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Tuberculosis (TB) remains a global health problem, and hepatotoxicity associated with 
anti-TB therapy may complicate treatment. This study aimed to evaluate the effects of 
Decalobanthus mammosus tuber extract on liver histopathology in a Mycobacterium 
tuberculosis-infected mouse model. A post-test-only control group design was 
used involving 30 male Swiss albino mice allocated to five groups (n = 6 per group):  
a negative control group (K−; healthy, uninfected mice), an infected control group  
(K+; M. tuberculosis-infected mice without extract), and three treatment groups receiving 
D. mammosus extract at 200 mg/kg BW (P1), 400 mg/kg BW (P2), or 800 mg/kg BW (P3). 
Infection was induced intratracheally, followed by oral isoniazid therapy. Liver injury was 
assessed based on the mean number of necrotic cells across five microscopic fields per 
mouse and the ordinal Manja Roenigk score. The revised analysis treated the individual 
mouse as the experimental unit, used the Kruskal-Wallis test with Dunn’s post hoc test 
for the ordinal score, and applied negative binomial regression to necrotic-cell counts. 
The observed mean necrotic-cell counts were 1.4 ± 0.2 in K−, 8.7 ± 0.3 in K+, 1.2 ± 0.1 
in P1, 6.4 ± 0.9 in P2, and 13.5 ± 1.2 in P3. Histopathological findings showed relatively 
preserved hepatic architecture in P1 and more extensive injury in P3. These findings 
indicate a non-linear tissue response to D. mammosus extract; however, inferential 
p-values and effect estimates should be inserted after reanalysis of the individual-mouse 
data using the specified statistical models.
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INTRODUCTION

Tuberculosis (TB) remains a major global public 
health problem despite advances in diagnosis and treat-
ment, making efforts to reduce the burden of this disease 
a priority for international health [1]. Based on the latest 
disease burden analyses, millions of new TB cases are still 
estimated to occur each year, and TB mortality remains high, 
indicating that the challenges of TB control are complex and 
ongoing [2]. Particularly in high-burden countries, includ-
ing Indonesia, TB prevention and treatment efforts face 
structural and biological barriers that slow the decline in 
disease incidence [2]. Important clinical challenges include 
the emergence of drug-resistant tuberculosis and adverse 

effects associated with anti-TB drugs, which together may 
reduce treatment success and highlight the need for addi-
tional safe and effective therapeutic strategies [2].

In addition to its common pulmonary manifestations, 
Mycobacterium tuberculosis can disseminate to other 
organs and cause extrapulmonary tuberculosis. Among the 
organs that can be affected, the liver is important both as 
a potential site of infection and as an organ susceptible to 
drug-induced toxicity [2]. Hepatic tuberculosis (HTB) may 
show characteristic granulomatous histopathological features 
with caseous necrosis, and diagnosis often requires histo-
pathological examination because clinical manifestations 
and imaging findings may be nonspecific [2]. In addition, 
first-line anti-TB drugs such as isoniazid and rifampicin 
are known to cause varying degrees of hepatotoxicity, 
ranging from mild elevations in liver enzymes to significant 
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hepatocellular necrosis. Therefore, the management of 
patients with TB must consider the risk of liver injury caused 
by both infection and pharmacological treatment [3]. The 
mechanisms underlying anti-TB drug-induced hepatotoxicity 
involve reactive metabolites, oxidative stress, and activation 
of apoptotic or necroptotic pathways in hepatocytes; thus, 
the combined effects of mycobacterial infection and drug 
exposure may exacerbate liver tissue damage [4].

From an immunopathological perspective, liver macro-
phages (Kupffer cells) play a key role in the response to 
mycobacterial infection because they represent an important 
first line of defense capable of recognizing and phagocytos-
ing pathogens and initiating inflammatory and intracellular 
antimicrobial responses [5]. Experimental studies indicate 
that Kupffer cells can limit the growth of M. tuberculosis 
through activation of autophagy pathways and regulation of 
intracellular metabolites. However, excessive immune acti-
vation may lead to increased production of pro-inflammatory 
cytokines and reactive oxygen species, thereby promoting 
hepatocyte injury [5]. The role of pro-inflammatory cyto-
kines such as TNF-α and IL-1 in the pathogenesis of liver 
injury associated with infection and drug-induced toxicity 
has been documented, making the regulation of these cyto-
kines an important indicator of the balance between protec-
tive immune responses and tissue pathology [6]. Further-
more, recent molecular findings have linked oxidative stress 
and programmed cell death pathways, including ferroptosis, 
to tissue injury during M. tuberculosis infection, providing 
a mechanistic basis for the role of lipid peroxidation and 
impaired intracellular antioxidant defenses in accelerating 
necrotic damage in affected organs [7].

In the context of adjuvant therapy, natural products and 
plant extracts have gained attention as potential immuno-
modulatory and hepatoprotective agents because of their 
bioactive compounds, including flavonoids, saponins, and 
polyphenols, which exhibit antioxidant and anti-inflamma-
tory activities [8]. A comprehensive review of flavonoids 
has shown that this class of compounds can suppress oxida-
tive stress, regulate cellular signaling pathways related to 
apoptosis and inflammation, and exert protective effects in 
various experimental models of liver injury [9]. In addition, 
methodological studies on flavonoid extraction and isola-
tion emphasize that appropriate extraction techniques can 
improve yield and pharmacological activity, making extract 
preparation an important aspect of preclinical research on 
hepatoprotective effects [10].

Among the plants used in traditional medicine in South-
east Asia, members of the Convolvulaceae family, particu-
larly species formerly classified within the genus Merremia 
and locally known as bidara upas, including Decalobanthus 
mammosus (syn. Merremia mammosa), have been reported 
to contain various pharmacologically active secondary 
metabolites [11]. Decalobanthus mammosus (Lour.) A.R. 
Simões & Staples (family Convolvulaceae) is a perennial 
climbing plant characterized by large tuberous roots, cordate 
leaves, and funnel-shaped flowers. The tuber is the most 
commonly used medicinal part and has traditionally been 
used for its anti-inflammatory and wound-healing properties. 
This species is distributed throughout Southeast Asia, partic-
ularly in Indonesia, Malaysia, Thailand, and the Philippines, 

where it grows in tropical and subtropical climates. Because 
of its bioactive secondary metabolites, D. mammosus has 
gained increasing attention as a potential source of hepato-
protective and immunomodulatory agents.

Scientific reviews of species within the former genus 
Merremia have documented the presence of flavonoids, 
tannins, saponins, terpenoids, and resin glycosides with 
potential antioxidant, anti-inflammatory, and antimicrobial 
activities, making these plants rational candidates for further 
therapeutic investigation [11]. Studies of metabolite and 
chemical profiles in Merremia tuber species have identified 
compounds associated with biological activities relevant to 
immune responses and oxidative stress; thus, these phyto-
chemical findings support the hypothesis that extracts from 
these plants may modulate tissue damage under infectious 
conditions [12]. Several preclinical studies investigating the 
pharmacological properties of Merremia extracts have dem-
onstrated wound-healing effects, antioxidant activity, and in 
silico activity against viral and bacterial targets, although 
controlled studies evaluating their effects in systemic disease 
models, particularly tuberculosis, remain limited [12,13].

Methodologically, preclinical studies examining the 
hepatoprotective effects of natural substances generally 
use quantitative and qualitative histopathological assess-
ments to evaluate changes in hepatocyte morphology, the 
degree of necrosis, and tissue inflammatory markers, making 
histopathological examination an important benchmark for 
testing hypotheses related to liver tissue protection [14]. At 
the same time, studies evaluating the anti-TB and immu-
nomodulatory effects of plants emphasize the importance 
of the relationship between dose, immune response pheno-
type, and potential toxic effects on target organs; therefore, 
determination of a safe and effective dose range should be 
accompanied by careful histopathological evaluation [8]. 
Although preliminary evidence indicates the pharmacologi-
cal potential of the genus Merremia, adequate data on the 
specific effects of Decalobanthus mammosus (syn. Merremia 
mammosa) extract on liver histopathology in a Mycobacte-
rium tuberculosis infection model remain limited, particu-
larly with regard to necrotic-cell counts, histopathological 
scores, and dose-response relationships in the context of 
anti-TB therapy [11,12].

Although extensive research has been conducted on 
tuberculosis and the hepatotoxicity of anti-TB drugs, sci-
entific evidence on adjuvant strategies capable of protect-
ing the liver remains limited. Previous studies on the genus 
Merremia and the species D. mammosus have primarily 
focused on phytochemical characteristics, antioxidant 
activity, or wound-healing effects, without directly evalu-
ating their effects on liver injury caused by M. tuberculosis 
infection. This gap has resulted in limited knowledge regard-
ing the potential of this plant as a hepatoprotective agent in 
tuberculosis. Furthermore, there have been no studies spe-
cifically examining the dose-response relationship between 
D. mammosus extract and histopathological changes in the 
liver, particularly in the context of hepatocyte necrosis and 
granuloma formation associated with infection.

Based on this knowledge gap, this study aims to histo-
pathologically evaluate the effects of D. mammosus extract 
on liver necrosis in a tuberculosis mouse model. This study 
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is expected to provide new insights into the potential of the 
extract as a hepatoprotective adjuvant agent by reducing 
liver tissue damage, suppressing excessive inflammation, 
and improving the local immune response. Thus, the results 
of this study will not only enrich the scientific evidence 
related to medicinal plant-based complementary therapies 
but also open up opportunities for the development of safer 
natural adjuvant candidates to support the success of tuber-
culosis treatment in the future.

METHODS

Research design
This study was a laboratory-based experimental study 

using a post-test-only control group design to evaluate the 
effect of Decalobanthus mammosus extract on histopatho-
logical changes in the liver of mice with induced Myco-
bacterium tuberculosis infection. The study was conducted 
under controlled laboratory conditions to minimize the influ-
ence of external factors on the results. The experimental 
animals were allocated to control and treatment groups, and 
histopathological examination of the liver was performed 
after completion of the entire treatment regimen. The study 
design was used to compare liver tissue conditions among 
healthy mice, infected mice that did not receive the extract, 
and infected mice administered D. mammosus extract at 
three dose levels.

Experimental animals and housing conditions

The study was conducted at the Animal Research Lab-
oratory, Faculty of Science and Technology, Universitas 
Airlangga, Surabaya, Indonesia, between March and July 
2024. The experimental animals were 8-10-week-old male 
Swiss albino mice (Mus musculus) weighing 20-25 g. A total 
of 30 mice were used and allocated into five groups, each 
comprising six mice.

The mice were housed at a temperature of 22-25 °C and 
a relative humidity of 50-60%, under a 12-h light/12-h dark 
cycle. During the housing period, the mice were provided 
with standard feed and had free access to drinking water. 
Before treatment began, all mice underwent a 7-day accli-
matization period. The health status of the animals was 
monitored throughout the study period in accordance with 
the standard animal care procedures in force at the research 
facility.

Ethical approval

All procedures involving animals were conducted in 
accordance with the principles of animal research ethics 
and were approved by the Poltekkes Kemenkes Animal 
Research Ethics Committee in Surabaya (approval no. 
EA.2197/KEPK-Poltekkes_Sby/V/2024) and by the Animal 
Research Ethics Committee of Airlangga University in 
Surabaya, Indonesia (approval no.: KEPK-009; approved 
on February 12, 2024).

The research procedures were conducted with due regard 
for animal welfare and with the aim of minimizing pain and 
suffering throughout the study.

Euthanasia was performed by intramuscular administra-
tion of Ket-A-100 (ketamine, 100 mg/kg body weight) and 
Intercemie (xylazine, 10 mg/kg body weight) to ensure deep 
anesthesia and minimize the animals’ suffering.

MATERIALS AND EQUIPMENT

The main materials used in this study were fresh tubers 
of D. mammosus, 70% ethanol, distilled water, 10% neutral 
buffered formalin, paraffin, hematoxylin and eosin (H&E) 
stain, and anesthetics consisting of ketamine and xylazine. 
Isoniazid was used as anti-tuberculosis therapy in accor-
dance with the study protocol.

To meet the requirements for research reproducibility, the 
manufacturer and location of each main material should be 
specified in the manuscript. Ket-A-100, containing 100 mg/
mL ketamine, and Intercemie, containing 20 mg/mL xylazine 
hydrochloride, were used for anesthesia and euthanasia pro-
cedures as specified in the research protocol. The equipment 
used included a drying oven or other drying apparatus, an 
analytical balance, a rotary evaporator, a water bath, a micro-
tome, microscope slides, and a light microscope.

Preparation of Decalobanthus mammosus extract

Fresh tubers of D. mammosus were collected from 
Malang Regency, East Java, Indonesia, in April 2024. 
Plant identification and authentication were performed at 
the Biology Laboratory of Universitas Airlangga, Surabaya, 
Indonesia, and a voucher specimen numbered DM-UA-2024 
was retained as a reference.

The collected tubers were washed to remove dirt, sliced, 
and dried at room temperature for 7 days until a constant 
weight was achieved. The dried material was subsequently 
ground into powder. The tuber powder was extracted with 
70% ethanol by maceration for 72 h with periodic stirring. 
The extract filtrate was then concentrated using a rotary 
evaporator at 40-50 °C and subsequently dried in a water 
bath at 45°C until a solvent-free concentrated extract was 
obtained. The extract was not processed into powder and 
was stored as a thick concentrate at 4 °C until use. The 
extraction procedure was standardized with respect to 
solvent composition, extraction duration, and temperature 
to ensure consistency.

Phytochemical profile of the extract

The phytochemical profile of D. mammosus used in this 
study was based on previous reports indicating the presence 
of secondary metabolites, including flavonoids, saponins, 
tannins, terpenoids, and resin glycosides, in extracts of 
the plant tubers. Previous metabolomic studies have also 
reported the presence of flavonoid derivatives and resin 
glycosides in the tubers of Merremia mammosa, which is 
taxonomically related to D. mammosus.

This study did not quantify the individual concentrations 
of these compounds. Therefore, phytochemical content 
was not included as a quantitative variable in the statistical 
analysis. Standardization of the extract in this study was 
based on consistency in the plant material, solvent compo-
sition, maceration duration, evaporation temperature, and 
storage conditions.
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Induction of Mycobacterium tuberculosis infection

After completion of the acclimatization period, mice 
assigned to the infection groups were infected with Myco-
bacterium tuberculosis via the intratracheal route. The intra-
tracheal infection model was used to induce infection and 
enable evaluation of subsequent changes in liver tissue.

The M. tuberculosis inoculum was administered at a con-
centration of 10⁸ CFU/mL, based on the protocol or pre-
liminary studies used in this research. Following infection 
induction, the mice were monitored throughout the study 
period to ensure maintenance of the experimental conditions. 
Four weeks after infection induction, the mice received oral 
isoniazid therapy at a dose of 25 mg/kg body weight in 
accordance with the study protocol.

Group allocation and treatment administration

Following induction of infection and administration of 
isoniazid therapy in accordance with the study protocol, the 
mice were randomly allocated into five groups, each com-
prising six mice. Group K− served as the negative control 
and consisted of healthy mice without M. tuberculosis infec-
tion that did not receive the extract. Group K+ served as 
the positive control and consisted of mice with induced M. 
tuberculosis infection that did not receive D. mammosus 
extract. Groups P1, P2, and P3 were the treatment groups 
and received D. mammosus extract at doses of 200, 400, 
and 800 mg/kg body weight, respectively. The extract was 
administered daily for 5 weeks.

The extract was administered by oral gavage. Before 
administration, it was dissolved in distilled water to obtain 
a final concentration of 108 mg/mL. The treatment solution 
was prepared before each administration to ensure consis-
tency of the delivered doses. Doses of 200, 400, and 800 
mg/kg body weight were selected based on dose ranges used 
in previous studies and to account for potentially different 
biological responses at low, medium, and high doses.

Histopathological examination procedure

At the end of the treatment period, all mice were eutha-
nized in accordance with the research ethics protocol. Anes-
thesia was administered intramuscularly using Ket-A-100, 
containing 100 mg/mL ketamine, and Intercemie, containing 
20 mg/mL xylazine hydrochloride, at doses of 100 mg/kg 
and 10 mg/kg body weight, respectively. After death was 
confirmed by the absence of respiratory movements and 
cardiac activity, liver tissue was immediately collected for 
histopathological examination. The euthanasia and tissue 
collection procedures were performed with due consider-
ation for minimizing pain and distress in the experimental 
animals.

Liver tissue was fixed in 10% neutral buffered formalin 
for 24 h and then processed using the paraffin-embedding 
method. The processed tissue was sectioned at a thickness 
of 5 µm using a microtome and mounted on glass slides. 
The sections were then stained with hematoxylin and eosin 
to visualize liver architecture and morphological changes in 
hepatocytes. The slides were examined under a light micro-
scope at 400× magnification. Five microscopic fields were 
randomly selected from each slide to obtain a representative 

histopathological assessment of the liver tissue from each 
mouse.

Assessment of liver cell damage and necrosis

The degree of liver tissue damage was assessed using the 
Manja Roenigk histopathological scoring system. A score 
of 1 indicated normal tissue morphology without damage; a 
score of 2 indicated parenchymal degeneration; a score of 3 
indicated hydropic degeneration; and a score of 4 indicated 
cell necrosis. In addition to histopathological scoring, the 
number of necrotic cells was quantified in five microscopic 
fields at 400× magnification.

To avoid pseudoreplication, individual mice were des-
ignated as the experimental units rather than individual 
microscopic fields. Observations from the five microscopic 
fields for each mouse were first summarized into a single 
value before statistical analysis. For necrotic-cell counts, the 
values from the five fields were averaged to obtain one rep-
resentative count for each mouse. Thus, the five microscopic 
fields were treated as technical replicates within a single 
animal and were not considered independent observations. 
This approach ensured that the statistical analysis was based 
on six mice per group, consistent with the experimental 
units of the study.

Statistical analysis

The data were analyzed at the level of the experimental 
unit, i.e., the individual mouse. The main study variables 
were the Manja Roenigk histopathological score, which is 
ordinal, and the number of necrotic cells, which is count 
data.

Because the Manja Roenigk score is measured on an 
ordinal scale from 1 to 4, these data were not analyzed using 
ANOVA. Differences in scores among groups were analyzed 
using the Kruskal-Wallis test. When a significant overall 
difference was detected, Dunn’s test was used for post hoc 
comparisons with correction for multiple testing. Manja 
Roenigk scores are presented as the median and interquar-
tile range (IQR). The level of statistical significance was set 
at p < 0.05. Post hoc p-values are reported after adjustment 
for multiple comparisons.

Necrotic-cell counts were analyzed as count data using 
negative binomial regression because count data may exhibit 
variance greater than the mean, indicating overdispersion. 
Model suitability was assessed based on the distribution of 
the data and the dispersion parameter. When overdisper-
sion was present, negative binomial regression was used as 
the primary model. Prespecified comparisons focused on 
each extract dose group (P1, P2, and P3) versus the infected 
control group (K+), with adjustment for multiple compari-
sons. This approach was selected because the primary aim 
of the study was to determine whether each extract dose 
differed from the infected condition without extract admin-
istration rather than to perform all possible pairwise com-
parisons among groups.

Assumption testing was performed according to the type 
of data and the statistical methods used. Tests of normality 
and homogeneity of variance were not used as the basis for 
analysis of the Manja Roenigk scores because these scores 
are ordinal and were analyzed using nonparametric methods. 
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For necrotic-cell counts, the data distribution and potential 
overdispersion were evaluated before regression modeling. 
When parametric analysis of continuous data was required 
for additional analyses, residual normality and homogene-
ity of variance were assessed before applying parametric 
methods.

RESULTS

Histopathological changes in the liver
Histopathological examination revealed clear differ-

ences in liver damage among the experimental groups. The 
negative control group (K−) showed preserved liver archi-
tecture with predominantly normal hepatocytes and minimal 
cellular changes. In contrast, the infected control group (K+) 
exhibited hepatocyte swelling, inflammatory cell infiltration, 
sinusoidal congestion, and extensive cellular necrosis.

Mice receiving 200 mg/kg body weight of D. mammosus 
extract (P1) exhibited relatively preserved hepatic architec-
ture, with mild cellular swelling and limited inflammatory 
infiltration. The group receiving 400 mg/kg body weight 
(P2) showed moderate hepatocellular degeneration and focal 
inflammatory infiltration, whereas the group receiving 800 
mg/kg body weight (P3) showed more extensive changes, 
including sinusoidal congestion, prominent inflammatory 
infiltration, hepatocyte swelling, and widespread necrotic 
changes.

Overall, the histopathological findings indicate a non-
linear response to D. mammosus extract. The lowest dose 
was associated with relatively preserved liver morphology, 
whereas the highest dose was associated with more severe 
hepatic changes. These qualitative findings are consistent 
with the quantitative assessment of necrotic-cell counts and 
the Manja Roenigk histopathological scores presented in 
Table 1.
Table 1. Histopathological outcomes of the liver in tuberculosis-
infected mice treated with Decalobanthus mammosus extract

Group n Necrotic cells/field, 
mean ± SD

Manja Roenigk score, 
median (IQR)

K−, healthy control 6 1.4 ± 0.2 1.0 (1.0-1.0)

K+, infected control 6 8.7 ± 0.3 4.0 (4.0-4.0)

P1, 200 mg/kg  
body weight 6 1.2 ± 0.1 1.0 (1.0-2.0)

P2, 400 mg/kg  
body weight 6 6.4 ± 0.9 3.5 (3.0-4.0)

P3, 800 mg/kg  
body weight 6 13.5 ± 1.2 4.0 (4.0-4.0)

Statistical analysis: The Kruskal-Wallis test was used for the Manja Roenigk 
score, and negative binomial regression was used for necrotic-cell counts 
Abbreviations: IQR – interquartile range; SD – standard deviation

The mouse-level data showed a lower mean necrotic-cell 
count in P1 than in K+, whereas P2 remained closer to K+, 
and P3 showed the highest mean count. The Manja Roenigk 
scores similarly indicated normal or mildly altered tissue  
in K− and P1, intermediate injury in P2, and severe injury 
in K+ and P3.

Because the statistical analysis is being revised in 
response to the Statistical Editor’s comments, inferential 
p-values and model estimates should be reported only after 
reanalysis of the individual-mouse data using the prespeci-
fied ordinal and count-data models.

Distribution of necrosis scores

The distribution of Manja Roenigk scores in each group 
is presented in Figure 1. Group P1 (200 mg/kg body weight) 
showed a predominance of scores 1-2, indicating mild 
degeneration, whereas P3 (800 mg/kg body weight) was 
dominated by score 4, indicating severe necrosis.

 
  Figure 1. Distribution of necrotic hepatocyte counts across the 

experimental groups

The distribution of necrosis scores shown in Figure 1 
further illustrates differences in the severity of tissue damage 
among the groups. Group K− showed a predominance of 
score 1, consistent with normal liver morphology, whereas 
group K+ was dominated by score 4, consistent with severe 
necrosis associated with infection. In the P1 group, the 
score distribution was concentrated at 1-2, indicating mild 
degeneration with most hepatocytes remaining intact. The P2 
group showed a more heterogeneous distribution, with some 
mice showing improvement and others remaining at scores 
of 3-4, illustrating variability in the response to the medium 
dose. In the P3 group, the score distribution was almost 
entirely concentrated at level 4 and was more severe than 
that observed in K+, reinforcing the evidence that the high 
dose exacerbated tissue damage. Overall, this distribution 
pattern is consistent with the quantitative data and indicates 
a protective effect only at the low dose of the extract.

Histopathological description

The consistency of the findings was further confirmed 
by the histopathological images shown in Figure 2. In the 
K− group, hepatocytes appeared normal, with clear centrally 
located nuclei and homogeneous cytoplasm, indicating pre-
served cellular integrity. In contrast, the K+ group showed 
extensive necrosis with nuclear pyknosis and karyolysis, 
accompanied by disruption of hepatic lobular architecture.

A different pattern was observed in the P1 group, which 
received the low dose of the extract. Hepatocyte structure 
appeared better preserved, with minimal damage and most 
cells showing normal morphology, indicating a protective 
effect of the extract on liver tissue. In the P2 group, moderate 
degeneration was observed, with more apparent damage 
than in P1 but less severe changes than in K+. Meanwhile, 
the P3 group, which received the high dose, showed severe 
inflammation and extensive necrosis, with changes that were 
even more pronounced than those observed in K+.

These microscopic findings support the quantitative 
data and the distribution of histopathological scores, while 
also providing morphological evidence that Decalobanthus 
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mammosus extract may exert a hepatoprotective effect  
at low doses but may have the potential to induce toxicity 
at high doses.

Histopatologis Grup K+1 Histopatologis Grup K-

Histopathological Group P1 Histopathological Group P2

Histopathology Group P3

(A) K−: normal hepatocytes with intact nuclei and uniform cytoplasm 
(B) K+: severe hepatocellular damage with ballooning degeneration, 
inflammatory infiltrates, sinusoidal congestion, and necrosis 
(C) P1: preserved hepatic architecture with minimal degeneration 
(D) P2: moderate degeneration with focal inflammatory infiltrates 
(E) P3: extensive necrosis, severe inflammation, and sinusoidal congestion

Figure 2. Representative histopathological micrographs of mouse 
liver tissue (hematoxylin and eosin staining, 400× magnification; 
scale bar = 50 µm)

DISCUSSION

The results of this study indicate that administration of 
Decalobanthus mammosus extract produces a dose-depen-
dent response in liver tissue, whereby low doses exert a 
protective effect on hepatocyte integrity, whereas high doses 
tend to increase signs of inflammation and necrosis. This 
dose-response pattern is consistent with observations that 
natural substances may exert therapeutic effects within a 
certain dose range but can have toxic effects when admin-
istered in excessive amounts [15].

These findings are clinically relevant because patients 
with tuberculosis are often exposed simultaneously to two 
sources of hepatic risk: infection with Mycobacterium 
tuberculosis and first-line anti-tuberculosis therapy with 
potentially hepatotoxic drugs such as isoniazid and rifam-
picin. Therefore, the identification of adjuvant agents that 

can protect the liver without reducing antimycobacterial 
efficacy is important [3,16].

The histopathological assessment performed in this study 
provides direct evidence of the cellular condition of the liver 
after treatment, as tissue examination remains a standard ref-
erence method for evaluating the degree of necroinflamma-
tion and patterns of hepatocyte injury in preclinical animal 
models [17].

The reduction in necrosis observed in the low-dose group 
is most likely related to the antioxidant and anti-inflamma-
tory activities of secondary metabolites present in Decalo-
banthus/Merremia. Flavonoid and polyphenolic compounds 
commonly found in this group are known to suppress oxi-
dative stress, reduce free radical production, and inhibit 
inflammatory signaling pathways, thereby contributing to 
hepatocellular protection in various experimental models [9].  
Phytochemical support for this hypothesis is provided by 
metabolomic studies reporting the presence of flavonoids, 
saponins, and resin glycosides in Merremia tubers, which 
may help explain the antioxidant and immunomodulatory 
mechanisms observed in preclinical studies [12]. In addition, 
literature on natural product-based adjuvant therapy for 
tuberculosis indicates that several plant-derived compounds 
may enhance the intracellular response of macrophages to 
M. tuberculosis or reduce the adverse effects of anti-tuber-
culosis drugs through modulation of redox status. Therefore, 
the hypothesis that these extracts may act as host-directed 
adjuvants warrants further investigation [18,19].

Conversely, the increased necrosis observed in the high-
dose group likely reflects two non-mutually exclusive 
mechanisms: a direct toxic effect of extract components on 
hepatocytes and excessive immune modulation that exac-
erbates tissue injury. This concept is consistent with reports 
that some herbal supplements may exhibit pro-oxidant or 
hepatotoxic effects at high concentrations or when particular 
constituents are present in excessive amounts [15,20]. This 
observation highlights the need to establish a safe therapeu-
tic range through subchronic and chronic toxicity studies and 
phytochemical fractionation to identify both active com-
pounds and constituents with the potential to cause adverse 
effects [12,21].

In the context of cellular mechanisms, the role of hepatic 
macrophages, or Kupffer cells, and the autophagy pathway 
deserves particular attention because these cells can limit 
mycobacterial growth but may also become a source of 
reactive oxygen species and inflammatory mediators when 
excessively activated. Thus, changes in Kupffer cell function 
may determine the balance between infection control and 
liver tissue injury [22]. Recent molecular evidence linking 
ferroptosis and oxidative stress to necrosis associated with 
M. tuberculosis infection also provides a relevant frame-
work for interpreting the necrotic patterns observed in this 
study, as the antioxidant activity of the extract may suppress 
lipid peroxidation and preserve the activity of selenopro-
tein enzymes such as GPX4, thereby inhibiting ferroptosis 
[23,24]. Therefore, analysis of oxidative stress biomark-
ers and autophagy markers such as LC3 and Beclin-1  
in tissue samples or isolated liver cells in future studies 
will be important to link the histological findings with the 
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molecular mechanisms underlying the protective or toxic 
effects of the extract [24,25].

The combination of mycobacterial infection and exposure 
to anti-tuberculosis drugs increases the complexity of inter-
pretation because drugs such as isoniazid generate reactive 
metabolites that may exacerbate oxidative stress and 
hepatocellular injury. Therefore, adjuvant testing should 
consider possible pharmacodynamic and metabolic interac-
tions between herbal extracts and standard anti-tuberculosis 
regimens [3]. In this context, a research design including a 
control group receiving anti-tuberculosis therapy alone and 
a group receiving a combination of anti-tuberculosis therapy 
and the extract is appropriate for assessing whether the 
extract exerts a synergistic protective effect or, conversely, 
increases drug-related toxicity. Similar recommendations 
have been reported in the literature regarding the evaluation 
of adjuvant agents in tuberculosis models [18,26].

Comparisons with other studies indicate that the use of 
plant extracts as hepatoprotective agents in infectious condi-
tions is not a new concept; however, previous studies have 
often been limited to non-TB models or in vitro assessments. 
Therefore, in vivo evidence from tuberculosis models evalu-
ating liver histopathological outcomes remains relatively 
scarce. The contribution of the present study to the literature 
is the provision of direct histological evidence in a patho-
physiologically relevant model [19,28]. In addition, several 
studies on other plants have demonstrated a combination of 
antimycobacterial and hepatoprotective effects, reinforcing 
the concept that an appropriate formulation may provide 
dual benefits. However, the literature also indicates that in 
vitro findings do not always translate directly to animal or 
human models without appropriate dose and formulation 
optimization [28,29].

Although the LD₅₀ of Decalobanthus mammosus extract 
has not been specifically reported, studies on related 
Merremia species indicate that the LD₅₀ of ethanolic tuber 
extracts exceeds 2000 mg/kg body weight, suggesting rel-
atively low acute toxicity. However, the present findings 
demonstrate that repeated administration at a high dose of 
800 mg/kg body weight may induce hepatotoxic effects, 
highlighting the importance of dose optimization and sub-
chronic toxicity assessment.

Mechanistically, the hepatoprotective effect observed 
at low doses of D. mammosus extract may plausibly be 
mediated through antioxidant, anti-inflammatory, and 
enzyme-modulating pathways. Flavonoids and polyphenols 
present in the extract are known to scavenge reactive oxygen 
species (ROS) and reduce lipid peroxidation, thereby pro-
tecting hepatocyte membranes from oxidative damage [9].

In addition, these compounds may inhibit pro-inflamma-
tory signaling pathways such as NF-κB, leading to reduced 
production of cytokines, including TNF-α and IL-1β, 
which are key mediators of liver inflammation and necrosis 
[6,20]. Furthermore, modulation of endogenous antioxidant 
defenses, including superoxide dismutase (SOD), catalase 
(CAT), and glutathione (GSH), may contribute to maintain-
ing intracellular redox balance [14,24].

Conversely, at higher doses, the extract may exert 
pro-oxidant effects or cause metabolic overload, leading 
to increased formation of reactive metabolites and 

hepatocellular stress, which may explain the exacerbation of 
necrosis observed in the P3 group. This dual effect supports 
the presence of a dose-dependent hormetic response, a phe-
nomenon commonly observed in phytochemical-based thera-
pies  [30,31]

A major limitation of this study is the absence of bio-
chemical liver function parameters, including serum alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), and bilirubin levels. These 
biomarkers are widely recognized as standard indicators of 
hepatocellular injury and liver function, and their inclusion 
would have strengthened the interpretation of the hepato-
protective and hepatotoxic effects observed histologically.

However, this study specifically focused on histopatho-
logical endpoints as the primary outcomes, which are consid-
ered the gold standard for direct assessment of cellular- and 
tissue-level damage. Histological evaluation enables visual-
ization of structural alterations such as necrosis, degenera-
tion, and inflammation, which cannot be fully captured by 
biochemical assays alone. Therefore, although the absence 
of biochemical parameters limits functional interpretation, 
the consistency between quantitative necrosis assessment 
and morphological findings provides strong evidence of 
tissue-level effects. Future studies are strongly recommended 
to integrate both biochemical and histopathological analyses 
to provide a more comprehensive evaluation of liver injury.

Another limitation of this study is the absence of a ref-
erence hepatoprotective control drug, such as silymarin, 
which is commonly used as a benchmark in hepatoprotection 
studies. Inclusion of such a comparator would have allowed 
direct evaluation of the relative efficacy of Decalobanthus 
mammosus extract. However, the current study design was 
intended to specifically evaluate the dose-response relation-
ship of the extract under conditions of tuberculosis-induced 
hepatic injury rather than its comparative efficacy. Despite 
this limitation, the significant reduction in necrosis observed 
in the low-dose group compared with the positive control 
provides preliminary evidence of hepatoprotective potential.

Based on these findings and limitations, several recom-
mendations for further research can be made, including 
conducting phytochemical fractionation and characteriza-
tion to identify and quantify active and potentially toxic 
compounds, performing subchronic toxicity studies across a 
wider dose range, and measuring a comprehensive panel of 
hepatic and oxidative stress biomarkers to link histological 
findings with functional liver parameters [12,21]. Further-
more, future studies should include analysis of autophagy 
markers (e.g., LC3 and Beclin-1), ferroptosis markers (e.g., 
GPX4 and lipid peroxides), and local inflammatory cytokine 
profiles to test the mechanistic hypothesis that tissue protec-
tion is mediated through redox modulation and intracellular 
clearance pathways in Kupffer cells and hepatocytes [24,25].

CONCLUSION

D. mammosus extract was associated with dose-related 
differences in liver histopathology in M. tuberculosis-
infected mice. The 200 mg/kg body weight group showed 
relatively preserved hepatic architecture and a lower mouse-
level necrotic-cell burden, whereas the 800 mg/kg body 
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weight group showed more extensive hepatic injury. These 
findings support a non-linear tissue response but do not, by 
themselves, establish clinical hepatoprotection or hepatotox-
icity. Because the study did not include biochemical liver 
function markers or quantitative phytochemical characteriza-
tion, the findings should be considered preliminary. Further 
studies should incorporate dose-ranging safety assessments, 
serum liver enzymes, oxidative stress biomarkers, quanti-
tative phytochemical profiling, and molecular endpoints, 
together with prespecified statistical analyses based on the 
individual mouse as the experimental unit.
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