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	ABSTRACT
Background: Paracetamol is one of the analgesics and antipyretics that are widely traded freely, so it is possible that the use is not according to the recommended dose and consumption time. This can trigger liver damage and changes in blood biochemistry. Green tea has components such as antioxidants, anti-inflammatories, and hepatoprotectors. The study aimed to analyze the effect of green tea extract on the blood biochemistry of rats induced by paracetamol.

Methods: Laboratory experimental research with the Post-Test Control Group Design method, using 25 male Wistar rats, applying random sampling. Twenty-five rats were divided into 5 groups: K- (control), K+ (positive control), and treatment groups with green tea extract, respectively 175 mg (T1), 350 mg (T2), and 700 mg/kg bw (T3) for 24 days. The treatment group and K+ received paracetamol 600 mg/kg bw on the 14th day for 10 days, and green tea extract was still given. Data, including aspartate aminotransferase (AST), alanine aminotransferase (ALT), triglycerides (TG), total cholesterol, and leukocyte counts, were analysed using ANOVA and the Least Significant Difference (LSD) test.

Results: GTE significantly (p-value <0.05) reduced leukocytes and AST, but inadequate paracetamol induction failed to elevate ALT and lipids, masking GTE’s measurable impact on those specific biochemical parameters.

Conclusion: Providing green tea extract was effective in declining the number of leucocytes and AST levels. The study concluded that green tea extract has the potential to influence the biochemical profile of rats induced by paracetamol. Further research is needed regarding the dose and period of administration and exposure.
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INTRODUCTION
The widespread consumption of paracetamol (acetaminophen) as an over-the-counter analgesic and antipyretic agent poses a significant risk of liver damage. At therapeutic doses, paracetamol is predominantly metabolized through glucuronidation and sulfation. Conversely, under conditions of high-dose or prolonged administration, the cytochrome P450 enzyme system, specifically CYP2E1, becomes more active, generating a highly reactive metabolite: N-acetyl-p-benzoquinoneimine (NAPQI) (Dear, 2023). Normally, NAPQI is conjugated and detoxified by hepatic glutathione (GSH) to form 3-(glutathione-S-yl)-APAP. However, excessive or long-term paracetamol intake leads to a rapid depletion of GSH reserves. This lowering prevents adequate detoxification of NAPQI, initiating oxidative stress, mitochondrial dysfunction, and ultimately leading to hepatocellular necrosis and acute liver failure (Ayoub, 2021; Mitchell et al., 2020; Shivam et al., 2025).
Oral administration of paracetamol to Wistar rats at a dose of 600 mg/kg bw resulted in increased levels of AST and ALT, total protein, and bilirubin in the blood. This indicates that liver cell damage is occurring due to the metabolite NAPQI (Islam et al., 2021). Another research by ’aisy et al. (2021) stated that a dose of 600 mg for 7 days increased total bilirubin in the blood. 
NAPQI accumulates in hepatocytes, binding to proteins that disrupt ATP production and cause intracellular hypercalcemia, which increases reactive oxygen species (ROS). This triggers oxidative stress, causing mitochondrial damage and inflammation. The accumulation of NAPQI leads to necrosis in liver cells, indicated by increased levels of AST, ALT, triglycerides, and total cholesterol. The increased ROS also enhances pro-inflammatory cytokines (TNF-α, IL-1β, IL-6, and IL-10), which activate white blood cells to migrate to the injury site, further indicating inflammation that damages tissues and organs (Ayoub, 2021).
Liver cell damage induced by NAPQI can be mitigated through the administration of antioxidant compounds. Regarding this, green tea extract has gained attention due to its potent antioxidant profile and proven hepatoprotective activity. In previous studies, green tea extract had been used as an anticholesterol (Sarel & Simanjuntak, 2020), with protective effects of EGCG from green tea against oxidative stress and kidney disease, while for hepatoprotective activity, the intervention of giving green tea extract significantly reduced paracetamol-induced liver injury (Ayusso et al., 2022; Lv et al., 2020).
Although various studies have been conducted on the toxicity of paracetamol, most research focuses predominantly on liver enzyme markers (AST/ALT) without fully integrating the correlation between metabolic shifts (lipid profiles) and systemic inflammatory responses. In addition, the lack of clarity regarding the specific dose-response upon exposure to paracetamol and green tea extract treatment. Green tea extract contains flavonoids and L-theanine, which provide protective properties by analyzing the blood biochemistry of rats induced by paracetamol. 
This study aims to investigate the potential of green tea extract in preclinical research and its effects on blood chemical levels, such as aspartate aminotransferase (AST), alanine aminotransferase (ALT), triglycerides (TG), total cholesterol, and leukocyte counts. The selection of doses in this study (175, 350, and 700 mg/kg bw) is explicitly justified based on Riyani et al. (2021), who exhibited the optimum dose at 50 mg/kg in mice, then converted into rats dose. The dose of 350 mg/kg bw is represented as a converted measure, while 175 mg/kg and 700 mg/kg bw served as lower and upper thresholds to determine the minimum effective dose and potential saturation effect, respectively.


MATERIALS AND METHOD
This research used an animal experiment with a post-test control group design. Green tea simplicity sourced from PT. Rumpun Sari Medini. The samples underwent a 5-day maceration process with 70% ethanol, followed by evaporation using a rotary evaporator at 45℃ and 50 rpm to yield a thick extract. The study, which was conducted on 25 male Wistar rats (weighing 190-200 grams). 
The rats were divided into five groups using simple random sampling from the existing population: a control group (K-), a positive group (K+), and three treatment groups (T1, T2, T3) that received green tea extract at varying doses (175 mg, 350 mg, and 700 mg/kg bw, respectively) for a total of 24 days. This dose was based on the optimum measure in previous studies by Riyani et al. (2021) and Xu et al. (2019), which had converted into rats dosage. Starting on the 14th day, both the positive control and treatment groups were administered paracetamol at a dose of 600 mg/kg bw for 10 days, while the green tea extract administration continued. After the treatment finished, blood samples were drawn. 
Blood profiles were analyzed to assess the impact of the treatment. Blood samples were collected from the orbital sinus, centrifuged at 3000 rpm for 15 minutes to obtain serum, and then used to measure levels of AST, ALT, cholesterol, and triglycerides. These measurements were performed using a hematology analyzer with the Electrical Impedance method, and a UV-VIS spectrophotometer at a wavelength of 340 nm. Cholesterol levels were specifically determined using the CHOD PAP Enzymatic Colorimeter Test and GPO-POD methods. 
All collected data were statistically analyzed using the One-way ANOVA method with a 95% confidence level to test the differences in means between groups. This analysis was used to determine whether there were statistically significant differences in the variables studied. Furthermore, an LSD (Least Significant Difference) follow-up test was conducted to identify pairs of groups that showed significant differences in more detail.
This study has obtained animal ethics approval from the Health Research Ethics Committee of the Faculty of Sports Science with number 136/KEPK/EC/2023 and was conducted in accordance with the 3Rs principle (Replacement, Reduction, and Refinement). The principle of replacement was applied by considering alternatives to animals whenever possible, reduction through the use of the minimum number of animals necessary to meet the scientific strength of the research, and refinement by ensuring humane handling procedures to minimize pain, stress, and discomfort. The entire process of maintenance, treatment, and termination of test animals followed applicable animal welfare guidelines to ensure optimal ethical protection.

RESULTS 
Measurement of blood biochemical levels of rats that had been injected with paracetamol and green tea extract was carried out at the Semarang Animal Health Laboratory and the Semarang City Health and Medical Device Testing Laboratory. The following table shows the results of the analysis of blood profile data, AST, ALT, total cholesterol, and triglyceride levels.

Table 1. Mean and Standard Deviation of the Number of Leukocytes, Lymphocytes, and Neutrophils in the Control and Treatment Groups
	Groups
	Total Leukocyte (cells/mm3)
	Lymphocyte (cells/mm3)
	Neutrophil (cells/mm3)

	K-
	7520 ± 1215.3b
	5600 ± 809.3bc
	1560 ± 503ab

	K+
	9440 ± 2032.9c
	6480 ± 1435.9c
	2400 ± 543.1c

	T1
	6800 ± 1100.0ab
	4480 ± 749.7ab
	2060 ± 270.2bc

	T2
	5180 ± 807.5a
	3480 ± 521.5a
	1420 ± 216.8ab

	T3
	5000 ± 1585.9a
	3300 ± 989.9a
	1280 ± 759.6a


Note: different letters (a, b, c) indicate significant differences, K-: normal control, K+: Control with paracetamol induction 600 mg/kg bb. T1, T2, and T3: paracetamol induction group and green tea extract 175 mg, 350 mg and 700 mg/kg bb.

The results of the ANOVA statistical test, as shown in Table 1, indicate that the administration of GTE had a significant effect (p < 0.05) on reducing the total number of leukocytes, lymphocytes, and neutrophils in rats. The number of total leukocytes in the K+ group was significantly different from all groups. The K- group was significantly different from T2 and T3. There was no significant difference in the number of lymphocytes between the treatment group and between treatment groups. The number of neutrophils in K+ was significantly different from all groups except T1.

Table 2. Mean and Standard Deviation of Transaminase Levels in All Groups
	Groups
	AST (U/L)
	ALT (U/L)ns

	K-
	134.92 ± 10.43a
	68.97 ± 18.12
79.30 ± 5.96
73.97 ± 5.26
57.44 ± 15.58
67.22 ± 10.30

	K+
	162.62 ± 16.39b
	

	T1
	202.66 ± 30.08c
	

	T2
	122.09 ± 16.56a
	

	T3
	118.00 ± 25.37a
	


Note: different letters (a, b, c) indicate significant differences, ns = no differences

The results of the homogeneity test of AST and ALT levels have homogeneous variations, α=0.625 (α>0.05). Furthermore, the normality test showed that the data was normally distributed (α>0.05). The ANOVA test obtained data with α<0.05, which showed that green tea extract had a significant effect on AST levels. Table 2 shows that group K was significantly different from groups K+ and T1. In group T1, it was significantly different from all groups. Groups T2 and T3 showed significant differences from group K+. This can be interpreted as green tea extract can reduce AST levels.
The results of the ALT level analysis showed that the data were homogeneous and normally distributed with α>0.05. The ANOVA test to determine the effect of green tea extract obtained data, α>0.05. This shows that the paracetamol dosage did not result in a significant enough baseline increase for GTE's protective effects to be statistically detected.
The total cholesterol’s homogeneity test exhibited homogeneous variations, α=0.676 (α>0.05). Furthermore, the normality test showed that the data were normally distributed (α>0.05). The ANOVA test obtained data α=0,077 (α>0.05), which illustrated that cholesterol did not differ significantly between the control and treatment groups. Cholesterol levels were still within the normal range of 55-89 mg/dl.

Table 3. Mean and Standard Deviation of Lipid Profiles in All Groups
	Groups
	Total Cholesterol (mg/dl)ns
	Triglyseride (mg/dl)ns

	K
	74.16 ± 12.06
	85.00 ± 48.02
87.90 ± 21.56
64.03 ± 22.20
64.06 ± 23.801
57.50 ± 16.41

	K+
	66.70 ± 12.06
	

	T1
	53.16 ± 17.80
	

	T2
	76.78 ± 19.77
	

	T3
	56.48 ± 10.21
	


Note: ns = no difference

As for triglyceride testing, the data were homogenous and normally distributed with α=0.130 (α>0.05). The ANOVA statistical test presented that α=0.360 (α>0.05). Similar with cholesterol data, TG levels were in the range of 57.5 - 85.0 mg/dL, which according to Quesenberry et al. (2021), the normal triglyceride range of 62 - 92 mg/dL.

DISCUSSION
Paracetamol as a trigger for hepatotoxicity occurs due to the formation of a reactive metabolite called N-acetyl-p-benzoquinone imine (NAPQI). Normally, NAPQI is detoxified into harmless metabolites by glutathione S-transferase into mercapturic acid and excreted in the urine. However, glutathione will decrease after excessive use of paracetamol (Ohashi & Kohno, 2020; Sestili & Fimognari, 2020). This causes the concentration of NAPQI to increase, which produces reactive oxygen species (ROS) (L. Xu & Wang, 2023).
The release of massive ROS causes mitochondrial dysfunction, which is the starting point for the degradation of liver cell membrane integrity, so that inflammation, apoptosis, and necrosis occur (Rotundo & Pyrsopoulos, 2020). These cell membrane leaks directly correlate with the biochemical parameters AST and ALT. These enzymes, which are normally found in the cytoplasm and mitochondria of hepatocytes, are released into the bloodstream immediately after cell damage occurs. The increase in AST and ALT levels in this study is an objective indicator of the severity of liver injury by NAPQI.
In the study, it was found that there was a significant increase in AST levels due to paracetamol induction. This indicates inflammation in hepatocytes (Islam et al., 2021; Shen et al., 2023). Inflammation will reduce the permeability of the cell membrane, allowing the AST and ALT enzymes to exit the cell (Dias & Nylandsted, 2021). Increased levels of these liver enzymes can be used to diagnose organ damage, especially the liver. After damage by paracetamol occurs, the range of AST and ALT levels increases in the blood (Shen et al., 2023).
The figure also showed the increasing number of ALT, but not significantly compared to the normal group (K). The more significant increase in AST compared to ALT indicates that liver damage by paracetamol occurred at an early stage or mild occasion, and is commonly used as an additional or supporting data for the study that showed a normal range of ALT (X. Li et al., 2023; Ndrepepa, 2021). The initial stage of liver damage is liver inflammation due to hepatic cell destruction and AST release from mitochondria. This problem phase is the first trigger of liver injury and fibrosis (Derosa et al., 2021; Roehlen et al., 2020).
Simultaneously, hepatocyte necrosis releases damage-associated molecular patterns (DAMPs) into the extracellular environment, which activate Kupffer cells to produce pro-inflammatory cytokines (such as TNF-α and IL-1β) (Shen et al., 2023; L. Xu & Wang, 2023). This process bridges oxidative stress with systemic inflammation, which is manifested through changes in the white blood cell profile. The accumulation of ROS and cytokines triggers chemotaxis, which is the mobilization of lymphocytes, neutrophils and leukocytes from the blood circulation and damaged liver tissue to perform phagocytosis of necrotic cells (Liu et al., 2021).
Administration of paracetamol at a dose of 600 mg/kg for 10 days in the study had an effect on increasing the number of leukocytes, lymphocytes, and neutrophils in rats. According to He et al.(2023), the increased number of lymphocytes indicates the inflammatory status that can occur, including chronic. An increase in total leukocytes, lymphocytes, and neutrophils is one indicator of an inflammatory response triggered by paracetamol metabolism. The results of the study are consistent with previous studies, namely that paracetamol in rats caused a significant increase in the number of leukocytes (Latif et al., 2021). Another study also stated that inflammation can be caused by the administration of high doses of paracetamol, so that neutrophils will be active and migrate to liver cells to make repairs (Guo et al., 2021).
The increase in free radicals by paracetamol will inhibit the citric acid cycle and fatty acid oxidation in the mitochondria. This results in fatty acids not being oxidized properly in the mitochondria and fat synthesis occurs in the cytoplasm (Ganetsky et al., 2020; Luo et al., 2023). In the signaling pathway, high ROS levels in hepatocytes will activate SREBP1 (Sterol Regulatory Element Binding Protein). This protein is a protein that will affect lipid metabolism and synthesis (Ma et al., 2022). 
The results of measuring triglyceride and total cholesterol levels have not shown any effect of green tea extract, although there has been a tendency to decrease. Giving a dose of paracetamol at a dose of 600 mg/kg for 10 days is considered not to interfere with fat metabolism. In Islam's study (2021), using a dose of 640 mg/kg of Sprague Dawley rats for 14 days, cholesterol levels and triglyceride levels can be significantly increased. Singh & Shukla’s study (2020), stated that paracetamol can increase cholesterol levels and triglyceride levels at a dose of 3000 mg/kg. Paracetamol affects the increase in triglyceride and cholesterol levels indirectly, so it takes a long time and a large dose. Increased cholesterol and triglyceride levels were supported by a high-cholesterol diet for 2 weeks (Begriche et al., 2023).
The increase in AST and leukocyte counts reflects acute cellular rupture and the immediate systemic inflammatory response, alterations in lipid profiles, such as hypercholesterolemia or hypertriglyceridemia, seemingly require more chronic exposure or a more profound disruption. In acute settings, the liver may still maintain its capacity to regulate lipid homeostasis, or the duration of the study may not have been sufficient to manifest significant dyslipidemia (Garcia et al., 2023; Masenga et al., 2023; Shahdkar et al., 2025).
Green tea leaves mainly contain polyphenols, amino acids, L-theanine, caffeine, and organic acids. Polyphenols are the main active compounds found in tea. Catechins are the main polyphenol compounds in green tea, which include epigallocatechin-3-gallate (EGCG), epigallocatechin, epicatechin-3-gallate and epicatechin, gallocatechins and gallocatechin gallate (Cardoso et al., 2020). Catechin can act as an anti-inflammatory by suppressing the expression of COX-2 transcription process so that the inflammatory process is inhibited (S. Li et al., 2020). In addition, Li et al (2020) stated that alkaloids play a role in inhibiting the COX-2 pathway, iNOS (nitric oxide synthase) and NF-kB activation so that the release of TNF-α and cytokines IL-1, IL-2, IL-6, IL-8 is inhibited.
L-theanine in tea will be hydrolyzed into glutamic acid and ethylamine with glutamate acting as a precursor for glutathione (GSH) synthesis (Saeed et al., 2020; Wang et al., 2025). This confirms the research of Xu et al. that giving green tea extract for 7 days can significantly increase GSH (Zheng et al., 2024) . The decrease in AST enzyme levels in this study indicates that the antioxidant compounds in green tea extract prevent liver damage. This statement confirms the research of Riyani et al. (2021) that green tea extract can provide liver protection from AST, ALT enzyme analysis.
The role of catechins in reducing total cholesterol levels is not only related to cholesterol synthesis, but also to cholesterol excretion. Catechins stimulate the 7α-hydrolase enzyme which increases the rate of conversion of cholesterol to bile acids (Sarel & Simanjuntak, 2020). Catechin compounds also play a role in helping to reduce the expression of SREBP 1c (Sterol Regulatory Element Binding Protein-1c), FAS (Fatty Acid Synthase), and SCD1 (Stearoyl-CoA desaturase) where these genes and enzymes support the lipogenesis process (Tindage et al., 2021). 
This study has certain limitations, including the absence of histopathological analysis to confirm the extent of tissue damage or regeneration visually, and a relatively short exposure period for paracetamol induction, which may not fully reflect chronic liver toxicity. Future research is needed to optimize the dosage, extend the administration period, and include tissue-level analysis to fully establish the efficacy of paracetamol-induced injury and green tea across a wider range of metabolic and structural parameters.

CONCLUSION
The administration of green tea extract (GTE) demonstrated significant potential in preventing liver injury and systemic inflammation in paracetamol-induced Wistar rats. Specifically, GTE effectively suppressed the elevation of AST enzyme activity and restored the counts of leukocytes, neutrophils, and lymphocytes into normal ranges, indicating potent hepatoprotective and anti-inflammatory effects through the inhibition of oxidative stress. Nevertheless, further research is required to optimize dosage and duration to fully establish its efficacy across a broader range of metabolic parameters.
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