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ABSTRACT

The development of novel anticancer therapeutics from natural sources requires comprehensive safety evaluation. The
main bioactive component of sappan wood (Caesalpinia sappan L.), brazilin, has shown encouraging anticancer qualities,
such as inducing apoptosis and inhibiting the multiplication of malignant cells, and so merits toxicological evaluation for
clinical development. The purpose of this study is to assess the acute oral toxicity of brazilin as a potential anticancer agent
and determine the LDso values and target organ effects in female Wistar rats to establish safety parameters for anticancer
drug development. The OECD 425 Up and Down Procedure was employed to evaluate acute oral toxicity. Female Wistar
rats were administered oral dosages of 2000 mg/kg of body weight. Clinical symptoms, mortality rates, body weight
changes, and histological alteration in the stomach, liver, kidneys, and spleen were observed during a period of 14 days.
The data analysis using AOT425StatPgm software. No mortality or acute toxicity symptoms were observed at a dosage of
2000 mg/kg body weight, showing that brazilin is non-toxic with an LDso exceeding 2000 mg/kg. Histopathological
examination indicated mild, reversible alterations, such as gastric mucosal erosion and localized hepatic hydropic
degeneration, without significant organ damage. The findings suggest adequate safety margins for the development of
anticancer therapies. These findings provide acceptable safety margins for the development of anticancer therapies. Brazilin
exhibits an excellent acute toxicity profile appropriate for anticancer drug development, with an LDso approaching 2000
mg/kg body weight. The identified minor histological alterations offer significant safety implications for continuous dosage
protocols in cancer therapy. Conclusions encourage the progression of brazilin to efficacy studies in cancer models and the
assessment of chronic toxicity for clinical development.
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1. INTRODUCTION

Caesalpinia sappan L. (sappan wood) is a medicinal plant traditionally used in Indonesia. Beyond its use as a natural dye,
it contains brazilin, a flavonoid that has recently emerged as a promising candidate for anticancer therapy. Numerous in
vitro and in vivo studies have demonstrated that brazilin exerts potent anticancer effects through multiple mechanisms,
including induction of apoptosis, inhibition of proliferation, cell cycle arrest, and suppression of metastasis in various
cancer cell lines (Navarro-Tito, 2022; Pattananandecha et al., 2022).

The translation of a promising anticancer compound from the laboratory to the clinic is a multistep process that critically
depends on establishing a comprehensive safety profile. While efficacy defines a drug's desired action, safety determines
its therapeutic window and potential for human use (Shegokar, 2020). Acute oral toxicity testing is the fundamental first
step in this safety assessment, providing initial data on the intrinsic toxicity of a substance after a single administration,
identifying target organs, and determining the lethal dose 50 (LDso) (Meng et al., 2024). This information is indispensable
for calculating safe starting doses for subsequent repeated-dose and efficacy studies in animal models of cancer (Wang et
al., 2019).
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However, despite the growing body of evidence on the anticancer properties of brazilin, data on its systemic toxicity
remains scarce (Hernandez-Moreno et al., 2023). A compound intended for chronic administration in a potentially
vulnerable population (cancer patients) requires a rigorous evaluation of its risk-benefit ratio, beginning with its acute
effects (Singaraju et al., 2020).

Therefore, toxicity testing is required to evaluate the security of a drug, or a substance used as a supplement. The acute
toxicity test aims to determine the short-term effects and appropriate duration and dosage to protect the public from possible
detrimental effects (Sari et al., 2024).

The objectives were to determine its LDso value, observe any clinical signs of toxicity, and examine histopathological
alterations in vital organs. The findings from this study will provide the essential preliminary safety data required to de-
risk future preclinical development of brazilin as a novel anticancer agent and to design appropriate dosing regimens for
its antitumor efficacy studies.

2. METHODS

The brazilin compound used in this study was obtained from the Indonesian College of Pharmacy laboratory. Ethical
approval was obtained from the Research Ethics Commission of Health, Padjadjaran University, Bandung, with letter
number: 274/UN6.KEP/EC/2024.

Female Wistar rats weighing 197-246 grams were obtained from the Wistor Laboratory. Six test animals were used: one
normal rat and five test rats for the limit test. After acclimatization for seven days, the rats were deemed suitable for research
as their maximum weight remained within OECD (2022) guidelines of 250 grams. Physical and behavioral observations
confirmed good health status with clear red eyes, normal fur, normal behavior, non-pregnant status, and no previous births.
The brazilin compound was suspended in 0.5% Na-CMC due to its insolubility in water.

Limit Test Procedure

The experimental animals were divided into two groups: test group and normal control (0.5% NaCMC suspension). The
initial dose used for the limit test was 2000 mg/kg body weight. Rats were fasted for 12 hours but provided sufficient water.
Administration was performed using an oral probe.

Toxicity observations were made every 30 minutes for the first 4 hours, with 48-hour intervals. If rats died in the first test,
the main test was immediately continued. If rats remained alive after 48 hours, they were administered the same dose with
repeated observations. The test was stopped if 3 out of 5 rats survived or if 3 out of 5 rats died, requiring continuation of
the main test.

Main Test Procedure

Rats were fasted for 12 hours but provided adequate water. Test animals were divided into normal control group
(administered 0.5% NaCMC suspension) and test group with doses starting from 175 mg/kg body weight. Test animals
were administered doses at 48-hour intervals, with observations conducted for 14 days.

If rats survived after 48 hours, the dose was increased from the previous dose; if rats died or were moribund, the dose was
reduced following the OECD 425 sequence: 1.75, 5.5, 17.5, 55, 175, 550, 1750, and 5000 mg/kg body weight.
The test was stopped when meeting one of the following criteria:

1. Three consecutive animals survived above the test dose limit

2. Five repetitions occurred in every 6 animals tested consecutively

3. Three deaths were found at the same 4 concentrations

Clinical symptoms of toxic effects were monitored, including hair standing, eye clarity, pain, trembling, seizures,
salivation, diarrhea, hyperactivity, respiratory system changes, and death. Body weight changes and organ weights
(stomach, liver, spleen, kidneys) were recorded.

After 14 days of observation, all animals were sacrificed, and organs were surgically removed for macroscopic and
microscopic examination. Histopathological preparation was conducted at Hasan Sadikin Hospital Laboratory, Bandung.

LDso values were calculated using AOT425StatPgm (Acute Oral Toxicity Guideline 425 Statistical Program) software
(Ganapathi et al., 2018).
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3. RESULTS

Five female wistar rats were used. After seven days of acclimatization, body weights increased appropriately, confirming
suitability for research. Physical and behavioral observations indicated good health status with normal characteristics.

Acute Oral Toxicity Test Results
The limit test was conducted with a dose of 2000 mg/kg body weight. Before treatment, rats were fasted for 14-18 hours
but provided water. Animals were weighed and orally administered using an oral tube.

Body weight observations from days 1 to 14 showed continued weight increases in both normal and test rats. This weight
change is normal, as detrimental body weight changes due to substance administration occur when there is a significant
decrease of 10% from initial weight (Punger et al., 2024).
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Figure 1. Graph of rats body weight after treatment

Clinical Observations and Mortality

No mortality was observed in any of the test animals during the 14-day observation period ollowing a single oral
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administration of brazilin at the limit dose of 2000 mg/kg body weight. Furthermore, careful monitoring revealed no
signs of acute toxicity. As detailed in Table 1, all rats, including those in the control group, exhibited normal behavior.
Parameters such as fur condition, eyes, motor activity, tremors, convulsions, salivation, diarrhea, and respiratory patterns
showed no abnormalities compared to the control group.

Table 1. Observation of toxicity signs in rats after oral administration of brazilin

Sign
toxicity

Control
Rat

Rat 1

Rat 2

Day

Rat 3

Rat 4

Rat 5

1-2 3-14 1-2 3-14

1-2

3-14

1-2

3-14 1-2 3-14 1-2

3-14

Hair

Eye

Painful
Trembling
Seizures
Salivation
Diarrhea
Hyperactive
Breathing
Death

(-) = no toxic effect; () = slight toxic effect; (+) = toxic effect occurs
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LDso Value Determination

The LDso value was analyzed using AOT425 StatPgm software version 1.0. After administering 2000 mg/kg body weight,
no deaths were found in either short-term (48 hours) or long-term (14 days) observations. The test was stopped after meeting
OECD termination criteria, with no deaths found in test animals at 2000 mg/kg body weight.

Results from AOT425StatPgm showed that brazilin compound administered at 2000 mg/kg body weight did not cause any
test animal deaths. When no test animal deaths are found at the highest dose, the test preparation is classified as non-toxic
(Sianturi S et al., 2020).

Macropathological Observations
After 14 days of observation, all rats were sacrificed, and organ surgery was performed to determine relative weights of
stomach, liver, spleen, and kidneys for macroscopic and microscopic examination (Jimoh et al., 2023).

Visual observations of test animal organs (stomach, liver, spleen, kidneys) showed normal characteristics. Stomach organs
appeared pink with smooth surfaces, chewy consistency, and no ulcers after brazilin compound administration. Kidney
organs were reddish-brown with slippery surfaces and chewy consistency. Liver organs were reddish-brown with smooth
surfaces and elastic consistency, matching normal liver characteristics (Singh et al., 2020). Spleen organs were dark
reddish-brown with smooth surfaces and elastic consistency, consistent with normal spleen characteristics (Chaudhry et
al., 2019).

Based on organ weight graphs, differences in liver organs were attributed to different mouse body weights when
administered 2000 mg/kg body weight of brazilin compound. Visual observations showed that color, surface, and
consistency did not show significant differences from normal rats.
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Figure 2. Graph of relative organ weights of rats treated with brazilin (2000 mg/kg bw)

Histopathological Observations

Histopathological observation involves examining sample tissue under a microscope which aims to strengthen the results of
signs of toxicity in the brazilin compound. Microscopic examination parameters were used to observe damaged cells or
cellular changes due to test materials (Camilla, 2018). Preparation of preparations for histopathological observation was
carried out at the Hasan Sadikin Hospital Laboratory, Bandung.

Stomach Histopathology

Histopathological stomach observations showed test rats had mucosal erosion damage in all observed fields. Superficial
erosion is caused by mucosal cell erosion due to decreased mucus secretion or epithelial layer disconnection of gastric
mucosa. Erosive gastritis results from gastric mucosal defense damage, commonly caused by NSAIDs, alcohol, stress, and
other factors (Islam et al., 2024).

Figure 3 Hlstopathology of stofnach (HE 200x)
(A) Normal; (B) Rat Test

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow ng. 188



Acute Oral Toxicity Test Of Brazilin (From Caesalpinia Sappan I) On Female Wistar Rats

@ Epithelium
Lumina propria
® Tunica muscularis
= Desquamation
Superficial Erosion
Ulcer on the upper 1/3 of the mucosa

Average histopathology scoring showed brazilin compound administration affected stomach histopathology of test rats,
which is reversible, meaning damage can return to normal with exposure cessation (Zanotelli et al., 2020). Superficial
erosion remains in the normal category as it is reversible (Lacy & Ito, 2024).

Liver Histopathology

Liver histopathological observations showed test rats had hepatocyte hydropic degeneration damage, appearing
increasingly shrunken, blackened, and disappeared, with parenchymal damage in certain spots merging without nucleus
and filled with inflammatory cells (Mutlak & Mnati, n.d.). Hydropic degeneration is the mildest degeneration form,
meaning damage returns to normal with exposure cessation (Azminida et al., 2024).
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Average liver histopathology scoring showed brazilin compound administration affected liver histopathology of test rats.
In acute toxicity testing, brazilin compounds cause liver organ damage, namely irreversible fatty degeneration. Damage
found in liver histopathology includes hydropic degeneration and necrosis. However, the percentage of damage based on
scoring parameters and liver histopathological damage remains in the normal category (Susetyarini et al., 2022).

Spleen Histopathology
Spleen histopathological observations showed brazilin compound administration resulted in mild bleeding, whereas normal
control spleens experienced normal bleeding; however, after brazilin compound administration, spleens experienced mild
focal bleeding and necrosis, but still focal (mild necrosis) (Taveepanich et al., 2024).

Wy

N TR SRS I
Figure 5 Histopathology of the spleen (HE, 200x)
(A) Normal ; (B) Rat Test
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Average spleen histopathological scoring showed brazilin compound administration affected spleen histopathology of test
rats. Histopathological examination revealed mild necrosis and bleeding in spleen organs, namely mild focal bleeding.
Both bleeding and necrosis remained in mild categories (Akat & Cakici, 2023).
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Kidney Histopathology
Microscopic kidney observations showed test rats experienced hydropic degeneration damage (swollen cells). Hydropic
degeneration, the mildest degeneratlonform means damage returns to normalwnhexposure cessation (Wang et al., 2023).

Flgure 6. Hl'stblpathology of kldney (HE 200x)
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Average kidney histopathology scoring showed brazilin compound administration influenced renal histopathology of test
rats, with hydropic degeneration damage (cell swelling). Cell swelling, hydropic changes, and vacuolar degeneration are
initial reversible injuries, meaning damage can return to normal. The main kidney function is maintaining ion and water
content balance in blood (osmoregulation) (Tsaniya et al., 2024); therefore, kidneys maintain ion balance by filtering blood,
excreting metabolic waste products, and reabsorbing small molecules (glucose, fatty acids, amino acids, peptides), ions,
and water (John & Pasha, 2024).

4. DISCUSSION

The acute oral toxicity assessment of brazilin indicates a positive safety profile for anticancer drug development, with an
LDso surpassing 2000 mg/kg body weight. This safety margin is advantageous compared to numerous established
anticancer drugs that demonstrate significant toxicity at therapeutic doses, offering a promising basis for further
development (Arzuk et al., 2022).

The observed histopathological alterations, although mild and reversible, offer significant insights for the advancement of
anticancer therapies (Aljehani et al., 2023). Gastric mucosal erosion and hepatic hydropic degeneration may attain clinical
significance with chronic dosing regimens necessary for cancer therapy (He et al., 2023). The findings underscore the
necessity of monitoring hepatic function during clinical development, given that hepatotoxicity is a prevalent issue in
anticancer drug development (Frey, 2025).

The mild inflammatory responses noted in various organ systems may enhance anticancer efficacy via hormetic
mechanisms, where regulated cellular stress improves immune surveillance, potentially complementing the direct
anticancer effects of brazilin (Raptania et al., 2024). The liver findings are significant due to the organ's essential function
in drug metabolism and its potential for drug-drug interactions in combination cancer therapies (DelLeve et al., 2004).

The alterations in the spleen, such as mild focal bleeding and necrosis, may indicate the immunomodulatory effects of
brazilin pertinent to anticancer mechanisms. The spleen’s involvement in immune surveillance and its interaction with
tumor cells renders these findings significant for anticancer development (Wei et al., 2024).

The non-toxic classification establishes a basis for progressing to chronic toxicity studies and efficacy assessments in
cancer models. The established safety margin facilitates dose escalation studies and the exploration of combination
therapies with current anticancer agents (Prior et al., 2024). Future research must establish the relationship between
observed histopathological changes and the anticancer mechanisms of brazilin, alongside pharmacokinetic characterization
and long-term toxicity evaluation, which are essential for clinical development.

The study's limitations include the use of single-dose administration and short-term observation period, which may not
reflect the chronic dosing regimens required for cancer treatment. Long-term toxicity studies will be essential to evaluate
the cumulative effects of repeated brazilin administration and to identify any delayed-onset toxicities that could impact its
clinical development trajectory.
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5. CONCLUSION

Brazilin's acute oral toxicity profile is critical to its preclinical development as an anticancer drug. Brazilin is classified as
non-toxic, with an LDso surpassing 2000 mg/kg body weight, ensuring a secure basis for cancer model efficacy
investigations and chronic toxicity evaluations. The absence of immediate mortality and severe clinical signs suggests a
safe preliminary safety profile for anticancer medication development.

The observed histopathological changes, including gastric mucosal erosion and hepatic hydropic degeneration, reveal
brazilin's potential target organ effects that must be considered in anticancer therapy development. In future preclinical and
clinical trials, these data will guide safety monitoring and dose optimization. The multi-organ distribution of minor impacts
suggests systemic activity that may affect cancer treatment efficacy and safety.

The safety margin allows brazilin's anticancer mechanisms and dose-response correlations to be studied in cancer models.
Brazilin should be studied for longterm toxicity, pharmacokinetics, and effectiveness in diverse cancer types to progress
clinical development. Investigation of potential synergistic effects with existing anticancer medicines may discover
combination therapy techniques that improve treatment outcomes while maintaining safety.

Brazilin transitions from a traditional medicinal chemical to a scientifically confirmed anticancer medication candidate
thanks to its toxicological base, adding to oncology's natural product-derived therapeutic armament. Brazilin's antitumor
efficacy and low acute toxicity make it an attractive cancer drug candidate.
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