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Abstract

Energy-dense, low-nutrient, and ultra-processed diets rich in fat can be a risk factor for fatty liver
disease. Fragrant pandan is a plant that grows widely in Indonesia and is widely used as a herbal
plant. This study aimed to determine the potential of fragrant pandan leaf ethanol extract (FPLEE)
to reduce ALT and AST levels. It is a posttest control group design experiment. A total of 24 Rattus
norvegicus specimens. All groups were given high-fat food for two weeks, except for NC. In the next
two weeks, S was induced by simvastatin and FPLEE; T1, T2, and T3 were induced by 8, 16, and 32
mg/200 g BW/day, respectively. The One-Way ANOVA test results showed a=0.000 for ALT and
a=0.029 for AST. Post-hoc LSD showed that NC was significantly different from T1, T2, and T3
(p<0.05); therefore, FPLEE was unable to reduce ALT levels. For AST levels, NC was significantly
different from C+, T1, and T2 (P<0.05). Thus, T3 (32 mg/200 g BW/day of FPLEE) yielded the best
results in reducing AST levels (p>0.05). Based on these results, FPLEE has side effects on liver
function, as seen in increased blood ALT levels, but it can reduce blood AST levels.

Keywords: Alanine Aminotransferase; Aspartate Aminotransferase; Fragrant Pandan Leaves Ethanol
Extract; Liver; High-Fat Diet

1. Introduction

Non-communicable diseases are the most common cause of death in society. This disease often occurs
in developing countries, where economic growth has led to industrialization and urbanization. It causes a
change in diet from a traditional diet to an energy-dense, low-nutrient, and ultra-processed diet that is
generally rich in fat and can cause metabolic diseases (Kachwaha et al., 2024). Metabolic diseases are the
most common diseases. A high-fat diet is closely associated with the emergence of metabolic diseases
(Sukanty & Prijanti, 2021; Zhang, Ho, Wei, Xiao, & Lu, 2024).

In lipid metabolism, liver plays a role in cholesterol metabolism (Alviola, Fathurrahman, Rifai, &
Afrah, 2023). Cholesterol is used to metabolize fat-soluble vitamins (vitamins A, D, E, and K) for the
formation of steroid hormones and bile salts, which play a role in the absorption of fats and vitamins in
the small intestine (Trisnawati, Djuang, & Hutapea, 2024). Excessive consumption of high-fat foods can
lead to obesity. This condition is generally accompanied by nonalcoholic fatty liver disease (NAFLD),
insulin resistance, dyslipidemia, and cardiovascular disease, which triggers de novo lipogenesis in the
liver and impaired fatty acid transport. Excess fat will be stored in adipose tissue, but if the amount of fat
continues to increase, the body will store it in nonadipose tissue, especially the liver. As a result, fatty liver
occurs, known as steatosis. If left to continue, liver cirrhosis and even liver carcinoma will occur (Lian,
Zhai, Li, & Wang, 2020). This condition is
characterized by the increased activity and
secretion of alanine aminotransferase (ALT) and
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aspartate aminotransferase (AST) enzymes produced by the liver into the blood circulation. Thus, the
examination of ALT and AST levels can be a parameter for liver function disorders (W. C. W. Putri,
Yuliawati, & Rahman, 2021).

ALT is an enzyme that transfers the amino group from alanine to a-ketoglutarate, producing pyruvate
and glutamate, which are important for energy formation. Apart from being produced by the liver, ALT
is produced by the heart, kidneys and muscles, but in small quantities. Thus, ALT is a specific marker of
liver damage. Like ALT, AST is also produced by other organs such as skeletal muscle, heart muscle,
kidneys and brain, but in greater quantities than ALT. AST transfers the amino group from aspartate to a-
ketoglutarate, producing oxaloacetate and glutamate, which are important for energy formation (Kalas,
Chavez, Leon, Taweesedt, & Surani, 2021).

Treatment for liver function disorders, such as fatty liver, involves maintaining cholesterol levels
within the normal range, one of which is the use of medical drugs (Ngga et al., 2020). Long-term drug use
can cause hepatotoxicity, myopathy, and renal failure (Kodariah & Wahid, 2020; W. C. W. Putri et al., 2021).
In this regard, many people are turning to herbal plants because they are believed to have fewer side effects.
This is increasingly supported by the echo of Back to Nature, which has increased research on herbal plants
(Grenvilco D. Kumontoy, Deeng, & Mulianti, 2023).

The use of plants as medicinal ingredients has become widespread worldwide. Around 170 countries
have regulations regarding herbal medicines (Zulkarnain, Triyono, Ardiyanto, & Saryanto, 2021).
Indonesia is one of the countries with a wealth of herbal plants, and its regulations are regulated by the
Food and Drug Monitoring Agency (Apriana et al., 2022). One plant that is believed to have many health
benefits is the fragrant pandan (Pandanus ammaryllifolius). This plant proliferates in tropical regions.
Research by Ulfah showed that fragrant pandan leaf ethanol extract (FPLEE) has a high phenolic (Ulfah,
Sethyana, & Anam, 2023). Phenolic compounds can stabilize free radicals and inhibit lipid peroxidation.
In Poorbagher et al.'s research, phenol obtained from nanoniosomes-loaded Myristica fragrans' can reduce
ALT and AST levels in mice which induce hepatotoxicity (Poorbagher, Karimi, & Oskoueian, 2022). Other
antioxidants in fragrant pandan leaves include flavonoids, alkaloids, saponins, tannins, and terpenoids
(Oeleu, 2022). The ketone groups in flavonoids can react with the hydroxyl groups in cholesterol, thereby
inhibiting cholesterol. Various antioxidant compounds in fragrant pandan leaves have been tested for their
potential to reduce blood glucose levels, repair tissue damage, and heal burns (Lolok, Yuliastri, & Abdillah,
2020; Oeleu, 2022).

Although many studies have discussed the antioxidant potential of pandan leaves, its effect on ALT
and AST levels in a high-fat diet is yet to be discovered. Based on this description, researchers wanted to
determine the potential of ethanol extract from fragrant pandan leaves on the liver function of mice
induced by a high-fat diet.

2. Method

This research has gone through an ethical test as proven by the research ethics code 053/EC-04/FK-
06/UNIZAR/VII/2024. This research is a quantitative-experimental study with a posttest- control group
design. The samples consisted of 24 rats divided into six groups: normal control (NC), positive control
(C+), simvastatin (S), treatment 1 (T1), treatment 2 (T2), and treatment 3 (T3).

Fragrant pandan leaves extraction process

Fragrant pandan leaves were dried, baked in an oven at 40C, and then ground into powder. Fragrant
pandan leafpowder was soaked in 96% ethanol at a ratio of 1:1 for three days then filtered, and evaporated
to obtain an ethanol extract of fragrant pandan leaves (Hashary, Ibrahim, & Patma, 2022).

Composition of high-fat food

High-fat foods were prepared by mixing 80 g duck egg yolk, 5 g animal fat, and 15 g 65% sucrose.
Food was given to the C+, S, T1, T2, and T3 groups of rats at 2 mL/200 g BW (Nurmeilis, 2015).
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Preparation of simvastatin suspension
Simvastatin was prepared by dissolving 20.6 mg simvastatin in 100 mL distilled water. The dose
administered to the rats was 0.206 mg/200 g rat body weight/day (Sukanty, Ariani, & Yunita, 2024).

Treatment of experimental animals

Biomedical-related research uses experimental animals like Rattus norvegicus. Treatment of
experimental animals is carried out based on research ethics, which includes how to obtain experimental
animals, transportation, maintenance, and techniques for carrying out trials, in this case, by minimizing
the risk of discomfort to experimental animals (Biologi & Bioteknologi, 2023). All equipment used during
the research was calibrated before use to provide accurate results.

In this study, rats underwent an acclimatization period of seven days in the laboratory, during which
their body weights were recorded. The dosage of Fragrant Pandan Leaves Ethanol Extract (FPLEE) was
determined based on the research by (Hashary et al., 2022) and administered using the once-a-day sonde
method. The treatment protocol varied across six groups. The normal group received standard food for 28
days. The C+ group was fed high-fat food for 28 days. The simvastatin group was given high-fat food for
14 days, followed by standard food and simvastatin at a dose of 0.206 mg/200 g BW/day from days 15 to
28. The T1 group was fed high-fat food for 14 days, followed by standard food and FPLEE at a dose of 8
mg/200 g BW/day from days 15 to 28. Similarly, the T2 and T3 groups were given high-fat food for 14
days, then standard food combined with FPLEE at doses of 16 mg/200 g BW/day and 32 mg/200 g
BW/day, respectively, from days 15 to 28. This treatment design aimed to evaluate the effects of FPLEE
on alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels in high-fat diet-induced
rats.

Measurement of ALT and AST levels

On the 29t day, rats were anesthetized using ketamine, then blood was drawn from all groups via
cardiac puncture. This aims to minimize pain in rats. Blood samples were placed into vacutainer tubes
and centrifuged to collect the serum. ALT and AST examinations were performed using a biosystem
machine in Awet Muda Narmada Hospital laboratory. This tool is a semi-autoanalyzer tool used for
clinical chemistry examinations. This tool is always calibrated periodically.

Data analysis

The results of ALT and AST levels were analyzed for normality using the Shapiro-Wilk test.
Differential tests for each group were performed using the One-Way ANOVA test followed by the post-
hoc least significant difference (LSD) test with a confidence level of 95% (a = 0.05).

3. Result and Discussion

Consumption of excessive amounts of cholesterol can increase blood cholesterol levels. This increase
leads to the accumulation of lipids in the liver. If left untreated, it can cause liver damage. As a digestive
organ, the liver produces both ALT and AST levels. These two enzymes play a role in protein metabolism
in gluconeogenesis (Harahap, Harahap, & Sitorus, 2023; Susanti, Wiyanto, Hidayati, & Noor, 2024).
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Figure 1. Average measurements of ALT and AST levels in each group.

ALT and AST levels were checked on the 29t day. Blood was collected from the heart and serum ALT
and AST levels were measured. The examination results were tested statistically to determine the
differences between the groups. Figure 1 displays the average ALT and AST levels in each group.

The detail results of ALT measurement are shown in Table 1. The lowest ALT levels were observed
in NC, whereas the highest levels were observed in T2. The results of the One-Way ANOVA statistical test
were p = 0.000, it indicates that there were at least two groups that had significant differences in ALT levels.

To find out which groups are meant by these results, we carried out further tests using post-hoc least
significant difference (LSD).

Table 1. ALT level.

Group Me?: I ggvféﬂ) F (ANOVA) p-Value
NC 60.975 + 2.975
C+ 67.850 + 3.496
S 62.550 + 3.516 -
T1 68.700 + 0.294 12.261 0.000
T2 85.225 +9.979
T3 72.625 + 4.088

**xp < 0,001

Table 2 shows the post-hoc least significant difference (LSD) test for ALT levels. In this study, groups
S, T1, T2, and T3 are expected to have a p value <0.05 against the NC group which indicates ALT
concentrations that are similar to NC, in other words the administration of simvastatin and FPLEE is
expected to be able to reduce ALT levels to close to the ALT value in the normal group. However, statistical
test results show that there was a significant difference between the NC group and T1 (p=0.042), T2
(p=0.000), and T3 (p=0.004), while there was no significant difference in NC with C+ and S (p>0.05).
Furthermore, the groups with other significant differences were T2 with C+, S, T1, and T3 (p<0.05).
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Table 2. Differences in ALT levels between groups.

Post-Hoc LSD

Group p-Value
NC C+ 0.067
S 0.661
T1 0.042*
T2 0.000*
T3 0.004**
C+ S 0.151
T1 0.813
T2 0.000%**
T3 0.193
S T1 0.099
T2 0.000%**
T3 0.281
T1 T2 0.000%**
T3 0.281
T2 T3 0.002**
*p < 0.05
*¥p < 0.01
**%p < 0.001

Similar to ALT, AST levels also showed One-Way ANOVA test results p < 0.05 (Table 3). Thus, there
were at least two groups with significant differences. The lowest AST levels were observed in the NC
group, followed by those in the S and T3 groups. The C+ group had lower levels than the T1 and T2 groups,
but higher levels than the T3 group.

Table 3. AST level.

AST Level

Group Mean * SD (U/L) F (ANOVA) p-Value
NC 136.075 + 10.660
C+ 180.150 + 35.789
S 157.675 £ 15.562 "
T1 198.275 + 34.473 3235 0.029
T2 188.775 £ 28.539
T3 160.825 £ 16.715

*p<0.05

The test was continued with the post-hoc LSD test, where there were results in the form of a
significant difference between the NC group and C+ (p = 0.025), T1 (p = 0.003), and T2 (p = 0.009).
Additionally, group S was significantly different from group T1 (p = 0.037). Table 4 presents the results.

Table 4. Differences in AST levels between groups.

Post-Hoc LSD

Group p-Value
NC C+ 0.025*
S 0.247
T1 0.003**
T2 0.009**
T3 0.188
C+ S 0.230
T1 0.329
T2 0.639
T3 0.299
S T1 0.037*
T2 0.102
T3 0.864
T1 T2 0.606
T3 0.053
T2 T3 0.139
*p<0.05
#kp < 0.01
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In this study, a high-fat diet (HFD) for two weeks did not increase ALT levels, as shown by the p>0.05
between the NC and C+ groups. These results align with the research by Liang et al., where HFD did not
provide significantly different results for the normal and HFD groups. Apart from ALT, AST also yielded
the same results as Liang et al. A high-fat and high-cholesterol diet (HFHCD) increased these two enzymes.
HFHCD, which causes an increase in ALT and AST levels, shows that administering cholesterol directly
can cause liver damage more quickly than a HFD without cholesterol (Liang et al., 2021).

However, in this study, the HFD increased blood AST levels, as evidenced by the significant
difference in AST levels between the NC and C+ groups (p<0.05). ALT is synthesized by the liver, while
AST is synthesized by the liver and extrahepatic tissues, such as the heart, kidneys, skeletal muscles, and
erythrocytes (Yasar & Kokbas, 2024). Thus, liver function tests must test ALT and AST levels
simultaneously to determine whether damage only occurs in the liver or extrahepatic tissue (Sovia,
Kristiana, Nurdina, & Rachman, 2024).

The increase in AST levels in the C+ group, without being followed by an increase in ALT, appeared
to be caused by an increase in AST produced by the extrahepatic tissue. When HFD is administered, lipid
accumulation, oxidative stress, and inflammation can occur in the heart muscle, adipose tissue, kidneys,
and skeletal muscle (Sztolsztener, Bzdega, Hodun, & Chabowski, 2023). Damage to these various tissues
causes the release of AST into the blood (Kendran, Gelgel, Anthara, & Anggreni, 2013).

In line with the ALT levels, which did not increase in the C+ group, the S group also showed the same
results. Simvastatin is used to lower the blood cholesterol levels. It targets HMG-CoA reductase activity
in the liver (Pieku’s-Stomka et al, 2023). Simvastatin can control blood cholesterol levels, thereby
preventing fatty liver damage, which can increase ALT levels (Elleithi, El-Gayar, & Amin, 2023). The long-
term use of simvastatin can damage cells, especially hepatocytes. An increase in ALT levels due to
simvastatin was shown in the research of Abo-zalam et al. These results are supported by an increase in
oxidative stress, characterized by reduced glutathione (GSH) and superoxide dismutase (SOD) activity,
followed by a decrease in malondialdehyde (MDA) (Abo-zalam et al., 2021).

Administration of FPLEE at various concentrations to groups T1, T2, and T3 resulted in higher ALT
levels than the NC group (p<0.05). This shows that the administration of HFD followed by FPLEE
increases ALT levels. Steroids are one of the components of FPLEE. Steroids can interact with the cell
membrane, resulting in decreased cell membrane integrity. As a result, the cells easily experience lysis
(Jacky, Putri, & Azizah, 2019). ALT is an enzyme in the cytoplasm, so when cell leakage occurs, ALT will
come out and be distributed in the blood (Kendran et al., 2013).

When administering simvastatin (p>0.05), a better protective effect on AST levels was observed than
administering FPLEE at a concentration of 8 mg/200 g BW/day (p<0.01). Similar to T1, T2 showed high
AST levels (p<0.01). The administration of ethanol extract had different effects on the parameters tested.
This effect depended on the concentration of the ethanol extract. At low concentrations, ethanol extract
can act as an antioxidant and anti-inflammatory agent, but at higher concentrations, ethanol extract can be
toxic (Mulyana & Farida, 2022). Therefore, the optimum levels must be tested.

In the AST examination, FPLEE reduced AST levels on a concentration of 32 mg/200 g BW/day.
FPLEE contains various antioxidants, such as flavonoids, tannins, and saponins (Hashary, Damayanti,
Rusdiaman, & Nurzak, 2023). This antioxidant prevents the formation of free radicals due to lipid
accumulation, which can cause oxidative stress. There are several antioxidant mechanisms to ward off free
radicals, including antioxidants that bind to transition metals and antioxidants that prevent lipid oxidation
by free radicals (Hasim, Hasanah, Andrianto, & Nur Faridah, 2018; Suryani, Murti, Ardiyan, & Setyowati,
2018). Thus, liver and extrahepatic tissue damage can be avoided, and AST levels do not increase.

Research by Hasim shows that flavonoids have antioxidant activity (Hasim et al., 2018). Likewise,
research by Putri et al. tested that avocado seeds containing flavonoids and saponins reduced fat in the
liver cells of hypercholesterolemic mice. Hypercholesterolemia triggers fat to accumulate in liver cells (F.
Putri, Fachrezi, Kusmahardhika, Lzza, & Saputra, 2023). This condition can change the physical properties
of cell membranes, causing Reactive Oxygen Species (ROS) leakage from mitochondria. If this continues,
lipid peroxidation occurs, which causes increased ROS production and cell lysis, which triggers increased
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release of AST into the blood. Antioxidants such as flavonoids, tannins and saponins can prevent cell
damage by neutralizing ROS (Hasim et al., 2018).

Based on the research results above, the content of various antioxidants in FPLEE has different effects
on ALT and AST levels. Different antioxidant mechanisms could cause this difference. Providing treatment
over a short period can also contribute to the results. Therefore, it is necessary to conduct further research
over a longer period to see the effects of FPLEE more accurately.

4. Conclusion and Suggestion

Induction of HFD in rats did not increase ALT levels, but increased blood AST levels. Giving FPLEE
as a natural ingredient for lowering blood ALT levels is not recommended due to ALT levels actually
increased in rats administered FPLEE at concentrations of 8, 16, and 32 mg/200 g BW/day. Based on these
findings, FPLEE has side effects on liver function. However, FPLEE reduced blood AST levels. The optimal
concentration of FPLEE for reducing blood AST levels was 32 mg/200 g BW/day. Further research is
needed to explore the safety and efficacy of FPLEE and examine the mechanisms of ALT increase and AST
decrease by FPLEE in the cellular and molecular fields.
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