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Abstract

Sepsis is a severe medical condition characterized by a systemic immune response to infection, often leading to multi-organ failure and
death if not treated effectively. This study aimed to investigate the antiseptic properties of Paederia foetida leaf extract in male mice
induced with sepsis using Escherichia coli. A total of 24 mice were divided into six groups: a normal group (no treatment), a negative
control group (distilled water), a positive control group (ciprofloxacin), and three treatment groups receiving P. foetida leaf extract at
doses of 100, 300, and 500 mg/kg BW. After 15 days of oral administration, liver tissue samples were analyzed for IL-6 expression, a pro-
inflammatory cytokine associated with sepsis. The results revealed a significant reduction in IL-6 expression in the treatment groups,
particularly at the 500 mg/kg BW dose. This dose showed the most effective anti-inflammatory response, with IL-6 expression levels
comparable to those of the positive control group treated with ciprofloxacin. However, the 100 mg/kg BW dose demonstrated minimal
effects, similar to the negative control. These findings suggest that P. foetida leaf extract, especially at higher doses, has potential as an
anti-inflammatory agent in sepsis management. The bioactive compounds in the extract, including flavonoids, alkaloids, and terpenoids,
likely contribute to its efficacy. This study provides preliminary evidence supporting the use of P. foetida as a potential herbal alternative
for managing sepsis, but further clinical research is necessary to confirm its therapeutic potential.
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INTRODUCTION failure (Ministry of Health, 2017). In 2017, the WHO
reported 48.9 million global sepsis cases with 11 million
deaths—accounting for nearly 20% of global mortality.

Approximately 20 million cases and 2.9 million deaths

Sepsis is a critical medical condition characterized by a
systemic immune response to infection, which may

progress to multi-organ failure and fatality (Turnip et al.,
2022). It reflects the body’s overwhelming reaction to an
infectious agent and can escalate into severe sepsis or
septic shock. Severe sepsis entails organ dysfunction,
driven by systemic inflammation and a procoagulant

response, while septic shock involves persistent
hypotension despite adequate fluid therapy (Singer et al.,
2016).

Complications of  sepsis include  systemic

inflammatory response syndrome (SIRS), which involves
cytokine release such as interleukin-6 (IL-6), as well as
disseminated intravascular coagulation (DIC), septic
shock, and multiple organ dysfunction including liver

occurred in children under five. Most sepsis-related
deaths (85%) occurred in low- and middle-income
countries (WHO, 2020). In Indonesia, sepsis incidence
remains high (30.29%) with mortality ranging from
11.56% to 49%. At Abdul Wahab Sjahranie Hospital,
there were 312 sepsis cases from 2018 to 2020, 69 of
which were pediatric. Sepsis ranked among the top ten
causes of death in the hospital (Verdure et al., 2021).

The sepsis pathophysiology involves complex
inflammatory and anti-inflammatory responses, humoral
and cellular reactions, and vascular dysfunction
(Kaukonen et al., 2015). Genetic polymorphisms in IL-6
have been associated with varying susceptibility to
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sepsis, septic shock, and mortality (Tischendorf et al.,
2007). Gram-negative bacteria, particularly Escherichia
coli, are the predominant pathogens (60-70%), while
Gram-positive bacteria account for 20-40%. Fungi,
viruses, and protozoa are less common causes (Ministry
of Health, 2017).

Severe sepsis can result from local infections, not
necessarily requiring bacteremia, due to systemic effects
of bacterial toxins. Blood cultures are positive in only
20-40% of severe cases, increasing to 40-70% in septic
shock. Gram-negative and Gram-positive bacteria
constitute most isolates, with the remainder comprising
fungi and mixed infections (Clarias et al., 2018).

Effective antimicrobial therapy depends on the rapid
identification of the causative agent. Empirical broad-
spectrum antibiotics should be initiated immediately,
followed by de-escalation based on culture results and
clinical response. Recommended options include anti-
pseudomonal quinolones (e.g., ciprofloxacin,
levofloxacin) and aminoglycosides. Even bacteriostatic
antibiotics may be appropriate depending on the infection
type (Ministry of Health, 2017).

Due to the adverse effects of conventional antibiotics,
many people turn to herbal remedies, which remain
popular in rural areas due to accessibility and
affordability. P. foetida L., commonly known as “daun
kentut,” is traditionally used for anti-inflammatory
properties (Silaban, 2021). Other plant-based options
include mangosteen rind (Garcinia mangostana), known
for xanthones that exhibit antibacterial and anti-
inflammatory activity (Syahruna et al., 2020; Dewi et al.,
2014).

P. foetida leaves contain a variety of bioactive
compounds, including alkaloids (a-, P-paederine),
flavanols, friedelin, B-sitosterol, campesterol, triterpenoid
saponins, gallotannins, and essential oils (Salamah &
Halim, 2021). The anti-inflammatory effect, particularly
in sepsis models, is believed to stem from saponins,
flavonoids, and volatile oils. Saponins may interact with
lipid membranes, affecting prostaglandin production and
inflammatory pathways (Savitri & Kasimo, 2022). These
secondary metabolites also exhibit pharmacological
functions such as antioxidant, antimicrobial, anticancer,
insecticidal, antitumor, and immunomodulatory activities
(Das et al., 2018).

MATERIALS AND METHODS

This experimental study utilized a Randomized Complete
Design (RCD) to assess the antiseptic activity of P.
foetida leaf extract on male white mice (Mus musculus).
A total of 24 male Balb/c strain mice, aged 3—4 weeks
and weighing 30-40 g, were randomly assigned to six
groups (n = 4 per group). Group I (Normal) received no
treatment, Group II (Negative Control) was treated with
distilled water (aquades), and Group III (Positive
Control) received ciprofloxacin (500 mg/kg BW).

Groups IV—VI received P. foetida leaf extract at 100,
300, and 500 mg/kg BW, respectively. All mice in
Groups II-VI were intraperitoneally injected with E. coli,
while Group I received no bacterial injection.

The study was conducted in two different locations.
The treatment of mice took place in the Pharmacy
Laboratory of Universitas Kadiri, while histological
analysis was performed in the Anatomical Pathology
Laboratory of Universitas Brawijaya, Malang. Male
Balb/c mice were selected as the experimental subjects
due to their reproductive characteristics, ease of
handling, and similarities to humans in anatomy,
physiology, and genetics (Mutiarahmi et al., 2021). The
sample size was calculated using Federer’s formula,
which determined a minimum of 4 subjects per group.
The sampling method followed a Randomized Complete
Design (RCD), ensuring that all mice had an equal
chance of being assigned to any group.

Inclusion criteria for the study were as follows: male
mice, aged approximately 1 month, with a body weight
of 18-40 g, and in good health during the study period.
Mice with poor appetite, declining health, or signs of
illness during acclimatization were excluded from the
study. The independent variable in this study was the
dose of P. foetida leaf extract, while the dependent
variable was the IL-6 expression in liver tissue. The
study controlled for various factors, including the
inclusion criteria, housing conditions, and the method of
extract administration (oral gavage).

The P. foetida leaf extract used in this study was
obtained through maceration. For histological analysis,
liver tissue was stained using an immunohistochemistry
(IHC) kit, with IL-6 expression indicated by brown
staining in the tissue sections. Mice were induced with
sepsis by intraperitoneal injection of E. coli. After 15
days of oral administration of the extract, the mice were
euthanized by cervical dislocation, and liver tissue was
collected and fixed in 10% formalin for further
examination.

Data analysis was performed using One-Way
ANOVA, following tests for normality (Shapiro-Wilk)
and homogeneity (Levene’s Test). If the data met
normality and homogeneity assumptions (p > 0.05), Post
Hoc LSD or Duncan tests were used to analyze group
differences. If data were not normally distributed, the
Kruskal-Wallis test was used, followed by Mann-
Whitney U tests for pairwise comparisons when
significant differences were observed.

RESULTS AND DISCUSSION

In this study, the average IL-6 expression values in the
liver of mice for each group were as follows: the normal
group had 7.09% = 0.06; the positive control group had
26.36% = 0.02; the negative control group had 72.60% =+
0.05; treatment group 1 (100 mg/kg BW) had 71.04% =+
0.04; treatment group II (300 mg/kg BW) had 62.22% +
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0.02; and treatment group III (500 mg/kg BW) had
40.92% =+ 0.01. Statistical analysis using One-Way
ANOVA revealed a significance value of 0.000 (p-value
< 0.005), indicating a significant difference between the
groups. According to the Duncan test table, the optimal
dose order was as follows: (1) normal group; (2) positive
control group; (3) treatment group III (500 mg/kg BW);
(4) treatment group II (300 mg/kg BW); (5) treatment
group I (100 mg/kg BW); and (6) negative control group.

The normal group (Fig. 1) had the lowest average IL-
6 expression compared to the other groups, at 7.09% +
0.06. This result is attributed to the fact that the normal
group was not injected with E. coli, and thus did not
experience sepsis. Groups II through VI were injected
with E. coli, causing sepsis in these mice. Group II (Fig.
2) was the most effective in treating sepsis compared to
the other five groups, as it was the positive control group
treated with ciprofloxacin. Ciprofloxacin, an antibiotic in
the fluoroquinolone class, treats gram-negative bacterial
infections, including E. coli (Thai et al., 2023). In sepsis,
ciprofloxacin works by inhibiting the enzymes DNA
gyrase and topoisomerase IV, which are essential for
bacterial DNA replication. Inhibition of these enzymes
prevents bacterial replication, halting the spread of
infection (Roberts et al.,, 2019). Ciprofloxacin also
inhibits protein synthesis in bacterial cells by blocking
ribosomal activity, which 1is crucial for protein
production, further aiding in stopping bacterial infections
(Demirtas et al., 2012).

Figure 1. Non-Expressed Hepatocytes in The Liver of Mice At 40x
Magnification (Cell Cytoplasm Appears Purple as Indicated by The Arrow)
in The Normal Group.
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Figure 2. IL-6 Expression in Hepatocytes of Mice Liver Injected with E.

coli at 40x Magnification (Cell Cytoplasm Appears Brown as Indicated by
The Arrow) in The Positive Control Group.

In the treatment groups receiving P. foetida leaf
extract, including group 1 (100 mg/kg BW) (Fig. 3),
group II (300 mg/kg BW) (Fig. 4), and group III (500
mg/kg BW) (Fig. 5), the most effective dose for
preventing IL-6 expression in the liver of sepsis mice
was found to be 500 mg/kg BW. The statistical analysis,
using ANOVA with a 95% confidence level, showed
significant differences in the doses of P. foetida leaf
extract for preventing IL-6 expression. Post hoc LSD and
Duncan tests indicated that the negative control group
and group I (100 mg/kg BW) exhibited similar antiseptic
effects. This result suggests that the 100 mg/kg BW dose
was less effective as an antiseptic because it showed the
same effect as the negative control group. It is suspected
that the low dose of 100 mg/kg BW was insufficient to
manage inflammation in the E. coli-induced sepsis
model.
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Figure 3. IL-6 Expression in Hepatocytes of Mice Liver Injected with E.
coli at 40x Magnification (Cell Cytoplasm Appears Brown as Indicated by
The Arrow) in Treatment Group I (100 mg/kg BW).
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Figure 4. IL-6 Expression in Hepatocytes of Mice Liver Injected with E.
coli at 40x Magnification (Cell Cytoplasm Appears Brown as Indicated by
The Arrow) in Treatment Group II (300 mg/kg BW).

Figure 5. 1L-6 Expression in Hepatocytes of Mice Liver Injec ith E.
coli at 40x Magnification (Cell Cytoplasm Appears Brown as Indicated by
The Arrow) in Treatment Group III (500 mg/kg BW).
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P. foetida leaves are known for their anti-
inflammatory  properties. =~ The  anti-inflammatory
mechanism in sepsis in this study is likely due to various
secondary metabolite compounds found in the leaves,
including flavonoids, alkaloids, phenolic acids, and
terpenoids (Rosanti, 2016). These compounds are
thought to help prevent IL-6 expression, a pro-
inflammatory cytokine involved in inflammation. During
inflammation, caused by infection, injury, or chronic
disease, immune cells release IL-6 into the surrounding
environment. IL-6 then interacts with its receptors on
various cell types, including immune cells, endothelial
cells, and other tissues (Tanaka et al., 2014).

Flavonoids in P. foetida leaves are believed to
possess anti-inflammatory properties that inhibit the
release of pro-inflammatory cytokines like IL-6.
Flavonoids can block the NF-«xB signaling pathway, a
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major pathway regulating pro-inflammatory cytokine
release. By inhibiting NF-«B activation, flavonoids
prevent the migration of proteins involved in cytokine
gene transcription, including IL-6 (Ginwala et al., 2019).
Furthermore, flavonoids can block MAPK signaling
pathways such as ERK, JNK, and p38, which are
involved in pro-inflammatory cytokine gene expression.
By inhibiting MAPK activation, flavonoids can reduce
IL-6 production. Additionally, flavonoids can inhibit
cyclooxygenase (COX) and lipoxygenase (LOX)
enzymes, which are involved in the production of
inflammatory mediators like prostaglandins and
leukotrienes, both of which stimulate IL-6 production
(Maleki et al., 2019).

Apart from flavonoids, phenolic acids in P. foetida
leaves have strong antioxidant properties that can help
protect cells from oxidative damage and oxidative stress
associated with inflammation. Phenolic acids neutralize
free radicals involved in oxidative stress by donating
electrons or hydrogen atoms, thereby preventing cellular
damage. Additionally, phenolic acids stimulate the
production of endogenous antioxidant enzymes like
superoxide dismutase (SOD), catalase, and glutathione
peroxidase, which eliminate free radicals and prevent
oxidative damage (Maleki et al., 2019). Phenolic acids
can also inhibit the activation of transcription factors like
NF-kB and AP-1, which regulate pro-inflammatory
cytokine gene expression, thereby reducing pro-
inflammatory cytokine production and alleviating
inflammation (Lopez et al., 2022).

Alkaloids present in P. foetida leaves also inhibit
inflammatory mediator production by blocking the
release of arachidonic acid, which is essential for
synthesizing prostaglandins and leukotrienes. Alkaloids
achieve this by inhibiting the enzyme phospholipase A2
(PLA2), which releases arachidonic acid from cell
membrane phospholipids (Lopez et al., 2022). Alkaloids
can also inhibit cellular receptor expression and
transcription  factors  activating  pro-inflammatory
immune cells, such as macrophages and T-cells. By
inhibiting these processes, alkaloids reduce the
production of pro-inflammatory cytokines like IL-6.

Terpenoids in P. foetida leaves can also influence
inflammatory responses by inhibiting proteolytic
enzymes like elastase and collagenase, which are
involved in extracellular matrix degradation and tissue
damage during inflammation. Terpenoids may interact
directly with proteolytic enzymes, inhibiting their
catalytic activity and potentially increasing the
expression of protease inhibitors, thus preventing tissue
damage (Gallily et al., 2018).

The findings of this study are consistent with previous
research by Savitri and Kasimo (2022), which also
demonstrated that the dose of 500 mg/kg BW of P.
foetida leaf extract was the most effective in reducing IL-
6 levels. However, there were differences between this
study and theirs, particularly with the 100 mg/kg BW and
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300 mg/kg BW doses. In their study, significant
differences in IL-6 reduction were observed between
these doses, while in this study, no significant difference
was found between the 100 mg/kg BW and 300 mg/kg
BW doses.

The anti-inflammatory effects in sepsis are believed
to be attributed to compounds such as saponins,
flavonoids, and essential oils in P. foetida leaves. These
compounds may inhibit the synthesis of inflammatory
mediators like prostaglandins and leukotrienes, which
trigger IL-6 production and contribute to the
inflammatory response. Further clinical studies are
needed to confirm these effects and develop P. foetida as
a phytopharmaceutical alternative therapy in preventing
IL-6 expression in sepsis.

CONCLUSIONS

In conclusion, sepsis is a life-threatening condition
characterized by a systemic immune response to
infection, which can lead to multi-organ failure and death
if not appropriately managed. The study demonstrated
that P. foetida leaf extract, particularly at a dose of 500
mg/kg BW, shows significant anti-inflammatory effects
in sepsis, as evidenced by the reduction in IL-6
expression in the liver tissue of mice. This suggests that
the leaf extract may be a potential therapeutic agent for
managing inflammation associated with sepsis. While the
lowest dose (100 mg/kg BW) showed minimal
effectiveness, the higher doses (300 mg/kg and 500
mg/kg BW) exhibited a marked reduction in IL-6 levels,
indicating a dose-dependent response. The anti-
inflammatory properties of the extract are likely due to
its bioactive compounds, including flavonoids, alkaloids,
and terpenoids, which work by modulating inflammatory
pathways such as NF-kB and MAPK. Although the
results of this study are promising, further clinical
research is required to confirm the potential of Paederia
foetida as a phytopharmaceutical alternative for sepsis
management, especially in areas with limited access to
conventional antibiotics.
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