
Improvement of Liver Function from Lemon Pepper 
Fruit Ethanol Extract in Streptozotocin-Induced 

Wistar Rats 

Linda Chiuman  
Faculty of Medicine 

Universitas Prima Indonesia 
Medan, Indonesia 

lindachiuman@unprimdn.ac.id 
 

Suhartomi* 
Faculty of Medicine 

Universitas Prima Indonesia 
Medan, Indonesia 

suhar.tomi@gmail.com 
 

Chrismis Novalinda Ginting 
Faculty of Medicine 

Universitas Prima Indonesia 
Medan, Indonesia 

chrismis@unprimdn.ac.id 
 
   
 
 
 
 
 

Ok Yulizal 
Faculty of Medicine 

Universitas Prima Indonesia 
Medan, Indonesia 

okyulizal@unprimdn.ac.id 
 

Veranyca Chiuman 
Faculty of Dentistry 

Universitas Prima Indonesia 
Medan, Indonesia 

veranycac@gmail.com 

Abstract—Diabetes mellitus is usually associated with 
oxidative stress which can initiate or promote chronic diabetic 
lesions in various organs. Reactive Oxygen Species  
accumulation affects liver tissue and may also cause Non-
Alcoholic Fatty Liver Disease (NAFLD). Lemon pepper is an 
alternative medicine that is widely used in the Batak 
community. Therefore, this study was designed to determine the 
improvement of liver function from ethanolic extract of lemon 
(Zanthoxylum acanthopodium) in Wistar rats induced by 
streptozotocin. In the eksperiment, 25 rats which divided into 
five groups: control, standard, lemon pepper-1, 2, and 3 (250, 
500, and 750 mg/kg BW, respectively) were used. After 14 days 
of intervention, the ALT and AST levels were measured in all 
rats. The results showed that the average percentage reduction 
in the AST levels in lemon pepper I, II, III, and standard groups 
were 2.64%, 35.76%, 43.59%, and 44.82%, respectively; The 
average percentage reduction in the ALT levels were 76.19%, 
87.20%, 84.99%, and 88.39%, respectively. However, the 
decrease in each level showed that the increase in the AST level 
was better than the ALT. Overall it can be concluded that lemon 
pepper extract can improve the liver function of streptozotocin-
induced wistar rats and the most effective dose of ethanolic 
extract of lemon fruit for improving liver function, especially 
ALT levels is 750 mg/kg BW.B 
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I. INTRODUCTION 

Diabetes Mellitus (DM) is a chronic metabolic disorder 
characterized by impaired glucose, protein, and lipid 
metabolism as a result of inadequate insulin production or 
insulin resistance in target tissues [1]. American Diabetic 
Association classified DM into four different categories viz. 
Insulin Dependent Diabetes Mellitus (IDDM), Non-Insulin 
Dependent Diabetes Mellitus (NIDDM), Gestational Diabetes 
Mellitus, and Specific types of diabetes due to other causes 
[2]. 

The most common form of DM is NIDDM, as it has high 
prevalence over the world. The NIDDM prevalence in white 
or caucasian races ranges from 3% to 6% in the adult 
population. In Singapore, the frequency of diabetes has 
increased rapidly in the last ten years. Meanwhile, the number 
of diabetes patients in the United States also increased from 
6,536,163 cases in 1990 to 20,676,427 cases in 2010. 
Furthermore, the NIDDM prevalence in Indonesia is reported 
in the Annual Report of Basic Health Research (Riset 
Kesehatan Dasar). Based on this data, the prevalence of 

NIDDM diagnosed by doctors in Indonesia at 2013 and 2018 
is 1.5% and 2.0%, respectively [3]. 

Recently, Diabetes mellitus was associated with oxidative 
stress. The oxidative stress may increase Reactive Oxygen 
Species production (ROS) and lead to the genesis of 
hyperglycemia-related tissue damage. Moreover, this 
condition may initiate or promote chronic diabetic lesions on 
blood vessels, retina, kidney, nerves, and other organs. The 
ROS accumulation affects the liver tissue and might cause 
Non-Alcoholic Fatty Liver Disease (NAFLD) is a group of 
liver diseases that range from steatosis to cirrhosis [4], [5]. 

Due to those reason, an alternative treatment of diabetes is 
needed. Indonesia is a developing country with a tropical 
climate and is enriched by various biodiversity, including 
more than 30,000 plants. Interestingly, around 2,500 species 
are herb [6]. Indonesia is known for many potential herbs that 
can be used to treat diabetes and any related conditions. One 
of these herbs is lemon pepper that is widely used in bataknese 
community.   

Several studies have been performed to investigate the 
health benefit of lemon pepper fruit. Saragih et al. (2019) 
reported that the lemon pepper fruit from Samosir Toba and 
Tapanuli Utara region contained many phytochemicals like 
phenol and saponin, flavonoid, tannin, triterpenoid, and 
alkaloid [7]. Moreover, Worotikan et al. (2017) also reported 
that the lemon pepper fruit had an antidiabetic effect and 
protective effect against diabetic nephropathy at the dosage of 
300 mg/kg BW in alloxan-induced diabetic rats. Lemon 
pepper fruit also has other pharmacological properties like 
anti-inflammatory, antioxidant, and antibacterial [8]–[11]. 

Several studies have been performed to investigate the 
antidiabetic effect and phytochemical content in lemon pepper 
fruit. Moreover, the previous studies were focusing only on 
the protective effect of lemon pepper fruit against diabetic 
nephropathy. Further study is needed to investigate the effect 
of lemon pepper fruit against NAFLD in diabetic conditions. 

Streptozotocin (STZ) is an antibiotic which synthesised by 
Streptomyces achromogenes. It clinically uses as 
chemotherapy for pancreatic and other cancer types. 
Moreover, it also uses as a substance to induce Diabetic by 
oxidative damage. Subsequently, it can cause not only a lesion 
in pancreatic tissue but also hepatic and kidney tissues [15]. 
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Streptozotocin has the chemical formula C8H15N3O7and 
a molecular weight of about 265 g/mol. The STZ (pale yellow 
or pale white crystalline powder) consists of a nitrosourea 
moiety with a methyl group at one end and a glucose molecule 
at the other. Meanwhile, STZ is highly soluble in water, 
ketones, low alcohols, and slightly soluble in polar organic 
solvents [16]. 

Streptozotocin has cytotoxic glucose analogue properties, 
both bacterial and human cells are inhibited by this chemical. 
It binds with certain cytosine moieties in bacterial cells, 
causing bacterial DNA to be degraded. This substance also 
acts as a cytotoxic substance against mammalian pancreatic β-
cell after 72 hours of administration according to the 
prescribed dose. Cytotoxicity of this substance in mammals 
begins to take up the STZ via the GLUT 2 transporter causing 
DNA fragmentation (due to nitrosourea moiety in STZ). Some 
of the main pathways associated with DNA fragmentation are 
viz. DNA methylation, nitric oxide production, and formation 
of free radicals as hydrogen peroxide [16], [17]. Therefore, 
STZ can cause DNA methylation, produce nitric oxide, and 
generate free radicals that cause DNA fragmentation of 
pancreatic β-cell and end in diabetes mellitus. 

 
Fig. 1. Chemical Structure of Streptozotocin 

The ALT and AST are some parameters that can be used 
to evaluate liver function. Besides in the liver tissue, the ALT 
can be found in other cytoplasmic cells like kidney, heart, 
muscle, and liver. The highest level of ALT is normally found 
in the liver. Meanwhile, the AST has two different isoenzymes 
include mitochondrial and cytoplasmic isoenzymes. This 
enzyme is found at the highest level in the heart than other 
organs. Due to this reason, the AST and ALT levels in this 
study were examined simultaneously to evaluate liver 
function, although these enzymes can be found in other 
organs.  Khosravi et al. (2011) reported a significant 
correlation between the ALT level with histopathology 
damage in NAFLD. Hence, the improvement of the AST and 
ALT levels in the group of lemon pepper 1-3 indicates an 
improved liver function in the NAFLD due to diabetic 
condition [18]–[20]. 

None of the studies had investigated the effect of lemon 
pepper against NAFLD in diabetic conditions when the 
prevalence of NAFLD was high among diabetic patients. The 
NAFLD was caused by the ROS from the genesis of 
hyperglycemia-related tissue damage. Based on the above 
information, the researcher hypothesised that besides its’ 
protective effect on the kidney, lemon pepper fruit also has a 

protective effect against liver tissue from the ROS effect in 
diabetic conditions due to the presence of various 
phytochemicals that acted as antioxidant and antidiabetic 
compounds. Hence, this study was performed to investigate 
liver function improvement from lemon peppers fruit’s 
(Zanthoxylum acanthopodium) ethanol extract in the 
streptozotocin-induced Wistar rat 

II. METHODS 

A. Study design 

 In this study, experimental activities were carried out 
involving 25 male Wistar rats with a body weight of around 
180-200 grams. The experiment was carried out at the 
Pharmacology Laboratory of the Faculty of Medicine, Prima 
Indonesia University, Medan, in November 2020. The use of 
rats as experimental subjects was approved by the Health 
Research Ethics Committee from Prima Indonesia University 
with letter of no. 013/KEPK/UNPRI/IV/2021. 

B. Material 

Materials used in this study include lemon pepper fruit, 
Carboxyl-Methyl Cellulose Sodium (Na-CMC), chloroform, 
distilled water, normal saline, streptozotocin, metformin, red 
vacuum blood tube, and ALT/AST reagent (Dyasis ®).  

C. Identification and Extraction 

Lemons pepper were purchased at a traditional market in 
Medan, North Sumatra. the Lemons were cleaned, dried, and 
mashed to get simplicia powder. The simplicia powder was 
immersed in 96% ethanol in a ratio of 1:10 and then filtered 
(after 24 hours) to obtain the filtrate. This process was then 
repeated twice, and the final mixture was evaporated with a 
rotary evaporator at 50oC until the filtrate became 
concentrated [12], [13]. 

D. Determination of Extract Dosage 

The dose of lemon pepper used in the experiment was 
determined based on the renal protective effect in a previous 
study by Worotikan et al. (2017), who reported that ethanolic 
extract of lemon pepper at a dose of 300 mg/kg BW improved 
kidney damage in streptozotocin-induced rats. Based on these 
results, researchers usually select higher and lower doses of 
the effective dose to investigate the liver protective effect in 
the same animal model [8]. 

E. Formulation of Oral Suspension 

After the evaporation process, the ethanol extract was 
suspended into the sodium carboxy-methylcellulose to form 
an oral suspension. The amount of 0.5 grams sodium carboxy-
methylcellulose was spread on the surface of 30 ml hot water 
in the mortar for 15 minutes until it formed a clear suspension. 
Moreover, the suspension was grounded until it becomes 
homogeny and was dissolved to 100 ml. The obtained oral 
suspension was used as a medium for extract. Amount of 500 
mg, 1000 mg, and 1500 mg  of extract was mixed into 10 ml 
of 0.5% sodium carboxy-methylcellulose suspension to form 
extract suspension dosage of 250 mg/kg BW, 500 mg/kg BW, 
and 750 mg/kg BW, respectively [14].  

F. Intervention 

This study used 25 rats and was divided into five groups: 
viz. control, standard, lemon pepper-1, 2, and 3, respectively. 
In the beginning, all rats were induced by a single 
intraperitoneal injection of streptozotocin (50 mg/kg BW) in 
0.1 M citrate buffer (pH = 4.5). Three days after the induction, 

 



the fasting blood glucose level was measured by a glucometer. 
All rats with fasting blood glucose levels of more than 200 
mg/dL were included as subjects in this study. Moreover, 
these rats were grouped into five different groups: 

 Control: Diabetic rats received 1 ml of 0.5% sodium 
carboxy-methylcellulose suspension;  

 Standard: Diabetic rats received 5 ml/kg BW (100 
mg/kg BW) of metformin suspension;  

 Lemon pepper-1: Diabetic rats received 5 ml/kg BW 
of extract suspension dosage of 250 mg/kg BW;  

 Lemon pepper-2: Diabetic rats received 5 ml/kg BW 
of extract suspension dosage of 500 mg/kg BW; 

 Lemon pepper-3: Diabetic rats received 5 ml/kg BW 
of extract suspension dosage of 750 mg/kg BW.      

 

After 14 days of intervention, all rats were sacrificed by 
inhalation of chloroform in a closed room, and the blood was 
collected by cardiac puncture using a 5 ml syringe and 25G-
Needle. Moreover, the serum was obtained by centrifugation 
of obtained blood at 2500 RPM for 10 minutes [13], [14].  

G. Determination of ALT and AST level 

Preparation of Dyasis reagent was performed by mixing 
four parts of R1 and 1 part of R2 to form monoreagent. The 
amount of 100µL of serum was then mixed into the 
monoreagent. The absorbance was examined after a minute, 
and it was repeated every 1, 2, and 3 minutes. 

H. Data Analysis 

All data were analysed descriptively and expressed as 
Mean ± SD. Moreover, these data were analysed by One Way 
ANOVA and followed by Post Hoc Test Tukey HSD. 

Fig. 2. The Diagram of Experiment Design  

 

III. RESULTS 

Comparison of AST and ALT enzyme from each 
intervention group were described by “Table I” and “Fig 1”.  

TABLE I.  COMPARISON OF AST AND ALT LEVEL IN ALL INTERVENTION 
GROUPS 

Group AST (U/L) ALT(U/L) 
Standard 126 125.60 ± 2.07a 48 46.40 ± 2.07a 

123 45 
128 49 
124 46 
127 44 

Control 144 227.60 ± 2.07b 397 399.80 ± 1.92b 
146 400 
148 401 
144 399 
149 402 

Lemon pepper-1 220 221.60 ± 2.07c 97 95.20 ± 2.59c 
222 96 
223 98 
224 93 
219 92 

Lemon pepper-2 225 146.20 ± 2.28d 50 51.00 ± 1.58d 
226 51 
228 49 
229 52 
230 53 

Lemon pepper-3 128 128.40 ± 1.14a 60 60.00 ± 1.58e 
127 61 
129 62 
128 59 
130 58 

Data were expressed as Mean ± SD; P-Value was obtained from One Way ANOVA; The difference 
superscript in the same column shows a significant difference based on Post Hoc Test Tukey HSD.   

Based on “Table I”, the AST and ALT levels were 
significantly decrease in both the lemon pepper and standard 
group compared to the control group.  It was proved by the P-
Value which lower than 0.05 in ALT and AST levels. The 
highest level of the AST was found in the control group, which 
was 227.60 ± 2.07 U/L, followed by lemon pepper-I (221.60 
± 2.07 U/L), II (146.20 ± 2.28 U/L), III (128.40 ± 1.14 U/L), 
and standard (125.60 ± 2.07 U/L) group, respectively. Based 
on these values, the average percentage of the AST level were 

decrease in lemon pepper I, II, III, and standard group were 
2.64%, 35.76%, 43.59%, and 44.82%, respectively. 
Interestingly, the post hoc test revealed that the AST level 
from lemon pepper-3 did not significantly differ against the 
standard group. Moreover, the ALT level also showed a 
similar pattern. The highest level of the ALT was found in the 
control group, which was 399.80 ± 1.92 U/L, followed by 
lemon pepper-I (221.60 ± 2.07 U/L), II (146.20 ± 2.28 U/L), 

 



III (128.40 ± 1.14 U/L), and standard (125.60 ± 2.07 U/L) 
group. Based on these values, the average percentage 
reduction in the ALT level for lemon pepper I, II, III, and 
standard groups were 76.19%, 87.20%, 84.99%, and 88.39%, 
respectively. Although the average percentage reduction in the 
ALT levels was higher than the AST, based on the post hoc 
test, the ALT levels from lemon pepper and the standard group 
were significantly different, which were different with AST 
level. Moreover, the trend of AST and ALT in all groups is 
described in the “Fig 3”. 

 
Fig. 3. Histogram of AST and ALT in All Groups 

Based on the “Fig. 3”, either the highest of the AST or 
ALT levels were found in the control group and the lowest in 
the standard group. Meanwhile, the lemon pepper groups had 
levels of the AST and ALT between the control and standard 
group. The increase of the lemon pepper extract dose 
decreased the average of the AST and ALT levels.  

IV. DISCUSSIONS 

It becomes obvious that lemon pepper fruit’s ethanol 
extract can improve liver function in diabetic conditions. 
Ethanol extract of lemon pepper fruit showed a better 
improvement against the AST than the ALT levels, shown by 
the normalised AST level of the group with the highest dose 
of the extract. 

The improvement of liver function by lemon pepper fruit’s 
ethanol extract was caused by pharmacological properties of 
the fruit, like anti-inflammatory and antioxidant. The 
streptozotocin has an pro-oxidation property against some 
organs, not only against pancreas but also liver tissue. Hence, 
lemon pepper fruit has an antagonist effect which neuterilzed 
the proo-oxidation properties of streptozotocin. Moreover, the 
lemon pepper extract also cures the hyperglycemia-related 
damage which caused by the streptozotocin induction.  

The results of this study are supported by some previous 
studies. Based on Saragih et al. (2019), lemon pepper fruit has 
various phytochemicals like phenol, saponin, flavonoid, 
tannin, triterpenoid, and alkaloid [7]. The widely known 
Flavonoid has an antioxidant effect. Flavonoid donates the 
hydroxyl group of phytochemicals into reactive oxygen 
species (ROS) formed by hyperglycemia-related tissue 
damage [21], [22]. Moreover, lemon pepper can also 
neutralise the free radical which is generated by 
streptozotocin. Hence, the phytochemical compound in the 
lemon pepper prevents the NAFLD in the diabetic rat model 
due to the antioxidant properties of lemon pepper that is 
neutralised free radical in hyperglycemia-related tissue 
damage and streptozotocin.   

None of the studies has been performed to investigate the 
pharmacological effect of lemon pepper fruit’s ethanol extract 
against liver tissue, especially NAFLD, in diabetic conditions. 
However, another study by Worotikan et al. (2017) supported 
the result of this study. Worotikan et al. (2017) reported that 
the lemon pepper fruit’s ethanol extract had an antidiabetic 
effect and protective effect against diabetic nephropathy at the 
dosage of 300 mg/kg BW in alloxan-diabetic rats [8], [9], [11]. 
It means that the higher dosage was required to show a liver 
protection effect than the dosage which was required for 
kidney protection effect. 

V. CONCLUSION 

Based on the experimental results on 25 rats, it can be 
concluded that lemon pepper extract can improve the liver 
function of streptozotocin-induced wistar rats and the most 
effective dose of ethanol extract of lemon fruit to improve 
liver function, especially ALT levels, is 750 mg/kg BW with 
an average percentage reduction of 87.20%. 
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