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ABSTRACT 

Insulin-resistance and type-2 diabetes are associated with altered cognitive function, both 

conditions have been linked to neurodegenerative disease which is a progressive impairment 

in the functionality of the brain usually resulting from loss or death of neurons traceable to 

multiple causes. The aim of this study was to explore the therapeutic potentials of trans-

cinnamaldehyde (TCA) on the behavioral and histomorphology of cerebrum of high fat diet 

(HFD) and streptozotocin (STZ) induced insulin-resistant in Wistar rats. Forty Wistar rats 

were fed with HFD for 8 weeks and then treated with STZ (30 mg/kg intraperitoneally) to 

induce insulin resistance. 40 and 60 mg/kg of TCA were orally administered for 4 weeks 

once daily after the induction of the insulin resistance. Thereafter, open field test (OPT) was 

used to determine line crossing and rearing frequency, histological examination 

(haematoxylin and eosin (H&E) and Cresyl fast violet (CFV-to show the Nissl substance in 

neurons and cell nuclei), and immunohistological assessments to quantify the level of beta-

amyloid, Glial fibrillary acidic protein (GFAP) and neuronal nuclear protein (NeuN), were 

conducted. HFD and STZ induced insulin- resistant caused behavioral alteration, changes in 

cerebral histoarchitecture, pyknotic pyramidal neurons, sparse Nissl distribution, 

hypertrophied astrocytes, amyloid plaque formation, however TCA administration to insulin-

resistant rats reduced pyknosis, astrogliosis, and neurodegenerative changes in the cerebrum 

when compared with untreated insulin-resistant rats. The study concluded that TCA protected 

the cerebrum from insulin-resistance-induced behavioural deficits and neuronal degeneration. 

The study recommended that trans-cinnamaldehyde be explored as a therapy for insulin-

resistance-induced neurodegenerative changes 
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INTRODUCTION 

Insulin resistance is a state of impairment in 

the blood glucose-lowering effect of 

circulating or injected insulin which is the 

central feature of type 2 diabetes mellitus 

(T2DM) and metabolic syndrome 1,2. There 

exist basic and clinical evidences that 

supports the fact that incidence of 

neurodegenerative diseases is more common 

among patients with insulin resistance than 

the general population 3 .Neurodegenerative 

disease is a progressive impairment in the 

functionality of the brain usually resulting 

from loss or death of neurons traceable to 

multiple causes including insulin resistance, 

and it disproportionally affects the elderly 

and worsens with age4. The causative factor 

for neurodegeneration is attributable to 

specific or general neuronal impairment4,5. 

The resulting neurodegenerative changes 

lead to a compromise in some specific 

neuronal functions such as hearing, vision, 

memory or general brain function. Most 

neurodegenerative disorders are commonly 

associated with some age-related symptoms 

such as obesity, insulin resistance and 

diabetes6,7. Neurodegenerative diseases are 

generally characterized by cellular 

accumulation of misfolded proteins, ROS 

production due to mitochondrial 

dysfunction, and disruption of the 

autophagy machinery in neuronal 

cells7.Several findings reveal that 

hyperglycemic patients have a higher 

prevalence of global cognitive impairment 

and greater cognitive decline8,9 when 

compared to normoglycemic population. 

Insulin resistance and diabetes have 

therefore been implicated as a risk factor for 

dementia10. 

The cerebrum constitutes the largest part of 

the brain with functions such as learning, 

memory, sensory perception which are 

critical for survival, it is divided into four 

distinct lobes: temporal, parietal, occipital 

and frontal12. 

Over some decades, there has been a 

geometrical increase in efforts concerning 

finding treatment for neurodegenerative 

diseases. To this end, phytochemical 

derivatives have been used to combat 

various pathological conditions13. 

Cinnamon is one of the most commonly 

used flavouring agents in the beverage and 

food industry globally. It is also well 

recognized for its medicinal properties and 

one of its major essential oil is trans-

cinnamaldehyde (TCA)14. 

TCA is a clear yellow liquid derived from 

cinnamon, it has been reported to possesses 

antimicrobial activity, antioxidant, 

cholesterol-lowering, antineoplastic, 

antibacterial and antifungal properties 13,14. 

TCA has been reported to inhibit the 

production of nitric oxide(NO) and 

(interleukin-1β) IL-1β and expression of 

(inducible nitric oxide synthase) iNOS and 

(cyclooxygenase-2) COX-2 by suppressing 

activation of (tumor necrosis factor-α) NF-

κB in LPS-stimulated microglia as a model 

of activated microglia15 . However, there are 

few or no studies that examine the 

therapeutic potentials of TCA on the 

cerebrum of insulin-resistance rats. The aim 

of this study was to explore the therapeutic 

potentials of trans-cinnamaldehyde (TCA) 

on neurobehavioral performance and 

histomorphology of cerebral cortex of high 

fat diet (HFD) and streptozotocin (STZ) 

induced insulin-resistant in Wistar rats. 
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MATERIAL AND METHODS 

Ethical Approval: The approval for this 

research was given by the University of 

Ilorin Ethical Review Committee (UERC) 

with approval number 

UERC/ASN/2018/1157. The research was 

conducted in accordance to the National 

Institutes of Health Guide for the Care and 

Use of Laboratory Animals16. 

Animal Acquisition and Handling: Forty 

(40) adult Wistar rats weighing 160 ± 10 g 

were purchased from Department of 

Anatomy, Ladoke Akintola University, 

Ogbomosho. The rats were housed in the 

Animal House of the Faculty of Basic 

Medical Sciences, University of Ilorin, 

Nigeria. The rats were allowed to 

acclimatize for fourteen days, the rats were 

fed daily with rat pellets from Ogo-Oluwa 

feed and flour mill limited, Sango, Ilorin. 

The rats had access to water ad libitum. 

Standard guidelines for animal handling as 

approved by UERC were followed. 

Composition of High-fat Diet (HFD): The 

composition of HFD used in this experiment 

are listed in table 2 bellow 

Table 1: showing High-fat Diet 

  composition 

Components Composition (kg) 

Maize 5.5 

Wheat offal 0.5 

Groundnut cake 5.5 

Soya meal 12.5 

PKC 5 

Bone meal 0.5 

Fish meal 0.5 

Methionine 0.025 

Lysine 0.025 

Industrial salt 0.0625 

Broiler premix 0.0625 

Animal grouping and Induction of 

Insulin-resistance: To induce insulin- 

resistance, rats were fed with high-fat diet as 

previously described17 for eight weeks, and 

administered single dose 30 mg/kg STZ 

(Sigma-Aldrich Inc., St. Louis, MO, USA 

Lot #MKCD4749) intraperitoneally18  at the 

end of the eighth week. Blood sample was 

withdrawn from the tail vein of the rats, the 

Wistar rats were fasted overnight and 

fasting blood glucose level was checked 

using a digital glucometer (Accu-Check, 

Roche, Belgium). Wistar rats with fasting 

blood glucose concentrations not less than 

200 mg/mol were included in the study. 

Trans-cinnamaldehyde treatment: 

Following the induction of insulin 

resistance, 40 and 60 mg/kg of TCA 

(Sigma-Aldrich Inc., St. Louis, MO, USA 

Lot #MKCD4749) was administered daily 

for four weeks orally.  

The rats were randomly assigned into 

five(5) groups; Control, Insulin resistance 

control, TCA only, Insulin resistance + TCA 

(60mg/kg) and Insulin resistance + TCA 

(40mg/kg).  The table below shows the 

groupings and treatments 
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Table 2: Experimental animal groupings and treatment  

Groups Administration Duration 

A-Control Standard rat feed Standard rat feed 

B-Insulin-resistant HFD+STZ   8 weeks HFD, STZ  

C-TCA  60 mg/kg TCA 4 weeks TCA  

D-Insulin-resistant +High 

TCA 

HFD+STZ+ 60 mg/kg 

TCA 

8 weeks HFD+ STZ, 4 weeks 

TCA 

E- Insulin-resistant +Low 

TCA 

HFD+STZ+ 40 mg/kg 

TCA 

8 weeks HFD, 4 weeks TCA 

Neurobehavioral Test (Open Field Test): The open field apparatus was made of plywood 

and measured 72 x 72 x 36 cm high. The floor and walls were painted a neutral white color 

and the floor was divided into 16 squares, each 18x18 cm, by lines drawn under the clear 

Plexiglas floor with a blue marker. Line Crossing and rearing frequency were measured to 

know when the Wistar rats crosses one of the grid lines which separate the squares in the 

open field with all four feet and when the rats stand on hind legs respectively19.  

Histopathological Studies: After the open field test, the rats were anaesthetized with 

intramuscular injection of ketamine 30 mg kg−1 and perfused transcardially with sterile 

Phosphate Buffered Saline (PBS), following 10% formol-saline, and their cerebral cortices 

were then excised and then fixed in 10% formalin for histological examination using 

haematoxylin and eosin (H&E), cresyl fast violet (CFV) and Immunohistochemical staining 

techniques. Immunohistochemistry was used to quantify the level of beta-amyloid, Glia 

Fibrillary Acidic Protein (GFAP) for astrocyte distribution and Neuronal nuclei (NeuN) for 

nuclei protein expression using the beta-amyloid, GFAP and NeuN kits (Santa Cruz, 

Germany) according to the manufacturer's instructions and modified method20. Stained 

sections were viewed under a light binocular microscope (Olympus, NJ, USA) attached to an 

Amscope Digital Camera (MD500, CA, USA).  

Data Analysis: Data obtained from open field test were analyzed using GraphPad Prism® 

software (Version 8.1) using one way analysis of variance (ANOVA) with Tukey’s multiple 

comparisons test. Significance was set at p<0.05. 

RESULTS  

OFT Assessment: The open field test (OFT) task revealed a decrease (p<0.05) in line 

crossing among the insulin resistant group compared to the control. Treatment with TCA 60 

mg/kg increases the line crossing frequency comparable to control (Figure 1 i). TCA 

treatment increases rearing frequency in insulin resistant rats at both doses. However, the 

untreated insulin resistant rats shows reduced rearing frequency (Figure 1 ii B). 
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Figure 1 (i-ii): Showing the effects of TCA following the induction of insulin  

   resistance using OFT to demonstrate Line Crossing and Rearing 

   Frequency.  

A=control group; B=insulin resistant control group; C=TCA alone treated group; D=insulin 

resistant treated with TCA 60 mg/kg; E= insulin resistant treated with TCA 40 mg/kg. Data 

are expressed as mean ± SEM (n=5) and analyzed by One-way ANOVA followed by Tukey’s 

multiple comparisons test. 

All data sets expressed as mean ± SEM. *,** represents p<0.05, p<0.01 and p<0.001. 

Histoarchitectural Observation: H& E stained sections of the cerebral cortex of the control 

group showed normal cytoarchitecture characterized by large pyramidal neurons. The insulin 

resistant group showed some degenerative changes characterized by pyknotic pyramidal 

neurons, reduced pyramidal cell layer and fragmented cells (yellow arrow). However, 

treatment with TCA showed less degenerative changes and restoration of normal cerebral 

cortex cytoarchitecutre when compared to the insulin resistant group (Figure 2). 

The section of CFV stained cerebral cortex of Wistar rat showed the control and TCA treated 

groups with intense Nissl stains with very few chromatolytic cells, however the insulin 

resistant group shows numerous chromatolytic cells with vacuolation (red arrows). Treatment 

with TCA revealed reduced chromatolysis (Figure 2). 
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Figure 2: Representative photomicrographs of the cerebrum of Wistar rats using 

  haematoxylin and eosin (H&E) stain and cresyl fast violet (CFV) stain.  

A=control group; B=insulin resistant control group; C=TCA alone treated group; D=insulin 

resistant treated with TCA 60mg/kg; E= insulin resistant treated with TCA 40mg/kg. The 

yellow arrows show numerous pyknotic nucleus in the untreated insulin resistant group, 

however treatment with TCA reduced the pyknosis. The red arrows show chromatolytic cells 

with poor staining intensity.  

Immunohistochemical Observations: In the cerebral cortical sections of control and TCA-

treated rats, the expression of astrocytes appeared normal. The insulin resistant groups were 

marked by increased reactive astrocyte having enlarged size with distinct morphology (black 

arrows),  the TCA alone group shows astrocyte distribution similar to the control, treatment 

with high and low doses of TCA shows restoration of astrocyte morphology comparable to 

the control group, (Figs. 3 i). Normal amyloid deposition was observed in the control group. 

Insulin resistant untreated group showed multiple amyloid beta (Aβ) plaque deposition (black 

arrows), TCA alone treated group with amyloid deposition comparable to the control, 

treatment with TCA (Figure 3ii) reduces the amyloid burden in the cerebral cortex of Wistar 

rats.  

Increased NeuN immunoreactivity was observed in control with normal cellular architectural 

layout(red arrows); insulin resistant group showed reduced NeuN immunoreactivity, TCA 

treatment restores NeuN immunoreactivity (Figure 3 iii). 
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Figure 3: Representative photomicrographs of the cerebrum of insulin resistant 

  Wistar rats showing immunohistochemical demonstration of: 

(i) astrocytes; black arrows showing increase astrocyte distribution and morphology among 

the insulin resistant untreated group, however treatment with TCA reduces the astrocyte 

expression (ii)amyloid; red arrows show multiple amyloid plaques among the insulin 

resistant group and (iii) NeuN; the control and TCA treated groups show normal nuclear 

contents (red arrows). A=control group; B=insulin resistant control group; C=TCA alone 

treated group; D=insulin resistant treated with TCA 60mg/kg; E= insulin resistant treated 

with TCA 40mg/kg  

DISCUSSION 

The mechanisms by which insulin resistance 

and diabetes alter brain function are not 

clearly understood, there is no accurate 

method to diagnose and effectively treat 

insulin-resistance induced cognitive 

dysfunction21. Findings from this study 

reveals that HFD/STZ reduced line crossing 

and grooming frequency, while groups 

treated with TCA shows increased line 

crossing and grooming frequency. Oxidative 

stress  is well established for its impairing 

effects on motor and locomotory activities, 

mostly through activating the 

hypothalamic–pituitary–adrenal (HPA) axis, 

which promotes glucocorticoid excess in 

rodent, leading to free radical 

overproduction22 and inhibiting 

neurogenesis, reducing brain volume and 

cause dendritic atrophy in cerebral cortex 

and hippocampus pyramidal neurons and as 

well plays a key part in the progression of 

aging and age-related neurodegenerative 

illnesses including Alzheimer's disease22, 

23,24,25  

Some studies suggest that HFD/STZ 

administration causes a long-term reduction 

in glucose and glycogen metabolism in the 

cerebral cortex, hippocampus, and other 

parts of the brain, impairing learning, 

memory, and motor abilities22,26 . Thus, in 

the HFD/STZ model, decreased brain 

oxidative metabolism is the primary cause 

of degenerative alterations. In this research, 

a significant reduction in line crossing and 
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rearing frequency following HFD/STZ 

administration which was significantly 

ameliorated by the administration of TCA is 

in accordance with reports on impairment in 

motor functions in diabetic rats 24,27. 

The degenerative changes observed in the 

cerebral cortex of insulin-resistant rats in 

this study may be the result of redox 

imbalance. The protein synthesis 

mechanism of the neuronal cells may be 

affected by neuronal fragmentation or 

pyknosis and disruption in Nissl profile, 

which may then have an impact on vital 

cellular processes and neurological 

functions28.  

Rough endoplasmic reticulum, or Nissl 

bodies, is found in the cell bodies of 

neurons. As there is a redox interaction 

between the trio of mitochondria, 

endoplasmic reticulum, and peroxisomes in 

their involvement in reactive oxygen species 

(ROS) production, endoplasmic reticulum 

has also been linked to the production of 

ROS29. The administration of TCA 

therefore, is vital in restoring the integrity of 

neuronal somatic rough endoplasmic 

reticulum, to maintain their capacity to 

produce protein for optimal neuronal 

functions. 

Findings in this study documented 

astrocytic morphology and distribution 

using GFAP immunostaining. HFD/STZ 

induced-insulin resistance changed the 

morphology of astrocytes, resulting in 

diffused distribution of reactive astroglia 

and the presence of reactive astrocytes cells 

within the cerebral cortex, an indication of 

astrogliosis. The intrinsic brain defense 

system and control of brain homeostasis are 

both significantly influenced by 

astrocytes30. Thus, astrocytes are important 

for neuronal survival. Interestingly, the 

blood-brain barrier (BBB) which delivers 

neurotrophic factors to neurons is made up 

of astrocytes as a critical component. It 

helps to improve cognition, learning, and 

memory by influencing neuronal immune 

response, possible excitotoxicity, and 

synaptic plasticity. Astrocytic dysfunction 

can be a major contributor to 

neurodegeneration. The glial scar left 

behind by reactive astrocytes may prevent 

axon regeneration and exacerbate 

neurological dysfunctions linked to 

psychiatric disorders31. Additionally, TCA 

treated rats after HFD/STZ administration, 

showed moderate deposition of aggregated 

Aβ protein in parallel with increased NeuN 

expression in the cerebral cortex. It was 

reported that Aβ accumulation induces 

neuronal loss through stimulation of 

apoptotic pathways, hence the observed 

decrease in NeuN immunoreactivity among 

the insulin resistant group32 .However, a 

medicinal plant extract such as TCA that 

could ameliorate these adverse neurological 

effects following STZ administration to 

induce insulin resistant, should be 

considered in the management of such 

clinical conditions. 

In conclusion, the results of this study 

shows that TCA administration improves 

neurobehavioural activities in Wistar rat 

model of insulin resistance and reduces 

neurodegenerative changes in the cerebral 

cortex. 
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