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Abstract 

Background: Tardive dyskinesia (TD) is a complex, potentially irreversible movement disorder primarily 

associated with the long-term use of antipsychotic medications, particularly typical neuroleptic drugs. TD can 

develop during treatment and persist long after the discontinuation of the culprit medication. The etiology of this 

condition involves dysregulation of dopaminergic signalling, especially within the striatum, leading to activation 

of D2 dopamine receptors. This imbalance affects the homeostasis of neurotransmitters, including GABA and Glu. 

Chronic dopamine receptor antagonism incites neuroadaptive alterations that may linger post-therapy, resulting 

in abnormal involuntary movements affecting the orofacial regions, limbs, and trunk, which profoundly diminish 

patient quality of life. Case: A 29-year-old female with a known history of schizophrenia presented with sudden-

onset neurological symptoms, notably persistent orofacial dyskinesias such as lip smacking and grimacing, which 

had developed over a 24-hour period. A thorough review of her medications indicated that lurasidone, classified 

as an atypical antipsychotic, was likely responsible for the onset of these dyskinetic movement features. 

Consequently, the physician opted to discontinue lurasidone and initiate valbenazine at 40 mg once daily with the 

intent of managing the dyskinetic symptoms while considering the overall psychiatric and medical treatment plan 

for the patient. Conclusion: The emergence of orofacial dyskinesias in this patient suggests a possible adverse 

reaction to lurasidone, necessitating re-evaluation of her psychopharmacological regimen. Valbenazine, a 

selective vesicular monoamine transporter 2 inhibitor, may provide a tailored approach to mitigate dyskinetic 

movements, while maintaining therapeutic efficacy in psychiatric care. 

 

Keywords: atypical antipsychotic, neuroadaptive alterations, oro-facial dyskinesias, schizophrenia, tardive 

dyskinesia   
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INTRODUCTION 

Faurbye introduced the term "Tardive" in 1964. In 

the Diagnostic and Statistical Manual of Mental 

Disorders, Fifth Edition (DSM-5), Tardive Dyskinesia 

(TD) is characterized by involuntary, athetoid, or 

choreiform movements that typically affect the lower 

face, tongue, jaw, and extremities. These movements 

emerge after prolonged use of neuroleptic medications 

for several months and may persist for more than 4–8 

weeks after discontinuation of the medication (Faurbye, 

1964). The clinical manifestations of TD involve 

involuntary repetitive movements that may be 

choreiform (irregular and unstructured) or athetoid 

(slow writhing). These movements predominantly affect 

the orofacial region, such as the tongue, lips, and facial 

muscles, but they can also extend to the extremities and 

trunk (Rosenberg, 2017; Citrome, 2015). 

Tardive dyskinesia and other extrapyramidal 

symptoms can arise from non-antipsychotic medications 

(Ghosh 2023; Muench 2022; Coelho 2021). These 

include antiemetics such as metoclopramide (Ismail et 

al., 2022), various antihistamines, and antimalarials. 

Additionally, certain anticonvulsants and oral 

contraceptives, although less frequently implicated, may 

contribute to the development of these movement 

disorders. Key risk factors for the onset of tardive 

dyskinesia include advanced age, female sex, affective 

disorders, cognitive impairment, fetal alcohol spectrum 

disorders, tobacco use, and substance use disorders 

(Nair, 2017; Abhishekh, 2019). The annual incidence of 

tardive dyskinesia is estimated to be between 2% and 

5%, indicating that a notable proportion of individuals 

on long-term antipsychotic medications may develop 

this condition annually. This highlights the importance 

of monitoring and early intervention in at-risk 

populations (Verma 2023). In this case, a woman 

diagnosed with schizophrenia experienced tardive 

dyskinesia as an adverse effect of lurasidone, which 

required therapeutic management with Valbenazine, as 

Valbenazine treats tardive dyskinesia by selectively 

inhibiting vesicular monoamine transporter 2 

(VMAT2), which reduces the release of monoamines 

such as dopamine in the synaptic cleft, thereby 

alleviating abnormal involuntary movements associated 

with the condition. 

CASE 

A 29-year-old female with a high school education 

and profession as a housewife, with no history of alcohol 

or tobacco use, and who consumed tea daily presented 

to a psychiatric unit one year ago. She reported 

experiencing significant psychological distress, 

characterized by auditory hallucinations, specifically 

hearing voices, for the past two months. In addition, she 

exhibited marked loss of appetite during this period. 

During her assessment, she disclosed instances of 

physical aggression toward her son, husband, and other 

relatives, indicating difficulties in managing her 

emotions and behaviors. Furthermore, she expressed 

pervasive feelings of paranoia, believing that others 

wished to harm her and contributing to her sense of 

unsafety. Following thorough evaluation, she was 

diagnosed with schizophrenia, primarily exhibiting 

positive symptoms such as hallucinations and delusions. 

To address her condition, the treating psychiatrist 

prescribed a combination of medications. Lurasidone 40 

mg once daily was initiated as the primary treatment for 

schizophrenia. Additionally, she was prescribed 

naltrexone/bupropion and omega-3 fatty acids, as 

emerging research suggests that these may provide 

neuroprotective benefits and enhance overall mental 

health. After 20 days, the patient was referred for 

follow-up. 

During the first follow-up, the patient responded 

positively to treatment and showed signs of recovery. 

The doctor then stopped other medications, and she 

continued treatment with lurasidone 40 mg and some 

additional nutrients. Currently, the patient is admitted to 

the medical department with acute neurological 

symptoms, specifically persistent orofacial dyskinesias, 

including involuntary lip smacking and grimacing. 

These symptoms manifested rapidly over the past 24 h. 

After a thorough review of the historical medical 

literature, the physician determined that the adverse 

drug reactions were likely induced by lurasidone and 

subsequently stopped the suspected culprit drug. 

Following the administration of intravenous 

hydrocortisone 200 mg and oral valbenazine 40 mg, the 

patient began to show signs of recovery from her 

neurological symptoms two days after discontinuing the 

suspected culprit medication. After three days of 

hospitalization, the patient was discharged with a 

prescription for olanzapine 5 mg twice daily, along with 

supplements, and was referred to the psychiatric 

department for further assessment and initiation of 

Cognitive Behavioral Therapy (CBT). 
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Table 1. Overview of case report of tardive dyskinesia clinical features and therapeutic approaches 

Category Details 

Diagnosis Tardive Dyskinesia (TD) 

Etiology 
Dysregulation of dopaminergic signaling, primarily affecting D2 receptors in the 

striatum; chronic dopamine receptor antagonism leading to neuroadaptive alterations. 

Clinical Features 
Involuntary, athetoid or choreiform movements, predominantly affecting orofacial 

regions (e.g., lip smacking, grimacing) as well as extremities and trunk. 

Risk Factors 
Advanced age, female gender, affective disorders, cognitive impairment, fetal alcohol 

spectrum disorders, tobacco use, substance use disorders. 

Incidence 
Estimated annual incidence of 2% to 5% in individuals on long-term antipsychotic 

medications. 

Case Presentation 
29-year-old female with schizophrenia; presented with acute oro-facial dyskinesias after 

20 days on lurasidone (40 mg daily). 

Naranjo Algorithm 

Score 
Probable ADR 

Management 
Discontinuation of Lurasidone; initiation of Valbenazine (40 mg daily) to mitigate 

dyskinetic symptoms. Intravenous hydrocortisone (200 mg) administered. 

Neurobiological 

Mechanisms 

Increased dopamine receptor sensitivity (receptor super sensitivity) in basal ganglia; 

potential involvement of G3, D4, and D5 receptors in TD pathophysiology. 

GABAergic Involvement 
Disruption of GABAergic signaling in the striatum may contribute to TD symptoms, 

impacting motor control and leading to involuntary movements. 

Conclusion 
TD is a significant adverse effect of neuroleptics, necessitating vigilant monitoring and 

timely intervention. Valbenazine represents a promising therapeutic approach. 

Future Directions 
Further research is required to elucidate intricate mechanisms underlying TD and 

optimize therapeutic strategies for affected individuals. 

 

DISCUSSION 

The specific mechanisms underlying adverse 

medication reactions that lead to tardive dyskinesia (TD) 

are not fully understood. However, the predominant 

hypothesis in contemporary discussions centers on the 

blockade of dopamine receptors by dopamine 

antagonists (Ohnson &  Brown, 2022). Extended 

dopamine receptor antagonism, particularly through D2 

receptor antagonists or atypical antipsychotic 

medications, may trigger a compensatory increase in 

dopamine receptor sensitivity (Johnson & Martinez, 

2020; Johnson & Smith, 2022). This is characterized by 

receptor super-sensitivity, especially in the basal 

ganglia, which is a key area involved in motor control 

(Johnson & Martinez, 2022). 

Recent findings indicate that additional dopamine 

receptor subtypes, particularly D3, D4, and D5, may 

play a significant role in the development of TD. 

Notably, D3 and D5 receptors show a significant 

positive association with TD symptoms, suggesting 

their potential role in dysregulation of dopaminergic 

signaling (Lee & Garcia, 2023). In contrast, research on 

D4 receptors has presented varied results, highlighting 

the complexity of the underlying neurobiological 

mechanisms. Further investigation is needed to clarify 

the nuanced interactions between these receptor 

subtypes and their roles in the onset (Edwards & Brown, 

2022; Thompson & Patel, 2021). Gamma aminobutyric 

acid (GABA) is crucial for the pathophysiology of 

tardive dyskinesia (TD). The striatum, a brain region 

integral to the regulation of oral and facial motor 

activities, relies heavily on GABAergic signaling 

(Thompson & Patel, 2023). Disruption of this signaling, 

particularly from neuroleptic medications that adversely 

affect GABAergic neurons, may contribute to the 

manifestation of TD symptoms, such as involuntary 

movements and abnormal muscle contractions (Garcia 

& Thompson, 2021). Gamma-aminobutyric acid 

(GABA) plays a pivotal role in the pathophysiology of 

tardive dyskinesia (TD) (Martinez & Johnson, 2023). 

The striatum, a critical brain region involved in the 

regulation of oral and facial motor activity, is 

predominantly influenced by GABAergic signaling. 

Disruption of this signaling, particularly as a 

consequence of neuroleptic medications that impair 

GABAergic neurons, may precipitate the onset of TD 

symptoms, characterized by involuntary movements and 

dyskinetic muscle contractions (Davis & Chen, 2022). 

Moreover, the therapeutic application of valbenazine, a 

selective inhibitor of vesicular monoamine transporter 2 

(VMAT2), has shown significant efficacy in 

ameliorating abnormal motor manifestations in patients 

with tardive dyskinesia. This therapeutic response 

underscores the potential of targeting dopaminergic 

pathways as a viable strategy for alleviating the motor 

symptoms associated with this disorder. Modulation of 
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neurotransmitter release through VMAT2 inhibition 

presents a promising avenue for the management of TD, 

emphasizing the importance of restoring balanced 

neurotransmission within striatal circuitry (Robinson & 

Patel, 2023; Smith & Lee, 2023). 

 

CONCLUSION 

Tardive Dyskinesia (TD) remains a significant 

concern in patients treated with neuroleptic medications, 

particularly antipsychotics such as lurasidone Table 1 

presents an overview of this case. This condition is 

characterized by involuntary movements that primarily 

affect the orofacial region and can result from both 

antipsychotic and non-antipsychotic drugs. The present 

case underscores the necessity for vigilant monitoring 

and timely intervention in at-risk populations, especially 

given the multifactorial nature of the TD 

pathophysiology involving dopamine receptor 

dysregulation and GABAergic signaling. 

Therapeutically, medications, such as valbenazine, 

show potential in providing relief by specifically 

targeting vesicular monoamine transporter 2 (VMAT2), 

offering a promising strategy for the treatment of this 

complex condition. Future research should further 

elucidate the intricate mechanisms underlying TD and 

optimize the treatment strategies for affected 

individuals. 
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Abstract 

Background: Dyslipidemia is a lipid metabolic disorder that increases the risk of cardiovascular disease, typically 

marked by abnormalities in triglycerides (TG), low-density lipoprotein (LDL), and total cholesterol (TC), along 

with decreased high-density lipoprotein (HDL) levels. This study explored the potential of quercetin, a natural 

substance, as a preventive agent against dyslipidemia induced by high-fat diet (HFD) in a rat model. Simvastatin, 

a standard cholesterol-lowering drug, was used for the comparison. Objective: The main objective of this research 

was to evaluate the potential of quercetin in lipid metabolism for dyslipidemia caused by HFD and compare its 

effects with the first-line drug therapy simvastatin, which has a similar mechanism. Methods: Rats fed a HFD were 

treated with quercetin and simvastatin, and their lipid profiles, liver enzyme activities, and molecular markers 

related to cholesterol metabolism were analyzed. Results: Quercetin markedly decreased cholesterol levels by 

inhibiting the enzyme 3-Hydroxy-3-Methylglutaryl-CoA Reductase (HMG CoAR). Cellular observation revealed 

that it also prevented liver damage and showed a protective effect on liver enzyme activity. Quercetin enhanced 

the expression of the Adenosine Triphosphate Binding Cassette subfamily A member 1 (ABCA1) protein, showing 

a protective effect against dyslipidemia akin to simvastatin, yet with a reduced likelihood of liver toxicity. 

Conclusion: Quercetin may serve as an effective and safer alternative to simvastatin for treating dyslipidemia, 

offering cholesterol-lowering benefits without hepatotoxic risks associated with long-term statin therapy. 
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INTRODUCTION 

Dyslipidemia, defined by elevated levels of TC, 

LDL, or TG, often alongside reduced HDL cholesterol 

levels, is commonly assessed using these lipid 

parameters to evaluate cardiovascular risk (Hedayatnia 

et al., 2020). Cardiovascular disease is a leading cause 

of mortality worldwide, with abnormalities in 

cholesterol levels constituting a significant factor (Perki, 

2022). Worldwide, cardiovascular diseases are 

responsible for approximately 3.9 million fatalities each 

year (NCD, 2020). A mortality study by Yi et al. (2018) 

examined the relationship between total cholesterol 

levels and overall mortality in a cohort of 12.8 million 

people in Korea. The data indicate that elevated TC 

levels are associated with a heightened risk of mortality 

(Yi et al., 2019). Similarly, epidemiological studies in 

the U.S. have demonstrated a correlation between 

cholesterol levels and the mortality risk from heart 

attack and stroke (Jeong et al., 2018). Moreover, data 

from the American Heart Association (AHA) indicated 

that cholesterol testing decreased by over 39% in 2020 

(Barnard et al., 2019), highlighting concerns about 

monitoring and managing cholesterol levels. 

The process of cholesterol entry into the 

bloodstream is complex, with a key mechanism 

involving digestion of dietary fats facilitated by 

chylomicrons. Cholesterol is produced by different cells 

in the body and is essential for various cellular 

functions. The liver is central to cholesterol biosynthesis 

and is the main site of de novo cholesterol production. 

This process is crucial for maintaining cholesterol 

homeostasis, reflecting the essential role of the liver in 

regulating the body's cholesterol supply (Huff et al., 

2023). Cholesterol production begins with the 

generation of acetyl-CoA from two Ac-CoA molecules. 

HMG-CoA synthase transforms this molecule into 

HMG-CoA, which is subsequently reduced to 

mevalonate. Mevalonate is then subjected to 

phosphorylation and decarboxylation to form IPP, 

which further polymerizes to form FPP. This process 

diverges into three pathways: (1) two FPP molecules 

condense to form squalene, a precursor to cholesterol; 

(2) IPP combines with FPP to form polyprenyl 

derivatives for ubiquinone, and (3) additional IPP units 

combine with FPP to produce dolichol. Cholesterol is 

synthesized in the endoplasmic reticulum (Shi et al., 

2022). LDL transports cholesterol through the 

bloodstream. LDL carries cholesteryl esters (CEs) that 

bind to LDL receptors (LDLRs) on the cell membrane. 

After absorption, CEs are hydrolyzed in lysosomes and 

free cholesterol is transported to various organelles, 

including the endoplasmic reticulum and mitochondria 

(Shi et al., 2022). Cholesterol accumulation can lead to 

mitochondrial dysfunction, apoptosis, and tissue 

necrosis, contributing to the formation of atherosclerotic 

plaques, which is a hallmark of cardiovascular disease 

(Hill et al., 2023). Key transporters such as ABCA1 and 

ABCG1 regulate HDL metabolism. The expression of 

ABCA1 is modulated by compounds, such as cAMP and 

nuclear receptors. Augmented expression facilitates 

reverse cholesterol transfer, elevates HDL levels, and 

diminishes atherosclerotic plaques (Wang et al., 2019; 

Zhang et al., 2016). 

The primary treatment for dyslipidemia often 

involves statins (Perki, 2022). Similar to other statins, 

simvastatin works by inhibiting the enzyme HMG-

CoAR, which is crucial for producing mevalonate, a key 

precursor in cholesterol biosynthesis (Parihar et al., 

2019). Statins inhibit cholesterol synthesis and 

isoprenoid formation by interfering with the mevalonate 

pathway (Parihar et al., 2019). However, statin therapy 

has side effects, including the risk of rhabdomyolysis, a 

condition caused by mitochondrial dysfunction in 

muscle cells, leading to apoptosis (Bouitbir et al., 2020; 

Mollazadeh et al., 2021). Additionally, liver toxicity is a 

concern in statin use as it can exacerbate cirrhosis and 

may result in proteinuria (Ward et al., 2019). Quercetin, 

a flavonoid, is emerging as a promising therapeutic 

agent for the management of cholesterol levels. Its 

function in cholesterol metabolism involves inhibiting 

HMG-CoAR activity, reducing SREBP-1c function, and 

enhancing the actions of transporter proteins ABCA1 

and ABCG1. Quercetin also shows potential in 

improving ischemic stroke outcomes by upregulating 

MC4R and scavenging free radicals. Research has 

underscored the efficacy of quercetin as a therapeutic 

agent for dyslipidemia (Zhang et al., 2016; Chamber et 

al., 2019; Rahmadi et al., 2020; Perki, 2022). Quercetin 

is a potential candidate for modulating lipid metabolism 

as it can influence downstream pathways by targeting 

both HMG-CoAR and ABCA1. Quercetin reduces lipid 

storage by downregulating HMG-CoAR through the 

upregulation of the AMPK pathway, which decreases 

cholesterol biosynthesis and promotes cellular energy 

balance. Additionally, it enhanced lipid oxidation by 

upregulating the PPAR pathway, which governs fatty 

acid metabolism and mitochondrial function. In the long 

term, these mechanisms contribute to improved lipid 

homeostasis and a reduced risk of atherogenic 

processes, demonstrating the interplay between 

cholesterol biosynthesis, lipid oxidation, and energy 

regulation. (Chamber et al. 2019; Wang et al. 2021). 
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The 2016 study by Zhang et al. had limitations, 

particularly in validating quercetin levels in the blood, 

because the compound was mixed with rat feed, leading 

to inconsistent intake. Additionally, blood quercetin 

levels were not measured, rendering cholesterol-related 

conclusions unclear. This new study will involve the 

oral administration of quercetin for accurate dosing. 

This research will focus on the effects of quercetin on 

suppressing HMG-CoAR expression and increasing 

ABCA1 expression, while observing lipid profiles (TC 

and TG) and liver function (cellular observation, 

aspartate aminotransferase (AST), and alanine 

aminotransferase (ALT)). This study aimed to improve 

previous findings and to assess the potential of quercetin 

as an anti-cholesterol treatment. 

 

MATERIALS AND METHODS 

Materials 

Simvastatin (PT. Dexa Medica, Indonesia), and 

quercetin (Sigma-Aldrich, Singapore) were solubilized 

in Aquadest (Interchemie, Netherlands) and CMC-Na 

(PT. Jong Java Chemicals Ltd, Indonesia), fat powder 

that consisting of 98% palm oil fat and beta carotene 2 % 

(Rojokoyo group, Indonesia). Quercetin at doses of 200, 

100, and 50 mg/kg BW, together with simvastatin at 20 

mg/kg BW, were orally administered for 36 days. The 

normal chow group received standard rat food, whereas 

the HFD group was provided with rat food 

supplemented with 70% fat powder to induce 

dyslipidemia (Udomkasemsab et al., 2018). Figure 1 

shows the timeframes and protocols. 

Methods 

Animals 

This study utilized male Wistar rats weighing 190–

210 g aged between 150 and 300 days (Castillo et al., 

2018; Ghasemi et al., 2021). The sampling method 

involved randomly allocating rats into six treatment 

groups. Rats were maintained in cages at 19-22 °C, with 

50-70% humidity levels, and subjected to a 12-hour 

dark-light cycle (Zhang et al., 2016; Li et al., 2023). 

The research method to be carried out was a 

modification of the research conducted by Zhang et al. 

in 2016. The sample sizes were calculated based on the 

Ferderer rule to produce significant data with the 

addition of error anticipation. Forty-two rats were 

randomly allocated into six groups: normal chow, HFD, 

quercetin at three doses, and simvastatin. Normal chow 

does not receive treatment and will be given a normal 

diet without added fat, compared to the healthy placebo 

group. The HFD, quercetin, and simvastatin groups 

were fed a diet containing added fat. Every group will 

undergo treatment for 5 weeks to develop dyslipidemia, 

and body weight and rat feed will be measured each day 

(Udomkasemsab et al., 2018). The dosages of quercetin 

and simvastatin were determined according to the 

effective doses established in prior research aimed at 

ameliorating dyslipidemia (Zhang et al., 2016; Zhang et 

al., 2020; Papakyriakopoulou et al., 2022). The 

quercetin cohort will be stratified into three dosage 

groups: 200 mg/kg BW, 100 mg/kg BW, and 50 mg/kg 

BW, from the lowest dosage that affects the 

dyslipidemia profile to the highest dosage 

(Papakyriakopoulou et al., 2016; Papakyriakopoulou et 

al., 2022). Simvastatin was administered at 20 mg/kg 

BW, which reduced cholesterol levels during HFD 

induction (Zhang et al., 2020). The cohort administered 

quercetin and simvastatin will receive the medication 

orally daily, according to the specified dosage for each 

group, and will be compared with the HFD group that 

did not receive the medication. After 36 days, each 

group was anesthetized with ketamine-xylazine 

compounds at 100 and 10 mg/kg doses via 

intraperitoneal administration (Castillo et al., 2018; 

Linsenmeier et al., 2020). 

The rats were then dissected to collect blood and 

isolate the liver for polymerase chain reaction (PCR) 

(Susanti et al., 2019; Lei et al., 2020). Blood was stored 

in a tube before centrifugation, and then the serum was 

collected and stored at a storage temperature of 4 °C. 

The examination must occur within 24 h (Layssol-

lamour et al., 2019). The liver was preserved in a 0.5 ml 

tube with liquid nitrogen and maintained at cold stored 

at -80 °C (Oertel et al., 2006; Lei et al., 2020). All 

experimental procedures were approved by the Faculty 

of Veterinary Medicine Ethics Committee at Universitas 

Airlangga (ethical number 2) KEH.001.07.2024. 

Identification of dyslipidemia profile 

The procedure was conducted by centrifuging the 

sample for 10 min to isolate serum from the plasma. The 

serum from the preserved tube was then subjected to 

photometric analysis. The kit was prepared at 37°C 

following the standard solution according to the 

cholesterol profile parameters to be observed. Next, 

pipette ten μL of the serum solution was pipetted into a 

sample tube. Once the tube cap was opened, it was 

placed in the vacuum section of the sample. The vacuum 

draws the sample in, allowing for observation of each 

cholesterol profile level. The measured profiles included 

total cholesterol and triglyceride levels. 
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Identification of aspartate aminotransferase and 

alanine transaminase profiles 

The working reagent was prepared by pipetting 

according to the profile parameters and the sample into 

a 1.5 mL tube, ensuring that the mixture was protected 

from light. The working reagent and sample were placed 

into a heat blocker at 37°C for 5 min. The working 

reagent was then added to each sample, homogenized, 

and centrifuged. Next, the working reagent and the 

working reagent-sample mixture were pipetted into a 

microplate and protected from light. The microplate was 

incubated at 37°C for 1 min. Subsequently, a microplate 

reader was used to measure absorbance at wavelengths 

below 340 nm. The reaction was allowed to progress for 

one minute, and the absorbance was measured four 

times in total, comprising one initial reading and three 

subsequent readings. 

Liver cellular observation 

Formalin-fixed tissue samples were prepared for 

hematoxylin and eosin staining by rinsing in distilled 

water to remove residual tissue, followed by rehydration 

with alcohol and immersion in water. Hematoxylin 

staining was performed by immersing the tissue in 

hematoxylin solution for 5 – 10 min, with excess stain 

removed via a tap water rinse and optional 

differentiation using acid alcohol to eliminate 

nonspecific staining. The tissue was treated with bluing 

solution to enhance nuclear staining, followed by rinsing 

with water. Eosin staining was conducted by immersing 

the slides in Eosin Y solution for 1–2 min, with staining 

intensity adjusted using a brief rinse in distilled water or 

diluted alcohol. Dehydration was performed using 

alcohol followed by clearing with xylene or a substitute. 

Finally, the slides were mounted with a compatible 

mounting medium, and coverslips were applied to 

complete the preparation for microscopic examination. 

Observations were then conducted under a microscope 

at 200x and 400x magnifications to assess steatosis and 

inflammation. Steatosis is marked by lipotoxicity, 

characterized by clear, round vacuoles within the 

cytoplasm of hepatocytes, and inflammation. 

Inflammation is marked by hyperplasia of Kupffer cells 

and neutrophil infiltration. 

Quantitative polymerase chain reaction (qPCR) 

Animals were euthanized using ketamine and 

xylazine 36 days after the initiation of the HFD. Blood 

and liver tissues were collected and preserved in liquid 

nitrogen (LN). The samples were stored at −80°C. RNA 

was then extracted from the sample using a Total RNA 

Purification Kit (Jena Bioscience, Germany) and a 

Quantus Fluorometer (Promega, U.S.) was used to make 

sure RNA was distributed equally. The RNA reverse 

transcription method was used with a GoScript™ 

Reverse Transcriptase Kit (Promega) to generate cDNA. 

QRT-PCR was used to evaluate HMG-CoAR mRNA 

expression. Antisense primer: 5′-

AGAGCTGGCTTGAAACACCTGA-3′; sense 

primer: 5′-TTTGGA 

CTGGAGACGGATGTAGTAGA-3′for the target 

gene, and for ABCA1, antisense primer: 5′-

CCAGGAGCGTGTGAGCAAAG-3′; sense primer: 

5′-ACCAGTGTAGCAGGGACCACATAA-3.’ The 

β-actin gene, antisense primer: 5′-

TTCTTGGGTATGGAATCCTGT -3′; sense primer: 

5′-AGCACTGTGTTGGCATAGAG -3′functioned 

to normalize HMG-CoAR and ABCA1 mRNA 

expression. GoTaq RT qPCR Master Mix Kit (Promega) 

was used for qRT-PCR, and gene expression alterations 

were assessed using the 2-ΔΔCt method to determine 

cycle threshold (Ct) values. 

Statistical analysis 

Data analysis was performed using GraphPad Prism 

software. A one-way ANOVA was conducted to 

evaluate triglycerides, total cholesterol, aspartate 

transferase, alanine transferase, and the relative 

expression levels of HMG-CoAR and ABCA1 mRNA 

if there was any statistically significant. Dunnett post 

hoc test was used to determine which specific groups 

differed from each other. Hepatotoxic markers, such as 

aspartate transferase, alanine transferase, and cellular 

observation sample size candidates were carried out 

based on potential rat gene expression analysis. Two-

way ANOVA was used to collect data on body weight 

and feed consumption. If there was any statistically 

significant difference, Dunnett’s post-hoc test was used 

to determine which groups differed from each other. The 

significance value was first calculated and then 

compared against the 95% confidence level to assess the 

statistical hypotheses (P < 0.05). Animal group 

allocation in research designs that incorporate 

randomization, replication, and the existence of 

treatment and control groups follows a structured 

approach to ensure the study's validity and reliability. 
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Figure 1. The timetable and dosing regimen for the trial were delineated as follows. Following the assessment of body 

weight and feed intake of the rats on day -1, the subjects were administered an HFD to induce dyslipidemia. The 

treatment group was orally administered quercetin at three different dosages: 200 mg/kg BW, 100 mg/kg BW, and 50 

mg/kg BW, in conjunction with simvastatin at 20 mg/kg BW. The rats were killed on day 36, and blood samples, along 

with liver tissues, were obtained 

 

 

Figure 2. Comparison of body weight profiles among HFD, treatment, and normal chow groups. Each point represents 

the average body weight of each group (Figure 2A), and the change in delta weight (Figure 2B) is presented as the 

mean ± SEM. **p<0.01 and *p<0.05 in comparison to HFD. Two-way ANOVA and Dunnett post-hoc analysis; n = 3 – 

7 rats 
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RESULTS AND DISCUSSION 

The effect of giving HFD on the body weight of rats 

Changes in body weight due to the implementation 

of an HFD illustrate the body's response to HFD 

consumption. In this study, the HFD was administered 

for 36 days, following previous experiments, to trigger 

dyslipidemia marked by irregular cholesterol levels in 

the bloodstream. The rats' body weight measurements 

are presented in Figure 2 A, with weighments performed 

over 36 days. These observations indicated that the 

normal chow group had a consistent weight gain relative 

to the HFD group, with disparities evident as early as 

day 3. Figure 2 B illustrates a marked change in the body 

weight delta on day 7 in the HFD group, with a drop of 

+8 grams relative to the normal chow group. During the 

subsequent days, the group exclusively receiving HFD 

exhibited a notable reduction in weight during the 15-

day observation period compared with the normal chow 

group (p < 0.05, p < 0.01), ultimately reverting to their 

baseline body weight. No significant changes were 

found in the HFD + quercetin 200 mg and HFD + 

quercetin 50 mg groups compared to the HFD group 

over 36 days, and the rats' body weight returned to initial 

levels. Nevertheless, the HFD + quercetin 100 mg group 

did not demonstrate significant alterations over 36 days 

compared to the HFD group, and their body weight did 

not revert to the baseline level, resulting in a total 

decrease of +12 grams. Likewise, the HFD + simvastatin 

cohort exhibited no significant alterations relative to the 

HFD group and reverted to baseline weight throughout 

the 36-day observation period (Figure 2). 

This study aimed to determine the effect of 

quercetin on dyslipidemia, changes in molecular 

profiles, and hepatic function in a rat model of HFD. 

This study sought to determine the efficacy of quercetin 

and simvastatin as prophylactic interventions for 

dyslipidemia. The study began by observing the rats' 

body weight and feed consumption, comparing these 

parameters to every treatment group and the HFD group. 

The results showed that all groups, including the 

untreated HFD group, returned to baseline body weight 

over time. The main goal of administering quercetin is 

to evaluate its ability to prevent metabolic disorders, 

typically signalled by shifts in body weight. This study 

was performed to determine the effect of quercetin on 

dyslipidemia, changes in molecular profiles, and hepatic 

function in a rat model of HFD. This study aimed to 

assess the efficacy of quercetin and simvastatin as 

prophylactic interventions for dyslipidemia. This weight 

loss may be attributed to ketosis, which can occur in rats 

fed a diet with a fat content of 65-75% (Bielohuby et al., 

2011; Modica et al., 2021). 

Subsequent studies evaluated the effects of three 

distinct dosages of quercetin and simvastatin on the 

HFD group. Despite the absence of notable variations in 

body weight across the quercetin, simvastatin, and HFD 

groups, quercetin demonstrated the capacity affected fat 

metabolism with a minimal risk of rhabdomyolysis. The 

protective effect of quercetin is probably due to its 

ability to decrease cholesterol buildup and stop ATP 

depletion, which aids in maintaining standard levels of 

critical metabolic regulators, such as PGC-1α, UCP2, 

and PPARγ (Mollazadeh et al., 2021; 

Papakyriakopoulou et al., 2022; Yi et al., 2021). 

The effect of giving HFD on rats feed consumption 

Daily feed consumption of the experimental 

animals was tracked to assess their food intake patterns. 

This tracking was performed to ensure that variations in 

feed composition did not affect the eating patterns of the 

rats. Daily measurements were obtained by determining 

the change in feed weight from one day to the next, 

starting on day 2. The results of these measurements 

over 36 days are shown in Figure 3. The HFD group 

showed no significant difference in food consumption 

compared with the usual chow group. A subsequent 

study indicated that the HFD-only group sustained 

consistent feed intake rates of 90-100%. The HFD + 

quercetin 200 mg group exhibited a significant increase 

in feed consumption over three days (p < 0.05), with 

intake escalating to 120-140%. The HFD + quercetin 

100 mg group exhibited no significant alterations over 

the 36-day observation period, with consumption levels 

ranging from 100% to 120%. The HFD + quercetin 50 

mg group demonstrated significant increases in feed 

consumption over 10 days, ranging from 120% to 140%, 

with p < 0.01 and p < 0.05, respectively. Ultimately, the 

HFD + simvastatin cohort exhibited no significant 

alterations in food consumption over the 36-day 

observation period, maintaining intake levels between 

100-120% (Figure 3). 
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Figure 3. Comparison of feed weight profiles among HFD, treatment, and normal chow groups. Each point represents 

the average feed weight of each group and is presented as the mean ± SEM. **p<0.01 and *p<0.05 in comparison to 

HFD. Two-way ANOVA and Dunnett post-hoc analysis; n = 3 – 7 rats 

 

Table 1. Table of the effect of quercetin and simvastatin on triglyceride levels in rat plasma after induction of HFD 

feeding. 

Group Triglyceride level (mg/dL) 

Normal chow 21,14 + 5,27 

HFD 21,83 + 6,03 

HFD + Quercetin 50 mg 26,80 + 6,18 

HFD + Quercetin 100 mg 37,67 + 15,44 

HFD + Quercetin 200 mg 30,00 + 9,03 

HFD + Simvastatin 23,00 + 15,39 

*K : The data presented are the mean ± SEM of 3 - 7 rats every group 

 

Abnormalities in lipid metabolism characterize 

dyslipidemia and can be influenced by factors such as 

genetics, the environment, lifestyle, and diet (Pappan et 

al., 2024). In this study, the feeding habits of the HFD 

group and those on normal chow exhibited no notable 

differences, suggesting that the recorded weight loss 

was not attributed to variations in the rats' appetite. HFD 

stimulates gastric leptin, leading to a feeling of fullness 

and increased calorie burning (Mendoza et al., 2021). 

Even with a similar food intake, calorie balance can 

influence weight loss (Hall et al., 2018). Further analysis 

revealed a significant difference between the HFD + 

quercetin 200 mg group over 3 days and the HFD + 

quercetin 50 mg group over 10 days compared with the 

HFD group (p < 0.01 and p < 0.05). These disparities 

may be ascribed to the capacity of quercetin to suppress 

leptin, which modulates appetite via the leptin signalling 

system (Klok et al., 2007; Wang et al., 2024). Although 

simvastatin did not affect the rats’ appetite, it may have 

altered the gut microflora in their stomachs (Zhang et 

al., 2020). 

Quercetin administration effect on TG levels in 

plasma of rats induced by HFD 

TG profiles were analyzed to evaluate the impact of 

HFD induction on plasma TG levels. This study aimed 

to determine the preventive efficacy of quercetin in 

reducing the alterations in triglyceride levels after HFD 

induction. The data presented in Table 1 demonstrate 

that HFD did not substantially alter plasma TG levels in 

rats. A subsequent study contrasted the HFD group with 

HFD groups administered quercetin to assess the 

prophylactic effect of quercetin on 

hypertriglyceridemia. The results showed no significant 

increase in TG levels in the HFD group relative to that 

in the normal chow group, suggesting that 

hypertriglyceridemia was not adequately induced. In the 

HFD + quercetin groups (50, 100, and 200 mg), TG 

levels increased, although no significant difference was 

found when compared to the HFD group. Similarly, the 
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HFD + simvastatin cohort exhibited elevated TG levels. 

However, there was no statistically significant 

difference compared with the HFD group (Table 1). 

Dyslipidemia is a medical condition marked by 

elevated TG and TC levels. These parameters are 

typically measured to assess an individual's risk for 

cardiovascular disease. An anomaly in lipid levels 

elevates cardiovascular disease risk factors and is a 

leading cause of global mortality (Hedayatnia et al., 

2020). Dyslipidemia is a risk factor for several heart 

diseases (Perki, 2022). In this study, TG profile 

observations were conducted to determine the effect of 

HFD on lipid levels and the potential preventive effects 

of quercetin and simvastatin were evaluated (Yuan et al., 

2020; Papakyriakopoulou et al., 2022). A comparison 

between the normal chow and HFD groups revealed no 

significant variations in triglyceride levels. Previous 

research has indicated an elevation in triglyceride levels 

resulting from HFD induction. However, the lack of a 

significant difference in this study may be attributed to 

the type of fat used in the feed, which may not have 

stimulated fatty acid-binding protein 2, thereby 

preventing TG resynthesis and peripheral TG 

accumulation (Udomkasemsab et al., 2018; Zhang et al., 

2020; Li et al., 2023). The study observed increased 

triglyceride levels in the quercetin and simvastatin 

groups compared to those in the HFD group. While this 

increase is not statistically significant, it may be 

attributed to improved fat metabolism from activating 

glucose transporter member 4 (GLUT4). Enhanced 

GLUT4 expression may facilitate lipogenesis, resulting 

in higher triglyceride levels in rats subjected to HFD 

(Eseberri et al., 2019; Xia et al., 2024). 

Quercetin administration effect on TC levels in 

plasma of rats induced by HFD 

The goal of analyzing the TC profile was to 

examine how HFD influences plasma cholesterol levels 

and to investigate the protective role of quercetin in 

countering these alterations. The study findings in 

Figure 4 and Table 2 revealed that HFD induction 

significantly elevated TC levels in rat plasma (p < 0.01 

and p < 0.05). The analysis compared the HFD group 

with those receiving quercetin to determine its potential 

in preventing dyslipidemia. A notable elevation in TC 

was detected in the HFD group compared to the normal 

chow group, validating the effective induction of 

dyslipidemia (p < 0.01). Subsequent investigation of the 

HFD + quercetin group revealed diverse results. The 

HFD plus quercetin 50 mg group did not demonstrate a 

significant decrease in TC levels compared to the HFD 

group. 

Nonetheless, the HFD + quercetin 100 mg group 

exhibited a substantial reduction (p < 0.05), suggesting 

its efficacy in reducing cholesterol. The HFD group 

treated with 200 mg of quercetin exhibited no significant 

decrease in cholesterol levels. Of the three quercetin 

doses, only the HFD + quercetin 100 mg group exhibited 

a statistically significant reduction in cholesterol levels 

relative to the HFD group (p < 0.05). Conversely, the 

HFD + simvastatin group showed no significant 

decrease in the TC levels. The data are encapsulated in 

the subsequent graph (Figure 4). 

  
Figure 4. Comparison of total cholesterol profiles among the HFD, treatment, and normal chow groups. The data are 

presented as mean values ± SEM from 3 to 7 rats in each group. Significance is indicated for the HFD group at 

*p<0.05. Statistical significance is indicated for the normal chow group (## P < 0.01). One-way ANOVA and Dunnett 

post-hoc analysis; n = 3 – 7 rats 
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An additional dyslipidemia profile noted in this 

study was TC to assess the preventive potential of 

quercetin against HFD-induced dyslipidemia. The 

results indicated lower TC levels in both the quercetin 

and simvastatin groups than in the HFD group. Palm oil 

has been used as a fat source to induce increased 

cholesterol and liver damage in rats (Pehlivanović et al., 

2024). The observations showed a notable increase in 

TC levels. This increase can be associated with the 

initiation of a HFD that enhances the activity of HMG-

CoAR, an essential enzyme in cholesterol synthesis (Shi 

et al., 2022). The significant decrease (p < 0.05) in TC 

levels noted in the HFD + quercetin 100 mg group may 

result from the suppression of the AMPK pathway by 

quercetin, which suppresses the activity of HMG-

CoAR, thereby reducing cholesterol production (Wang 

et al., 2021). While the reduction in cholesterol levels 

among those taking simvastatin was not statistically 

significant, it probably resulted from the inhibition of 

HMG-CoAR (Parihar et al., 2019) (Table 2). 

Quercetin administration effect on plasma aspartate 

transferase levels in rats subjected to HFD 

Aspartate aminotransferase (AST) levels were 

measured to assess hepatic function in rats and evaluate 

the preventive potential of quercetin. The results of this 

study, presented in Table 3, indicate that HFD induction 

did not lead to significant changes in AST levels in rat 

plasma. This investigation examined the possible 

protective benefits of quercetin against hepatotoxicity 

by comparing the HFD group with other treatment 

groups. An elevation in AST levels was observed in the 

HFD group compared with that in the normal chow 

group. However, this difference was not statistically 

significant. The therapy groups, HFD + quercetin 50 mg 

and HFD + quercetin 100 mg, exhibited no significant 

decrease in AST levels compared to the HFD group. The 

highest dose of the HFD group, 200 mg quercetin, 

exhibited a minimal increase in AST levels compared to 

the HFD group. Moreover, the HFD + simvastatin group 

did not show significantly decreased AST levels 

compared to the HFD group (Table 3). 

Activities of liver enzymes, such as AST and ALT, 

are critical indicators for assessing liver function. ALT 

is a precise marker of liver injury, because it is mostly 

located in the liver (Kathak et al., 2022). This study 

involved observing the changes in AST and ALT levels 

to evaluate liver function. The normal chow group 

exhibited no significant increase in AST levels 

compared to the HFD group. This insignificance may 

stem from AST being a less specific indicator of 

hepatocellular injury (Pehlivanović et al., 2024). The 

groups administered HFD with quercetin at 50 mg and 

100 mg demonstrated reduced AST levels compared 

with the HFD group. However, the reduction was not 

statistically significant. This reduction may be linked to 

the inhibited activity of pro-inflammatory cytokines, 

such as IL-1β, IL-1, IL-8, and IL-6, which might have a 

protective effect on the liver (Chen, 2010). The HFD + 

quercetin 200 mg group exhibited an increase in AST 

levels, although this change was not significant 

compared to the HFD group. This increase may be 

associated with the effect of quercetin on lipid 

metabolism, particularly gluconeogenesis, through 

inhibition of the MAPK pathway (Wang et al., 2024). 

The HFD + simvastatin group showed a slight decrease 

in AST levels compared to the HFD group, possibly 

because of the activation of Nrf2, which is recognized 

for its function in regulating hepatic antioxidant 

enzymes (Rodrigues et al., 2019). 

Quercetin administration affected plasma alanine 

transferase levels in HFD-fed rats subjected to HFD.  

The ALT profile was used to assess liver function 

in rats, focusing on evaluating the preventive potential 

of quercetin. The results, illustrated in Figure 5 and 

Table 4, suggest substantial alterations in ALT levels in 

the rat plasma. The analysis contrasted the HFD group 

with other treatment groups to evaluate the efficacy of 

quercetin in preventing hepatotoxicity. A marked 

elevation in ALT levels was noted in the HFD group 

compared to the normal chow group (p < 0.01). A 

significant decrease in ALT levels was noted in the HFD 

+ quercetin 50 mg group compared to that in the HFD 

group (p < 0.01). The HFD + quercetin 100 mg group 

showed a significant decrease in ALT levels (p < 0.01) 

and capacity to avert hepatotoxicity. A subsequent 

analysis comparing the HFD group with the HFD plus 

quercetin 200 mg group demonstrated a substantial 

reduction (p <0.01). All doses of quercetin (50 mg, 100 

mg, and 200 mg) demonstrated a significant decrease in 

ALT levels relative to the HFD group (p < 0.01). The 

HFD + simvastatin group showed a substantially 

reduced ALT level compared with the HFD group (p < 

0.01). The subsequent image presents a graphical 

representation of the analysis results (Figure 5). 

The subsequent parameter ALT exhibited 

substantial elevation in the normal chow group 

compared to the HFD group, indicating that the 

induction of HFD caused a hepatotoxic effect on the 

liver (p < 0.05). The elevated ALT levels in the HFD 

group may be attributed to the hepatic cell damage 

caused by fat accumulation (Pehlivanović et al., 2024). 

Observations indicated the preventative efficacy of 
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quercetin, as ALT levels were decreased in quercetin-

treated groups relative to the HFD group. The reduction 

in ALT levels may be attributed to quercetin's capacity 

to block IL-10, thereby reducing several pro-

inflammatory cytokines, including TNF-α, that protect 

liver function (Chen, 2010). A notable reduction in ALT 

was observed in the HFD + Simvastatin group compared 

with that in the HFD group. This decrease can be 

explained by the same process as AST, involving the 

activation of Nrf2, which is essential for regulating 

hepatic antioxidant enzymes, rendering ALT a more 

specific indicator of liver damage (Rodrigues et al., 

2019; Pehlivanović et al., 2024). In conclusion, the 

assessment of liver function, shown by alterations in 

AST and ALT levels, implies that quercetin has a 

preventative effect similar to that of simvastatin in 

reducing the elevation of these enzymes post-HFD 

induction (Table 4).

 

 

Table 2. Table of the effect of quercetin and simvastatin on the levels of cholesterol in rats plasma after induction of 

HFD feed 

Groups Cholesterol level (mg/dL) 

Normal chow 27,00 + 3,33 

HFD 80,00 + 27,10## 

HFD + Quercetin 50 mg 44,4 + 4,92 

HFD + Quercetin 100 mg 34,33 + 1,52* 

HFD + Quercetin 200 mg 58,00 + 8,00 

HFD + Simvastatin 46,67 + 2,32 

*K: Data are presented as the mean ± SEM of 3–7 rats in each group. Significance is indicated for the HFD group at 

*p<0.05. Statistical significance is indicated for the normal chow group at ##p<0.01. One-way ANOVA and Dunnett 

post-hoc analysis; n = 3 – 7 rats 

 

Table 3. Table of the effect of quercetin and simvastatin on aspartate aminotransferase levels in rat plasma after 

induction of HFD feeding. 

Group Aspartate Aminotransferase (mg/dL) 

Normal chow 566,80 + 65,23 

HFD 826,21 + 50,51 

HFD + Quercetin 50 mg 631,05 + 37,22 

HFD + Quercetin 100 mg 753,07 + 47,69 

HFD + Quercetin 200 mg 849,18 + 94,74 

HFD + Simvastatin 768,63 + 94,78 

*K : The data presented are the mean ± SEM of three rats every group 

  

Figure 5 Comparison of ALT profiles among the HFD, treatment, and normal chow groups. The data are presented as 

mean values ± SEM from three rats in each group. Significance is indicated for the HFD group at *p<0.05 and **p<0.01. 

Statistical significance is indicated for the normal chow group at ##p<0.01. One-way ANOVA and Dunnett post-hoc 

analysis; n = 3 rats 
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Table 4. Table of the effect of quercetin and simvastatin on alanine transferase levels in plasma of rats after induction 

of HFD feed 

Group Alananine Aminotransferase (mg/dL) 

Normal chow 720,61 + 5,08 

HFD 887,06 + 26,75## 

HFD + Quercetin 50 mg 633,80 + 12,73** 

HFD + Quercetin 100 mg 638,55 + 12,38** 

HFD + Quercetin 200 mg 705,33 + 10,68** 

HFD + Simvastatin 666,00 + 11,11** 

K: Data are presented as the mean ± SEM of three rats in each group. Significance is indicated for 

the HFD group at *p<0.05 and **p<0.01. Statistical significance is indicated for the normal chow 

group at ##p<0.01. One-way ANOVA and Dunnett post-hoc analysis; n = 3 rats 

 

Table 5. Table of the effect of quercetin and simvastatin on HMG-CoAR mRNA in liver rats after induction of HFD 

feed 

Group 
Relative Expression of HMG-CoAR mRNA 

(Fold Change) 

Normal chow 0,26 + 0,02 

HFD 1,00 + 0,62 

HFD + Quercetin 50 mg 0,21 + 0,10 

HFD + Quercetin 100 mg 0,38 + 0,08 

HFD + Quercetin 200 mg 9,81 + 7,92 

HFD + Simvastatin 0,09 + 0,02 

K : The data presented are the mean ± SEM of 3 - 7 rats every group 

 

The body regulates cholesterol production through 

essential enzymes, with HMG-CoAR being crucial for 

the cholesterol biosynthesis pathway. This process is 

influenced by the Adenosine Triphosphate-Binding 

Cassette Transporter (ABCA1), which aids in 

cholesterol metabolism and HDL formation (Chambers 

et al., 2019; Shi et al., 2022). HMG-CoAR is the 

principal target of simvastatin, a commonly prescribed 

cholesterol-lowering drug that diminishes cholesterol 

synthesis by blocking this enzyme (Perki, 2022). 

Quercetin, a natural flavonoid, offers an alternative 

approach by impacting lipid metabolism through 

multiple mechanisms, including the inhibition of HMG-

CoAR activity via the AMPK pathway (Wang et al., 

2021). Furthermore, quercetin augments ABCA1 

activity, facilitates cholesterol efflux, and enhancing 

HDL production (Chambers et al., 2019). This study 

investigated the comparative expression of HMG-CoAR 

and ABCA1 mRNA in murine hepatic tissues using 

PCR. In the HFD group, an increase in relative mRNA 

expression was observed, although it was not 

statistically significant, likely due to increased 

cholesterol synthesis involving HMG-CoAR mRNA 

expression (Shi et al., 2022). In the HFD + 200 mg 

quercetin group, a minor yet statistically insignificant 

increase in HMG-CoAR mRNA expression was 

observed, potentially caused by the regulation of other 

enzymes such as LDLR and PCSK9, which are involved 

in regulating LDL levels (Mbikay et al., 2014). In the 

HFD combined with quercetin at 50 mg and 100 mg 

groups, a decrease in HMG-CoAR mRNA expression 

was observed, although not significant compared to the 

HFD group, possibly due to the inhibition of HMG-

CoAR transcription by quercetin (Wang et al., 2021). 

The HFD + simvastatin group exhibited a decrease in 

HMG-CoAR expression, likely attributable to the 

feedback mechanism of simvastatin influencing other 

genes associated with liver function, such as SREBP-

1C, CYP7A1, and CD36 (Zhang et al., 2020). 

Impact of quercetin on ABCA1 mRNA expression 

rats liver subjected to a HFD 

This molecular expression analysis aimed to assess 

the preventive potential of quercetin in dyslipidemia by 

comparing it with simvastatin, a widely used 

cholesterol-lowering drug. The comparative expression 

of ABCA1 mRNA in the hepatic tissues of rats was 

assessed using RT-qPCR. The findings in Table 6 

demonstrate that HFD induction did not significantly 

modify the relative expression of ABCA1 mRNA in rat 

livers. Comparisons between the HFD group and other 

treatment groups were performed to assess the effect of 

quercetin at the transcriptional level. The study 

indicated a decrease in ABCA1 mRNA expression in the 

HFD group relative to that in the normal chow group, 

but the decrease was insignificant. The HFD + quercetin 

50 mg and HFD + quercetin 200 mg groups exhibited 
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negligible increases in ABCA1 mRNA expression 

compared to the HFD group. Conversely, the HFD + 

quercetin 100 mg group showed a slight but statistically 

insignificant decrease in ABCA1 expression. Similarly, 

the HFD + simvastatin group did not exhibit a 

significant reduction in ABCA1 mRNA expression 

compared with the HFD group (Table 6). 

ABCA1 is a membrane protein with two 

transmembrane domains and two nucleotide-binding 

folds interconnected by an intracellular peptide 

sequence. Following translation, ABCA1 undergoes 

glycosylation and is expressed on the cell surface. It 

mediates the efflux of cellular cholesterol and 

phospholipids, which requires apolipoproteins in the 

extracellular space (Wang et al., 2003). In this study, the 

normal chow group exhibited a marginal, albeit 

statistically insignificant, reduction in ABCA1 mRNA 

expression relative to the HFD group. This outcome 

indicates that HFD induction may not substantially 

influence ABCA1 gene expression in lipid metabolism 

but may rather implicate the function of another 

transporter, ABCG1 (Chambers et al., 2019). The effects 

of HFD induction, quercetin administration at three 

different doses, and simvastatin treatment were 

examined in this study. The HFD + quercetin 200 mg 

and HFD + quercetin 50 mg groups exhibited elevated 

ABCA1 mRNA expression, potentially due to 

stimulation of the AMPK pathway by quercetin, 

facilitating HDL cholesterol maturation (Chambers et 

al., 2019; Wang et al., 2021). In contrast, the HFD + 

quercetin 100 mg group exhibited a reduction in 

ABCA1 mRNA expression compared with the HFD 

group, possibly attributable to the phosphorylation of 

proteins, including p38, TAK1, and MKK3/6, which are 

capable of modulating ABCA1 expression (Chang et al., 

2012). The HFD + simvastatin group showed reduced 

ABCA1 mRNA expression relative to the HFD group, 

potentially attributable to feedback processes involving 

Apolipoprotein A1 (Apo-A1) and ABCG1 (Seeree et al., 

2019). 

Effect of quercetin administration on liver cellular 

observations 

The histological profile of the liver tissue in 

experimental animals can be analyzed to evaluate the 

advancement of dyslipidemia, focusing on cellular 

alterations. The tissue was processed by creating 

transverse sections, stained using hematoxylin and eosin 

(HE), and subsequently examined under a microscope at 

200x and 400x magnification (100 µm scale). Figure 6 

presents the results of these observations, which were 

conducted over 36 d. No signs of steatosis or 

inflammation were observed in the normal-chow group. 

The HFD group exhibited signs of steatosis. In contrast, 

the groups that were administered HFD with quercetin 

at 200 mg/kg BW, 100 mg/kg BW, and 50 mg/kg BW 

displayed no signs of steatosis or inflammation. 

Concurrently, data from the HFD + simvastatin cohort 

indicated evidence of inflammation (Figure 6). 

 

 

Table 6. Table of the effect of quercetin and simvastatin on ABCA1 mRNA in liver rats after induction of HFD feeding 

Group 
Relative Expression of ABCA1 mRNA  

(Fold Change) 

Normal chow 0,62 + 0,38 

HFD 0,44 + 0,41 

HFD + Quercetin 50 mg 2,27 + 2,19 

HFD + Quercetin 100 mg 0,30 + 0,30 

HFD + Quercetin 200 mg 10,91 + 7,60 

HFD + Simvastatin 0,10 + 0,07 

K : The data presented are the mean ± SEM of 3 - 7 rats every group 
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Figure 6. Cross-sections of rat liver at 200x and 400x magnification with hematoxylin and eosin (HE) staining. 

(Figures 6A) Normal chow group 200x, (Figuress 6B), HFD group, (Figures 6B1, 6B2) HFD group at 400x 

magnification, (Figures 6C) HFD + Quercetin 200 mg group at 200x magnification, (Figures 6D) HFD + Quercetin 100 

mg group at 200x magnification, (Figures 6E) HFD + Quercetin 50 mg group at 200x magnification and (Figures 6F) 

HFD + Simvastatin group at 200x magnification, (Figures 6F1) HFD + Simvastatin group at 400x magnification. Rat 

liver tissue was stained with hematoxylin and eosin (HE) staining. Red circles indicate hepatocyte cell abnormalities in 

the form of steatosis and inflammation. The images are representative of each group. The magnification scale used 

shows 100 µm and 50 µm 

 

The liver is essential for digestion and metabolism, 

as a storage site for fat-soluble vitamins, and for 

controlling cholesterol levels (Kalra et al., 2023). Under 

hyperlipidemic conditions, changes occur in the blood 

vessel structure and various tissues, resulting in stiffer 

tendons and alterations in tissue morphology and cell 

types (Hill et al., 2024). In this study, we analyzed liver 

histopathology to detect alterations in hepatic cells. 

Observations indicated the presence of steatosis in the 

HFD induction group and inflammation in the HFD + 

simvastatin group. Increased absorption of fatty acids 

from the plasma is a primary contributor to liver 

steatosis. This absorption activates neutrophil-derived 

proteins, such as proteinase 3, caspase 1, and caspase 11, 

which further exacerbate steatosis in the liver (Herrero-

Cervera et al., 2022; Abo-Zaid OA et al., 2023). The 

findings for the three quercetin dosages (50, 100, and 

200 mg/kg BW) showed no indications of steatosis or 

inflammation, suggesting a protective effect of 

quercetin against hepatic cellular injury. The findings 

for the three quercetin dosages (50, 100, and 200 mg/kg 

BW) showed no indications of steatosis or 
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inflammation, suggesting a protective effect of 

quercetin against hepatic cellular damage. This 

protective mechanism may involve the ability of 

quercetin to induce autophagy in the liver of rats (Cao et 

al., 2023). In contrast, the HFD + simvastatin group 

demonstrated inflammation marked by neutrophil 

infiltration, presumably resulting from excessive 

buildup of toxic agents in hepatocytes, including free 

fatty acids and reactive oxygen species, typically linked 

to NAFLD (Herrero-Cervera et al., 2016; Herrero-

Cervera et al., 2022). Additionally, inflammation may 

result from the side effects of statin use, which are often 

cited as a reason for discontinuing therapy (Averbukh et 

al., 2022). 

Overall, these findings suggest that quercetin could 

serve as an alternative therapy for dyslipidemia by 

improving fat metabolism, particularly TC levels. These 

doses also affected gene expression and other markers. 

The doses also affected gene expression; 200 mg/kg 

increased ABCA1 gene expression, while 100 mg/kg 

decreased HMG CoAR expression. However, 50 mg/kg 

could be beneficial for both markers. Additionally, 

unlike simvastatin, quercetin exhibited low hepatotoxic 

effects, as indicated by ALT measurements and cellular 

observations of liver cells. A limitation of this study was 

the potential gap between the experimental model and 

its translational relevance to human dyslipidemia. 

Future studies should explore additional biomarkers 

relevant to lipid metabolism, such as LXR, SREBP, and 

ABCG1, to gain a more comprehensive understanding 

of the effects of quercetin. 

 

CONCLUSION 

The administration of quercetin may influence 

cholesterol metabolism via the AMPK pathway by 

decreasing the relative expression of HMG-CoAR 

mRNA at doses of 100 mg and 50 mg, while increasing 

the relative expression of mRNA ABCA1 at doses of 

200 mg and 50 mg. Furthermore, quercetin treatment 

enhanced the dyslipidemia profile, as shown by the 

decreased total cholesterol levels. Unlike simvastatin, 

quercetin also improves liver function under hepatotoxic 

conditions, as evidenced by reduced alanine 

transaminase levels and cellular observations. 
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Abstract 

Background: Diarrhea is characterized by changes in stool form to soft or liquid, with an intensity of bowel 

movements more than three times a day. One of the plants used as an alternative treatment for diarrhea is 

rambutan, particularly its leaves. Previous studies have shown that rambutan leaf extract can treat diarrhea. 

Objective: The purpose of this study was to determine the antidiarrhea activity of ethanol extracts of rambutan 

leaves containing tannins and flavonoids that inhibit intestinal motility. Methods: This study was conducted 

experimentally using the intestinal transit method, which measures the length of the intestine passed through a 

marker. The smaller the ratio between the length of the intestine and the marker, the greater the decrease in 

intestinal motility in the mice. Group 1: loperamide HCl at a dose of 4 mg/kg BW; Group 2:  placebo; Group 3: 

FI, FII, and FIII capsules at doses of 50 mg, 100 mg, and 150 mg. Results: The test results showed that 

Formulations 1, 2, and 3 had activities of 23.3%, 26.8%, and 32.3%, respectively. The capsule with the best results 

was formulation 3, at a dose of 150 mg. Compared with the positive control, the effectiveness of this capsule was 

22% higher than that of loperamide. Conclusion: The results of this study showed that rambutan leaves extracted 

in capsule form effectively treats diarrhea. The one-way ANOVA test showed a significant difference between the 

FI, FII, and FIII groups (p <0.05). 
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INTRODUCTION 

Diarrhea is a disease characterized by changes in 

the form of stool that becomes runny, with an intensity 

of bowel movements more than three times a day. 

Diarrhea can cause loss of fluids in the body, disruption 

of acid-base balance, dehydration, and even death. In 

2018, diarrhea sufferers were toddlers who were served 

in health facilities, with as much as 40.90% of the 

estimated diarrhea in health facilities (Wahyuni, 2021). 

One of the treatments for diarrhea is antidiarrheal drugs 

that can reduce peristaltic movements in the intestines. 

Drugs used in the treatment of diarrhea are divided into 

several categories: antidiarrhea antipyretic, antipyretic, 

antipyretic, motility, adsorption, and anti-secretion 

properties (Hermansyah & Parinding, 2022). Rambutan 

plants are used to treat diarrhea. One part of the 

rambutan plant that can be used for antidiarrheal 

treatment is the leaves that contain tannins and 

flavonoids, which are astringent by shrinking the 

mucous membranes and shrinking the pores so that they 

can inhibit the release of excess fluids and electrolytes 

(Fadilah et al., 2023). Based on the research conducted 

by Suherman et al. (2013), the ethanol extract of 

rambutan leaves has antibacterial activity that is 

effective in suppressing the development of Escherichia 

coli. With the potential of rambutan leaves as an 

antibacterial agent, it is hoped that rambutan leaves can 

be used as an antidiarrheal agent caused by bacteria. To 

enable the public to utilize rambutan leaf extract as a 

remedy for diarrhea, it is essential to develop a capsule 

formulation of this substance. In addition, rambutan leaf 

extract in capsule form was also used to maintain the 

stability of the extract and facilitate marketing. 

Compared with other forms, capsule preparations are 

easier to use and can eliminate the odor of the extract 

preparation. In addition, the dry extract contained fewer 

bacterial cells. 

 

MATERIALS AND METHODS 

Material 

Chemical material 

Rambutan leaves and 96% ethanol (PT. Dipa 

Prasada Husada, Tasikmalaya), Loperamide HCl (PT. 

Nufarindo, Semarang), gelatin  (PT. Dipa Prasada 

Husada, Tasikmalaya), avicel PH 101 (PT. Dipa Prasada 

Husada, Tasikmalaya), aerosil (PT. Dipa Prasada 

Husada, Tasikmalaya), stearic acid (PT. Dipa Prasada 

Husada, Tasikmalaya), lactose (PT. Dipa Prasada 

Husada,Tasikmalaya), 2N HCl (PT.Dipa Prasada 

Husada, Tasikmalaya), Mg powder (PT. Dipa Prasada 

Husada, Tasikmalaya), and FeCl3 (PT. Dipa Prasada 

Husada, Tasikmalaya). 

Reagent 

Dragendorff reagent, Wagner reagent, and 

Lierbermann-Buchard reagent 

Equipment 

Glassware (Pyrex, Indonesia), water bath (B-One), 

digital scale (Radwag), oven (Memmert Un55 Oven, 

Germany), surgical instruments, rotary evaporator 

(Nanbei, China), oral sonde, surgical scissors, and 

tweezers were used. 

Method 

Extraction 

Extraction of rambutan leaves (Nephelium 

lappaceum L.) using maceration was used because 

flavonoid compounds are not resistant to heating. The 

96 ethanol was used because it is a universal solvent that 

can attract polar compounds such as flavonoids and 

tannins. This maceration method uses 500 g of rambutan 

leaf powder and 5000 mL of 96% ethanol (Hermansyah 

& Parinding, 2022). The extraction was performed for 3 

× 24 h. The extract was filtered through a filter paper 

until the filtrate was obtained. To obtain a thick extract, 

the solvent was evaporated using a Rotary Vacuum 

Evaporator at 60°C. 

Phytochemical screening 

Phytochemical screening was conducted to 

determine the content of secondary metabolite 

compounds in rambutan leaf powder and extract. Tests 

were conducted on flavonoids, tannins, alkaloids, 

saponins, polyphenols, steroids, and terpenoids (Wahid 

and Safwan, 2020).  

a. Flavonoid Test 

One gram of the sample was added to 1 mL of 

hydrochloric acid solution and 1 g of magnesium 

powder. A positive indication was indicated by a color 

change to pink (Putri et al., 2021). 

b. Tannin Test 

One gram of the sample was mixed with three drops 

of 1% gelatin solution. The presence of a white residue 

was a positive indication (Putri et al., 2021). 

c. Alkaloid Test 

A total of 1 g of the sample was mixed with 5 mL 

of chloroform and 5 mL of ammonia and then divided 

into three test tubes. Each test tube was prepared using 

Mayer's and Dragendorff's reagents. A positive 

indication for Mayer's reagent is the presence of a white 

or yellow residue, whereas, for Dragendorff reagent, a 

positive result is indicated by the presence of an orange 

to red residue (Putri et al., 2021). 

 



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 11 No. 3 Desember 2024      293 

 

 

P-ISSN: 2406-9388   ©2024 Jurnal Farmasi dan Ilmu Kefarmasian Indonesia 

E-ISSN: 2580-8303  Open access article under the CC BY-NC-SA license 

Table 1. Formulation of rambutan leaf ethanol extract capsules 

Ingredients Function 
Composition (mg) 

F0 FI FII FIII 

Rambutan leaf extract Active Ingredients - 50 100 150 

agar-agar Binder 35 35 35 35 

Avicel PH 101 Filler 60 60 60 60 

Aerosil Lubricants 3 3 3 3 

Stearic Acid slide 8 8 8 8 

Lactose Filler 194 144 94 44 

Total 300 300 300 300 

d. Saponin Test 

A total of 1 g of the sample was mixed with 10 mL 

of hot distilled water, shaken for 5 min, and left for 5 

min. Positive saponin results were seen in the form of a 

thick foam of approximately 1-10 cm, which was stable. 

The addition of 2N HCl did not eliminate the foam (Putri 

et al., 2021). 

e. Polyphenol Test 

Three total of a 1 g of sample were added to 3 drops 

of 0.1% FeCl3 solution. Positive indications include a 

color change to blue, green, bluish-green, brownish-

green, or blackish blue (Susanti et al., 2019). 

f. Steroid and Terpenoid Tests 

A sample weighing 1 g was placed in a cup, and 

then 1 mL of chloroform and five drops of Liebermann-

Burchard reagent were added. The presence of steroids 

in the sample is indicated by the formation of a blue or 

green ring, while a positive indication of terpenoids is 

indicated by a color change to dark green (Nurjannah et 

al., 2022). 

Capsule formulation 

The capsule formulation was based on previous 

research, with different doses of active ingredients of 

rambutan (50 mg, 100 mg, and 150 mg). The capsule 

formulation of rambutan leaf ethanol extract is shown in 

Table 1, which involves different doses of the active 

ingredients of rambutan leaf extract: 50 mg, 100 mg, and 

150 mg. This concentration was chosen based on the 

results of previous studies, which have proven to be 

effective in reducing diarrhea. 

Rambutan leaf ethanol extract capsules were 

prepared with four variations of the extract 

concentration. The thick extract was mixed with Avicel 

PH 101 at a much of 1:1, then ground homogeneously, 

and dried in an oven for 30 min at a temperature of 

50 °C. The temperature was constant throughout the 

process, and a fan assisted the oven. The ingredients 

were weighed according to the concentrations specified 

in the formula (FI, FII, and FIII). Lactose and dry extract 

were placed in a mortar and stirred until homogeneous, 

and Avicel PH 101, Aerosil, and gelatin were added 

gradually, stirred until homogeneous, and then dried in 

an oven at a temperature of 40-50°C for 24 h. Stearic 

acid was added as the outer phase, stirred 

homogeneously, sieved, and placed into capsule shell 

number 1 with a weight of 300 mg each. During the 

capsule preparation process, consistency in capsule size, 

weight, and integrity was ensured.  

Capsule weight uniformity test 

Ten capsules were taken, each capsule was 

weighed, and the average deviation was calculated. 

Disintegration time test 

Six capsules of rambutan leaf ethanol extract F0, FI, 

FII and FIII were inserted into the disintegration test 

tool. A pH 1,2 buffer solution is commonly used in 

gastrointestinal simulations. The disintegration time 

requirement was <15 min (Wulandari et al., 2021). 

Antidiarrheal activity test 

White Swiss Webster mice (Mus musculus) were 

used as the test animals. The criteria for the mice used 

were healthy male mice, healthy, 2-3 months old, and 

weighing 1.5 kg, around 20-30 grams. Before treatment, 

the mice were acclimatized to an average room 

temperature of 23-29oC. This period was carried out for 

seven days with the aim that the test animals were in the 

same environmental conditions as the environmental 

conditions when they were treated. The mice were 

placed in a cage measuring 40 × 30 × 12 cm. A total of 

25 mice were used, consisting of five groups, with each 

group consisting of five mice. Then, the preparation of 

positive control tests, negative controls, F0, FI, FII, and 

FIII were performed. Each test animal received a 

different preparation, namely loperamide HCl, which 

was administered to the control group at a dose of 

0.0104 mg/20 g BW. F0 is a negative control that does 

not contain active substances in the rambutan leaf 

extract capsule test group: FI (dose 1) 50 mg, FII (dose 

2) 100 mg, and FIII (dose 3) 150 mg. After 45 min of 

test preparation, all mice were orally administered a 

carbo adsorbent (norit powder) marker suspension. 

Marker suspensions are used to track intestinal transit 

time by slowing down intestinal movement and 
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adsorbing diarrhea-causing substances. Norit powder is 

used as a suspension marker because of its black color, 

and it does not affect the intestines. After 65 min of 

administration of the marker suspension, the mice were 

dissected from the neck. Surgery was performed by 

observing the intestines and measuring the length of the 

marker in the intestine (Ambari, 2019). 

 The submission of the code of ethics is stated to be 

in accordance with the 7 (seven) WHO 2011 standards, 

namely social values, scientific values, equal 

distribution of burdens and benefits, risks, 

inducements/exploitation, confidentiality and privacy, 

and consent after explanation referring to the 2016 

CIOMS guidelines. The fulfillment of the indicators for 

each standard suggests this. Animal experiment ethics 

test certificate number: No.039/E.02/KEPK 

BTH/V/2024. 

The data obtained were calculated using the 

formula for the percentage of activity and effectiveness. 

The data were then analyzed using the SPSS (Statistical 

Product and Service Solution) computer program. 

Normal and homogeneous data were then tested using 

ANOVA parameters. Based on the results of the one-

way ANOVA, a significance value (ρ <0.05) was 

obtained, indicating that there was a significant 

difference between the test groups based on the 

comparison of the ratio of intestinal length to the ratio 

of marker length. The LSD Post Hoc Test was 

conducted to clarify the findings of ANOVA and 

determine which test groups showed significant 

differences compared to the other groups (Rusdiah & 

Ghina S.N., 2021). 

 

RESULTS AND DISCUSSION 

Extraction 

Based on the processing of fresh rambutan leaf, it is 

as much as 6kg, with the final result in the form of 

powder obtained being as much as 1.38kg. The average 

drying loss is 2.64%. The results of drying loss obtained 

in repetition 1 were 2.4%, in repetition 2 were 2.86%, 

and in repetition 3 were 2.66%, with an average of 

2.64% in accordance with the provisions (<10%) and 

met the requirements permitted for drying loss 

parameters. In drying loss with provisions of <10%, the 

powder can be stable, prevent the growth of 

microorganisms, and be efficient as a treatment. 

The extraction process produced a yield of 28.62%. 

From the data obtained, the yield of rambutan leaf 

ethanol extract was good because >10% means that the 

active compounds contained in the rambutan leaf 

ethanol extract were high (Deti et al., 2021). 

Phytochemical screening 

The results of the phytochemical screening showed 

a positive flavonoid content test, indicated by the 

formation of orange amyl alcohol. The addition of 

magnesium powder and hydrochloric acid in the test 

resulted in a reduction of the flavonoid compound, 

resulting in an orange reaction, which is characteristic of 

the presence of flavonoid compounds in the sample. 

Tests for tannin and polyphenol levels using FeCl3 

reagents. In tannin compounds, it is indicated by the 

formation of a white precipitate, whereas in polyphenol 

compounds, it is indicated by the formation of a 

greenish-black color (Susanti et al., 2022). A positive 

saponin content test is indicated by the appearance of 

stable foam as high as 1 cm for ± 10 min, which does 

not disappear after the addition of 2N HCl. The foam is 

formed because saponins have hydrophobic and 

hydrophilic molecular structures. When saponins are 

mixed with hot water, they form micelles that are 

trapped in the air to create a foam (Putri et al., 2021). 

Tests for steroid and terpenoid contents using anhydrous 

and concentrated H2SO4 solutions. 

The formation of a blue or green ring indicates 

positive steroid results. This reaction occurs between the 

theory and specific reagents and produces a colored 

complex that suggests the presence of steroids in the test 

sample. Meanwhile, a positive terpenoid result indicates 

a color change to dark green. This reaction occurs when 

terpenoids and reagents react to produce a complex 

compound with a dark green color as an indicator of the 

presence of terpenoid compounds (Rosdianah, 2021). 

Alkaloid content tests are carried out using Mayer, 

Dragendorff, and Wagner reagents. The results obtained 

are in the form of a white precipitate in Mayer's reagent, 

an orange precipitate in Dragendorff's reagent, and a 

light brown to yellow precipitate in the Wagner reaction. 

The formation of this precipitate is caused by the 

nitrogen atoms in the alkaloid, which have free electrons 

that can replace iodine ions in the reagent through 

covalent bonds (Putri et al., 2021). 

Testing of physical properties of preparations 

The rambutan leaf ethanol extract capsules were 

manufactured using the wet granulation method, in 

which the thick extract was dried with Avicel PH 101 to 

prevent degradation, regulate water content, physical 

stability, and dose control. The results of the physical 

evaluation of the rambutan leaf ethanol extract capsules 

are shown in Table 2. 

The results of the flow time test showed that the 

dose of rambutan leaf extract can affect the flow rate to 

achieve therapeutic effects at the target site. The results 
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of the humidity test showed differences caused by the 

composition of the rambutan leaf ethanol extract 

formulation, such that the more extract used, the higher 

the value of the results obtained. Compressibility tests 

were carried out to ensure that the capsule formulation 

had good powder flow, physical stability, and optimal 

release of the active ingredients. The results of the 

compressibility test showed a significant difference 

between specific gravity and compressive specific 

gravity, with a requirement of 5-15%. The angle of the 

repose test affects the homogeneity, efficiency, and final 

quality of the product, and the test results show that the 

greater the extract used, the greater the resulting angle 

(Suparman, 2019). In the weight uniformity test, there 

were differences in the average test values caused by 

several factors, namely the type of raw material used, 

production process, and environmental conditions, 

which can also affect the stability of the preparation. 

Several factors affected the results of the disintegration 

time test, including the composition of the preparation, 

the size of the preparation, the stability of the 

preparation, the pH value, and the test method used. This 

is because the higher the dose of rambutan leaf extract, 

the longer the disintegration time (Wulandari et al., 

2021). 

 The results of the antidiarrheal activity test 

using the intestinal transit method were used to 

determine the antidiarrheal activity of rambutan leaf 

ethanol extract by measuring the distance travelled by 

the marker to the intestines of each mouse. The results 

of the rambutan leaf ethanol extract capsule test group 

with various doses showed that the average antidiarrheal 

activity ratio tended to be lower than that of the negative 

control, indicating that the test group had antidiarrheal 

activity (Hermansyah & Parinding, 2022; Sukmawati et 

al., 2020). The results of antidiarrheal activity are shown 

in Figure 1 

 

Table 2. Evaluation Results of Rambutan Leaf Ethanol Extract Capsule Preparations 

Test Parameters F0  FI FII FIII 

Flow Time (second) 4.14  4.83  4.25  3. 46  

Humidity (%) 2.75  2.79  3.76  3.48  

Compressibility (%) 11 8.8 12.8 13 

Rest Corner 35.5o 31.7o 33.4o 36.1o 

Weight Uniformity (mg) 376.6 ± 1.35 376.7 ± 1.26 376.6 ± 1.11 376.9 ± 1.51 

Disintegration time (second) 5.47 ± 0.04  6.65 ± 0.29 9.87 ± 0.60 11. 66 ± 0 . 76 

 
Figure 1. Average Antidiarrhea Activity Ratio 

Information: 

K (+)  : Group given Loperamide HCl in 1.5% Na CMC 

F0   : Group given capsules without extract 

F I   : Group given 50 mg rambutan leaf extract capsules 

F II   : Group given 100 mg rambutan leaf extract capsules 

F III  : Group given 150 mg rambutan leaf extract capsules 
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Referring to Figure 1. regarding the difference in 

the ratio of intestines passing through the marker 

suspension. In the capsule test group in formulation 0, 

there was no antidiarrheal activity, so the resulting 

intestinal ratio was high. Formulation I showed good 

antidiarrheal activity with an effectiveness percentage of 

120%. Meanwhile, in the test group with rambutan leaf 

ethanol extract capsules in formulation II with a dose of 

100 mg and formulation III with a dose of 150 mg, the 

ratio results exceeded the positive control, indicating 

that the test group had an antidiarrheal effect. The 

smaller the ratio between the total length of the intestine 

and the length of the intestine passed through by the 

marker, the stronger the antidiarrheal effect of the test 

group (Lina & Astutik, 2020; Santosa et al., 2023). 

Compared to the 50 mg dose, the 100 mg and 150 mg 

doses showed superior antidiarrheal effects because the 

higher the dose, the more compounds contained therein. 

Tannins and flavonoids act as antibacterial agents and 

reduce intestinal contractions during diarrhea. 

Data analysis 

In the data analysis study using the one-way 

ANOVA test, this test begins with a normality test using 

the Shapiro-Wilk test with a 95% confidence level. The 

results of the study showed a significant value (ρ> 0.05), 

which means that the samples tested were normally 

distributed. A homogeneity test was then performed, 

which produced a significance value (ρ> 0.05). Based 

on the results of the one-way ANOVA, a significance 

value (ρ <0.05) was obtained, which showed that there 

was a significant difference between the test groups 

based on the comparison of the ratio of the length of the 

small intestine to the marker length ratio. The LSD post 

hoc test was conducted to confirm the ANOVA results 

and to determine which test groups showed significant 

differences between the other test groups. Based on the 

LSD post hoc test, there was a significant difference 

between the loperamide HCl and formula 0 groups with 

a significant result (p <0.05). Meanwhile, a comparison 

between the test groups of rambutan leaf ethanol extract 

capsules (Nephelium lappaceum L.) showed a 

significant difference with a significance value (p > 

0.05) (Tari et al., 2020) (Fadilah & Susanti, 2020). 

 

CONCLUSION 

Ethanol extract of rambutan leaves (Nephelium 

lappaceum L.) can be stated that ethanol extract capsules 

of rambutan leaves (Nephelium lappaceum L.) have 

antidiarrheal activity with the best dose of 150 mg with 

an effectiveness percentage of 32.2%. This formulation 

of the rambutan leaf extract can be utilized in practical 

applications after a toxicity test is performed. Compared 

with the current study, this will allow rambutan extract 

to be used as an alternative treatment for diarrhea. A 

limitation of this study is that stability and toxicity tests 

were not performed to ensure the safety and stability of 

the preparation. 
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Abstract 

Background: The intensive care unit (ICU) is a significant area of antibiotic use, accounting for a substantial 

proportion of the overall antibiotic consumption. The inappropriate use of antibiotics in such settings has a notable 

impact on the emergence of antimicrobial resistance. Objective: This study evaluated the rationality of antibiotic 

use in the ICU of RSUD Abdul Moeloek Hospital in Lampung Province. Methods: This study was conducted 

between December 2022 and February 2023 using a prospective method and purposive sampling. An evaluation 

was conducted using the Anatomical Therapeutic Chemical/Defined Daily Dose (ATC/DDD) system for 

quantitative analysis and Gyssens criteria for qualitative assessment. The research subjects comprised 55 

individuals, the majority of whom were male (58.2%), aged > 65 years (29.1%), remained in the ICU for less than 

seven days (78.2%), and subsequently continued their treatment in a non-ICU (69.1%). Results: Quantitative 

analysis demonstrated that the total number of antibiotics administered in this study was 394.83 DDD, with a 

DDD/100 patient-day value of 113.78. Ceftriaxone was the most frequently prescribed antibiotic (219 DDD), 

whereas gentamicin was the least frequently prescribed (1 DDD). Qualitative analysis revealed that 17.6% of the 

patients exhibited irrational antibiotic use. Conclusion: Irrational use of antibiotics was observed in the following 

categories: IV A (1.1%); IV D (2.2%); III A (2.2%); III B (2.2%) IIA, (3.3%); IIB (5.5%); and I (1.1%). The study 

concluded that there was still a considerable degree of irrational antibiotic use. 
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INTRODUCTION 

Antibiotics represent the primary therapeutic option 

for the prophylaxis and treatment of infectious 

diseases.(Gresie Astri et al., 2021) They are derived 

from living organisms and belong to a class of 

compounds and structural analogues synthesized in low 

amounts. These compounds can inhibit essential 

processes in the life cycles of one or more species of 

microorganisms. (Nasution et al., 2023) However, 

failure to appropriately select antibiotics when 

prescribing and using them leads to inappropriate 

prescription practices.  

This inappropriate use has been linked to the 

irrational use of antibiotics, which can cause adverse 

drug reactions (ADRs) and contribute to the 

development of antimicrobial resistance (AMR). 

(Abdelkarim et al., 2023; Murray et al., 2022; Tan et al., 

2022; World Health Organization, 2023) AMR occurs 

when pathogens become resistant to the drugs that were 

once effective against them, making infections harder 

and more expensive to treat. This resistance affects 

therapeutic success and increases the overall cost of 

treatment. (Dadgostar, 2019; Limato et al., 2022; 

Murray et al., 2022) 

A review of the literature revealed that between 13-

37% of patients in developed countries received 

antibiotics during their hospitalization. A higher 

proportion of cases was observed in developing 

countries, with figures ranging from 30% to 80%. In 

Indonesian hospitals, antibiotic use is relatively high. 

This resulted in a significant increase in the economic 

burden on hospitals, with rates reaching 44% to 

97%.(Cereulos et al., 2019; Limato et al., 2022; Sofro et 

al., 2022) A number of studies have indicated that 

between 20%-62% of antibiotics are used 

inappropriately (Agustina & Prabowo, 2020; Bozkurt et 

al., 2014). Furthermore, antimicrobial resistance was 

estimated to be responsible for 1.27 million deaths 

globally in 2019. Furthermore, the economic impact is 

exacerbated by the emergence of antimicrobial 

resistance. (Murray et al., 2022) 

To facilitate the rational use of antibiotics, the 

Ministry of Health of the Republic of Indonesia 

recommends the evaluation of antibiotics. It may be 

employed as an indicator of quality of control in 

hospitals. An evaluation may be conducted using 

qualitative and/or quantitative.(Kementrian Kesehatan 

Republik Indonesia, 2015) The Anatomical Therapeutic 

Chemical/Defined Daily Dose (ATC/DDD) method is 

the recommended approach for evaluating drug use 

quantitatively. Qualitative analysis can be conducted 

using the Gyssens method.(Andarsari et al., 2022; 

Hollingworth & Kairuz, 2021) The evaluation provides 

a foundation for understanding the patterns of antibiotic 

use within a hospital setting. 

It is common for patients undergoing treatment in 

an intensive care unit (ICU) to contract infections as a 

result of the underlying disease, the necessity for 

invasive procedures, and surgical procedures. (Radji et 

al., 2011) The elevated risk of infection renders the ICU 

room one of the primary locations that contribute to the 

high utilization of antibiotics within hospitals.(Bozkurt 

et al., 2014; Patel et al., 2016; Ture et al., 2023) The 

objective of this study was to evaluate the utilization of 

antibiotics in the ICU at RSUD Abdul Moeloek 

Hospital, employing both the ATC/DDD and Gyssens 

methodologies. The findings of this study can inform the 

development of policies to optimize the use of 

antibiotics and facilitate interventions when necessary. 

 

MATERIALS AND METHODS 

Research design 

This observational study utilized a prospective 

method at the RSUD Abdul Moeloek Lampung 

Province between December 2022 and February 2023. 

An evaluation utilizing both the ATC/DDD 

methodology and the Gyssens criteria was conducted. 

This study was approved by the Human Research Ethics 

Committee, Faculty of Medicine, University of 

Lampung (Number: 4279/UN26.18/PP.05.02.00/2022), 

and the Research Ethics Commission, RSUD Abdul 

Moeloek (Number: 420/36609/VII.01/10.26/XII/2022). 

Research subjects 

The subjects included in this study were patients 

who had received antibiotics in the ICU and who met the 

specified inclusion and exclusion criteria. Purposive 

sampling is also performed. The inclusion criteria for 

this study were patients aged > 18 years who were 

treated in the ICU between December 2022 and 

February 2023 and received antibiotics. Patients with 

unclear/missing data in medical records, incomplete 

records, those who were discharged against medical 

advice, those who were referred to another hospital, and 

those who died within 48 h of admission were excluded. 

Data analysis 

ATC/DDD antibiotic codes were obtained from the 

WHO website, which can be accessed at 

https://www.whocc.no/atc_ddd_index/. DDD was 

calculated using the following formula: 

 

 

https://www.whocc.no/atc_ddd_index/
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Drug use in DDD = 
Quantity Used x strength (g)

DDD WHO (g)
  

DDD/100 days of care = 
Total DDD

Length of stay
 x 100  

 

Rational antibiotics were evaluated according to the 

categories indicated in the Gyssen flowchart. Antibiotic 

Guidelines created by the Antibacterial Resistance 

Control Program (ARCP) team at RSUD Abdul 

Moeloek Lampung Province were evaluated. Additional 

literature was consulted, including the Indonesia 

National Formulary, Management of Sepsis in 

Indonesia, and international guidelines such as the Drug 

Information Handbook 24th edition, NHS Antibiotic 

Guideline 2020, ASHP-IDSA-SIS Guideline 2018, and 

Johnss-Hopkhins Antibiotic Guideline 2016. The cost of 

the medication was ascertained through an e-catalog 5.0 

system and by consulting nearby antibiograms. 

 

RESULTS AND DISCUSSION 

This study included 55 participants who met the 

inclusion criteria. The 'subjects' characteristics were 

dominated by men (58.2%), with an age range of 18-45 

years (38.2%), and the longest length of stay of less than 

7 days (78.2%). Of the patients discharged from the 

ICU, 69.1% continued treatment in non-ICUs (Table 1). 

 

Table 1. Sample characteristics 

Characteristics 
Frequency 

(N=55) 

Percentage 

(%) 

Gender 

Female  

Male 

 

32 

23 

 

58.2% 

41.8% 

Age 

18-45 

46-65 

>65  

 

21 

18 

16 

 

38.2% 

32.7% 

29.1% 

Length of Stay (LOS) 

≤7 days 

>7 days 

 

43 

12 

 

78.2% 

21.8% 

Discharge Condition 

Transferring others 

room 

Death 

 

38 

17 

 

69.1% 

30.9% 

 

The study revealed a predominance of female 

patients, consistent with findings from other 

studies.(Andarsari et al., 2022; Nasution et al., 2023; 

Putri et al., 2019; Qonita et al., 2023) The female sex is 

associated with an elevated risk of infection due to the 

inherent complexities of the immune system and the 

involvement of X chromosome-linked genes in IgG 

synthesis (Rusmini, 2016). 

This study also found that adults aged 18-45 years 

had a higher percentage of ICU admissions than did 

older patients. However, when age categories were 

combined, the majority of the study population (61.8%) 

consisted of individuals over 45 years of age, classified 

as middle-aged to elderly based on the standard 

Indonesian demographic classifications from ' 

'Indonesia's statistical reference. This finding aligns 

with data from Solok Hospital, West Sumatra, where 

ICU admissions were predominantly patients over 40 

years of age compared to those under 40.(Mustiadji et 

al., 2024) Several studies have highlighted that older 

patients are more likely to experience a decline in 

immunity and physiology resilience as they age, 

increasing their risk of complications and the likelihood 

of ICU hospitalization.(Katarnida et al., 2014; Osman et 

al., 2021)  This physiological decline often begins in 

middle age, around 40–45 years old, which coincides 

with the onset of several chronic diseases such as heart 

disease, diabetes, and cancer.(MacNee et al., 2014; 

Niccoli & Partridge, 2012) 

Eleven antibiotics were administered to the 55 

patients. Ceftriaxone (60.9 %) was the most widely used 

antibiotic followed by levofloxacin (10.3%). The third 

most common antibiotic, meropenem, is carbapenem 

and metronidazole. Ceftriaxone has emerged as the 

predominant group antibiotic utilized in intensive ICUs, 

as shown in various studies.(Andarsari et al., 2022; 

Nasution et al., 2023; Qonita et al., 2023) These studies 

have yielded results comparable to those observed in 

this current study. Antibiotic use is presented in Table 2. 

A diagnosis is the primary reference point for 

determining the most appropriate antibiotic to 

prescribe.(Wang et al., 2021; Xingrong et al., 2022) In 

this study, diagnostic data is crucial for evaluating the 

rational use of antibiotics. Table 3 presents a list of the 

diagnoses of the 55 subjects and the types of antibiotics 

used. The highest diagnosis was post-craniotomy, 

accounting for 41.8% of cases, with the most common 

cause being SOL Sphenoorbital Meningioma. This was 

followed by sepsis (18.1 %) and post-laparotomy 

peritonitis (10.9 %). The choice of antibiotics 

administered to the patients depended on their diagnosis 

and severity. Among these patients, 20 received 

combination antibiotic therapy, whereas 35 were treated 

with a single antibiotic. 
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Table 2. The utilization of antibiotics 

Name of Antibiotics Antibiotic Group Quantity Percentage 

Ceftriaxone Cephalosporin 3rd  53 60.9 % 

Levofloxacin Fluoroquinolon 9 10.3 % 

Meropenem Carbapenem 6 6.9 % 

Metronidazole Nitronidazol 6 6.9 % 

Cefo-Sulbactam Cephalosporin 4th  3 3.4 % 

Cefotaxime Cephalosporin 3rd  3 3.4 % 

Moksifloksasin Fluoroquinolon 2 2.3 % 

Cefepime Cephalosporin 3rd 2 2.3 % 

Amikacin Aminoglikosida 2 2.3 % 

Ceftazidime Cephalosporin 3rd  2 2.3 % 

Gentamicin Aminoglikosida 1 1.1 % 

Total 87 100% 

 

Table 3. Antibiotics used based on diagnosis 

PATIENT 

CODE 
DIAGNOSIS 

TYPE OF 

ANTIBIOTIC 

PATIENT 

CODE  

DIAGNOSIS TYPE OF 

ANTIBIOTIC 

1 Sepsis + Pneumonia + 

Stroke + AKI 

ceftriaxone, 

levofloxacin,  

Cefepime 

28 Tumor tiroid, post subtotal 

thyroidectomy ceftriaxone 

2 Post craniotomy ec ICH 
Ceftriaxone 

29 Post-craniotomy tumor 

removal 
ceftriaxone 

3 Post Sc + tubectomy  

Ceftriaxone 

30 Post-craniotomy fracture 

cranial 

Ceftriaxone, 

Meropenem, 

Gentamicin, 

cefepime 

4 Sepsis + CKD On HD 
Levofloxacin 

31 Post SSTP ai eklampsi + 

hdd dini 
Ceftriaxone 

5 (benigna prostat 

hyperplasia) post turp 
Ceftriaxone 

32 Hydrocephalus Post-up 

shunt + CKD 
Ceftriaxone 

6 Sepsis + pneumonia + 

edema + gagal Jantung 

Cefotaxime, 

Levofloxacin 

33 Post cardioversion + 

dyspnea 
Ceftriaxone 

7 Pneumonia + CKD + 

stroke 
Ceftriaxone, 

Levofloxacin 

34 Post laparotomy/ tumor 

mesentery 

Ceftriaxone, Cefo-

sulbactam, 

Metronidazole 

8 Post craniotomy ec stroke 

hemorrhagic + ICH+ HT 
Ceftriaxone 

35 DM + stem inferior + 

stroke infark 
Ceftriaxone 

9 Post craniotomy stroke 

pendarahan + AKI 

Ceftriaxone, 

Amikacin, 

Meropenem 

36 SLE+ALO + efusi 

perikard + CKD Ceftriaxone 

10 Post craniotomy 

intracranial space-

occupying lesion 

+ tracheostomy 

Ceftriaxone 

37 Abscess of the lung, post-

thoracotomy 
Ceftriaxone 

11 Post craniotomy ec SOL 

sphenoorbital meningioma 

+ Edema 
Ceftriaxone 

38 Pneumonia + post 

craniotomy ec SOL 

temporal base dextra 

meningioma 

Ceftriaxone, 

Ceftazidime, 

Levofloxacin 

12 Post  craniotomy  ec  

SOL  sphenoorbital  

wing Meningioma 

Ceftriaxone 

39 Pneumonia + 

hydrocephalus vp shunt 

Ceftriaxone,Ceftazid

ime, Levofloxacin, 

Amikacin 

13 Post craniotomy 

intracranial 
Ceftriaxone 

40 Post craniotomy (tumor 

removal)+ DM 
Ceftriaxone 

14 Post craniotomy ec stroke 

hemorrhagic + ICH +CKD 

+ hypertension 

Ceftriaxone 

41 Sepsis + post craniotomy 

ec SOL meningioma 

Ceftriaxone, Cefo-

sulbactam, 

Moxifloxacin 

15 Post craniotomy ec ICH + 

CKD Ceftriaxone 

42 Sepsis + laparotomy 

peritonitis + pneumonia + 

DM 

Meropenem 
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16 Post craniotomy tumor 

removal + meningioma 
Ceftriaxone 

43 Sepsis + pneumonia + 

ALO 

Ceftriaxone, 

Levofloxacin 

17 Post-craniotomy tumor 

removal 
Ceftriaxone 

44 Sepsis + post hysterectomy Ceftriaxone, 

Meropenem 

18 Sepsis + CHF +CKD Ceftriaxone 

Levofloxacin 

45 Post craniotomy ec SOL 

sphenoorbital meningioma 
Ceftriaxone 

19 Sepsis + renal calculus + 

hypotension 
Cefotaxime 

46 Post craniotomy

 ec SOL 

sphenoorbital meningioma 

+ edema cerebral 

Ceftriaxone 

20 Pneumonia + DM + ALO 

+ hypertension 

Ceftriaxone, 

Levofloxacin, 

Meropenem 

47 Sepsis + CKD + post 

cardioversion 

Ceftriaxone, Cefo-

sulbactam, 

Moxifloxacin 

21 Post laparotomy peritonitis 
Ceftriaxone, 

Metronidazole 

48 Post craniotomy ec edema 

cerebral 

Ceftriaxone, 

Metronidazole 

Meropenem 

22 Post laparatomy 

peritonitis+ anemia+ 

hiponatremia 

Ceftriaxone, 

Metronidazole 

49 Post craniotomy ec fraktur 

basis anterior Ceftriaxone 

23 Post laparotomy pertinotis 

Ceftriaxone, 

Metronidazole 

50 Post  craniotomy  ec  

ICH,  stroke  

hemorrhagic, 

hypertension 

Ceftriaxone 

24 Post SSTP eklampsi 

antepartum 
Ceftriaxone 

51 Post craniotomy ec tumor 

cerebral 
Ceftriaxone 

25 Post craniotomy 

hemiperase 
Ceftriaxone 

52 Post craniotomy ec SOL 

tumor cerebelum 
Ceftriaxone 

26 Post laparotomy peritonitis Ceftriaxone, 

Metronidazole 

53 Post craniotomy ec 

Intracerebral hematoma 
Ceftriaxone 

27 Benign neoplasm of the 

thyroid gland, post 

subtotal thyroidectomy 

Ceftriaxone 

54 Post chelelistoyesiastomy, 

Malignant neoplasm: 

Pancreas 

Ceftriaxone 

  
 

55 Post re-laparotomy 

packing abdomen. 

Ceftriaxone, 

Metronidazole 

Abbreviations:  AKI = Acute kidney injury; ICH = Intracerebral hemorrhage; CKD = Chronic Kidney Disease; HD = 

hemodialysis; HT = Hypertension; SOL  space-occupying lesion; CHF = Congestive heart failure; DM diabetes mellitus; 

ALO=  acute lung oedema; SSTP= sectio caesarea transperitoneal profunda; SLE = Systemic Lupus Erythematosus.  

 

When choosing an appropriate antibiotic, factors 

such as bacterial sensitivity to antibiotics must be 

considered. In this study, Escherichia coli was the most 

frequently isolated bacterium, followed by Enterobacter 

aerogenes and Klebsiella pneumoniae. The highest 

antibiotic sensitivity according to the antibiotic 

sensitivity patterns of microorganism pathogens was 

amikacin (82.1%), followed by meropenem (64%), and 

linezolid (62.5%). Ceftriaxone, the most commonly 

used antibiotic, showed resistance (66.7%) (Figure 1). 

This aligns with the general trend in Asian 

countries, including Indonesia, where the most 

frequently isolated bacteria in ICU are Pseudomonas 

aeruginosa, Klebsiella spp., Escherichia 

coli, Enterococcus, and Staphylococcus aureus.(Murray 

et al., 2022) A study conducted at another hospital in 

Indonesia, Fatmawati Hospital revealed that the 

predominant microorganisms isolated from the ICU 

were Pseudomonas aeruginosa, Klebsiella spp., 

and Escherichia coli. (Radji et al., 2011) The use of 

antibiotics has been identified as a contributing factor in 

the emergence of antimicrobial resistance. The greater 

the variety of antibiotic types employed, the greater the 

likelihood of antibiotic resistance.(Hanifah et al., 2022) 

In this study, ceftriaxone was widely used in the 

ICU. However, as shown in Figure 1, the antibiogram 

indicates that the use of antibiotics (AB) as empirical 

therapy is not recommended because their effectiveness 

is below 75%, with a specific emphasis on ceftriaxone. 

Ceftriaxone is a third-generation cephalosporin with low 

toxicity, an affordable price, no coagulase problems, a 

good therapeutic index, and a broad spectrum.(Ayele et 

al., 2018; Katarnida et al., 2014) This antibiotic 

demonstrates greater activity than first- and second-

generation cephalosporins against gram-negative 

microorganisms. Conversely, this antibiotic has been 
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demonstrated to exhibit reduced efficacy against gram-

positive microorganisms. The antibiotic was 

recommended for a dosage of 1-2 grams once 

daily.(Radji et al., 2011; Richards et al., 1984; Rosana 

et al., 2007) In numerous instances, this factor serves as 

a rationale for the prevalent utilization of ceftriaxone. 

Nevertheless, one study indicated that the resistance 

rates for this antibiotic increased from 2002 to 2005. 

This percentage has increased in recent years. (Rosana 

et al., 2007; Van Besien et al., 2022)  

Drug consumption can be expressed in several 

ways, including cost, number of units, number of 

prescriptions, or physical quantity of the drug itself. 

However, it should be noted that these variables are 

subject to variation, which represents a limitation when 

comparing drug consumption. The Defined Daily Dose 

(DDD) is a unit of measurement that assumes the 

average maintenance dose per day for a given drug type 

used as the main indication in adults.(Putri et al., 2019; 

World Health Organization, 2019b, 2024) This unit is 

internationally standardized, providing a parameter for 

comparison (Nasution et al., 2023). 

 

Figure 1. Antibiotic Resistance Pattern of Microorganism Isolated from Sample 

Table 4. ATC/DDD Method for Quantitative Analysis Antibiotic Usage  

NO 
ANTIBIOTI

CS 

ATC 

CODE 

DDD 

Standar

d Value 

(WHO) 

DDD 

DDD 

100 

Patient-

Days 

% 

DDD 

% 

Cumulativ

e 

DU 

90% 

1 Ceftriaxone J01DD04 2 g 219.00 g 63.11 55.47 55.47 

DU 

90% 

2 Levofloxacin J01MA12 0.5 g 57.00 g 16.43 14.44 69.91 

3 Metronidazole J01XD01 1.5 g 31.33 g 9.03 7.94 77.84 

4 Meropenem J01DH02 3 g 28.50 g 8.21 7.22 85.06 

5 Moxifloxacin J01MA14 0.4 g 15.0 g 4.32 3.80 88.86 

6 

Cefo-

sulbactam J01DD62 
4 g 14.5 g 4.18 3.67 92.53 

 

7 Ceftazidime J01DD02 4 g 10.5 g 3.02 2.66 95.19  

8 Cefotaxime J01DD01  4 g 9.50 g 2.74 2.41 97.60  

9 Amikacin J01GB06 1 g 5.50 g 1.58 1.39 98.99  

10 Cefepime J01DE01  4 g 3.00 g 0.86 0.76 99.77  

11 Gentamicin J01GB03 0.24 g 1.00 g 0.29 0.25 100  

TOTAL 24.64 g 394.83 g 113.78    
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Table 5. Gyssens method for analysis of qualitative antibiotic usage 

Category Gyssens Category Percentage 

VI Incomplete Data 0 (0%) 

V Antibiotic not indicate 0 (0%) 

IV A There is a more effective 

alternative 
1(1,1%) 

IV B There is a non-toxic alternative 0 (0%) 

IV C There is a cheaper alternative 0 (0%) 

IV D There is a narrow spectrum of 

alternative 
2 (2,2%) 

III A Antibiotic administration is too 

long 
2 (2,2%) 

III B Administering antibiotics is too 

short 
2(2,2%) 

II A Inappropriate dose  3 (3,3%) 

II B Inappropriate interval 5 (5,5%) 

II C Inappropriate routes of 

administration 
0 (0%) 

I Inappropriate timing 1 (1,1%) 

0 Rational use of antibiotic 75 (82,4%) 

 Total 91(100%) 

 

The total quantity of antibiotics administered in this 

study was 394.83 DDD, with a DDD/100 patient-day 

value of 113.78. Ceftriaxone was the most frequently 

administered antibiotic, accounting for 219 DDD, 

whereas gentamicin had the lowest usage, at 1 DDD. 

The DDD/100 patient-days for ceftriaxone was 63.11, 

indicating that 63 of the 100 patients received 2 g of this 

antibiotic daily. The antibiotics included in the 90% 

Drug Utilization (DU) segment were ceftriaxone, 

levofloxacin, metronidazole, meropenem, and 

moxifloxacin. The results of the quantitative analysis of 

antibiotics are presented in Table 4. 

The consumption of antibiotics in this study was 

found to be lower than the national estimate of 134.8 

DDD/100 bed-days.(Limato et al., 2022) However, 

there was considerable variation in comparison to the 

results of other regional studies. For example, a 

comparison with studies of ICU patients at West Nusa 

Tenggara Provincial Hospital revealed a total DDD 

value of 829.67, with a DDD/100 patient-days of 

133.60. The mean length of hospital stay was six days. 

The most frequently administered antibiotics were 

ceftriaxone, levofloxacin, meropenem, metronidazole, 

and amikacin, with respective usage rates of 60.71, 

29.15, 16.10, 11.00, and 6.24.(Qonita et al., 2023)  

Other investigations have demonstrated that 

levofloxacin and ceftriaxone are the most commonly 

used antibiotics in the ICU at Universitas Sumatra Utara 

Hospital, with DDD values of 45.62 and 28.25 per 100 

patient days, respectively. The mean length of stay in 

this hospital is 5.4 days, with a total DDD/100 patient-

days of 93.96.(Nasution et al., 2023) In comparison to 

the initial study conducted in the ICU, the DDD/100 

patient-days value is lower, while in contrast, it is higher 

than the second study. 

The factors that may influence the consumption of 

antibiotics include hospital policies regarding the use of 

antibiotics, the condition of the patient, and the 

preferences of the prescribing physician.(Limato et al., 

2022; Nasution et al., 2023; Tan et al., 2022) A rational 

prescription of antibiotics is indicated by lower usage 

rates, whereas higher DDD values may be indicative of 

irrational use.(Hanifah et al., 2022) 

The Gyssens method is employed to evaluate 

antibiotics from various perspectives, including the 

accuracy of indications and efficacy of antibiotic 

selection based on factors such as toxicity, cost, 

spectrum, duration of administration, dosage, interval, 

route, and timing of administration. In this study, the 

qualitative analysis revealed that 17.6% of the cases 

exhibited irrational use. Irrational antibiotic use was 

observed in categories IV A (1.1%), IV D (2.2%), III A 

(2.2%), III B (2.2%), IIA (3.3%), IIB (5.5%), and I 

(1.1%) (Table 5). 

Within the category of inappropriate antibiotic use, 

this is defined as the use of an antibiotic that is not the 

most effective in the treatment of infection (Category IV 

A). During this study, one instance of inappropriate 

antibiotic use was identified. Patients with code 9 in 

Table 3 who had undergone craniotomy and developed 
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acute kidney injury (AKI) were administered 

meropenem intravenously at a dosage of 500 mg/day. 

The results of the patient's culture on January 5, 2023, 

revealed that the patient was infected with Klebsiella 

pneumoniae, which demonstrated resistance to 

meropenem, sensitivity to amikacin, and intermediate 

resistance to tigecycline. The patient was administered 

meropenem from January 6 to January 10, 2023. 

Meropenem is typically employed as a last resort 

for the treatment of multidrug-resistant gram-negative 

bacterial infections with multidrug resistance (MDR). 

However, in recent years, the resistance of gram-

negative bacteria to carbapenems has increased. A 

combination of meropenem with other antibiotics may 

be employed if the isolate exhibits a minimum inhibitory 

concentration (MIC) of ≤ 8 mg/L.(Gan et al., 2023; 

Shortridge et al., 2023) In light of the culture results, the 

patient was advised to receive a single dose of amikacin. 

In accordance with the guidelines set forth by Johns 

Hopkins, tigecycline (I) can be employed as a 

therapeutic option in cases of multidrug-resistant 

(MDR) infections. (ASHP Therapeutic Guidelines, 

2008; The Johns Hopkins Hospital Antimicrobial 

Stewardship Program, 2015; Tim Program 

Pengendalian Resistensi Antimikroba, 2022) 

In Category IV D, inappropriate use of antibiotics 

was observed owing to the presence of narrower 

antibiotics with a more limited spectrum of activity. This 

finding indicates that the two antibiotics were used 

inappropriately an within this category. In the patient 

with code 41 in Table 3, who had undergone craniotomy 

and developed sepsis, the culture results indicated a 

gram-negative infection, namely, Pseudomonas stutzeri, 

Proteus mirabilis, and Acinetobacter baumannii. The 

patient was found to be sensitive to amikacin. 

Subsequently, the patient was administered the 

intravenous antibiotic moxifloxacin at a dosage of 400 

mg per day in accordance with the results of the culture 

examination. It is a broad-spectrum antibiotic. In 

accordance with the ARCP guidelines, amikacin, 

including the aminoglycoside group, is effective against 

gram-negative bacteria.(Tim Program Pengendalian 

Resistensi Antimikroba, 2022) It is, therefore, 

recommended that patients be treated with amikacin 

antibiotics with a narrower spectrum. 

Furthermore, the patient with code 48 in Table 3, 

who had undergone a craniotomy and was diagnosed 

with pneumonia, was found to have Klebsiella 

pneumoniae present in their system. It is a Gram-

negative bacterium. Metronidazole was administered 

intravenously at a dose of 500 mg every eight hours. 

Metronidazole is indicated for the treatment of vaginal 

infections caused by Trichomonas, Giardia lamblia, 

Entamoeba histolytica, Clostridium difficile, 

Helicobacter pylori and anaerobic bacteria.(Cereulos et 

al., 2019) In accordance with the ARCP guidelines and 

the Johns Hopkins guidelines, amikacin represents an 

efficacious option for the treatment of Klebsiella 

pneumoniae infections.(The Johns Hopkins Hospital 

Antimicrobial Stewardship Program, 2015; Tim 

Program Pengendalian Resistensi Antimikroba, 2022) 

The results of the patient's culture demonstrated that 

amikacin was a sensitive antibiotic. 

The prolonged use of antibiotics is classified as 

Category III A. In the course of this study, two 

antibiotics were identified as having been administered 

for an excessive duration. Patients with Code 9 in Table 

3 who had undergone craniotomy and acute kidney 

injury and received ceftriaxone intravenously at a dose 

of 1 g every 12 hours for eight days, from December 30, 

2022, to January 6, 2023. Patient culture results were 

obtained on January 5, 2023. In another patient, 

classified as Code 41 in Table 3, with post craniotomy 

and sepsis, ceftriaxone was administered intravenously 

at a dose of 1 g every 12 hours for a period of 10 days, 

commencing on January 11 and concluding on January 

20. The culture results were obtained on January 17, 

2023, in accordance with the National Formulary, the 

antibiotic ceftriaxone may be employed as empirical 

therapy for a period of up to seven days.(Keputusan 

Menteri Kesehatan Republik Indonesia, 2017) It is 

advised that the definitive antibiotic be replaced 

following the availability of culture results on the 

seventh day. 

Category IIIB encompasses the use of antibiotics 

that are insufficiently prolonged during administration. 

This evaluation identified two antibiotics within this 

category. In patients with code 30 Table 3 and a post-

craniotomy diagnosis of pneumonia, antibiotics were 

administered: cefepime i.v. 1 g/8 h and gentamicin i.v. 

80 mg/8 h for one day following the achievement of 

bacterial culture results. In accordance with the Johns 

Hopkins guidelines, the administration of antibiotics 

(cefepime and gentamicin) to patients with pneumonia 

should be continued for a period exceeding 48 h. In 

accordance with the ARCP guideline, the administration 

of antibiotics to patients with a Pseudomonas infection 

should last between seven and ten days(Tim Program 

Pengendalian Resistensi Antimikroba, 2022). 

Category IIA involves evaluation of inappropriate 

antibiotic doses. The present study included three 

antibiotics in this category. A high creatinine clearance 



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 11 No. 3 Desember 2024      306 

 

 

P-ISSN: 2406-9388   ©2024 Jurnal Farmasi dan Ilmu Kefarmasian Indonesia 

E-ISSN: 2580-8303  Open access article under the CC BY-NC-SA license 

(CrCl) indicates a reduction in renal function. An 

increase in drug clearance results in a reduction in drug 

concentration, whereas a decrease in drug clearance 

leads to an increase in the drug concentration. In patients 

with a high CrCl, the dosage of drugs eliminated by the 

kidneys should be reduced, particularly in those with 

renal disease.(Stefani et al., 2019) This finding is in 

accordance with the ARCP guideline, which 

recommends adjustments to the dosage and interval of 

antibiotic administration for this condition (Tim 

Program Pengendalian Resistensi Antimikroba, 2022). 

In the case of a patient with code 4 in Table 3, the 

patient was diagnosed with chronic kidney disease 

(CKD) and sepsis while undergoing dialysis. The patient 

was administered 750 mg/day of levofloxacin. 

Levofloxacin is a class of antibiotics eliminated by the 

kidneys. In accordance with the ARCP guideline, the 

dose must be adjusted.(Tim Program Pengendalian 

Resistensi Antimikroba, 2022) Therefore, in the event 

that the patient is administered a dose of 750 mg per day, 

the subsequent dose should be reduced to 500 mg over a 

period of 48 hours.(Van Der Meer & Gyssens, 2001)  

Inpatient code 9, Table 3, which pertains to a patient 

who had undergone post-craniotomy and acute kidney 

injury (AKI), was administered amikacin at a dosage of 

500 mg per day. The data laboratory demonstrated that 

the creatinine value was 3.44 mg/dL with a body weight 

of 70 kg, indicating a CrCl of 19.78. Aminoglycoside 

antibiotics are drugs with a narrow therapeutic index and 

a high potential for toxicity. For patients with a CrCl 

value of less than 20, the recommended dosage is 3 mg 

per body weight (BW) administered once. In this 

instance, amikacin is advised to be administered at a 

dosage of 210 mg.(Khilnani et al., 2019) Similarly, the 

patient identified as code 42 in Table 3, with a CrCl of 

19.8, received meropenem at a dosage of 1 g per day. In 

accordance with the ARCP guidelines, patients with a 

CrCl of 10-25 are advised to receive a reduced dose of 

meropenem, namely 500 mg every 12 h (Khilnani et al., 

2019; Tim Program Pengendalian Resistensi 

Antimikroba, 2022). 

The second category, IIB, pertains to the accuracy 

of the antibiotic administration interval. This category 

encompasses five cases. In patients with code 1 (Table 

3) presenting with sepsis, pneumonia, and AKI, 

ceftriaxone (1 g/12 h), levofloxacin (750 mg/24 h), and 

cefepime (1 g/8 h) were administered. In patients with a 

CrCl value of 30.8, as per existing guidelines, a 

levofloxacin dose of 750 mg/24 hours is administered 

on the first day, followed by 750 mg/48 hours on the 

subsequent day.(Wargo et al., 2005) Cefepime is 

eliminated by the kidneys; thus, in patients with a CrCl 

of 30-60, a dose of 1 g/12 hours is 

administered.(Lindsay et al., 2017) 

In the case of patient code 4, Table 3 shows the 

diagnosis of sepsis and CKD with hemodialysis, for 

which the patient was prescribed levofloxacin 750 

mg/day. In this case, if the patient was taking a dose of 

750 mg/day, the subsequent dose is recommended to be 

administered at 500 mg/48 hours.(Stefani et al., 2019; 

Wargo et al., 2005) Inpatient code 42, Table 3, with a 

CrCl of 19.8, the antibiotic meropenem 1 g/8 hours was 

administered. The ARCP guidelines recommend 

meropenem 500 mg/12 h for patients with CrCl values 

of 10-25. Patient code 9 (Table 3), who had undergone 

craniotomy and developed AKI, received amikacin 500 

mg/day for a period of three days. In patients with a CrCl 

of 6.09 and a body weight of 70 kg, the recommended 

dose is 3 mg/kg to be administered on a single occasion. 

Therefore, 210 mg is recommended to be administered 

on a single occasion (The Johns Hopkins Hospital 

Antimicrobial Stewardship Program, 2015; Tim 

Program Pengendalian Resistensi Antimikroba, 2022). 

The final case identified an irrational antibiotic, 

which was classified as Category I with a single 

instance. This category assesses the inappropriate 

timing of antibiotic administration. Inpatient code 1 

(Table 3) included patients with sepsis, pneumonia, and 

AKI who were administered levofloxacin at a dosage of 

750 mg per 24 h. The patients were administered the 

therapy on 23rd-25th January 2023 at 12:00, and on 

26th-30th January 2023, they received therapy at 24:00. 

The initial administration, occurring between 12:00 and 

24:00 the following day, represents a 36-hour 

administration interval. The recommended dosage and 

time interval for levofloxacin were every 24 h, in 

accordance with relevant guidelines.  

A qualitative evaluation conducted at a tertiary care 

general hospital in Medan revealed a lower percentage 

of irrational antibiotic use compared to this study, with 

8.63% of cases identified as irrational.(Limbong et al., 

2023) In contrast, another study at a hospital in 

Semarang using qualitative evaluation reported a 

17.38% rate of irrational antibiotic use, a finding closely 

aligned with this study's results. (Gusa et al., 2024) 

However, significantly higher percentages were 

observed at RSUP Dr Kariadi Hospital in Semarang 

(84.48%) and RSUP Dr M. Djamil Hospital in Padang 

(43.5%), underscoring the variability in irrational 

antibiotic use across healthcare facilities.(Arief & 

Rahmania Eka Dini, 2024; Fadrian et al., 2024) 
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Evaluation results from RSUD Abdul Moeloek in 

Lampung Province, although showing a lower 

percentage compared to other studies, confirm the 

presence of irrational antibiotic use. The irrational use 

of antibiotics is a significant contributor to antimicrobial 

resistance (AMR), highlighting the urgent need for 

preventive measures. The Antimicrobial Stewardship 

Program (ASPs) is a cornerstone of healthcare systems 

aimed at optimizing antibiotic use.(World Health 

Organization, 2019a) In 2014, the Centers for Disease 

Control and Prevention (CDC) recommended the 

implementation of ASPs in hospitals. The ASPs 

framework includes seven core elements: hospital 

leadership commitment, accountability, pharmacy 

expertise, actionable interventions, tracking, reporting, 

and education.(Centers for Disease Control and 

Prevention, 2019) 

Implementing ASPs is crucial for improving patient 

outcomes, reducing the transmission of multidrug-

resistant organisms, and mitigating microbial resistance. 

(Centers for Disease Control and Prevention, 2019; 

Dyar et al., 2017) Literature reviews from several Asian 

countries demonstrate that ASP implementation not 

only avoids negative impacts on patient outcomes but 

also improves them, reduces AMR, and significantly 

lowers healthcare costs associated with antibiotic 

use.(Setiawan et al., 2019) In Indonesia, some hospitals 

have successfully implemented ASPs, while others face 

challenges, such as limited access to antimicrobial 

resistance data.(Lutfiyati et al., 2022; Manurung & 

Andriani, 2022) At a tertiary hospital in Banyumas, ASP 

implementation led to a 10% increase in rational 

antibiotic use and reduced overall antimicrobial 

costs.(Nursyamsi Agustina et al., 2023) 

At RSUD Abdul Moeloek, the presence of an 

Antibacterial Resistance Control Program (ARCP), 

guidelines for antibiotic use, and existing data on 

antimicrobial resistance patterns create a strong 

foundation for implementing ASPs. However, this study 

did not evaluate the implementation of ASPs at this 

facility, highlighting a critical gap in understanding and 

practice. Assessing ASPs implementation at RSUD 

Abdul Moeloek is essential for optimizing antibiotic use 

and effectively addressing resistance. 

This study has certain limitations, including the 

small sample size and restricted reference for analyzing 

antibiotic rationality. Future research should examine 

the broader impact of ASPs implementation on hospital 

management, patient outcomes, and associated costs to 

strengthen further efforts to combat AMR. 

 

CONCLUSION 

The quantitative evaluation in this study revealed 

that the total antibiotics administered amounted to 

394.83 Defined Daily Doses (DDD), with a DDD/100 

patient-day value of 113.78. Ceftriaxone was the most 

frequently prescribed antibiotic, accounting for 219 

DDD, whereas gentamicin was the least utilized 

antibiotic, with only one DDD. Qualitative evaluation 

showed that 17.6% of cases involved irrational 

antibiotic use. These cases were distributed across 

categories IV A (1.1%), IV D (2.2%), III A (2.2%), III 

B (2.2%), II A (3.3%), II B (5.5%) and I (1.1%). This 

finding highlights the continued use of irrational 

antibiotics by RSUD Dr H. Abdul 

Moeloek.  Antimicrobial stewardship programs play a 

vital role in monitoring and promoting the rational use 

of antibiotics, and evaluations such as these are integral 

components of the program. The active involvement of 

all healthcare professionals is critical, as irrational 

antibiotic use involves multiple levels within the 

hospital system. Collaborative efforts within the ASP 

framework can significantly reduce the prevalence of 

irrational antibiotic use, enhance patient outcomes, and 

combat antimicrobial resistance. 
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Abstract 

Background: Paracetamol is often used as the main analgesic in Indonesia. The use of more than 4 g/day or a 

single dose above 10 g can cause hepatotoxicity. This can be overcome by modifying the structure through a 

computer-aided drug design (CADD) approach, particularly molecular docking, which aims to produce 

compounds with greater potency and fewer side effects. Objective: This study aimed to determine the analgesic 

activity and toxicity of paracetamol derivatives modified using the Topliss method. Methods: Analgesic activity 

was tested by molecular docking of the COX-2 receptor (PDB ID 3LN1) using AutoDock Tool 4.2 and toxicity 

testing using pkCSM and Protox Online Tool. Results: The results of docking showed that the free binding energy 

values for test compounds 1 to 5 are -10.59 kcal/mol, -10.17 kcal/mol, -8.79 kcal/mol, -10.01 kcal/mol, and -9.32 

kcal/mol, respectively, with corresponding inhibition constants of 17.29 nM, 35.21 nM, 360.88 nM, 46.36 nM, and 

146.65 nM. These values are lower than paracetamol, which has a free binding energy of -6.21 kcal/mol and an 

inhibition constant of 28,043 nM. The results showed that the test compound was more stable in ligand-receptor 

binding. Toxicity tests showed that all the test compounds and paracetamol belonged to toxicity class IV. The test 

compound had an LD50 value of 1551 mg/kg, which was higher than that of paracetamol (338 mg/kg), indicating 

better effectiveness. Conclusions: Compound 2 was predicted to have the best biological activity and potential as 

an alternative to paracetamol. 
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INTRODUCTION 

Pain is a sensory feeling of discomfort due to tissue 

or potential damage (International Association Study of 

Pain [IASP], 2020). In the United States, 10-25% of 

people experience pain, with 50.2 million adults 

(20.5%) suffering from it daily (National Center for 

Health Statistics [NCHS], 2006; Jason et al., 2022). In 

Indonesia, 11.9% reported musculoskeletal pain based 

on diagnoses, and 24.7% reported musculoskeletal pain 

based on symptoms (Indonesian Ministry of Health, 

2018). Pain is more common with age in women and 

among those doing heavy labor or with lower education 

(IASP, 2020). 

Paracetamol is the most widely used pain reliever 

globally and is endorsed by the World Health 

Organization (WHO) as the first-choice treatment for 

pain (National Center for Biotechnology Information 

[NCBI], 2022). Although safe at appropriate doses, 

paracetamol can cause liver damage or hepatotoxicity in 

long-term use and excessive doses (NCBI, 2022; 

Rotundo & Pyrsopoulos, 2020). The Food and Drug 

Administration (FDA) states that paracetamol is safe for 

consumption up to a maximum dose of 4000 mg in 24 

h. Paracetamol is the leading cause of acute liver failure 

worldwide, with studies showing 6% poisoning cases, 

56% acute liver failure, and 0.4% fatal overdoses 

(Chidiac et al., 2023). In addition to its widespread use, 

paracetamol was chosen in this study because of its 

simple structure, easy modification, abundant available 

data, and broad-spectrum analgesic activity. 

Previous studies have shown that modification of 

the chemical structure of paracetamol can increase its 

analgesic activity. For example, modification using the 

Schotten-Baumann acylation method produces 

compounds with higher analgesic activity (Lika, 2020). 

Another study using an acylation reaction between 

paracetamol and isoleucyl chloride produced 

compounds with activities comparable to that of 

paracetamol (Siswandono & Parwitha, 2020).  

The toxic effects of paracetamol 'are due to one of 

its metabolites, N-acetyl-p-benzo-quinoneimine 

(NAPQI), which is produced during its metabolism in 

the liver (Rahayu & Solihat, 2018). Although specific 

data on paracetamol-induced hepatotoxicity in 

Indonesia are unavailable, liver damage from drug 

poisoning remains a global concern. This study aimed to 

perform in silico testing by modifying the hydroxyl 

group (-OH) of the chemical structure of paracetamol 

'using the Topliss approach.  

In silico test methods are often used because of their 

ability to make predictions with a high degree of 

accuracy, improve drug development efficiency, and 

reduce costs and time. Molecular docking, an in silico 

assay, was used to describe the interaction between 

compounds and receptors, such as COX-2 (PDB ID: 

3LN1), using AutoDock Tool 4.2 program, which has 

an easy interface and good visualization of the results 

(Quan et al., 2022). Toxicity testing was performed 

using pkCSM and ProTox, both of which have good 

prediction performance and are extensive databases 

(Pires et al., 2015; Drwal et al., 2014). This study aimed 

to identify an alternative to paracetamol with minimal 

side effects and optimal analgesic activity through 

chemical structure modification and in silico testing. 

 

MATERIALS AND METHODS 

Materials 

The two-dimensional (2D) structures of test 

compounds 1-5 modified paracetamol derivatives, 

namely 4-acetamidophenyl 4-chlorobenzoate, 4-

acetamidophenyl 3,4-dichlorobenzoate, 4-

acetamidophenyl 4-(trifluoromethyl)benzoate, 4-

acetamidophenyl 2, 4-dichlorobenzoate, and 4-

acetamidophenyl 4-nitrobenzoate, were drawn using 

Chem Draw Ultra 2D and the three-dimensional (3D) 

structure of COX-2 receptor with PDB ID code 3LN1 

obtained from Protein Data Bank (PDB).  

Tools 

The tools used in this research were divided into 

two types: hardware and software. The hardware used 

includes an Asus laptop with Intel® Core™ i3-8145U 

processor specifications 4.00 GB RAM, Windows 10 

operating system, and a 64-bit operating system. The 

software used is Chem Office 12.0 (Chem 2D & Chem 

3D) (Agustina et al., 2018), SwissADME: 

www.swissadme.ch (Oner et al., 2022), AutoDock Tool 

4.2 (Morris et al., 2009), BIOVIA Discovery Studio 

Visualizer (Khan & Lee, 2022), pkCSM: 

biosig.lab.uq.edu.au/pkcsm/ (Pires et al., 2015) and 

ProTox Online Tool: tox.charite.de/protox3/ (Drwal et 

al., 2014). 

Method 

The stages of researchs are (1) modification of the 

compound structure using the Topliss method, (2) 2D 

structure preparation: the compounds drawn using 

ChemDraw Ultra 12.0, (3) 2D to 3D structure 

conversion using Chem 3D Pro 12.0, (4) 3D structure 

preparation: receptor preparation by downloading the 

3D structure of the COX-2 receptor (PDB ID: 3LN1) 

first on the RCSB PDB website (www.rcsb.org), then 

separation of receptors from solvents, native ligands, or 

unnecessary residues was performed using BIOVIA 

http://www.swissadme.ch/
https://biosig.lab.uq.edu.au/pkcsm/
https://tox.charite.de/protox3/
http://www.rcsb.org/
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Discovery Studio Visualizer, (5) validation of receptors, 

(6) analgesic activity testing (docking) of candidate test 

compounds, (7) analysis of results to determine test 

compounds based on the Topliss method, (8) screening 

of test compounds (prediction of physicochemical 

properties & ADME), (9) preparation of 2D structure of 

test compounds, conversion to 3D, and preparation of 

3D structure of test compounds, (10) analgesic activity 

test (docking) of test compounds with 3 replications, 

(11) analysis and visualization of docking results, (12) 

toxicity test, and (13) analysis of research results. 

 

RESULTS AND DISCUSSION 

2D & 3D structure of test compounds 

Prior to in silico testing, 2D structures of the test 

compounds and paracetamol were drawn using 

ChemDraw Ultra 12.0. Subsequently, it was converted 

to 3D using Chem 3D Pro 12.0, as the docking stage 

must use a 3D structural model. The results for the 2D 

and 3D structures are shown in Figures 1 and 2. 

The test compounds used in this study were 

identified using the Topliss method. The Topliss method 

is a structured approach used in medicinal chemistry to 

optimize lead compounds by systematically modifying 

their molecular structures and evaluating their impact on 

biological activity. This method involves substituting 

certain functional groups on a molecule selected based 

on its electronic, steric, and hydrophobic properties and 

testing the derivates of the compound to determine if 

their biological activity is higher, equal, or lower than 

that of the lead compound. The Topliss method was 

selected because of its systematic and efficient approach 

to evaluating the effect of substitution on the biological 

activity of compounds, thus supporting the optimization 

of the structure of paracetamol. The modification of a 

compound with the Topliss scheme requires an initial 

substitution with a Cl atom. Paracetamol has no Cl 

atoms in its structure, so it cannot bind directly to 

chloride atoms. Halogenated compounds that contain 

halogen atoms (F, Cl, Br), such as benzoyl chloride, can 

react with paracetamol. The addition of benzoyl chloride 

to paracetamol increases the activity and solubility of 

the compound and is advantageous in terms of reaction 

speed and stability (Wasilczyk et al., 2021; Wong et al., 

2016). Benzoyl chloride reacts with hydroxyl groups (-

OH) in the molecule, forming benzoate ester groups that 

change the physicochemical properties of the 

compound, such as the solubility and stability of 

chemical compounds, thereby increasing the 

effectiveness of drug development (Grinias et al., 2017). 

The replacement of hydroxyl groups with benzoate 

esters can improve the solubility in certain organic 

solvents and the stability of the compound against 

chemical degradation, expanding the use of such 

compounds in pharmaceutical formulations or the 

chemical industry (Wilhelms et al., 2023; Grinias et al., 

2017).

 

 
Figure 1. The 2D structure of comparator compound (paracetamol) (A) test compound 1 (B) test compound 2 (C) test 

compound 3 (D) test compound 4 (E) and test compound 5 (F) with respectively IUPAC name 
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Figure 2. The 3D structure of comparator compound or paracetamol (A), test compound 1 (B), test compound 2 (C), 

test compound 3 (D), test compound 4 (E), and test compound 5 (F) 

 

Table 1. Prediction Results of Physicochemical Properties 

Compound 
Lipinski & Veber Rules Parameters 

Results 
MW ≤ 500 Log P ≤ 5 HBD ≤ 5 HBA ≤ 10 TPSA ≤ 140Ă2 T ≤ 10 

PCT 151.16 1,42 2 2 64.67 2 Yes 

1 289.71 3,51 1 3 120.87 5 Yes 

2 324.16 4,17 1 3 131.17 5 Yes 

3 323.27 3,88 1 6 129.43 6 Yes 

4 324.16 4,17 1 3 131.17 5 Yes 

5 300.27 2,77 1 5 125.22 6 Yes 

Note: MW = Molecule Weight, HBD = Hydrogen Bond Donor, HBA = Hydrogen Bond Acceptor, TPSA = Topological 

Polar Surface Area, T = Torsion 

 

Prediction of physicochemical properties 

Physicochemical property prediction is guided by 

Lipinski's Rule of Five and Veber's Rule, which require 

several key parameters. Lipinski's rule includes 

molecular weight, Log P, Hydrogen Bond Acceptors 

(HBA), Hydrogen Bond Donors (HBD), and Veber's 

rule, which includes the number of bonds between atoms 

that can rotate (torsion) and topological polar surface 

area (TPSA). The physicochemical properties were 

predicted by first drawing the 2D structure of the test 

compound and then converting it into SMILES code on 

the SwissADME website. 

According to Lipinski et al. (2001), compounds 

with a molecular weight > 500, log P > 5, HBD > 5, and 

HBA > 10 are difficult to absorb and have low 

permeability. Based on Veber's Rule as well, the 

compound will be difficult to absorb if it has a torsion 

value of more than 10 and TPSA more than 140 Ă2. 

Lipinski's Rule and Veber's rule are complementary 

guidelines used to predict the oral bioavailability of drug 

candidates, with Lipinski focusing on molecular weight, 
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lipophilicity, and hydrogen bonding capacity, while 

Veber emphasizes molecular flexibility (rotatable 

bonds) and polar surface area, addressing additional 

aspects of a molecule'smolecular' ability to cross 

biological membranes (Trossini et al., 2023). Drug 

molecules must be small enough to penetrate the cell 

membranes and be absorbed by the gastrointestinal 

system. Log P measures a compound's capability to 

enter the cell membrane; a lower value indicates that the 

compound is more lipophilic and easily distributed in 

the body. HBD and HBA indicate the hydrogen bonding 

ability, which is important for absorption. TPSA 

measures the total surface area of the polar atoms 

(oxygen and nitrogen) in a molecule, which helps 

predict drug absorption, membrane permeability, and 

molecular transport characteristics. Torsion measures 

the number of interatomic bonds that can rotate; torsion 

values < 10 indicate good permeability (Ivanovic et al., 

2020; Truong et al., 2021; Veber et al., 2002). 

Based on Table 1, test compounds 1 to 5 have 

molecular weight < 500, log P < 5, HBD < 5, HBA < 10, 

torsion < 10, TPSA < 140 Ă2, thus fulfilling Lipinski's 

rules of five and Veber's rules. This indicated that the 

compounds were easily absorbed and had good 

permeability. Paracetamol, as a comparator compound, 

also fulfills Lipinski's rules and Veber's rule. 

ADME prediction 

Predictions of absorption, distribution, metabolism, 

and excretion (ADME) were made by entering the 

SMILES codes for the five test compounds on the 

pkCSM website. The ADME prediction results are listed 

in the following table. 

As shown in Table 2, the best test compound in the 

absorption prediction results was test compound 1. Test 

compound 1 had the highest absorption value in the gut, 

and the predicted distribution results were test 

compound 2. Test compound 2 had the highest value in 

predicting the distribution of Vdss and CNS parameters, 

with values of -0.309 log L/kg and -1.910 log PS, 

respectively. In the prediction of metabolism, 

compounds 2, 3, 4, and 5 had the same results, which 

can be metabolized through enzymes CYP3A4, 

CYP1A2, CYP2C19, and CYP2C9. The best test 

compound for the prediction of excretion was test 

compound 5 because it had the highest total clearance 

value, which was 0.662 log ml/min/kg. 

Receptor validation 

Receptor validation aims to ensure that the method 

used meets the requirements and that the research results 

are as expected (Laksmiani et al., 2020). Receptors were 

regarded as accurate if the RMSD value was ≤ 2° 

(Hevener et al., 2009). Validation docking results 

usually show a consistent number of clusters from run 

to run, with one or two dominant clusters showing a 

better prediction of ligand conformation (Sotudian et al., 

2021). 

 

Table 2. Prediction results of ADME 

Prediction Category 
Compound Reference 

Value PCT 1 2 3 4 5 

A 

Intestinal absorption (%) 92.527 92.895 92.338 91.195 91.646 91.335 >80% 

Skin permeability (Log Kp) -2,583 -2,877 -2,930 -2,985 -2,953 -2.749 <-2.50 

CaCO2 Permeability 

(Log Papp in 10-6 cm/s) 
1.199 1.369 1.402 1.418 1.397 1.238 >0.90 

P-glycoprotein substrate No No No No No No Yes 

P-glycoprotein I inhibitor No No Yes No No No Yes 

P-glycoprotein II inhibitor No No No No No No Yes 

D 

Vdss (log L/kg) -0.134 -0.378 -0.309 -0.457 -0.339 -0.650 >0.45 

BBB Permeability (Log BB) -0.234 -0.064 -0.094 -0.058 -0.114 -0.585 >0.3 

CNS Permeability (Log PS) -2.851 -2.029 -1.910 -1.975 -1.912 -2.325 >-2 

M 

CYP2D6 substrate  No No No No No No Yes 

CYP3A4 substrate No Yes Yes Yes Yes Yes Yes 

CYP1A2 inhibitor No Yes Yes Yes Yes Yes Yes 

CYP2C19 inhibitor No Yes Yes Yes Yes Yes Yes 

CYP2C9 inhibitor No No Yes Yes Yes Yes Yes 

CYP2D6 inhibitor No No No No No No Yes 

CYP3A4 inhibitor No No No No No No Yes 

E 
Total Clearance (Log ml/min/kg) 0.517 -0.271 -0.086 0.508 -0.155 0.662 

The higher, 

the better 

Renal OCT2 substrate No No No No No No Yes 
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Table 3. RMSD value of receptor validation results 

Native Ligand RMSD (Å) Cluster 

HEM 1,061 100 

CEL 2,805 4 

BOG 1,007 32 

NAG 4,159 83 

 

Based on Table 3, the valid native ligand used for 

the next docking process is the native ligand with the 

identifier name HEM because it has an RMSD value of 

1.061 Ă, with the number of clusters 100 out of 100 runs. 

A lower RMSD value suggests high accuracy and 

reliability. HEM was selected over the others because its 

RMSD value was closer to the acceptable threshold and 

was supported by the largest cluster size (100 of 100), 

reflecting higher consistency and reproducibility in the 

docking results.  

Docking of test compound and paracetamol 

The molecular docking process yielded results in 

the form of free-binding energy values and inhibition 

constants. The determination of better activity of a test 

compound can be predicted by using a comparative drug 

compound as a control, namely paracetamol. Test 

compounds with lower values of free binding energy 

and inhibition constants than comparator compounds are 

expected to possess a more stable binding potential 

(Suhadi et al., 2019). 

The determination of test compounds using the 

Topliss method is carried out by substituting a molecule 

that is then tested for biological activity to determine 

whether it is higher, the same, or lower than the activity 

of the lead compound or molecule. Based on the Topliss 

scheme, paracetamol, which has been added with 

benzoyl chloride, was substituted by a 4-Cl group. Next, 

the biological activity was tested using the docking 

method, and the results were analyzed based on free 

binding energy values and inhibition constants. The first 

compound exhibited a lower biological activity value 

than paracetamol, both the free binding energy value and 

inhibition constant value. This can be seen in Table 4. 

Due to its lower biological activity, a docking test was 

then conducted on the compound substituted with 3,4-

Cl2. The results showed that the compound had an 

activity value similar to that reported previously. 

Therefore, based on the Topliss scheme, further 

substitution with 4-CF3, 2,4-Cl2, and 4-NO2 groups 

was performed. 

Receptors and ligands bind selectively, as 

determined by the bond formation energy of the ligand 

and receptor. A compound (ligand) is considered to have 

biological activity against a particular receptor based on 

its binding free energy value. The binding free energy 

describes the stability of the ligand binding to the 

receptor. A lower value of the binding free energy 

indicates a more stable connection between the ligand 

and receptor (Frimayanti et al., 2021). Based on Table 

4, the binding free energy value of the comparison 

compound or paracetamol is -6.21 kcal/mol. Test 

compound 1 has the lowest binding free energy among 

the compounds, with a value of -10.59 kcal/mol, so the 

compound has the highest level of bond stability 

between the ligand and receptor. Meanwhile, the test 

compound with the lowest level of stability was test 

compound 3, with a value of -8.79 kcal/mol.

Table 4. Docking results: free binding energy value 

Compound 
Free Binding Energy (kcal/mol) Average 

(kcal/mol) Replication 1 Replication 2 Replication 3 

Paracetamol -6.21 -6.21 -6.21 -6.21 

Compound 1 -10.58 -10.60 -10.59 -10.59 

Compound 2 -10.14 -10.18 -10.18 -10.17 

Compound 3 -8.77 -8.77 -8.83 -8.79 

Compound 4 -10.02 -10.02 -9.98 -10.01 

Compound 5 -9.34 -9.30 -9.32 -9.32 

 

Table 5. Docking results: inhibition constant value 

Compound 
Inhibition Constant (nM) 

Average (nM) 
Replication 1 Replication 2 Replication 3 

Paracetamol 27,870 27,970 28,290 28,043 

1 17.66 16.95 17.27 17.29 

2 17.61 17.58 17.45 17.55 

3 373.88 372.89 335.89 360.88 

4 45.22 45.47 48.40 46.36 

5 141.91 151.65 146.39 146.65 
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Figure 3. 2D visualization of amino acid residue interactions using BIOVIA Discovery Studio Visualizer: 

compound 1 (A), compound 2 (B), compound 3 (C), compound 4 (D), compound 5 (E), paracetamol as a comparator 

compound (F), and native ligand (G) 

 

The inhibition constant (Ki) describes the capacity 

of a ligand to suppress the receptor activity. When the 

inhibition constant is low, a low ligand concentration is 

required to inhibit enzyme or receptor activity (Puspita 

et al., 2022). The stability of the ligand-receptor 

interaction is directly proportional to the binding 

potential of the compound; therefore, a reduced Ki value 

suggests a more robust bond between the molecule and 

its target (ligand-receptor) (Rena et al., 2021). As shown 

in Table 5, the test compound with the lowest Ki value 

is test compound 1, with a value of 17.29 nM; the 

compound has the strongest bond between the ligand 

and the receptor. The test compound with the lowest 

ligand-receptor bond was test compound 3, with a Ki 

value of 360.88 nM. 

Analysis & visualization of docking results 

Visualization results were analyzed using BIOVIA 

Discovery Studio Visualizer, which shows the results of 

ligand bonding with the nearest amino acid and 
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produces amino acid residue bonds that form hydrogen 

bonds with their bond lengths. 

As shown in Figure 3, the primary types of bonds 

that form are hydrogen and hydrophobic interactions. 

The drug binds to the receptor in a manner that can 

easily be undone, allowing it to not separate from the 

receptor as its external concentration decreases. These 

bonds should be relatively mild but strong enough to 

hold their own against other molecular interactions 

(Basuki & Melinda, 2017). Thus, covalent bonds are 

generally not observed in most docking results, as they 

are irreversible despite their high affinity and stable 

interactions (Prabowo, 2018). Hydrogen bonds are 

important for biological activity. Hydrogen bonds are 

bonds that can stabilize ligand-receptor interactions. 

Other interactions between ligands and receptors that 

can increase conformational stability are electrostatic 

and van der Waals interactions (Rachmania et al., 2018). 

 

Table 6. Analysis results of amino acid residue interaction 

Compound 
Amino Acid Residue 

Hydrogen Bond (distance in Å) Hydrophobic Interaction  

Paracetamol 

Tyr371 (1.98) 

Ala185 (2.21) 

Thr192 (2.90) 

Gln189 (-) 

Ala188 

Native Ligand 

Asn368 (2.87) 

Thr198 (3.01) 

Gln189 (3.23) 

His372, His193, His374, Ala188, 

Leu376, Trp373, Val433, 

Leu377 

Compound 1 

His372 (2.26) 

Thr192 (2.90) 

Thr198 (3.06) 

Trp373 (3.09) 

Asn368 (3.09) 

His372, His193, His374, Trp373, 

Ala185, Leu377, Phe186, 

Ala188, Leu376 

Compound 2 

Asn368 (2.60) 

His372 (3.01) 

Thr192 (3.06) 

Trp373 (3.27) 

Ala188, His374, His372, His373, 

Ala185, Leu376, Leu377 

Compound 3 

Thr192 (2.54) 

Thr198 (3.09) 

Asn368 (3.06) 

His374 (3.45) 

His372, His374, Ala185, 

Leu376, Leu377, Ala188 

Compound 4 

His372 (2.60) 

Asn368 (2.92) 

Thr192 (2.99) 

Trp373 (3.21) 

His372, His193, His374, Ala188, 

Ala185, Leu376, Leu377 

Compound 5 

Asn368 (2.51) 

His372 (2.94) 

Thr192 (3.06) 

Trp373 (3.23) 

His372, His193, His374, Trp373, 

Ala188, Leu376 

 

Table 7. Similarity of amino acid residue interaction on hydrogen bond 

Amino Acid 

Residue 
PCT 

Native 

Ligand 
Compound 1 Compound 2 Compound 3 Compound 4 Compound 5 

Thr192 √ - √ √ √ √ √ 

Thr198 - √ √ - √ - - 

Tyr371 √ - - - - - - 

Ala185 √ - - - - - - 

Asn368 - √ √ √ √ √ √ 

His372 - - √ √ - √ √ 

His374 - - - - √ - - 

Trp373 - - √ √ - √ √ 

Gln189 √ √ - - - - - 
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Table 8. Toxicity prediction results of test compounds and comparator compounds 

Compound 

Toxicity Parameters 

Hepatotoxicity* LD50 (mg/kg)** 
Toxicity 

Class** 

Average 

Similarity** 

Paracetamol No 338 IV 100% 

1 No 1551  IV 70.99% 

2 No 1551 IV 66.97% 

3 No 1551 IV 68.12% 

4 No 1551 IV 65.96% 

5 No 1551 IV 63.19% 

 Note: * Using pkCSM Online Tool  ** Using Protox Online Tool 

 

The findings of the ligand-receptor binding process 

showed that the test compound had amino acid residues 

similar to those of the original ligand and paracetamol. 

According to Gholam (2023), the more the amino acid 

residues formed, the more stable the compound 

interaction. Test compounds 1-5 had the same amino 

acid residues as the comparator compound or 

paracetamol, namely Thr192 and Asn38. Meanwhile, 

the residues of amino acids Tyr371, Ala185, and Gln189 

were not formed in test compounds 1–5. The residue 

Thr198 was only formed in test compounds 1 and 3, as 

well as its native ligand. Meanwhile, the residues of 

amino acids His372 and Trp373 were only not formed 

in test compound 3, while His374 was only formed in 

test compound 3. Amino acids residues greatly affect 

functional groups. The His374 residue is formed as a 

type of carbon-hydrogen bond, as is illustrated in Figure 

3(C). All test compounds have hydrogen bonds at 

varying distances, where the optimal distance is between 

2.5-3.5 Å (Syahputra et al., 2014). An appropriate 

hydrogen bond distance increases the strength of the 

interaction, whereas too large a distance weakens the 

interaction (Prasetiawati et al., 2021). The distance 

between atoms in amino acid residues affects their 

ability to form hydrogen bonds and interact with other 

chemical groups (Naufa et al., 2021). 

Toxicity prediction 

The websites used to assess the toxicity of the test 

compounds and comparators were pkCSM and Protox 

Online Tool. The parameters tested in pkCSM were 

hepatotoxicity properties, while the parameters tested in 

Protox were LD50 values and toxicity classes. Toxicity 

classes were classified based on the Globally 

Harmonized System (GHS) and categorized by LD50 

toxicity levels across a spectrum of six toxicity classes, 

with LD50 thresholds of 5, 50, 300, 2000, and 5000 

mg/kg body weight with the following details. Class I 

(fatal if swallowed) had an LD50 value range of ≤ 5 

mg/kg, class II (fatal if swallowed) had a value range of 

5 < LD50 ≤ 50 mg/kg, class III (toxic if swallowed) had 

a value range of 50 < LD50 ≤ 300 mg/kg, class IV 

(dangerous if swallowed) had a value range of 300 < 

LD50 ≤ 2000 mg/kg, class V (possibly dangerous if 

swallowed) had a value range of 2000 < LD50 ≤ 5000 

mg/kg, and class VI (non-toxic) had an LD50 value 

range > 5000 mg/kg (Nursanti et al., 2022). 

The predicted toxicity outcomes for the test 

compounds and comparators on both websites were 

obtained by entering the SMILES code for every 

substance, which was then analyzed from the results 

obtained. 

As shown in Table 8, all test compounds were 

found, and the comparator compounds did not have 

hepatotoxicity predicted using the pkCSM Online Tool 

website. Hepatotoxicity refers to the ability of a 

compound or drug to cause liver damage. Drug-induced 

liver damage is a major cause of acute and chronic liver 

disease and is often the main reason for the removal of 

drugs from the market after approval (Francis & 

Navarro, 2022).  

Other parameters in the toxicity prediction were the 

LD50 value and toxicity class. Although not hepatotoxic, 

all test compounds were classified as toxicity class IV 

with an LD50 value of 1551 mg/kg, which means they 

are dangerous if ingested but safer than paracetamol 

with an LD50 value of 338 mg/kg (Sulastra et al., 2020). 

The higher the LD50 value, the more secure the 

compound. Toxicity class IV is still considered safe, 

depending on the dose, duration, and context of use 

(Popiolek et al., 2021). 

Ranking of test compound docking results 

Ranking of test compounds from docking results 

was performed to establish the ranking of the top test 

compounds as a potential alternatives to paracetamol 

derivative analgesics. Ranking of the test compounds 

was performed by analyzing the best values for each 

parameter. 
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Table 9. Ranking of test compounds based on 

predicted physicochemical properties 

Ranking Compound 

1 Compound 1 

2 Compound 2 

3 Compound 4 

4 Compound 5 

5 Compound 3 

Table 10. Ranking of test compounds based on 

ADME prediction results 

Parameter Ranking Compound 

A 

1 Compound 1 

2 Compound 2 

3 Compound 4 

4 Compound 5 

5 Compound 3 

D 

1 Compound 2 

2 Compound 4 

3 Compound 3 

4 Compound 1 

5 Compound 5 

M 

1 Compound 2 

2 Compound 3 

3 Compound 4 

4 Compound 5 

5 Compound 1 

E 

1 Compound 5 

2 Compound 3 

3 Compound 2 

4 Compound 4 

5 Compound 1 

 

Table 11. Ranking of test compounds docking results 

based on free binding energy value 

Ranking Compound 

Free Binding 

Energy Value 

(kcal/mol) 

- Paracetamol -6,21 

1 Compound 1 -10,59 

2 Compound 2 -10,17 

3 Compound 4 -10,01 

4 Compound 5 -9,32 

5 Compound 3 -8,79 

Table 12. Ranking of test compounds docking results 

based on inhibition constant value 

Ranking Compound 
Inhibition 

Constant (nM) 

- Paracetamol 28.043 

1 Compound 1 17,29 

2 Compound 2 17,55 

3 Compound 4 46,36 

4 Compound 5 146,65 

5 Compound 3 360,88 

Table 13. Ranking of test compounds' amino acid 

residue interaction results 

Ranking Compound 

Number of 

Amino Acid 

Residues 

- Paracetamol 5 

1 Compound 1 14 

2 Compound 4 11 

3 Compound 2 11 

4 Compound 5 10 

5 Compound 3 10 

Table 14. Ranking of test compounds toxicity 

prediction result 

Ranking Compound 
Average 

Similarity (%) 

- Paracetamol  100 

1 Compound 5 63.19 

2 Compound 4 65.96 

3 Compound 2 66.97 

4 Compound 3 68.12 

5 Compound 1 70.99 

 

Based on the above tables, the test compound with 

the best ranking prediction was test compound 2. This is 

because the prediction results of test compound 2 have 

higher top ranks than the other compounds. Several 

other factors can influence this, such as the positions of 

atoms in the structure that distinguish test compounds 

from one another. Therefore, further preclinical 

research, such as in vitro and in vivo studies, is 

recommended to determine the validity of the results of 

this in silico research. In this method, all parameters are 

given equal importance, meaning that each parameter 

contributes the same amount to the ranking process 

without any special focus on specific factors. This 

approach ensures a balanced evaluation that considers 

the combined effects of all parameters involved. 

 

CONCLUSION 

Test compounds 1-5 showed superior 

pharmacological characteristics compared with 

paracetamol. Their free binding energy values ranged 

from -8.79 to -10.59 kcal/mol, significantly better than 

paracetamol's -6.21 kcal/mol. Inhibition constants 

varied from 17.29 to 360.88 nM, lower than 

paracetamol's 28,043 nM. Additionally, the compounds 

exhibited higher LD50 values (1551 mg/kg) than that of 

paracetamol ('338 mg/kg), suggesting improved safety. 

All test compounds were classified as toxicity class IV. 

Among the compounds tested, compound 2 showed the 

most promising biological activity and potential as a 

paracetamol alternative. 
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Abstract 

Background: With the rise in green chemistry, the synthesis of antibiotic compounds through enzymatic processes 

is a preferred option. Penicillin-G acylase (PGA) is an important enzyme for producing important antibiotics, such 

as penicillin and its derivatives. Therefore, studies on PGA have been conducted worldwide. In the penicillin 

biosynthetic pathway, PGA catalyzes the conversion of penicillin G into 6-amino penicillanic acid (6-APA), a 

precursor for the enzymatic synthesis of penicillin derivatives. Unfortunately, bacteria naturally produce PGA in 

small quantities. Objective: One strategy for producing this enzyme in large quantities is DNA recombination, 

which is expressed in Escherichia coli. The formation of inclusion bodies (IBs) is a common obstacle to protein 

overexpression in Escherichia coli. In this study, we discuss IBs solubilization methods for recombinant PGA 

derived from E. coli (rPGAEc) expressed in E. coli BL21 (DE3). Recombinant E. coli BL21 (DE3) cells harboring 

rPGAEc were induced with IPTG for enzyme expression. Induction was performed at 16 °C for 4 h and 24 h. The 

PGA enzyme expressed in the IBs form was then incubated in two solutions containing 8 M urea and 0.2% 

sarcosine to obtain a soluble enzyme. Results: Based on protein analysis by SDS-PAGE, a solution containing 8 

M urea solubilized PGA more abundantly than 0,2% sarcosine. Conclusion: The solubilization technique of PGA 

expressed by E. coli proposed in this study is an alternative solution that can be considered for this purpose. 
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INTRODUCTION 

The manufacturing process to produce penicillin 

derivatives, which are important in first-line therapy for 

many infectious diseases, can be carried out using 

synthetic or enzymatic methods. The synthetic method 

has many disadvantages, such as the requirement of 

toxic reagents, complicated reaction conditions, and the 

production of non-specific products. These problems 

can be avoided using enzymatic methods. In the 

production of semisynthetic antibiotics, PGA, an 

industrially significant enzyme, converts penicillin G 

into 6-aminopenicillanic acid (6-APA). Escherichia coli 

PGA is a periplasmic heterodimeric enzyme composed 

of two subunits: the α-subunit with a molecular weight 

of 23.8 kD and the β-subunit with a molecular weight of 

62.2 kD. A single-polypeptide cytoplasmic precursor 

comprising a 26-amino acid signal peptide and a 54-

amino acid connector peptide that connects the α- and β-

chains was used to manufacture the mature periplasmic 

protein. Within the bacterial periplasm, the PGA 

precursor undergoes autocatalytic processing to yield a 

mature enzyme and eliminate the spacer peptide (Flores 

et al., 2004). 

PGA naturally produced by bacteria, such as 

Escherichia coli and Bacillus megaterium (Chiang & 

Bennett, 1967; Cole, 1969; Illanes & Valencia, 2017). 

The problem with PGA production by its natural host is 

a low level of expression that can be overcome through 

overexpression using a recombinant DNA approach, 

where the gene encoding PGA (PGA) is cloned into the 

vector and then reproduced and expressed in certain 

hosts, generally E. coli (Gomes et al., 2020; Karthikeyan 

et al., 2011). 

 E. coli is the most popular host in DNA 

recombination techniques. However, protein 

overexpression in E. coli often poses an obstacle, that is, 

the formation of inclusion bodies (IBs) (Bhatwa et al., 

2021). IBs are usually formed when bacterial cells fail 

to perform the quality control functions of the expressed 

protein. Consequently, a protein that fails to fold 

properly at the post-translational stage forms an 

aggregate. IBs formation is a major obstacle in the 

production and purification of bioactive proteins such as 

PGA enzymes (Bhatwa et al., 2021; Burgess, 2009). 

Several strategies can be used to obtain active PGA from 

IBs, including solubilization and refolding techniques 

using denaturing or non-denaturing agents. Examples of 

denaturing agents include urea and GdnCl, while 

examples of non-denaturing agents include sarcosine, 

5% DMSO, and 5% n-propanol (Singh et al., 2015; 

Ventura & Villaverde, 2006).   

In this study, the gene encoding the PGA enzyme 

from Escherichia coli (PGAEc) was optimized to 

contain only E. coli-favored codons. Synthetic PGAEc 

was ligated to pET22b (rPGAEc) and transformed into 

E. coli BL21 (DE3) for expression. PGA enzymes 

expressed as IBs were solubilized in two types of 

solutions containing a denaturing agent (8 M urea) and 

a non-denaturing agent (0.2% sarcosine). Thus, we 

aimed to evaluate whether the two methods can 

solubilize PGA IBs, which have better capabilities. 

 

MATERIALS AND METHODS 

Materials 

A recombinant, synthetic gene encoding PGA from 

E. coli/rPGAEc (Genscript®), TEMED (Liofilchem, 

Himedia), sodium ampicillin, CaCl2, 

acrylamide/bisacrylamide, bromophenol blue, 6-APA, 

benzylpenicillin G, urea, sarcosine (Sigma-Aldrich), 

glycerol, isopropyl β-D-1-thiogalactopyranoside/IPTG, 

Na2HPO4, NaH2PO4, NaOH, HCl, β-mercapto ethanol 

(Merck), Tris-base (Biobasic), CH3COOH, methanol 

absolute, ammonium persulphate/APS, glycine 

(Smartlab), sodium dodecyl sulphate/SDS (Bio-Rad 

Laboratories). The pET22b plasmid, the pET series 

vector, was used as the vector. The pET22b plasmid was 

equipped with a strong promoter system, namely, the T7 

promoter and ampicillin resistance gene (AmpR). This 

strong promoter supports PGA overexpression. E. coli 

BL21 (DE3) was chosen as the host for PGA enza 

expression because of its ability to express T7 RNA 

polymerase, which supports the function of the T7 

promoter in plasmid pET22b.  

Methods 

Competent E. coli BL21 (DE3) cells were prepared 

using the CaCl2 method (Sambrook and Russel, 2001). 

In this study, genes encoding PGA was codon-

optimized, synthesized, and inserted into pET22b to 

generate recombinant plasmid rPGAEc (Genscript®). E. 

coli BL21 (DE3) was grown in Luria Bertani (LB) 

medium (containing 1 g tryptone, 0.5 g yeast extract, 

and 1 g NaCl in 1 L). Colonies from glycerol stocks were 

grown on LB agar medium containing 15 g/L 

bacteriological agar (Oxoid). PGA expression was 

measured in an LB medium containing 50 µg/mL 

ampicillin (LB-amp). 

Transformation 

The recombinant plasmid rPGAEc was transformed 

into competent E. coli BL21 (DE3) cells using the heat 

shock method (Sambrook and Russel, 2001). Bivalent 

ions such as Ca2+ in CaCl2 provide high transformation 

efficiency. Colony PCR was performed to analyze 



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 11 No. 3 Desember 2024      327 

 

 

P-ISSN: 2406-9388   ©2024 Jurnal Farmasi dan Ilmu Kefarmasian Indonesia 

E-ISSN: 2580-8303  Open access article under the CC BY-NC-SA license 

positive colonies harboring rPGAEc (Bergkessel & 

Guthrie, 2013).   

Expression of PGA enzyme 

The expression method was adapted from that 

described by Purwanto et al. (2017). Positive colonies 

harboring rPGAEc were further confirmed by PCR, 

using orientation-specific primers. The confirmed 

colonies were expressed in the presence of an IPTG 

inducer. IPTG with final concentrations of 0,05 mM and 

IPTG (0.1 mM) were added to the fermented culture 

when the OD600 values reached 0.5 and 0.7. 

Fermentation was continued for 4 h and 24 h at 16 °C 

with shaking at 180 rpm. Cells were separated from the 

culture media by centrifugation at 3500 rcf, 20-30 

minutes at 4oC for further isolation of the PGA enzyme. 

Isolation of PGA enzyme 

Cell disruption was performed using the 

homogenization technique to release intracellular PGA. 

Homogenization was performed for four cycles. Each 

cycle consisted of 10 s with an 80% amplitude, followed 

by 40 s off. The mixture of cytosolic and periplasmic 

fractions (referred to as the soluble fraction) was 

separated from cell debris and IBs (referred to as the 

insoluble fraction) by centrifugation (8000 rpm, 15 min) 

(Purwanto et al., 2017). IBs contained within insoluble 

fractions were solubilized with two kinds of 

solubilization mixtures, solutions A and B. Solution A 

contained 50 mM sodium phosphate buffer (pH 8.0), 

300 mM NaCl, and 8 M urea. Solution B contained 5% 

dimethyl sulfoxide (DMSO), 5% n-propanol, and 0.2% 

sarcosine. Subsequently, it was centrifuged at 8000 rpm 

for 15 min to obtain a solubilized supernatant that was 

expected to contain soluble PGA enzyme and pellets 

that were a mixture of IBs and cell debris remnants. All 

processes in this step were performed at 4 °C, as 

temperature is the most important factor affecting 

protein conformation and activity (Bhat et al., 2018). 

The total protein content was measured using the UV 

280 nm spectrophotometric method (Simonian, 2002). 

 

RESULTS AND DISCUSSION 

Recombinant gene design and transformation 

Wild-type PGAEc naturally expressed in E. coli 

(GenBank Accession: M17609.1) is 2538 bp in length. 

To optimize PGA expression, we attempted codon 

optimization of the wild-type PGAEc gene. The 

optimization results showed an increase in codon usage 

from 0,46 0,96 (Supp. 1), an adjustment in the GC load 

from 48,30 57,99 (Supp. 2). The usage frequency of 

10% was reduced from 12% to zero, usage frequency of 

10–20% was reduced from 6% to zero, usage frequency 

of 31–40% was reduced from 12% to zero, usage 

frequency of 51–60% was reduced from 4% to zero, 

usage frequency of 61–70% was reduced from 1% to 

zero, usage frequency of 71–80% was reduced from 

10% to 8%, usage frequency of 81–90% was reduced 

from 7% to 6%, and usage frequency of 91–100% was 

increased from 43% to 85% (Supp. 3). Gene 

optimization changed the DNA base sequence of 

PGAEc, leaving only approximately 77%, similar to the 

wild-type (Supp. 4). Codon optimization did not change 

the amino acid sequence of PGAEc. 

Recombinant plasmid rPGAEc (Figure 1) was 

transformed into E. coli BL21 (DE3) cells. Transformed 

colonies grown on selection media (LB agar + 

ampicillin 50 µg/mL) were estimated to carry the 

ampicillin resistance gene/AmpR from the pET22b 

plasmid. The efficiency of this transformation was 4 × 

105 transformant/µg DNA, which means that each 

microgram of the transformed plasmid resulted in 4 × 

105 colonies of transformant cells. This efficiency value 

is common in pUC and pBR plasmid, around 4.8 x 104 

and 1.8 x 104 (Lim et al., 2015).   

The AmpR gene is part of the pET22b plasmid, so 

the presence of the AmpR gene in E. coli BL21 colonies 

(DE3) has not proven that PGAEc has been transformed 

into E. coli BL21 (DE3) cells and replicated correctly. 

Therefore, polymerase chain reaction (PCR) using 

orientation-specific primers is necessary. 

Orientation-specific primers were designed to 

ensure that the PGAEc gene was replicated properly in 

E. coli BL21 (DE3), so that the PCR product would 

cover the area where the pET22b plasmid section meets 

the PGAEc gene section. Primers were designed using 

the PrimerBlast website, where the forward primer was 

predetermined, namely the T7 promoter sequence 

representing the plasmid pET22b. Using this website, a 

reverse primer was obtained, namely 5’-

GTACCAACAAAGATCATCG-3, ’, which represents 

the PGAEc gene section. This primer pair produced PCR 

products with a length of 588 bp, which covered the area 

where the pET22b plasmid section met the PGAEc gene 

section. The plasmid section was 92 bp long and the 

upstream PGAEc gene section was 496 bp long (Figure 

2a). PCR analysis results from several samples 

confirmed that resistant ampicillin colonies harbored the 

PGAEc recombinant clone gene with the correct 

orientation, indicated by the appearance of a single band 

at the appropriate base pair size (Figure 2b). 
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Figure 1. Map of recombinant plasmid rPGAEc. Optimized synthetic PGAEc was inserted in the multiple cloning site 

area between Nde I and Xho I restriction enzyme cutting sites (shown in red) 

 

 
Figure 2. PCR Analysis result of E. coli BL21 (DE3) colony were confirmed to harbor PGAEc gene 

a) Specific primer map positions in the rPGAEc. Forward primer using T7 promoter sequence while reverse primer 

using specific sequence: 5’- GTACCAACAAAGATCATCG-3’. b) The PCR product yielded a band of approximately 

588 bp. Lane 1 was a DNA marker, and lanes 2-4 were the PCR results of E. coli BL21 (DE3) colonies, which were 

picked up as the PCR template. MW = molecular weight 

 

Table 1. Protein content (mg/mL) of supernatant resulted from solubilization unsoluble fraction of E. coli BL21 

harboring rPGAEc cell using solution A (measured by  UV 280 nm) 

Fermentation Time Without IPTG IPTG 0,1 mM 

4 hours 11.70 37.70 

24 hours 38.03 116.59 

 

Effect of fermentation time on protein and PGA 

expression 

By studying the length of fermentation time, the 

optimum time for protein expression can be obtained 

while considering the efficiency aspects. The effect of 

fermentation time on protein expression was observed 

by comparing protein expression at 4 and 24 h after 

IPTG induction. IPTG mimics lactose, a natural lac 

operon inducer contained in pET22b. However, IPTG is 

preferred for protein expression inducers because 

bacterial cells cannot possess IPTG as a carbon source 

for cell growth. Therefore, the concentration of IPTG in 

the fermentation medium was more stable (Fernandez-

Castane et al., 2012). 

Protein expression level was estimated from 

solubilization results of unsoluble fraction using 

solution A. The results of protein content measurement 

showed that fermentation for 24 h resulted in three times 

greater protein expression than fermentation for 4 h, 

both with and without induction IPTG 0,1 mM (Table 

1). 

The measured protein content was the concentration 

of large-sized proteins precipitated during post-

homogenization centrifugation. Therefore, protein 

content did not directly represent the effect of 
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fermentation time on PGA enzyme expression. More 

representative data can be discerned from the protein 

separation results using SDS-PAGE (Figure 3). 

SDS-PAGE results showed that the expression of 

PGA enzymes in IBs formed in the presence of 0.1 mM 

IPTG was not significantly different between 4 h and 24 

h of of fermentation. This is presumably the reason why 

protein content in 24-hours fermentation time is three 

times higher than that in 4-hours. Thus, 4-hours 

fermentation was considered more appropriate for PGA 

enzyme expression in this study. PGA enzymes are well 

expressed in a shorter time; hence, they are more 

efficient. 

Effect of IPTG concentration on PGA expression 

It has previously been reported that high inducer 

concentrations can lead to IB formation (Bhatwa et al., 

2021; Singh et al., 2015). In this research, fermentation 

was carried out with various IPTG concentrations to 

determine their effect on PGA enzyme expression and 

IBs formation, namely: 0; 0,05; and 0,1 mM. Protein 

content measurement results of the soluble fraction and 

solubilization of the unsoluble fraction with solution B 

(Table 2) showed that higher IPTG concentration caused 

lower protein expression in the soluble fraction. Higher 

IPTG concentrations caused higher protein expression 

in the insoluble fractions. This phenomenon might be 

due to an increase in the expression of large proteins in 

the cells, which specifically refers to IBs. This is 

apparently due to the higher IPTG concentration leading 

to higher PGA enzyme expression, so more resources in 

the cells are directed to produce PGA enzymes. As a 

result, other proteins not associated with the PGAEc 

gene, especially those expressed in the cytosol and 

periplasm, showed lower expression levels. 

 

 

 

Figure 3. SDS-PAGE results to see the effect of fermentation time on PGA enzyme expression 

SDS-PAGE sample was the supernatant resulting from solubilization of the insoluble fraction by solution A. Cultures 

were treated with and without (IPTG 0.1 mM IPTG induction. The fermentation volume was 50 mL in the LB + amp 

medium. Fermentation was performed for 4 and 24 h (after IPTG induction) at 16 °C and 180 rpm. The DNA ladder is 

located in the first lane from the left. Inclusion bodies are shown in the black box. 

 

Table 2. Protein content (mg/mL) of soluble fraction and supernatant resulting from solubilization unsoluble fraction of 

E. coli BL21 harboring rPGAEc cell using solution B (measured by UV 280 nm) 

Sample 
Protein Content in Certain IPTG Concentrations (mg/mL) 

0 mM 0,05 mM 0,1 mM 

Soluble fraction 137.3 131.2 104.9 

Solubilization unsoluble 

fraction*) 
18.7 32.8 42.6 

*) SDS-PAGE result is not shown 
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Figure 4. SDS-PAGE results showed the effect of IPTG concentration on PGA enzyme expression  

SDS-PAGE samples were soluble and insoluble fractions of E. coli BL21 (DE3) harboring rPGAEc cell lysate, which 

were separated through homogenization and centrifugation. Cultures were treated with various IPTG concentrations (0; 

0,05, and 0,1 mM. The fermentation volume was 100 mL in the LB + amp medium. Fermentation was performed for 4 

h after IPTG induction at 16 °C and 180 rpm. A smaller amount of inducer IPTG (0,05 mM) can express PGA enzyme 

as much as a higher amount (0,1 mM), which is shown as an inclusion bodies protein band (in the black box) 

 

Protein separation using the SDS-PAGE method 

(Figure 4) showed similar results. The separation results 

of the unsoluble fraction indicated that IBs formed in the 

0.1 mM IPTG induction treatment were slightly more 

than those induced by IPTG 0.05 mM. Therefore, the 

separation result of the soluble fraction indicated that the 

protein bands became thicker at lower IPTG 

concentrations. Thus, the higher the IPTG 

concentration, the higher the number of IBs expressed. 

Theoretically, a higher expression of IBs leads to a 

lower expression of active PGA enzymes. Previous 

studies have shown that at low IPTG concentrations 

between 0.025 and 0.1 mM, enzyme activity increased 

with increasing IPTG concentrations. However, enzyme 

activity declined progressively at higher IPTG 

concentrations between 0.2 and 0.5 mM (Sriubolmas et 

al., 1997). IPTG is a strong inducer that often drives IB 

formation. To reduce IBs expression expression, low 

IPTG concentrations are required (Rinas et al., 2017). 

Comparison of Solubilization Methods  

pET22b vector belongs to a class of plasmids with 

strong promoters, as the desired gene can only be 

expressed with strong inducers, such as IPTG. However, 

using a strong inducer in an E. coli host will always lead 

to IB formation. Therefore, finding the correct 

solubilization method is important to obtain active PGA 

enzymes.   

Two solubilization methods were used in this 

study. The first method uses a denaturing agent, urea. 

The second method uses a non-denaturing agent, 

sarcosine. Urea causes denaturation of proteins, whereas 

sarcosine does not (Singh et al. 2015). If solubilization 

is performed using protein-denaturing agents, further 

refolding is required to obtain an active PGA enzymes. 

This study aimed to determine the difference in the 

ability of urea and sarcosine to dissolve IBs and to 

determine whether successfully dissolved IBs are in an 

active state. Therefore, refolding was not performed in 

the present study. Based on the results of protein 

separation using SDS-PAGE, it can be seen that IBs 

dissolved in urea have a significant decrease in the 

number of aggregates compared to sarcosine (Figure 5). 

The remaining aggregates appeared in the pellet lane (P) 

after the solubilization process, while the successfully 

solubilized IBs appeared in the supernatant lane (S). 

This indicates that urea is more soluble than sarcosine. 

Because of this ability, a previous study reported the use 

of urea to solubilize the IBs form of cephalosporin 

acylase enzyme expressed in E. coli BL21 (Hardianto et 

al., 2018). On the other hand, although the solubilization 



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 11 No. 3 Desember 2024      331 

 

 

P-ISSN: 2406-9388   ©2024 Jurnal Farmasi dan Ilmu Kefarmasian Indonesia 

E-ISSN: 2580-8303  Open access article under the CC BY-NC-SA license 

ability of sarcosine is not as good as urea, its ability to 

solubilize proteins without denaturing them is quite 

attractive. Several studies have reported the use of 

sarcosine to solubilize Ibs (Chung et al., 2017; 

Manissorn et al., 2023; Nagy et al., 2021). 

Solubilization with method A succeeded in 

dissolving almost all the IBs in the cell debris and 

yielded only a few IBs that remained in the pellets. For 

comparison, we used method B, which contained 

organic solvents (5% DMSO and 5% n-propanol) and 

non-denaturing detergents at low concentrations (0.2% 

sarcosine). This method does not cause denaturation of 

the proteins composing the IBs. However, the 

disadvantage is their low solubilization capacity (Figure 

5b). Solubilization with solution B only slightly 

dissolved IBs (S after solubilization), leaving many IBs 

in the insoluble fraction (P before solubilization). 

Despite its relatively low solubilization ability, 

sarcosine has been reported to have the best ability to 

solubilize IBs compared to other non-denaturing agents 

such as Triton X-100, NP-40, and Tween-20 (Chung et 

al., 2017).  

Urea is commonly used to solubilize IBs in E. coli 

(Singh et al., 2015). However, there have been no 

reports on its use in PGA enzymes, so this research can 

contribute to our knowledge. After the IBs of the PGA 

enzyme were successfully solubilized, the next step was 

the refolding process to obtain the active enzyme. The 

active enzyme was purified using a Ni-NTA resin in an 

affinity chromatography system. Purified enzymes can 

be used to convert penicillin G to 6-APA, a precursor for 

the synthesis of penicillin-derived antibiotics. A 

roadmap for further research is presented in Figure 6. 

  

 

Figure 5. SDS-PAGE results show differences in the ability of urea and sarcosine to dissolve IBs 

The soluble fraction (supernatant/S before solubilization) and an unsoluble fraction (pellet/P before solubilization) of E. 

coli BL21(DE3) harboring rPGAEc were separated by homogenization and centrifugation. The insoluble fractions were 

solubilized using solutions A and B, and and then centrifuged to separate IBs that successfully dissolved (supernatant/S 

after solubilization) and failed to dissolve (pellet/P after solubilization). Fermentation was carried out in LB + amp 

medium for 4 hours after 0.1 mM IPTG induction at 16 °C and 180 rpm. Based on data of area under the curve, which 

was analyzed by ImageJ software (in triplicate and p = 0.05), solution A (containing urea) is significantly better as a 

solubilizing agent for rPGAEc than solution B (containing sarcosine) 
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Figure 6. Research roadmap 

Black arrows indicate the stages of the research conducted in this study. While the blue arrows show further research 

plans 

 

CONCLUSION 

The expression of PGA enzymes using strong 

promoter vectors in E. coli hosts has encountered 

obstacles in the formation of IBs. The solubilization 

technique of IBs from PGA expressed in E. coli BL21 

(DE3) proposed in this study may be an alternative 

method that can be considered for this purpose. 

However, further research is needed to determine the 

reliability of this method is for producing active PGA 

enzymes from IBs. 
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Abstract 

Background: Breadfruit (Artocarpus altilis) peel contains many chemical compounds including alkaloids, 

flavonoids, saponins, polyphenols, and steroids/terpenoids. Breadfruit peel has potential as an antioxidant because 

it contains phenolic compounds, especially flavonoids and polyphenols. Objective: The aim of this study was to 

formulate and physically evaluate the preparation of a scrub cream from a 95% ethanol extract of breadfruit peel 

(Artocarpus altilis) and test its antioxidant activity. Methods: Body scrub cream formulations were prepared using 

different extract concentrations, such as F1 (no extract), F2 1%, F3 3%, F4 5%, and F5 (Vit C as an equalizer for 

the antioxidant activity test). Body scrub cream was formulated as an oil-in-water type cream preparation using 

breadfruit starch as a scrub. Physical evaluation of this preparation consisted of organoleptic, homogeneity, 

viscosity, pH, spreadability, adhesiveness, and room-temperature storage tests. The antioxidant activity was 

evaluated using the DPPH method. Results: The results of the physical evaluation test showed that the body scrub 

cream produced good results and complied with the requirements of cream products. Antioxidant activity test 

results show the IC50 value of each formula is F1 (without extract) 107.8 µg/mL, F2 (1%) 72.48 µg/mL, F3 (3%) 

56.54 µg/mL, F4 (5%) 43.40 µg/mL and F5 (vitamin C K+) 38.94 µg/mL. Conclusion: Based on these 

observations, the best formula is Formula 3 because the antioxidant test results are classified as strong, and the 

physical evaluation tests are considered stable. 
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INTRODUCTION 

Indonesia is positioned along the equator, which 

means that it has a tropical climate. Tropical regions 

receive constant sunlight owing to their position relative 

to the equator. Excess exposure to UV rays is a source 

of free radicals that can damage the skin and cause 

cancer. Skin damage is caused by frequent exposure to 

sunlight, vehicular emissions, and other chemicals. In 

skin cells,, free radicals attack collagen so that skin 

moisture is reduced, and the skin feels dry and brittle. 

This causes wrinkles on the skin ,commonly referred to 

as aging (Azkianti and Lestari, 2022). Antioxidants can 

minimize skin damage caused by free radicals. 

Antioxidants are small-molecular-weight compounds 

that can inhibit or counteract free radicals. Antioxidants 

will protect the skin from oxidized damage so that the 

dangers of free radicals on the skin, such as aging, will 

be reduced (Masaki, 2010). Therefore, it is important to 

scrub the body from the outside. Scrubbing involves 

removing dirt, oil, or dry skin by massaging the entire 

body. The results can be seen immediately: the skin 

becomes firmer, smoother, and healthier. Traditional 

scrubs are one of cosmetic preparations made from fresh 

or dried natural ingredients from plants and fruits (Agata 

and Sulandjari, 2017). 

One of the plants with natural antioxidant activity is 

breadfruit. Breadfruit peel is reported to have good 

antioxidant activity, and breadfruit peel was chosen 

because it is still rarely utilized by the community 

because of the lack of information about its potential and 

benefits. According to research conducted by (Wibowo 

et al., 2017), the antioxidant activity of breadfruit peel 

ethanol extract by the DPPH method obtained IC50 value 

of 57.430 ppm; this result states that the antioxidant 

activity of breadfruit peel ethanol extract is categorized 

as strong. From the results of phytochemical screening 

of died breadfruit peel and breadfruit peel extracts 

containing chemical compounds of polyphenolic 

groups, flavonoids, quinones, steroids or triterpenoids 

and monoterpenes or sesquiterpenes (Wibowo et al., 

2017). 

The use of breadfruit peel extract as an antioxidant 

can be applied to one of the dosage forms of body scrub 

cream, which is a pharmaceutical preparation in the 

form of a beauty product that functions to smooth the 

skin and remove dry skin cells with the help of scrub 

ingredients. Breadfruit peel is used as a scrub because it 

contains nutritious substances that benefit the skin. 

Antioxidants in breadfruit can make the skin brighter 

and shinier and protect it from free radicals that can 

damage it. Scrubs can be made from synthetic materials 

or natural materials such as plant seeds or fruits 

(Musdalipah et al., 2016). 

 

MATERIALS AND METHODS 

Materials 

Breadfruit peel (Artocarpus altilis) from ripe 

breadfruit was collected from the Jl. KH. Kuding RT. 

003/ RW.006 Kel. Belendung, Kec. Benda, Tangerang 

City, Banten 15123. Determination of breadfruit was 

carried out at the Biology Lab UAD Yogyakarta, 95% 

ethanol (Sentra Kimia, Jakarta, Indonesia), stearic acid 

(Brataco, Tangerang, Indonesia), purified water (JMI, 

Sidoarjo, Indonesia), adeps lanae (PRET, Johnsonville, 

USA), methylparaben (MCE, New Jersey, USA), 

propylparaben (ALPHA, Mumbai, India), liquid 

paraffin (Asian Oil, Mumbai, India), cetyl alcohol 

(Akoma, Derby, England), span 60 (NOF Corporation, 

Tokyo, Japan), tween 60 (ICE Pharma, Reggio Emilia, 

Italy), propyleneglycol (Brataco, Tangerang, 

Indonesia), DPPH (TCI, Tokyo, Japan), methanol p. a 

(Merck, Darmstadt, Germany), vitamin C (Merck, 

Darmstadt, Germany). 

Method 

Preparation of breadfruit peel extract 

The harvested breadfruits were collected, wet 

sorted, washed with flowing water, drained, and peeled 

off the fruit skin. The peel is taken from the outer to the 

inner peel, which borders the fruit. bread-fruit skin was 

thinly sliced. Then, it dried in the sun. The dried 

breadfruit skins were then sorted. The dried breadfruit 

peel was pulverized and sieved using a blender. The 

result of the die breadfruit peel powder was 1.04 kg. 

Dried breadfruit peel powder (1 kg) was macerated in 10 

L of 95% ethanol. The dried breadfruit peel was soaked 

by stirring every 6 h for 3×24 h. It is then filtered to 

separate the pulp from the macerate. The process was 

repeated once with the same type of solvent, and the 

amount of solvent volume was half the volume of the 

first solvent, which was 1 kg of die breadfruit peel added 

to 5 L of solvent (1:5), after which it was filtered again, 

and the macerate produced was evaporated using a 

rotary evaporator at 60°C. After evaporation, the liquid 

extract is heated in a water bath to make a thick extract. 

Phytochemical screening 

Alkaloid 

The sample (2 g) was crushed in a mortar containing 

25% ammonia. Subsequently, 20 mL of chloroform was 

added and mixed vigorously. The mixture was filtered, 

and the filtrate obtained was dripped onto filter paper 

and tested using Dragendorff's reagent. The orange color 

indicates the presence of alkaloids in the sample. The 
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residue was extracted twice in a separatory funnel using 

10% HCl, and the aqueous layer was separated from the 

organic layer. The aqueous layer was then placed in a 

test tube and tested using Mayer's and Dragendorff's 

reagents. A positive result was indicated by the 

formation of a white precipitate with Mayer's reagent 

and a red precipitate with Dragendorff's reagent 

(Aprilliani et al., 2018). 

Flavonoid 

A 2 g sample was heated in 100 mL of water for 15 

min, filtered, and the resulting filtrate was collected 

(filtrate A). Five millilitres of filtrate A was taken and 

mixed with 0.1 g of magnesium powder, 1 mL of HCl, 

and amyl alcohol (5 mL). The mixture was then shaken 

and allowed to separate. The presence of flavonoids was 

indicated by the formation of a red, yellow, or orange 

color in the amyl alcohol layer (Aprilliani et al., 2018). 

Tannin/polyphenol 

Filtrate A (5 mL) was added to the three test tubes. 

In the first tube, the sample was tested with FeCl3 

solution, and a blue-green color was found, which is a 

sign of the presence of phenol group compounds. 

Gelatin was added to the second tube as a specific 

reagent for tannins. The formation of a white precipitate 

indicates the presence of tannins in the sample. In the 

third tube, Stiasny reagent was added and heated for 10 

min. The formation of a pink precipitate indicated the 

presence of concentrated tannins. The precipitate was 

filtered, filtrate was added sodium acetate until saturated 

and added a few drops of iron (III) chloride solution, 

formed a blue-black color indicating the presence of 

gallic tannin compounds (Aprilliani et al, 2018). 

Saponin 

Filtrate A (10 mL) was added to the test tube and 

shaken vigorously for 10 s. If foam was formed that 

lasted for 1 min, it was suspected that it contained 

saponins. Then the HCl 2 N solution into the test tube. 

If the foam does not disappear, it shows that the sample 

is positive for saponins (Aprilliani et al, 2018). 

Steroid/triterpenoid  

A 1 g sample was macerated with 20 ml of n-hexane 

for 2 h, filtered, and the filtrate was collected. Five 

milliliters of the filtration was evaporated in a vaporizer 

cup. Liebermann-Burchard reagent was added to the 

evaporated residue. The formation of green color 

indicates the presence of steroids, and the formation of 

red to violet color indicates the presence of triterpenoids 

in the sample (Aprilliani et al, 2018). 

Preparation of Breadfruit Starch 

The bread was cut into small pieces and ground into 

a coarse pulp. It was mixed with clean water, stirred 

while squeezed, and filtered through a mesh to separate 

the residue. The starch was allowed to settle, and after 

precipitation was complete, the precipitated water was 

discarded. The starch was then dried in an oven for 24 h 

at 45°C. The dried starch was sieved using a 60-mesh 

sieve (Zuhra et al., 2016). 

Preparation of body scrub cream 

The scrub cream was prepared by weighing the 

ingredients. Subsequently, the oil and liquid phases 

separated during melting. The oil phase (stearic acid, 

cetyl alcohol, Adeps lanae, Span 60, and propylparaben) 

was melted in a porcelain cup at 70°C in a water bath 

and stirred until homogeneous. The water phase 

(methylparaben was dissolved with hot water, and 

propylene glycol was added to Tween 60; then, liquid 

paraffin was added) was diluted in a porcelain cup in a 

water bath at the same temperature while mixing until 

homogenized. After everything was melted, a cream was 

made by mixing the oil phase with the water phase using 

an electric stirrer for 3 min. It was then allowed to stand 

for 20 s and stirred until homogeneous. After the cream 

base was formed, 95% ethanol extract of the breadfruit 

peel and starch was added. Finally, a physical evaluation 

of the cream was conducted. 

 

Table 1. Formulation of 95% Ethanol Extract 

Scrub Cream of Breadfruit Peel (Artocarpus altilis) 

Composition 
Concentration % 

F1 F2 F3 F4 F5 

95 % Ethanol 

Extract of 

Breadfruit Peel 

- 1 3 5 - 

Vitamin C - - - - 1 

Breadfruit starch 10 10 10 10 10 

Stearic acid 5 5 5 5 5 

Span 60 0.85 0.85 0.85 0.85 0.85 

Tween 60 2.15 2.15 2.15 2.15 2.15 

Cetyl alkohol 3 3 3 3 3 

Propylenglykol 0.2 0.2 0.2 0.2 0.2 

Parafin liquid 5 5 5 5 5 

Adeps lanae 5 5 5 5 5 

Metil paraben 0.1 0.1 0.1 0.1 0.1 

Propil paraben 0.05 0.05 0.05 0.05 0.05 

Purrified water ad 100 100 100 100 100 

 

Physical evaluation of body scrub cream 

Organoleptic test  

Organoleptic observations that will be made include 

observations such as color, aroma, and texture. (Hilda et 

al, 2021). 
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Homogeneity test 

One gram of body scrub preparation was applied to 

the Petri dish, and the color of the preparation and the 

bases were clotted by paying attention to the texture of 

the preparation visually with the eyes while palpating. 

The preparation is considered homogeneous if the color 

of the preparation and the active substance is evenly 

distributed and there is no clumpy base (Lestari et al, 

2017). 

pH test  

The cream preparation (1 g) was dissolved in 1 mL 

of purified water. A pH meter was placed in the solution. 

Wait until the pH is constant. The value shown on the 

pH meter is the pH of the preparation (Hilda et al., 

2021). 

Spreadability test 

On the glass instrument , 0.5 grams of body scrub 

was placed, and the glass was covered with a glass cover 

for 1 minute. The diameter of the cream that spread was 

measured. Subsequently, it was repeated with the 

addition of 50 g every 1 minute. The diameters were 

observed and recorded. (Hilda et al., 2021). 

Adhesiveness test 

On the object glass, 1 g of body scrub was placed 

and covered with another object glass with pressure and 

a load of 1 kg for 5 min. The load is lifted from the object 

glass and then separated between the two object glasses, 

and the separation time between the two is 

recorded(Hilda et al, 2021). 

Viscosity test 

The viscosity test uses a Lamy Rheology 

viscometer with a spindle L4 speed of 100 rpm and a 

time of 1 minute (Zaky et al., 2021). 

 Room temperature storage test 

Room-temperature storage testing was carried out 

by determining the organoleptic properties, pH, and 

viscosity at time intervals of 1, 3, 5, and 7 days after 

storage. (Hilda et al., 2021). 

Antioxidant activity test 

The antioxidant activity was determined by 

measuring the absorbance value using a UV-Vis 

spectrophotometer. Antioxidant activity was evaluated 

quantitatively through DPPH (1,1-diphenyl-2-

picrylhydrazyl) method. The principle of quantitative 

measurement of antioxidant activity using the DPPH 

method is related to the change in intensity of the purple 

color from DPPH, which is a free radical with unpaired 

electrons. This color will turn yellowish when electron 

pairs (Molyneux, 2004). 

 

 

Preparation of sample 

The 2 mg of DPPH powder was weighed and placed 

into a 100 mL volumetric flask, then dissolved in 

methanol p.a until the mark and shaken until 

homogenized (Hilda et al., 2021). A solution of vitamin 

C was then prepared. Vitamin C powder (5 mg) was 

weighed and dissolved in 50 mL of methanol p. a. in a 

50 mL measuring flask to achieve a concentration of 100 

ppm (main solution). From the main solution, a 5 mL 

concentration series of 2, 4, 6, 8, 10, and 12 ppm was 

then prepared (Wibowo et al., 2017) (Hilda et al., 2021). 

A concentration series solution was also prepared with 

2.5 mg of ethanol extract from breadfruit peel, which 

was dissolved in 25 mL of methanol p. a. in a 25 mL 

volumetric flask to obtain a concentration of 100 ppm 

(main solution). A 5 mL concentration series of 5, 10, 

25, 50, 75, and 100 ppm was subsequently prepared 

(Hilda et al., 2021). 

Wavelength determination 

To determine the maximum wavelength, the 

absorbance of the 0.05 mM DPPH concentration was 

measured as much as 4 mL using a spectrophotometer 

with a wavelength range of 500-525 nm, so an 

absorbance of 0.2-0.8 was obtained. The maximum 

wavelength that produces the largest absorbance is the 

maximum wavelength (Hilda et al., 2021). 

Determination of operating time 

The operation time is defined by taking 50 𝜇L of 

extract standard solution and then adding 4 mL of 0.05 

mM DPPH solution, homogenized, measuring the 

absorbance at minutes 0, 5, 10, 15, 20, 25, and 30 of the 

maximum wavelengths that has been obtained. The 

DPPH radical binding time that produces the most stable 

absorbance is the operating time (Hilda et al., 2021). 

Antioxidant activity testing of breadfruit peel extract  

 (2 mL, 0.05 mM DPPH solution was added to the 

test tube, and 2 mL of ethanol extract of breadfruit peel 

was added according to the concentration series that had 

been made. The samples were homogenized and stored 

in the dark for 40 min. The absorbance was measured 

using UV-Vis spectrophotometry at a wavelength of 516 

nm. The percent of antioxidant activity of ethanol 

extract from breadfruit peel was calculated (Hilda et al., 

2021). 

Antioxidant activity testing of body scrub cream 

The cream (1 g) was weighed and placed in an 

Erlenmeyer flask, 10 ml of methanol p. a. solution was 

added, and the mixture was heated in a water bath until 

the cream and methanol became homogeneous and then 

cooled with ice cubes. The filtered solution was added 

to a test tube, centrifuged at 3000 rpm for 10 min, and 
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stored in the dark for 30 min. The absorbance were read 

using UV-Vis spectrophotometry at a wavelength of 516 

nm. The % antioxidant activity of breadfruit peel ethanol 

extract cream was calculated using the formula (Hilda et 

al., 2021). 

% Inhibisi =
Abs Blanko −  Abs sampel 

Abs Blanko
 × 100 % 

 

The percent inhibition value was obtained, a curve 

was plotted against the concentration of the comparison 

or test solution, and a linear regression curve was 

constructed to obtain the following equation: 

𝑦 = 𝑏𝑥 + a 

The IC50 value as an antioxidant parameter is 

calculated from the regression equation to find the x 

value by entering 50 in the y value so that the effective 

concentration will be known (Binuni, 2020). 

Data analysis  

The results of the physical evaluation test were 

analyzed using a descriptive method. The results of the 

antioxidant activity test were analyzed using the SPSS 

method, using several tests, such as the normality test 

using the Kolmogorov-Smirnov test, with the condition 

that p>0.05. The homogeneity test was performed using 

the Levene statistic test, with the condition that p>0.05. 

A one-way ANOVA test was used to prove the 

hypothesis related to the antioxidant activity of the 95% 

ethanol extract of breadfruit peel, with the following 

criteria: H0 is accepted, and Ha is rejected if (p>0.05) 

there is no significant average difference, H0 is rejected, 

and Ha is accepted if (p<0.05) there is a significant 

average difference. 

 

 

RESULTS AND DISCUSSION 

Phytochemical screening results 

The results of the phytochemical screening are not 

in accordance with the research by Wibowo et al. 

(2017), which states that the 95% ethanol extract of 

breadfruit peel contains flavonoids, polyphenols, and 

triterpenoid/steroid compounds. The difference in 

results was influenced by differences in the location of 

growth of the breadfruit. According to Katno (2008), 

differences in the environmental conditions where they 

grow can cause differences in the types and amounts of 

secondary metabolites contained in plants that grow in 

certain areas with other areas. The results of the 

phytochemical screening of the 95% ethanol extract of 

Breadfruit peel (Artocarpus altilis) are shown in Table 

2. 

Table 2. Phytochemical Screening Test Results 

No. Phytochemical Test Result 

1. Alkaloid + 

2. Flavonoid + 

3. Saponin + 

4. Tannin - 

5. Polyphenol + 

6. Triterpenoid/Steroid + 

*Exp : (+) Positive 

      (-) Negative 

 

Based on Table. 2, the secondary compounds 

obtained in breadfruit peel (Artocarpus altilis) are 

known to have the dominant metabolite content 

alkaloid, flavonoid, saponin, polyphenol and 

triterpenoid/steroid. 

   

 

 

 

Figure 1. Organoleptic Results of Body Scrub Cream 

 

Table 3. Result of Physical Evaluation of Body Scrub Cream 

Parameter 
Formula 

F1 F2 F3 F4 F5 

Color Pure white Beige Ochre brown Clay brown Pure white 

Odor Typical starch Typical starch Typical starch Typical starch Typical starch 

Texture Soft Soft Soft Soft Soft 

Homogenity Homogeneous Homogeneous Homogeneous Homogeneous Homogeneous 

pH 5.03 4.69 5.77 5.25 4.51 

Viscosity (cPs) 7296 7444 7705 6701 7103 

Spreadability (cm) 5.27 5.48 5.69 5.65 6 

Stickiness (s) 5 5 5 6 6 
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The organoleptic test results showed that the body 

scrub cream formulas changed color with increasing 

extract concentration. As the concentration of the extract 

given to a preparation increases, it experiences a darker 

color change, except for the negative and positive 

control preparations. All formulas had a consistent 

texture and odor, characterized by a distinctive smell 

and soft, non-rough texture. 

The homogeneity test results showed that the scrub 

cream preparation had a homogeneous composition, 

which met the requirements. Body scrub cream 

preparations must be evenly distributed and 

homogeneous so as not to cause irritation when applying 

on the surface of the skin (Azkianti and Lestari, 2022). 

The pH test is used to evaluate the safety of the 

resulting cream; if the pH is too low,, it irritates the skin. 

Based on SNI 16-4399-1996 that, the pH value of skin 

cosmetic products is required to range from 4.5-8.0 

(SNI, 1996). The pH test results showed that the body 

scrub cream preparation had a qualified pH, which 

ranges from 4.5-5.7.  

A viscosity test was performed to determine the 

viscosity of the preparation. Based on SNI8 16-4399-

1996 that, the viscosity value of skin cosmetic products 

is required to range from 2000-50000 cPs (SNI, 1996). 

The viscosity test results showed that the body scrub 

cream preparation had a viscosity that still met the 

requirements, ranging from 6000-7000. 

The spreadability test aims to determine the speed 

at which the cream spreads on the epidermis when 

applied. The spreadability of the preparation illustrates 

the ability of the active substance to encounter the skin. 

The requirement for spreadability for topical 

preparations is around 5-7 cm (Malik et al., 2020). The 

results of the spreadability test showed that the body 

scrub cream preparation had a spreadability that still met 

the requirements, ranging from 5.2-6 cm. 

The stickiness test of the body scrub cream 

preparation aimed to determine the closeness of the 

cream to the skin. Good adhesion ability for topical 

preparations is more than 1 second (Yusuf et al., 2017). 

Based on the results of the stickiness test, these cream 

scrub preparations have an adhesion that still meets the 

requirements, which range from 5 to-6 seconds. 

The test was carried out for seven days, with a range 

of days 1, 3, 5, and 7. The observations were 

organoleptic tests, pH tests, and viscosity tests. The 

results of the organoleptic test for room-temperature 

storage of each cream preparation showed that all 

preparations had no difference or were declared 

physically stable (Figure 2). 

 

Figure 2. pH test 

 

The results of the room temperature storage pH test 

showed no difference from the pH values of formulas 1, 

2, and 3. These results were stable and satisfied the pH 

requirements of the skin. Meanwhile, formula 4 was 

used at the 7th day storage time with a low pH of 4.32. 

Formula 5, in which vitamin C was added as a positive 

control, had a low pH value during the room temperature 

storage test because vitamin C has a high acidity level. 

The change in the pH is affected by environmental 

factors like temperature, non-optimal storage and a 

combination of extracts that are less stable in the 

preparation due to oxidation (Putra et al., 2014). 

The results of the room-temperature storage 

viscosity test of all formulas showed no significant 

difference; these results can be declared stable and still 

meet the requirements (Figure 3). 

 

Figure 3. Viscosity Test 

 

Antioxidant activity results 

The results of antioxidant activity testing on 

breadfruit peel extract (Artocarpus altilis) obtained an 

IC50 value of 26.3 µg/mL, while vitamin C, which acts 

as positive control has an IC50 value of 9.33 µg/mL. 

The results of antioxidant activity testing on each 

formula obtained IC50 values, which are formula 1 
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without the addition of extracts is 107.8 µg/mL, formula 

2 with 1% extract concentration is 72.48 µg/mL, 

formula 3 with 3% extract concentration is 56.54 

µg/mL, formula 4 with 5% extract concentration is 

43.40 µg/mL and formula 4 with the addition of vitamin 

c as positive control had an IC50 value of 38.94 µg/mL. 

Based on the results of antioxidant activity, there 

were differences from the IC50 results of breadfruit peel 

extract (Artocarpus altilis) with body scrub cream 

preparations supplemented with extracts. This 

difference is because the extract has a small amount 

(only a few percent) when it is prepared in contrast to 

the pure extract and when it is prepared, there are 

already many mixtures of other additional ingredients. 

This is one of the factors causing the different results of 

the IC50 value of body scrub cream with pure extract 

(Aljanah et al., 2022). 

The results of this study showed that the compounds 

that have potential as antioxidants are flavonoids and 

polyphenols. This compound is a phenolic compound 

that has antioxidant activity so that it can block the 

process of oxidation caused by free radicals (Kurniawati 

and Sutoyo, 2021). 

 

 

Table 4. Antioxidant activity result of breadfruit peel extract 

Sampel 
Concentration 

(ppm) 

Absorbance Average  

Abs 

% 

INHIBITION R1 R2 R3 

Breadfuit 

peel 

extract 

Blanko 0.533 0.533 0.533 0.533   

5 0.285 0.285 0.284 0.285 46.529 

10 0.278 0.278 0.277 0.278 47.842 

25 0.266 0.266 0.266 0.266 50.094 

50 0.249 0.248 0.248 0.248 53.471 

75 0.230 0.230 0.229 0.23 56.848 

100 0.214 0.215 0.214 0.214 59.850 

   R1= Replication 1 R2= Replication 2 R3= Replication 3 

 

Y A B R IC50 

50 46,396 0,1369 0,998 26,3 

 

Table 5. Antioxidant activity result of vitamin C 

Sampel 
Concentration 

(ppm) 

Absorbance Average  

Abs 

% 

INHIBITION R1 R2 R3 

Vitamin 

C 

Blanko 0.533 0.533 0.533 0.533   

2 0.322 0.322 0.322 0.322 39.587 

4 0.308 0.308 0.308 0.308 42.214 

6 0.290 0.290 0.290 0.290 45.591 

8 0.278 0.277 0.277 0.277 48.030 

10 0.263 0.263 0.263 0.263 50.657 

12 0.245 0.245 0.245 0.245 54.034 

  R1= Replication 1 R2= Replication 2 R3= Replication 3 

 

Y A B R IC50 

50 36,681 1,4277 0,999 9,33 
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Figure 4. Formulas 

 

Data analysis results 

A normality test determines whether the 

independent and dependent variables are normally 

distributed (Ghozali, 2018). If the significance value 

was p>0.05, the data were normally distributed. From 

this test, the IC50 value was 0.073 (p>0.05), indicating 

that all data were normally distributed. The next analysis 

was a homogeneity test using Levene's test. A 

homogeneity test was conducted to determine whether 

the population variance was the same. If the significance 

value is p>0.05, it can be concluded that the variance of 

the data group is homogeneous.   

The results of the homogeneity test obtained a p-

value or significance of 0.070, indicating that the data 

were homogeneous because the significance value was 

p <0.05. Further analysis using the one-way ANOVA 

method was used to determine whether there was a 

significant difference in each treatment group. A 

significance value of 0.000 indicates that there is a 

significant average difference for each formula because 

the p-value <0.05, suggesting that H0 is rejected, which 

means that there is a significant difference in antioxidant 

activity between each formula. 

The next analysis was carried out using post-hoc 

Tukey honestly significant Difference) to determine the 

level of difference in the effect of each formula. If the 

significance is p<0.05, then H0 is rejected, and Ha is 

accepted, meaning there is a difference in each formula. 

If the p>0.05, the Ln H0 is accepted, Ha is rejected, 

meaning there is no difference in each formula. In 

further analysis with Tukey’s HSD, the result of the 

comparison of each formula shows a significance value 

of 0.000, which means there is a significant difference 

from each formula because the p-value is <0.05. 
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CONCLUSION 

Based on the results of this research, the following 

conclusions can be drawn: the results of the physical 

evaluation of the body scrub cream preparation 

formulation of 95% ethanol extract of breadfruit peel 

(Artocarpus altilis) were good physical evaluation 

results. Body scrub cream preparation of 95% ethanol 

extract of breadfruit peel (Artocarpus altilis) antioxidant 

activity with IC50 values in each formula are F1 (without 

extract) 107.8 µg/mL, F2 (1%) 72.48 µg/mL, F3 (3%) 

56.54 µg/mL, F4 (5%) 43.40 µg/mL and F5 (Vitamin C 

K+) 38.94 µg/mL. Based on the observation results, the 

best formula is Formula 3 because the antioxidant test 

results are classified as strong, and the physical 

evaluation test is classified as stable. Compared to 

formula 4, which has very strong antioxidants, the 

physical evaluation test results for formula 4 were less 

stable during the pH test. From the analysis data using 

one-way Anova, it was concluded that there was a 

significant difference in antioxidant activity between 

each formula. 
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Abstract 

Background: The treatment of diabetes mellitus relies on synthetic drugs with various side effects. Therefore, it is 

necessary to explore alternative treatments with herbal therapies, such as Hibiscus tiliaceus leaves. Objectives: 

The aim of this study was to determine the anti-hyperglycemic effect of an ethanol extract from Hibiscus tiliaceus 

leaves in glucose-loaded mice. Methods: The initial stage of dried leaf characterization was to ensure the identity, 

quality, purity, and safety to be used, and then extracted using the maceration method with 70% ethanol solvent. 

The next step was phytochemical screening to identify secondary metabolite content. The anti-hyperglycemic effect 

was evaluated using the oral glucose tolerance test (OGTT) on 25 male mice divided into five treatment groups. 

The negative control group was given Na CMC 0.5% w/v Na CMC, and the positive control group was 

administered glibenclamide. The ethanol extract of Hibiscus tiliaceus leaves was administered at doses of 200, 

400, and 800 mg/kg. Approximately 200 µL of blood was collected and analyzed for glucose levels. The data were 

statistically analyzed using one-way analysis of variance (ANOVA) with SPSS ver. 25 program. Results: Hibiscus 

tiliaceus leaves contain alkaloids, flavonoids, saponins, and tannins. The highest decrease in blood glucose levels 

was observed in the ethanol extract group at a dose of 400 mg/kg BW, with a decrease of 78.52%, followed by a 

dose of 200 mg/kg BW of 76.63%, a dose group of 800 mg/kg BW of 73.48%, and a positive control group 

(glibenclamide) of 34.68%, which was significantly different from the negative control group (Na CMC 0.5%) (p 

< 0.05). Conclusion: The ethanol extract of H. tiliaceus has anti-hyperglycemic effects. 
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INTRODUCTION 

Diabetes mellitus (DM) is a metabolic disorder 

characterized by sustained hyperglycemia. This disorder 

results from a dysfunction in insulin production, 

response to insulin, or a combination of both. 

Uncontrolled increases in blood sugar levels can lead to 

serious complications in the cardiovascular system, 

vision, kidney function, and the nervous system 

(Naenggolan et al., 2023). The incidence of diabetes 

mellitus continues to increase both globally and 

nationally in Indonesia. Therefore, there is an urgent 

need to develop effective and safe therapeutic strategies. 

Conventional therapies using synthetic drugs have 

proven effective in controlling blood glucose levels. 

However, the use of these drugs often leads to 

undesirable side effects. This encourages researchers to 

explore alternative treatments from natural sources that 

have minimal side effects (Zebua et al., 2024). Natural 

herbs and their bioactive compounds can be effectively 

used as alternative therapies through a variety of drug 

therapy target pathways. In recent years, the scientific 

community has paid special attention to the use of 

traditional medicinal plants for diabetes management 

because of their significant therapeutic potential (Zhou 

& Yu, 2022). Waru (Hibiscus tiliaceus) is one of the 

herbal plants widely used by the community. Waru is 

one of the local names for herbal plants in Indonesia. 

Researchers have identified Hibiscus tiliaceus as a 

plant with potential for the development of anti-

hyperglycemic agents. Recent studies have shown that 

Hibiscus tiliaceus leaf extract contains flavonoid 

compounds that play an important role in antidiabetic 

activity. Flavonoid test screening results showed that 

methanol extracts and ethanol extracts of tree bark had 

higher total flavonoid levels than ethanol solvents in 

Hibiscus tiliceus bark extracts positive for flavonoids. 

The 72-hour maceration method with methanol solvent 

produced the extract (Putri, 2024). Bioactive 

compounds in waru leaves interact in a complex manner 

and affect certain metabolic pathways, resulting in 

antihyperglycemic activity. Hibiscus tiliaceus leaves 

showed strong DPPH free radical-scavenging activity 

and activity against MCF-7 cells. The results showed 

that H. tiliaceus leaves have antioxidant potential 

(Andriani et al., 2020). This mechanism is important in 

the management of diabetes mellitus. Rahmawati and 

Handayani (2020) reinforced these findings using a 

comprehensive phytochemical study. They identified 

various bioactive compounds in Hibiscus tiliaceus 

leaves that have the potential to exert anti-diabetic 

effects (Rahmawati and Handayani, 2020). Various 

studies have demonstrated the promising anti-

hyperglycemic potential of waru leaves. However, some 

aspects require further investigation. Naenggolan et al. 

(2023) emphasized the need for the development of 

standardized extraction methods and a thorough 

evaluation of the safety of the long-term use of waru leaf 

extracts. Researchers also need to deepen their 

understanding of the molecular mechanisms underlying 

anti-hyperglycemic effects. Further research is needed 

to determine the optimal dose and compare its 

effectiveness with that of standard antidiabetic drugs. 

Based on the previous explanation, the researchers 

wanted to conduct further research using various dose 

variations of the ethanol extract of Hibiscus tiliaceus 

leaves to reduce blood glucose levels in male white rats 

using the oral glucose tolerance method. 

 

MATERIALS AND METHODS 

Materials 

The materials used in this study were Hibiscus 

tiliaceus leaves from Tanjung Harapan Dusun 1, Air 

Putih District, Batubara Regency, North Sumatra, Na 

CMC (Sigma Aldrich®), Aquadest, 70% ethanol (Smart 

Lab®), and HCl. The materials used were concentrated 

(Smart Lab®), H2SO4 (Merck®), NaOH (Merck®), 

FeCl3 (Merck®), glacial acetic acid (Merck®), and 

reagents (Mayer, Dragendorff, Liebermann-

Bouchardart). 

Tools 

Analytical balance (Ohauss®), glucometer 

(EasyTouch®), Erlenmeyer flask (Pyrex®), measuring 

cylinder (Pyrex®), water bath (Memmert®), blender 

(Miyako®), and mobile camera (Samsung A52®), gas 

stove (Rinnai®), drying oven (Horja®), oven 

(Memmert®), rotary evaporator (Buchi®), animal scale 

(Kenmaster®), mortar, pestle, animal cage, parchment, 

syringe (Terumo®). 

Method 

Plant identification 

Plant identification was performed at the University 

of North Sumatra's Herbarium Medanense (MEDA) 

with specimen number 1486/MEDA/2023. 

Identification begins by sending plant parts such as 

leaves, stems, and roots. The accompanying cover letter 

does not include the name of the region of origin of the 

test plants. 

Collection and extraction of dried leaves 

Hibiscus tiliaceus leaves obtained from Tanjung 

Harapan Village, Air Putih District, Batubara Regency, 

North Sumatra, were dried in an oven at 40°C for 48 h 

and then pulverized using a blender until powdered. The 
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extraction process was performed using a maceration 

method with 70% ethanol. Dried plant powder (500 g) 

was placed into the macerator, and the solvent was 

added until it was completely submerged. After that, the 

mixture was allowed to stand for five days while stirring 

frequently and repeatedly. After five days, the filtrate 

was filtered, and the filtered pulp was returned to a dark-

colored bottle and rinsed again with 70% ethanol. The 

extraction process was repeated twice using the same 

type and amount of solvent. The liquid extract was then 

concentrated using a 500C rotary evaporator until a thick 

extract was obtained. The yield of the extract is then 

calculated by calculating the percentage between the 

weight of the extract and the weight of the dried leaves 

(Kemenkes RI, 2017). 

Ethical clearance 

This research was approved by the Ethics 

Commission of the Faculty of Medicine, Prima 

University, as the research institution with 

No.080/KEPK/UNPRI/11/2024. 

Specific organoleptic test of the herbal extract 

The specific organoleptic test of the dried plant 

preparation entails a description of the form, odor, color, 

and taste using the five senses (Kemenkes RI, 2017). 

Non-specific parameters for testing herbal extract 

Moisture content 

A total of 200 ml of toluene and 2 ml of distilled 

water were placed in a round-bottom flask and distilled 

for 2 h. Then, the toluene was allowed to cool for 30 

min, and the volume of water was read in the receiver 

tube with an accuracy of 0.05 ml; then, 5 g of dried leaf 

powder was placed into a flask that had been carefully 

weighed and then heated carefully for 15 min. After the 

toluene boiled, the drip speed was set at two drops per 

second until most of the water was distilled, and then the 

drip speed was increased to drops per second. After all 

water was distilled off, the interior of the cooler was 

rinsed with toluene. Distillation continued for 5 minutes; 

then, the receiving tube was allowed to cool at room 

temperature. After the water and toluene were 

completely separated, the volume of water was read with 

an accuracy of 0.05 ml; the difference between the two 

volumes of water read corresponds to the water content 

contained in the material being examined. Moisture 

content is calculated in percentages (Kemenkes RI, 

2017). 

 

%moisture content = 
initial volume−final volume

dried leaves weight
 x 100% 

 

 

Total ash content 

Dried leaves weighing approximately 2-3 grams, 

were placed in a pre-weighed crucible. The crucible 

containing dried leaves was then transferred to a burner. 

The combustion process was carried out at 500-600°C 

for 4-6 hours or until the residue turned white ash or 

grayish ash. After the combustion was complete, the 

crucible was removed from the furnace using heat-

resistant tongs and immediately placed in a desiccator. 

The crucible was left in a desiccator until it cooled to 

prevent the absorption of water vapor from air. After the 

crucible had cooled, the crucible was weighed along 

with the ash (Kemenkes RI, 2017). 

 

Total ash content = 
initial weight−final weight

dried leaves weight
 x 100% 

 

Acid insoluble ash content 

The ash obtained in the determination of total ash 

content was boiled with 25 ml of dilute hydrochloric 

acid for 5 min. The part that did not dissolve in acid was 

filtered using ash-free filter paper, washed with hot 

water, and incinerated in a crucible until the weight 

remained at 600 0C. The insoluble ash content in acid 

was calculated based on the weight of the test in %w/w 

(Kemenkes RI, 2017).  

The water-soluble essence content 

Approximately 5 g of the powder, which was air-

dried, was weighed with precision. The solution was 

transferred to a stoppered flask and 100 ml of 

chloroform-saturated water was added. The contents 

were shaken repeatedly for the first 6 h and left for 18 h. 

The solution was then evaporated to dryness in a flat-

bottomed cup that had been heated and torn. The 

remaining solution was heated to 105°C, and the weight 

was recorded (Kemenkes RI, 2017). 

 

Water soluble essence content = 
extract weight

dried leaves weight
 x 

100

20
 

x100% 

 

Ethanol soluble essence content 

Five grams of air-dried powder was weighed, 

placed in a flask with a lid, 100 ml of ethanol was added, 

shaken repeatedly for the first 6 h, allowed to stand for 

18 h, and then filtered quickly to avoid evaporation of 

ethanol. Approximately 20 ml of the filtrate was 

evaporated to dryness in a heated and calibrated cup, and 

the rest was heated at 105 0C until the weight remained 

(Kemenkes RI, 2017). 
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Ethanol soluble essence content = 
extract weight

dried leaves weight
 x 

100

20
 x100% 

 

Phytochemical screening 

Alkaloid  

A total of 2 mL of the solution was evaporated in a 

porcelain cup until the residue was obtained. The residue 

was then dissolved in 5 mL of 2 N HCl. The obtained 

solution was divided into three test tubes. Two N HCl 

was added to the first tube is added with 2 N HCl, which 

served as a blank. Dragendorff reagent was added to the 

second tube as much as three drops, and Mayer reagent 

was added to the third tube as much as three drops. The 

formation of an orange precipitate in the second tube and 

a white-to-yellowish precipitate in the third tube 

indicates the presence of alkaloids (Lolok et al., 2020) 

Flavonoids  

One milliliter of the test extract solution was 

evaporated to dryness, the remainder was moistened 

with acetone P, and a small amount of boric acid fine 

powder P and oxalic acid fine powder P were added, 

carefully heated in a water bath, and excessive heating 

was avoided. The remainder obtained was mixed with 

10 mL of ether P, observed under UV light at 366 nm, 

and fluoresced intensely yellow, indicating the presence 

of flavonoids (Lolok et al., 2020). 

Tannin test  

A total of 1 mL of the test solution was reacted with 

10% iron (III) chloride solution; if a dark blue, blue-

black, or greenish-black color occurs, it indicates the 

presence of polyphenol compounds and tannins. (Lolok 

et al., 2020). 

Saponin test  

The test extract was placed in a test tube and 10 mL 

of hot water was added, cooled, and shaken vigorously 

for 10 s. A steady froth for not less than 10 minutes as 

high as 1-10 cm. The foam did not disappear with the 

addition of 2 N HCl (Lolok et al., 2020). 

Steroid/ triterpenoid test  

The extract was dissolved in chloroform (0.5 mL) 

and added to anhydrous acetic acid (0.5 mL). 

Furthermore, this mixture was dripped with 2 mL 

concentrated sulfuric acid through the tube wall. The 

formation of a bluish-green color indicated the presence 

of sterols. A brownish or violet ring on the border of the 

two solvents indicated the presence of triterpenoids 

(Lolok et al., 2020). 

Anti-hyperglycemic effect test 

An experiment was conducted to test the anti-

hyperglycemic effects of the substance in question. A 

study was conducted on the oral glucose tolerance 

method using 25 male mice aged 2-3 months and 

weighing 20-35 grams. Animals were randomly divided 

into five groups. The first group served as the negative 

control and was administered 0.5% sodium 

carboxymethyl cellulose. Na CMC is used as a 

suspending agent that can make the suspension 

homogeneous and evenly dispersed, making it easy to 

use. As a carrier, Na-CMC is neutral, inert, and does not 

have pharmacological effects. The second group served 

as the positive control and was administered with 

glibenclamide at a dose of 0.013 mg/kg BW. The 

remaining three groups were treated with test extracts, 

with each dose consisting of 200 mg/kg BW, 400 mg/kg 

BW, and 800 mg/kg BW. Prior to the commencement of 

the study, the mice were acclimated to their 

surroundings for seven days. The mice were first fed for 

16 h, and their initial blood glucose levels were 

measured (T0). The test preparation was administered 

30 min prior to administration of the glucose induction 

load to the test animals. Subsequently, each 

experimental animal was administered a glucose 

solution at a dose of 0.195 g/kg BW 30 min after 

administration of the test preparation. Subsequently, 

blood glucose levels were assessed at 30, 60, 90, 120, 

and 150 min after the administration of the glucose load. 

Blood glucose levels were monitored by collecting a 

drop of blood from the tail of each rat using a sterile 

lancet. The blood sample was then applied to a test strip 

that had been paired with an easy-to-touch strip on a 

glucometer. The resulting blood glucose level data were 

expressed in mg/dL, and the Area Under Curve (AUC) 

was calculated using the following formula: 

0-150 =  (C0 + C1) +   (C1 + C2) +  

 (Cn + Cn-1) 

t   = time (in minutes) 

C = blood glucose level (in mg/dL) 

AUC0-150 = the area under the curve from minute 0 to 

150 

 

Once the AUC0-150 value is calculated, the percentage 

reduction in blood glucose levels (% RBG) can be 

determined using the following equation: 

 

% RBG =  

 x 

100 % 

Statistical analysis 

The data were analyzed for normality using the 

Shapiro-Wilk test and for homogeneity using the Levene 
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test, with a 95% confidence level. Subsequently, an 

ANOVA one-way test was conducted using the SPSS.25 

software, followed by the Post Hoc Tukey test. 

 

RESULTS AND DISCUSSION 

The results and subsequent discussion pertain to the 

yield of Hibiscus tiliaceus leaf extract. Extraction was 

conducted using the maceration method with 70% 

ethanol as the solvent. Table 1. shows the results of the 

fresh Hibiscus tiliaceus leaf extracts. From 1.8 kg of 

fresh leaves, a thick extract with a yield of 4.68 % was 

obtained. The results of the organoleptic examination of 

the Hibiscus tiliaceus leaves are shown in Table 2. 

 From the results of the examination of non-specific 

parameters of dried leaves for five parameters, all of 

them meet the requirements that have been set by the 2nd 

edition of the Herbal Pharmacopoeia 2017, which is 

shown in Table 3 (Kemenkes, 2017). 

Phytochemical screening results 

Phytochemical screening was conducted using 

qualitative analysis and the tube test method, which 

involves color reactions and precipitation. The results of 

these tests are listed in Table 4. 

The results of phytochemical analysis showed that 

Hibiscus tiliaceus leaves contain alkaloids, flavonoids, 

tannins, and saponins (Table 4).  This is reinforced by 

the findings of other researchers (Hidayah et al., 2021). 

The anti-hyperglycemic efficacy of the Hibiscus 

tiliaceus leaf extract was evaluated. The effects of oral 

glucose administration on the blood glucose levels of 

mice are shown in Table 5. 

 

Table 1. Extract yield results 

Extraction time 

(hour) 

Fresh leaf  

(g) 

Dried leaves weight 

 (g) 

Extract weight 

 (g) 

% Yield 

72  1800 500 84.24 4.68 

Table 2. The macroscopic and organoleptic examination of the Hibiscus tiliaceus leaf  

Number Description Information  

  Whole Leaf Powder 

1 Shape cordatus  powder 

2 Color  dark green dark green 

3 Smell aromatic aromatic 

4 Taste bitter  bitter 

5 Leaf bones pincer  - 

6 Leaf tips tapered  - 

7 Leaf base grooved  - 

8 Leaf surface Thin hairy - 

9 Leaf edge crenate  - 

10 Leaf size long: 8 - 19 cm 

Wide: 7.5- 10 cm 

- 

Table 3. Results of examination of non-specific parameters of dried leaves 

Number Characteristic of dried leaves Result 

Farmakope Herbal 

Indonesia 2thEd 

(Kemenkes RI, 2017) 

Criteria 

1 Moisture content 7.32 % ≤ 10% meet the requirements 

2 Total ash content  9.98 % ≤ 10% meet the requirements 

3 Acid insoluble ash content 5.31 % ≤ 7% meet the requirements 

4 Water soluble essence content   11.50 %  ≥ 10% meet the requirements 

5 Ethanol soluble essence content   12.79 % ≥12% meet the requirements 

Table 4. Results of the phytochemical screening test of Hibiscus tiliaceus leaf 

Number Screening Reagent Observation Result 

1 Alkaloids Dragendorff Brown precipitate (+) 

  Bouchardat Brown (+) 

  Mayer no white precipitate (-) 

2 Flavonoids Zn + HCl(p) red orange (+) 

  Mg + HCl(p) yellow (+) 

3 Tannin FeCl 5% blackish green (+) 

4 Saponins Whisked with hot water + HCl(p) there is foam (+) 

5. Steroids/Triterpenoids Liebermann-Burchard green (-) 

Remarks: (+) contains the compound examined, (-) does not contain the compound examined 
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Table 5. Average results (mg/dL) and standard deviation in the oral glucose tolerance test method 

Group 
Average ± SD blood glucose level  (mg/dL) at the minute... 

0 30 60 90 120 150 

Negative control (CMC Na 

0,5% w/v) 

76.83 

± 8.61 

275.62 ± 

10.48 

255.81 

± 9.06 

233.18 ± 

11.3 

213.62 

± 6.24 

177.42 ± 

10.34 

Positive control       

(glibenclamide 0,013 mg/kg 

BW) 

81.82 

± 

15.06 

257.25 ± 

8.10 

237.63 

± 5.85 

177.84 ± 

24.57 

138,78 

± 19.11 

98,23 ± 

7.56 

Ethanol extract of H. tiliaceus 

leaf (200 mg/kg BW) 

130.62 

± 

55.99 

207.41 ± 

45.69 

180.29 

± 47.98 

171.26 ± 

36.26 

141.81 

± 46.35 

133.83 ± 

53.11 

Ethanol extract of H. tiliaceus 

leaf (400 mg/kg BW) 

103.45 

± 

24.23 

176.28 ± 

82.27 

148,07 

± 62.02 

124,45 ± 

34.39 

114.42 

± 27.13 

118.76 ± 

25.06 

Ethanol extract of H. tiliaceus 

leaf (800 mg/kg BW) 

90,01 

± 

11.84 

187,05 ± 

5.58 

149.23 

± 10.97 

114.38 ± 

16.93 

104.83 

± 11.58 

97.85 

±9.36 

 

Table 6. Average change in glucose levels (mg/dL) 

Group 

Average change in glucose levels  ± SD (mg/dL) at the 

minute... 

0 30 60 90 120 150 

Negative control (CMC Na 0,5% 

w/v) 
0 

198.79 ± 

1.87 

173.99 

± 4.50 

156.35 

± 2.69 

136.79 

± 2.37 

100.59 

± 1.73 

Positive control (glibenclamide 

0,013 mg/kg BW) 
0 

175.43± 

7.04 

155.81 

± 6.96 

96.02 ± 

9.21 

56.96 ± 

4.05 

16.41 ± 

7.50 

Ethanol extract of H. tiliaceus 

leaf (200 mg/kg BW) 
0 

76.79 ± 

10.30 

49.67 ± 

8.01 

40.64 ± 

19.73 

11.19 ± 

9.64 

3.21 ± 

2.88 

Ethanol extract of H. tiliaceus 

leaf (400 mg/kg BW) 
0 

72.83± 

58.04 

44.62 ± 

37.79 

21.00 ± 

10.16 

10.97 ± 

2.90 

15.21 ± 

0.83 

Ethanol extract of H. tiliaceus 

leaf (800 mg/kg BW) 
0 

97.04 ± 

6.26 

59.22 ± 

0.87 

24.37 ± 

5.09 

14.82 ± 

0.26 

7.84 

2.48 

 

Table 7. Decrease in blood glucose levels  

Group Average of AUC0-150 (mg. 

minute/dL) ± SD 

Percent decrease in blood 

glucose levels (%) 

Negative control (CMC Na 

0,5% WV) 
11497.65 ± 815.27 0 

Positive control      

(glibenclamide 0,013 mg/kg 

BW 

7509.95 ± 985.55* 34.68 

Ethanol extract of H. tiliaceus 

leaf (200 mg/kg BW) 
2722.50 ± 107.48* 76.63 

Ethanol extract of H. tiliaceus 

leaf (400 mg/kg BW) 
2469.47 ± 215.58* 78.52 

Ethanol extract of H. tiliaceus 

leaf (800 mg/kg BW) 
3049.31 ± 450.17* 73.48 

* = significantly different from the negative control group (CMC Na 0.5% w/v) 
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Figure 1. Average change in blood glucose levels 

 

Blood was collected from the orbital sinus of the 

eye at minute (-90) before treatment to determine the 

normal blood glucose level of rats, where minute 0 was 

the time of glucose loading. Minute (-60) is the time of 

blood collection from test animals immediately after 

being given glibenclamide or suspension of ethanol 

extract of Hibiscus tiliaceus leaves before being given 

glucose at minute 0. After the test animals were 

administered glucose, blood was collected at the 30th, 

60th, 90th, 120th, and 150th min so that the blood of each 

test animal from the orbital sinus as a whole was taken 

at the 90th, 60th, 0, 30th, 60th, 90th, 120th and 150th 

minutes. To compare the anti-hyperglycemic effect 

between the groups, the changes in blood glucose levels 

of each treatment group were calculated, and the area 

under the curve from the 0th minute to the 150th minute 

(AUC0-150) was calculated. The value AUC0-150 of each 

treatment group shows the amount of change in blood 

glucose levels for 150 min because of each treatment in 

each group. The AUC value was inversely proportional 

to the antihyperglycemic effect of the preparation. The 

smaller the AUC value, the greater the 

antihyperglycemic effect of the preparation. Data on the 

changes in blood glucose levels and AUC0-150 can are 

seen in Tables 6 and 7. From the AUC0-150 value, it can 

be said that the one that shows the most significant effect 

of reducing blood glucose levels is the treatment with 

ethanol extract of Hibiscus tiliaceus leaves at a dose of 

400 mg/kg BW (body weight), followed by treatment 

with the ethanol extract of Hibiscus tiliaceus leaves (200 

mg/kg BW), treatment with ethanol extract (800 mg/kg 

BW), and positive control (0.013 mg/kg BW). The AUC 

value provides an overall picture of the effect of a 

compound or drug on the change in the measured 

parameter over time. In antihyperglycemic studies, the 

AUC shows how much and how long the compound is 

effective in reducing blood glucose levels. The 

calculation of the AUC allows for a more accurate 

quantitative assessment than just looking at a specific 

time point, so that differences between doses or 

treatments are more clearly visible. 

The glucose levels of all test groups showed a 

significant increase (p<0.05) after a glucose induction 

dose of 0.2 g/kg BW. This indicates that the induction 

of a glucose dose of 0.2 g/kg BW successfully caused 

hyperglycemia in the test animals, which reached a peak 

at the 30th minute. All test groups of H. tiliaceus ethanol 

extract at doses of 200, 400, and 800 mg/kg BW showed 

a decrease in blood glucose levels that were significantly 

different when compared to the negative control group 

(p<0.05) from the 30th-minute observation to the 150th 

minute. This indicates that all test groups of the ethanol 

extract of waru leaves at doses of 200, 400, and 800 
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mg/kg BW exhibited anti-hyperglycemic effects (Table 

5 and Figure 1).  

The highest decrease in blood glucose levels was 

observed in the Hibiscus tiliaceus leaf ethanol extract 

group at a dose of 400 mg/kg BW, with a reduction of 

78.52%, followed by a dose of 200 mg/kg BW 

(76.63%), a dose group of 800 mg/kg BW (73.48%), and 

a positive control group (glibenclamide) of 34.68%. The 

results of Tukey's Post Hoc test conducted to further 

evaluate differences between groups showed that in the 

positive control group (glibenclamide), the Hibiscus 

tiliaceus leaf ethanol extract group at doses of 200, 400, 

and 800 mg/kg BW, there were significant differences 

compared to the negative control group (NaCMC 0.5%). 

This indicates that the ethanol extract of Hibiscus 

tiliaceus leaves administered at doses of 200, 400, and 

800 mg/kg BW can effectively reduce blood glucose 

levels in rats. Between the dose groups of 200, 400, and 

800 mg/kg BW of Hibiscus tiliaceus leaf ethanol extract, 

there was no statistically significant difference in their 

ability to lower blood glucose levels (p<0.05). In 

addition, the decrease in blood glucose levels observed 

in all test groups did not lead to hypoglycemia. 

In this study, increasing the dose of Hibiscus 

tiliaceus extract did not show a linear increase in effect, 

indicating that the decrease in blood glucose levels did 

not depend on the increase in the dose administered. In 

drugs derived from natural ingredients, there are several 

component compounds that interact with each other to 

cause a response; with increasing doses and the 

increasing number of chemical compounds contained, 

there are interactions that cause a decrease in effect. The 

results of this study show that increasing the dose did 

not increase this effect. There is a phenomenon that can 

explain the inconsistency of increasing dose to 

pharmacological response, namely, the nonmonotonic 

dose-response relationship (NMDR). There are various 

mechanisms in NMDR, including cytotoxicity, cell- and 

tissue-specific receptors and cofactors, receptor 

selectivity, receptor down-regulation and 

desensitization, inter-receptor competition, and 

endocrine negative feedback (Lagarde et al., 2015). In 

this study, it was unclear which mechanism explains the 

relationship between dose and pharmacological 

response. 

Based on the results of phytochemical screening, 

the ethanol extract of Hibiscus tiliaceus leaves contains 

alkaloids, flavonoids, saponins, and tannins. There has 

been no research to test the anti-hyperglycemic effect of 

Hibiscus tiliaceus leaf, but another study, which belongs 

to the same family as the plant, namely ethanol extract 

of hibiscus leaves (Hibiscus rosa sinensis L.), has shown 

an anti-diabetic effect on hyperglycemic mice at a dose 

of 300 mg/kg BW (Meilina et al., 2022). Previous 

research has demonstrated that Hibiscus tiliaceus 

exhibits antioxidant and cytotoxic properties. The 

Hibiscus tiliaceus leaf extract fraction has been shown 

to possess considerable antioxidant activity, largely 

because of its flavonoid content. Another study reported 

that Hibiscus tiliaceus leaf has antioxidant properties 

that can neutralize free radicals because Hibiscus 

tiliaceus leaf contains chemical compounds, including 

anthocyanins, amides, coumarins, phenols, organic 

acids and compounds from the flavonoid group 

identified in the leaves, stems, and bark of the waru plant 

using several types of solvents, namely methanol, water, 

chloroform, and ethanol. The part of the plant that has 

anti-oxidant activity is the leaves which have strong 

anti-oxidant activity (IC50 = 86.5 μg/mL) (Suarantika & 

Patricia, 2023).  

 According to Tang et al. (2017), alkaloids found in 

the seeds of Nigella glandulifera F plants can increase 

glycogen synthesis through the inhibition of Protein of 

Tyrosine Phosphatase 1 B (PTP1B) and can also 

increase the activation of insulin signaling pathways that 

contribute to anti-diabetic effects. Alkaloids can also 

stimulate the expression of insulin by activation of 

glucose transporter 4 (GLUT 4), AMP-activated protein 

kinase (AMPK) and glycogen synthase kinase-3 

(GSK3). Another study revealed that the anti-

hyperglycemic effect of alkaloids found in Rhizoma 

Copditis plants was obtained through the suppression of 

insulin resistance in the liver, muscle, and adipose 

tissue, increasing insulin levels, regulating intestinal 

hormones, and improving the composition of the 

intestinal microbiota. Berberine is the most dominant 

type of alkaloid in Rhizoma Copditis and aims to 

improve the condition of diabetic nephropathy by 

reducing fibrosis in the renal tissue through inhibition of 

epithelial to mesenchymal transition, reducing 

extracellular matrix accumulation, and extinguishing 

inflammatory reactions through inactivation of the 

nuclear factor kappa B (NF-kB) pathway and regulation 

of G proteins (Ma et al., 2019). 

Flavonoids are a group of natural polyphenolic 

secondary metabolites that have been reported to have 

various pharmacological effects, such as antidiabetic 

and anti-inflammatory effects, through various 

molecular mechanisms of action. Flavonoids can inhibit 

the activity of glycogen phosphorylase, which catalyzes 

the breakdown of glycogen into glucose in the liver and 

has been shown to modulate blood glucose levels (Jaitak 
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et al., 2019). Yang et al., in 2021, identified 30 flavonoid 

compounds from Potentilla anserina L rhizomes that 

have potential as anti-hyperglycemia agents by 

inhibiting the alpha-glucosidase enzyme. Inhibition of 

this enzyme is very important in the management of type 

2 diabetes mellitus because alpha-glucosidase catalyzes 

the hydrolysis of starch into simple sugars (Yang et al., 

2021). Another study conducted by Li et al. (2024) on 

the anti-diabetic effect of five types of flavonoids of the 

Tamarix sp. plant with the mechanism of inhibition of 

the alpha-glucosidase enzyme reported that all flavonoid 

compounds in this plant showed a higher percentage 

inhibition than acarbose (Li et al., 2024). The results of 

a study by Dhanya R et al. (2017) on the molecular 

mechanism of action of quercetin (a type of flavonoid) 

found in Citrus sp. plants on cell culture of L6 myotubes 

(skeletal muscle cells) explained that the anti-

hyperglycemic effect of quercetin occurs through the 

AMP-activated protein kinase (AMPK) pathway, with 

its downstream target being the inhibition of p38 MAPK 

(p38 mitogen-activated protein kinase). Type 2 diabetes 

is characterized by insulin resistance and chronic 

inflammation in body tissues, and p38 MAPK is 

involved in the inflammatory response that can worsen 

insulin resistance. Activation of p38 MAPK in fat and 

muscle tissue can increase the production of pro-

inflammatory cytokines, such as TNF α (Tumor 

Necrosis Factor α (TNF-α), interleukin 6 and MCP-1 

(Monocyte Chemoattractant Protein-1), which can 

interfere with insulin signaling and increase insulin 

resistance (Dhanya et al., 2017). 

Hibiscus tiliaceus leaves contain saponin 

compounds, which are secondary metabolites with a 

bitter taste. Saponins have become the focus of 

researchers because of their many pharmacological 

effects, including immunomodulatory, antioxidant, anti-

inflammatory, anti-obesity, antibacterial and anti-

diabetic effects (Jeepipalli et al., 2020; Wang et al., 

2020; He et al., 2019). Research conducted by Keller et 

al. in 2021 on obese C57BLK/6 mice who were 

administered the Saponin Rich Factor (SRF) fraction of 

the Momordica charantia L plant at a dose of 0.5 mg/g 

BW for 4 weeks reduced fasting blood glucose levels, 

improved glucose tolerance, and modulated insulin 

sensitivity (Keller et al., 2021). In 2017, Ma et al. 

reported that the administration of Momordica 

charantia  L ethanol extract (containing 43% saponins) 

at doses of 100, 200, and 400 mg/kg BW for 8 weeks in 

diabetic mice induced with streptozotocin (25 mg/kg 

BW) reduced blood glucose levels through the 

regulation of Glucose Transporter GLUT-4, Suppressor 

of Cytokine Signaling 3 (SOCS-3), c-Jun N-terminal 

kinase (JNK), interleukin 6, and Tumor Necrosis Factor 

(TNF) α. GLUT-4 is responsible for insulin-regulated 

glucose uptake by fat and muscle cells, SOCS-3 and 

JNK. JNK suppression can increase the occurrence of 

insulin resistance and glucose intolerance by inhibiting 

phosphorylation of the insulin receptor, whereas SOCS-

3 can cause insulin inactivation (Ma et al., 2019). 

Another secondary metabolite that plays a role in 

reducing blood glucose levels is tannins. Tannins are 

polyphenols with various molecular weights, and in 

recent years, research on tannins has increased because 

of their benefits in treating chronic diseases, including 

diabetes mellitus (Ajebli et al., 2019). Research 

conducted by Sanvee et al. in 2020 reported that the 

administration of tannin fraction extract from Bridelia 

ferruginea (Benth) plants at 200 mg/kg BW for 28 days 

in fructose-induced mice can significantly reduce blood 

glucose levels (Sanvee et al., 2020). Tannins can inhibit 

the activity of alpha-glucosidase by changing the 

conformation and hydrophobicity of the enzyme. 

Tannins also have a strong inhibitory effect on glycation 

products such as fructosamine and dicarbonyl 

compounds, so tannins have the potential to be used as 

anti-diabetic drugs (Huang et al., 2019). 

 

CONCLUSION 

Hibiscus tilaceus leaves contain secondary 

metabolites including alkaloids, flavonoids, saponins, 

and tannins. The ethanol extract of waru leaves, 

administered at doses of 200, 400, and 800 mg/kg BW, 

has been observed to exert an anti-hyperglycemic effect 

in male white mice. Of the doses tested, 400 mg/kg BW 

demonstrated the most pronounced reduction in blood 

glucose levels. 
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Abstract 

Background: Inflammation is the reaction of the immune system to tissue damage resulting from physical injury, 

harmful chemicals, or microbial agents. Steroid and non-steroid drugs are commonly used to treat inflammation, 

but long-term use can result in side effects, such as hormonal disorders and gastric ulcers. Buas-buas leaves and 

sappan wood has potential as traditional medicines, and based on empirical evidence, they utilize both plants as 

anti-inflammatory, antibacterial, antioxidant, antiallergic, and antiarthritic agents, as well as for the treatment of 

cardiovascular disorders, cough, and leprosy. Objective: This study aimed to evaluate the effect of combining 96% 

ethanol extracts from buas-buas leaves and sappan wood to deliver topical anti-inflammatory benefits. Methods: 

This research was experimental, using thirty male rats divided into six treatment groups: a negative control group 

with 2% carrageenan, Biocream® control group, a positive control group with Hydrocortisone Acetate, and three 

treatment groups receiving a combination of ethanol extracts from buas-buas leaves and sappan wood at 

concentrations of 1.67%, 2.5%, and 3.75%. The test compounds were administered after carrageenan injection. 

Measurement of skinfold thickness on the backs of the rats was conducted every hour for 6 h using digital calipers, 

and the difference in skinfold thickness of each rat, AUC value, and percentage of inflammation inhibition was 

calculated. Data analysis involved the Kolmogorov-Smirnov test and Levene's test to assess normality and 

homogeneity, respectively, and was subsequently followed by One-way ANOVA and a post-hoc test. Conclusion: 

The combination of ethanol extracts of Buas-Buas leaves and sappan wood can provide a topical anti-

inflammatory effect, with the most effective concentration being 3.75% and an inflammation inhibition 

percentage of 32.77%. 
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INTRODUCTION 

Inflammation is the response of the immune system 

to tissue injury caused by physical trauma, harmful 

chemical substances, or microbiological agents 

(Marbun, 2015). The inflammatory response is 

characterized by calor (heat), dolor (pain), rubor 

(redness), and tumor (swelling) (Anggraini, 2018). 

Inflammation begins with the presence of a stimulus that 

causes cell damage, leading to the release of several 

phospholipids, including arachidonic acid. After 

arachidonic acid is released, it is activated by several 

enzymes, including cyclooxygenase and lipoxygenase 

(Fitriyanyi, 2020). To treat inflammation, drugs from 

steroidal and non-steroidal anti-inflammatory groups 

are usually used, but long-term use can result in side 

effects such as hormonal disturbances and gastric ulcers 

(Setia, A. I. D., 2016). 

Traditional plants are safer than synthetic chemicals 

(Parawansah, 2017). (Parawansah, 2017). Traditional 

treatments with plants have long been used by the 

Indonesian community for the treatment of various 

diseases. Additionally, owing to their abundant 

ingredients, plants are also claimed to have minimal side 

effects (Fitriyanyi, 2020). Buas-buas (Premna 

serratifolia L.) and sappan (Caesalpinia sappan L.) are 

planted with the potential to be used in traditional 

medicine. Empirically, the community uses buas-buas 

and sappan plants as anti-inflammatory, antimicrobial, 

antioxidant, antiallergic, and antiarthritic agents, as well 

as to treat heart disorders, cough, and leprosy (Agusti., 

2022; Meilina., 2019, Nomer, N. M. G. R., 2019). The 

main secondary metabolites found in buas-buas and 

sappan plants include flavonoids and brazilin, which are 

known to have anti-inflammatory effects (Puspita, W., 

2020; Nifinluri, C. M. B., 2019). 

Research has explored the potential of Buas-Buas 

plants as anti-inflammatory agents, including studying 

the impact of ethanol extract fromBuas-Buass leaves 

(Premna serratifolia L.) on paw edema in white rats 

(Rattus norvegicus). This investigation utilized ethanol 

extract concentrations of 100 mg, 200 mg, and 300 mg. 

The results indicated that the ethanol extract of buas-

buas leaves effectively alleviated inflammation 

symptoms, with higher extract concentrations showing 

greater efficacy in reducing inflammation in rat paws 

(Marbun, E. M. A., 2015). Another study on the topical 

ethanol extract of sappan wood (Caesalpinia sappan L.) 

showed its effectiveness on collagen density during the 

wound healing process of white rats (Rattus novergicus) 

at sample concentrations of 6.5, 15, and 30%. The 

results showed that a 6.5% sample concentration had a 

good and effective effect on the wound-healing process 

and increased collagen density. Meanwhile, the 15% and 

30% samples also had positive effects, but not as much 

as the 6.5% sample. This is because oxygenation and 

moisture content are important factors that influence the 

wound-healing process. The 6.5% sample concentration 

is known to have a higher moisture content than the 15% 

and 30% sample concentrations (Sucita et al. 2019). 

 

MATERIALS AND METHODS 

Materials 

Buas-buas Leaves, Sappan Wood, 96% Ethanol, 

Carrageenan, 2.5% Hydrocortisone Acetate, 

Biocream®, 0.95% NaCl Physiological Solution, veet 

cream. 

The study utilized 33 Wistar male white rats (Rattus 

norvegicus), aged 2-3 months and weighing–100-200 

grams, sourced from rat breeders in the Pontianak 

region. This research was approved by the Ethics 

Review Division of the Faculty of Medicine at 

Tanjungpura University (No. 2322/UN22.9/PG/2023)3. 

Instrument 

This study used Rotary Evaporator (Buchi), 

Maceration Vessel, Oven (Reveriberi), Vacuum Pump, 

dried plants material Crusher, Blender, Analytical 

Balance (Ohauss), Animal Scale (Ohauss), Digital 

Caliper (Mitutoyo digital sigma), Mortar and Pestle, 

Scissors, Surgical Tools, 3 ml Injection Syringe, 

Glassware (Pyrex Iwaki). 

Method 

Determination of buas-buas leaves and sappan wood 

Plant determination was carried out at the Biology 

Laboratory, Department of Biology, Faculty of 

Mathematics and Natural Sciences (FMIPA), 

Tanjungpura University, Pontianak, and it was 

confirmed that the plant species used were correctly 

identified as buas-buas (Premna serratifolia L and 

sappan wood (Caesalpinia sappan L.) (Isnindar et al., 

2016).  

Extraction of buas-buas leaves and sappan wood 

The dried plant material buas-buas leaves (203.3 g), 

and sappan wood (413 g) were extracted separately. 

Each material was macerated in 96% ethanol using 

separate maceration vessels for 3 × 24 h, protected from 

sunlight, and stirred occasionally. After standing for 24 

h, the macerate was filtered using a vacuum pump and 

the residue was replaced with fresh solvent three times. 

The resulting filtrate was concentrated using a rotary 

evaporator and an oven to produce a concentrated 

extract (Nomer, 2019). The extract yield was calculated 

using the following formula (Wijay, 2018): 
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%Yield

=
Total weight of the extract obtained (gram)

Total weight of dried plant material before extraction (gram)
 

× 100% 

Determination of cream concentrations of the 

combination of ethanol extract of buas-buas leaves 

and sappan wood 

The positive control used was 2.5% hydrocortisone 

acetate as the basis for determining the concentration of 

the combination of ethanol extracts of buas-buas leaves 

and sappan wood. This middle concentration was 

increased to obtain the third concentration and decreased 

to obtain the first concentration, thus obtaining three 

concentration series: 1.67, 2.5, and 3.75%. 

Preparation of cream from the combination of 

ethanol extract of buas-buas leaves and sappan wood 

A cream formulation combining the ethanol 

extracts of buas-buas leaves and sappan wood at 

concentrations of 1.67%, 2.5%, and 3.75% in a 1:1 ratio 

was prepared by weighing each ethanolic extract of 

buas-buas leaves and sappan wood at 0.0835 g, 0.125 g, 

and 0.1875 g, respectively. They were then mixed with 

5 g of Biocream® base using a mortar and pestle to 

obtain a homogeneous mixture. The formulation details 

for the cream combining the ethanol extracts of the buas-

buas leaves and sappan wood are presented in Table 1. 

 

Table 1. The formulation of the cream combining ethanolic extracts of buas-buas leaves and sappan wood 

No Ingredient Name 
Formula 

F1 F2 F3 
 

1 Ethanol Extract of buas-buas Leaves 0.0835 g 0.1250 g 0.1875 g 

2 Ethanol Extract of Sappan Wood 0.0835 g 0.1250 g 0.1875 g 

3 Biocream® (Base) 5.0000g 5.0000 g 5.0000 g 

Preparation of carrageenan suspension 

Carrageenan was prepared with three concentration 

series: 1, 2, and 3% by dissolving 0.2, 0.5, and 0.75 g of 

carrageenan in a 0.9% physiological 

solution up to 20 ml. 

Preliminary test 

Three experimental animals were used and divided 

into three treatment groups based on the concentrations 

of the carrageenan prepared, namely administration of 

1, 2, and 3% with each administration volume of 0.2 ml 

subcutaneously. Measurements were taken for 6 h, and 

every 1 hour, the thickness of the back skin fold was 

gauged with a digital caliper. The concentration series 

of carrageenan that resulted in an increase in the 

thickness of the rat back skin fold by 2-3 times from the 

initial fold thickness was selected as the subsequent 

inducer. 

Preparation of experimental animals 

The study employed male Wistar strain rats, aged 

2–3 months and weighing 100-200 grams, all in good 

health and acclimated to the laboratory environment for 

one week. Then, the hair on the rat's back was shaved to 

a size of 3 × 3 cm2 using scissors, and vein cream was 

applied to remove the remaining hair and left for 1 × 24 

h to prevent post-shaving inflammation. Each part of the 

rat tail was numbered to facilitate the administration of 

treatment. 

Grouping of experimental animals 

A total of 30 rats were divided into six treatment 

groups, with each group consisting of 5 rats. These 

groups were as follows: Group I, negative control 

carrageenan; Group II, Biocream® control; Group III, 

positive control 2.5% Hydrocortisone Acetate; Groups 

IV, V, and VI, cream with a combination of ethanol 

extracts of buas-buas leaves and sappan wood at 

concentrations of 1.67%, 2.5%, and 3.75%, 

respectively. Subsequently, they were subcutaneously 

induced with 2% carrageenan subcutaneously at 0.2 ml 

in each treatment group. 

The cream was tested using a combination of ethanol 

extracts of buas-buas leaves and sappan wood. 

Normal skin on the back of the rat was gauged with 

a digital caliper before the administration of 2% 

carrageenan. Edema was observed after administration 

of 2% carrageenan. The increase in edema was observed 

and measured with a digital caliper 1 h after injection for 

6 h every hour. In Groups II, III, IV, V, and VI, after 

induction with carrageenan, the backs of the test animals 

that developed edema were treated with Biocream®, 

2.5% hydrocortisone acetate, and cream prepared using 

a combination of ethanol extracts of buas-buas leaves 

and sappan wood at concentrations of 1.67, 2.5, and 

3.75%. The inhibition and reduction of edema were 

observed using a digital caliper every 1 h  for 6  h. 

Data analysis 

Measurement of edema thickness in dorsal rat skin 

The analysis was conducted by measuring the 

thickness of the dorsal skin edema in rats using a digital 

caliper. 
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Calculation of AUC (Area Under the Curve) of the 

difference in thickness of dorsal rat skin fold  

The difference in edema thickness was measured 

every hour, and the total AUC value for each treatment 

was calculated using the following formula : 

AUC0−6 = ∑[
(yn−1yn)(xn − xn − 1)

2

6

0

] 

Where : 

AUC0-6  = area under the curve from hour 0 to hour 6 

(mm.hours) 

yn-1 = skin fold thickness at hour (n-1) (mm) 

yn = skin fold thickness at hour n (mm) 

xn-1 = hour (n-1) (hours) 

Calculation of percentage (%) suppression of 

inflammation 

The percentage of inflammatory suppression was 

determined using the following formula: 

Inflammation inhibition (%)

=  
(𝐴𝑈𝐶0−𝑥)0 (𝐴𝑈𝐶0−𝑛)𝑛

(𝐴𝑈𝐶0−×)0
× 100% 

Where : 

(AUC0-x)0 = Mean total AUC of the negative control 

group (mm.hr) 

(AUC0-n)n = AUC value of each rat in the group treated 

with the test compound at a concentration of n (mm.hr) 

Analysis of results 

Observational data were collected and presented in 

the form of tables, graphs, and statistical analyses using 

ANOVA (Analysis of Variance). AUC data for edema 

volume over time were subjected to the Shapiro-Wilk 

test to check for normal distribution, followed by a 

homogeneity test to assess the homogeneity of 

variances. Since the data were normally distributed and 

homogenous, further analysis was conducted using One-

way ANOVA at a 95% confidence level. Post-hoc tests, 

including Scheffé and Duncan, were then performed to 

determine if the observed differences were statistically 

significant. Data analysis was conducted using the 

Statistical Product and Service Solutions (SPSS) 

version 25 . 

 

RESULTS AND DISCUSSION 

Microscopic and morphological data of sappan 

wood indicated that the sample used was sappan wood. 

The extraction process employed was maceration, 

which involved soaking the powdered herbal materials 

in a solvent. The maceration method was used because 

of the practicality and simplicity of the tools used. This 

results in a long processing time. Soaking the herbal 

materials allows the solvent to penetrate the cell walls 

and enter the cell cavities containing active substances, 

thereby dissolving the active substances. The difference 

in the concentration between the active substance 

solution inside and outside the cell causes the most 

concentrated solution to be pushed out. This event 

recurs, leading to an equilibrium in the concentration 

between the solution outside the cell and inside the cell 

(Indrato et al., 2019). Buas-buas leaves, and sappan 

wood were extracted separately using 96% ethanol. 

Extraction was performed for 3 × 24 h with occasional 

stirring using a spatula to ensure that the solvent solution 

could draw more compounds contained in the plants, 

and re-maceration was performed with the same solvent 

every 24 h. The filtrate obtained from the maceration 

and subsequent re-maceration processes was evaporated 

using a rotary evaporator at 50°C. The evaporation 

process was stopped when all the solvents evaporated, 

as indicated by the absence of solvent vapor droplets. 

The evaporated product was then heated in an oven at 

50°C until a thick extract was formed. The yield 

obtained was then calculated and is presented in Table 

2. 

The purpose of determining the yield is to quantify 

the quantity of secondary metabolites dissolved in the 

solvent without specifying the particular types of 

compounds (Kumalasari, K, 2023). Yields correlate 

with the active compounds present in the extract; thus, 

an increase in yield corresponds to a higher 

concentration of active compounds in the extract. The 

presence of active compounds in a sample is indicated 

by a high yield (Safitri, S., 2022). 

Organoleptic observations included the aroma, 

appearance, and color of the tested extracts through 

sensory perception. The purpose of organoleptic 

observation is initial objective recognition (Rinduana, 

2021). The results of the organoleptic observation of the 

ethanol extract of buas-buas leaves showed a thick 

appearance, distinct aromatic, and dark green colour, 

while that of the ethanol extract of sappan tree showed a 

thick appearance, distinct aromatic, and reddish colour. 

The organoleptic results are shown in Table 3. Images 

of the ethanol extracts of buas-buas leaves and sappan 

wood are shown in Figure 1. 
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Table 2. Yield of Buas-buas Leaves and Sappan Wood Extracts 

 Dried Plants 

Material (gram) 

Extract (gram) Total yield (%) 

Buas-buas Leaves 

Sappan Wood 

203.3 gram 

413 gram 

44 gram 

26.1 gram 

21.64 % 

6.319% 

 

Table 3. The organoleptic results of the ethanol extracts of buas-buas leaves and sappan wood  

Organoleptic 

Characteristics 

Buas-buas Lead Ethanol 

Extract 

Sappan Wood Ethanol 

Extract 

Appearance 

Colour 

Aroma 

Thick 

Dark Brown 

Distinct Aroma 

Thick 

Reddish 

Distinct Aroma 

 

 
Figure 1. Ethanol extracts of buas-buas leaves and sappan wood 

 

 

Figure 2. Measurement of edema every 1 hour up to 6 hours from various subcutaneous carrageenan concentrations 

 

Preliminary tests showed the optimal concentration 

of carrageenan for use as an inducer. To observe the 

difference in the thickness of the rat's back skinfold, the 

fold thickness was two to three times greater than the 

initial or normal thickness, and this increase was 

maintained until the 6 h (Santoso, Y. I. K., 2014). 

Preliminary tests used 1, 2, and 3% carrageenan. 

Carrageenan administration to the test animals resulted 

in edema of the rat's back skin for 6 h, as 

shown in Figure 2. 

As shown in Figure 2, each subcutaneously injected 

carrageenan concentration caused an increase in edema 

of up to 2-3 times the initial skinfold thickness until the 

4th hour. However, at concentrations of 1% and 3%, 

skinfold thickness was maintained until the 4th hour, 

with a decrease observed at the 5th and 6th hours, 

indicating that concentrations of 1% and 3% could not 

maintain the increase in skinfold thickness of the rat 

back until the 6th hour. A concentration of 2% 

carrageenan led to an increase in edemaof  up to 3-4 

times the initial skinfold thickness. Therefore, the 2% 

carrageenan concentration was used in this study 

because it showed an increase in the skinfold thickness 

of the rat back by 3-4 times from the initial skinfold 

thickness, and it was able to maintain its thickness 

until the 5th hour. 
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Figure 3. Measurement of edema formed 

 

Following the selection of carrageenan 

concentration, the topical anti-inflammatory effect of 

the combination of ethanol extracts from buas-buas 

leaves and sappan wood on edema on the rat's back was 

evaluated. The concentrated extracts from the buas-buas 

leaves and sappan wood were mixed into a cream 

preparation for ease of application to the rat back. The 

anti-inflammatory efficacy of this combination was 

observed in terms of the reduction in skinfold thickness 

on the backs of rats after topical application of the cream 

at concentrations of 1.67, 2.5, and 3.75%. 

In this study, the rats were divided into six groups. 

Group I was the negative control (NC), with 2% 

carrageenan as the edema-inducing agent. Group II 

represented the Biocream® group (BC), which served as 

the base for formulating the cream containing ethanol 

extracts from buas-buas leaves and sappan wood. Group 

III was positive control (PC), receiving 2.5% 

Hydrocortisone Acetate. Groups IV, V, and VI received 

a combination of the ethanol extracts from buas-buas 

leaves and sappan wood at concentrations of 1.67, 2.5, 

and 3.75%, respectively. Each of these concentrations, 

with doses of 0.835, 1.25, and 1 g of Biocream® base, 

was then administered to rats' back skin, which white 

rats previously injected with 2% carrageenan. Following 

the application of the combination of ethanol extracts 

from buas-buas leaves and sappan wood at different 

concentrations, comparisons were made with the control 

groups in Category I (NC), II (BC), and III (PC). 

The measurement of the thickness of the white rat's 

back skin fold was conducted every hour for 6 h, starting 

from hour 0, as the measurement of normal skin from 

the white rat's back before being injected with 

carrageenan. The data in the form of a graph of the 

average difference in the thickness of the white rat back 

skinfold induced with 2% carrageenan are shown 

in Figure 4. 

 

 

Figure 4. Graph of the average difference in the thickness of the white rat back skin fold from the measurement time of 

1 h to 6 h. 

Where : 

NC  : Negative Control (2% Carrageenan) 

BC  : Biocream® Control 

PC  : Positive Control (2.5% Hydrocortisone Acetate) 

EBBSW 1.67% : 1.67% Ethanol Extract of Buas-buas Leaves and Sappan Wood  

EBBSW 2.5% : 2.5% Ethanol Extract of Buas-buas Leaves and Sappan Wood  

EBBSW 3.75% : 3.75% Ethanol Extract of Buas-buas Leaves and Sappan Wood   
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Figure 4 illustrates that following the subcutaneous 

injection of 2% carrageenan, the rats in all treatment 

groups exhibited an increase in back skin-fold thickness. 

Carrageenan-induced edema formation occurs in three 

phases. The initial phase included the release of 

histamine and serotonin, lasting up to 90 min. The 

second phase involves the release of bradykinin, which 

occurs between 1.5 and 2.5 hours following induction. 

In the third phase, prostaglandin release occurs 3 h post-

induction, followed by rapid edema development, 

reaching its maximum volume at approximately 6 h 

post-induction. 

The curve demonstrates that both the negative 

control and Biocream® groups experienced significant 

edema formation, with a threefold increase in skinfold 

thickness compared with the initial thickness. 

Conversely, the positive control group, which received 

2.5% hydrocortisone acetate, and the three 

concentrations of the combination of the ethanol extracts 

from buas-buas foliage and sappan tree exhibited an 

opposite trend compared to the Biocream® and negative 

control groups, showing a decrease in back skin-fold 

thickness in rats. 

In this study, 2.5% hydrocortisone acetate was 

selected as a positive control because of its 

corticosteroid properties. Corticosteroids function by 

inhibiting phospholipase A2 activity, thus preventing 

the formation of arachidonic acid, which triggers 

inflammation. Consequently, the positive control group 

displayed a decrease in the difference in skin fold 

thickness approaching normal skin over the 6 hours. 

After 6 h of measurement, the skin fold thickness of 

the back in the Biocream® group did not return to its 

initial thickness. Biocream® was utilized as the base for 

preparing the combination cream to investigate its 

influence on the anti-inflammatory effect. This was 

evident from the Biocream® control curve, 

demonstrating an increase in skinfold thickness similar 

to that of the negative control. In the treatment group 

that received the combination cream, the 1.67% 

concentration exhibited the greatest edema thickness 

compared to the 2.5% and 3.75% concentrations. The 

3.75% concentration group tended to display smaller 

edema than the 1.67% and 2.5% concentrations. 

Data analysis was continued by calculating the total 

average AUC for each treatment group compared with 

the control. The total average AUC is the area under the 

curve representing the average difference in back 

skinfold thickness in rats showing edema from hour 0 to 

hour 6. 

The effectiveness of the topical anti-inflammatory 

treatment using the combination of the ethanol extracts 

from buas-buas leaves and sappan wood is evident from 

the significant decrease in skinfold thickness compared 

to both the negative control and Biocream® control 

groups. This reduction can be seen in the decline in total 

average AUC values. Conversely, larger total average 

AUC values corresponded to smaller reductions in the 

skin-like fold thickness difference. The total average 

AUC values for each treatment group are presented 

in Table 4 below. 

 

Table 4. Total Average AUC Values for Each Treatment Group 

Group Total average AUC ± SD (mm.hour) 

NC 

BC 

PC 

EBBSW 1.67% 

                      EBBSW 2.5% 

EBBSW 3.75% 

4.531 ± 0.184 

4.544 ± 0.183 

2.059 ± 0.25 

4.149 ± 0.314 

3.917 ± 0.254 

3.046 ± 0.153 

Where : 

NC  : Negative Control (2% Carrageenan) 

BC  : Biocream® Control 

PC  : Positive Control (2.5% Hydrocortisone Acetate) 

EBBSW 1.67% : 1.67% Ethanol Extract of Buas-buas Leaves and Sappan Wood  

EBBSW 2.5% : 2.5% Ethanol Extract of Buas-buas Leaves and Sappan Wood 

EBBSW 3.75% : 3.75% Ethanol Extract of Buas-buas Leaves and Sappan Wood 

SD  : Standard Deviation 

AUC  : Area Under the Curve (mm.hours) 
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Table 5. %Inflamantion Inhibition of each Group 

Group %Inflammantion Inhibition±𝐒𝐃 

NC -±0.185 

BC -0.2869±0.184 

PC 8.43±0.257 

EBBSW 1.67% 13.55±0.315 

                EBBSW 2.5% 13.55±0.255 

EBBSW 3.75% 32.77±0.153 

Where : 

NC  : Negative Control (2% Carrageenan) 

BC  : Biocream® Control 

PC  : Positive Control (2.5% Hydrocortisone Acetate) 

EBBSW 1.67% : 1.67% Ethanol Extract of Buas-buas Leaves and Sappan Wood  

EBBSW 2.5% : 2.5% Ethanol Extract of Buas-buas Leaves and Sappan Wood 

EBBSW 3.75% : 3.75% Ethanol Extract of Buas-buas Leaves and Sappan Wood 

 

The negative control and Biocream® groups 

exhibited notably higher mean values than the other 

groups, indicating the inflammatory process induced by 

the subcutaneous injection of 2% carrageenan. 

Additionally, Biocream®, as the base for making the 

combination cream of the ethanol extracts from buas-

buas leaves and sappan wood, did not demonstrate the 

ability to inhibit inflammation or reduce carrageenan-

induced edema. Conversely, the treatment groups 

receiving the combinations of the ethanol extracts from 

buas-buas leaves and sappan wood at concentrations of 

1.67, 2.5, and 3.75% displayed lower mean total AUC 

values compared to the carrageenan control and 

Biocream® control groups. This suggests that each 

treatment effectively reduced the edema on the rat's back 

skin induced by the injection of 2% carrageenan. The 

obtained AUC data were used to calculate the 

percentage of inflammation suppression for each 

treatment group. 

The mean AUC data were analyzed using Statistical 

Product and Service (SPSS) 25 at a confidence level of 

95%. Before conducting this analysis, the Kolmogorov-

Smirnov and Levene's tests were performed to ensure 

the normality and homogeneity of the data, which are 

prerequisites for conducting the one-way ANOVA test. 

The results indicated that the data were normally 

distributed (p > 0.05) and homogeneous (p > 0.05), 

meeting the requirements for conducting a one-way 

ANOVA test. 

The One-way ANOVA yielded a significant p-

value of 0.000 (p<0.05), indicating significant 

differences between the test groups. Subsequently, post-

hoc Duncan and Scheffé tests were conducted to identify 

the group with the best anti-inflammatory effect and to 

determine the statistical significance of the observed 

differences. According to the post-hoc Duncan test, the 

positive control group demonstrated the most effective 

anti-inflammatory efficacy. The treatment group with a 

concentration of 3.75% showed a significantly different 

anti-inflammatory effect compared to the positive 

control. Meanwhile, the concentrations of 2.5% and 

1.67% exhibited statistically similar anti-inflammatory 

effects. Conversely, the negative control and 

Biocream® control groups demonstrated progressively 

smaller anti-inflammatory effects. 

The results of the Scheffe post-hoc test indicated a 

significant difference between the negative and positive 

control groups (p<0.05). This suggests that the negative 

control group lacked wound-healing effects, validating 

the methodology employed. In the 1.67% and 2.5% 

groups, there was no significant difference compared to 

the negative control group (p>0.05), indicating that 

these concentrations did not exhibit a robust anti-

inflammatory effect. However, the group with a 

concentration of 3.75% displayed a significant 

difference compared with the negative control group 

(p<0.05) and the positive control group (p<0.05). This 

suggests that the 3.75% concentration group had a 

notably different anti-inflammatory effect from the 

negative and positive control groups, indicating the most 

effective anti-inflammatory compared to the 

concentrations of 2.5% and 1.67%. 

The compounds present in the ethanol extracts of 

Buas-Buas leaves and sappan wood include flavonoids, 

phenolics, saponins, tannins, terpenoids, and brazilin. 

Flavonoids and brazilin are responsible for these anti-

inflammatory effects. The combination of buas-buas 

leaves and sappan wood exhibits synergistic effects 

because the compounds in both plants interact and 

collaborate to enhance the anti-inflammatory effects, 

thus reducing the thickness of the ras back skin folds. 

This research aligns with a study conducted by 

Marbun, E. M. A. & Restuati, M (2015), which explored 

the potential of buas-buas plants as anti-inflammatory 
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agents in edema of white rat legs. They concluded that 

ethanol extracts of buas-buas leaves could effectively 

reduce inflammation symptoms, with higher treatment 

concentrations providing better and more effective 

results in reducing inflammation symptoms. 

Additionally, Choi and Hwang (2019) stated in their 

research that brazilin can improve the skin barrier 

through its anti-inflammatory activity and has the 

potential to treat psoriasis. 

In this study, the combination of ethanol extracts 

from buas-buas leaves and sappan wood demonstrated 

topical anti-inflammatory effects, as evidenced by the 

reduction in the thickness of rat back skin folds induced 

by 2% carrageenan. This indicates that Buas-Buas 

leaves and sappan wood can be utilized as topical anti-

inflammatory treatments. Other studies on the 

antioxidant and anti-inflammatory activities of sappan 

flowers have also shown significant anti-inflammatory 

activity at the highest concentration in terms of HbRc 

stability. The methanolic extract of Buas-Buas leaves 

has been found to exhibit inhibitory activity against rat 

paw edema, with the highest concentration showing the 

most significant effect. Anti-inflammatory activity is 

also demonstrated by compounds isolated from sappan 

wood, particularly brazilin, which has inhibitory effects 

on the production of inflammatory mediators such as 

NO, PGE2, and TNF-α, as well as transcription factors 

produced by RAW 264.7 cells. Another study also 

reported that ethanol extracts of sappan wood exhibited 

anti-inflammatory activity in macrophages and 

osteoarthritic chondrocytes. 

However, the limitation of this study lies in the fact 

that the effect produced by the combination of ethanol 

extracts from buas-buas leaves and sappan wood in 

cream form still did not compare with the effect of the 

positive control in terms of the duration of reduction in 

thickness of rat back skin folds. This may be attributed 

to the samples used as crude extracts, the active 

compounds of which are unknown, compared to the 

positive control, which comprises a single active 

compound. Nonetheless, both are equally effective at 

exerting anti-inflammatory effects. Further research is 

warranted to explore the purification of 

the active extract. 

 

CONCLUSION 

Based on the findings of this study, it is evident that 

the combination of the ethanol extracts from buas-buas 

leaves and sappan wood exhibits topical anti-

inflammatory properties, with a concentration of 3.75% 

proving to be the most effective, resulting in a 32.77% 

inhibition of inflammation. Further investigation is 

warranted to enhance the purification of 

the active extract. 
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Abstract 

Background: Chitosan is a natural polymer that is widely used in pharmaceutical applications owing to its 

biodegradability and biocompatibility. High molecular weight chitosan, which is commonly found in the market 

(Sigma Aldrich), is acid soluble and thus limits its application for ocular purposes. Objective: This study aimed 

to improve the characteristics of high-MW chitosan ocular films by utilizing a water-soluble, low-MW chitosan 

modifier for the delivery of ofloxacin post-surgery. Methods: Various film formulas were prepared using high-

MW chitosan as the main polymer matrix, glycerin and polyethylene glycol 400 as plasticizers, and low-MW 

chitosan as film modifiers. Glycerine was the best plasticizer that produced a good film appearance when added 

at an appropriate ratio, 8.33 times the weight of the high MW chitosan (TGc) and 6.25 times the weight of low- 

and high-MW chitosan blends at (1:1) ratio (MGb). The films were further developed as TGcs and MGbs were 

cross-linked using sodium tripolyphosphate to control the release of ofloxacin and improve its mechanical 

characteristics. Water absorption capability, mechanical characteristics, in vitro drug release, and antimicrobial 

activity were evaluated to determine the film formula. Results: The MGb formula showed the highest water 

absorption (approximately 230 %), while the lowest was shown by the TGcs formula (approximately 145 %). In 

contrast, the TGcs formula had the highest film elasticity (141.33±8.81%), and the MGb formula had the lowest 

(42.55±6.11%). Surprisingly, the best controlled release of ofloxacin for up to 24 h was produced by the MGbs 

film, which also showed the highest antimicrobial activity. MGbs also showed moderate film characteristics, 

which are suitable for ocular applications. Conclusion: The research concluded that The addition of water-

soluble low-MW chitosan and a cross-linker agent can improve the controlled release and characteristics of 

chitosan-based ocular films. 
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INTRODUCTION 

Antibiotics have become commonplace in the 

prevention of postoperative infections. 

Fluoroquinolones, in particular, are widely used 

because of their effectiveness against various 

pathogenic bacteria responsible for intraocular 

postoperative infections, such as cataracts, glaucoma, 

and corneal surgeries (Jenna et al., 2005). Additionally, 

in certain surgeries, implant films are commonly used 

to assist in the regeneration of ocular tissues. For 

instance, in glaucoma and extraocular muscle 

surgeries, gelatin films are implanted in the eye (Pfizer, 

2014). The choice of polymers for such purposes 

generally revolves around those that exhibit 

hydrophilic and water-swelling properties, as they 

typically have low irritation potential. Commonly used 

polymers in the market include gelatine-A or CMC-Na, 

chosen for their transparent appearance, which 

facilitates postoperative monitoring processes 

(Roreger, 1995). Moreover, ocular films must possess 

characteristics, such as high elasticity, sufficient 

mechanical strength, and easy biodegradation. 

Although chitosan is widely used in drug delivery 

owing to its excellent biocompatibility and 

biodegradability, its characteristics can pose challenges 

in drug delivery applications. Commercially available 

chitosan is often of high molecular weight and soluble 

in acid, presenting difficulties when used for visual 

drug delivery. It is also soluble in acid and presents 

difficulties when used for drug delivery through the 

eye, leading to irritation and discomfort. Low-

molecular-weight chitosan exhibits distinct 

characteristics compared to its high-molecular-weight 

counterpart, with higher water solubility, thereby 

overcoming potential irritations and other weaknesses. 

This study focused on the development of a film 

formula containing low-molecular-weight chitosan, 

which is more soluble under neutral conditions. 

Preliminary studies are necessary to determine whether 

low molecular weight chitosan can exhibit the desired 

characteristics for ocular film development, which 

should possess adequate elasticity without being overly 

resistant to destruction or degradation. Therefore, the 

development of a film formula containing low 

molecular weight chitosan is crucial, followed by 

monitoring the characterization of the resulting films. 

However, it is essential to anticipate how the drug 

release characteristics are influenced. Hence, the use of 

low-molecular-weight chitosan must be complemented 

by a cross-linking agent to restrain and regulate drug 

release. 

MATERIALS AND METHODS 

Materials 

The materials used were long-chain chitosan/high-

molecular-weight chitosan (Surindo), short-chain 

chitosan prepared in the laboratory, ofloxacin (Sanbe 

Farma), technical glycerin (Brataco), and sodium 

tripolyphosphate (Sigma Aldrich). 

Tools 

Ubbelohde viscometer, mechanical tester 

(Textechno Favigraph), IR spectrophotometer, and 

UV-Vis spectrophotometer (Beckman) were employed. 

Method 

Preparation of low molecular weight chitosan 

       High-molecular-weight chitosan was 

processed chemically to obtain low-molecular-weight 

chitosan using H2O2. 

Characterization of chitosan  

Determination of molecular weight  

A series of chitosan concentrations (5 

concentrations) were prepared using a solvent system 

of 0.1 M CH3COOH - 0.2 M NaCl (1:1). 

Approximately 10 mL of this solution was placed in a 

viscometer. The falling time of the solvent and each 

concentration of the solution were determined, with 

measurements taken three times. The approximate 

molecular weight was calculated using the Mark-

Houwink equation.  

Infrared spectrum  

A pellet of KBr was prepared using chitosan 

powder, followed by homogenization. After 

homogenization, it was placed in the holes of a disc 

plate as a mold, closed, and compressed using a mini-

hydraulic press. It was ensured that the KBr-chitosan 

film layer was transparent before being placed on the 

disc holder. The position was optimized to properly 

obtain the infrared light. A computer was used to 

perform the experiments.  

Preparation of chitosan stock solution  

Two grams of high-molecular-weight chitosan was 

dissolved in 100 mL of 1% acetic acid. Low-

molecular-weight chitosan (2 g) was dissolved in 100 

mL filtered distilled water. Homogenization was 

performed using a magnetic stirrer. 

Plasticizer selection  

A film formula was prepared using different 

plasticizers, namely glycerin and polyethylene glycol 

400. Chitosan and plasticizers were mixed at various 

ratios ranging from 1:5 to 1:50 (chitosan-to-plasticizer 

ratio in weight)  (chitosan to plasticizer ratio). The 

mixture was homogenized using a stirrer at 450 rpm for 

24 h and then poured into film-forming molds. The 
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mixture was dried in an oven at 50°C for 18 h, 

removed, and stored in tightly closed containers with 

desiccants. The physical appearance of the samples 

was observed. 

Optimization of high molecular weight chitosan film 

formula  with plasticizer 

The selected plasticizer was used to prepare a film 

formula containing only high-molecular-weight 

chitosan. From previous experiments, it was 

determined that the best formula lies between ratios of 

1:5 to 1:10. Therefore, a series of formulae with 

compositions within these ratios was prepared. Ratios 

of 1:5, 1:6.25, 1:8.33, and 1:10 (w/w) were used. The 

mixtures were homogenized, poured into film-forming 

molds, dried in an oven at 50°C for 18 h, removed, and 

stored in tightly closed containers with desiccants. The 

samples were observed for their physical appearance. 

Optimization of the ratio of high molecular weight 

chitosan to low molecular weight chitosan film 

formula with plasticizer 

A series of comparisons between high- and low-

molecular-weight chitosan with a plasticizer were 

made and evaluated based on the film with the best 

physical appearance. The ratios for high molecular 

weight, low molecular weight, and plasticizer were 

1:1:10 to 1:1:100, respectively. The mixtures were 

homogenized, poured into film-forming moulds, dried 

in an oven at 50°C for 18 hours, removed, and stored in 

tightly closed containers along with desiccants. The 

samples were observed for their physical appearance. 

Incorporation of ofloxacin into the film 

Ofloxacin was incorporated into the homogenized 

film mixture. Homogenization between the active 

substance and film mixture was performed using a 

stirrer for 2 h at room temperature, then poured into 

film-forming molds, dried, and stored in tightly closed 

containers along with desiccants.  

Characterization of water absorption strength 

The initial film weight measurements were 

conducted, followed by immersion in PBS pH 7.4 at 

37°C. The film was retrieved at 1-, 2-, 3-, 4-, 5, and 10-

minute intervals, re-weighed after immersion, and the 

percentage of hydration was determined to indicate the 

water absorption strength. The initial and final weights 

were measured, the weight differences were compared 

with the initial values, and the percentage was 

calculated. 

Characterization of film mechanical properties 

The formed films were cut into 3 cm × 2 mm 

pieces and clamped at a distance of 1 cm using a 

Textechno Favigraph device. The films were subjected 

to a tensile load, Eand, their elongation was monitored, 

and other physical parameters related to the mechanical 

properties were determined. 

Morphological characterization 

Characterization was performed using Scanning 

Electron Microscopy to observe the surface 

morphology of the formed films. The analysis was 

conducted at the Marine Geological Research Center, 

Bandung. 

In vitro release testing 

The drug release profile from the film reservoir 

was determined by immersing it in 100 mL tear fluid-

like aqueous medium (equivalent to PBS pH 7.4) and 

stirring at 100 rpm at 37°C. A 3 mL sample was taken 

at time intervals of 0, 1, 2, 3, 6, 9, 12, 18, and 24 h, and 

each sample was added to 3 mL of solvent. 

Subsequently, the concentration of released ofloxacin 

was determined using UV-Vis spectrophotometry at a 

wavelength of 290 nm. 

Antimicrobial activity testing 

Antimicrobial activity was tested using the agar 

diffusion method. The medium used was Mueller-

Hinton agar with gram-negative Escherichia coli and 

gram-positive Staphylococcus aureus bacterial 

suspensions as models. The films were cut into 1 cm 

sizes and sterilized using UV light for 10 min at a 

height of 25 cm. Sterile films were placed on agar 

media containing microbes and incubated for 24 h, 

after which the resulting inhibition zones were 

observed. 

 

RESULTS AND DISCUSSION 

The critical point for identifying and 

characterizing these raw materials is the determination 

of molecular weight, with the aim of observing the 

influence of molecular weight on the resulting 

properties. Characterization of molecular weight begins 

with the preparation of chitosan solutions at five 

concentration series using a solvent system of 0.1 M 

CH3COOH - 0.2 M NaCl (1:1). The absolute molecular 

weight of chitosan can be determined using high-

performance liquid chromatography instruments, 

obtaining constants that are then used in the Mark–

Houwink equation. The molecular weight value is an 

approximation of the intrinsic viscosity obtained using 

the Mark–Houwink equation, as follows: 

 

[η] = K (Mv)α 

 

where [η] represents the intrinsic viscosity and K 

and α are constants given for the solvent system and 
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temperature, respectively. This equation correlates the 

intrinsic viscosity with the molecular weight of a 

specific solvent system and temperature. The solvent 

system used in this process is 0.1 M CH3COOH with 

0.2 M NaCl (1:1). According to the literature, for this 

solvent system, the constant values of K and (α) at 

25°C are 1.81 and 0.93 (Kasaai, 2007). This 

determination is essentially based on the assumption 

that there is a proportional relationship between the 

viscosity and molecular weight of a component or 

substance. Measurements were performed using an 

Ubbelohde capillary viscometer, which compares the 

falling time of a solution with the solvent used. The 

falling time of the solvent was lower than that of the 

polymer solution tested, resulting in an actual increase 

in viscosity and molecular weight with increasing 

falling time. The critical point for determining the 

molecular weight based on viscosity is a constant 

temperature and the same solvent system. Because 

temperature parameters greatly influence viscosity 

values, the constants in the Mark–Houwink equation 

also differ for different solvent systems. The 

characterization results of the molecular weight of 

chitosan are presented in Table 1. 

Table 1 . Chitosan Molecular Weight Values Based on 

Intrinsic Viscosity 

No. Chitosan Mw (kDa) 

1 High MW  1176,18±1,88 

2 Low MW  17,80±0,91 

 

It can be seen that the two main components used 

in this study are different and in line with the research 

design. Although this method is only an approximation, 

the results sufficiently describe the molecular weights 

of the materials used. More accurate determination of 

molecular weight can be performed using gel 

permeation chromatography and the two methods can 

be compared to evaluate the parameters K and α used 

in this equation. Chitosan degradation is chemically 

performed using H2O2 via an oxidative reaction that 

cleaves glycosidic bonds, causing a decrease in 

molecular weight (C.Q. Qin et al., 2002). Thus, low 

molecular weight chitosan was successfully prepared.  

Infrared identification was used to identify the 

functional groups present in the material. Here, is the 

infrared spectrum produced during the characterization 

process. 

No significant difference was observed in the 

functional groups between high-molecular-weight 

(HMW) and low-molecular-weight (LMW) chitosan. 

The spectra formed between these two materials were 

almost identical; the most noticeable difference 

between the two spectra was the transmittance of the 

given spectrum. The depolymerization process of 

chitosan did not alter the structure of the monomer 

units forming the chitosan polymer, and Figure 1, 

peaks appeared at the same wavenumber for both 

HMW and LMW chitosan. Characterization using this 

infrared instrument causes molecular bond vibrations. 

This response is characteristic of the bonds present in 

the molecular groups at a wavenumber of 3750 cm-1 

and overlapping with vibrations from N-H and C-H in 

the CH2 groups at 2920 cm-1. Absorption in the 

wavenumber range of 1680-1480 cm-1 indicates the 

presence of carbonyl groups, particularly in the amide 

CO-NHR bonds; protonated amino groups, which are 

also visible at the peak wavenumber of 1160 cm-1; and 

CO group vibrations, which also appear in the 

wavenumber range from 1160 cm-1 to 1000 cm-1. These 

peaks are quite specific to chitosan and have relatively 

high intensities. 

 Film formulations require additional materials in 

the form of plasticizers to provide elastic effects on the 

mechanical properties of the film. In this study, two 

types of plasticizers, PEG 400 and glycerin, were used 

for screening purposes. Safety (low toxicity) was the 

basis for choosing these two plasticizers, in addition to 

their affordability and availability in the market being 

factors considered. Generally, both materials are water 

miscible, which can enhance the flexibility of the film. 

In this study, we found that the use of PEG 400 was not 

superior to glycerin. The most prominent aspect of 

films formulated with PEG 400 is poor clarity, whereas 

for eye preparations, one of the requirements is a 

preparation that does not interfere with vision, 

measured by the clarity parameter of the film. 

Meanwhile, the films formulated using glycerin 

showed good or clear clarity. Tables 2 and 3 show the 

formulation design for plasticizer screening, with HG 

indicating high molecular weight chitosan with 

glycerin, HP indicating high molecular weight chitosan 

with polyethylene glycol 400, MG indicating mixed 

high and low molecular weight chitosan with glycerin, 

MP indicating mixed high and low molecular weight 

chitosan with polyethylene glycol 400. The numbers 1-

3 indicate the varying plasticizer compositions. 
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Figure 1. Infrared spectra of high molecular weight chitosan and low molecular weight chitosan 

Table 1. Ratio screening for plasticizer vs high molecular weight chitosan 

Plasticizer Formula Chitosan Plasticizer Clarity Flexibility Stickiness  

Gliserin HG1 1 5 √ √ √ - 

HG2 1 10 √ √ √ - 

HG3 1 50 √ √√ √√√ 

Polietilen 

glikol 400 

HP1 1 5 - - √ 

HP2 1 10 - √ √ 

HP3 1 50 - √ √ √ 

- Poor  

√  Fair  

√√ Good  

√√√Very good 

Table 2. Ratio screening for plasticizer vs chitosan combination 

Plasticizer Formula 
Mixed 

Chitosan 
Plasticizer Clarity Flexibility Stickiness 

Gliserin MG1 1 5 √√ √ - 

MG2 1 10 √√ √ √ 

MG3 1 50 √√√ √ √√ 

Polietilen 

glikol 400 

MP1 1 5 √ - √ 

MP2 1 10 - - √ 

MP3 1 50 - - √ 

- Poor  

√  Fair  

√√ Good  

√√√Very good 
 

The flexibility and mechanical properties were 

evaluated qualitatively based on the data shown in 

Tables 2 and 3. When screening the selection of 

plasticizers, variations in formulas between chitosan 

and plasticizers based on dry weight in the range of 1:5 

to 1:50 and physical observations showed good 

appearance only in the range of 1:5 to 1:10. Films 

formulated using PEG 400 showed extreme 

characteristics at each ratio: at a ratio of 1:50, the film 

was too elastic, whereas at a ratio of 1:5, the film had 

already hardened and hardened at a ratio of 1:10. For 

the results obtained with the glycerine plasticizer, the 

film showed sticky physical properties at a ratio of 1:50 

and fairly good flexibility at ratios of 1:5 and 1:10, but 

still needed optimization. Thus, from this screening, 

glycerin was chosen as the plasticizer for the next 

formulation. The differences in the results obtained 

using these two plasticizers are highly influenced by 

the differences in the characteristics of the two 

materials used. Glycerine is a viscous liquid from the 

polyol group; its molecular weight is not too large, 

only about 92.09 g/mol, and it is widely used in the 
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pharmaceutical field as a plasticizer by utilizing its 

structure. In general, the main mechanism used by 

plasticizers to increase polymer flexibility is lowering 

the glass transition temperature (Tg) (Rosen et al., 

2003). When the plasticizer is incorporated into the 

polymer, an increase in flexibility occurs because of 

the intermolecular separation of polymer molecules. In 

this case, chitosan is interspersed with small glycerin 

molecules. The OH groups in the glycerin structure 

contribute significantly to the flexibility because they 

can easily attract water to form hydrogen bonds, and 

the chitosan structure interspersed with glycerin 

becomes less rigid in terms of bonding (bond rigidity 

decreases). Glycerine is known to improve the 

hydrophilicity of films and plasticize their mechanical 

properties. Plasticizer screening was performed using 

400 polyethylene glycol compounds. This molecule 

was chosen as a candidate because of its good 

biodegradability, non-irritating properties, and the 

availability of easy-to-obtain materials. The group that 

plays a role in increasing plasticity is hydroxyl (-OH), 

which is almost the same as glycerine. However, the 

addition of ethylene (poly) groups to its structure 

provides quite different characteristics between the two 

plasticizers used, especially their hydrophilicity. The 

hydrophilicity of a plasticizer is a determining factor 

that affects its affinity for water. The amount of water 

in films plasticized using PEG 400 did not increase 

with increasing atmospheric humidity (Bourtoom, 

2008). 

Chitosan and glycerin as plasticizers were 

prepared with certain ratios (calculated on a dry weight 

basis) between 1:50 and 1:5. Good film characteristics 

were obtained between the ratios of 1:5 to 1:10, so the 

ratio was narrowed down again to between 1:5 and 

1:10, and organoleptic evaluation was conducted. The 

best appearance was observed at a ratio of 1:8.33 (w/w) 

between chitosan in dry weight and glycerin. The 

quality parameters assessed included flexibility, film 

clarity, dryness or wetness, and film stickiness. The 

same procedure was performed for films containing 

high- and low-molecular-weight chitosan with glycerin 

at the same ratio. 

The optimal ratio of chitosan to glycerine at 1:8.33 

is suspected to be the most appropriate because it 

provides the best flexibility, which facilitates further 

handling and use. The flexibility data qualitatively 

exhibited the best elasticity characteristics. Meanwhile, 

in films containing high molecular weight chitosan, 

low molecular weight chitosan, and glycerin, the best 

ratio is found in formula MGb, which is 1:6.25. It is 

evident that the use of glycerin is reduced, which is due 

to the contribution of low-molecular-weight chitosan, 

which shares similar properties with glycerin in terms 

of assisting in improving the physical characteristics of 

the film related to elasticity. 

The drying time and temperature for film 

formation were optimized. Initially, drying was 

performed at 25, 50, and 80°C for 24 h. Films dried at 

room temperature or approximately 25°C appeared wet 

and were not feasible for application, thus requiring 

more than 24 h for drying. Subsequently, drying was 

performed at 50°C, which resulted in a better film 

appearance in terms of dryness and integrity. However, 

drying at 80°C resulted in excessively dry yellowish 

films. Therefore, the optimal drying temperature for 

further processing was determined to be 50 °C. 

Optimization of the drying time was also conducted for 

6, 12, 18, and 24 h at a temperature of 50°C. The best 

results were obtained with films dried for 18 h. The 

consistency of the formed films was sufficiently good, 

not too wet or too dry, and they maintained a visual 

appearance (clear color). The films dried for 6 and 12 h 

exhibited characteristics that were too wet and sticky, 

making them impractical for application. In contrast, 

films dried for 24 h showed characteristics that were 

too dry and difficult to apply to the eye mucosa. 

 

Table 4. Optimization of high molecular weight chitosan with glycerine ratios 

Formula Chitosan Glycerine Flexibility Clarity 

Hga 1 5 √ √ 

HGb 1 6.25 √ √ 

HGc 1 8.33 √√√ √ 

HGd 1 10 √ √ 
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Table 5. Optimization of Combined Chitosan with Glycerine Ratios 

Formula Combined Chitosan Glycerine Flexibility Clarity 

MGa 1 5 √ √√ 

MGb 1 6.25 √√√ √√ 

MGc 1 8.33 √ √√ 

MGd 1 10 √ √√ 

 

One of the characteristics that need to be 

determined for the film is its water absorption strength. 

This parameter characterizes the film in biomedical 

applications and is closely related to its ability to 

absorb water (in bodily fluid applications), which is 

greatly influenced by the degree of chitosan 

deacetylation and the crystallinity of the material. The 

water absorption strength for ocular delivery purposes 

was determined by immersing the film in a PBS buffer 

solution at pH 7.4, and then calculating the water 

absorption strength. Chitosan's characteristic 

hydrophilicity and the penetration or diffusion of water 

into the film occur more rapidly, causing the film to 

swell before degradation. Therefore, although bond 

cleavage and degradation processes occur during the 

hydration process by the medium, the swelling process 

of the film by the medium is more dominant (Ren, Yi, 

Wang, & Ma, 2005). In this study, the water absorption 

strength was determined and different characteristics 

were obtained for each formula. Sampling was 

conducted every minute for 5 min. Initially, all the 

formulas increased, but subsequently, the water 

absorption strength decreased. This is suspected to be 

due to the residue from the buffer, which can no longer 

be used to expand the film but instead dissolves 

chitosan (Eduaro et al., 2006), such as the acetic acid 

component in the film, facilitating the solvation of the 

film itself. For formulas that only use high-molecular-

weight chitosan and glycerin, the water absorption 

strength is quite significant, at approximately 215.16%. 

The highest water absorption strength was obtained 

using Formula 3, which was approximately 235.01%. 

This difference is likely due to the natural polymer 

properties, polymer chain flexibility, molecular weight, 

crystal structure, and chemical composition of the 

chitosan itself (Taghizadeh & Davari, 2006). The 

differences in solubility between chitosan affect 

ionization, particularly the protonation of amino groups 

in chitosan molecules, which affects the dissolution 

mechanism and results in the opening of chitosan 

chains and changes in their conformation. In this 

medium with a pH of approximately 7.4, which is less 

supportive of the protonation process of amino groups 

in films that only use high molecular weight chitosan, 

chitosan can still be protonated because of the presence 

of acetic acid in the film, which dissolves in the 

medium, facilitating the protonation of chitosan and 

water penetration into it. For films formed from 

combined chitosan, the protonation capacity of the 

buffer will be higher because the chitosan monomers 

are fewer, resulting in sufficient protonation by the H + 

source derived solely from the buffer. Cumulatively, 

the highest water absorption strength was shown by 

formula MGb, which contains high molecular weight 

chitosan, low molecular weight chitosan, and glycerine. 

This is in line with the hypothesis that the water 

absorption strength will increase with the addition of 

water-soluble components in the film, which is the 

purpose of improving ocular film characteristics. 

Notably, the use of cross-linking agents intended for 

release control decreases the water absorption strength 

of the film because the strong ionic interaction between 

chitosan and sodium tripolyphosphate prevents water 

from penetrating further, thus reducing its absorption 

capacity compared to films without sodium 

tripolyphosphate. 

The formula with the highest water absorption 

capacity compared to formula TGc shows a difference 

that is not significant in terms of the water absorption 

strength. The glycerine ratio in these two formulas is 

indeed different and smaller in formula MGb due to the 

influence of low molecular weight chitosan, resulting 

in only a slight difference in the water absorption 

strength. The best formula based on the parameter of 

water absorption strength is MGb, which contains a 

combination of chitosan and glycerine, because the 

highest water absorption strength parameter will be 

useful for the film's biodegradation process during 

application. 
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Figure 2. Graph of water absorption strength for various ocular film 

 

Table 6. Values of mechanical parameter for various  films 

Formula Break Elongation (%) Maximum elongation (%) 
Maximum Mechanical 

Strength 

HGc 86.69±10.96 85.85±10.96 31.78±8.19 

HGcs 146.13±7.39 141.36±8.81 18.07±7.39 

MGb 43.16±6.06 42.55±6.11 12.28±0.76 

MGbs 58.91±2.56 57.25±1.94 20.05±3.28 

 

The mechanical characteristics of the formed film 

must be determined for various purposes, particularly 

for distribution and usage. Mechanical strength testing 

revealed the strength and elasticity of the film, which 

were reflected in the tensile strength and elongation. 

Mechanical strength typically determines the polymer 

characteristics; for example, a polymer with a low 

modulus, low tensile strength, and low elongation at 

break indicates weaker and softer characteristics. Films 

used for ocular delivery must be flexible and not too 

strong (to facilitate degradation). The mechanical 

characteristics of the films are presented in Table 6. 

From Table 6, it can be seen that the addition of 

sodium tripolyphosphate increased the value of break 

elongation in each formula. The break elongation 

parameter indicates the ability of the material to 

withstand shape changes without cracking in the 

system. The addition of sodium tripolyphosphate as a 

cross-linking agent is intended to increase the 

mechanical integrity of the film (by bonding with 

chitosan ionically), thus requiring a greater force to 

form cracks when subjected to force due to increased 

resistance or resilience. The same effect also occurs in 

films containing not only high-molecular-weight 

chitosan but also a mixture with low-molecular-weight 

chitosan. Thus, the influence of the addition of sodium 

tripolyphosphate was observed in both materials, 

whether high- or low-molecular-weight chitosan. In 

formulas MGb and MGbs, when compared to the TGc 

and TGcs formulas, lower elongation values (both 

maximum and at break) were observed. If we trace the 

characteristics of these two materials, they are 

significantly different. Materials such as low-

molecular-weight chitosan have properties that make it 

easier to absorb water, thus enhancing plasticity owing 

to the easier lubrication process of the film. This leads 

to a decrease in mechanical strength, as evidenced by 

the table showing an inverse relationship between 

elongation and mechanical strength. The desired film 

characteristics can be adjusted by considering various 

factors, such as the solvent pH, ionic strength, and type 

of acidic solvent used. The fragility of the film can be 

assessed based on the mechanical strength. For visual 

delivery purposes, the mechanical strength must be low 

because the film can be easily broken. This 

requirement is met by the formula MGb, which has the 

lowest mechanical strength and the highest absorption 

strength. The addition of low molecular weight 

chitosan improved the characteristics of the film. 

SEM characterization showed the morphology of 

the films formed by the formulas. In this study, 

monitoring was conducted for each formula. Generally, 

the morphology of each formula shows the same 

homogeneity, with differences observed only in the 
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formula containing sodium tripolyphosphate, indicating 

a higher bond density. The morphology of the films 

using the mixture was also evaluated to observe the 

effect of adding low-molecular-weight chitosan. 

Formula MGb, which is a combination of high 

molecular weight chitosan with low molecular weight 

chitosan, shows a denser film morphology compared to 

films containing only low molecular weight chitosan as 

the film former. The presence of low-molecular-weight 

chitosan enhances bonding with glycerine due to 

hydrogen bond interactions. Glycerine has -OH groups 

on its three carbon atoms, which can interact to form 

hydrogen bonds with chitosan. In low molecular 

weight chitosan, there are more OH groups, allowing 

more glycerine to bind and affect bone density. 

 
Figure 3. (A) Morphology of HGc at 500x; (B) HGcs 

at 2500x; (C) MGc at 2500x; (D) MGcs at 2500x 

 

The effect of adding low-molecular-weight 

chitosan can be observed by comparing films using 

only high-molecular-weight chitosan as the film former 

and films using an additional low-molecular-weight 

chitosan. Upon observation, the structural density 

provided by the formula MGc is higher than that of the 

formula without low-molecular-weight chitosan. This 

can occur because low-molecular-weight chitosan, with 

its more hydrophilic characteristics, is more prone to 

interact with glycerine as a plasticizer, which is also 

hydrophilic. This contributed to the density of the 

formed structures. The effect of sodium 

tripolyphosphate was also observed in the morphology 

formed; the purpose of using sodium tripolyphosphate 

was used as a cross-linking agent to strengthen the 

integrity of the film. The diverse morphologies also 

indicate diverse characteristics. 

Release testing was conducted to assess the ability 

of the system to release the active substances. Ideally, 

the polymer system and cross-linking agents should 

effectively release the active substance. To reduce the 

frequency of usage, the system should slowly release 

the active substance, equivalent to several desired 

applications. Different formulas provide different 

release profiles, and each component in the film 

contributes to this characteristic. In the formula, TGc, 

which only contains high molecular weight chitosan 

and glycerin as plasticizers, the release profile is lower 

than that of the formula using low molecular weight 

chitosan in the film (MGb). However, there was no 

significant difference between the two formulas. 

Consistent with the characteristics of absorption 

strength, this occurs because the glycerine component 

in MGb is less, but aided by the presence of low-

molecular-weight chitosan. The medium used was a 

simulated tear fluid that mimicked the conditions of 

tear fluid, and its composition was almost the same as 

that of PBS buffer at pH 7.4. Drug release in high-

molecular-weight chitosan alone with plasticizer tends 

to be less and slower owing to the solubility of 

chitosan. Chitosan solubility as a film base in the 

medium is relatively low because high-molecular-

weight chitosan has good solubility in acidic 

environments. Components contributing to the release 

of this chitosan come from the acetic acid present in 

the film, which can solvate high-molecular-weight 

chitosan. 

 
Figure 4. Graph of ofloxacin released from various 

ocular film  

 

On the other hand, for films containing cross-

linking agents, significant differences were observed 

between films with high molecular weight chitosan and 

those containing a combination of chitosan. This is 

because even though the glycerin composition 

decreases in MGbs, the effect of sodium 

tripolyphosphate is significant enough to retain the 

release of ofloxacin in the system. The best formula 

based on this parameter is MGbs, which can release 

almost all of the active substance within 24 h and is 

good for reducing usage frequency. However, the 
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release profile for each formula was not as expected 

because the initial onset of the system was too large 

(burst effect). Therefore, other release control 

strategies are needed, such as encapsulation or 

nanoparticle delivery systems. The kinetic model is 

plotted against zero-order kinetics, first-order kinetics, 

or Korsmeyer-Peppas kinetics. None of these models 

showed that the 100% release profile followed a 

specific model. However, the closest model had zero-

order kinetics in the second phase of each formula. The 

issue with this release is that the amount of drug 

initially released is too high and does not follow any 

kinetic model. Therefore, other kinetic model 

approaches are required to be more accurate. Table 7 

lists the correlation coefficients of the applied kinetic 

models. 

An approach to the Korsmeyer-Peppas kinetic 

model was also performed with an exponent value of n 

= 0.5, as the release mechanism is considered to follow 

Fickian diffusion. However, the Korsmeyer-Peppas 

constant values obtained were not constant at each 

sampling time for each formula. Thus, the release 

kinetics of the film system did not follow the 

Korsmeyer-Peppas kinetic model. The antimicrobial 

activity test was used to assess whether the matrix 

could release the active substance and act as a carrier 

for the antibiotic and to confirm the results of the 

release test. Ofloxacin is an antibiotic with a broad 

spectrum activity against Gram-negative and Gram-

positive bacteria; therefore, two bacterial models were 

used: Escherichia coli and Staphylococcus aureus. 

Table 8 shows the data  of the inhibition diameters in 

each formula used for the antimicrobial activity test 

using S. aureus and E. coli bacteria on Muller Hinton 

agar diffusion. 

The highest inhibition was observed in the film 

formula that used a combination of chitosan as the 

main component of the film without sodium 

tripolyphosphate (MGbO), both against 

Staphylococcus aureus and Escherichia coli. This is 

consistent with the highest release profile produced. In 

almost all formulas using sodium tripolyphosphate as a 

cross-linking agent, a decrease in the inhibition 

diameter was observed. This was confirmed by the 

decrease in the capacity to release the active substance 

in the matrix due to cross-linking reactions through 

strong ionic bonds that prevent the active substance 

from exiting the matrix system, resulting in a decrease 

in the observed bacterial growth inhibition effect. The 

components of agar medium are water-soluble 

materials, and water is present in the medium, 

facilitating its release. In the MGbO formula, the 

presence of water-soluble low-molecular-weight 

chitosan components forms pores as pathways for more 

active substances to exit from the matrix system. 

 

 

Table 7. Comparison of correlation coefficients for zero-order and first-order kinetics 

Formula 
r^2 zero order r^2 first order 

Phase 1 Phase 2 

HGc 0.728 0.974 

HGcs 0.781 0.958 

MGb 0.748 0.972 

MGbs 0.786 0.974 

 

Table 8. Inhibition diameter of film formulas containing ofloxacin 

Formula Inhibition Diameter (cm) 

HgcO 5.5 

HgcOs 5.5 

MgbO 6.3 

MgbOs 6 

HGcO : High molecular weight chitosan +glycerine+ofloxacin  

HGcOs :High molucular weight chitosan+glycerine+ofloxacin+STPP 

MGcO : Mixed chitosan +glycerine+ofloxacin 

MgcOs: Mixed chitosan+glycerine+ofloxacin+STPP 
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CONCLUSION 

Based on the evaluation results, the addition of 

low-molecular-weight chitosan and cross-linking 

agents improved the film characteristics. MGbs 

formula is one of the most suitable characteristics for 

ocular films, especially in terms of elasticity and 

release after initial onset. Optimizing the ratio of high- 

and low-molecular-weight chitosan and developing a 

formula with an encapsulation system are necessary for 

better release control. 
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Abstract 

Background: Acne is a chronic skin inflammation caused by blockage of the sebaceous glands in the skin and 

hypercolonization of the acne-causing bacteria Propionibacterium acnes. Cocor bebek leaves (Kalanchoe 

pinnata) are known to contain various secondary metabolites, including flavonoids, with antibacterial activity. 

Objective: In an effort to prevent side effects from using oral and topical antibiotics to treat acne, an alternative 

acne treatment that is safer and more effective with a strong drug delivery system is needed: microneedle patch 

technology containing natural ingredients. Methods: A microneedle patch formulation of Cocor bebek leaf extract 

was developed using a combination of HPMC and PVP polymers. The evaluation of microneedle patches included 

irritation tests with rat test animals and antibacterial activity tests against Propionibacterium acnes. The results 

showed the formation of yellow microneedle patches with uniform needles. The evaluation results showed that the 

microneedle patch has an irritation index value classified as non-irritant and has antibacterial activity against 

Propionibacterium acnes, with the highest inhibitory diameter at an extract concentration of 30% with a moderate 

inhibition category. Conclusion: The microneedle patch cocor bebek leaf extract shows potential as an effective 

drug delivery system for the treatment of acne that is safe for use on the skin. 
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INTRODUCTION 

The skin is the outermost layer of the tissue that 

covers the entire surface of the body. Skin protects the 

body from environmental exposure. Skin has unique 

characteristics depending on gender, age, race, and 

climate. The skin has several layers, namely the 

epidermis, dermis, and subcutaneous tissue. In the 

epidermis layer, which is the outermost layer, sweat 

glands secrete waste products through pores, which are 

called sweat (Heng et al., 2022).  

Acne is a skin disease often experienced by 

teenagers and adults. The appearance of acne is 

characterized by blackheads, pustules, papules, cysts 

and nodes on the neck, face, upper arms, back, chest and 

face (Wahdaningsih et al., 2017). Common bacteria that 

infect acne include Propionibacterium acnes, 

Staphylococcus aureus, and Staphylococcus 

epidermidis. Acne treatment usually involves antibiotics 

such as clindamycin, erythromycin, and doxycycline. 

Benzoyl peroxide, azelaic acid, and retinoids are also 

often used. However, these drugs have side effects when 

used as antibacterial agents that cause acne, namely, 

antibiotic resistance and irritation, hypersensitivity of 

the follicular epidermis so that follicle blockage can 

occur, and excessive sebum production. 

One plant with antibacterial activity is the Cocor 

bebek leaf extract. Cocor bebek leaves (Kalanchoe 

pinnata) have antibacterial, antiviral, antioxidant, 

antifungal, antiparasitic, and antihypertensive 

properties. The ompounds present in cocor bebek leaves 

include steroids, terpenoids, flavonoids, alkaloids, and 

lipids (Ely et al., 2020).  

Based on previous research, the antibacterial 

activity of the ethanol extract of Cocor bebek leaves was 

tested against Propionibacterium acnes. The results 

showed that the zone of inhibition was 19 mm (very 

strong) at a concentration of 15% and 21 mm (very 

strong) at a concentration of 20%; therefore, it has the 

potential to be used as a dosage formulation. 

Microneedles are physical technologies that cause 

mechanical changes in the epidermal barrier and create 

micron-sized channels or pores in the skin, thereby 

allowing delivery of various molecules (Larrañeta et al., 

2016). (Larrañeta et al., 2016).  

The main problem with transdermal technology is 

that many drugs are unable to penetrate the skin at the 

levels necessary to achieve a therapeutic effect. 

Researchers have developed improved technology using 

microneedles, which allow hydrophilic compounds with 

high molecular weights to enter the stratum corneum. 

Administering medication using a microneedle device 

allows drug molecules to pass through the stratum 

corneum, thereby allowing more drug molecules to enter 

the skin (Waghule et al., 2019). 

 

MATERIALS AND METHODS 

Materials 

The material used in this study were cocor bebek 

leaves, ethanol 70%,’ Dragendorff's and ' 'Mayer's 

reagents, ferric chloride (Merck), chloroform (Merck), 

H2SO4 (Merck), CH3COOH (Merck), and aqua dest. All 

chemicals used were of analytical grade. Twenty-four 

male Wistar rats used were 24 male Wistar strain rats. 

Tools 

The tools used included a laboratory oven 

(Memmert®), water bath (Memmert®), rotary 

evaporator (Buchi®), centrifuge (Corona®), analytical 

balance (Ohaus®), micropipettes (DLab®), vortex 

(Thermo Scientific), and spectrophotometer UV-VIS 

(Thermo Fisher Scientific). 

Methods 

Sample collection and preparation 

Cocor bebek leaves (Kalanchoe pinnata (Lam) 

Pers.) were obtained from Bandung, West Java. The 

plant specimens were identified and authenticated in the 

Laboratory of Biosystematics and Molecular, 

Department of Biology, University of Padjadjaran (No. 

411/LBM/IT/V/2024). Metabolites were also identified. 

Phenol 

Dried leaves (50 mg) were boiled in 50 mL of water 

for 15 min. After cooling, the mixture was filtered to 

obtain filtrate. The filtrate was treated with FeCl3 

reagent. The appearance of a blue or greenish-black 

color indicated the presence of phenol (Handayani et al., 

2020). 

Flavonoid 

Dried leaves (50 mg) were added to methanol, 

followed by a few drops of HCl until the solution 

became acidic. The mixture was then subjected to 

modified reflux in a water bath for 30 min and 

subsequently filtered. The resulting filtrate was 

combined with 10 mL distilled water and placed in a 

separatory funnel, to which 10 mL hexane was added. 

The mixture was shaken until two distinct layers formed. 

The lower layer was collected and evaporated to 

dryness, and then ethyl acetate was added. 

Subsequently, Mg powder and concentrated 

hydrochloric acid were added. Red indicates the 

presence of flavonoid compounds (Muthmainnah 2019). 

(Muthmainnah, 2019). 

Steroid 
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Dried leaves (100 mg) were macerated with 5 mL 

chloroform for 2 h. The resulting filtrate was evaporated 

and tested using the Lieberman-Buchard reagent. 

Observations were made for Color changes were 

observed: a purple-red hue indicated the presence of 

triterpenoids, while a blue-green hue signified the 

presence of steroids (Alwi et al., 2022). (Alwi et al., 

2022). 

Alkaloid 

A total of 15 mL of ethanol was added to the dried 

leaf powder, followed by the addition of drops of HCl 

until the solution reached acidic pH. The mixture was 

then subjected to a modified reflux in a water bath for 

30 min and subsequently filtered. The resulting filtrate 

was collected in a test tube and tested using Dragendorff 

and Mayer reagents. A positive result was indicated by 

the development of an orange color in the presence of 

Dragendorff reagent and a white color with Mayer 

reagent (Irfansyah et al., 2024). 

Saponin 

Dried leaf powder (100 mg) was added to hot water 

(5 mL). After cooling, the mixture was shaken 

vigorously for 10 s until foam developed. A positive 

result for saponins was indicated by the formation of 

foam measuring 1–10 cm in height, which persisted 

even after the addition of 2 N HCl (Qomaliyah et al., 

2023). 

Preparation of ethanol extract 

Cocor bebek leaves were macerated in 2 L of 

ethanol 70% for 24 h at room temperature (25 °C) and 

then filtered through paper filters to obtain the macerate. 

The residue was macerated. Up to three iterations were 

performed for these stages. The combined macerate was 

then thickened using a vacuum rotary evaporator. 

Total flavonoid test 

Cocor bebek leaf extract 50 mg was dissolved in 50 

mL ethanol 96%. The solution was pipetted at 0.5 mL 

and 2 mL of distilled water and 0.15 mL NaNO2 5%. 

Subsequently, 10% AlCl3 was added, and the mixture 

was left for 6 min. The solution was then added to 2 mL 

of 4% NaOH and filled with distilled water to 5 mL, and 

the absorbance was read using a UV-VIS 

spectrophotometer. The samples were analyzed in 

triplicate, and the average absorbance was used to 

calculate the flavonoid concentration using quercetin 

equivalents. 

Antibacterial activity test: cocor bebek leaf extract 

The antibacterial activity of the cocor bebek leaf 

extract was tested using the well method. Nutrient agar 

was poured into a sterile Petri dish and allowed to 

solidify. The bacterial suspension of Propionibacterium 

acnes was then poured over the surface of the media, and 

20 mL of the media was poured back. Wells were made 

using a perforator, and the samples and controls were 

inserted into each well. Incubate in an incubator for 24 

h at 37°C, and the zone of inhibition was observed. 

Formulation microneedle patch 

A transdermal dissolving microneedle patch was 

fabricated using a printing method. The process involves 

making silicone molds by pouring a mixture of silicone 

on a cartridge microneedle and waiting until the mold is 

formed. The formulation patch was made into four 

formulations, where each formula consisted of a mixture 

of 1.5% HPMC polymer and 40% PVP dissolved in 

ethanol (EtOH) and deionized water (DW) in a ratio of 

4:1 and 2:1, respectively. Cocor bebek leaf extract was 

added at the desired concentration. Each material was 

combined and centrifuged at 2000 rpm for 3 min. The 

silicone mold was inserted into the formulation mixture 

and centrifuged again. After 30 min, the mold was 

removed, and the excess formulation mixture was 

cleaned and dried at room temperature for 24 h before 

being released from the mold (Chanabodeechalermrung 

et al., 2024). (Chanabodeechalermrung et al., 2024). 

Irritation test 

The test animals were male Wistar rats aged 6-8 

weeks with a minimum body weight range of 170–180 

g. The body weight of adult rats reaches 450 grams, with 

the reported maximum body weight of male Wistar rats 

being 677.3 ± 9.2 g (Ghasemi et al., 2021; Rejeki et al., 

2018). With this body weight and age, male Wistar rats 

fall into the young adult category, which means they 

exhibit musculoskeletal maturity and stable physical and 

mental functioning, as body weight and age influence 

the results of the study (Ghasemi et al. 2021). (Ghasemi 

et al., 2021). Test animals were randomized and divided 

into several groups (n = 6). The test animals were 

acclimatized for seven days by providing food and drink 

ad libitum. Test animals were shaved using scissors, 

smeared with water, and cleaned with distilled water. 

After the test animals were shaved, no procedures were 

performed for 24 hours. The skin of the test animal, 

whose hair had been shaved, was then divided into two 

parts: the left skin did not receive any treatment except 

for hair growth, whereas the right skin received 

treatment from each treatment group. The test material 

was attached to the skin of the test animals for 4 h. The 

patch was removed and observed for irritation, such as 

erythema and edema, at 1, 24, 48, and 72 h. The 

protocols were approved by the Committee for Animal 

Experiments at the YPIB University (approval no: 

220/KEPK/EC/VII/2024). 
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Antibacterial activity test: microneedle patch 

The antibacterial activity of the microneedle patch 

was tested using the agar diffusion technique and the 

Spread Plate Method. Initially, 15 mL of nutrient agar 

medium was poured into a sterile petri dish and allowed 

to solidify. Then, a bacterial suspension of 

Propionibacterium acnes was evenly spread over the 

surface of the medium at a volume of 0.1 mL. Each Petri 

dish was divided into five parts for three samples: 

positive control and negative control. Subsequently, 

samples of the microneedle patch ethanol extract of 

cocor bebek leaves, negative control microneedle patch 

without extract, and positive control 0.5% 

chloramphenicol were placed on agar media. This 

process was performed aseptically 2 times in each petri 

dish. The incubation was carried out for 24 h at 37°C in 

an incubator, after which the inhibition zone formed was 

observed using a caliper (Maddeppungeng et al., 2023). 

(Maddeppungeng et al., 2023). 

 

RESULTS AND DISCUSSION 

Sample collection and preparation 

Many nutritious plants grow wild without being 

fully utilized by people, including the leaves of wild 

plants, such as the cocor bebek. A total of 1095 g of fresh 

cocor bebek leaves were processed by sorting, washing, 

drying in an oven, and sun-drying. The dried leaves were 

stored for further extraction. Phytochemical screening 

of the dried leaves showed the presence of flavonoids, 

alkaloids, steroids, and phenolic compounds, which can 

be seen in Table 1. 

The extraction process was conducted using the 

maceration method chosen for its ability to effectively 

extract bioactive compounds without damaging the 

heat-sensitive substances. The macerate obtained was 

evaporated using a water bath and rotary evaporator, 

resulting in a thick extract with a yield of 12.8%. 

Testing of total flavonoid content 

The total flavonoid assay yielded a linear regression 

equation, y = 0.0845x + 0.0011, with an R2 value of 

0.9891. An R2 value close to 1 indicated a correlation 

between the concentration of the quercetin standard and 

the absorption value. The flavonoid content in the cocor 

bebek leaf extract was determined to be 6.06 ± 0.19 mg 

QE/g using the aluminium chloride method, indicating 

the potential for antibacterial activity (Nugraha et al., 

2017). Absorbance measurements were conducted at 

355 nm, which showed a linear relationship between 

concentration and absorbance. Flavonoids act as 

antibacterial agents by denaturing bacterial proteins and 

potentially damaging cell walls (Nugraha et al., 

2017).(Nugraha et al., 2017). The results suggest that 

cocor bebek leaf extract could be a promising source of 

antibacterial agents due to its rich flavonoid content. 

Antibacterial activity test cocor bebek leaf extract 

Antibacterial testing using the well method 

demonstrated that cocor bebek leaf extract could inhibit 

the growth of Propionibacterium acnes. 

Chloramphenicol 0.5% served as a positive control for 

its broad-spectrum antibiotic properties (Cui et al., 

2023), whereas 10% DMSO was used as a negative 

control because it lacks antibacterial activity.. 

Antibacterial testing of the cocor bebek leaf extract 

conducted in duplicate showed that the extract has 

antibacterial properties, as evidenced by the formation 

of an inhibition zone on the test media against 

Propionibacterium acnes. The strongest inhibitory 

effect was noted at a 30% extract concentration, which 

resulted in an inhibition zone diameter of 12.7 ± 0.4 mm, 

classifying it as strong compared to other concentrations 

of the extract. 

Formulation microneedle patch 

Microneedle patches were prepared using a 

combination of HPMC and PVP polymers. PVP, or 

polyvinyl pyrrolidone, is a polymer commonly used in 

formulation development because it is soluble in water; 

therefore, it can swell and has a gel-like consistency. 

This causes the formation of layers or pores that 

facilitate the diffusion of the drug molecules (Daryati et 

al., 2022). (Daryati et al., 2022). In addition, PVP has 

the characteristic of being hydrophilic with a low 

melting point, so it has good melting ability when 

applied to the skin at body temperature (Zakaria et al., 

2021). HPMC, or hydroxypropyl methylcellulose, is a 

semi-synthetic polymer with mucoadhesive properties, 

so it can play a role in the film formation process and 

form a barrier for molecular movement (Daryati et al., 

2022). 

The formulation results of the microneedle patch 

cocor bebek leaf extract are shown in Figure 1. The 

results showed the formation of a microneedle patch 

with a uniform needle. The results were then carried out 

by physical evaluation, including diameter and height, 

using calipers and microneedle patches with a diameter 

of 8.2 mm and a height of 4 mm. Microneedle patches 

clear color for those that do not contain active 

ingredients (F1), whereas microneedle patches with the 

active ingredient yellow color cocor bebek leaf extract 

(F2, F3, and F4).
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Table 1. Phytochemical screening results of dried leaves cocor bebek leaves 

Identification Reagent Result Information 

Flavonoid Mg powder + A red color forms 

Alkaloid 
Meyer + A white precipitate is formed 

Dragendorff + An orange color forms 

Steroid Liebermann-Buchard + A bluish green color is formed 

Phenol FeCl3 + A blackish green color forms 

Saponin Shake with hot water - No foam is formed 

 

Table 2. Antibacterial test results cocor bebek leaf extract 

Sample Inhibition Zone Diameter (mm) Inhibitory Power Category 

Control + (Chloramphenicol) 25.6 ± 0.0 Very strong 

Control - (DMSO 10%) 0.0 ± 0.0 - 

Cocor bebek leaf extract 20% 9.4 ± 1.0 Moderate 

Cocor bebek leaf extract 30% 12.7 ± 0.4 Strong 

 

Table 3. Formulation microneedle patch 

Material Solvent 
Formula (g) 

F1 F2 F3 F4 

Ethanol extract of cocor bebek leaves DW 1 mL - 0.2 0.3 0.4 

HPMC EtOH:DW 4:1 0.15 0.15 0.15 0.15 

PVP EtOH:DW 2:1 4 4 4 4 

 

Figure 1. Microneedle patch cocor bebek leaf extract 

 

Irritation test 

An in vivo irritation test was performed on male 

Wistar rats. Test animals were shaved 24 h before 

treatment to prevent irritation of their skinThe irritation 

test method in this study was modified from research by 

Sohail et al. (2020). Each animal was divided into two 

parts: the left skin did not receive any treatment except 

for hair growth, while the right skin received treatment 

from each treatment group (microneedle patch HPMC 

and PVP based, microneedle patch cocor bebek leaf 

extract 20%, 30%, and 40%).. This test was performed 

to determine the irritating effects of the microneedle 

patch on the skin (Ermawati, 2018).(Ermawati, 2018). 

Pasting patch was performed behind closed doors (patch 

test) using a plaster. This was intended to help the patch 

absorb well and avoid environmental influences. The 

patch was attached to the right side of the skin and then 

covered using plaster to keep the test material attached 

to the skin (Ramli & Fadhila, 2022). 

Observations were made after removing the patch 

at 1, 24, 48, and 72 h based on the Draize method by 

examining the irritation parameters that arise, namely 

irritation (reddish reaction) and edema (swelling). 

Erythema is reddened skin due to blockage of 

capillaries, whereas edema is an abnormal accumulation 

of fluid under the skin or in one or more body cavities 

(Sukirawati, 2019). This test aims to determine whether 

there is a possibility of a delayed reaction. Observation 

results are expressed as a score of 0 – 4 based on the 

severity of erythema and edema, and then accumulated 

into an irritation index value so that the irritation 

classification can be known. 

The results in Table 3 show that the four treatment 

groups had irritation index values with a non-irritation 

classification. In treatment group 1, a microneedle patch 

blank with a combination of HPMC and PVP showed an 

irritation score of 0.11 according to the Primary 

Irritation Index (PII), values within the range of 0 to 0.4 

are classified as non-irritating, indicating that the 

product does not pose a potential risk of causing skin 

irritation (Han et al., 2021). HPMC is inert, does not 

irritate the skin, and provides good film strength when it 

dried(Firmansyah et al., 2022). PVP does not irritate the 

skin (Kurakula et al., 2020).(Kurakula et al., 2020). 

When compared with treatment group 4 with a 

microneedle patch containing the extract, 40% showed 

an irritation index value of 0. These results are supported 

by statistical data analysis using the software SPSS in 

the Kruskal–Wallis test, with results showing that the 
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Asymp.sig value is > 0.05, so there is no significant 

difference, so it can be concluded that the preparation is 

safe to use. 

 

Table 4. Irritation test results microneedle patch 

Treatment Group 
Irritation 

Score 

Irritation 

Category 

F1 (MN Blank) 0.11 Non-irritation 

F2 (MN Extract 

20%) 
0.05 Non-irritation 

F3 (MN Extract 

30%) 
0.14 Non-irritation 

F4 (MN Extract 

40%) 
0.00 Non-irritation 

 

Antibacterial activity test microneedle patch 

The purpose of the antibacterial test was to 

determine the size of the inhibition zone produced by a 

microneedle patch containing cocor bebek leaf extract, 

which can inhibit the growth of the acne-causing 

bacteria Propionibacterium acnes. Nutrient agar is used 

as a medium for bacterial growth, and solid media make 

it easier to measure the diameter of the inhibition zone 

(Nurhayati et al., 2020). The results of the antibacterial 

activity test, conducted in duplicate, indicated that F2 

demonstrated moderate antibacterial activity, whereas 

both F3 and F4 showed strong antibacterial activity. 

This refers to the inhibition zone criteria by David and 

Stout (1971) in Mayasari (2022), where the inhibition 

zone is declared weak if it is <5 mm in diameter, 

moderate if it is 5–10 mm, strong if it is 10–20 mm in 

diameter, and very strong if it is >20 mm. The inhibition 

zone category produced was moderate because, based 

on the inhibition zone formed, the microneedle patch of 

the ethanol extract of cocor bebek leaves can inhibit 

bacterial growth, but its sensitivity is not as high as that 

of chloramphenicol as a positive control (Suciari et al., 

2017).  

Based on the results, it can be seen that 20% ethanol 

extract of cocor bebek leaves at the lowest concentration 

used can inhibit Propionibacterium acnes bacteria. The 

emergence of the inhibitory zone is attributed to the 

presence of active compounds, such as steroids, 

terpenoids, flavonoids, and alkaloids, in the cocor bebek 

leaf extract. Testing was performed on F1, a blank 

microneedle patch, to determine the potential 

antibacterial activity of the combination of HPMC and 

PVP. The results showed that the combination of HPMC 

and PVP polymers did not affect the antibacterial 

activity of the microneedle patch. In the positive control, 

the antibiotic chloramphenicol 0.5% produced a strong 

inhibition zone of 16.2 ± 4.4 mm. The data obtained 

showed that the microneedle patch with ethanol extract 

from cocor bebek leaves has antibacterial activity, 

inhibiting the growth of the acne-causing bacteria 

Propionibacterium acnes. 

 

Table 5. Antibacterial test results microneedle patch

Sample Inhibition Zone Diameter (mm) Inhibitory Power Category 

Control + (Chloramphenicol) 16.2 ± 4.4 Strong 

F1 (MN Blank) 0.0 ± 0.0 - 

F2 (MN Extract 20%) 7.6 ± 0.6 Moderate 

F3 (MN Extract 30%) 10.6 ± 1.6 Strong 

F4 (MN Extract 40%) 10.2 ± 5.2 Strong 

 

 

Figure 2. Antibacterial activity of microneedle patch cocor bebek leaf extract 
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CONCLUSION 

The leaves of the cocorbebek plant contain 

flavonoids that exhibit pharmacological effects 

including antibacterial properties. This study focused on 

formulating a microneedle patch using Cocor bebek leaf 

extract combined with HPMC and PVP polymers 

dissolved in a suitable solvent to create uniform needles. 

Evaluation of the microneedle patch revealed that the 

prepared patch with the cocor bebek leaf extract was 

effective in inhibiting the growth of acne-causing 

Propionibacterium acnes, with the highest inhibition 

zone diameter observed at an extract concentration of 

30%. Furthermore, the irritation test results classified 

the microneedle patch as non-irritant, indicating its 

safety for use on skin. 

 

ACKNOWLEDGMENT 

This research was supported by the Indonesian 

Ministry of Education, Culture, Research and 

Technology (KEMENDIKBUD RISTEK) [grant 

number 2546/E2/DT.01.00/2024]. 

 

AUTHOR CONTRIBUTIONS 

Conceptualization, A.A.Z.; Validation, A.D.S.; 

Formal Analysis, S.R.; Investigation, I.Z.; Resources, 

S.R.; Writing - Original Draft, R.N.B.; Writing - Review 

and Editing, M.N.A.; Visualization, A.D.S.; 

Supervision, A.D.S. 

 

CONFLICT OF INTEREST 

The authors declare that they have no conflicts of 

interest. 

 

REFERENCES 

Alwi, L. O. H., Pusmarani, J., and Putri, R. J. (2022). 

Aktivitas Gastroprotektif Ekstrak Metanol Kulit 

Semangka (Citrullus lanatus L.) Pada Tikus 

(Rattus norvegicus) Yang Diinduksi Aspirin. 

Jurnal Pharmacia Mandala Waluya, 1(1), 21–36. 

doi: 10.54883/jpmw.v1i1.9 

Chanabodeechalermrung, B., Chaiwarit, T., Chaichit, 

S., Udomsom, S., Baipaywad, P., Worajittiphon, 

P., & Jantrawut, P. (2024). HPMC/PVP K90 

Dissolving Microneedles Fabricated from 3D-

Printed Master Molds: Impact on Microneedle 

Morphology, Mechanical Strength, and Topical 

Dissolving Property. Polymers, 16(4). doi: 

10.3390/polym16040452 

Cui, L., Ma, Z., Li, W., Ma, H., Guo, S., Wang, D., & 

Niu, Y. (2023). Inhibitory activity of flavonoids 

fraction from Astragalus membranaceus Fisch. ex 

Bunge stems and leaves on Bacillus cereus and its 

separation and purification. Frontiers in 

Pharmacology, 14. doi: 

10.3389/fphar.2023.1183393 

Daryati, A., Suryaningrum, M. T., Prakoso, A., Isnaini, 

I. R. M., & Choiri, S. (2022). Formulasi 

Nanoemulsi Ekstrak Terpurifikasi Daun Afrika 

(Vernonia amygdalina) Terinkoporasi dalam 

Dissolved Microneedle Patch. JPSCR: Journal of 

Pharmaceutical Science and Clinical Research, 

7(3), 331. doi: 10.20961/jpscr.v7i3.65276 

Ely, I. P., Umar, C. B. P., & Indarsi, W. (2020). Uji 

Aktivitas Antibakteri Ekstrak Etanol Daun Cocor 

bebek (Kalanchoe pinnata) Terhadap Bakteri 

Propionibacterium acnes Menggunakan Metode 

Difusi Agar. Jurnal Sains Dan Kesehatan 

(JUSIKA), 4(1). 

Ermawati, N. (2018). Uji iritasi sediaan gel antijerawat 

fraksi larut etil asetat ekstrak etanol daun 

binahong (Anredera cordiofolia (Ten.) Steenis) 

pada kelinci. Pena: Jurnal Ilmu Pengetahuan Dan 

Teknologi, 32(2), 33–37. 

Firmansyah, F., Kholifah, H., & Chabib, L. (2022). 

Formulasi Gel Hand Sanitizer Ekstrak Buah 

Belimbing Wuluh dengan Variasi Karbopol 940 

dan HPMC. J. Islamic Pharm. Online, 7(1), 69–

73. doi: 10.18860/jip.v7i1.13839 

Ghasemi, A., Jeddi, S., & Kashfi, K. (2021). The 

Laboratory Rat: Age and Body Weight Matter. 

EXCLI Journal, 20, 1431–1445. doi: 

10.17179/excli2021-4072 

Han, J., Lee, G. Y., Bae, G., Kang, M. J., & Lim, K. M. 

(2021). Chemskin reference chemical database for 

the development of an in vitro skin irritation test. 

Toxics, 9(11). doi: 10.3390/toxics9110314 

Handayani, F., Apriliana, A., & Novianti, I. (2020). 

Karakterisasi Dan Skrining Fitokimia Simplisia 

Buah Selutui Puka (Tabernaemontana macracarpa 

Jack). As-Syifaa Jurnal Farmasi, 12(1), 9–15. 

Heng, A. H. S., Say, Y. H., Sio, Y. Y., Ng, Y. T., & 

Chew, F. T. (2022). Epidemiological Risk Factors 

Associated with Acne Vulgaris Presentation, 

Severity, and Scarring in a Singapore Chinese 

Population: A Cross-Sectional Study. 

Dermatology, 238(2), 226–235. doi: 

10.1159/000516232 

Irfansyah, F. D., Fatimah, & Junairiah. (2024). Skrining 

Fitokimia dan Aktivitas Antioksidan Tiga Jenis 

Tabebuya (Tabebuia spp.). Berita Biologi, 23(1), 

49–59. doi: 10.55981/beritabiologi.2024.1668 



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 11 No. 3 December 2024      385 

 

 
 

Kurakula, M., Raghavendra Naveen, N., & Yadav, K. S. 

(2020). Formulations for Polymer Coatings. 

Polymer Coatings: Technology and Applications, 

415–444. 

Larrañeta, E., Lutton, R. E. M., Woolfson, A. D., & 

Donnelly, R. F. (2016). Microneedle arrays as 

transdermal and intradermal drug delivery 

systems: Materials science, manufacture and 

commercial development. Materials Science and 

Engineering R: Reports, 104, 1–32. doi: 

10.1016/j.mser.2016.03.001 

Maddeppungeng, N. M., Tahir, K. A., Nurdin, N. C., & 

Wahyuni, S. (2023). Formulasi dan Evaluasi 

Dermal Patch Ekstrak Metanol Rimpang 

Lempuyang Gajah (Zingiber zerumbet L.) Sebagai 

Antibakteri Terhadap Bakteri Staphylococcus 

aureus Secara In Vitro dan In Vivo. Jurnal 

Mandala Pharmacon Indonesia, 9(2), 621–631. 

doi: 10.35311/jmpi.v9i2.425 

Mayasari, U. (2022). Uji Aktivitas Antibakteri ekstrak 

Batang Muda Rotan Manau (Calamus manan) 

terhadap pertumbuhan bakteri Klebsiella 

pneumonia. KLOROFIL: Jurnal Ilmu Biologi Dan 

Terapan, 6(1), 9–12. doi: 

10.30821/kfl:jibt.v6i1.11762 

Muthmainnah. (2019). Skrining fitokimia senyawa 

metabolit sekunder dari ekstrak etanol buah 

delima (Punica granatum L.) dengan metode uji 

warna. Media Farmasi, 13(2), 36. doi: 

10.32382/mf.v13i2.880 

Nugraha, A. C., Prasetya, A. T., & Mursiti, S. (2017). 

Isolasi, identifikasi, uji aktivitas senyawa 

flavonoid sebagai antibakteri dari daun mangga. 

Indonesian Journal of Chemical Science, 6(2), 

91–96. doi: 10.15294/ijcs.v6i2.12087 

Nurhayati, L. S., Yahdiyani, N., & Hidayatulloh, A. 

(2020). Perbandingan Pengujian Aktivitas 

Antibakteri Starter Yogurt dengan Metode Difusi 

Sumuran dan Metode Difusi Cakram. Jurnal 

Teknologi Hasil Peternakan, 1(2), 41. doi: 

10.24198/jthp.v1i2.27537 

Qomaliyah, E. N., Indriani, N., Rohma, A., & Islamiyati, 

R. (2023). Skrining Fitokimia, Kadar Total 

Flavonoid dan Antioksidan Daun Cocor Bebek. 

Jurnal Current Biochemistry, 10(1), 1–10. 

Ramli, T. O. R., & Fadhila, M. (2022). Uji Iritasi Gel 

Ekstrak Etanol Herba Pegagan (Centella Asiatica 

L.) Dengan Gelling Agent Carbopol 940. Jurnal 

Pharma Saintika, 6(1), 8–15. 

Rejeki, P. S., Putri, E. A. C., & Prasetya, R. E. (2018). 

Ovariektomi pada Tikus dan Mencit. Surabaya: 

Airlangga University Press. 

Sohail, T., Yasmeen, S., Imran, H., Ferheen, S., Atiq-U-

rehman, & Khan, R. A. (2020). Standardadization 

and skin irritation potential of herbal analgesic 

cream containing nigella sativa seed oil. 

Bangladesh Journal of Medical Science, 19(1), 

163–168. doi: 10.3329/bjms.v19i1.43891 

Suciari, L. K., Mastra, N., & Widhya, C. D. H. (2017). 

Perbedaan Zona Hambat Pertumbuhan 

Staphylococcus aureus Pada Berbagai 

Konsentrasi Rebusan Daun Salam (Syzygium 

polyanthum) Secara In Vitro. Meditory, 5(2), 

2338–1159. doi: 10.33992/m.v5i2.138 

Sukirawati. (2019). UJI efek iritasi pada pemakaian 

krim ekstrak kulit buah nanas (Ananas comosus 

L.) terhadap kelinci (Oryctolagus cuniculus). 

Jurnal Kesehatan Yamasi Makassar, 3(1). 

Waghule, T., Singhvi, G., Dubey, S. K., Pandey, M. M., 

Gupta, G., Singh, M., & Dua, K. (2019). 

Microneedles: A smart approach and increasing 

potential for transdermal drug delivery system. 

Biomedicine and Pharmacotherapy, 109, 1249–

1258. doi: 10.1016/j.biopha.2018.10.078 

Wahdaningsih, S., Untari, E. K., & Fauziah, Y. (2017). 

Antibakteri Fraksi n-Heksana Kulit Hylocereus 

polyrhizus Terhadap Staphylococcus epidermidis 

dan Propionibacterium acnes. Pharmaceutical 

Sciences and Research, 1(3), 180–193. 

Zakaria, N., Bangun, H., Vonna, A., Oesman, F., Khaira, 

Z., Fajrina, F., Farmasi, A. A., Makanan, D., 

Aceh, B., Kuala, S., Farmasi, A., & Aceh, P. 

(2021). Pengaruh penggunaan polimer HPMC dan 

polivinil pirolidon terhadap karakteristik fisik 

transdermal patch natrium diklofenak. Jurnal 

Sains & Kesehatan Darussalam, 1(2), 58–66. doi: 

10.56690/jskd.v1i2.21 

 



 
 

Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 11 No. 3 December 2024, 386-394 

DOI: 10.20473/jfiki.v11i32024.386-394 

Available online at https://e-journal.unair.ac.id/JFIKI/ 

 

P-ISSN: 2406-9388   ©2024 Jurnal Farmasi dan Ilmu Kefarmasian Indonesia 

E-ISSN: 2580-8303                                                                                                 Open access article under the CC BY-NC-SA license  

Formulation and Characterization of Analog Rice Using Arrowroot 

(Maranta arundinacea L.) and Hibiscus Flower (Hibiscus rosa sinensis L.) 
 

Arlita Leniseptaria Antari1*, Indah Saraswati2, Eva Annisa3, Anfa Adnia Fatma3 
1Department of Microbiology, Faculty of Medicine, Universitas Diponegoro, Semarang, Indonesia  
2Department of Medical Biology and Biochemistry, Faculty of Medicine, Universitas Diponegoro, Semarang, Indonesia 
3Pharmacy Study Program, Faculty of Medicine, Universitas Diponegoro, Semarang, Indonesia 

 

*Corresponding author: arlitaleniseptariaantari@yahoo.com 

Orcid ID: 0000-0002-7802-0162 

 

Submitted: 28 May 2024 

Revised: 21 December 2024 

Accepted: 29 December 2024  

 

 

Abstract 

Background: Efforts to reduce high-carbohydrate consumption from rice include the development of analog rice 

from alternative sources such as arrowroot tubers (Maranta arundinacea L.). Proper formulation is crucial for 

producing analog rice with optimal quality, taste, and characteristics resembling conventional rice, while 

maintaining functional properties to meet carbohydrate and nutritional needs. Hibiscus (Hibiscus rosa-sinensis 

L.), which is rich in flavonoids, saponins, and anthocyanins, can enhance these formulations. Objective: The 

objective of this study was to evaluate the composition of a blend of arrowroot tubers (M. arundinacea L.) and 

hibiscus (H. rosa-sinensis L.) as a rice substitute. Methods: This study used 50 untrained panelists to conduct 

organoleptic tests on the shape, color, aroma, taste, and texture of rice and analog rice using five formulas (F1, 

F2, F3, F4, and F5). Furthermore, physical characteristics were tested, including the color index, 1000-grain 

weight, bulk density, and starch digestibility. Results: The characteristics test proved that all analog rice formulas 

had an average hedonic score in the range of 3.73-3.90; lower bulk Density than rice with a bulk density of 0.83 

± 0.02 g/mL; starch digestibility in the range of 0.62-0.67 g/mL; and has a yellow-red color range. Conclusion: 

The best and most preferred rice analog is Formula 5 (F5), with a composition of arrowroot tubers 57.8%, hibiscus 

5.1%, mocaf 12.6%, GMS 0.6%, and water 23.9%. 
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INTRODUCTION 

Rice is a staple food source of carbohydrates that 

most Indonesians consume, although it is known to be 

high in carbohydrates and has a high glycemic index 

(GI) value (Darmanto, 2017). Excessive consumption of 

rice as a carbohydrate source can affect blood glucose 

levels and the insulin response in the body, thus 

triggering diabetes mellitus (DM) (Septianingrum, 

2016). Therefore, it is necessary to determine the 

appropriate amount and type of carbohydrate food to 

increase and maintain healthy food intake by consuming 

low-GI rice so that blood glucose levels can be 

controlled. Foods with low GI are known to be effective 

in improving insulin sensitivity and reducing the rate of 

glucose absorption, which is beneficial for people with 

DM, whereas foods rich in antioxidants can prevent the 

possibility of chronic complications (Septianingrum, 

2016; Darmanto, 2017; Kumolontang, 2019).  

One of the efforts to reduce the consumption of high 

amounts of carbohydrates in rice is to develop 

alternative food sources in the form of analog rice 

(Darmanto, 2017; Kumolontang, 2019). Analog rice is 

artificial rice made to resemble the shape of rice using 

non-rice raw materials. Analog rice grains are formed 

with the addition of the right raw materials and additives 

to meet the nutritional needs as well as those contained 

in rice. However, the addition of these ingredients is also 

intended to improve the benefits and efficacy, and 

reduce the negative impacts of using rice. Analog rice 

aims to diminish the intake of excessive carbohydrates 

associated with paddy rice by substituting it with 

alternatives that possess lower glycemic index values 

(Septianingrum, 2016; Darmanto, 2017; Kumolontang, 

2019). One of them is by utilizing tubers that have high 

levels of protein, fat, crude fiber, amylose, and 

carbohydrates, but low GI, namely arrowroot tubers 

(Maranta arundinacea L.) ( Pertanian 2021).  

Arrowroot tubers (M. arundinacea L.) are a local 

plant that is a source of carbohydrates rich in fiber and 

are beneficial for people with DM because of their low 

GI content compared to other types of tubers. Arrowroot 

tubers contain saponins, flavonoids, and folic acid (in 

100 g of arrowroot there is 84% of folic acid needed per 

day), vitamin B complex (niacin, thiamine, pyridoxine, 

pantothenic acid, and riboflavin), several important 

minerals (copper, iron, manganese, phosphorus, 

magnesium, zinc, and potassium), and are gluten-free (a 

starch substance that has a shorter fiber chain, so it is 

easily digested) (Darmanto, 2017; Litbang Pertanian, 

2021).   

Formulating the appropriate composition is crucial 

for the production of analog rice from arrowroot tubers 

(M. arundinacea L.), enabling the creation of a high-

quality product with taste and characteristics similar to 

conventional rice, while supporting its functional 

properties to meet the dietary needs of carbohydrates 

and other nutrients, particularly for individuals 

managing diabetes mellitus (DM) (USDA, 2021). 

Additional components may include hibiscus flowers 

(H. rosa-sinensis L.), which are rich in flavonoids, 

saponins, and anthocyanins (Oktiarni, 2013; Essiett, 

2014; Silalahi, 2019; USDA, 2021). Previous research 

conducted by Arlita et al. (2017) proved that hibiscus 

flower extract (H. rosa-sinensis L.) can reduce blood 

glucose levels in patients with DM, thereby suppressing 

hyperglycemic conditions that cause inflammation.  

The results of other studies conducted by Arlita et 

al. (2020) also prove that the use of analog rice flour 

combined with arrowroot (M. arundinacea L.) and 

hibiscus (H. rosa-sinensis L.) are both given at 800 

mg/KgBB simultaneously with the consumption of 

metformin once a day can reduce blood glucose levels 

and hyperglycemic conditions and improve the score/ 

degree of damage to pancreatic and hepatic organs of 

patients with DM. However, that study only used a 

combination of arrowroot and hibiscus analog rice flour, 

not analog rice formulated from arrowroot and hibiscus, 

as developed in the study to be conducted. 

Therefore, this study was conducted to test and 

evaluate the physical and sensory characteristics of 

analog rice made from a combination of arrowroot 

tubers (Maranta arundinacea L.) and hibiscus (Hibiscus 

rosa-sinensis L.). 

 

MATERIALS AND METHODS 

This research was approved by the Research and 

Health Ethics Commission (KEPK) of the Faculty of 

Medicine, Diponegoro University (No. 108/EC/H/FK-

UNDIP/IX/2021, and no. 405/EC/KEPK/FK-

UNDIP/X/2021.  

Preparation of arrowroot tuber (M. arundinacea L.) 

and hibiscus flower (H. rosa-sinensis L.) 

The initial process of material preparation was 

carried out by collecting fresh arrowroot tubers and 

hibiscus flowers, which were then wet-sorted and 

washed to remove dirt that was still attached. The clean 

ingredients were then chopped and dried at room 

temperature until dry with a moisture content of ≤ 10%. 

The dried material was then pulverized into a fine 

powder using a blender. The powder is stored in dry, 
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clean, and sterile containers, and damp places should be 

avoided.  

Analog rice formulation  

The formulations of arrowroot tubers (M. 

arundinacea L.) and hibiscus (H. rosa-sinensis L.) as 

analog rice were determined according to Table 1. 

Preparation of analog rice  

The process of making analog rice includes 

ingredient preparation, mixing, pregelatinization, 

extrusion, and drying. The material preparation process 

involved flour preparation and weighing. Dry 

ingredients, such as arrowroot tuber flour, hibiscus 

flower powder, mocaf flour, and GMS, were mixed 

separately with water. The next stage involves mixing. 

Dry ingredients were mixed first until they were evenly 

distributed; then, water was added and remixed until 

they were evenly distributed. The next stage is the 

preconditioning process. The material was steamed at 

80°C for 25 min. This stage improved the uniformity of 

particle hydration and reduced the residence time of the 

dough in the extruder, thereby accelerating the extrusion 

stage. The dough was then placed in an extruder 

machine until the rice was molded. Rice was dried in an 

oven at 65 °C for 2 h (Darmanto, 2017). The dried 

analog rice was stored in clean, dry, and sterile 

packaging. 

Cooking analog rice 

The method of cooking analog rice is not different 

from cooking rice. The tool used to cook analog rice in 

this study was a rice cooker. The amount of water added 

to the cooking of rice was 2/3 of the volume of analog 

rice. The cooking method was measured using 100 g of 

rice and then adding 70 mL of water, which can also be 

interpreted by adding water up to 0.5 cm above the rice. 

Before cooking, the analog rice was washed 1-2 times 

and put into the rice cooker, and then stirred well every 

5 min.  

Characteristic test  

Characteristic tests on analog rice and rice were 

carried out using organoleptic testing and analysis of 

physical characteristics, including color index, 1000-

grain weight, bulk density, and starch digestibility 

(Mahfuzhah, 2018).  

Organoleptic test  

Organoleptic tests used respondents in the form of 

untrained panelists, as many as 50 people with the 

following criteria: 1) aged 20-60 years; 2) having good 

senses of sight, smell, and taste without interference; 

and 3) able to understand, distinguish, and give an 

assessment of each analog rice sample. Untrained 

panelists were chosen because they represent the end 

consumers targeted by the product and provide insights 

into the level of market acceptance. This assessment is 

typically conducted using a hedonic scale, where 

panelists rate their preference for the tested samples. 

This method is essential to ensure that the product not 

only meets technical standards, but is also generally 

favored by consumers. The results of the sensory test 

were then analyzed using descriptive statistics or 

hypothesis testing, such as ANOVA or Kruskal-Wallis 

tests, to evaluate differences in acceptance levels across 

formulas or samples. 

Organoleptic tests were conducted by sensory 

analysis of the shape, color, aroma, taste, and texture 

using a hedonic rating. Panelists were presented with 

samples of rice and analog rice from the five 

formulations to be assessed by giving a score on the 

hedonic quality test form on a numerical scale, as shown 

in Table 2. 

Table 2. Hedonic quality test scale 

Hedonic Scale Numerical Scale 

Very like 5 

Like 4 

Somewhat like 3 

Dislike 2 

Strongly dislike 1 

Source: Nazhifah (2018)

 

Table 1. Variations of analog rice formula made from arrowroot (M. arundinacea L.) tubers and   hibiscus flowers (H. 

rosa-sinensis L.) 

Materials 
Formula 1 

(F1) 

Formula 2 

(F2) 

Formula 3 

(F3) 

Formula 4 

(F4) 

Formula 5 

(F5) 

Arrowroot  60.4% 59.7% 59.1% 58.5% 57.8% 

Hibiscus flower 2.5% 3.2% 3.8% 4.4% 5.1% 

Mocaf 12.6% 12.6% 12.6% 12.6% 12.6% 

GMS  

(glyceryl monostearate) 

0.6% 0.6% 0.6% 0.6% 0.6% 

Water 23.9% 23.9% 23.9% 23.9% 23.9% 

 

 

Hedonic quality test scale 
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A color determination test was conducted to 

analyze the color reflected by a surface in a tristimulus 

using a CS-10 colorimeter. Five tests were carried out 5 

times for each test sample.  

Starch digestibility test 

One gram sample of rice and rice analog was placed 

in a 250 mL Erlenmeyer flask, followed by the addition 

of 100 mL of distilled water. The flask was then covered 

with aluminum foil, heated to 90 °C in a water bath 

while stirring, and subsequently cooled. Then, two mL 

sample solution was transferred to a test tube, and 3 mL 

of distilled water and 5 mL of phosphate buffer solution 

(pH 7) were added. Two sets of sample solutions, each 

with a volume of 2 mL, were transferred to separate test 

tubes. Three test tube, 3 mL of distilled water and 5 mL 

of a phosphate buffer solution (pH 7) were added. One 

test tube was used as blank. The tube was closed and 

incubated at 37 °C for 15 min. Five milliliters of α-

amylase enzyme solution (1 mg/mL in phosphate buffer 

solution pH 7) and 5 mL of phosphate buffer pH 7 were 

added to the sample and blank solutions, and then 

incubated again for 30 min. One milliliter of the sample 

was transferred to a test tube containing 2 mL of DNS 

solution, heated in boiling water for 12 min, and 

immediately cooled with water. Next, 10 mL of distilled 

water was added to the sample and homogenized using 

ultrasonication. The absorbance of the sample and blank 

solutions was measured using a UV-Vis 

spectrophotometer at 520 nm (Mahfuzhah, 2018). The 

starch digestibility was calculated as follows: 

 

 

RESULTS AND DISCUSSION 

Rice and rice analogs are shown in Figure 1. The 

demographics of the panelists who participated in the 

organoleptic testing of rice and analog rice are presented 

in Table 3. The percentage of male panelists was less 

than that of females, while the age of panelists was 

dominated by 41-50 years old (52%). 

Organoleptic tests of the shape, color, aroma, taste, 

and texture of the rice and rice analogs are shown in 

Table 4. The liking value of the five organoleptic test 

parameters showed that most panelists liked the rice and 

rice analog of Formula 5 (F5).

 

 

Figure 1. Rice analog produced (from left to right: F1, F2, F3, F4, and F5) 

 

Table 3. Demographic of organoleptic test panelist 

Panelist Demographic 
Frequency 

Number Percentage  

Gender: 

1) Male 

2) Female 

 

18 

32 

 

36% 

64% 

Age: 

1) 20-30 years old 

2) 31-40 years old 

3) 41-50 years old 

4) 51-60 years old 

 

8 

11 

26 

5 

 

16% 

22% 

52% 

10% 

Total Amount 50 100% 
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Table 4. Organoleptic test results 

Mean of Hedonic Score 
Parameter 

Shape Color Aroma Taste Texture 

Analog Rice: 

1) F1 

2) F2 

3) F3 

4) F4 

5) F5 

 

3.77 

3.60 

3.77 

3.77 

3.70 

 

3.73 

3.63 

3.77 

3.97 

4.13 

 

3.83 

3.83 

3.77 

3.93 

3.83 

 

3.74 

3.43 

3.77 

3.83 

3.87 

 

3.73 

3.70 

3.70 

3.73 

3.77 

P-value 0.675 0.004* 0.601 0.601 0.975 

Analog Rice: 

1) F1 

2) F2 

3) F3 

4) F4 

5) F5 

 

3.47 

3.37 

3.57 

3.77 

3.97 

 

3.57 

3.57 

3.77 

4.10 

4.17 

 

3.20 

3.27 

3.47 

3.60 

3.53 

 

3.47 

3.43 

3.77 

3.83 

3.87 

 

3.20 

3.40 

3.47 

3.90 

3.77 

P-value 0.000* 0.000* 0.051 0.011* 0.000* 

 

Table 5.  1000-grain weight test results 

Analog Rice Sample 1000-grain weight (g) Weight per grain (g) 

F1 27.63 ± 0.20 0.02763 

F2 28.21 ± 0.06 0.02821 

F3 27.56 ± 0.28 0.02756 

F4 25.01 ± 0.52 0.02501 

F5 24.92 ± 0.04 0.02492 

 

The color test using a colorimeter on the five analog 

rice formulas showed a range of oHue values of 36.455–

53.293. The range values show that the analog rice 

produced in the five formulas is in the yellow-red 

chromaticity range.  

The 1000-grain weight test results for the five 

analog rice formulas are listed in Table 5. The smallest 

weight result was F5 (24.92 ± 0.04 g), and the largest 

value was F2 (28.21 ± 0.06 g). 

The bulk density test conducted shows that all 

analog rice formulas have lower values compared to rice 

(IR-32), which has a bulk density of 0.83 ± 0.02 g/mL, 

as presented in Table 6. 

The starch digestibility tests of the five analog rice 

formulas are presented in Table 7. Formula 4 (F4) had 

the lowest starch digestibility value, while the highest 

value was obtained in F2. 

Table 6. Bulk density test results 

Analog Rice Bulk Density (g/ mL) 

F1 0.63 ± 0.02 

F2 0.67 ± 0.01 

F3 0.65 ± 0.01 

F4 0.62 ± 0.01 

F5 0.63 ± 0.02 

 

 

 

 

Table 7. Mean results of starch digestibility 

Analog Rice 
Mean of Starch 

Digestibility (%) 

F1 57.1 ± 0.01 

F2 61.00 ± 0.01 

F3 55.96 ± 0.02 

F4 54.22 ± 0.02 

F5 56.60 ± 0.01 

 

The formulation is the initial stage in the process of 

making analog rice, which aims to make a mixture of 

raw and additional ingredients with the desired 

composition to produce analog rice according to the 

purpose of its manufacture (Widara, 2012; Darmanto, 

2017). The main raw materials used in the manufacture 

of analog rice in this study were arrowroot tuber flour 

and hibiscus flowers. Arrowroot tuber flour is used 

because it has nutritional content in the form of protein, 

fat, crude fiber, amylose, carbohydrate content (25-

30%), and starch (± 20%). Arrowroot tubers also have 

lower GI levels than rice, wheat, potatoes, and cassava; 

therefore, they can be utilized as food alternatives for 

people with DM (Suhartini, 2021; USDA, 2021). In the 

production of analog rice, the flour formula used must 

contain sufficient starch fractions that gelatinize and 

bind strongly to the product.  

The use of additional ingredients in the form of 

hibiscus dried flower/flour is due to the presence of 
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compounds, such as steroids, alkaloids, phenolics, 

saponins, and tannins (Seyyednejad, 2010; Arullapan, 

2013; Silalahi, 2019; USDA, 2021). These components 

are known to have a mechanism of action like 

sulfonylureas that can control hyperglycemic conditions 

to improve immune system abnormalities that occur in 

patients with DM. In addition, antioxidant compounds 

in hibiscus play an important role in reducing the 

reactivity of free radicals that can damage tissues and 

organs (Seyyednejad, 2010; Arullapan, 2013).  

The addition of water to analog rice plays a role in 

the preconditioning process. The amount added was 

23.9% of the total amount of the ingredients used. 

Preconditioning plays an important role in the extrusion 

process because it can improve the uniformity of particle 

hydration and reduce the residence time of the dough in 

the extruder. At this stage, the formulated raw material 

mixture was maintained at a warm (80-90oC) and wet 

condition for a certain time and then flowed into the 

extruder. Good mixing is required to allow contact 

between the particle surface and the added water and 

steam. A sufficient residence time is required to allow 

the diffusion of water vapor and heat transfer from the 

surface to the inside of the particles so that the raw 

material mixture is plasticized in the preconditioning 

device and can flow into the extruder (Widara, 2012).  

Arrowroot tuber starch flour is known to have low 

protein and fat content, which is excellent for inhibiting 

the formation of resistant starch. In addition, the 

interaction between proteins and starch can reduce the 

levels of RS. The interaction of fat and starch occurs 

during the heating of starch above 100oC and forms an 

enzyme-degradable amylose-starch complex. 

Arrowroot tuber flour, which contains a lot of dietary 

fiber consisting of polysaccharide fractions, has an 

influence in changing the structure and physical and 

chemical properties of the resulting analog rice so that it 

will cause covalent and noncovalent bonds between 

carbohydrates that accompany the fiber to break and 

form more soluble molecules (Widara, 2012).  

The mixture of water and flour that produces analog 

rice can maintain the shape of the rice well if several 

other additives are added, such as mocaf flour (modified 

cassava flour), which is a flour product from cassava 

processed by fermentation (Arimbi, 2013; Edma, 2015). 

The addition of mocaf flour of as much as 12,6% in this 

analog rice formulation was done to improve the texture 

of analog rice, so it is expected to reduce stickiness 

because mocaf flour has a high fat content (10,63%. In 

addition, mocaf flour has a high dietary fiber content 

(20%) and its characteristics resemble wheat flour, 

which is white, soft, and does not smell cassava, with a 

moisture content of 6.9 %, protein content of 1.2 %, ash 

content of 0.4 %, carbohydrates of 87.3%, fiber content 

of 3.4%, and fat content of 0.4% (Herawati, 2014; 

Edma, 2015). Therefore, its use in analog rice can 

increase the fiber content of food; therefore, it is 

expected to inhibit the activity of digestive enzymes and 

the rate of food intake in the gastrointestinal tract. This 

results in a slow digestive process and lower blood 

glucose response (Herawati, 2014; Edma, 2015; 

Darmanto, 2017; Rodianawati, 2021).  

Another ingredient that also needs to be added to 

the manufacturing of analog rice is a binder in the form 

of glyceryl monostearate (GMS) (Herawati, 2014; 

Darmanto, 2017). This material is an emulsifier in the 

form of a non-ionic surfactant (amphiphilic substance 

whose molecule consists of two parts, hydrophilic and 

lipophilic) with the IUPAC name 2,4-dihydroxypropyl 

octadecanoate. This compound is naturally found in the 

human body and fatty products. When dissolved in 

water, this substance does not provide ions (as a 

stabilizer), and its solubility in water is due to the 

presence of parts of the molecule that have an affinity 

for the solvent (water). GMS is an ester of glycerol that 

contains stearic fatty acids. In the preparation of analog 

rice, GMS binds to amylose to form a helical inclusion 

complex that can prevent starch granules from 

expanding and reduce development strength and 

solubility. This is because a water-insoluble layer can 

form on the surface of the starch granules, which can 

delay water transport to the granules (Darmanto, 2017; 

Winarti, 2017). The amount of GMS added to the 

formula was 0.6%. This amount is in accordance with 

the patent stating that the amount of binder that can be 

added is 0.1-10% of the amount of flour and starch. The 

addition of GMS in the hot extrusion process can reduce 

the water solubility index and product development but 

increase the water absorption index, thus affecting the 

formation and quality of the analog rice produced 

(Darmanto, 2017; Winarti, 2017).    

Organoleptic testing of analog rice and rice was 

performed based on the parameters of shape, color, 

aroma, taste, and texture. The extruder die determines 

the shape of the analog rice and is strongly influenced 

by the extrusion process owing to the molding stage 

(Tekpang Unimus, 2021). The analog rice that was 

successfully made was oval and short, with a panelist-

liking score of 3,6 - 3,77 on F5 rice. This indicates that 

panelists, such as the shape of the analog rice, have been 

made. Similarly, when the rice has been cooked into 

rice, it is also known that F5 has the highest favorability 
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value of the entire formula. The shape of analog rice is 

larger than that of uncooked (analog rice) or rice/rice 

from paddy rice. This is because most of the components 

of analog rice are starch carbohydrates, resulting in 

starch gelatinization during the swelling process. 

Swelling power is the ability of starch to expand when 

heated to a certain temperature and time. Starch heated 

with water absorbs water to break down the starch 

structure so that its viscosity increases. The heating 

process also binds water molecules to the starch so that 

the water is absorbed, which causes its size to be larger 

than that of rice.   

Regarding the color parameter, the favorability 

value was highest at F5, with a bright purple, maroon 

color. The color is produced from anthocyanins 

contained in hibiscus, whereas the brightness level of 

rice is influenced by additional ingredients mixed when 

making rice. The excessive addition of mocaf flour gives 

the product a dull color because of the presence of 

polyphenol enzyme content. However, when rice was 

cooked, the result became dark purple. In addition, the 

dark color change was due to the gelatinization of starch 

during the cooking process.   

Aroma is another visual parameter that is important 

for product acceptance (Unimus 2021). The resulting 

rice and rice analogs have a sugar-like aroma derived 

from hibiscus. However, the distinctive aroma was 

stronger in analog rice than in analog rice. panelists’ 

highest level of fondness for scent also occurred at F5. 

An assessment of the taste of analog rice conducted 

by panelists showed that F5 analog rice was preferred. 

Analog rice has a slightly sweeter taste than rice derived 

from rice. The sweet taste caused by hibiscus is still in 

the safe category if consumed by DM patients because 

the IG value of the ingredients made is included in the 

low category. In addition, this has been proven by 

previous research conducted by Arlita et al. (2020), 

which proved that analog rice flour made from 

arrowroot tubers (M. arundinacea L.) and hibiscus (H. 

rosa-sinensis L.) can reduce blood glucose levels of DM 

patients and suppress hyperglycemia conditions caused 

by DM, and can repair the degree of damage to liver and 

pancreas organs of DM sufferers.  

The organoleptic parameter that was also assessed 

was the texture. The texture with the highest favorability 

value was F5. The texture of analog rice includes 

fineness and brittleness, whereas in analog rice, the 

assessment is based on fluffiness and stickiness. The 

fineness and brittleness of analog rice are affected by the 

molding and drying processes. Analog rice has a fluffy 

and sticky texture; however, it has a good grain of rice 

and resembles it in general. However, it can be obtained 

if the cooking is as recommended, namely, by using 

water as much as 2/3 part of the volume of analog rice 

used/cooked. The texture of food can be influenced by 

water content, fat content, amylose, amylopectin, the 

amount and type of carbohydrates, and the protein 

contained in it (Tekpang Unimus, 2021).  

The oHue value in the overall analog rice formula is 

in the range of 36,455 - 53,293. This shows that the 

resulting analog rice is in the yellow-red range. The 

addition of arrowroot tuber flour and yellowish white 

mocaf resulted in the color of the rice. In addition, the 

addition of dried hibiscus flowers results in a reddish 

color, so the combination of the two causes a color 

spectrum, such as the results of color analysis tests, 

namely yellow red.  

The weight test of one thousand grains of rice can 

show the weight and size of the rice per grain. A test on 

the weight of 1000 grains was carried out to determine 

the uniformity of the rice size (Budijanto, 2018). The 

test results that have been carried out prove that the 

weight of one thousand grains of rice analogues F1, F2, 

and F3 is higher than IR-32 rice, while F4 and F5 are 

lower than IR-32 rice (24,92 ± 0.04). The difference in 

the weight of each formula was influenced by the analog 

rice printing process using an extruder. The weight of 

rice has synergistic similarities with the shape and size 

of rice, as well as the speed of the screw and cutter; thus, 

the weight of large rice with the shape and size of large 

rice will result from the addition of the speed of the 

screw and cutter (Budijanto, 2018). 

Bulk Density is the amount of product mass per unit 

volume and is used to determine the volume and 

porosity of a product. Bulk Density is inversely 

proportional to volume; therefore, if the bulk density is 

greater, the volume is smaller (Budijanto, 2018). High 

porosity is influenced by nutritional content and 

manufacturing/drying processes. Drying can cause 

analog rice to lose water and the analog rice matrix to 

become more shaft. High porosity facilitates the transfer 

of water and heat during cooking, resulting in soft rice 

texture.  

The digestibility of starch provides an indirect 

representation of the ease of starch hydrolysis by human 

digestive enzymes. The analysis of starch digestibility is 

one of the parameters used to determine the effect of 

starch modification. Starch is hydrolyzed into simpler 

molecules using α-amylase. The result of the enzymatic 

reaction was maltose, which is a disaccharide molecule 

(Faridah, 2014; Noviasari, 2015; Darmanto, 2017; 

Budijanto, 2018). The decrease in digestibility of starch 
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indicates a low concentration of maltose in the sample, 

making it more difficult for starch to be hydrolyzed by 

α-amylase. 

The digestibility of starch in the whole formula was 

lower than that of natural arrowroot starch (84,35%). 

Starch has a hydrogen group that can form complex 

starch-polyphenol bonds. These bonds can inhibit 

hydrolysis by α-amylase enzymes because polyphenol 

bonds inhibit them; thus, starch is more resistant to 

digestibility and can reduce its digestibility value. 

Polyphenols can inhibit the activity of digestive 

enzymes, particularly trypsin and amylase, which can 

reduce starch digestibility. The enzyme α-amylase is 

involved in the breakdown of starch into disaccharides 

and oligosaccharides, and α-glucosidase in the intestine 

catalyzes the breakdown of disaccharides to free 

glucose, which is then absorbed into the blood 

circulation. Inhibition of this enzyme slows down the 

breakdown of starch in the gastrointestinal tract, thereby 

reducing hyperglycemia (Faridah, 2014; Noviasari, 

2015).  

The amylose content of starch is also thought to 

correlate with the digestibility of starch. Amylose is a 

glucose polymer with an unbranched structure that can 

easily bond to each other to form a compact structure 

through hydrogen bonds. This structure makes amylose 

more difficult to hydrolyze by digestive enzymes, 

resulting in lower starch digestibility. This can cause the 

glucose levels in the blood to not increase drastically 

shortly after food is digested and metabolized by the 

body (Faridah, 2014; Noviasari, 2015; Darmanto, 2017; 

Budijanto, 2018). The inhibition of carbohydrate 

digestion may be correlated with the addition of 

anthocyanins. Anthocyanins can delay the hydrolysis of 

starch so that the structure of starch becomes complex 

and changes in enzyme susceptibility will occur. This 

shows that the addition of hibiscus, which contains 

anthocyanins, can be one of the factors affecting the 

decrease in the digestibility value of starch (Noviasari, 

2015; Darmanto, 2017). 

 

CONCLUSION 

The optimal and most preferred formulation for 

analog rice combines arrowroot tubers (M. arundinacea 

L.) and hibiscus (H. rosa-sinensis L.), as shown in 

Formula 5 (F5). 
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Abstract 

Background: The success of nanoemulsion preparation is characterized by characteristics such as small droplet 

size, polydispersity index (PDI), and % transmittance, which are close to 100%. One of these factors is the type of 

oil component used. The Simplex Lattice Design (SLD) method can be used to determine the ratio of oil 

combinations to obtain an optimal nanoemulsion formula. Objective: The application of the Simplex Lattice Design 

(SLD) method can help researchers speed up the acquisition of optimal formulas without trial and error so that 

nanoemulsion formulas that meet specifications can be obtained. Methods: This research uses the Simplex Lattice 

Design (SLD) method with Design of Expert Version 13 software, with an upper limit value for oil (VCO and Palm 

Oil) of 2.66% and a lower limit value for oil (VCO and Palm Oil) of 0, which then The results of several formulas 

come out and characterization testing is carried out to get the best formula from the recommendations produced 

by the software. Results: The results of the Simplex Lattice Design (SLD) showed that oil affected the droplet size 

and PDI (p <0.05). Six optimal formulas were obtained, and after testing in the laboratory, there was no significant 

difference between the results of the SLD program and those of the laboratory (Sig. <0.05). Conclusion: This 

study shows that the Simplex Lattice Design (SLD) method is very effective. 
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INTRODUCTION 

A nanoemulsion is a dispersion system of oil-in-

water or water-in-oil with an average droplet size of 10-

100 nanometers. Nanoemulsions are composed of 

several components, including oil, water, and 

surfactants (Ghasamiyeh & Samani, 2020). 

Nanoemulsions have the advantage of low toxicity, are 

non-irritating, increase the solubility of active 

ingredients, increase bioavailability, have long-term 

stability, and are very suitable for application in 

preparations by the dermal and transdermal routes 

(Jadhav et al., 2020). 

The formation of nanoemulsions is influenced by 

three factors: oil selection, surfactant selection, and co-

surfactant type selection. In this study, the researchers 

focused on the oil selection factor. In general, there are 

three types of oils that can be used as the oil phase in 

nanoemulsions: animal oils, vegetable oils, and single 

fatty acids such as oleic acid. Vegetable oils are 

considered safer than animal oils; in terms of 

hypersensitivity, vegetable oils are more acceptable than 

animal oils because animal oils often cause unacceptable 

odors. The vegetable oils used in this study were virgin 

coconut and palm oils. Both oils have different 

components that produce different effects in terms of the 

characteristics of the produced nanoemulsion. Virgin 

coconut oil has a lauric acid component (C12), which is 

a Medium Chain Triglyceride (MCT), so it produces a 

smaller nanoemulsion droplet size compared to oils 

containing long-chain triglycerides (LCT), such as palm 

oil, which has an oleic acid component (C18) (Erawati 

et al., Droplet size will affect transmittance or clarity; 

the smaller the droplet size, the clearer the nanoemulsion 

formed (Huda & Wahyuningsih, 2016). The 

combination of Virgin Coconut Oil (VCO) and palm oil 

was achieved because palm oil has a higher melting 

point than Virgin Coconut Oil (VCO), which increases 

the physical stability of the nanoemulsion. In addition, 

the difference in the refractive index between Virgin 

Coconut Oil (VCO) and palm oil can control the clarity 

or transmittance of the nanoemulsion. 

The development of pharmaceutical preparations 

requires expertise in optimizing preparations such that 

preparations that match the desired specifications are 

obtained. In the world of dosage formulations, there are 

several optimization methods, one of which is the 

Simplex Lattice Design (SLD) method. The SLD 

method was used to determine the optimal formula for 

the mixture of ingredients (Teurupun et al., 2020). The 

Simplex Lattice Design (SLD) method is an 

experimental design that can be used to obtain the 

optimal oil combination ratio for nanoemulsions more 

quickly and effectively to avoid trial and error 

optimization (Dwiputri et al., 2022). The Simplex 

Lattice Design (SLD) method has been successfully 

used to design optimal formulas in several studies, 

including asiaticoside nanoemulsion (Li et al., 2020), 

furosemide SNEEDS (Nandita et al., 2021), ginger 

extract nanoemulsion (Ningsih et al., 2020), and 

quercetin self-nanoemulsion (Pratiwi et al., 2018). 

 

MATERIALS AND METHODS 

The ingredients used were virgin coconut oil (VCO) 

(cosmetic grade), palm oil (cosmetic grade), Span 80 

(Industria Chimica Panzeri S.r.I) (pharmaceutical 

grade), Tween 80 (Industria Chimica Panzeri S.r.I) 

(pharmaceutical grade), absolute ethanol (Chemindo) 

(pharmaceutical grade), and distilled water.  

Tools 

Magnetic stirrer, Beakerglass, Analytical scale, 

ultrasonic cleanser, particle size analyzer (DelsaTM Nano 

C, Us), and UV-Vis Spectrophotometer. 

Method 

Optimization of Nanoemulsion Formulas with SLD 

The optimal combination ratio for nanoemulsion 

formulation was determined using Design-Expert 

software version 13 using the Simplex Lattice Design 

(SLD) method. The oil combination ratio obtained was 

14. The two-component factor that becomes the 

independent variable are Virgin Coconut Oil (VCO) and 

palm oil, with a total oil of 2.66%, which refers to the 

results of research conducted by Erawati et al. (2017) 

but in the research undertaken by Erawati et al. (2017) 

only used a single oil, namely VCO. The dependent 

variables or responses produced were droplet size, 

polydispersity index (PDI), and % transmittance. 

 

Table 1. Formula of nanoemulsion 

Ingredients  Concentration (%) 

Virgin Coconut Oil (VCO) 
Total 2,6% 

Palm Oil 

Span 80 1,92 

Tween 80 18,66 

Absolute ethanol 3,42 

Buffer Solution pH 5,0±0,2 Ad 100 

 

The process of making The combination of VCO 

and palm oil nanoemulsion was prepared by mixing and 

stirring at 44°C and 500 rpm for 3 min, followed by the 

addition of surfactant and stirring at 44°C and 850 rpm 

for 5 min. The co-surfactant was then added and stirred 

at the same temperature, speed, and time. Aqua dest was 

then added dropwise until it ran out and stirred at 1200 
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rpm for 5 min. Subsequently, the nanoemulsion was 

sonicated at temperatures below 40 °C for 3 × 10 min. 

Characterization of Nanoemulsions 

Droplet size and PDI 

This test used a particle size analyzer (DelsaTM 

Nano C, US). The nanoemulsion was inserted into a 

cuvette and placed in the tool. The droplet size and PDI 

values were obtained. 

%Transmittance 

This test used a UV-Vis spectrophotometer with a 

wavelength of 650 nm. The nanoemulsion is inserted 

into the cuvette and placed into the tool. The resulting 

data were obtained as %transmittance values. 

 

RESULTS AND DISCUSSION 

Formula Optimization 

Optimization of the oil combination ratio began 

with 14 initial combination ratios obtained from Design-

Expert software version 13. In this SLD method 

optimization, there are two independent variables, virgin 

coconut oil and palm oil, with dependent variables, 

namely droplet size, PDI, and % transmittance. The 

components of the oil combination ratio (upper limit 

value of 2.66 and lower limit value of 0) obtained are 

listed in Table 2. After obtaining 14 oil combination 

ratios, nanoemulsions were prepared; the data on the 

results of the dependent variable (nanoemulsion 

characteristics) are presented in Table 2. The physical 

appearance of the nanoemulsions is shown in Figure 2. 

From the results in Table 2, the ANOVA test is 

continued to obtain the appropriate mathematical model 

of each of the dependent variables so that the effect of 

the oil combination on each variable is known. The 

criterion for acceptance of a mathematical model is that 

for a mathematical model, the significance of the model 

must be significant, and the importance of the lack of fit 

must not be significant (Bolton, 1997). The results of the 

mathematical model are listed in Table 3.

 

 

Table 2. Components oil combination ratio and results of nanoemulsion characterization 

Formula VCO (%) Palm Oil (%) Y1 Y2 Y3 

1 0.000 2.660 14.7 0.299 87.2 

2 0.736 1.923 19.5 0.298 86.6 

3 1.312 1.347 19.8 0.294 96.4 

4 2.256 0.040 18.5 0.133 88.0 

5 1.024 1.638 16.8 0.126 91.9 

6 0.000 2.660 13.2 0.398 87.2 

7 1.895 0.764 15.6 0.224 87.5 

8 2.660 0.000 19.6 0.200 96.3 

9 0.736 1.923 19.8 0.399 80.1 

10 1.600 1.059 16.3 0.147 93.1 

11 1.895 0.764 16.9 0.139 97.0 

12 0.736 1.923 25.6 0.297 86.5 

13 0.346 2.313 16.6 0.227 97.6 

14 2.660 0.000 19.9 0.130 96.9 

Information : Y1 : Droplet siz; Y2 : PDI; Y3 : %Transmittance 
 

Table 3. Results of the SLD Mathematical Model 

Response Model p-value Lack of fit 

Y1 Cubic 0.0289 (significant) 0.5124 (not significant) 

Y2 Linear 0.0052 (significant) 0.2805 (not significant) 

Y3 Linear 0.1054(not significant) 0.1899 (not significant) 

Information : Y1 : Droplet siz; Y2 : PDI; Y3 : %Transmittance 
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Figure 1. The normal plot of the residual of responses: (a) droplet size; (b) PDI; (c) %transmittance 

 

 
Figure 2. Appearance of 14 nanoemulsion formula SLD results 

 

The results in Table 3 and Figure 1 show that there 

is an influence of the combination of oils on the droplet 

size (Y1) and PDI (Y2), as evidenced by the p-value 

(<0.05) and lack of fit (>0.05). Meanwhile, in 

the %transmittance response (Y3), there was no 

influence between the oil combinations 

on %transmittance, as evidenced by the p-value (>0.05). 

This is in accordance with the literature, which explains 

that differences in oil components affect the droplet size 

and PDI. The two oils have different components that 

produce different effects in terms of the characteristics 

of the produced nanoemulsion. Virgin coconut oil has a 

lauric acid component with a medium carbon atom chain 

(C12), which causes the nanoemulsion droplet size to be 

smaller than oils containing long carbon atom chains, 

such as palm oil containing oleic acid (C18) (Rachman 

et al., 2023). The PDI value is related to the stability of 

the nanoemulsion; the more uniform the droplet size 

produced, namely with a PDI value <0.5, the more stable 

the system will be for a long time because it can 
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minimize the occurrence of flocculation in the 

nanoemulsion (Bashir et al., 2021). The % transmittance 

value was considered insignificant or had no effect. This 

is because the droplet sizes produced in this 

optimization are all small, so the nanoemulsion 

produced has a clarity or % transmittance with almost 

the same value. However, in terms of physical 

appearance, there are differences in the clarity of each 

nanoemulsion produced, in accordance with the 

research conducted by Apriliya et al. (2021), which 

explains that the% transmittance is influenced by droplet 

size; the smaller the droplet size, the higher the % 

transmittance. 

Comparison of optimization results of SLD and 

laboratory programs 

According to the formula optimization using the 

Simplex Lattice Design (SLD) method, six formula 

predictions were obtained. To determine the optimal 

formula, it must have a desirability value close to 1 

(Bolton, 1997). In this study, all formulas had a 

desirability value of 1. The results of the formula 

predictions based on the SLD program are listed in 

Table 4. 

The prediction results of the formula based on the 

SLD program were verified in the laboratory. This 

proves that the Simplex Lattice Design method is 

effective in being used as a background for formula 

optimization. To determine whether there is a difference 

between the results of the SLD Program and the 

laboratory, statistical testing was performed using the 

paired t-test method. If there was a difference, the 

significance value was <0.05; however, if there was no 

difference, the significance value was >0.05. The results 

of the formula predictions based on the laboratory data 

are presented in Tables 5, 6, and 7. 

According to Table 5. The droplet size prediction 

formula between the prediction value and the 

verification value has no significant differences (>0.05), 

indicating that the SLD method on the droplet size 

variable can be considered effective in determining the 

optimal formula because it produces results that are not 

different. 

According to Table 6. The PDI prediction formula 

between the prediction value and the verification value 

has no significant differences (>0.05), indicating that the 

SLD method on the PDI variable can be considered 

effective in determining the optimal formula because it 

produces results that are not different. 

 

Table 5. Comparison of droplet size prediction formula results based on SLD programs and laboratories 

Formula Predicted Values Verified Values Sig. Value 

FP1 16.5 17.6 

0.414 

FP2 18.3 17.4 

FP3 17.1 16.9 

FP4 16.4 14.9 

FP5 16.4 16.8 

FP6 19.6 18.6 

 

Table 6. Comparison of PDI prediction formula based on SLD programs and laboratories 

Formula Predicted Values Verified Values Sig. Value 

FP1 0.190 0.192 

0.946 

FP2 0.227 0.263 

FP3 0.207 0.127 

FP4 0.173 0.280 

FP5 0.186 0.236 

FP6 0.250 0.149 

Table 7. Comparison of %transmitan prediction formula based on SLD program and laboratories 

Formula Predicted Values Verified Values Sig. Value 

FP1 92.5 88.9 

0.190 

FP2 91.2 96.5 

FP3 91.9 95.8 

FP4 93.1 93.7 

FP5 92.7 99.6 

FP6 90.3 91.3 
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Based on Table 7. The %transmittance result of 

the formula prediction between the prediction value and 

the verification value is not significant (>0.05), meaning 

that the SLD method on the %transmittance variable can 

be said to be effective in determining the optimal 

formula because it produces a result that is not different. 

This is also in line with the research conducted by 

Mahiya et al. (2022), which explains that there is no 

significant difference between the results of the SLD 

program and laboratory observations, so it can be said 

that the SLD method is effectively used in the formula 

optimization. Research conducted by Amrina et al. 

(2024) also explains that the results of the SLD program 

and the actual formula of patikan kebo extract cream are 

not significantly different; therefore, the SLD program 

is considered effective for determining the optimal 

formula. The predicted Formula (FP) 5 is the most 

optimal because it has a desirability value of 1 with the 

best characteristics. The optimal nanoemulsion is a 

nanoemulsion with a small droplet size (10–100 nm), 

small PDI (<0.5), and % transmittance close to 100% 

(Das et al., 2020; Huda & Wahyuningsih, 2016). The 

smaller the droplet size, the more stable the 

nanoemulsion is (Son et al., 2019). The smaller the 

droplet size, the higher the %transmittance of the 

nanoemulsion. Nanoemulsions with 

high %transmittance make the preparation more 

acceptable, especially for cosmetics (Rakhma et al., 

2021). The smaller the PDI value, the more uniform or 

homogenous the nanoemulsion droplets are, thus 

making the nanoemulsion stable for a long time (Gao & 

Li, 2023). 

 

CONCLUSION 

This research shows that the Simplex Lattice 

Design (SLD) method is very effective. This can be 

observed in the optimal formula obtained from the 

formula prediction results. It can also be seen from the 

comparison between the prediction result of the 

formula-based program SLD and the result verification 

that there is no significant difference, so the optimal 

formula can be continued for nanoemulsion 

development. The predicted Formula (FP) 5 is the most 

optimal because it has a desirability value of one with 

the best characteristics. 
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