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ABSTRACT 
Background: Among many human diet-related disorders, Diabetes mellitus (DM) stands on the 
top of the table, its persistent and perdurable threat/stress response to systemic functions and 
endocrine control makes it's more popular. The management of diabetes and related chronic 
diseases has focused on the use of indigenous natural compounds, derived from plant sources 
that possess medicinal properties.  
Methods: Wistar albino rats were fed with high-fat diet comprising 2% cholesterol, 1% cholic 
acid, 30% coconut oil, 67 % percent regular rat feed, and 25% fructose through drinking water 
for 60 days to induce type-2diabetic. After induction, type-2 diabetic rats were treated with β-
Carophyllene (50, 100, 200, and 400mg/kg body weight once a day, orally) for 30 days, 
respectively. Fasting Blood glucose, liver and kidney function markers were analyzed.  
Results: Diabetic animals showed elevated blood glucose level when compared to control. 
Treatment with 50 and 100 mg/kg b.wt β-Carophyllene did not reach control level. Whereas, 200 
and 400 mg/kg b.wt doses effectively reduced the blood glucose levels in diabetic animals. 
Conclusion: Liver function markers such as ALT, AST, and ALP and kidney function markers like 
urea and creatinine were also found to be elevated in diabetic animals. β-Carophyllene 
effectively reduced it. No toxicity was found in 200 and 400 mg/kg b.wt β-Carophyllene treated 
animals. Since blood glucose was restored to normal range at 200 mg dose itself, the same dose 
was selected as optimal dose for further study to elucidate the anti-diabetic potential. 
Keywords: High-fat diet& fructose, Type-2 diabetes, β-Caryophyllene, liver function markers, 
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Introduction 

he modern-day human population is at 

high risk of getting affected by diet-

related diseases such as metabolic 

disorder, the main cause for the hazard was 

predicted to be the unregulated food selection 

and intake pattern. The latter includes the 

inclusion of rich calories, a high glycemic index 

diet, and exclusion/reduction of vital physical 

activity (1). Among many human diet-related 

disorders, Diabetes mellitus (DM) stands on the 

top of the table, its persistent and perdurable 

threat/stress response to systemic functions and 

endocrine control makes it more popular (2). 

Secreting ability and sensitivity of insulin in the 

system determines the deteriorated metabolic 

conditions that regulate carbohydrate, proteins, 

and fat content in the body of DM patients. 

Prolonged systemic disease symptoms and 

persistent endocrine disordered functional state 

are consistent with the propagation of type 2 

Diabetes mellitus (T2DM) with respect to 

insulin resistance (IR) (3). 

Uncontrolled diabetes causes hyperglycemia, 

or high blood sugar, which causes significant 

damages to many of the body's systems, 

including the neurons and blood vessels, over 

time (1). Diabetes and its complications pose a 

serious healthcare problem worldwide. With the 

increase in the world prevalence of diabetes 

approximately 463 million people are affected 

by diabetes and this number will increase to 700 

million adults by 2045. In India, more than 77 

million people are affected by diabetes (4). The 

management of diabetes and its related chronic 

diseases has focused on the use of indigenous 

natural compounds, derived from plant sources 

that possess medicinal properties (5). One 

method for approaching to reduce the metabolic 

risk is administering beneficial phytochemical. 

Nowadays more drugs are available in the 

market but they have enumerated side effects 

and they have affected various organs for a 

lifetime, for this reason, we have a plan to 

discover the phytochemical-based drug (6). 

In the present study, the anti-diabetic effect 

of β-caryophyllene was analyzed. β-

caryophyllene is a sequiterpene, naturally 

present in cannabis, various herbs and spices. 

Black pepper, cinnamon, hops, cloves, hemp, 

and rosemary are rich sources (7). It has a variety 

of biological effects, including anti-

inflammatory, anti-lipidemic, and antioxidant 

effects (8). However, the anti-diabetic effect of 

β-caryophyllene is not yet clearly elucidated. In 

this study, the dose-dependent effects of β-

caryophyllene on blood glucose, liver and renal 

functions markers in high-fat diet- and fructose-

induced-type 2 diabetic rats were evaluated. 

 

Materials and Methods 

Animals 

In this study, 150 to 180-day-old Wistar 

strain healthy adult male albino rats were used. 

The Institutional Animal Ethics Committee 

(IAEC No: 007/2019, dated 04/11/2019) at 

Meenakshi Medical College and Research 

Institute, MAHER, Enathur, Kanchipuram, 

Tamil Nadu-631552, India, approved their 

treatment in line with national rules and 

protocols. Animals were housed at a constant 

temperature (21±2°C) and humidity (65±5%), 

with a 12/12 h light/dark cycle, and fed a normal 

pelleted food (Lipton India, Mumbai, India), 

with clean drinking water supplied ad libitum. 

 

Induction of Type 2 Diabetes  

Rats were fed a high-fat diet comprising 2% 

cholesterol, 1% cholic acid, 30% coconut oil, 

67% standard rat pelleted food, and 25% 

fructose through drinking water to induce 

diabetes (type 2) for 60 days (9). Fasting blood 

glucose levels were measured after 60 days, and 

animals with blood glucose levels higher than 

120 mg/dl were chosen for the experiment (10). 

The high-fat diet and sugar feeding were 

maintained until the study's conclusion. Normal 

pelleted rat feed was provided to control rats, and 

water was freely available. 

 

Experimental design 

Rats were randomly divided into the 

following groups and each groups consist 6 

animals.  

 

Group I: Control (normal rats). 

Group II: Rats were induced with diabetes 

by a high-fat-fructose diet and 25% fructose 

through drinking water and kept without any 

treatment for 60 days.  

Group III: Type-2 diabetic rats treated orally 

with β-caryophyllene (50 mg/kg b.wt/day) for 30 

days (11). 

Group IV: Type-2 diabetic rats treated orally 

with β-caryophyllene (100 mg/kg b.wt/day) for 

30 days.  

Group V: Type-2 diabetic rats treated orally 

with β-caryophyllene (200 mg/kg b.wt/day) for 

30 days.  

T 
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Group VI: Type-2 diabetic rats treated orally 

with β-caryophyllene (400 mg/kg b.wt/day) for 

30 days. 

 

Fasting blood glucose (FBG)  

After overnight fasting, blood glucose was 

measured using On-Call Plus blood glucose test 

strips (ACON Laboratories Inc., USA). Blood 

was obtained by pricking the rat's tail tip, and the 

results were reported in mg/dl.  

 

Liver and kidney function markers 

Liver function markers (ALT, AST, and 

AST) and kidney function markers (urea and 

creatinine) were assessed using biochemical-

assay kits purchased from Spin react, Spain. 

Liver function markers results were expressed as 

IU/L and kidney function markers were 

expressed as mg/dl. 

Statistical analysis 

Using computer-based software, the data 

were analyzed using one-way analysis of 

variance (ANOVA) and Duncan's multiple range 

test (DMRT) to determine the significance of 

individual differences between the control and 

treatment groups (GraphPad Prism version 5). 

The significance of DMRT was determined at 

P<0.05. 

 

Results 

Dose-dependent effect of β-caryophyllene on 

fasting blood glucose, liver and kidney 

function markers in type 2 diabetic rats  

Diabetic animals showed elevated blood 

glucose levels when compared to control 

animals (Figure 1). Treatment with 50 and 100 

mg/kg b.wt β-Caryophyllene did not reach 

control level. Whereas, 200 and 400 mg/kg b.wt 

doses effectively reduced the blood glucose 

levels in diabetic animals. Liver function 

markers such as ALT, AST, and ALP (Figures 

2A-C) and kidney function markers like urea and 

creatinine (Figures 3A-B) were also found to be 

elevated in diabetic animals. β-caryophyllene 

effectively reduced these markers. No toxicity 

was found in 200 and 400 mg β-caryophyllene-

treated animals. Since blood glucose was 

restored to normal range at the 200 mg dose 

itself, the same dose was selected as the optimal 

dose for further study. 

 

 
Figure 1. Dose-dependent effect of β-caryophyllene on fasting blood 

glucose in high-fat diet and fructose-induced type 2 diabetic rats. Each 

bar represents mean ± SEM of 6 animals. Significance at P<0.05, a- 

Compared with control, b- Compared with diabetic control, c- 

Compared with 50 mg/b.wt β-Caryophyllene, d- Compared with 100 

mg/b.wt β-Caryophyllene. 
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Figure 2. Dose-dependent effect of β-caryophyllene on liver function markers in high-fat diet and fructose-

induced type 2 diabetic rats. Each bar represents mean ± SEM of 6 animals. Significance at P<0.05, a- 

Compared with control, b- Compared with diabetic control, c- Compared with 50 mg/b.wt β-Caryophyllene. 

 

 

 
Figure 3. Dose-dependent effect of β-caryophyllene on urea and creatinine in high-fat diet and fructose-

induced type 2 diabetic rats. Each bar represents mean ± SEM of 6 animals. Significance at P<0.05, a- 

Compared with control, b-Compared with diabetic control, c- Compared with 50 mg/b.wt β-Caryophyllene. 

 

Discussion  

Type 2 diabetes is a complicated, diverse, and 

polygenic disease that rapidly increases 

morbidity and death. One of the major 

contributors to hyperglycemia in type 2 diabetes 

is the body's insulin resistance. Many studies 

have shown that in rats fed a high-fat diet (HFD), 

fructose develops insulin resistance which is 

similar to the clinical symptoms and 

pathophysiology of human type 2 diabetes 

mellitus (12, 13). As a result, a high-fat diet was 

employed to induce type 2 diabetes in rats in the 

present study. This model provides a perfect 

platform for screening antidiabetic agents, as 

interest in the investigation of natural remedies 

is at its peak due to the crooked features of the 

regular therapies for diabetes (14). The present 

study investigated the dose-dependent effects of 

β-caryophyllene by assessing fasting blood 

glucose, liver and kidney function markers. 
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Blood glucose control is an important tool in 

preventing or delaying the complications of 

diabetes. It was observed a significant increase 

in blood glucose levels as a result of insulin 

resistance in rats with type 2 diabetes induced by 

the high-fat diet. Treatment with low-dose β-

caryophyllene (50 and 100 mg/kg b.wt) did not 

reach the control level whereas, supplementation 

of 200 and 400 mg/kg b.wt β-caryophyllene to 

diabetic rats resulted in reduced blood glucose 

levels, which may be due to its antidiabetic 

potential as reported by Basha and 

Sankaranarayanan (15). 

Liver and kidney function markers are 

frequently used in clinical practice to screen liver 

damages, monitor the progression of diabetes, 

and analyze the effects of drugs. In both fasting 

and postprandial stages, the liver aids in 

maintaining normal blood glucose content. 

Glycogenolysis and hepatic glucose synthesis 

rise when the effect of insulin on the liver is lost. 

Triglyceride accumulation and lipolysis 

abnormalities and elevations of transaminase 

enzymes in insulin-sensitive organs, such as the 

liver are an early indication of insulin resistance 

and can be detected before fasting 

hyperglycemia (16). Hyperglycemia causes an 

increase in the production of free radicals due to 

the auto-oxidation of glucose, which can cause 

cell damage. Uncontrolled diabetes mellitus has 

been linked to increased liver enzymes (17).  

In the present study, the liver enzymes (AST, 

ALT, and ALP), which serve as 

pathophysiological markers of metabolic 

syndrome, tissue damage and predictors of 

diabetes were examined. A significant increase 

in the activities of serum transaminase was 

observed in high-fat diet and fructose-induced 

type-2 diabetic rats as a result of perturbed 

homeostasis in the metabolic organs (18). A 

significant increase in the level of ALT and AST, 

a gluconeogenic enzyme in diabetic rats as an 

indicator of impaired insulin signaling was 

observed. ALP activity is also increased in the 

liver of diabetic rats due to an increase in the 

oxidative insult of high-fat diet-induced diabetes 

resulting in hepatic damage (19). Administration 

of 50 mg/kg b.wt β-caryophyllene showed no 

significant changes whereas treatment with 100, 

200, and 400 mg/kg b.wt β-caryophyllene 

significantly restored the altered levels of these 

markers to normal level in diabetic rats, 

suggesting that it can repair the high-fat diet-

induced liver damage and enhances glucose and 

insulin metabolism.  

Serum urea and creatinine levels are crucial 

biomarkers of renal function in human and 

animal studies. Data from the present study 

revealed that high-fat diet-induced type 2 

diabetes caused a significant increase in urea and 

creatinine levels that may be due to decreased 

glomerular filtration rate (GFR), which is an 

indication of loss of renal function. This may 

attribute to oxidative stress-induced cellular 

damage induced by high-fat diet (20). Treatment 

with β-caryophyllene (200 and 400 mg/kg b.wt) 

significantly decreased the altered levels of urea 

and creatinine, which may be the result of renal 

tissue damage repair mediated by β-

caryophyllene as potential antioxidant. There 

was no significant changes between these doses, 

therefore, 200 mg of β-caryophyllene was 

selected as the optimal dosage and will be used 

in further studies to elucidate the anti-diabetic 

potential of β-caryophyllene and its effect on 

insulin resistance. 

 

Conclusion 

Supplementation of β-caryophyllene with 

various concentrations significantly decreases 

the elevated levels of fasting blood glucose, liver 

(ALP, AST, and ALT) and kidney (urea and 

creatinine) function markers in high-fat diet-

induced type 2 diabetic rats. From the present 

findings, 100 mg β-caryophyllene restore only 

liver function marker alone, whereas 200 mg and 

400 mg β-caryophyllene restore fasting blood 

glucose, liver and kidney function markers. 

According to the results of the present study, it 

is concluded that 200 mg of β-caryophyllene 

shows potential protective effect against high-fat 

diet-induced type 2 diabetes. Hence, further 

studies are needed to elucidate the anti-diabetic 

potential of β-Caryophyllene. 
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