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ABSTRACT 

This research examines the long-term toxicity of nano-formulated Bischofia javanica leaves, a medicinal plant 

widely used in Indonesia, following OECD guideline 452. Mice were administered four different doses (2, 4, 6, 

and 8 g/kg body weight) of the nano-formulated extract for 60 days, while the control group received only water. 

On the 61st day, animals were euthanized for the collection of blood and tissue samples for biochemical, 

hematological, and histopathological evaluation. Data analysis was performed using one-way ANOVA with 

Tukey’s post hoc test. Low to moderate doses (2–4 g/kg BW) enhanced liver structure and function, whereas 

higher doses (6–8 g/kg BW) induced liver damage characterized by fat accumulation in hepatocytes, degeneration 

of central blood vessels, and sinusoidal disruption. Lung tissues in high-dose groups displayed alveolar 

inflammation, epithelial cell shedding, cellular debris, and infiltration of inflammatory cells. Heart tissue was 

largely normal at lower doses, but higher doses resulted in hemorrhages and deposition of amorphous material. 

Apart from elevated liver injury markers at high doses, other hematological and biochemical parameters, including 

blood glucose, remained largely unaffected, and no treatment-related deaths were observed. Overall, moderate 

dosing of nano-formulated Bischofia javanica leaves appears to support organ function, but high doses can 

compromise vital organs, underscoring the need for cautious therapeutic use. 
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Introduction 

Traditional medicine continues to be widely utilized across the globe, particularly in low- and middle-income 

countries, due to its perceived safety when properly administered. The effective use of herbal therapies requires 

careful consideration of factors such as dosage, timing, route of administration, selection of ingredients, thorough 

evaluation of relevant information, and appropriate clinical indications. Many traditional remedies contain 

multiple bioactive compounds, which can produce complementary or synergistic effects to achieve therapeutic 

outcomes. Additionally, traditional medicine offers flexibility in its mode of administration, including decoctions, 

infusions, and incorporation into food, highlighting its potential as a complementary or alternative healthcare 

approach. 

In recent years, there has been growing scientific interest in herbal medicines, driven by their potential benefits 

and safety profile. A fundamental step in developing these remedies is the evaluation of their toxicity. Animal-

based toxicity studies provide essential evidence supporting the safety of these herbal preparations, and the choice 

of testing method is guided by the intended use and potential human exposure risks. One medicinal plant that has 

attracted considerable research attention is Bischofia javanica. Several studies have investigated its 

pharmacological activities. For example, locomotor effects were assessed using the Open Field (OP) test [1] and 

the Hole Cross (HC) test [2], while sedative effects were evaluated through thiopental sodium-induced sleep 

assays [3]. Its anxiolytic properties were examined by Lister (1987) and Sonavane et al. (2002), and its anti-

diabetic potential was investigated through alpha-amylase inhibition assays [4–6]. Furthermore, the 
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phytochemical components of Bischofia javanica have been extensively characterized for various biological 

activities, including thrombolytic-preventing effects [7], anticancer activity [8], antioxidant effects [9], anti-

inflammatory activity [10], anti-allergic effects [11], anti-diabetic activity [12], and anti-H. pylori activity [13]. 

Most of these studies administered the plant extracts orally to experimental animals. 

Previous toxicity studies on Bischofia javanica have predominantly focused on acute toxicity (LD50) and 

cytotoxicity (LC50) evaluations [14, 15], while chronic toxicity remains largely unexplored. This study aims to 

address this gap by examining the long-term effects of repeated administration of nano-formulated Bischofia 

javanica leaves over a three-month period. The investigation also evaluates the impact of prolonged exposure on 

physiological parameters in growing mice, including complete blood counts, liver and kidney function markers, 

and histological assessments of vital organs such as the liver, kidneys, heart, and lungs, with detailed 

documentation of the experimental methods employed. 

Materials and Methods  

Preparation of nano-formulated bischofia javanica leaves 

Nano-formulated Bischofia javanica leaves were produced using High Energy Milling (HEM). Initially, 2 kg of 

fresh leaves were thoroughly washed and air-dried in a shaded environment for one week. The dried leaves were 

then coarsely ground using a mechanical grinder. The resulting coarse powder was placed into a grinding container 

with alumina grinding balls in a 1:20 powder-to-ball mass ratio. The grinding process was performed at 350 rpm 

following a structured schedule: an initial 3-hour grinding period, a 1-hour break, a 6-hour grinding session, 

another 1-hour pause, and a final 9-hour grinding session. Particle size analysis confirmed that the leaves were 

successfully reduced to the nano-scale, ensuring their suitability for pharmaceutical applications. 

Animal handling and treatment 

Forty healthy adult male Mus musculus (20–40 g) were used in the study. Each mouse was individually labeled 

for identification and randomly assigned to five groups (n=6 per group). Following a ten-day acclimatization 

period under controlled temperature, humidity, and a 12-hour light/dark cycle, the animals were provided with 

standard pellet feed and water ad libitum. Four groups received daily graded doses of nano-formulated Bischofia 

javanica leaves, while the control group was given only water and feed. Mice were weighed weekly before 

administration. On day 60, the animals were humanely euthanized under mild chloroform anesthesia. 

Nano-formulated leaf doses were designated as T1 (2 g/kg BW), T2 (4 g/kg BW), T3 (6 g/kg BW), and T4 (8 g/kg 

BW), based on previous LD50 studies that determined the LD50 at 12.6 g/kg BW. Oral administration of the 

leaves and sterile water followed OECD guideline 452 for chronic toxicity studies. The experimental design 

adhered to the 3R principles (reduce, refine, replace) to minimize animal use, and complied with international 

ethical standards, including the ARRIVE guidelines and the 2013 revision of the Helsinki Declaration, to ensure 

both scientific validity and animal welfare. 

General observations 

Throughout the study, animals were monitored daily to identify any potential adverse effects arising from the 

administration of nano-formulated Bischofia javanica leaves. Observations included feeding behavior, changes in 

fur color, signs of social withdrawal, indications of discomfort or pain, and any occurrences of mortality. 

Hematological assessment 

Blood samples were collected from the tail vein, treated with anticoagulants, and analyzed using an automated 

hematology system (Mindray BC-2800 Auto Hematology Analyzer). Parameters measured using the Automatic 

Hematology Analyzer BF-6800 included White Blood Cell (WBC) count, Red Blood Cell (RBC) count, 

hemoglobin (HGB), hematocrit (HCT), mixed cell count (MXD), mean corpuscular volume (MCV), mean 

corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet count, Red Cell 

Distribution Width-Standard Deviation (RDW-SD), lymphocyte count, neutrophil count, Red Cell Distribution 

Width-Coefficient Variation (RDW-CV), Platelet Distribution Width (PDW), mean platelet volume (MPV), and 

Platelet-Large Cell Ratio (P-LCR). 

Biochemical evaluation 
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Twelve hours prior to euthanasia, mice were weighed, and blood was collected via cardiac puncture. 

Approximately 5 mL of blood was drawn into gel separator tubes, allowed to clot, and centrifuged at 3000 rpm 

for 15 minutes. Serum was separated and stored at -20 °C until analysis. Biochemical parameters were measured 

using the Automatic Biochemistry Analyzer NEUES480 (MedGroup) and included Albumin, Globulin, Total 

Protein, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), direct 

and indirect bilirubin, total bilirubin, Low-Density Lipoprotein (LDL), High-Density Lipoprotein (HDL), Very 

Low-Density Lipoprotein (VLDL), total cholesterol, triglycerides, creatinine, uric acid, blood glucose, Gamma-

Glutamyl Transferase (GGT), and Blood Urea Nitrogen (BUN). 

Histological analysis 

Vital organs, including the liver, heart, kidneys, and lungs, were carefully excised, weighed, and fixed in 10% 

neutral buffered formalin. The tissues were processed for histological examination by slicing sections, dehydrating 

in graded alcohols, and embedding in paraffin. Sections of 4–10 µm thickness were mounted in neutral DPX 

medium, stained with hematoxylin and eosin, and observed under a light microscope at 40×, 100×, and 400× 

magnifications. 

Data analysis 

Data were analyzed using one-way analysis of variance (ANOVA) with a 95% confidence level, followed by 

Tukey’s post hoc test using SPSS version 21. Results were presented in tables and graphs, with additional 

graphical analysis performed using GraphPad Prism version 8.0. 

Results and Discussion 

Macroscopic observations 

Routine monitoring of food and water intake, physical appearance, and activity levels is essential in toxicity 

studies. In this investigation, macroscopic examination of the mice revealed no significant alterations in feeding, 

drinking, or exploratory behavior throughout the treatment period. Fur color, incisor height, and general 

appearance were also observed to ensure normal health parameters were maintained. 

Body weight 

Exposure to xenobiotic compounds can affect appetite, digestion, and metabolic processes, often leading to weight 

loss or growth retardation. This study assessed the effect of graded doses of nano-formulated Bischofia javanica 

leaves on body weight over an eight-week period. All experimental groups showed a progressive increase in body 

weight (Figure 1), with no statistically significant differences compared to the control group.  

 
Figure 1. Weekly Body Weight Changes. Data are expressed as mean ± SEM. Groups: K- (Control), T1 (2 

g/kg BW), T2 (4 g/kg BW), T3 (6 g/kg BW), T4 (8 g/kg BW). 

Hematological assessment 

Bioactive compounds, including herbal extracts, can influence immune function, enzymatic activity, and the 

formation of blood cells, sometimes leading to hematological imbalances [16]. Xenobiotic exposure may trigger 
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an increase in white blood cell (WBC) production as a defense mechanism [17, 18]. To evaluate the impact of 

Bischofia javanica leaves on blood health, key hematological parameters were measured. 

In this study, WBC counts were elevated in the T3 group (6 g/kg BW), reaching 12.10 ± 0.31 compared to 8.94 ± 

0.56 in the control group (Figure 2). The mixed cell fraction (MXD), which includes monocytes, eosinophils, and 

basophils, showed significant increases at low and high doses: 19.29 ± 2.24 in T1 (2 g/kg BW) and 16.62 ± 0.84 

in T4 (8 g/kg BW), versus 14.43 ± 0.93 in controls. Among all measured parameters, neutrophil levels exhibited 

the most pronounced dose-dependent changes. The proportion of neutrophils rose sharply in T1 (20.42 ± 1.20), 

T3 (15.57 ± 1.84), and T4 (14.22 ± 3.13), while T2 (4 g/kg BW) displayed a slight decrease to 7.30 ± 0.29, which 

did not differ significantly from the control. Similarly, neutrophil counts (×10³) were significantly higher in T1, 

T3, and T4 relative to controls, whereas T2 remained comparable to baseline values. 

     

a) b) c) d) e) 

     

f) g) h) i) j) 

 
    

k) l) m) n) o) 

    

 

p) q) r) s)  

Figure 2. Influence of nano-formulated Bischofia javanica leaf extract on hematological parameters, 

presented as mean ± SEM. K- (Control), T1 (2 g/kg BW), T2 (4 g/kg BW), T3 (6 g/kg BW), and T4 (8 g/kg 

BW). 

Biochemical function parameters 

AST, an enzyme found in the cytoplasm and mitochondria of cardiac, hepatic, and skeletal tissues [19], and ALT, 

primarily present in hepatocyte cytosol, are released into the blood during liver damage, necrosis, or changes in 

cellular permeability, making them reliable markers for liver injury [20]. Bilirubin metabolism begins with 

indirect bilirubin produced from hemoglobin and red blood cell breakdown, which is converted in the liver to 

direct bilirubin for bile excretion. Monitoring bilirubin is critical in toxicity studies to assess red blood cell 

destruction and liver catabolic function. The kidneys facilitate the elimination of urea, bilirubin, and other 
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metabolic wastes, while the liver synthesizes triglycerides and proteins and produces roughly 80% of the body’s 

cholesterol, reflecting hepatic synthetic capacity after herbal treatment. 

Renal function was further assessed using serum creatinine and blood urea nitrogen, indicators of the kidney’s 

ability to clear protein metabolism byproducts [21]. In this study, bilirubin concentrations remained stable at T1, 

T2, and T3 doses but were elevated at T4. Albumin levels were consistent with those of the control group. Both 

total and direct bilirubin increased in T3 and T4, while AST levels rose in all treated groups. Lipid profile changes 

included a reduction in HDL across all treatments, with LDL and total cholesterol showing increases; LDL was 

significantly higher in T2, T3, and T4 compared to controls (Figure 3). However, most lipid measures did not 

differ significantly from control values. Blood glucose remained within normal limits and was unaffected by 

treatment across all groups (Figure 3). 
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Figure 3. Influence of nano-formulated Bischofia javanica leaf extract on biochemical function parameters, 

reported as mean ± SEM. K- (Control), T1 (2 g/kg BW), T2 (4 g/kg BW), T3 (6 g/kg BW), and T4 (8 g/kg 

BW). 

Organ weight 

Exposure to bioactive compounds can provoke tissue and organ inflammation, which may manifest as changes in 

both body and organ masses. Monitoring these weight variations between treated and control groups is an 

important approach for detecting potential toxic effects. According to the Society of Toxicologic Pathology, organ 

weight analysis is a fundamental tool in general toxicity screening for bioactive substances [22–24]. In this 

investigation, the weights of the heart, liver, kidneys, spleen, and testes were evaluated. While reductions in organ 
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mass were observed across most treated groups, the liver, kidneys, and heart demonstrated significant decreases 

specifically in the negative control group (Figure 4). 

 
Figure 4. Relative organ weights after administration of nano-formulated Bischofia javanica leaf extract, 

presented as mean ± SEM. K- (Control), T1 (2 g/kg BW), T2 (4 g/kg BW), T3 (6 g/kg BW), and T4 (8 g/kg 

BW). 

Histological analysis 

To uncover subtle or early toxic effects that may not be detected through biochemical tests, microscopic 

examination of vital organs is indispensable. In this study, the hearts, lungs, livers, kidneys, and brains of animals 

treated with nano-formulated Bischofia javanica extract were evaluated and compared to those from the control 

group. 

 

Liver 

In untreated control animals, central veins displayed moderate to severe congestion (Figure 5). By contrast, 

treated groups showed subcapsular hemorrhages and congestion involving central veins, sinusoids, and veins 

beneath the liver capsule. The lowest dose group (T1) revealed necrotic regions without inflammatory infiltration. 

At higher doses (T3 and T4), hepatocytes with intracellular lipid droplets were scattered throughout the tissue. 

Central venous congestion was also noted in livers from T1, T2, and T3 groups. The T2 group exhibited 

hepatocytes with microvesicular morphology and localized fatty changes. Overall, liver pathology was more 

pronounced in T2, T3, and T4 groups, with congestion affecting multiple regions, including subcapsular areas, 

sinusoids, major vessels, and central veins, and T4 livers additionally displayed foamy hepatocytes (Figure 5). 

 Kidney Liver Lungs Heart Brain 
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Figure 5. Microscopic examination of key organs in Mus musculus following chronic exposure to nano-

formulated Bischofia javanica leaf extract. K- (Control), T1 (2 g/kg BW), T2 (4 g/kg BW), T3 (6 g/kg BW), 

and T4 (8 g/kg BW). 

Kidney 

Renal histology in control and T1 mice showed normal architecture, with well-defined glomeruli, tubules, and 

collecting ducts, and only minimal stromal congestion (Figure 5). In contrast, T2, T3, and T4 groups displayed 

marked stromal congestion affecting glomeruli, tubules, and collecting ducts. The T4 group, receiving the highest 

extract dose, exhibited persistent inflammatory changes (Figure 5). 

Heart 

All treated groups exhibited severely congested cardiac arteries without evidence of inflammation, fibrosis, or 

infarction (Figure 5). Specifically, the T4 group showed highly eosinophilic myocardial fibers, localized 

hemorrhage with amorphous exudates, and scattered congested arteries (Figure 5). 

Lungs 

Control lungs showed mild airway epithelial shedding, whereas chronic inflammatory changes dominated by 

lymphocytes and macrophages were apparent in T2–T4 groups. The T3 group had alveolar spaces filled with 

inflammatory cells and epithelial debris, while T4 lungs displayed moderate chronic inflammation with epithelial 

cell exfoliation. In T2, localized inflammatory clusters were observed, and T1 lungs showed only minor 

inflammatory changes (Figure 5). 

Brain 

Brain tissue in control mice was normal, without edema or congestion (Figure 5). Mild edema and focal 

congestion were observed in T1, while T2 and T3 exhibited more pronounced congestion after 60 days. The T4 

group showed extensive focal congestion and severe edema affecting nearly all neurons in the cerebrum, 

indicating that prolonged high-dose exposure significantly impacts brain histology (Figure 5). 

Bischofia javanica, widely used in Indonesia for its therapeutic potential, was assessed here for chronic toxicity 

in its nano-formulated form due to limited safety data. Hematological analysis revealed no significant adverse 

effects or treatment-related mortality across all groups. Red and white blood cell counts remained within normal 

ranges, with minor increases in some groups considered non-toxicologically relevant. Medium and high doses led 

to slight elevations in WBC counts, but differences were not statistically significant. Macroscopic examination at 

euthanasia revealed minor small intestine ulceration in T4 mice. 

High doses of nano-formulated Bischofia javanica caused elevated AST levels, suggesting possible hepatocyte 

damage or long-term liver toxicity, consistent with previous studies indicating moderate toxicity [25]. Although 

prior reports suggest hepatoprotective effects of active components such as ursolic acid and betulinic acid [25–

27], histological analysis in this study revealed sinusoidal congestion under the capsule and within large vessels 

at high doses. T4 livers displayed hepatocytes with fat globules, fatty changes, and microvesicular alterations; T3 

livers contained foamy hepatocytes; and T2 livers showed fat globules and reduced albumin levels, reflecting 

altered synthetic capacity. The decreased albumin/globulin ratio in T2 emphasizes the need for cautious dosing of 

Bischofia javanica. The high oil content of its seeds, previously considered inedible, further supports avoiding 

excessive intake [28]. 

Mice administered a moderate dose of nano-formulated Bischofia javanica (T3; 6 g/kg BW) demonstrated 

elevated blood glucose compared to controls, indicating potential disturbances in glucose metabolism, pancreatic 
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stress, or a predisposition toward diabetes mellitus, consistent with previous research on hyperglycemia and 

diabetes [29]. Chronic administration of doses exceeding 2 g/kg BW (the human-equivalent recommended dose) 

resulted in a reduction of blood glucose levels within normal physiological ranges, but exposure beyond this 

threshold may increase the risk of diabetes development [25]. Across all treatment groups, lung histology revealed 

inflammatory infiltration, congestion, and the presence of chronic inflammatory cells, pointing to moderate 

pulmonary toxicity. Lung weights were notably higher in the T4 group than in controls, highlighting that the lungs 

are particularly vulnerable to high doses of nano-formulated Bischofia javanica through absorption and systemic 

distribution. 

Gastrointestinal effects were also observed, especially in the small intestine, alongside alveolar inflammation 

dominated by lymphocytes and macrophages, with alveolar spaces filled with cellular debris in animals receiving 

doses above 8 g/kg BW. Given that drugs are absorbed, distributed, and bind to target tissues to exert effects, 

these changes reflect the systemic impact of high-dose administration. The brain, with its high metabolic 

demand—receiving roughly 20% of cardiac output (about 750 ml/min)—showed histological alterations in white 

mice (Mus musculus), including congestion and perivascular edema. While some pathological findings are 

expected even in control animals, differences in lesion extent and distribution underscore the effects of high-dose 

exposure. Animals not bred as specific pathogen-free (SPF) may also show unanticipated variations [30]. 

Extended exposure to high-sulfur compounds present in the nano-formulated leaves may exacerbate cellular 

toxicity in sensitive organs such as the brain. 

Renal toxicity was dose-dependent: low-dose (T1) treatment caused mild kidney changes, 4 g/kg BW (T2) induced 

moderate effects characterized by capillary obstruction in glomeruli, renal tubules, and collecting ducts, and 6 

g/kg BW (T3) resulted in chronic inflammation. Kidney weights in T4 mice were significantly lower than those 

of controls, likely reflecting inflammation-induced atrophy [21]. These findings suggest that chronic, high-dose 

administration contributes to sustained inflammatory foci in renal tissue. 

Cardiac effects were also observed following repeated exposure. Mice displayed minor structural damage, 

including dispersed but heavily congested vessels, eosinophilic muscle fibers, hemorrhagic areas with amorphous 

exudates, and isolated congested vessels. These changes likely result from the high concentration and prolonged 

exposure to the nano-formulated herb, with toxicity modulated by dose, duration, composition, and environmental 

factors [31]. Chronic cardiac alterations were primarily associated with vascular congestion and inflammatory 

changes, consistent with previous observations of herb-induced cardiac toxicity [32]. 

Conclusion 

Prolonged administration of nano-formulated Bischofia javanica leaves at doses exceeding 4 g/kg BW for 60 days 

or more may adversely affect critical organ systems. Conversely, lower doses (<4 g/kg BW) appear relatively safe 

and may offer therapeutic benefits, including support of liver, kidney, blood, and heart function, with minimal 

effects on brain and lung tissue. Careful monitoring and controlled dosing are recommended, and further safety 

evaluations—particularly regarding teratogenic effects in pregnancy—are warranted. Additionally, ensuring the 

quality and safety of the plant material through proper agricultural and processing practices is crucial to prevent 

contamination with pesticides or other harmful substances. 
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