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Abstract
This study aimed to prove the efficacy of Averrhoa bilimbi extract on histopathological changes
in the duodenum of rats infected with Escherichia coli. It was a laboratory experimental study
involving 30 male white rats aged 3 months, weight +250 g divided into six treatment groups:
PO (no E. coli induction + no Averrhoa bilimbi extract), P1 (E. coli induction + no Averrhoa
bilimbi extract), and P2, P3, P4, and P5 (E. coli induction + various concentrations of
Averrhoa blimbi extract 20%, 30%, 50%, and 60% respectively). All treatments lasted for 14
days. On the 15th day, necropsy was performed to collect duodenal tissues, which were then
histologically examined using Hematoxylin-Eosin staining. Microscopic observations focused
on detecting necrosis, inflammatory cell infiltration, and hemorrhage in the duodenal villi. Data
were analyzed using the Kruskall-Wallis test continued with the Mann-Whitney test, revealing
significant differences between treatments (P < 0.05). The result show that the Averrhoa bilimbi
extract did not demonstrate preventive effects against duodenal villi damage, including
necrosis, inflammatory cell infiltration, and hemorrhage. In conclusion, the administration of
Averrhoa bilimbi extract to rats infected with Escherichia coli did not show effectiveness in

preserving the histopathological integrity of the duodenal small intestine in white rats.
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INTRODUCTION

Escherichia coli bacteria are bacteria from
the genus Escherichia that produce toxins and
disrupt the digestive system (Peng et al.,
2024). Several types of Escherichia coli
bacteria that cause disorders in the digestive
system are Enterotoxigenic E. coli (ETEC),
Enteropathogenic E. coli (EPEC),
Enteroaggregative E. coli (EAEC), and
Enteroinvasive E. coli (EIEC), Diffusely
adherent E. coli (DAEC) (Sania et al., 2020).
Escherichia coli bacterial toxins will cause an
inflammatory reaction in the digestive system.
This reaction is influenced by genetic factors,
imbalanced immune responses, and the
presence of gastroenteritis  disturbances
(Sobrinho et al, 2020). During inflammation
caused by foreign bodies or microorganisms
such as bacteria, viruses, and parasites, the
body will respond by phagocytosis as a
defense against infectious agents (Purnamasari
etal., 2014).

The first immune response that occurs
during bacterial invasion is neutrophils
(Malech et al., 2020). Neutrophils will respond
to acute inflammation with an increase in the
number of neutrophils in the blood (Bongers et
al.,, 2021). Then the remnants of dead and
damaged cells will be digested by monocytes
and respond to disease-causing organisms with
immunological resistance (Tethool, 2015). In
the process of phagocytosis of foreign bodies
or microorganisms called antigens, monocytes
will produce free radicals that react with
bacterial cell membranes and damage bacterial
cells (Supriyana et al., 2019). In enhancing the
immune response or the body's defense against
foreign bodies and microorganisms through
the administration of immunostimulants as an
additional therapy for preventive measures in
disease prevention and increasing immunity
(Aldi, 2016).

There are two groups of
immunostimulants known as biological and
synthetic immunostimulants. Among
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biological immunostimulants are
phytochemicals and vitamin C contained in
herbal plants (Kumar et al., 2022). One of the
utilized plants is Averrhoa bilimbi. This
tropical fruit that can bear fruit all year round
originates from the genus Averrhoa, which can
grow in backyards or forests (Fahrunida et al.,
2015). From the fruit extract, Averrhoa blimbi
is beneficial as an immunomodulator, anti-
inflammatory, antioxidant, antibacterial,
antimycotic, analgesic, sedative, antidiabetic,
antifertility (Alhassan et al., 2016).

MATERIALS AND METHODS

This research was conducted at the
Bacteriology and Mycology Laboratory of the
Faculty of Veterinary Medicine, Universitas
Airlangga to obtain E. coli bacterial isolates.
Animal Research Facility of the Faculty of
Veterinary Medicine, Universitas Airlangga to
conduct the treatment. Clinical Pathology
Laboratory of the Faculty of Veterinary
Medicine, Universitas Wijaya Kusuma
Surabaya for termination and data collection.
Pathology Laboratory of the Faculty of
Veterinary Medicine, Universitas Airlangga
for the preparation of histopathological slides
and interpretation of results. The research was
carried out from February to March 2021.

This study was an experimental research
using the Completely Randomized Design
(CRD) method with random sampling
technique. Thirty male rats aged 3 months
with a weight of +250 grams were used,
divided into 6 groups with 5 rats per group.
Group PO was without E. coli induction and
Averrhoa Bilimbi extract administration,

Group P1 was only induced with E. coli 10°
cfu/ml at 1 ml/day, Groups P2, P3, P4, and P5
were induced with E. coli 10° cfu/ml at 1
ml/day and given Averrhoa bilimbi extract in
escalating doses (20% in P2, 30% in P3, 50%
in P4, and 60% in P5). Bacteria were
administered via intraperitoneal injection and
Averrhoa Bilimbi extract was given orally.
This treatment was conducted for 14 days, and
on the 15th day, the rats were terminated by

cervical dislocation and laparotomy was
performed to collect the duodenum organ,
which was then immersed in 10% formalin
phosphate buffer solution. The duodenum
tissue was processed and histological slides

were made using Hematoxylin Eosin (HE)
staining.

Histopathology of the duodenum was
examined using a  microscope  with
magnifications of 40x, and 100x to detect the
necrosis, inflammatory cell infiltration and
hemorrhage in the duodenal villi. The data
obtained in the form of values on changes in
the duodenum histopathological images of white
rats (Rattus norvegicus) were arranged in
tabular form and then analyzed. To find out
different changes in the  duodenum
histopathological images of white rats,
statistical tests were carried out using the
Kruskal-Wallis test. The degree of change was
processed using ranking research and if there
was a significant difference, it continued with
the Mann-Whitney test. All analyses were
performed using computer software (Imalaya
et al., 2023).

RESULTS AND DISCUSSION

The results of data analysis in the study on
the effectiveness of Averrhoa bilimbi extract
on the histopathological appearance of the
duodenum, including necrosis, inflammatory
cell infiltration, and hemorrhage in the
duodenal villi of rats (Rattus norvegicus)
infected with Escherichia coli, showed
significant  differences among treatments
(Table 1).

Tabel 1. Mean scores of histopathological
findings in the duodenum of rats (Rattus
norvegicus) infected with Escherichia coli
after administration of extract Averrhoa
bilimbi.

Group Necrosis Inflammation Haemorrhage
infi?frllistion
PO 2.00+£0.00*  1.00+0.00? 1.50+1.732
P1  2.50+1.00®- 1.75+0.50° 5.00+0.00°
P2 3.50+1.00®  2.00+0.00° 5.00+0.00P
P3 4.00+0.00°  2.00+0.00° 5.00+0.00P
P4 4.00+0.00°¢ 2.00+0.00° 5.00+0.00°
P5 4.00+0.00°  2.00+0.00° 5.00+0.00"

Note: Different superscripts a, b, ¢ indicate
significant differences among treatments (p <
0.05).

The analysis of data in Table 1 shows that
the scores of cells experiencing necrosis in the
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duodenal villi exhibit significant differences
among treatments. Specifically, treatment PO
significantly differs from treatments P2, P3,
P4 and P5 but not from treatments P1.
Treatment P1 significantly differs from P3, P4
and P5 but not from PO and P2
Histopathological images of cells experiencing
necrosis in each treatment can be seen in
Figure 1.

villi of rats (Rattus norvegicus)
infected with Escherichia coli after
administration of Averrhoa bilimbi
extract. Magnification 100x.
Hematoxylin-Eosin staining. Cells
undergoing necrosis karyorrhexis
(red arrows).

Scores of cells undergoing inflammatory
cell infiltration in the duodenal villi show
significant  differences among treatments
(Table 1). Specifically, treatment PO
significantly differs from all other treatments,
but there are no significant differences among
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treatments P1, P2, P3, P4, and P5.
Histopathological images of cells undergoing
inflammatory cell infiltration in each treatment
can be seen in Figure 2.

Figure 2. Infiltration of inflammation cells in
the duodenal villi of rats (Rattus
norvegicus) infected with
Escherichia coli after
administration of Averrhoa bilimbi
extract. Magnification 400x.
Hematoxylin-Eosin staining

Scores of hemorrhage in the duodenal villi
indicate  significant  differences  among
treatments (P < 0.05) (Table 1). Treatment PO
significantly differs from all other treatments,
while treatment P1 does not significantly
differ from treatments P2, P3, P4, and P5
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given Averrhoa bilimbi extract.
Histopathological images of hemorrhage in
each treatment can be seen in Figure 3.

Figure 3. Histopathology of the duodenal
villi of rats (Rattus norvegicus)
infected with Escherichia coli after
administration of Averrhoa bilimbi
extract. Magnification 40x and
100x. Hematoxylin-Eosin staining.
Haemorrhage (red arrow).

Wiadnyana et al. (2015) state that

histological changes in the intestines can
provide insights into their ability to digest food
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and the effects thereof. Damage to the
intestines can be caused by microbes,
pathogens, and toxic substances entering the
intestines. Histopathological observations of
the duodenum of rats (Rattus norvegicus)
infected with Escherichia coli after the
administration of Averrhoa bilimbi extract
have a significant impact. In treatment P1,
where rats were infected with Escherichia coli
without the administration of Averrhoa bilimbi
extract, shortened and damaged villus surface
observed. In contrast, in treatment PO, where
rats were not infected with Escherichia coli
and received no Averrhoa bilimbi extract, and in
treatments P2, P3, P4, and P5, where rats were
infected with Escherichia coli after the
administration of Averrhoa bilimbi extract, the
mucosa in the duodenal villi appears normal.

However, in the bacterial infection
treatment, damage to the cells in the duodenal
small intestine of rats is evident. Despite being
infected with Escherichia coli after the
administration of Averrhoa bilimbi extract, the
intestinal mucosa appears normal due to the
presence of flavonoid compounds found in
Averrhoa bilimbi, which are antibacterial
compounds capable of disrupting bacterial
synthesis processes, leading to bacterial
plasma damage and eventual lysis (Biharee et
al., 2020). Additionally, phenolic content in
Averrhoa bilimbi can interfere with bacterial
growth by denaturing proteins and damaging
cell membranes (Nassarawa et al., 2023).

Histological changes occurring in the
duodenal of rats include  necrosis,
inflammatory cell infiltration, and
hemorrhage, which are observed in all
treatments. However, treatment PO exhibits the
lowest damage scoring, followed by treatment
P1. Treatments accompanied by the
administration of Averrhoa bilimbi extract (P2,
P3, P4, and P5) show higher histopathological
changes scores compared to those without the
administration of Averrhoa bilimbi extract.

The most severe necrosis in the duodenal
villi was found with the highest scores in
treatments P3, P4 and P5. Necrosis is
characterized by damaged intestinal tissue,
which may be caused by the presence of
bioactive compounds found in Averrhoa
bilimbi. Prolonged use of high doses Averrhoa
bilimbi which contains antioxidant can lead to

cell wall damage and disruption duodenal tissue,
resulting in tissue necrosis (Dutta et al,

2022). This is evidenced by the administration
of Averrhoa bilimbi extract at concentrations
of 30-60%, resulting in high necrosis scores.
Although  Averrhoa bilimbi extract has
antimicrobial potential such flavonoid, oxalic
acid, tannin, ascorbic acid, saponin, and alkaloid
(Prastiyanto et al., 2020). Its bioactive
components, such as oxalic acid and ascorbic
acid, can become toxic and irritating when
administered in excessively high doses. These
bioactive components can also disrupt the
integrity of epithelial cells in the duodenum,
especially if the tissue is already infected and
experiencing oxidative stress (Thakur et al.,
2019).

Additionally, the immunomodulatory
effects of Averrhoa bilimbi extract component
such flavonoid, ascorbic acid, tannin, saponin,
and alkaloid can exacerbate the inflammatory
response in the duodenal mucosa (de Barros
Cardoso et al., 2019). Induction of E. coli in rats,
which causes an inflammatory reaction,
combined with the administration of Averrhoa
bilimbi extract, will enhance the inflammatory
response, further aggravating the damage to
the duodenal tissue. However, treatment PO
had low scoring because it consisted of healthy
white rats without treatment or E. coli
infection. Nevertheless, necrotic cells were
still found in treatment PO, as D’arcy (2019)
suggest that cells in normal conditions can
undergo necrosis, although this is not
pathological. Necrosis may occur due to
simultaneous body disturbances leading to cell
damage.

Inflammatory cell infiltration is another
histopathological change observed in this
study. However, the lowest scoring for
inflammatory cell infiltration was observed in
treatment PO compared to E. coli infection
treatments in white rats (P1, P2, P3, P4, and P5).
Inflammatory cell infiltration in the duodenal
small intestine of white rats occurs due to E. coli
infection. The bacterial cell wall of E. coli
contains a-hemolysin (HIyA) protein and
lipopolysaccharide (LPS), which can cause
tissue damage (Jiang et al., 2021). HIyA protein
and LPS entering host cells are perceived as
foreign proteins, triggering a host immune
response. This immune response increases
cytokine production, leading to
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interleukin  (IL-6 and IL-8) production,
triggering an inflammatory response by
infiltrating  inflammatory cells such as
leukocytes and macrophages (Ledwaba et al,
2020).

Histopathological ~ changes such as
hemorrhage in the duodenal of rats occurred in
all treatments, with the lowest scoring in PO
due to the absence of treatment and E. coli
infection compared to treatments with
treatment and E. coli infection (P1, P2, P3, P4,
and P5). Bader et al. (2023) reported that
hemorrhage or bleeding observed in small
intestine tissues indicates vascular or organ
damage caused by viruses or other
microorganisms. This condition can disrupt
the biochemical processes of the organ,
ultimately leading to disturbances in
carbohydrate, protein, and lipid metabolism in
cells. Intracellular metabolic disturbances
eventually lead to structural changes in cells.

Based on Agnesa et al. (2017), when E. coli
enters the small intestine, goblet cells produce
mucus, a fluid that functions to expel foreign
bodies such as pathogenic bacteria. If the mucus
fails to expel pathogenic bacteria E. coli, it will
persist and penetrate the intestinal epithelial
cells, breaking through the top layer of villi. Its
growth is inhibited by lymphocytes, but if
lymphocytes fail to inhibit E. coli growth,
the bacteria will enter the bloodstream,
causing bleeding within the blood vessels.

CONCLUSION

Administration of Averrhoa bilimbi extract to
rats (Rattus norvegicus) infected with
Escherichia coli is deemed ineffective based
on the histopathological observations of the
duodenal in rats (Rattus norvegicus),
encompassing necrosis, inflammatory cell
infiltration, and hemorrhage.
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