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Abstract

Diarrhea remains a major gastrointestinal disorder, and plant-based interventions are increasingly
explored for therapeutic potential. This study evaluated the antidiarrheal-associated effects and systemic
tolerability of Paederia foetida Linn. leaf extract in Wistar rats with diarrhea induced by enteropathogenic
Escherichia coli (EPEC). Rats were divided into six groups: three doses of extract-treated rats (400, 800, and
1,600 mg/kg body weight), Diapet’-treated rats, only EPEC-induced rats, and healthy rats. Body weight, feed
intake, fecal consistency, hemartological and biochemical parameters, and fecal bacterial profiles were assessed.
The 400 mg/kg BW dose (P1) demonstrated the most consistent antidiarrheal effects across evaluated
parameters. Rats in this group maintained body weight (mean change 3.3 + 2.1 g) and consumed a higher
proportion of the offered feed (72.33 + 24.82%) compared with EPEC-induced rats (44.00 + 8.72%), with
values comparable to the Diapet™treated group. Fecal consistency improved to predominantly solid stools,
similar to those observed in healthy and Diapet™treated rats, whereas higher extract doses were associated with
semi-solid stools and reduced feed intake. Hematological analysis indicated that most parameters in the 400
mg/kg BW group remained within physiological reference ranges. Serum alanine aminotransferase (ALT)
levels were also within the normal range at this dose (37.1 + 5.6 U/L), while elevations in ALT and AST were
observed at higher extract doses (800 and 1,600 mg/kg BW). Analysis of fecal bacterial profiles revealed no
detectable Salmonella or Shigella colonies in the 400 mg/kg BW group, whereas these bacteria were detected
in other experimental groups. In contrast, E. coli counts remained relatively stable across groups. Overall, this
study provides preclinical evidence that P. foetida leaf extract exhibits dose-dependent antidiarrheal-associated
effects in this experimental model, with the 400 mg/kg BW dose demonstrating the most favorable balance
between efficacy-related outcomes and systemic tolerability in an EPEC-induced rat model. These findings
support further investigation of P. foetida as a potential natural antidiarrheal candidate.
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Introduction

Diarrheal diseases remain a major global health concern, causing nearly 1.17 million deaths worldwide
in 2021 as reported in the Global Burden of disease (GBD) 2021 estimates published in 2024 (GBD, The
Lancet Infectious Diseases, 2024), and accounting for about 443,832 deaths annually among children under
five (WHO, 2024). The most common etiological agents are enteric pathogens including Escherichia coli,
Salmonella, and Shigella, which are frequently associated with both acute and persistent diarrhea (Kotloff,
2017; Guerrant ez al., 2001). A growing challenge is the alarming rise of antimicrobial resistance (AMR). The
World Health Organization has listed multidrug-resistant Enterobacteriaceae, particularly E. coli and
Klebsiella, as critical priority pathogens requiring urgent new treatment options (Mancuso ez 4/., 2025; Husna
et al., 2023; WHO, 2022). In Southeast Asia, high prevalence of extended-spectrum beta-lactamase (ESBL)-
producing Enterobacteriaceae has been reported, further limiting the effectiveness of conventional antibiotics
(Siriphap ez al., 2022; Karanika ez 4l., 2016). These trends underscore the importance of developing safe,
affordable, and plant-based alternatives for diarrhea management.

Medicinal plants have long been used to treat gastrointestinal disorders due to their accessibility, safety,
and broad pharmacological activities (Sarma ez al., 2023; Affroz ez al., 2006). Several plant-based antidiarrheal
agents have demonstrated efficacy in experimental and clinical settings. For instance, Psidium guajava leat
extract has been shown to reduce stool frequency and intestinal fluid secretion through antispasmodic and
antimicrobial effects (Hirudkar ez 4/., 2020). In addition, Justicia schimperiana exhibit antidiarrheal activity
mediated by inhibition of intestinal motility and enteric pathogens (Mekonnen ez 4/, 2018). These findings
support the feasibility of phytotherapeutic approaches for diarrhea management.

Among other medicinal plants, Paederia foetida Linn. (Rubiaceac), commonly known as Sembukan in
Indonesia (Yunita ez al., 2024), has long been used in traditional medicine for digestive ailments, with studies
reporting antihelminthic, antidiarrheal, and anti-ulcer activities that support its folk applications in treating
colic, diarrhea, and gastric ulcers (Roychoudhury ez 4/, 1992; Pedersen ez al., 1999; Afroz er al., 2006).
Phytochemical analyses have revealed the presence of flavonoids, tannin, alkaloids, saponins (Islam ez 4/., 2020),
iridoidal glycosides, triterpenes, and volatile oils, compounds recognized for their antimicrobial, anti-
inflammatory, and antioxidant activities (Mazumder ez 4/, 2018; Wang ez al., 2014). These bioactive
components provide a strong rationale for investigating P. foetida as a potential antidiarrheal phytomedicine.

Several in vitro studies support this rationale. Extracts of P. foetida have consistently demonstrated
antibacterial potential against clinically relevant pathogens. Our previous study showed that ethanolic leaf
extract of P. foetida produced large inhibition zones against E. coli (20.75 + 0.42), providing preliminary
evidence of potent antimicrobial constituents (Yunita ez /., 2023). These findings align with recent reports.
Islam ez al. (2020) confirmed that P. foetida leaf extract possesses broad-spectrum antibacterial and antioxidant
activities, while Priyanto ez 4/ (2024) further demonstrated potent antibacterial and antibiofilm activity
against enteric and opportunistic pathogens. Beyond enteric pathogens, Santajit ez al. (2024) revealed that P.
foetida disrupts quorum sensing and biofilm formation in Staphylococcus aunreus, suggesting complementary
mechanisms of antimicrobial action. Taken together, 7 vitro evidence underscores the therapeutic promise of
P. foetida as a natural antibacterial candidate.

Beyond iz vitro findings, iz vivo investigations provide additional support. Animal studies have shown
that P. foetida extracts reduce stool frequency, intestinal motility, and intestinal fluid secretion (Afroz ez 4/,
2006). Complementary evidence has also reported strong antioxidant properties of P. foetida leaf extract,
largely mediated by flavonoid and phenolic constituents, with a dose-dependent profile indicating protective
effects at lower concentrations but cellular abnormalities at higher doses (Phankhieo ez al., 2025). Collectively,
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these studies highlight the multi-target pharmacological activities of the plant, including antidiarrheal,
antimicrobial, and antioxidant effects.

Nevertheless, critical gaps remain. Most previous studies employed chemically induced diarrhea models,
such as those using castor oil or magnesium sulphate (Brinsi ez al., 2024; Tagne ez al., 2019; Afroz et al., 2006;
Shoba & Thomas, 2001), which may not accurately mimic pathogen-specific diarrhea caused by enteric bacteria
like E. coli, Salmonella, and Shigella (Dubreuil, 2013). Furthermore, systemic safety assessments via
hematological and clinical chemistry parameters have been limited, restricting translational potential.

To address these gaps, the present study evaluated the antidiarrheal efficacy, selective antibacterial
activity, and systemic safety of P. foetida ethanolic leaf extract in an enteropathogenic E. co/i (EPEC)-induced
rat model of diarrhea. Unlike earlier studies, this work integrates multiple outcomes—including fecal
consistency, body weight, feed intake, Enterobacteriaceae counts, hematological indices, and liver enzyme
activities—while identifying the optimal dose that balances efficacy and safety. These results provide novel
insights into the therapeutic potential of . foetida as a safe, natural antidiarrheal candidate.

Materials and Methods

Plant material and botanical identification

Fresh leaves were collected from Ambon City, Indonesia, with the sampling site documented in a
georeferenced map (Figure 1). The plant was identified as Paederia foetida L. (Family: Rubiaceae) based on
morphological examination and taxonomic keys. Taxonomic determination was performed at the Herbal
Materia Medica Laboratory Unit, Batu, East Java, Indonesia, a government-accredited institution under the
East Java Provincial Health Office specializing in medicinal plant authentication. The identification was
performed by a certified taxonomical expert and formally documented in an official determination letter

(reference no: 000.9.3/2181/102.20/2024, issued on July 2024).
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Figure 1. Sampling site of Paederia foetida Linn. leaves
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Based on the determination report, the plant is described as a seasonal shrub with a climbing habit,
possessing brownish climbing stems that are branched and capable of producingadventitious roots at the nodes,
with a growth length of approximately 3—-5 m. The leaves are simple and opposite, with lamina shapes ranging
from ovate to oblong or lanceolate. The leaf base is cordate, the margins are entire, and the apex is acute to
acuminate, with distinct pinnate venation. The inflorescences are compound, arranged in panicle-like clusters,
bearing white corollas. The fruits are berry-type, exhibiting a yellow coloration, and the plant shows a
characteristic strong foetid odor, a diagnostic feature of the genus Paederia (Backer & Bakhuizen van den

Brink, 1965).

Study design

This study employed a true experimental laboratory design. A total of 18 healthy male Wistar rats
(Rattus norvegicus) were used as experimental animals. Inclusion criteria consisted of healthy male Wistar rats
aged 8-12 weeks, with a body weight range of 150-200 g, exhibiting normal behavior, adequate food and water
intake, and normal locomotor activity, and showing no visible signs of illness or physical abnormalities, such as
dull fur or wounds, during the acclimatization period. Rats that did not meet these criteria were excluded from
the study. Prior to experimental allocation, all animals underwent an acclimatization period under controlled
laboratory conditions, as described in the Research Procedures section. After acclimatization, rats were
randomly assigned into six experimental groups (n = 3 per group), consisting of: (i) a healthy control group,
(ii) a negative control group (EPEC-induced diarrhea without treatment), (iii) a positive control (EPEC-
induced + Diapet® treatment), and (iv—vi) treatment groups receiving cthanolic leaf extract of P. foetida at doses
of 400 mg/kg BW (P1), 800 mg/kg BW mg/kg BW (P2), and 1,600 (P3) mg/kg BW, respectively. The overall
experimental design was structured to allow comparison between untreated, standard drug-treated, and
extract-treated groups in order to evaluate the antidiarrheal efficacy and systemic effects of P. foetida leaf

cxtract.

Research procedures

Collection and processing of P. foetida leaves
Fresh and healthy leaves of P. foetida were collected from Poka area, Ambon, Indonesia. The leaves were

air-dried at room temperature, pulverized using a blender, and sieved to obtain a fine powder (Afroz ez al.,
2006; Yunita ez al., 2024).

Extraction of P. foetida leaves

A total of 1 kg powdered leaves were weighed and macerated in 96% ethanol at a ratio of 1:10 for 48
hours with occasional stirring. The mixture was filtered using Whatman No. 42 filter paper to separate the
extract from the residue. The filcrate was then evaporated under reduced pressure using a rotary evaporator at
40 °C until a thick extract was obtained (Afroz ez al., 2006). The extraction process was conducted at the
Chemistry Laboratory, Faculty of Mathematics and Natural Sciences, Pattimura University.

Aclimatization of experimental animals

Prior to experimentation, male Wistar rats were acclimatized for 14 days under controlled laboratory
conditions. Rats were housed in polypropylene cages lined with wood shavings, which were replaced every three
days, while feed and water were provided ad libitum and replaced daily (Savitri & Kasimo, 2024).
Acclimatization procedures were conducted at the Pharmacology Laboratory, Jember Health Polytechnic.

Antidiarrheal efficacy test

a) Preparation of Diapet. suspension
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Diapet’, a standard antidiarrheal drug in Indonesia, was used as a positive control. One tablet was
weighed, pulverized, and dissolved in 10 mL of 1% CMC solution to form a homogeneous suspension
(modified from Saputri ez al., 2022).

b) Preparation of EPEC suspension
The Enteropathogenic E. coli was cultured in Nutrient Broth (NB) and incubated at 37 °C for 24 h. The
culture was then diluted with 0.9% NaCl solution to obtain a final concentration of 10° CFU/mL’,
corresponding to 0.5 McFarland standard, using sterile saline. The bacterial density was confirmed by serial
dilution and plate count method on Nutrient Agar, followed by incubation at 37 °C for 24 h. Colony-forming
units (CFU) were counted, and the concentration was calculated to ensure accurate inoculum preparation
prior to oral administration (Chai ez al., 2025).

¢) Treatment of experimental rats

Eighteen rats were randomly allocated into six groups (n = 3 per group). All groups, except the healthy
control, were orally induced with 1 mL of EPEC suspension (10° CFU/mL) and left for 1 h prior to treatment.
The groups were as follows: Group I: sick control (1% Na-CMC suspension); Group II: positive control
(Diapet® suspension); Groups III-V: sterile ethanolic leaf extract of P. foetida administered at doses of 200,
400, and 800 mg/kg BW, respectively, filtered through a 0.2 um Millipore syringe; Group VI: healthy rat group
(no EPEC induction) (Vulcano etal., 2014).

d) Observation of antidiarrheal activity
Body weight, stool frequency, and stool consistency (liquid, semi-solid, solid) were monitored before
and after treatment. On day 14, fecal samples were collected for pathogen analysis. On day 15, rats were
euthanized using chloroform or ether anesthesia. Blood samples collected for hematological and clinical
chemistry analyses (Afroz ez al., 2006).

Hematological and clinical chemistry assessments

Blood samples were obtained from the orbital sinus using sterile microhematocrit tubes and stored
aseptically in ED'TA-coated tubes. Hematological parameters analyzed included erythrocyte (RBC), Leucocyte
(WBC), Hematocrit (HCT), MCHC, Haemoglobin (HGB), Neutrophile (NEUT), MCV, MCH,
Thrombocyte (PLT), and Lymphocyte (LYM). Biochemical parameters included serum ALT (SGPT) and
AST (SGOT). Analyses were conducted at the Integrated Health Research Laboratory, Universitas Gadjah
Mada. Hematological data obtained using standard tools (ABX Micros 60) (Petterimp ez al., 2006).

Enumeration of enterobacteriaceac from fecal samples

One gram of feces was homogenized in 9 mL 0f 0.85% NaCl to prepare a 10& dilution. A 100 pL aliquot
of the suspension was plated onto Salmonella—Shigella Agar (SSA) for the isolation of Salmonella and Shigella
spp-» and onto Eosin Methylene Blue Agar (EMB) for Escherichia coli. Plates were incubated at 37 °C for 24 h.
Colonies were identified based on their morphological characteristics, i.¢, E. coli formed metallic green colonies
on EMB, Salmonella produced pale colonies with black centers, and Shigella appeared as colotless to pale
colonies on SSA (modified from Finney ez al., 2003). Bacterial count of each species was calculated using the
following formula (Mercuri and Cox, 1979):

Total population (CFU/g feces) = Number of colonies x Dilution factor (1)

where, the dilution factor corresponds to the inverse of the dilution plated.
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Ethical issues

All animal experiments were performed in accordance with the guidelines for the care and use of
laboratory animals. The study protocol was reviewed and approved by the the ethical committee of Medical
Research Faculty of Dentistry University of Jember (Approval number: 3518/UN25.8/KEPK/DL/2025).
Efforts were made to minimize the number of animals used and to reduce animal suffering throughout the

study.

Statistical analysis

All experimental data were expressed as mean * standard deviation (SD). Statistical analysis was
performed using the non-parametric Kruskal-Wallis test to determine significant differences among groups.
Post hoc comparisons were subsequently conducted using Tukey’s test. Differences were considered
statistically significant at p <0.05. All analyses were performed using SPSS version 27.

Results

The body weight of rats was evaluated to determine the effect of Paederia foetida L. leaf extract on
diarrheal outcomes (Table 1). Rats were divided into six groups: P1 (400 mg/kg body weight), P2 (800 mg/kg
BW), P3 (1,600 mg/kg BW), Diapet™treated rats as positive control, healthy rats, and EPEC-induced rats.
Body weight changes were measured before and after the antidiarrheal test.

Table 1. Changes in body weight of Wistar rats after treatment with P. foezida leaf extract, Diapet’, EPEC

induction, or no treatment (healthy control)

Average weight gain

Group (n=3) Treatment/Dose Rl 8 Ratg 5 Rat3 Mean+S.D
Pl Leaf extract 400 mg /kg BW 5 4 1 33+2.1
P2 Leaf extract 800 mg /kg BW -7 13 -14 27+ 14
P3 Leaf extract 1,600 mg /kg BW 1 1 -2 00+1.7
Diapet*-treated rat Diapet® suspension 31 11 4 153+ 14.0
EPEC-induced rat EPEC only injection 0 -4 -1 -1.7+£2.1
Healthy rat No treatment 14 4 2 6.7+ 64

*Notes: Negative values indicate a decrease in body weight, while positive values indicate an increase. Data are

presented as mean * standard deviation (SD).

The Kruskal-Wallis test showed no statistically significant differences in body weight changes among
the experimental groups (p = 0.099). However, descriptive analysis revealed a consistent pattern in which
Diapet-treated and healthy rats exhibited higher mean weight gains, followed by the low-dose extract group
(400 mg/kg BW), whereas EPEC-induced and higher-dose extract groups showed minimal or negative weight
changes. Given the small sample size and high inter-individual variability, particularly in the Diapet® and high-
dose extract groups, these observations should be interpreted with caution and cannot be considered
statistically conclusive.

Figure 2 further illustrates that the administration of P. foetida L. leaf extract exerted a notable
antidiarrheal effect, particularly in the group receiving 400 mg/kg BW (P1). In this group, the mean body
weight of rats increased by approximately 3.3 g compared to other treatments after the antidiarrheal test. This
finding suggests that the administration of P. foetida at a dose of 400 mg/kg BW did not suppress appetite,
allowing the animals to maintain or gain weight during the diarrheal challenge. Interestingly, the response
observed in P1 was more comparable to that of healthy rats and even showed a more pronounced effect than
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the Diapet™treated group. These results indicate that P. foefida extract may contribute to stabilizing appetite

and supporting weight recovery in diarrheal conditions.
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Figure 2. Graphical representation of body weight changes in Wistar rats after treatment with P. foetida
leaf extract at different doses, Diapet®, EPEC induction, or no treatment (healthy control)

Fecal consistency was then evaluated six hours after oral inoculation with E. co/i EPEC, and the results
were classified as solid, semi-solid, or watery (Table 2). The rats in the P1 group (400 mg/kg BW) exhibited
solid stools, comparable to those observed in the Diapet™treated and healthy control groups. In contrast, rats
in the P2 (800 mg/kg BW) and P3 (1,600 mg/kg BW) groups produced semi-solid stools, which were similar
to the diarrheal control (EPEC-induced) group. These findings indicate that only the lower dose of P. foetida
extract (400 mg/kg BW) demonstrated an improvement in fecal consistency comparable to the standard
treatment, whereas higher doses did not show a comparable effect. This pattern is consistent with the body
weight data, where the P1 group maintained more stable weight compared to other extract-treated groups.
Taken together, the results suggest that P. foetida leaf extract may exert its most favorable antidiarrheal effect

at a lower dose, aligning with the improvements in both fecal consistency and body weight observed in P1.

Table 2. Fecal consistency of Wistar rats six hours after oral inoculation with E. co/ EPEC and subsequent

treatments with 2. foetida L. leaf extract, Diapet’, or no treatment (healthy control)

Group Treatment Fecal consistency
(n=3) Solid Semi-solid Watery
P1 Leaf extract 400 mg /kg BW v
P2 Leaf extract 800mg /kg BW v
P3 Leaf extract 1,600 mg /kg BW v
Diapet*-treated rat Diapet” suspension v
EPEC-induced rat EPEC only injection v
Healthy rat No treatment v

Feed intake was assessed by calculating the difference between the initial feed provided and the
remaining feed after the antidiarrheal test (Table 3). Table 3 shows that healthy rats group consumed all of the
feed offered, resulting in a consistent feed intake of 100%. As expected, the EPEC-induced group as the negative
control had the lowest appetite, with a mean intake of 44.00 + 8.72%. Among the treatment groups, rats
receiving P. foetida leaf excract at 400 mg/kg BW (P1) demonstrated the most favorable outcome, with a mean
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feed intake of 72.33 + 24.82%. This value was higher than that of the diarrheal control and comparable to the
Diapet™treated group (67.00 + 28.69%), although still lower than the healthy rats.

Table 3. Feed intake percentage of Wistar rats after oral inoculation with E. co/i EPEC and treatment with

P. foetida leaf extract, Diapet’, or no treatment (healthy control)

Rat Group (n=3) Initial feed (g) Feed consumed (g) Feed intake (g) Mean + SD (%)
P1 10 7.2 72 72.33 +24.82
P2 10 S.1 51 51.67 £ 1.53
P3 10 S.3 53 53.67 £ 2.08
Diapet®treated rat 10 6.7 67 67.00 £ 28.69
EPEC-induced rat 10 4.4 44 44.00 £ 8.72
Healthy rat 10 10 100 100.00 + 0.00

In contrast, groups treated with higher doses of the extract (P2: 800 mg/kg BW and P3: 1,600 mg/kg
BW) showed lower and more uniform feed intake (51.67 + 1.53% and 53.67 + 2.08%, respectively), closer to
the diarrheal control group. These findings suggest that the antidiarrheal effect of P. foetida extract was more
evident at the lower dose (400 mg/kg BW), which appeared to support appetite recovery more effectively than
higher doses.

The Kruskal-Wallis test did not indicate a statistically significant difference in feed intake among the
experimental groups (H = 10.935, df = 5, p value = 0.053). However, descriptive analysis indicated a consistent
pattern in which rats receiving the low-dose P. foetida leaf extract (400 mg/kg BW) showed higher feed intake
compared to the diarrheal control group and exhibited values comparable to those of the Diapet*™-treated group.
Given the small sample size and inter-individual variability, these observations should be interpreted cautiously
and do not represent a statistically confirmed effect. Nevertheless, the observed pattern may reflect a possible
tendency toward improved appetite preservation at lower extract doses under diarrheal conditions.

To further evaluate the safety profile and potential systemic effects of P. foetida leaf extract,
hematological and blood biochemical parameters were analyzed. The parameters are erythrocyte (RBC),
Leucocyte (WBC), Hematocrit (HCT), MCHC, Haemoglobin (HGB), Neutrophile (NEUT), MCV, MCH,
Thrombocyte (PLT), and Lymphocyte (LYM). These parameters provide an overview of immune status and
liver function across treatment groups (Tables 4).

Table 4. Hematological profiles of Wistar rats after oral inoculation with E. co/i EPEC and treatment with

P. foetida leaf extract, Diapet®, or no treatment (healthy control)

Parameter (n=3) Normal P1 P2 P3 Diapet™induced Healthy rat
Range (400 mg/kg) (800 mg/kg) (1,600 mg/kg) rat
RBC (10°/pL) 4.7-6.1 5.35+1.02 6.81 +0.63 (H) 6.80 +2.13 (H) 7.61+0.39 (H) 9.47 + 1.13(H)
WBC (10%/ulL) 4.8-10.8 7.55 £ 041 4.84 1+ 1.07 (L) 4.794£2.01(L) 233+ 1.14 (L) 1.85 +0.09 (L)
PLT (10%/pL) 150-450 | 409.3 £43.2 | 880.0+ 114.7 (H) | 483.3+60.6 (H) | 794.0+76.3 (H) | 898.7 + 60.6 (H)
HCT (%) 35-49 41.0+24 365+ 3.1 40.6 6.2 374424 49.5+75
HGB (g/dL) 12-18 13.7+0.2 11.5+ 1.6 (L) 13.2+2.0 11.7 £ 0.8 (L) 151+ 14
LYM (%) 25-40 295+ 4.2 242+ 0.5 (L) 46.7 + 4.7 (H) 39.1+22 33.9+22
NEUT (%) 50-70 60.8 £ 6.3 81.7 £ 16.0 (H) 86.0+ 12.0 (H) 49.1+4.0(L) 58.9+25.8
MCHC (g/dL) 33-37 36.0+3.1 31.7+ 1.3 (L) 31.0+2.1(L) 31.2+05 (L) 325+29(L)
MCV (fL) 79-99 86.4+ 1.6 53.1+ 1.8(L) 58.9+7.9(L) 54.0 2.0 (L) 552+ 1.7 (L)
MCH (pg) 27-31 285+ 4.5 16.8 + 0.8 (L) 18.7+2.0(L) 16.8+ 0.5 (L) 179+ 1.0 (L)
*Values marked with (H) indicate levels above the normal reference range (High), whereas values marked with (L)

indicate levels below the normal reference range (Low)
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Table 4 summarizes the hematological parameters of Wistar rats following oral inoculation with EPEC
and treatment with P. foetida leaf extract, Diapet®, or no treatment (healthy control). In the P1 group (400
mg/kg bw), most hematological parameters remained within established physiological reference ranges,
indicatinga stable systemic response at this dose. In contrast, the P2 (800 mg/kg bw) and P3 (1,600 mg/kg bw)
groups exhibited moderate deviations in certain parameters, including elevated RBC and platelet counts
accompanied by reduced lymphocyte percentages. The Diapet™treated and EPEC-induced groups also showed
alterations in several hematological indices, particularly total WBC and differential counts, which are
consistent with inflammatory or infection-related responses. Meanwhile, the healthy control group maintained
hematological values largely within expected physiological ranges.

Statistical analysis revealed significant differences among treatment groups for several hematological
parameters. WBC counts differed significantly among groups (p = 0.016), with the EPEC-induced and higher-
dose extract groups (P2 and P3) showing lower values relative to the physiological reference range, whereas the
P1 group maintained WBC counts within normal limits. Platelet (PLT) counts also varied significantly (p =
0.011), with higher values observed in the P2, P3, Diapet™treated, and healthy groups compared with P1.
Lymphocyte (LYM) percentages differed significantly among groups (p = 0.007), with P2 slightly below the
reference range, P3 showing lymphocytosis, and P1 remaining within physiological limits. Additionally, mean
corpuscular volume (MCV) showed a significant difference among groups (p = 0.032), while mean corpuscular
hemoglobin (MCH) tended to be lower in all groups except P1, although these differences were not statistically
significant (p = 0.168 — 0.223). Other parameters, including RBC, HCT, HGB, NEUT, and MCHC, did not
differ significantly among groups (p > 0.05). Collectively, these findings indicate that the 400 mg/kg BW dose
(P1) was associated with the greatest hematological stability, whereas higher extract doses and the EPEC-
induced condition were accompanied by alterations suggestive of dose-related or infection-associated
hematological adaptation, rather than overt hematotoxicity.

Further evaluation was conducted on the clinical chemistry profile, with particular emphasis on hepatic
enzyme activities. Serum glutamate pyruvate transaminase (SGPT/ALT) and serum glutamate oxaloacetate
transaminase (SGOT/AST) were assessed as indicators of liver function and potential hepatocellular stress

(Table 5).

Table 5. Serum levels of alanine aminotransferase (SGPT/ALT) and aspartate aminotransferase
(SGOT/AST) in experimental rats

Group (n=3) ALT (U/L) Mean + SD AST (U/L) Mean + SD
Normal Range 7-55U/L 8 -48U/L

P1 (400 mg/kg BW) 371456 1452 + 29.8 (H)

P2 (800 mg/kg BW) 722+ 11.9 (H) 164.8 + 30.9 (H)

P3 (1,600 mg/kg BW) 665+ 1.0 (H) 178.5 + 9.9 (H)
Diapet®-treated rat 44.7 +12.0 111.2 +51.7 (H)
EPEC-induced rat 451463 644 + 8.8 (H)
Healthy rat 258+ 3.6 719+ 16.1 (H)

*Values marked with (H) indicate levels above the normal reference range (High)

The ALT levels in the P1 group (400 mg/kg BW) were within the normal reference range (37.1 + 5.6
U/L), whereas the P2 (800 mg/kg BW) and P3 (1,600 mg/kg BW) groups showed ALT values above the
normal range (72.2 + 11.9 U/L and 66.5 + 1.0 U/L, respectively). AST levels were clevated in all treatment
and control groups except for the healthy rats, which remained close to the upper limit of the normal range
(71.9 £ 16.1 U/L). The highest AST values were observed in the P3 group (178.5 + 9.9 U/L), followed by P2
(164.8 +30.9 U/L) and P1 (145.2 + 29.8 U/L). Diapet*-treated and EPEC-induced rats also showed elevated
AST levels (111.2 £ 51.7 U/L and 64.4 + 8.8 U/L, respectively).


https://www.notulaebotanicae.ro/index.php/nbha

Yunita M ez 4l. (2025). Not Sci Biol 17(4):12755

Overall, ALT elevations were observed only at the higher extract doses (P2 and P3), while AST levels
were above the normal reference range in most experimental groups. In contrast, the P1 group maintained ALT
values within the physiological reference range.

The antidiarrheal effect of P. foetida leaf extract was evaluated by examining the fecal profiles of
enteropathogenic bacteria in Wistar rats. Fecal samples were collected to enumerate E. coli colonies on Eosin
Methylene Blue Agar (EMBA) as well as Salmonella and Shigella colonies on Salmonella—Shigella Agar (SSA)
(Figures 3, 4).

o)
N

Figure 3. Colonies of E. co/i isolated from Wistar rat feces on EMBA medium
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1

EPEC-induced

Figure 4. Colonies of Salmonella and Shigella isolated from Wistar rat feces on SSA Medium

Tabel 6. Fecal counts of Enterobacteriaceac isolated on EMBA and SSA from Wistar rats following P.

foetida leaf extract treatment, Diapet® administration, EPEC induction, or no treatment

Group (n=3) E. coli (CFU mL™") Salmonella (CFU mL™") Shigella (CFU mL")
P1 (400 mg/kg BW) 541+ 1.05 0+£0 0£0
P2 (800 mg/kg BW) 5.30 £ 0.62 0+0 0.37 + 0.64
P3 (1,600 mg/kg BW) 595+ 147 2.97 + 446 089+ 151
Diapet®-treated rat 490+ 1.25 1.53 £ 2.65 4.83 + 3.26
EPEC-induced rat 5.13+ 1.37 325+3.12 327 +3.29
Healthy rat 2.77 £ 0.06 1.93+2.75 227 £2.20
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As shown in Table 6, no Salmonella or Shigella colonies were detected in the P1 group (400 mg/kg BW),
whereas these bacteria were still detected in the P2 and P3 groups, as well as in the Diapet™treated, EPEC-
induced, and healthy control groups. In contrast, E. coli counts remained relatively high across all experimental
groups, including extract-treated and control rats, consistent with its role as a dominant intestinal bacterium
and with prior oral inoculation using EPEC. Overall, the results demonstrate group-dependent differences in
fecal Enterobacteriaceae profiles, particularly with respect to the detection of Salmonella and Shigella.

Discussion

The present study demonstrates that Paederia foetida Linn. leaf extract exhibits dose-dependent
antidiarrheal effects in Wistar rats challenged with enteropathogenic Escherichia coli (EPEC). Among the
tested doses, 400 mg/kg body weight (P1) consistently showed the most favorable outcomes across multiple
parameters, including body weight maintenance, fecal consistency, and feed intake. While statistical analysis
did not reveal significant differences in body weight among groups, the descriptive trend indicated that rats
receiving P1 maintained or gained weight, comparable to healthy controls, suggesting that lower doses of P.
foetida support the preservation of nutritional status during diarrheal episodes (Table 1, Figure 2). This
observation aligns with previous reports highlighting the protective effects of certain plant extracts against
weight loss during gastrointestinal infections, likely through modulation of intestinal fluid loss and
preservation of food consumption (Polombo ez 4/., 2006). Similarly, Savitri & Kasimo (2024) reported that P.
foetida leaf extract provided protective effects on gastric histopathology in E. coli-infected sepsis mice,
underscoring the plant’s ability to mitigate tissue damage during enteric infections, although their model
focused on sepsis rather than diarrhea.

Fecal consistency data corroborate the weight trends, as the P1 group produced solid stools similar to
healthy and Diapet®-treated rats, whereas higher doses (P2: 800 mg/kg BW; P3: 1,600 mg/kg BW) resulted in
semi-solid stools comparable to diarrheal controls (Table 2). This inverse dose-response pattern may reflect the
biphasic pharmacological behavior observed in some herbal extracts, where higher concentrations can induce
mild gastrointestinal irritation or osmotic effects, thereby attenuating the antidiarrheal benefit (Czigle ez 4/.,
2022). The maintenance of solid feces at the lower dose suggests that P. foerida leaf extract may normalize
intestinal motility and water absorption, consistent with reports on the role of phenolic and flavonoid
compounds in modulating gut ion transport and smooth muscle contractility (Kumar ez al., 2023).

Feed intake results further support the antidiarrheal potential of P. foetida. Rats in the P1 group
exhibited the highest feed consumption among extract-treated groups, approachingvalues observed in Diapet™
treated rats (Table 3). Adequate feed intake during diarrheal conditions is critical for energy balance and
immune competence, and the preservation of appetite in the P1 group may indicate that the extract alleviates
gut discomfort or mitigates inflammation-mediated anorexia (Kruvaparam ez a/., 2023). Interestingly, higher
doses (P2 and P3) did not sustain feed intake, which may reflect mild dose-dependent gastrointestinal stress or
systemic effects.

Hematological analyses revealed that the 400 mg/kg BW dose maintained most parameters within
physiological ranges, whereas higher doses induced deviations in RBC, WBC, PLT counts, and differential
leukocyte distribution (Table 4). Elevated platelets and reduced lymphocytes at higher doses may reflect mild
systemic stress or inflammatory responses, as reported in studies evaluating high-dose plant extract
administration (Tavasoli ez 4/, 20). Importantly, P1 preserved WBC counts and lymphocyte percentages,
suggesting that the lower dose supports immune homeostasis during EPEC infection. Clinical chemistry data
mirrored these findings, with ALT remaining within the normal range at P1, whereas higher doses elevated

ALT and AST levels, indicating potential mild hepatocellular stress at 800 — 1,600 mg/kg BW (Table 5). These
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results highlight the importance of optimizing dosing to maximize therapeutic efficacy while minimizing
systemic toxicity, consistent with pharmacological principles for herbal interventions (Williamson, 2001).

To further validate the antidiarrheal effects, the microbial contamination of rat feces was assessed by
enumerating pathogenic bacteria, including Salmonella and Shigella (Table 6). This analysis ensures that
observed improvements in fecal consistency and body weight were attributable to the extract rather than
confounding infections, thereby strengthening the reliability of the antidiarrheal evaluation. The results
demonstrated that the 400 mg/kg BW dose (P1) completely inhibited Salmonella and Shigella, while E. co/i
populations remained largely unchanged, reflecting the preservation of normal gut flora. These findings are
consistent with previous studies reporting selective antimicrobial effects of plant extracts, where bioactive
phytochemicals such as tannins and flavonoids inhibit pathogenic Enterobacteriaceae without broadly
disrupting commensal bacteria (El-Saadony ez al., 2015; Omojate e al., 2014). Moreover, assessing fecal
bacterial profiles aligns with established preclinical practices for validating antidiarrheal interventions, as
microbial contamination can confound outcomes in diarrhea models (Sarma ez 4/., 2024; Guerrant ez al., 2021).
Collectively, these results confirm that the observed antidiarrheal effect of P. foetida, particularly at the lower
dose, is supported by both physiological and microbiological evidence, highlighting its potential as a targeted
therapeutic agent against diarrhea induced by enteropathogenic bacteria.

Opverall, these findings suggest, based on preclinical evidence, that P. foetida leaf extract exhibits its most
favorable antidiarrheal-associated profile at a lower dose of 400 mg/kg BW in this experimental model. At this
dose, improvements in body weight maintenance, feed intake, fecal consistency, and physiological stability were
observed, whereas higher doses did not confer additional benefits and were associated with less favorable
systemic responses. Collectively, the data support the potential of low-dose P. foetida leaf extract as a promising
natural antidiarrheal candidate and provide a basis for further mechanistic investigation.

Nevertheless, several limitations of the present study should be acknowledged. The relatively small
sample size (n = 3 per group) may have limited the statistical power to detect significant differences among
treatment groups. In addition, the absence of histopathological examination of intestinal and hepatic tissues
restricts a more detailed interpretation of the observed physiological and biochemical changes. These
limitations should be considered when interpreting the findings and highlight the need for cautious
extrapolation. To strengthen the preclinical evidence, future studies should incorporate acute and subchronic
toxicity assessments, complemented by histopathological evaluation of intestinal and hepatic tissues, to further
confirm the safety and optimal dosing of P. foetida leaf extract, particularly at the effective 400 mg/kg BW dose
identified in this study. Moreover, mechanistic investigations focusing on intestinal ion transport,
inflammatory pathways, and gut microbiota modulation, along with phytochemical characterization and
pharmacokinetic analyses, will be essential to elucidate the biological basis of its antidiarrheal-associated effects
and to support its rational development for potential clinical applications.

Conclusions

Paederia foetida Linn. leaf extract exhibited dose-dependent antidiarrheal-associated effects in an
enteropathogenic Escherichia coli (EPEC)-induced Wistar rat model. Among the tested doses, 400 mg/kg
body weight (P1) showed the most favorable profile, as reflected by improved fecal consistency, higher feed
intake, and better maintenance of body weight compared with diarrheal controls. At this dose, hematological
parameters and serum alanine aminotransferase (ALT) levels remained within physiological ranges, indicating
good systemic tolerability, whereas higher doses did not confer additional benefits. Analysis of fecal bacterial
profiles revealed group-dependent differences in the detection of enteropathogenic bacteria, while E. coli
populations remained relatively stable across groups. Although these findings do not constitute direct evidence
of antibacterial activity, they provide supportive preclinical context for the observed antidiarrheal-associated
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outcomes. Overall, this study provides preclinical evidence that low-dose P. foetida leaf extract may represent a
promising natural antidiarrheal candidate in this experimental model. Nevertheless, the small sample size and
lack of histopathological validation warrant further studies incorporating toxicity assessment, histopathology,
and mechanistic investigations.
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