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Abstract: Diabetes mellitus is a chronic metabolic disorder characterized by persistent 

hyperglycemia, oxidative stress, chronic inflammation, and progressive damage to multiple 

organs, particularly the liver and pancreas. This study aimed to evaluate the antihyperglycemic, 

hepatoprotective, and pancreatic protective effects of Arabica coffee (Coffea arabica L.) extract 

in alloxan-induced diabetic mice. Thirty male mice were randomly assigned into five groups: 

negative control, positive control treated with glibenclamide, and three treatment groups receiving 

Arabica coffee extract at concentrations of 50%, 75%, and 100% for 21 days. Chlorogenic acid 

content was quantified using High-Performance Liquid Chromatography (HPLC), while fasting 

blood glucose levels and histopathological changes in the liver and pancreas were evaluated after 

treatment. The tubruk extraction method produced a higher chlorogenic acid content (20.8%) than 

the maceration method (16.9%). Arabica coffee extract significantly reduced blood glucose levels 

in a dose-dependent manner, with the 100% extract showing the greatest reduction (65% on day 

14 and 62% on day 21), exceeding the effect observed in the glibenclamide-treated group. 

Histopathological examination demonstrated marked improvement in liver architecture, 

characterized by reduced parenchymatous degeneration, hydropic degeneration, and necrosis, 

accompanied by regeneration of the pancreatic Islets of Langerhans. These findings indicate that 

Arabica coffee extract exhibits potent antihyperglycemic, hepatoprotective, and pancreatic 

protective activities, primarily attributed to its high chlorogenic acid content and antioxidant 

properties. Therefore, Arabica coffee extract has promising potential as a natural complementary 

therapeutic agent for diabetes mellitus management. 
 
Keywords: Alloxan-induced mice; Arabica coffee extract; Chlorogenic acid; Diabetes 

mellitus; Liver histopathology; Pancreas histopathology 
  

Introduction  
 

Diabetes mellitus (DM) is a chronic metabolic 
disease that is a global health problem, with its 
prevalence increasing annually. This disease is 
characterized by hyperglycemia due to impaired insulin 
secretion, insulin action, or a combination of both. 
According to the International Diabetes Federation 
(IDF), the number of diabetes sufferers worldwide is 
estimated to exceed 500 million and continues to 
increase, including in Indonesia, which has one of the 

highest prevalence rates in Southeast Asia. Uncontrolled 
chronic hyperglycemia can lead to various 
microvascular and macrovascular complications, 
which impact quality of life and increase morbidity 
and mortality (Rooney et al., 2025). 

Prolonged hyperglycemia not only disrupts 
glucose metabolism but also triggers increased 
production of reactive oxygen species (ROS) and 
oxidative stress (Volpe et al., 2018). ROS accumulation 
plays a role in the activation of inflammatory 
pathways, characterized by increased expression of 
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various inflammatory biomarkers such as tumor 
necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), 
nuclear factor-kappa B (NF-κB), and C-reactive protein 
(CRP) (Burgos-mor et al., 2019; Yaribeygi et al., 2020). 
The activation of these inflammatory mediators 
contributes to tissue damage and organ dysfunction, 
particularly in the liver and pancreas, which are 
crucial for regulating glucose metabolism (Fadillah 
et al., 2024; Wijayanti et al., 2026). The pancreas is the 
primary organ responsible for insulin synthesis and 
secretion through β cells in the islets of Langerhans 
(Rorsman & Ashcroft, 2018). In diabetes, oxidative 
stress and chronic inflammation damage pancreatic β 
cells, resulting in decreased insulin production and 
worsening hyperglycemia (Donath & Shoelson, 2011; 
Yaribeygi et al., 2020). In addition to the pancreas, the 
liver is also a primary target for damage caused by 
diabetes. The liver plays a crucial role in 
carbohydrate, lipid, and protein metabolism (Petersen et 
al., 2018). Prolonged exposure to hyperglycemia can 
cause histopathological changes in the liver, 
including parenchymatous degeneration, hydropic 
degeneration, inflammatory cell infiltration, and 
even hepatocyte necrosis (Mohamed et al., 2016; 
Yaribeygi et al., 2020). Damage to both organs is 
often closely related to the increase in inflammatory 
mediators and oxidative stress that occurs during the 
development of diabetes (Yaribeygi et al., 2020). 

A common animal model of diabetes used in 
research is the alloxan-induced mouse (Mus 
musculus). Alloxan is a diabetogenic compound that 
selectively damages pancreatic β-cells through the 
formation of free radicals, resulting in a hyperglycemic 
state that mimics diabetes in humans (Ighodaro et al., 
2018; Lenzen, 2008). In addition to causing pancreatic 
damage, alloxan induction is also known to cause 
histopathological changes in the liver and an 
increased systemic inflammatory response (Etuk, 2010). 
Therefore, this model is widely used to evaluate the 
effectiveness of antidiabetic compounds and 
protective agents against diabetes-induced organ 
damage (Forbes & Cooper, 2013). 

Currently available pharmacological therapies 
for diabetes, such as sulfonylureas and biguanides, 
have been shown to be effective in controlling blood 
glucose levels. However, long-term use is often 
associated with various side effects, prompting the 
search for alternative, safer, natural-based therapies 
with broad biological activity (Inzucchi et al., 2015; 
Kalra et al., 2015). One plant with potential as an 
antidiabetic agent is Arabica coffee (Coffea arabica L.), 
which contains various bioactive compounds with 
antioxidant, anti-inflammatory, and glucose-
lowering properties (Reis et al., 2018; Nguyen et al., 
2024). Arabica coffee contains various bioactive 

compounds, particularly chlorogenic acid, 
flavonoids, polyphenols, trigonelline, and caffeine, 
which have antioxidant and anti-inflammatory 
activities (Peng et al., 2025; Socała et al., 2021). 

Chlorogenic acid is the main phenolic component 
of Arabica coffee and has been reported to lower 
blood glucose levels by inhibiting hepatic 
gluconeogenesis, increasing insulin sensitivity, and 
protecting pancreatic β-cells (Nguyen et al., 2024). 
Furthermore, the antioxidant activity of chlorogenic 
acid plays a role in suppressing reactive oxygen 
species (ROS) formation, thereby reducing the 
activation of inflammatory pathways and preventing 
tissue damage (Huang et al., 2023; Nguyen et al., 
2024). Several studies have shown that consuming 
Arabica coffee or coffee extract can improve metabolic 
parameters, including insulin resistance, glucose 
metabolism, and hepatic steatosis, in animal models of 
diabetes (Shokouh et al., 2019). Although several 
studies have investigated the metabolic and anti-
inflammatory effects of coffee in diabetic animal 
models, comprehensive studies integrating 
inflammatory biomarkers with liver and pancreatic 
histopathological assessments are still scarce (Shokouh 
et al., 2019; Subagiantara et al., 2024). 

This study was conducted to evaluate the effect of 
Arabica coffee (Coffea arabica L.) extract on the expression 
of inflammatory biomarkers and histopathological 
features of the liver and pancreas in alloxan-induced 
diabetic mice. The results are expected to provide 
scientific information on the potential of Arabica coffee 
extract as an antidiabetic, anti-inflammatory, and 
protective agent against organ damage caused by 
diabetes mellitus, thus providing a basis for the 
development of natural-based complementary therapies 
in the future. 
 

Method  
 
Research Sample 

The research sample used in this study was 30 male 
mice, divided into five test groups, each consisting of six 
male mice. The samples in this study were male mice 
that met the following requirements: 
1. Male mice 
2. Body weight 20-30 grams 
3. Active/healthy movements 
4. Age 1-3 months 
5. No diarrhea 
 
Research Tools and Materials 
The tools and materials for this research consist of: 

Alcohol 70%, 80%,90%, 100%. Mice. Alloxan 0.9% 
physiological NaCl. HE staining with distilled 
waterCoffee beans, alcohol swab. Eosin, Xylol 
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Glibenclamide 5 mg. Stirring Rod. 100 ml beaker glass. 
Blood Gluces Stick. Funnel. Cover Glass. Disposable 
syringe 1 ml. Erlenmeyer. Evaporator. Safety pin. 
Cotton. Watch glass. Measuring cup 10, 100 ml. 
Glucometer. Hot plate. Experimental animal cage. Filter 
paper. 100 ml measuring flask. Micropipette. 
Microscope. Glass object. Oven. Paraffin. Tweezers. 
Filter. Gloves. Razor blade. Syringe 1cc and 3cc. Electric 
scale. Blue and yellow tips. Water bath.  
 
Coffee Extraction Using the Tubruk Method 

Weigh 10 grams of Arabica coffee powder. The 
weighed coffee powder is placed in a beaker containing 
150 ml of RO water. The solution is transferred to an 
Erlenmeyer flask and heated for 1 hour using a hot plate. 
Let it stand for 4 minutes, then filter the extraction 
results (Sari, Zuhairiah & Siregar, 2023). 

 
Coffee Extraction Using the Maceration Method 

306 grams of coffee grounds were macerated with 3 
liters of 96% ethanol on a shaker for 9 hours, then 
allowed to stand for 15 hours. The first filtrate was 
filtered and macerated twice using 1.5 liters of solvent. 
The liquid ethanol extract was evaporated using a rotary 
evaporator at 55°C to produce a thick extract (Hamdani 
& Nurman, 2020). 
 
Determination of Chlorogenic Acid Content Using the HPLC 
Method 

Weigh 20 grams of coffee extract. Add 75 ml of 
methanol and 75 ml of distilled water. Heat the solution 
at boiling point for 1 hour and cool to room temperature. 
The sample is filtered through a 0.2µm filter cartridge 
and injected into the HPLC apparatus  (Virhananda et 
al., 2022). 
 
Alloxan Production in Test Animals 

The dose of Alloxan used was 130 mg/kg of mouse 
body weight with 3.6 mg of Alloxan weighed. Put the 
weighed Alloxan powder into a glass beaker and add 10 
ml of 0.9% NaCl then homogenize until dissolved 
(Pakpahan et al., 2025). 
 
Preparation of Glibenclamide Solution 

Glibenclamide was weighed at 1.3 mg. The 
weighed glibenclamide powder was placed into a glass 
beaker containing 20 ml of distilled water, left for 15 
minutes until a mucilage formed, then homogenized 
using a hot plate magnetic stirrer mixer. After 
dissolving, transfer it to a 100 ml volumetric flask, then 
add distilled water little by little until the mark is 
reached and homogenized (Kodariah et al., 2023). 
 
Conditioning of Diabetic Melittus Mice and Intraperitoneal 
Injection 

Male mice weighing 20-30 grams were purchased 
and adapted for 1 week. After 1 week of adaptation and 
16 hours of fasting, blood glucose levels were measured 
with a glucometer before Alloxan injection. Alloxan was 
injected at a dose of 0.1 ml intraperitoneally, then the 
mice were observed for 7 days (Pakpahan et al., 2025). 
After 3 days of Alloxan injection, their blood glucose 
levels were rechecked. On the 7th day after Alloxan 
induction, the mice's blood glucose levels were 
measured again. Mice are said to have DM if their fasting 
blood glucose levels exceed 126 mg/dl (Pakpahan et al., 

2025). Mice are grouped into V sample groups, namely 
group I (Negative Control, Alloxan induced and given 
distilled water), group II (Positive Control, Alloxan 
induced and given 5mg Gliblenclamide), group III, 
group IV (Alloxan induced and given Arabica coffee 
bean extract at a dose of 50%), group V (Alloxan induced 
and given Arabica coffee bean extract at a dose of 75%), 
group V (Alloxan induced and given Arabica coffee 
bean extract at a dose of 100%). Treatment was given to 
mice orally for 21 days. On the 14th and 21st days after 
treatment, the blood glucose levels of the mice were 
measured again and 3 mice from each group were 
euthanized for observation of the histology of the mice's 
liver. 
 
Liver Histology Examination 
Network Block Creation 

The liver tissue was then fixed in 10% formalin for 
10 hours. The fixed tissue was placed in a stainless steel 
block and the surface was smoothed. Liquid paraffin 
was poured into the 1/2-filled stainless steel block mold, 
then a plastic filter was placed to adhere the tissue to the 
plastic filter. Liquid paraffin was poured back up to the 
full height of the stainless steel block and allowed to 
solidify, allowing the paraffin to easily be removed 
(Kodariah et al., 2023). 
 
Tissue cutting 

The paraffin block containing the tissue is trimmed 
on a microtome to remove the wax layer covering the 
slide. Once the slide is clearly visible, the tissue section 
cut with the microtome is placed in a water bath. The 
section is then taken with a glass slide. The slide 
containing the tissue section is briefly placed on a hot 
plate to remove any remaining paraffin (Suvarna et al., 
2020).  
 
Hematoxylin-Eosin Staining 

Tissue slides still containing paraffin were 
deparaffinized by immersing them in xylene for 1 hour. 
Rehydration was performed by immersing the slides in 
graded alcohol solutions ranging from high to low 
concentrations: 90%, 80%, 70%, 60%, 50%, 40%, and 30%, 
for 5 minutes at each alcohol concentration. After 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12 Issue 6, 544-556 
 

547 

immersion in 30% alcohol, the slides were immersed in 
distilled water for 10 minutes. The slides were then 
immersed in hematoxylin for 5 minutes. The slides, 
which had been immersed in hematoxylin, were rinsed 
under running water for 5 minutes, then dehydrated by 
immersing them in alcohol solutions ranging from low 
to high concentrations: 30%, 40%, 50%, 60%, 70%, 80%, 
and 90%. The slides were immersed in Orange-G 
solution for 3 minutes, then dipped in 96% alcohol 8 
times. The slides were immersed in eosin-alcohol 
solution for 3 minutes, then dipped again in 96% alcohol 
8 times (Pakpahan et al., 2025).  
 
Clearing Process 

The slides were dipped into a 3:1 alcohol:xylol 
solution four times, a 1:1 alcohol:xylol solution four 
times, and a 1:3 alcohol:xylol solution four times. Xylol 1 
was dipped for 5 minutes, Xylol 2 for 5 minutes, and 
Xylol 3 for 5 minutes. The remaining xylol solution was 
then covered with a cover glass using Entelan (Suvarna 
et al., 2020).  
 
Preparation Observation 

Liver tissue preparations were observed under a 
microscope at 40x magnification. 

 
Data analysis 
Statistical analysis was performed using GraphPad 
Prism 7 for Windows (GraphPad Software, Inc.)  
(www.graphpad.com). The collected data were analysed 
using a one-way analysis of variance (One-Way 
ANOVA) to assess differences among groups. For non-
parametric data, the Mann-Whitney U-test was applied 
to determine the significance of differences between 
groups. A p-value of less than 0.05 was considered 
statistically significant (Pakpahan et al., 2025). 
 

Result and Discussion 
 
Arabica Coffee Extract 

Arabica coffee is extracted using two methods: the 
tubruk method and the maceration method. The results 
of this Arabica coffee extraction are as follows table 1. 
Based on Table 1, the results of the coffee extraction 
using the tuburuk method produced 136 ml of liquid 
extract, while the maceration method produced 26 g of 
thick extract. 

 
Table 1. Results of Arabica Coffee Extract 

Method 
Sample Weight 

(g) 
Solvent Extract Results 

Crash 10 RO water Liquid Extract 
Maceration 306 Ethanol Condensed Extract 

 

Analysis of Chlorogenic Acid Content Using High 
Performance Liquid Chromatography (HPLC) 

Coffee contains biochemical compounds including 
sucrose, trigonelline, caffeine, and chlorogenic acid. 
Chlorogenic acid in coffee acts as an antihyperglycemic 
agent by increasing insulin secretion in pancreatic beta 
cells. Chlorogenic acid levels can be identified using 
HPLC. Chlorogenic acid levels were analyzed using 
High Performance Liquid Chromatography (HPLC). 
Coffee grounds extracted using the maceration method 
yielded a chlorogenic acid content of 16.99%. In a study 
(Khairunnisa et al., 2022), chlorogenic acid levels in 
Arabica coffee beans were found to be 4.0-8.4%. In this 
study, the chlorogenic acid content using the maceration 
method was higher than that in the study (Khairunnisa 
et al., 2022) because the coffee beans used were 
unroasted.  
 

 
(a) 

 

 
(b) 

 

 
(c) 

Figure 1. Chlorogenic Acid Chromatogram 

Information:  
a. Standard Chromatogram of Chlorogenic Acid 
b. Chromatogram of Chlorogenic Acid 
c. Macerated Chlorogenic Acid Chromatogram 
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Perrone et al., (2012) reported that chlorogenic acids 
are degraded during coffee roasting and become 
incorporated into melanoidins, whereas (Coelho et al., 
2014) demonstrated that roasting progressively 
decreases free chlorogenic acid content through 
degradation and transformation reactions. In addition to 
using the maceration method, researchers also used the 
tubruk method, which was analyzed using HPLC, 
resulting in a higher chlorogenic acid content of 20.8%. 
The tubruk method is simpler in making extracts, the 
costs incurred for making the extract are very 
economical and the time used to make the extract is 
faster. This is the reason researchers used the tubruk 
method in making Arabica coffee extract, which will 
then be given to mice orally as a treatment to reduce 
blood sugar levels. 
 
Table 2. Results of Chlorogenic Acid Chromatogram 
Extraction Name Ret Time Area Height 

Standard CGA 3.635 438356 24430 
Contact CGA 3.362 24311551 139641 
Maceration CGA 3.325 29799993 1534568 

 
The area produced in the standard chromatogram 

of chlorogenic acid shows that chlorogenic acid is at 
3,635 minutes, this chromatogram is a benchmark for 
analyzing chlorogenic acid qualitatively and 
quantitatively. Based on the retention time obtained for 

Arabica coffee tubruk chromatogram of 3,362 minutes 
and the retention time obtained for maceration 
chromatogram of 3,325 minutes, it can be concluded that 
the compound is chlorogenic acid because its retention 
time is the same as the chlorogenic acid standard. In the 
analysis of chlorogenic acid levels, it can be calculated 
using one standard concentration with the following 
Formula 1. 

𝑆𝑎𝑚𝑝𝑙𝑒 𝑎𝑟𝑒𝑎

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑎𝑟𝑒𝑎 𝑠𝑖𝑧𝑒
𝑥 𝑆𝑎𝑚𝑝𝑙𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛      (1) 

 
This equation shows that the chlorogenic acid 

content in the Arabica coffee sample is 20.8% while the 
macerated sample is 16.9%. 
 
Measurement of Blood Sugar Levels Before and After 
Treatment 

The results of this study demonstrated that Arabica 
coffee extract was able to reduce blood glucose levels in 
alloxan-induced diabetic mice. The greatest reduction 
was observed in the group treated with 100% Arabica 
coffee extract, which showed a decrease of 65% on day 
14 and 62% on day 21. Meanwhile, the positive control 
group treated with glibenclamide exhibited a decrease 
of 43% on day 14 and 49% on day 21. These findings 
indicate that Arabica coffee extract possesses 
antihyperglycemic activity and that the effect tends to 
increase with higher extract concentrations. 

 
Table 3. Data on Blood Sugar Levels on Day 14 

Group Mice Before Alloxan Injection 
After Alloxan Injection After Extract Treatment 

H-14 
Percentage of 

Decreased   H-3 H-7 

 1 124 115 209 256 18% 

KN 2 119 147 201 146 27% 
 3 116 241 144 272 47% 

Average 120 168 184 224 27% 
 1 96 131 234 78 66% 
KP 2 111 142 160 101 37% 
 3 111 129 163 122 25% 

Average 106 134 185 100 43% 
 1 100 149 219 99 54% 
50% 2 128 143 156 93 40% 
 3 96 129 211 96 50 % 

Average 108 140 195 96 50% 
 1 128 135 235 95 60% 
75% 2 102 127 339 147 56% 
 3 96 236 250 112 52% 

Average 108 166 274 121 56% 
 1 112 105 274 74 73% 
100% 2 114 262 433 183 58% 
 3 103 124 342 128 62,5% 

Average 109 163 349 128 65% 
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Table 4. Blood Sugar Level Data for Day 21 

Group Mencit Before Alloxan Injection  
After Alloxan Injection After Extract 

Treatment H+21 
Percentage of 

Decreased H+3 H+7 

 1 128 125 209 276 24% 
KN 2 125 152 208 167 19% 
 3 118 241 253 301 15% 

Average 124 173 223 248 19% 
 1 98 133 237 71 70% 
KP 2 115 144 163 96 41% 
 3 120 138 188 102 37% 

Average 111 138 188 90 49% 
 1 116 113 182 73 55% 
50% 2 122 216 275 104 40% 
 3 105 163 219 115 55% 

Average 114 164 225 97 50% 
 1 132 137 233 98 60% 
75% 2 104 136 313 136 56% 
 3 100 216 250 101 52% 

Average 112 163 262 112 56% 
 1 116 113 281 73 74% 
100% 2 122 275 334 174 47% 
 3 105 163 342 115 66% 

Average 114 163 319 120 62% 

 
The findings of the present study are consistent 

with those reported by (Campos-florián et al., 2013), 
who found that aqueous extracts of Coffea arabica 
significantly reduced fasting blood glucose levels in 
alloxan-induced diabetic rats after 8 and 15 days of 
treatment compared with untreated diabetic controls. 
The authors suggested that bioactive compounds in 
coffee, including chlorogenic acid and polyphenols, may 
contribute to the antihyperglycemic effect by improving 
glucose metabolism and reducing oxidative stress.  

Similarly, a study by (Martina et al., 2019) reported 
that administration of Arabica Gayo coffee bean extract 
resulted in a significant reduction in blood glucose levels 
compared with the control group. Although their study 
was conducted in healthy mice and used different 
dosages, the results support the notion that Arabica 
coffee contains bioactive compounds capable of 
modulating glucose homeostasis. 

 

  
Figure 2. Average Blood Glucose Graph of Mice (Mus muculus) D-14 and D-21 

 
The present findings are also in agreement with the 

systematic review conducted by (Reis et al., 2018), which 
concluded that coffee consumption may improve 
glucose metabolism and insulin sensitivity in both 
healthy and diabetic individuals. According to the 

review, chlorogenic acid can suppress hepatic glucose 
production, delay intestinal glucose absorption, and 
enhance insulin-mediated glucose uptake. These 
mechanisms may explain the reduction in blood glucose 
levels observed in the coffee extract-treated groups in 

Average blood glucose levels in mice 
(Mus musculus) D-14 

 
400 

300 

200 

100 

0 
KN KP 50% 75% 100% 

Average blood glucose levels in 
mice (Mus musculus) D-21 

40
0 

300 

200 

100 

KN KP 50% 75% 100
% 

Before injection 

After injection H+7 

After injection H+3 

After treatment H21 

Before injection 

After injection H+7 

After injection H+3 

After treatment H14 

 

Setelah Perlakuan H21 
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the current study. Furthermore, the results are 
supported by the study of (Mitiku et al., 2022), who 
reported that Coffea arabica extracts inhibited intestinal α-
glucosidase activity and significantly reduced 
postprandial hyperglycemia in experimental animals. 
This finding suggests that the glucose-lowering effect of 
Arabica coffee may involve both enhanced insulin action 
and reduced carbohydrate digestion and absorption. 

Although the present study and the study by (Reis 
et al., 2018) both demonstrated beneficial effects of coffee 
on glucose homeostasis, there are important 
methodological differences. Reis et al., (2018) reviewed 
clinical trials involving human participants, whereas the 
present study evaluated the effect of Arabica coffee 
extract in an alloxan-induced diabetic mouse model. In 
addition, Reis et al. focused primarily on metabolic 
outcomes such as blood glucose regulation and insulin 
sensitivity, while the present study provides 
experimental evidence of the antihyperglycemic 
potential of Arabica coffee extract under controlled 
laboratory conditions. Nevertheless, both studies 
support the potential use of Arabica coffee as a natural 
therapeutic agent for diabetes management. 

 
Histological Preparation Observation Results 

This study used male mice (Mus musculus) as test 
animals because male mice do not have estrogen 
hormones, even if they do, they are only in relatively 
small amounts and the hormonal conditions in males are 
more stable when compared to female mice, because 
female mice experience changes in hormonal conditions 
at certain times such as during the estrus cycle, 
pregnancy and breastfeeding which can affect the 
psychological condition of the test animals (Becker et al., 
2015; Prendergast et al., 2014). The test animals used 
were 1-3 months old with a body weight of 20-30 grams, 
and the body condition of the mice was healthy and 
active (Guo et al., 2014). The mice used in the study 
consisted of 30 mice divided into 5 groups, each group 
consisting of 6 mice.  
Day 14 

 
Day 21 

 
Figure 3. Histological image of the liver of mice induced 
by Alloxan, glibenclamide, Aquades, and given Arabica 
coffee extract, then stained using (Hematoxylin Eosin) at 
400x magnification. 

 
Group I (negative control) namely mice that were 

injected with Alloxan intraperitoneally and without 
treatment were only given distilled water, group II 
(positive control) namely mice that were injected with 
Alloxan and given glibenclamide treatment, group III 
mice were injected with Alloxan and given Arabica 
coffee extract treatment with a concentration of 50%, 
group IV were injected with Alloxan and given Arabica 
coffee extract treatment with a concentration of 75% and 
group V were injected with Alloxan and given Arabica 
coffee extract treatment with a concentration of 100% 
orally. 

The results of the study can be seen in Tables 3 and 
4. Before injection, all blood sugar levels were within 
normal limits. After Alloxan injection, blood sugar levels 
in all treatment groups had reached diabetes, exceeding 
126 mg/dl. Alloxan was chosen for this study because it 
can damage pancreatic beta cells, which then causes 
hyperglycemia in mice (Mus musculus). After all 
treatment groups had reached diabetes, the KN group 
(shown in Tables 3 and 4) was not given treatment after 
Alloxan injection, resulting in no decrease in blood sugar 
levels. However, in the KN group, mice 2 experienced a 
decrease 14 days after treatment. This may have been 
due to the mice being stressed due to the uncomfortable 
procedure. Furthermore, Alloxan is a highly unstable 
chemical compound with a hydrophilic, glucose-like 
molecule. 

In the positive control group with Glibenclamide 
administration, there was a significant increase in the 
percentage of blood glucose levels, which was better on 
day 14 (43%) and on day 21 (49%). Glibenclamide is the 
most commonly used oral antidiabetic drug for the 
treatment of diabetes mellitus, which has a mechanism 
of action as an antidiabetic that stimulates pancreatic β 
cells to release stored insulin, thereby increasing insulin 
secretion as a result of glucose stimulation (DeFronzo et 
al., 2013). Glibenclamide was chosen as a comparative 
control in this study because the price of Glibenclamide 
is more economical and easily available at the nearest 
pharmacy. 

On day 14 and day 21 of the 50% group, the 
percentage decrease in blood glucose levels on day 14 
was 50% and on day 21 was 50%, then in the 75% group 
there was a comparable percentage decrease in blood 
glucose levels, namely on day 14, 56% and day 21, 56% 
and 100% the percentage decrease in blood glucose 
levels on day 14, 65% and day 21, 62%. All experienced 
a decrease in blood glucose, this means that in 
accordance with cohort studies in the United States, 
Asia, and Europe have shown that consuming coffee can 
reduce the risk of type 2 diabetes mellitus (Fuente et al., 
2020; Poole et al., 2017). The compound contained in 
Arabica coffee that plays a major role in reducing blood 
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glucose levels in hyperglycemic mice is chlorogenic acid. 
The chlorogenic acid content in coffee can stimulate the 
production of glucagon-like peptide, which is a 
gastrointestinal hormone and has an effect on the 
function of pancreatic beta cells, which strengthens 
glucose-dependent insulin secretion. 

The results of histological observations of the liver 
organs of mice (Mus musculus) on days 14 and 21 based 
on Figure 4.3, the negative control group injected with 
Alloxan without treatment showed severe damage 
marked by parenchymal degeneration, hydropic 
degeneration to the most severe, necrosis or cell death. 
Parenchymal degeneration is the mildest degree of 
damage, parenchymal degeneration has a larger cell size 
than normal cells due to cells experiencing swelling and 
a more cloudy and granular cytoplasmic structure after 
parenchymal degeneration, increasing the degree of 
damage to the 2nd is hydropic degeneration (swollen 
cells with a typical picture in the form of small to large 
vacuoles) the 3rd damage, is necrosis or death of necrotic 
tissue such as pyknotic (purple to black nuclei with a 
smaller size due to compaction of the cell nucleus), or 
karyolysis which has a picture of empty cells without a 
cell nucleus (Yana & Budijastuti, 2022). 

The damage that occurred in the negative control 
group was due to the administration of Alloxan which 
can cause increased blood glucose levels, Alloxan works 
by inhibiting insulin secretion so that pancreatic cells 
become damaged and form Reactice Oxygen Species 
(ROS) which can cause liver cells to experience necrosis. 
The positive control, namely the group induced by 
Alloxan and given glibenclamide, showed mild liver 
damage on day 14 and on day 21 showed improvement 
in liver damage and from mild to normal, this proves 
that Glibenclamide is able to repair liver cell damage 
composed of parenchymal degeneration and hydropic 
degeneration (Altan et al., 1994). 

The 50% Arabica coffee extract group showed 
severe liver damage on day 14 and mild liver damage 
improvement on day 21, characterized by parenchymal 
degeneration and hydropic degeneration. The 75% 
Arabica coffee extract group showed mild liver damage 
on day 14 and normal liver damage improvement on 
day 21, demonstrating that coffee extract administration 
was comparable to glibenclamide. The 100% coffee 
extract group showed no liver damage on days 14 and 
21, characterized by the presence of normal hepatocytes, 
a perfectly shaped central vein, regular nuclei, and no 
degeneration. 

 
 

 
Microscopic Observations of the Pancreas 

Specimen preparation was conducted at the 
Anatomical Pathology Laboratory of Al Ihsan Regional 

General Hospital, West Java Province, involving fixation, 
dehydration, clearing, rehydration, embedding, tissue 
blocking, floating, and affixing, followed by 
Hematoxylin-Eosin (HE) staining. Histopathological 
examination of the pancreas was performed in 
collaboration with Dr. Fauzan Ali Zenal Abidin, Sp.PA. 
The results of the histopathological examination of the 
pancreasfollowing alloxan injection and treatment with 
glibenclamide and Arabica coffee extract are shown in 
Figure 4. 

 
Figure 4. Histology of the mice pancreas day 7, 14 and 21 
 

Histopathological observations of the pancreatic 
Islets of Langerhans in mice (Mus musculus)—conducted 
using a light microscope (Leica DM 1000) at 400x 
magnification—revealed differences in pancreatic 
histopathology among the negative control group, the 
positive control group, and the groups treated with 
Arabica coffee extract at concentrations of 50%, 75%, and 
100% (Figure 5).  
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Figure 5 Bar chart of Islets of Langerhans damage scores 

Figure 5 illustrates the percentage changes in 
damage scores for the Islets of Langerhans. In the negative 
control group, no damage was observed on day 7, but 
damage increased by day 14. The positive control group 
exhibited severe damage. The group treated with 50% 
concentration Arabica coffee extract showed a moderate 
level of damage. The group treated with 75% 
concentration Arabica coffee extract showed a moderate 
level of damage on day 7, but by day 14, the damage score 
had decreased to 42%, indicating a mild level of damage. 
In the group treated with 100% concentration Arabica 
coffee extract, the damage score for the Islets of 
Langerhans dropped to 25% on day 7 (indicating mild 
damage) and further decreased to 17% by day 14 
(indicating a normal state). However, the changes in 
damage scores between day 7 and day 14 for each group 
were not statistically significant (ns). Examination of the 
mouse pancreatic histopathology slides stained with 
Hematoxylin and Eosin (H&E) revealed distinct 
morphological differences across the groups on day 7 
(Figure 4).  

The negative control group showed no damage to 
the Islets of Langerhans, whereas the positive control 
group exhibited severe damage characterized by pyknotic 
cells, karyolysis, and uneven cell distribution. The 50% 
concentration group showed less degeneration of the 
Islets of Langerhans compared to the positive control, 
presenting with karyolysis, uneven cell distribution, and 
a moderate level of damage. This cellular degeneration 
resulted from structural disruptions affecting cellular 
metabolism; however, the damage was reversible, 
consistent with findings by Nuralifah et al. (2022). The 
75% concentration group also exhibited damage to the 
Islets of Langerhans—characterized by pyknotic cells and 
uneven cell distribution—showing a moderate level of 
damage similar to that of the 50% concentration group. In 
contrast, the Islets of Langerhans in the 100% 
concentration group showed signs of recovery, exhibiting 
only mild damage compared to the groups treated with 
50% and 75% coffee extracts. 
 

On day 14, the negative control group—which 
received no treatment other than an alloxan injection—

exhibited moderate damage characterized by pyknotic 
nuclei, karyolysis, and uneven cell distribution; according 
to Fajarwati et al.,  (2023), alloxan functions by inducing 
free radical formation, thereby damaging the pancreatic 
cells responsible for insulin production. The positive 
control group displayed severe damage in the form of 
degeneration, marked by karyolysis and uneven cell 
distribution within the Islets of Langerhans. The group 
treated with 50% Arabica coffee extract showed pyknotic 
nuclei and uneven cell distribution in the Islets of 
Langerhans, indicating a moderate level of damage. The 
group treated with 75% Arabica coffee extract showed 
signs of recovery specifically, mild damage characterized 
by karyolysis representing an improvement over the 50% 
extract group; meanwhile, the group treated with 100% 
coffee extract exhibited endocrine cell regeneration and a 
normal level of damage. These findings indicate that the 
administration of coffee extract can protect pancreatic 
tissue within the Islets of Langerhans from damage, 
consistent with the research of Khairunnisa, Almahdy, 
and Armenia (2022). 

Research findings indicate that administering 
Arabica coffee extract at a 100% concentration is more 
effective at repairing damage to the Islets of Langerhans 
in the pancreases of mice suffering from degeneration as 
evidenced by the mean damage scores compared to 
groups treated with 50% and 75% concentrations. Based 
on the image above, histopathological observation of the 
mouse pancreas conducted at 400x magnification reveals 
a reduction in the number of endocrine cells in samples 
exhibiting degeneration. The data were analyzed 
descriptively, focusing on damage scores observed on 
day 21 in samples induced with alloxan and 
glibenclamide and treated with Arabica coffee extract. 
 

 

Figure 6. Bar chart of Islets of Langerhans damage scores. 

Based on Figure 6 above, the average percentage 
change in pancreatic histopathological damage scores 
shows no damage in the negative control group, whereas 
the positive control group exhibited a damage level of 
63%; furthermore, the group administered Arabica coffee 
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extract showed a tendency for damage scores to decrease 
by day 21. 

The treatment of the mice was conducted over a 
period of 20 days; on the 21st day, the pancreatic organs 
were harvested via surgery and placed in a 10% NBF 
solution. Subsequently, tissue processing was performed 
at the Clinical Laboratory of Al-Ihsan Regional General 
Hospital (RSUD), West Java Province, followed by slide 
preparation and staining with Hematoxylin-Eosin (HE). 
The negative control group exhibited high blood sugar 
levels after 21 days of treatment because, following 
alloxan injection, they received no therapeutic 
intervention other than distilled water; conversely, the 
positive control group showed a reduction in blood sugar 
levels, consistent with the findings of Akuba et al. (2022). 
Glibenclamide is an oral antidiabetic drug frequently 
used to treat diabetes mellitus; it functions by stimulating 
pancreatic beta-cells to release stored insulin, thereby 
enhancing insulin secretion in response to glucose 
stimulation (Kodariah et al., 2023). 

On day 21, as shown in Figure 4 , the negative control 
group which received no treatment other than alloxan 
induction exhibited severe damage characterized by 
karyolysis and uneven distribution of affected cells. The 
positive control group showed damage in the form of 
degeneration, marked by nuclei undergoing karyolysis. 
The group treated with 50% Arabica coffee extract 
displayed damage characterized by the presence of 
pyknotic nuclei and cells undergoing karyolysis. 
Similarly, the group treated with the 75% concentration 
showed damage characterized by the presence of 
pyknotic cells. In contrast, the group treated with the 
100% concentration exhibited signs of recovery compared 
to the groups treated with the 50% and 75% coffee 
extracts. 
 
Conclusion  
 

Arabica coffee (Coffea arabica L.) extract 
demonstrated significant antihyperglycemic and organ-
protective effects in alloxan-induced diabetic mice. The 
tubruk extraction method yielded a higher chlorogenic 
acid content (20.8%) than the maceration method 
(16.9%), suggesting superior extraction efficiency for 
preserving bioactive compounds. Oral administration of 
Arabica coffee extract significantly reduced blood 
glucose levels in a dose-dependent manner, with the 
100% concentration producing the greatest reduction 
after 14 and 21 days of treatment. Histopathological 
evaluation further revealed substantial improvements in 
liver tissue by reducing parenchymatous degeneration, 
hydropic degeneration, and hepatocellular necrosis, 
while pancreatic examination demonstrated 
regeneration and preservation of the Islets of 
Langerhans, particularly in the 100% extract group. 

These findings suggest that Arabica coffee extract exerts 
antihyperglycemic, hepatoprotective, and pancreatic 
protective effects, likely mediated by the antioxidant 
and anti-inflammatory activities of chlorogenic acid. 
Therefore, Arabica coffee extract represents a promising 
natural candidate for complementary therapy in 
diabetes mellitus, although further studies investigating 
molecular mechanisms, inflammatory biomarkers, and 
clinical efficacy are warranted. 
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