Trop J Nat Prod Res, September 2025; 9(9): 4250 - 4259

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

-

L

Tropical Journal of Natural Product Research B

Available online at https://imww.tjnpr.org E

Dose-Response Evaluation of Blumea balsamifera Leaf Ethanol Extract in Acute and
Subchronic Toxicity Models in Mice for Sustainable Application

Bui H. Quan?, Tran T. P. Nhung'*

!Institute of Biotechnology and Food Technology, Industrial University of Ho Chi Minh City, Ho Chi Minh City 700000, Vietnam

ARTICLE INFO

ABSTRACT

Article history:

Received 17 June 2025

Revised 28 July 2025

Accepted 29 July 2025

Published online 01 October 2025

Copyright: © 2025 Quan and Nhung. This is an
open-access article distributed under the terms of the
Creative Commons Attribution License, which
permits  unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Blumea balsamifera is widely used in traditional medicine, yet its safety profile remains
inadequately characterized. This study aimed to assess the dose-dependent toxicity of Blumea
balsamifera leaf ethanol extract (BBEE) through acute (14 days) and subchronic (90 days) oral
exposure in Swiss albino mice at doses ranging from 100 to 5000 mg/kg, including recovery
groups to evaluate reversibility. Toxicological endpoints included body weight, food intake,
organ weights, hematological indices, serum biochemistry, and urinalysis. High BBEE doses
significantly reduced body weight gain (5.3 £1.6% vs. 40.5+2.2%, p=0.007) and food intake
(R2=0.9966), and increased relative liver (r=0.991) and kidney (r=0.985) weights (p <0.01).
Notable elevations were observed in RBC (8.55+0.13 x 10¢/mm?, p=0.012), creatinine
(r=0.846, p=0.014), BUN (r=0.926, p=0.009), and urinary pH (r=0.973, p=0.007).
However, all alterations were dose-dependent and fully normalized in satellite groups (p > 0.05).
Overall, BBEE induced reversible physiological and biochemical changes at high doses, while
lower doses were well tolerated. These findings support the safe use of BBEE at moderate levels
and its potential for further development as a sustainable natural product.

Key words: Blumea Balsamifera, Dose-Response Relationship, Acute Toxicity, Subchronic
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Introduction

Medicinal plants have garnered increasing attention as
sources of bioactive compounds with therapeutic potential and lower
adverse effects compared to synthetic drugs®. Blumea balsamifera (L.)
DC., a member of the Asteraceae family, is widely used in Southeast
Asian traditional medicine for its reported antioxidant, anti-
inflammatory, and antimicrobial activities?. Ethanol extracts of B.
balsamifera leaves have been shown to contain flavonoids, terpenoids,
and essential oils that contribute to its pharmacological effects®.
Despite its ethnobotanical significance and increasing commercial use
in herbal formulations, the safety profile of B. balsamifera,
particularly in standardized extract form, remains underexplored.
Establishing the dose-dependent toxicity thresholds is essential to
ensure their safe application in health-related products. While previous
studies have demonstrated the therapeutic efficacy of B. balsamifera®,
data on its systemic effects under acute and subchronic exposure
conditions remain limited. This study was therefore designed to
evaluate the toxicity profile of B. balsamifera leaf ethanol extract
(BBEE) in mice using standardized acute and subchronic models,
including recovery (satellite) groups. The study focused on
physiological, hematological, biochemical, and urinary parameters and
applied dose-response analysis to determine the correlation between
BBEE exposure and systemic alterations, thereby providing a
scientific basis for its sustainable medicinal application.
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Materials and methods

Plant material and extract preparation

Fresh leaves of Blumea balsamifera L. (DC) were collected in
November 2024 from Cam Thuy district, Dong Nai province, Vietnam
(10.9830°N, 107.2531°E). The plant was taxonomically identified by
Dr. Minh Thao Nguyen, and a voucher specimen (BB0121124VST)
was deposited at the Biotechnology Laboratory, Institute of
Biotechnology and Food Technology, Industrial University of Ho Chi
Minh City, Vietnam. After shade-drying, 1.2 kg of powdered leaves
were extracted with 10 L of 70% ethanol using a Soxhlet apparatus for
8 hours. The extract was filtered and concentrated under reduced
pressure at 45°C to yield 89.6 g of crude B. balsamifera ethanol extract
(BBEE), which was stored at 4°C until further use.

Experimental animals

The Swiss albino mice (25-30g) were obtained from the Pasteur
Institute, Ho Chi Minh City, Vietnam. Animals were acclimatized for
seven days in standard laboratory conditions (24+2°C, 55-60%
relative humidity, 12-hour light/dark cycle) with access to standard
pellet diet and filtered water ad libitum. The study was approved by
the Ethics Committee of the University and conducted under the
OECD Guidelines for the Testing of Chemicals and the International
Guiding Principles for Biomedical Research Involving Animals.

Experimental design

Mice were randomly divided into control, treatment, and satellite
groups. For acute toxicity assessment, BBEE was administered orally
at doses of 1000, 3000, and 5000 mg/kg, and animals were monitored
for 14 days. For subchronic evaluation, BBEE was administered daily
at 100, 300, and 500 mg/kg for 90 days. Satellite groups corresponding
to the highest doses were observed for an additional 28 days post-
treatment to assess recovery.

Body weight and food intake

Body weight, food consumption, and water intake were recorded
weekly. Percent weight gain and average daily intake were calculated
and compared among groups®.
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Relative organ weight

After euthanasia, major organs were excised, blotted, and weighed.
Relative organ weight (organ-to-body weight ratio) was calculated to
assess organ-specific responses®.

Hematological analysis

Blood samples were collected via cardiac puncture under mild
anesthesia. Hematological parameters, including RBC, WBC,
hemoglobin, hematocrit, and platelet count, were determined using an
automated hematology analyzer’.

Serum biochemistry

Serum was isolated from coagulated blood by centrifugation.
Parameters analyzed included alanine aminotransferase (ALT),
aspartate aminotransferase (AST), creatinine, blood urea nitrogen
(BUN), total protein, and albumin, measured using commercial
diagnostic kits’.

Urinalysis

Urine was collected using metabolic cages. Parameters such as pH,
ketone bodies, and electrolytes (Na*, K*, CI") were measured using
dipsticks and ion-selective electrode methods®.

Statistical analysis

Data were expressed as mean * standard deviation (SD). One-way
ANOVA followed by Tukey’s post hoc test was used for multiple
comparisons. Pearson’s correlation and linear regression were
employed to assess dose-response relationships.  Statistical
significance was set at p <0.05.

Results and Discussion

Yield and phytochemical composition of BBEE

The ethanol extraction of Blumea balsamifera leaves (BBEE) yielded
a high extraction efficiency, indicating favorable solvent compatibility
for phytochemical recovery. As presented in Table 1, BBEE contained
multiple classes of bioactive compounds, including flavonoids,
terpenoids, polyphenols, alkaloids, saponins, and steroids, while
cardiac glycosides were not detected. Among the quantified
constituents, antioxidant-associated groups were predominant,
supporting the extract’s suitability for further investigation in dose-
response toxicity models.The diverse phytochemical profile of BBEE,
particularly the presence of flavonoids, polyphenols, terpenoids, and
alkaloids, contributes to the biological activities observed in acute and
subchronic models.

Table 1: Qualitative and quantitative phytochemical
composition of BBEE

Phytochemical Presence Content (mglg
extract)
Flavonoids + 40.78 £1.19°
Terpenoids + 63.56 £ 1.632
Polyphenols + 68.45 £ 1.522
Alkaloids + 4.54 +0.14
Saponins + NT®
Steroids + NT®

Cardiac glycosides - —

Note: (+) present, (—) absent, NT: not tested. “Values expressed as
mean £ SD of three replicates. "Quantitative analysis not conducted.

These compounds are known to modulate oxidative stress,
inflammatory signaling, and detoxification pathways, which account
for protective and adaptive systemic effects at varying exposure
levels®. Prior studies have similarly reported comparable chemical
profiles in B. balsamifera leaf extracts, validating the consistency of
bioactive content across different extraction protocols. This
compositional background provides a mechanistic rationale for the
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observed dose-dependent outcomes, especially concerning antioxidant
and immunomodulatory effects.

Body weight and food intake

A significant inverse correlation was observed between BBEE
administration and body weight gain, as well as food intake, in both
acute and subchronic exposure models. As shown in Table 2, mice
treated with BBEE exhibited dose-dependent reductions in weight
gain and food consumption, supported by linear regression analysis
and strong statistical correlations. Time-course data (Figure 1) and
daily food intake profiles (Figure 2) further corroborate these trends.
Notably, recovery was evident in the satellite groups, with body
weight and intake parameters returning to levels comparable to
controls post-treatment. These findings suggest that BBEE exerts
modulatory effects on energy metabolism or appetite regulation,
potentially mediated by its phytochemical constituents't. Compounds
such as flavonoids and terpenoids are reported to influence satiety
pathways, gastrointestinal function, and metabolic efficiency, which
account for the observed reductions in food intake and weight gain®2.
Similar effects have been documented with other plant-derived
extracts, such as Hedyotis capitellata and Morus alba'®*!*. The
normalization of these parameters in the recovery groups highlights
the transient and non-lethal nature of these effects, supporting the
safety of BBEE under defined exposure conditions.

Relative organ weights

BBEE administration led to dose-dependent increases in relative liver
weight (RLW) and relative kidney weight (RKW), as indicated in
Tables 3A and 3B. Statistically significant positive correlations were
observed across both low- and high-dose groups. Elevated RLW and
RKW were detected in all treatment groups compared to controls. In
contrast, satellite groups displayed normalized organ weights after the
recovery phase. These findings are visually supported by the
regression analyses presented in Figures 3 and 4.The increases in
RLW and RKW represent adaptive physiological responses to
phytochemical exposure. The liver, being a primary site of xenobiotic
metabolism, undergoes hypertrophy due to increased enzymatic
activity or transient cellular proliferation®. Similarly, kidney
enlargement reflects compensatory excretory mechanisms®6. Such
changes are commonly associated with reversible functional
adaptation rather than overt organ damage and have been reported in
previous studies involving plant extracts'”!8, The normalization in
satellite groups underscores the non-cumulative nature of these
responses.

Hematological parameters

BBEE treatment resulted in dose-dependent modulation of
hematological indices. Table 4 summarizes the key findings, with
RBC counts showing a significant positive correlation with increasing
doses. Platelet (PLT) and white blood cell (WBC) counts also
demonstrated dose-associated elevations, as depicted in Figures 5 and
6. These alterations were not sustained in the satellite groups, which
showed hematological values comparable to controls by the end of the
observation period. These hematological effects suggest an
immunomodulatory and hematopoietic influence of BBEE, mediated
by flavonoids and other phytoconstituents known to support
erythropoiesis, leukopoiesis, and platelet function®. The underlying
mechanisms involve cytokine modulation, antioxidant protection, and
marrow stimulation®. Similar effects have been noted in the context of
other phytomedicines®?2. The reversal of these effects supports the
hematological safety of BBEE within the tested dosage range.

Serum biochemistry

As shown in Tables 5A and 5B, BBEE-treated groups exhibited dose-
dependent variations in key serum biochemical markers, particularly
AST, ALT, BUN, and creatinine. BUN levels showed a consistent
linear increase with dose (Figure 8), while AST and ALT were
variably elevated. All biochemical indices returned to baseline in the
satellite groups, as seen in Figure 7. These findings suggest that BBEE
induces a mild and reversible hepatic and renal response, potentially
through transient modulation of
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Table 2: Weight gain and dose-response in BBEE-treated mice

Group Dose range Mean + SD of R2 R p-value Correlation Comparison to
(mg/kg) WG (%) control
Control 0 405+2.2 — — — Reference —
Low-dose 100-500 25,6 £3.1 0.995 -0.987 0.012 i Different
group
Satellite 500 (500) 39.8+20 — — — Normalized NS (p > 0.05)
(Recovery)
High-dose 1000-5000 53+16 0.998 —0.959 0.007 1 Different
group
Satellite 5000 (5000) 40124 — — — Normalized NS (p > 0.05)
(Recovery)

R2 and Pearson's correlation coefficients (r) were calculated for dose-dependent trends. NS: not significant (p > 0.05). "| |" indicates a strong negative
correlation. Values are expressed as mean + SD (n = 6).

Table 3A: Dose-response of relative liver weight in BBEE groups

Dose range Mean + SD R? r p-value Correlation Comparison to
Group (mg/kg) of RLW (%) control
Control 0 143+0.2 — — — Reference —
Low-dose 100-500 15.0+0.3 0.996 +0.988 0.010 " Different
group
Satellite 500 Recovery (500) 39.8+20 — — — Normalized NS
(p >0.05)
High-dose 1000-5000 141+ 0.2 0.998 +0.991 0.006 " Different
group
Satellite 5000 Recovery (5000) 142+0.3 — — — Normalized NS
(p >0.05)
R? and r represent linear regression and Pearson’s correlation, respectively. Values are mean + SD (n = 6).
Table 3B: Dose-response of relative kidney weight in BBEE groups
Dose range Mean + SD of R? r p-value Correlation Comparison to
Group (mg/kg) RKW (%) control
Control 0 31+01 — — — Reference —
Low-dose 100-500 34101 0.992 +0.987 0.015 " Different
group
Satellite 500 Recovery 35+0.1 — — — Normalized NS
(500) (p >0.05)
High-dose 1000-5000 3.8+0.2 0.996 +0.985 0.009 " Different
group
Satellite 5000 Recovery 42+0.1 — — — Normalized NS
(5000) (p >0.05)
“11” indicates strong positive correlation. NS: not significant (p > 0.05). Values are mean + SD (n = 6).
metabolic enzymes or oxidative pathways®. This is consistent with reinforce the extract’s safety margin when used within therapeutic
previous reports on Olea europaea and Castanopsis costata, where dosing limits.

plant extracts induced temporary increases in liver and kidney

biomarkers that normalized post-exposure??. The observed trends Urinalysis
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Urinary parameters, including ketone concentration and pH, displayed
dose-dependent alterations following BBEE treatment. Table 6 and
Figure 10 illustrate strong positive correlations between BBEE dose
and urinary ketone and pH values. In addition, BBEE exposure was
associated with transient increases in urinary electrolytes (Na*, K7,
CI), as depicted in Figure 9. All changes reverted to baseline levels in
satellite groups following withdrawal. The urinary effects observed
stem from the diuretic or metabolic influences of BBEE constituents.
Flavonoids and essential oils are known to modulate renal ion
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exchange, acid-base balance, and mitochondrial metabolism®. The
elevated ketone levels and pH shifts are indicative of increased fatty
acid oxidation and temporary renal stress?’. The full recovery
observed in the satellite groups confirms the extract’s reverse effect on
renal function®®. Similar patterns have been observed in studies
involving Ginkgo biloba and Vaccinium macrocarpon, supporting the
mechanistic plausibility of the current findings and the renal safety of
BBEE under controlled administration?>%°,

Table 4: Dose-response of RBC in BBEE groups

Dose range  Mean + SD R2 r p-value Correlation ~ Comparison
Group (ma/kg) of RBC to control
(x10°8
cells/mmd)
Control 0 8.33+£0.18 — — — Reference —
Low-dose 100-500 8.63+£0.39 0.961 0.992 0.039 " Different
group
Satellite Recovery 8.35+0.26 — — — Normalized NS
500 (500) (p > 0.05)
High-dose ~ 1000-5000  8.55+0.13 0.988 0.979 0.012 " Different
group
Satellite Recovery 8.44+0.11 — — — Normalized NS
5000 (5000) (p > 0.05)

R2 and r represent linear regression and Pearson’s correlation coefficients, respectively. “11” indicates strong positive correlation. NS: not significant (p
> 0.05). Values are expressed as mean + SD (n = 6).

Table 5A: Dose-response of AST levels in BBEE groups

Dose range Mean £ SD R? r p-value Correlation Comparison to
Group (mg/kg) of AST control
(U/L)
Control 0 99.55 +2.99 — — — Reference —
Low-dose 100-500 112.00 £ 0.799 0.836 0.078 " Different
group 3.38
Satellite 500 Recovery 101.05 % — — — Normalized NS
(500) 171 (p > 0.05)
High-dose 1000-5000 99.00 +2.92 0.898 0.845 0.065 I Different
group
Satellite 5000 Recovery 92,78 £1.77 — — — Normalized NS
(5000) (p > 0.05)

R2 and r represent linear regression and Pearson’s correlation coefficients, respectively. “11” indicates strong positive correlation. NS: not significant (p
> 0.05). Values are expressed as mean + SD (n = 6).
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Table 5B: Dose-response of creatinine levels in BBEE groups
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Dose range Mean + SD of R2 R p-value Correlation Comparison to
Group (mg/kg) Creatinine control
(mg/dL)
Control 0 0.31+0.02 — — — Reference —
Low-dose 100-500 0.35+0.02 0.861 0.794 0.041 ™" Different
group
Satellite 500 Recovery (500) 0.32£0.01 — — — Normalized NS
(p > 0.05)
High-dose 1000-5000 0.42 +0.02 0.788 0.846 0.014 ™" Different
group
Satellite 5000 Recovery 0.40 £0.01 — — — Normalized NS
(5000) (p >0.05)

R2 and r represent linear regression and Pearson’s correlation coefficients, respectively. “11” indicates strong positive correlation. NS: not significant (p
> 0.05). Values are expressed as mean + SD (n = 6)

Table 6: Dose-response of urinary ketones in BBEE groups

Dose range Mean + SD R? r p-value Correlation Comparison to

Group (mg/kg) of Ketone control
(mg/dL)

Control 0 0.82+0.2 — — — Reference —
Low-dose 100-500 0.82+0.2 0.996 0.994 0.048 ™ Different
group
Satellite 500  Recovery 0.79+0.1 — — — Normalized NS

(500) (p > 0.05)
High-dose 1000-5000 0.88+0.2 0.992 0.997 0.036 I Different
group
Satellite Recovery 0.80+0.1 — — — Normalized NS
5000 (5000) (p>0.05)

R2 and r represent linear regression and Pearson’s correlation coefficients, respectively. “11” indicates strong positive correlation. NS: not significant (p
> 0.05). Values are expressed as mean + SD (n = 6).

Table 7:. Summary of correlation and dose-response relationships in BBEE-treated groups

Parameter Correlation coefficient (r) p-value Correlation type
Body weight gain (%) -0.987 0.012 Pearson
Relative liver weight (RLW) 0.991 0.006 Pearson
Relative kidney weight (RKW) 0.985 0.009 Pearson
RBC 0.992 0.039 Pearson
WBC 0.985 0.009 Pearson
Creatinine 0.846 0.014 Pearson
BUN 0.926 0.009 Pearson
Ketone 0.994 0.048 Pearson
pH 0.973 0.007 Pearson

Correlation and dose-response relationships
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Table 7 demonstrates significant dose-response correlations between
BBEE and multiple physiological, hematological, biochemical, and
urinary parameters. Strong correlations (] > 0.9, p < 0.05) were
observed in body weight gain (inverse), relative liver and kidney
weights, and biomarkers such as RBC, WBC, creatinine, BUN,
ketone, and urinary pH. These findings reflect a consistent and
biologically relevant dose-dependent response to BBEE exposure.
Importantly, all
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altered parameters returned to baseline values in the satellite groups
following cessation of treatment, highlighting the reversible nature of
BBEE-induced effects. This suggests that the extract’s impact is
adaptive rather than permanently toxic, underscoring its safety profile
when administered within appropriate dosage limits. The overall data
provide a solid foundation for further investigation into the safe and
sustainable use of BBEE in medicinal applications.
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Figure 2. Dose-response relationship between BBEE administration and food intake in acute (A) and sub-chronic (B) toxicity models.
Food intake (g/day) was measured and analyzed by linear regression. Both models demonstrated strong inverse correlations between
BBEE dose and food consumption (R? = 0.9944 for acute; R? = 0.9966 for sub-chronic).
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Figure 7:. Effect of BBEE on alanine aminotransferase (ALT) levels in mice across treatment and satellite groups. Values are
expressed as mean = SD (n = 6). BBEE: Blumea balsamifera ethanol extract.
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Conclusion

The present study provides comprehensive evidence that Blumea
balsamifera leaf ethanol extract (BBEE) induces dose-dependent
alterations in body weight, organ coefficients, hematological,
biochemical, and urinary parameters in both acute and subchronic
murine models. While high-dose exposure was associated with
transient  physiological changes, recovery groups exhibited
normalization of key indicators, indicating the extract’s reversible
effects and non-cumulative toxicity. These findings support the
favorable safety margin and therapeutic potential of BBEE, warranting
further validation for sustainable biomedical or nutraceutical use.
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