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ABSTRACT: Elevated cholesterol levels can lead to various diseases and reduce quality of life, including non-alcoholic fatty liver
disease (NAFLD), which poses a growing global health concern. Andrographis paniculata (sambiloto) contains andrographolide, a
bioactive compound known to inhibit cholesterol synthesis, suggesting its potential as a herbal alternative to manage
hypercholesterolemia. This study aimed to evaluate the effect of sambiloto leaf extract (Andrographis paniculata Nees) on the liver
histopathology of male Wistar rats (Rattus norvegicus) fed a high-cholesterol diet. This true experimental laboratory study used a
post-test control group design with randomized probability sampling. Rats were divided into six groups: normal control, negative
control, positive control (atorvastatin), and three treatment groups receiving sambiloto extract at doses of 200, 400, and 800
mg/kgBW. Liver histopathology was assessed using the NAFLD Activity Score (NAS), and data were analyzed using the Kruskal—
Wallis test followed by post hoc LSD analysis. The results showed a significant effect of sambiloto extract on liver histopathological
changes (p = 0.028, p < 0.05), although no significant differences were observed among the different dosage groups. In conclusion,
sambiloto leaf extract has a significant influence on improving liver histopathological profiles in male Wistar rats fed a high-
cholesterol diet.
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INTRODUCTION

Hypercholesterolemia is a condition characterized by high levels of cholesterol in the blood, which can lead to the narrowing of blood
vessels. According to the World Health Organization, hypercholesterolemia is one of the non-communicable diseases responsible for
71% of deaths worldwide.!"” According to the Ministry of Health of the Republic of Indonesia, 43.8% of 96 individuals who visited
the Integrated Coaching Post (Posbindu) for non-communicable disease screening in East Nusa Tenggara (NTT) were found to have
hypercholesterolemia.® One of the consequences of hypercholesterolemia is non-alcoholic fatty liver disease (NAFLD). NAFLD is
one of the leading causes of liver disease globally and is associated with various metabolic conditions such as obesity, type 2 diabetes,
hyperlipidemia, hypertension, and metabolic syndrome. A study by Buzzetti et al. (2016) also demonstrated that excessive lipid intake
in hyperlipidemia can activate inflammatory pathways, leading to inflammation and fibrosis, as seen in NAFLD and NASH.®
Hypercholesterolemia is believed by the Indonesian population to be treatable through various herbal remedies. One of the plants
believed by Indonesians to help manage hypercholesterolemia is Sambiloto (Andrographis paniculata).Various studies conducted
by Toppo et al. (2017), Akhtar et al. (2016), and Liu et al. (2020) have shown that Sambiloto extract, specifically andrographolide
and its derivatives can help reduce lipid accumulation in the livers of animals fed with a high-fat diet, and can also help regulate
metabolic alterations in obese rats back to normal levels."

METHOD
The method used in this study was a laboratory experimental study with a true experimental design post-test with control group
approach. The research subjects were divided into six groups, namely the normal group (standard feed, CMC, and distilled water ad
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libitum); the negative control group (standard feed, CMC, distilled water ad libitum, and hypercholesterol diet); the positive control
group (atorvastatin, standard feed, CMC, distilled water ad libitum, and hypercholesterol diet); treatment group 1 (sambiloto extract
solution at a dose of 200 mg/kgBW, standard feed, CMC, distilled water ad libitum, and hypercholesterol diet); treatment group 2
(sambiloto extract solution at a dose of 400 mg/kgBW, standard feed, CMC, distilled water ad libitum, and hypercholesterol diet);
and treatment group 3 (sambiloto extract solution at a dose of 800 mg/kgBW, standard feed, CMC, distilled water ad libitum, and
hypercholesterol diet). All research subjects underwent body weight measurement to assess eligibility through inclusion criteria, as
well as cholesterol level measurement before and after treatment. Data homogeneity was tested using Levene’s test, and data normality
was tested using the Shapiro—Wilk test. The bivariate test used to assess changes in liver histopathology, namely liver steatosis in the
form of NAFLD Activity Scoring, was the Kruskal-Wallis test and the post hoc test used was LSD (Least Significant Difference).

RESULT
Table I. Total Cholesterol Levels Of Subjects
Animal Test Group Mean  cholesterol  levels  (mg/dL)
Day 7 Day 21 Day 36

Normal Group 48,95 28,23 16,88
Negative Control 48,95 94,18 73,97
Positive Control 36,75 84,51 25,06
Treatment Group 1 21,03 104,59 18,39
Treatment Group 2 52,10 81,11 39,81
Treatment Group 3 49,41 81,77 17,39
Total 42,03 79.07 31,92
Normal value : 10-54 mg/dL
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Figure 1: Subject’s Cholesterol Change
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Administration of a high-cholesterol diet for two weeks in five groups of subjects showed an increase in total cholesterol levels in all
experimental groups, except for the normal control group. After 14 days of cholesterol administration, the rats were given treatments
according to their respective groups. All experimental groups showed a decrease in cholesterol levels.

Table I1. Mean NAFLD Activity Score Value Of Subjects

Test Groups Mean Mean Mean Cell Mean NAS Value
Steatosis Inflammation Ballooning
Value Value Value

Normal Control 6.125% 0,75 0 1,5

Negative Control ~ 47,56% 1,4 2 3,2

Positive Control 7,76% 0,25 0 1,25

Treatment 1 10,92% 0 0 1

Treatment 2 13,12% 0,4 0,4 1,8

Treatment 3 12,962% 0,75 0,75 1,5

Figure 2: Normal
Description: NO: Normal Hepatocyte Cell

In the normal group, which was given only standard feed, minimal hepatic steatosis was observed, indicated by an average NAFLD
Activity Score of 1.5.

':“ ) W ‘.\ 8

Figure 3: Negative Control Group (400x Magnification)
Description: NO: Normal Hepatocyte Cell | S: Steatotic Hepatocyte Cell | I: Inflammatoric Hepatocyte Cell | B: Ballooning
Hepatocyte Cell

In the negative control group, which was given a hypercholesterol diet, moderate hepatic steatosis was observed, indicated by an
average NAFLD Activity Score of 3.2.
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Figure 4: Posmve Control Group (400x Magmﬁcatlon)
Description: NO: Normal Hepatocyte Cell

In the positive control group, which was given a hypercholesterol diet followed by atorvastatin administration, minimal hepatic
steatosis was observed, indicated by an average NAFLD Activity Score of 1.25.

Figure 5 Treatment Group 1 (400x Magnlﬁcatlon)
Description: NO: Normal Hepatocyte Cell | S: Steatotic Hepatocyte Cell | I: Inflammatoric Hepatocyte Cell

In treatment group 1, which was given a hypercholesterol diet followed by sambiloto extract at a dose of 200 mg/kgBW, minimal
hepatic steatosis was observed, indicated by an average NAFLD Activity Score of 1.

Figure 6: Treatment Group 2 (400x Magnification)
Description: NO: Normal Hepatocyte Cell | S: Steatotic Hepatocyte Cell

In treatment group 2, which was given a hypercholesterol diet followed by sambiloto extract at a dose of 400 mg/kgBW, minimal
hepatic steatosis was observed, indicated by an average NAFLD Activity Score of 1.8.
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Figure 7: Tre

atment Group 3 (400x Magnification)

Description: S: Steatotic Hepatocyte Cell | I: Inflammatoric Hepatocyte Cell | B: Ballooning Hepatocyte Cell

In treatment group 3, which was given a hypercholesterol diet followed by sambiloto extract at a dose of 800 mg/kgBW, minimal
hepatic steatosis was observed, indicated by an average NAFLD Activity Score of 1.5.

Table III. LSD Analysis of Normal Group with Negative Control Group, Positive
Control Group, Treatment Group 1, Treatment Group 2, Treatment Group 3

Normal Vs. Negative Control P=0.003
Control I
Vs. Positive Control P=10.447
Vs. Treatment Group 1 P=0.274
Vs. Treatment Group 2 P=0.732
Vs. Treatment Group 3 P=0.343

The analysis results presented in Table III show a significant difference between the normal control group and the negative control
group, while the normal group showed no difference in liver histopathological features compared to the other treatment groups.

Table IV. LSD Analysis of Negative Group with Positive Control Group, Treatment
Group 1, Treatment Group 2, Treatment Group 3

_ Vs. Positive P=0.000
Negative Control
Control
Vs. Treatment
Group 1 P=0.000
Vs. Treatment
Group 2 P=0.004
Vs. Treatment
Group 3 P =0.000

The analysis results in Table IV show a significant difference between the negative control group and all other groups, namely the
normal control group, the positive control group, treatment group 1, treatment group 2, and treatment group 3.
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Table V. LSD Analysis of Positive Group with Treatment Group 1, Treatment Group
2, Treatment Group 3

Vs. Treatment P=0.762
Positi Group 1
ositive Treatment P=0.134
Control
Group 2
Vs. Treatment P=0.920
Group 3

The analysis results in Table 4 show that there was no significant difference between the positive control group and treatment groups
1, 2, and 3.

Table VI. LSD Analysis of Treatment Group 1 with Treatment Group 2,
Treatment Group 3

Vs. Treatment P=0.134
Treatment Group 2
Group 1 Vs. Treatment P =0.920
Group 3

The analysis results in Table VI show no significant difference in the liver histopathological features of rats in treatment group 1
compared to treatment groups 2 and 3.

Table VII. LSD Analysis of Treatment Group 2 with Treatment Group 3
Treatment Vs. Treatment P=0.185
Group 2 Group 3

The analysis results in Table 6 show that there was no significant difference in the liver histopathological features of rats in treatment
group 2 compared to treatment group 3.

DISCUSSION

Based on the bivariate analysis results, the significance value of p =0.033 in Table 4.3 indicates that sambiloto extract has an effect
that causes changes in the histopathological features of white rats given a hypercholesterol diet. This finding is consistent with the
study conducted by Jong FHH et al.(1?,

The normal control group had a low level of fatty liver disease, as this group did not receive any treatment in the form of a
hypercholesterol diet. Consequently, few hepatic steatosis markers such as steatosis, inflammation, and cell ballooning were
observed in the liver tissue. However, a small degree of steatosis was still present, with the average steatosis level in the normal
group reaching 6.125%. This may occur because rats naturally possess a normal amount of fat within liver tissue, and it may also
be influenced by the standard chow diet provided to the rats.D

In the negative control group, moderate hepatic steatosis was observed, indicated by an average NAS score of 3.2. This shows that
the level of steatosis in the negative control group was higher than in the other groups. Histologically, the negative control group
exhibited an average hepatic steatosis of 47.56%, with an average of 1.4 inflammatory cells and 2 ballooning cells. This occurred
because the rats in the negative control group were given a hypercholesterol diet, leading to increased fat accumulation in the liver
tissue.

In the positive control group, the NAS score was 1.3, indicating a low degree of hepatic steatosis. The average percentage of steatotic
hepatocytes was 7.76%, the average number of inflammatory cells was 0.25, and no ballooning cells were observed. This result was
due to the administration of a hypercholesterol diet followed by treatment with atorvastatin, a drug belonging to the statin class.
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In treatment group 1, the NAS score was 1, with an average of 10.92% steatotic cells, no inflammatory cells, and no ballooning
cells. This finding suggests that rats given a hypercholesterol diet followed by sambiloto extract at a dose of 200 mg/kgBW
experienced a reduction in hepatic fat accumulation. This aligns with the theory that andrographolide extract in sambiloto can
decrease the expression of sterol regulatory element-binding proteins (SREBP), which are key components in the biosynthesis of
cholesterol, fatty acids, and triglycerides. The downregulation of SREBP leads to decreased cellular lipid accumulation, thereby
reducing lipid deposition in the liver and lowering the NAS score.(?

In treatment group 2, the NAS score was 1.8, with 13.12% steatotic cells, an average of 0.4 inflammatory cells, and an average of
0.4 ballooning cells. This indicates that andrographolide in sambiloto extract at a dose of 400 mg/kgBW also reduced hepatic fat
accumulation, as reflected by a significantly lower NAS score compared to the negative control group. However, there was no
difference in NAS scores between treatment groups 2 and 1. This may be attributed to the higher initial and final cholesterol levels
in treatment group 2, as shown in Figure 4.1. Such data may suggest that the hepatic steatosis process occurred more rapidly or
extensively in group 2, as elevated intrahepatic triglyceride levels resulting from high cholesterol may induce insulin resistance,
thereby accelerating hepatic de novo lipogenesis.(!®

In treatment group 3, the NAS score was 1.5, with an average steatosis level of 12.962%, an average of 0.75 inflammatory cells,
and an average of 1.5 ballooning cells. These results indicate that sambiloto extract at a dose of 800 mg/kgBW was able to reduce
hepatic fat accumulation, though it was less effective than in treatment group 1. This may also be due to the high initial cholesterol
levels in the animals of treatment group 3, where elevated hepatic triglycerides could accelerate fat accumulation induced by insulin
resistance.(!?

Hepatic steatosis is caused by an increased intake of cholesterol. Elevated cholesterol levels lead to an increase in triglycerides,
which are produced through the esterification of glycerol and free fatty acids. These triglycerides can accumulate in the form of
macrovesicular or microvesicular vesicles, which can be observed in histopathological examinations. Triglycerides may be obtained
through dietary intake, such as a hypercholesterol diet.®

The andrographolide content in sambiloto has an inhibitory effect on cholesterol and fatty acid synthesis in metabolism. This
inhibitory effect occurs through the downregulation of sterol regulatory element-binding proteins (SREBP), which are essential
components in the biosynthesis of cholesterol, fatty acids, and triglycerides. SREBP functions as a transcription factor that regulates
lipid biosynthesis and adipogenesis by controlling the expression of several enzymes required for the synthesis of cholesterol, fatty
acids, triacylglycerols, and phospholipids.(¥

Andrographolide has also been shown to reduce the expression of HMG-CoA reductase (HMG-CoAR). A decrease in HMG-CoAR
expression reduces the conversion of HMG-CoA into mevalonate, an essential component in cholesterol synthesis.'> Through the
inhibition of cholesterol, fatty acid, triacylglycerol, and phospholipid synthesis, cholesterol accumulation decreases, resulting in a
reduction of fatty acids in liver tissue. Consequently, hepatic steatosis decreases, which can be detected through NAS scoring.(®
In this study, increasing the dose of sambiloto extract did not result in a greater improvement in hepatic steatosis. However, this
does not necessarily indicate the absence of significant differences between doses. Certain factors, such as variations in cholesterol
levels among treatment groups, may have influenced the results. Differences in blood cholesterol levels can affect the rate of fat
accumulation in liver tissue, leading to variations in the progression of steatosis between groups and consequently affecting the
activity of andrographolide in sambiloto.!®)

CONCLUSION

There was a significant effect of Andrographis paniculata (sambiloto) extract administration on the liver histopathological features
of male Wistar rats (Rattus norvegicus) with hypercholesterolemia. Differences in histopathological findings were observed between
rats treated with sambiloto extract and those that did not receive sambiloto or atorvastatin (negative control group). However, no
significant differences were found between the sambiloto-treated groups and the positive control group (atorvastatin), nor among
the sambiloto-treated groups receiving different doses.
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