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Abstract: 

Background. Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by chronic 

hyperglycemia due to insulin resistance and pancreatic β-cell dysfunction. The process of chronic 

hyperglycemia triggers oxidative stress and increases inflammation, thereby affecting liver damage. 

The potential of cherry coffee ethanol extract as an antioxidant and anti-inflammatory agent can be 

used as a therapeutic option in repairing liver damage. Objective. This study aimed to evaluate the 

effect of cherry coffee ethanol extract on liver histopathology in a T2DM mouse model. Methods. 

This experimental study used 28 male Wistar rats, divided into 7 groups with 4 rats in each group, 

administered coffee cherry ethanol extract at doses of 100mg/kgBW and 200mg/kgBW/day/oral. 

Results. The results showed that the administration of coffee cherry ethanol extract improved 

hepatocyte structure, reduced inflammatory infiltration, and decreased fat accumulation in liver 

tissue compared to the untreated T2DM group (p<0.05). Conclusion. Coffee cherry ethanol extract 

has the potential as an adjunct therapy in slowing the progression of T2DM complications in the 

liver. Further studies are needed to confirm its efficacy, mechanism of action, and long-term effects 

in humans. 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a 

metabolic disorder characterized by the body's 

inability to use insulin effectively, leading to 

chronic elevated blood glucose levels and 

potentially serious complications.(1) The 

number of people with diabetes is around 537 

million, with predictions that this number will 

increase to 643 million by 2030 and 783 

million adults aged 20-79 by 2045.(2) This 

increase is predicted to be 42% in developed 

countries and 170% in developing countries, so 
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globally, T2DM remains a burden for every 

country due to morbidity and mortality rates 

that continue to increase every year.(2,3) The 

main risk factors contributing to the incidence 

of T2DM include genetic factors, family 

history, obesity, lack of physical activity, 

smoking, alcohol consumption, and lifestyle 

changes.(4) Genetically, individuals with a 

family history of T2DM, especially if their 

parents or siblings have the disease, have a 2–

3 times higher risk of developing T2DM 

compared to the general population.(5) In 

addition, obesity is a major risk factor because 

it plays a role in increasing insulin resistance, 

which is the main mechanism in the 

pathogenesis of T2DM.4-5(6) 

Insufficient insulin production and/or 

ineffective cellular response to insulin, 

leading to elevated blood sugar levels 

(hyperglycemia).(7) This condition is 

characterized by insulin resistance, a state in 

which cells such as muscle, liver, and fat 

tissue do not respond optimally to insulin, 

causing glucose to accumulate in the 

bloodstream.(8) Insulin is produced by the β 

cells of the pancreatic islets of Langerhans to 

regulate glucose levels in the bloodstream and 

induce glucose storage in the liver, muscles, 

and adipose tissue.(9) In T2DM, there is 

dysfunction and reduction in pancreatic β cell 

mass, which is largely associated with 

increased cytokines, free fatty acids (FFA), 

and persistent hyperglycemia.As a result, 

chronic exposure to these mediators produces 

free radicals, triggering oxidative stress that 

induces the production of reactive oxygen 

species (ROS) and worsens insulin resistance. 

(10) Oxidative stress and inflammatory 

processes contribute to the progression of liver 

damage in people with T2DM.(11) This 

damage causes hepatocyte apoptosis, lipid 

peroxidation, and increased free fatty acid 

circulation, which then leads to fat 

accumulation in the liver, known as 

steatosis.(12) In addition to steatosis, there are 

signs of inflammation such as infiltration of 

inflammatory cells (lymphocytes and 

macrophages) in the hepatic sinusoids. If this 

persists for a long time, it will leave scar 

tissue/fibrosis in the liver.(11,12)The 

combination of all these processes can not only 

damage the liver but also worsen other 

complications caused by T2DM due to the 

inflammatory process.(12) 

In the treatment of T2DM, some patients 

choose to consume traditional medicines as a 

complement to therapy. Indonesia has a 

diversity of biological resources, including 

plants that have many pharmacological 

benefits, one of which is cherry coffee (cherry 

coffee/berry coffee).(13) Cherry coffee is one 

of the most widely consumed beverages in the 

world and has a significant impact on glucose 

metabolism.(14) Various studies have reported 

the beneficial effects of whole coffee cherry 

extract (WCCE) in reducing the risk of T2DM 

and related complications.(15) In addition to 

being rich in caffeine, coffee cherry ethanol 

extract also contains chlorogenic acid, a 

polyphenol compound with high antioxidant 

activity and anti-inflammatory effects.(16) In 

cases of T2DM and its complications, 
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chlorogenic acid has therapeutic potential in 

improving insulin resistance and coffee 

cherry ethanol extract also shows positive 

effects in reducing oxidative stress in the 

liver, inhibiting ROS formation, and 

improving liver function in animal 

models.(17) Based on the above background, 

the researchers were motivated to conduct 

research on the role of coffee cherry ethanol 

extract on the histopathological picture of the 

liver of rats induced with diabetes mellitus. 

 

METHOD 

This experimental study used male white rats 

(Wistar strain) weighing 100-120 g. The rats 

were adapted in closed cages and in a standard 

room with adequate lighting (12hour light and 

12-hour dark cycles) and were fed and 

watered ad libitum. 

 

Creation of a diabetic mouse model(18) 

Mice were injected with 30 mg/kg body 

weight streptozotocin intraperitoneally after 

fasting for 24 hours.16 

 

Production of High-Fat Feed(18) 

High-fat feed was slightly adjusted and 

modified, prepared by mixing 200 grams of 

standard feed, 100 grams of flour, 8 grams of 

duck egg yolk, 20 grams of oil, and 71.2 mL of 

water. The maximum feeding portion for each 

rat was 15 grams per day. 

The number of samples per group is 4, divided 

as follows: Group 1 normal mice 

Group 2 normal mice + streptozotocin  

Group 3 normal mice + high-fat feed 

Group 4: Normal mice + streptozotocin + high-

fat diet   

Group 5: Normal mice + streptozotocin + high-

fat diet + metformin 200 mg/kgBW/day/oral   

Group 6: Normal mice + streptozotocin + high-

fat diet + cherry coffee ethanol extract 100 

mg/day/oral  

Group 7 normal rats + streptozotocin + high-fat 

diet + cherry coffee ethanol extract 200 

mg/day/oral 

 

Maceration process of cherry coffee ethanol 

extract; Cherry coffee powder was placed in a 

maceration container, then 500 mL of 70% 

ethanol was added as a solvent. Stir the mixture 

for 5 minutes using a glass stirrer or magnetic 

stirrer. Cover the container and store it in a light-

protected condition (e.g., in a dark cabinet) at 

room temperature for 48 hours. Shake or stir the 

mixture every 12 hours to increase extraction 

efficiency. Filtration and Concentration of 

Extract. After 48 hours, filter the mixture using 

Whatman No. 1 filter paper. Collect the filtrate 

and repeat the maceration process with the 

residue using a new solvent (250 mL of 70% 

ethanol) for 24 hours. Combine all filtrates and 

concentrate using a rotary evaporator at 40-50°C 

until a thick extract is obtained. If solvent 

remains, continue evaporation using a water 

bath at 40°C. Store the extract in dark glass 

bottles. 

 

Blood glucose testing using Autocheck 

strips; Measurements were taken on day 0 
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(after acclimatization), day 13 (after STZ 

induction and high-fat feeding), and day 28 

(after administration of metformin and coffee 

fruit extract). 

 

Preparation of liver histopathology 

specimens; After the liver was removed from 

the mice, it was fixed overnight in 10% 

buffered formalin. The tissue was processed 

by washing, dehydration, clearing, paraffin 

embedding, casting, and sectioning into 5 μm 

slices for hematoxylin and eosin staining. 

 

RESULT 

The ethics for this study were obtained from 

the Health Research Ethics Committee of the 

Faculty of Medicine, University of 

Muhammadiyah Sumatera Utara, with Letter 

Number: 322/KEPK/FKUMSU/2024. In this 

study, a kappa test was performed to 

determine the level of agreement between two 

observers in assessing histopathological 

features in experimental animals. The kappa 

value obtained was 0.667, indicating 

substantial agreement. This value shows that 

both observers had a relatively high level of 

consistency in their assessments. The p-value 

for both was 0.000, indicating that the 

agreement between observers was 

statistically significant (p < 0.05), so it was 

unlikely that this agreement occurred by 

chance. The Hematoxylin-Eosin (HE) 

staining method was used in this study to 

observe histopathological changes in rat liver 

tissue after various treatments. HE staining 

allows visualization of detailed cellular 

structures, including hepatocyte damage, 

inflammation, and tissue morphological 

changes (Figure 4.1) due to diabetes mellitus 

and the effects of the therapy administered. 

 
 

Gambar 4.1 Hepatopathology of the liver shows hepatocytes (H), 

sinusoids (S), central veins (CV), hepatocyte necrosis (yellow arrows) 

in the form of pyknotic, karyorrhexis, lipid degeneration (green arrows). 

(A) Score 0 is seen in the normal group, (B) Score 1 is seen in the 

treatment (K5 and K7) indicating liver damage of 0.1-5%, (C) Score 2 is 

seen in K6 indicating liver damage of 6-25%, (D) Score 3 is seen in K2 

and K3 indicating liver damage of 50%, (E) Score 4 is seen in K4, 

indicating liver damage >50%, (H) hepatocytes, (S) sinusoids, (VS) 

central veins, hepatocyte cell necrosis (yellow arrows) in the form of 

pyknotic, karyorhexis, lipid degeneration (green arrows), HE staining. 

Magnification 100X. 

 

In the histopathological assessment of liver 

damage, the results showed that the 

histopathological findings in the treatment 

group improved compared to the positive 

group. Minimal liver damage may still be 

present but is lower than in the positive group. 

The comparison between the treatment groups 

showed significant results at the highest 

extract dose. The treatment group receiving 
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metformin also showed improvement, but not 

as much as the 200 mg extract group. 

Therefore, if metformin and the 200 mg 

extract have the same effect in improving 

liver function, herbal medicine is a better 

choice because synthetic drugs have lower 

toxicity. 

 

DISCUSSION 

Coffee cherry ethanol extract is rich in 

polyphenols, such as chlorogenic acid, which 

have antioxidant and anti-inflammatory 

properties.(19) As antioxidants, these 

polyphenols play a role in neutralizing free 

radicals, preventing oxidative damage to liver 

cells (hepatocytes), and supporting the 

regeneration of damaged liver tissue. (17)In 

addition, the anti-inflammatory properties of 

polyphenols can inhibit the production of pro-

inflammatory cytokines, such as interleukin-

6 (IL-6) and tumor necrosis factor-alpha 

(TNF-α), thereby reducing inflammation and 

further damage to the liver. (19) Although 

specific research on the effects of cherry 

coffee ethanol extract on IL-6 and liver 

damage in T2DM model rats is still limited, 

other studies have shown that consumption of 

polyphenol-rich foods can reduce the 

production of TNF-α and IL-6, as well as 

increase levels of interleukin 10 (IL-10), an 

anti-inflammatory cytokine.(20) Therefore, 

coffee cherry ethanol extract has potential as 

a therapeutic agent in reducing inflammation 

and repairing liver damage through 

antioxidant and anti-inflammatory 

mechanisms. The antioxidant and anti-

inflammatory mechanisms in repairing liver 

damage and reducing pro-inflammatory 

cytokine levels involve various important 

interrelated processes.(21,22) As antioxidants, 

compounds such as flavonoids and phenolic 

acids play a role in neutralizing free radicals 

that can cause oxidative stress in 

hepatocytes.27 With reduced oxidative stress, 

the structure and function of cell membranes 

and their organelles can be protected from 

further damage, thereby accelerating the 

regeneration process of damaged liver tissue. 

In addition, the anti-inflammatory effects of 

these bioactive compounds work by inhibiting 

the production of proinflammatory cytokines 

such as IL-6, IL-1β, and TNF-α, which play a 

role in the inflammatory process and liver 

tissue damage.(23,24) 

This decrease in cytokine production also 

reduces macrophage activity that contributes 

to chronic inflammation, thereby accelerating 

the healing process of liver tissue.(19) 

Furthermore, the interaction between 

antioxidant and anti-inflammatory effects 

creates synergy in suppressing the 

inflammatory pathway triggered by oxidative 

stress, which ultimately reduces pro-

inflammatory cytokine levels and improves 

liver function. (24) Thus, the use of 

compounds with antioxidant and anti-

inflammatory activities can be an effective 

strategy in reducing inflammation, repairing 

liver damage, and restoring liver function in 

conditions affected by oxidative stress and 

excessive inflammation. (19,25) Overall, the 

results of this study indicate that cherry coffee 
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ethanol extract, especially at a dose of 200 

mg/kgBW, has the potential to be an effective 

alternative therapy in reducing inflammation 

in liver tissue due to T2DM. Its effectiveness, 

which is close to or even better than 

metformin, shows that coffee cherry ethanol 

extract can be a safer therapeutic option with 

a lower risk of toxicity compared to synthetic 

drugs. However, further research is still 

needed to understand the mechanism of 

action of coffee cherry ethanol extract in 

more depth and to evaluate its long-term 

effects on liver function. 

Conclusion 

The administration of metformin and 200 mg 

extract to diabetic-induced rats had the same 

effect on liver repair, so herbal options are 

preferable because synthetic drugs have lower 

toxicity. However, there are still many 

shortcomings in this study because 

phytopharmacological testing has not been 

conducted. 
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