becoming old. It is also 

known as Amrit (Sanskrit) and Abb-eHyat (Urdu), which 

translates to "water of life," in classical Indian literature (24). 

It has been claimed that heart leaf moonseed (Tinospora 

cordifolia) has anti-inflammatory, antioxidant, anticancer, 
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and antidiabetic qualities (25, 26). Its free radicals 

scavenging properties and desloughing action on 

macrophages have also been reported (27, 28). The 

potentiated ability of the Khaya senegalensis and 

Tinospora cordifolia to attenuate oxidative stress and 

inflammatory responses may enhance its therapeutic 

measure in the treatment and management of ischemic 

stroke. 

 

MATERIALS AND METHODS 

Materials from Plants  

The freshly harvested Tinospora cordifolia (TC) leaves 

were gathered from a well-kept garden in Okpoma – Yala, 

Cross River State, Nigeria, and fresh bark of Khaya 

senegalensis (KS) was taken from a woodland in Ukelle 

– Yala. At the University of Lagos, Nigeria's Department 

of Botany, the tree bark and leaves were recognized and 

verified. They were then given a voucher in the university 

herbarium with ID numbers 8003 and 8004, for TC and 

KS, respectively. 

Plant extract preparation  

To speed up the drying process, the fresh bark of Khaya 

senegalensis was cleaned and cut into smaller pieces with 

a sterile knife. The pieces were then allowed to air dry for 

two weeks at room temperature. After being oven-dried 

for 33 hours at 50°C, the stem barks and leaves were 

crushed with a mortar and pestle to a semi-powder 

consistency. The coarse powder of Khaya senegalensis 

bark weighed 120 grams while Tinospora cordifolia 

leaves weighed 100 g. A rotary evaporator was used to 

concentrate the extract, which was then stored at 4°C for 

further use. 

Procurement of Drug 

The drug (Amitriptyline Hydrochloride) used for the 

study, was purchased from a reputable Pharmacy in 

Lagos, Nigeria. 

Phytochemical Screening 

The stem barks and leaves extracts were subjected to 

phytochemical Screening based on Sofowora A's, 

Trease's, and Evans's, respective methodologies. 

Animal procurement, Handling, and Experimental 

Designs 

For this study, a total of 55 mature male Wistar rats 

weighing between 184 and 254 grams were purchased 

from the Nigeria Institute of Medical Research in Yaba, 

Lagos, Nigeria. The University of Lagos, Lagos, Nigeria's 

Department of Anatomy, Faculty of Basic Medical 

Sciences, College of Medicine, had standard plastic cages 

housing the animals. Before the study started, the animals 

were given two weeks for adaptation and were given 

unlimited access to water and animal feed (growers mash). 

Animals were weighed and randomly divided into 11 groups 

with eleven (n = 5) animals each. The experiment was divided 

into 2 phases. Phase I: induction of experimental stroke, AMT 

was administered using 1.4 mg/kg of AMT once a day for 

three days and a control (CTR) group received normal saline 

(2ml/kg).Phase II Treatment groups: the rats were split into 4 

primary groups following the induction of an experimental 

stroke (AMT group (ischemic stroke rats), which was left 

untreated, and three treatment groups, KS, TC, and combined 

KS + TC groups). Each of the treatment groups was further 

subdivided into 3 groups comprising 200 mg/kg for low 300 

mg/kg for medium, and 400 mg/kg for high of the plant 

extracts. 

CMUL/ACUREC/03/21/362V1 was the protocol number of 

the Research Ethics Committee of the College of Medicine at 

the University of Lagos, Lagos, Nigeria, which authorized all 

protocols and treatment methods related to the experiment. 

Induction of experimental stroke 

Amitriptyline hydrochloride 1.4 mg/100g b.w. as a single 

dosage was administered daily for 3 days. The drug was 

dissolved in water, and the dose was calculated by simple 

proportion based on animal weight, then administered via oral 

route with the use of a metal oropharyngeal cannula. Close 

daily food and water monitoring was done after Amitriptyline 

hydrochloride administration. 

Drug Treatment 

Drug treatment was carried out 24 hours after the animals 

were confirmed with stroke. It lasted for 2 weeks as follows: 

Group 1: non – stroke + distilled water    

    (normal control) 

Group 2: ischemic stroke (AMT) + distilled water  

Group 3: ischemic stroke + distilled water + KS

  KS (200 mg/kg body) 

Group 4: ischemic stroke + distilled water + KS 

  KS (300 mg/kg body) 

Group 5: ischemic stroke + distilled water + KS 

  KS (400 mg/kg body) 

Group 6: ischemic stroke + distilled water + TC

  TC (200 mg/kg body) 

Group 7: ischemic stroke + distilled water + TC 

  TC (300 mg/kg body) 

Group 8: ischemic stroke + distilled water + TC 

  TC (400 mg/kg body) 

Group 9: ischemic stroke + distilled water + Combined 

 KS +TC (200 mg/kg body) 
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Group 10: ischemic stroke + distilled water + 

Combined  KS +TC (300 mg/kg body) 

Group 11: ischemic stroke + distilled water + 

Combined  KS +TC (400 mg/kg body) 

 

 

Force Swimming Test 

Force Swimming Test was carried out by the procedure 

used by Porsolt et al (29-31); Detke et al (32), and Rénéric 

and Lucki (33). The animals were compelled to swim 

inside a sealed container that had no escape route. 

Animal Sacrifice 

Animals were killed by cervical dislocation twenty-four 

hours following the last injection. The entire brain was 

removed, preserved in 10% neutral buffered formalin, 

and prepared for histological examination. 

Tissue processing procedure  

Standard procedures were followed to prepare fixed tiss

ues for routine paraffin embedding and Hematoxylin and

 Eosin staining. 

We examined the stained slides with a digital microscop

e Photomicrographs and an OMAX 40-2000X 3MP 

Digital Compound Microscope (USA) were acquired. 

TNF-α ASSAY  

The level of TNF-α was measured in rat brain tissue by a 

manual quantitative ELISA kit for rats (SEA133Ra). TNF 

alpha was expressed in ng/ml. 

Statistical analysis  

The findings were analyzed with SPSS and presented as 

mean ± SEM. ANOVA and Tukey's Post-test were used 

to assess the statistical significance between the means. 

P-values less than 0.05 were regarded as statistically 

significant. 

 

RESULTS 

Result of the TNF- α increased significantly (p<0.05) in 

amitriptyline-only treated animals (708.9±28.05δ) 

compared to normal control (Tab. 2). However, treatment 

with COMLD + AMT (200 mg/kg KS), COMMD + AMT 

(300 mg/kg KS), and COMHD + AMT (400 mg/kg KS) 

significantly decreased TNF- α (328.5±5.24α, 

380.4±3.43δ and 375.3±5.50δ) compared to amitriptyline 

treated animals.  The value of COMLD + AMT (200 

mg/kg KS) treated group was significantly lower than 

amitriptyline treated animals. 

 

Histopathological Evaluation results 

Figure 1: shows the plates of photomicrographs of the 

striatum from animals in normal control (CTR), AMT-only 

treated animals (AMT), and combined KS and TC treated 

groups (COMLD + AMT (200 mg/kg KS), COMMD + AMT 

(300 mg/kg KS), and COMHD + AMT (400 mg/kg KS). CTR 

represents the normal histoarchitecture of the striatum with 

neurovascular unit (NVU), neuron (N), blood vessel (BV), 

and Neuroglial cell (NC). Photomicrograph of AMT 

represents striatum section from AMT-only treated group, 

showing degeneration in the striatal cells with evidence of 

mild lymphocytic infiltrates in the neurovascular unit (NVU), 

moderate degenerated neuron (DN1) to severely degenerated 

neuron (DN2), capillaries proliferation (CP), cellular 

hypertrophy (CHT) and perivascular edema and astrocytosis. 

Photomicrographs COMLD + AMT and COMMD + AMT 

indicate minimal and moderate degeneration in the striatal 

cells respectively while normal orientation of the striatal cells 

was observed in COMHD + AMT group.  

 

DISCUSSION 

During ischemic striatal injury, a lot of inflammatory factors 

come into play. Impairment in the striatum plays a vital 

cortical function due to its many roles related to the cortical 

areas, especially in cognition. It receives input not just from 

motor areas only but also from other areas throughout the 

cortex.  

Amitriptyline (AMT) is an antidepressant tricyclic 

medication used to treat depression symptoms. Its chronic 

administration has been reported to be associated with 

neurologic and heart effects such as arrhythmias, myocardial 

infarction, and heart block leading to stroke, due to its anti-

adrenergic and anti-muscarinic properties (12, 34, 35). 

In the current investigation, we evaluated it. therapeutic 

effects of Khaya senegalensis bark and Tinospora cordifolia 

leaf extract (combined) on striatal ischemic stroke induced by 

Amitriptyline. It is reported that Amitriptyline interacts with 

N-methyl-D-aspartate (NMDA), serotonin, cholinergic, and 

histaminic receptors. thereby inhibiting norepinephrine and 

serotonin reuptake, initiating intercellular and vascular 

adhesion molecules leading to endothelial activation and pro-

inflammation. These cause blood components and vessel 

walls to interact in a pro-thrombotic manner, which 

encourages thrombogenesis and microvascular clogging (36, 

37). According to Liu et al. (38), acute AMT resulted in 

edema and a dose-dependent, sustained elevation in 

pulmonary artery pressure. In the present study, degenerated 

striatal neurons and inflammatory responses were found, 

which were characterized by mild lymphocytic infiltrations in 

the neurovascular unit, decrease in striatal neurons, capillaries 
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proliferation, cellular hypertrophy, perivascular edema, 

and gliosis, following administration of AMT. These 

evidences validate ischemic striatal injury in response to 

stroke. The results we achieved are consistent with 

research findings of (39-42) whose studies reported that 

there is a marked damage to striatal neurons as a result of 

an ET-1 injection-induced ischemic insult to the striatum.  

Gliosis in the striatal parenchyma was observed by 

Ermine et al. (39) Somaa et al. (40); Kamestu et al. (41); 

and Amat et al. (42). 

It was noted in the current investigation that the rats' 

weight was affected due to the administration of varying 

doses of Khaya senegalensis bark and Tinospora 

cordifolia leaf extract. At normal control, it was seen that 

the weight was at its highest with a mean and standard 

deviation of 234.4 ± 23.10. When only AMT was 

administered, their mean weight dropped significantly to 

its lowest value at 219.6 ± 19.13 which suggests AMT 

alone impacts negatively on weight. The administration 

of the combination of AMT and the extracts at low dosage 

produced a significant increase in the mean weight to the 

value of 223.7 ± 18.13, though not up to the value of the 

normal control, it was evident. A further increase in the 

administration of the combination to medium dose 

produced a gradual increase further in weight but not 

significant at a mean value of 231.5 ± 13.13. Finally, the 

high dose of the combination resulted in the gradual 

progression of weight with a mean value of 235.6 ± 19.12. 

This dose-dependent increase in weight is supported by 

Bhalerao et al., (43), who reported a similar trend. 

It is a well-established fact that the ischemic insult first 

affects the cerebral blood vessels, whose damage triggers 

the inflammatory response and early production of many 

pro-inflammatory genes, including TNF-α and IL-1b, in 

vascular cells and perivascular microglia-macrophages. 

These cells also upregulate the expression of adhesion 

molecules, which, in conjunction with integrins, 

encourage leukocyte rolling and adhesion to the vessel 

surfaces (44). In the current investigation, we discovered 

that following striatal ischemia injury in amitriptyline-

treated mice, there was a significant (p<0.05) rise in TNF-

α in the striatal cells as opposed to normal controls. Glial 

cell proliferation found in the current investigation 

indicates that a pro-inflammatory process is expressed as 

a signal for an elevation in tumor necrosis factor-alpha 

(TNF-α), which is consistent with the pattern of ischemia 

damage to the striatum reported by (45–47). The pattern 

in which striatal ischemic injury where induced differs 

from each study but similar inflammatory response. Flint et al 

(47), in their study, characterized it as proliferative alterations 

in spiny neuron dendrites that resemble those seen in 

Huntington's disease (HD). Striatal neuronal loss was 

reported by Vagner et al (45). Intense microglia activation 

and upregulation of astrocytes were reported by Rafael et al 

(46). The findings of this present study validated similar 

results and further presented a significant increase in TNF- α 

validating the pro-inflammatory process in AMT animals 

(untreated) compared to the normal control. 

However, TNF-α levels in the treated animals were 

significantly lower (p<0.05) in all treatment groups as 

compared to the untreated AMT rats. 

TNF- α decrease found among the treated animals in this 

study indicate the anti-inflammatory effects of Khaya 

senegalensis bark and Tinospora cordifolia leaf extract on 

inflammatory mediators. Khaya senegalensis bark and 

Tinospora cordifolia leaf extract have been reported to 

possess an inhibitory effect on pro-inflammatory processes 

such as the macrophage’s activation and glial cell 

proliferation (48, 49). This suggests that decreased TNF- α by 

Khaya Senegalensis bark and Tinospora cordifolia leaf 

extract result in inhibiting the mediating cells of 

inflammation, thereby reducing further inflammatory cell 

proliferation. Since TNF- α is a marker that expresses pro-

inflammation, the key player in the process is activated 

macrophages and glial cell proliferation. 

Animals treated with Khaya Senegalensis bark and Tinospora 

cordifolia leaf extract show a striatal neuronal increase and 

less glial cell proliferation among the treatment animals 

(COMLD + AMT, COMMD + AMT, and COMHD + AMT). 

These anti-inflammatory effects were on dose-dependent 

mild (low dose), moderately (medium dose), and markedly 

(high dose). This marked improvement was found among 

striatal projection neurons in COMHD + AMT animals 

compared with AMT animals, indicating a high interactive 

activity between medium spiny neurons (MSN).  MSN, is 

consistent with the work of Gerfen and Wilson, (50), stating 

that the primary way in which these cells' local axonal 

collaterals create synapses is with other adjacent medium 

spiny neurons. The present study's treatment of animals' 

increased striatal neurons and decreased glial cell 

proliferation support the anti-inflammatory qualities of 

Khaya senegalensis bark and Tinospora Cordifolia leaves. 

This is in agreement with previous studies reporting that 

Khaya Senegalensis bark and Tinospora Cordifolia leaves 

suppressed inflammatory mediators (18, 19, 48, 49). Further, 

the suppressive effects on the inflammatory response 
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observed in this present study suggest their antioxidant 

properties (19, 26), free radical scavenger activities (18, 

48), and inhibitory effects on the macrophage’s activation 

and glial cell proliferation (48, 49). 

 

CONCLUSION 

Khaya senegalensis bark and Tinospora cordifolia leaf 

extract have been used due to their medicinal purposes in 

some parts of Africa and Asia for some time now, as it 

has been found to possess anti-inflammatory properties as 

well as inhibitory effects on pro-inflammatory processes 

such as the macrophage’s activation and glial cells 

proliferation, and as such making these plants’ extract 

potent in treating the striatal ischemic injury. Though the 

combination of these plants for its therapeutic purposes 

did not produce any noticeable side effects in low, 

medium, or high doses, hence, more research is advised 

to determine the highest hazardous, deadly, and 

acceptable dosages of these plant extracts. Furthermore, 

treatment of animals with the combination of Khaya 

senegalensis bark and Tinospora cordifolia leaf extract 

was observed to improve significant weight gain in the 

treated animals which suggests that it aids in the 

accumulation of calories. 
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TABLE AND FIGURE 

 

Table 1:  The effects of Khaya senegalensis bark and Tinospora cordifolia leaf extract on weight and 

Force Swim Test (FST) behavior 

Groups Normal 

Control 

AMT COMLD+AMT COMMD+AMT COMHD+AMT 

Weight (g) 243.40±23.10 219.6±19.13α 223.7±18.13 δ 231.5 ±13.13 δ 235.6 ±19.12 δ 

Number of 

stops 

21.3 ±6.53 9.1±2.49 α 9.3±2.45 10.4±2.50 12.3±4.53δ 

Immovable 

time 5 min 

(seconds) 

18.4±1.49 56.3 ±22.57α 31.4 ±13.42 δ 27.2 ±11.22 δ 21.3 ±48.09 δ 

Values are mean±SD. α significant difference compared to Normal Control and δ significant 

difference compared to AMT. One ANOVA followed by multiple comparison tests. 

 

Table 2: The Effects of Khaya senegalensis Bark and Tinospora Cordifolia leaf Extract on Tumor 

Necrotic Factor Induced by Amitriptyline. 

Group Dosage TNF-α  

2 weeks 

Normal Control Normal saline 324.8±7.58 

 Amitriptyline (AMT) Hydrochloride 750 mg/kg AMT 708.9±28.05α 

Ischemic stroke + distilled water + Combined low 

dose(COMLD + AMT) 

200 mg/kg KS 328.5±5.24δ 

Ischemic stroke + distilled water + Combined medium dose 

(COMMD + AMT) 

300 mg/kg KS 380.4±3.43 δ 

Ischemic stroke + distilled water + Combined high dose 

(COMHD + AMT) 

400 mg/kg KS 375.3±5.50 δ 

Values are mean±SD. α significant difference compared to Normal Control and δ significant 

difference compared to AMT. One-way ANOVA followed by multiple comparison tests was used. 
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Effects of effects of Khaya senegalensis bark and Tinospora cordifolia leaf extract on Tumor Necrotic 

Factor (TNF-α) induced by amitriptyline. 
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Figure 1: Cross Section of the Striatum: CRT (normal control) animal received normal saline showing intact 

striatal cells. (AMT) Striatum of animals induced with AMT for 3 days revealed degeneration in the striatal 

cells (marked neuronal loss and gliosis). (COMLD + AMT) animals treated with 200 mg/kg of combined 

KS + TC showed a mild increase in striatal neurons and a decrease in glial cells. In COMMD + AMT, animals 

treated with 300 mg/kg of combined KS + TC show a moderate increase in striatal neurons with a reduction 

in gliosis. COMHD + AMT, animals treated with 400 mg/kg of combined KS + TC show a marked increase 

in striatal neurons and intact glial cells. Legend: neuron (N), glial cells (GC), blood vessel (BV), Neuroglial 

cell (NC). neurovascular unit (NVU), degenerated neuron (DN1), and degenerated neuron (DN2). 

 


