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ABSTRACT

Sepsis is a critical health concern characterized by organ dysfunction due to uncontrolled host
reactions to infections. The prevalence of microorganisms causing sepsis varies, with Gram-
positive bacteria and fungal sepsis gaining significance. Sepsis often leads to acute kidney
injury (AKI), and its association with sepsis is known as sepsis-associated AKI (SA-AKI). The
"Daun Kentut" plant, known for its diverse bioactive compounds, has shown potential in com-
bating inflammation and oxidative stress. In this study, histopathological changes in mouse
kidneys induced by Escherichia coli were investigated. Hemorrhage was the primary change
observed. Dehydration caused by E. coli infection potentially led to kidney injury through hor-
monal responses. The plant extract's anti-inflammatory potential, attributed to compounds like
saponins and flavonoids, was also explored. The study emphasizes the need for understanding
sepsis-related kidney damage and suggests possible preventive strategies using natural com-
pounds.

Keywords: kidney, histopathology, sepsis, daun kentut, Escherichia coli

ABSTRAK

Sepsis adalah masalah kesehatan yang kritis yang ditandai dengan disfungsi organ akibat
reaksi tidak terkendali inang terhadap infeksi. Prevalensi mikroorganisme penyebab sepsis
bervariasi, dengan bakteri Gram-positif dan sepsis jamur semakin penting. Sepsis sering me-
nyebabkan cedera ginjal akut (CGA), dan asosiasinya dengan sepsis dikenal sebagai cedera
ginjal terkait sepsis (CGTS). Tanaman "Daun Kentut", dikenal dengan senyawa bioaktif be-
ragamnya, telah menunjukkan potensi dalam mengatasi peradangan dan stres oksidatif. Da-
lam penelitian ini, perubahan histopatologis pada ginjal tikus yang diinduksi oleh Escherichia
coli diselidiki. Perdarahan adalah perubahan utama yang diamati. Dehidrasi yang disebabkan
oleh infeksi E. coli berpotensi menyebabkan cedera ginjal melalui respons hormon. Potensi
antiinflamasi ekstrak tanaman, yang dikaitkan dengan senyawa seperti saponin dan flavonoid,
juga dieksplorasi. Studi ini menekankan perlunya memahami kerusakan ginjal yang terkait
dengan sepsis dan menyarankan strategi pencegahan yang mungkin dengan menggunakan
senyawa alami.
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INTRODUCTION

Sepsis is characterized as a severe
malfunction of organs triggered by an un-
controlled reaction of the host to an infec-
tion. Septic shock can be regarded as a sub-
group of sepsis where underlying disturb-
ances in circulation, cells, and metabolism
further elevate the likelihood of death com-
pared to sepsis on its own (Singer et al.,
2016). This information prompted the World
Health Organization (WHO) to designate
sepsis as a critical concern for global health
(WHO, 2020).

The prevalence of detectable microor-
ganisms in cases of sepsis/septic shock has
fluctuated over time, currently displaying a
higher occurrence of Gram-positive bacteria
and an elevated clinical and epidemiological
significance of fungal sepsis. In the category
of Gram-positive bacteria, the most fre-
quently encountered culprits include Staph-
ylococcus aureus and Streptococcus pneu-
moniae, while within the realm of Gram-neg-
ative bacteria, the prevailing species are
Escherichia coli, Klebsiella, and Pseudomo-
nas spp. Concerning fungal infections linked
to this condition, Candida spp. takes on a
predominant role, often being identifiable in
patients who are immunosuppressed or un-
dergoing long-term treatment involving
chemotherapeutic and immunosuppressive
medications, particularly in those with com-
promised immune systems or undergoing
prolonged chemotherapy and immunosup-
pression protocols (Angus et al., 2013).

Sepsis is a frequent contributor to se-
vere medical conditions and is linked to sig-
nificant levels of illness and death (Finfer
and Machado, 2016; Vincent et al., 2006;
Chiu and Legrand, 2021), frequently coin-
ciding with the development of acute kidney
injury (AKI). In the presence of sepsis, the
occurrence of AKl is labeled as sepsis-asso-
ciated acute kidney injury (SA-AKI) (Poston
and Konyer, 2019; Peerapornratana et al.,
2019). The relationship between sepsis and
AKI has been the subject of previous inves-
tigations (Bagshaw et al., 2008; Bagshaw et
al, 2007). Nevertheless, the absence of an
easily replicable and universally agreed-
upon definition has constrained the compre-
hensibility of the existing body of knowledge.
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Plants offer an inexhaustible reservoir
of natural products that yield novel pharma-
ceuticals, primarily encompassing antioxi-
dant and anticancer agents. Paederia foet-
ida L., locally referred to as "daun kentut" in
Indonesia, is an aromatic perennial climbing
plant commonly utilized as a leafy vegeta-
ble, either consumed in its raw state or
steamed. This plant contains various phyto-
chemicals, including steroids, saponins, al-
kaloids, flavonoids, vitamin C, and volatile
oils (Mazumder et al. 2018; Patel 2017;
Rosli et al. 2013). Furthermore, extracts de-
rived from this plant have been extensively
investigated for their biological activities,
such as antibacterial and antibiofilm effects
(Priyanto et al. 2022), antifungal properties
(Morshed et al. 2012), antihyperlipidemic,
antihyperglycemic, and antioxidant effects
(Kumar et al. 2014), anti-melanogenic po-
tential (Chung et al. 2021), chemoprotective
abilities (Li et al. 2021), and cytotoxic ac-
tions on human prostate cancer cells (Pra-
dhan et al. 2019).

In a previous study, extracts of fresh
and dried P. foetida leaves (obtained from
Malaysia) demonstrated noteworthy antioxi-
dant activity, reaching levels of 68% and
76%, respectively, which correlated with
their total phenolic content (Osman et al.
2009). Additionally, its methanolic extract
exhibited antioxidant activity with IC50 val-
ues ranging from 538.97 to 859.20 ug/ml.
Furthermore, a preventive test of P. foetida
leaves (obtained from Malaysia) on interleu-
kin-6 (IL-6) levels in a mouse sepsis model
induced by Escherichia coli revealed that
the 500 mg/kgBW dose was the most effec-
tive in reducing IL-6 levels (Savitri and
Kasimo, 2022). However, variations in plant
growth locations and extraction techniques
might lead to variations in the composition
and solubility of active constituents.

MATERIALS AND METHODS

Location and Time

The study was carried out from June
to August 2023 at the Medical Laboratory
Technology Laboratory, Kadiri University,
for the maintenance and surgery of mice,
and at the Anatomy Pathology Laboratory,
Brawijaya University, for the preparation of
specimens and tissue analysis.



Materials

Disposable 1 mL syringe, disposable
3 mL syringe, disposable 5 mL syringe, 35
cm feeding tube, 60 mL urine container, mi-
cropipette, freezer, rotary microtome or slid-
ing microtome, brush, water bath, glass
slides, Eppendorf 1500 uL pipette, blue tips,
yellow tips, white 10 pL tips, oven, digital
scale, surgical board, surgical instrument
set (including scissors, tweezers, and lan-
cets), gloves, tissues, mask, binocular light
microscope, and microscope camera.

The materials used in this research in-
clude: 24 male Balb/c strain mice aged 4-8
weeks with a weight of 20-30 grams ob-
tained from the Veterinary Center Surabaya,
East Java, Paederia foetida leaf extract from
Materia Medika Batu, East Java, ciprofloxa-
cin, clinical isolate (wild type) of E. coli with
a dose of 1x10° CFU/mL from Nano Labor-
atory, physiological saline solution (PZ) (py-
rogen-free aqua pro injection), mouse feed,
wood powder (kawol), methanol, Giemsa
stain, distilled water, 37% formaldehyde so-
lution (H.CO), formalin buffer, sodium hy-
drogen phosphate dibasic (Na;HPOQO,) 6.5
grams, distilled water 900 mL, 37-40% for-
maldehyde, 80% ethanol, 95% ethanol, ab-
solute ethanol, xylene, clearing solution,
paraffin, and poly-L-lysine.

Method

Male mice were weighed and placed
in standard polypropylene cages with wood
powder bedding for a two-week acclimatiza-
tion period. Bedding was changed daily.
Softened feed, weighing approximately 90
grams per cage (containing 6 mice), was
provided ad libitum, along with water. Feed
and water were replenished daily. After two
weeks of acclimatization, mice were divided
into six treatment groups.

Acclimatized mice were subjected to a
1l4-day treatment regimen as follows: 1)
Group 1 served as the normal control (N),
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receiving no gastric intubation; 2) Group 2
acted as the negative control (K-), receiving
0.5 mL of distilled water; 3) Group 3 was the
positive control (K+), administered ciproflox-
acin at 500 mg/kgBW (0.26 mL); 4) Group 4
was treated with 100 mg/gBW dose of
Paederia foetida leaf extract (P1); 5) Group
5 received 300 mg/gBW dose of the leaf ex-
tract (P2); 6) Group 6 was treated with 500
mg/gBW dose of the extract (P3).

Mice subjected to treatment were in-
traperitoneally injected with E. coli at a dose
of 1x10° CFU/mL. After 24 hours of polymi-
crobial sepsis exposure, mice showed signs
of apoptosis in the spleen. If mice died be-
fore 24 hours, immediate surgery was per-
formed to extract the kidneys to prevent au-
tolysis. Kidney samples were taken from the
middle, left, and right regions.

Kidney tissue was fixed in formalin
buffer to preserve cellular morphology, pre-
vent autolysis, and inhibit bacterial or fungal
growth. Tissue was embedded in paraffin
blocks, sectioned (4-6 microns) using a ro-
tary or sliding microtome, placed on a water
bath, adhered to object glass coated with tis-
sue adhesive, air-dried at room tempera-
ture, and oven-dried overnight. Histopatho-
logical examination of mice kidneys involved
hematoxylin and eosin (HE) staining. Tu-
bules, glomeruli, and other potentially af-
fected areas were observed for necrosis or
apoptosis.

RESULTS AND DISCUSSION

The results of histopathological
changes in the kidney organs of mice are
presented in Table 1 and Figure 1. The ob-
servations reveal the histopathological fea-
tures of kidney tubular cell damage due to
Escherichia coli induction. The highest
mean score for histopathological changes in
the mouse kidney is hemorrhage, which is
5.683 + 4.998.

Table 1. Mean and SD Values of Mice Kidney Histopathology in Sepsis Model with Preventive Treatment
of Leaf Extract from ‘Daun Kentut’ Plant (Paederia foetida L.) against E. coli Infection

Types of Damage Mean SD
Hemorrhage 5,683 4,998
Karyorrhexis 2,900 2,941

Karyolysis 1,917 2,045
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Figure 1. Data of Mice Kidney Histopathology in Sepsis Model with Preventive Treatment of Leaf Extract

from ‘Daun Kentut’ Plant (Paederia foetida L.) against E. coli Infection

Based on the conducted research, itis
shown that even under normal conditions,
there is evidence of damage, although no
treatment is given as seen in Figure 2. This
can occur due to the experimental animals
not being specific pathogen-free (SPF), so it
is possible that the experimental animals
have already experienced pathological dis-
turbances not expected in the kidney organs
due to factors outside of the treatment (Be-
rata et al., 2011).

According to Cotran et al. (2007), this
can also occur due to the physiological pro-
cess of apoptosis experienced by normal

cells. Naturally, cells in the body undergo
aging and cell death, which in the process of
regeneration will be replaced by new cells.
Changes in the form of hemorrhage are ob-
served in the histopathological appearance
of all treatments. Hemorrhage is a condition
characterized by blood escaping from blood
vessels due to damage to their walls, which
pathologically is marked by the presence of
red blood cells outside the blood vessels or
within the tissue. The causes of hemorrhage
are varied, including trauma, infectious
agents, vitamin C deficiency, and exposure
to toxic substances.

Figure 2. The Histopathological View of Mice Kidney Under Normal Treatment (N) Reveals The Pres-
ence of (&) Karyorrhexis, (b) Karyolysis in The Proximal Tubules, and (c) Deposition of Protein
in The Tubular Lumen (HE Stain, 400x Magnification)

Injection of E. coli can lead to histo-
pathological changes in mouse kidneys, as
observed in Figures 3-7. This is suspected
to be due to E. coli infection, which can
cause diarrhea and subsequently lead to de-
hydration. This is supported by the study by
Bongers et al. (2018), which indicates that
dehydration can stimulate the secretion of
arginine vasopressin (AVP) and the renin-
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angiotensin-aldosterone system (RAAS),
subsequently promoting the reabsorption of
water and sodium by the kidney. Increased
renal sodium absorption, which requires ad-
ditional energy, coupled with decreased re-
nal perfusion, can lead to kidney injury. This
dehydration prompts mice's bodies to adapt
in order to maintain normal metabolic pro-
cesses.
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Figure 3. The Histopathological View of Mice Kidney Under Negative Control Treatment (K-) Reveals
The Presenc of (a) Karyorrhexis, (b) Karyolysis in The Proximal Tubules, and (c) Deposition
of Protein in The Tubula Lumen (HE Stain, 400x Magnification)

Figure 4. The Histopathological View of Mice Kidney Under Positive Control Treatment (K+) Reveals
The Presence of (a) Karyorrhexis, (b) Karyolysis in The Proximal Tubules, and (c) Deposition
of Protein in The Tubula Lumen (HE Stain, 400x Magnification)

Figure 5. The Histopathological View of Mice Kidney Under Treatment 1 (P1) Reveals The Presence of
(a) Karyo rhexis, (b) Karyolysis in The Proximal Tubules, and (c) Deposition of Protein in The
Tubular Lumen (HE Stain, 400x Magnification)

274



Analysis of Kidney Histopathology... Savitri et al.

Figure 6. The Histopathological View of Mice Kidney Under Treatment 2 (P2) Reveals The Presence of
(a) Karyo rhexis, (b) Karyolysis in The Proximal Tubules, and (c) Deposition of Protein in The
Tubular Lumen (HE Stain, 400x Magnification)

Figure 7. The Histopathological View of Mice Kidney Under Treatment 3 (P3) Reveals The Presence of
(a) Karyo rhexis, (b) Karyolysis in The Proximal Tubules, and (c) Deposition of Protein in The
Tubular Lumen (HE Stain, 400x Magnification)

According to Habibah et al. (2018), the
animal body undergoes physiological stress
when adapting to achieve new conditions in
order to maintain normal metabolism.
Szende and Suba (2000) added that a sig-
nificant amount of adaptation is followed by
observable structural changes at the micro
level, yet these changes represent a normal
growth pattern in tissues. Inability to adapt
to environmental changes leads to structural
damage to cells. Structural damage to kid-
ney cells is caused by conditions of dehy-
dration induced by E. coli injection. Dehy-
dration triggers the activation of the aldose
reductase pathway in the kidney cortex,
which in turn produces fructose. Subse-
quently, fructose is metabolized into fruc-
tose-1-phosphate, but during this process,
there's intracellular ATP consumption, lead-
ing to intracellular phosphate depletion,
AMP deaminase activation, uric acid for-
mation, oxidative stress, and cytokine pro-
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duction. It's this oxidative stress that inter-
acts with membrane components, disrupting
membrane permeability, cell membrane in-
tegrity, and causing damage (Roncal-
Jimenez et al., 2015).

According to Simanjuntak (2007), dis-
rupted membrane permeability causes un-
controlled movement of substances in and
out of cells, while disturbances in membrane
integrity lead to structural changes that
make cells susceptible to lysis. Additionally,
the hormone arginine vasopressin (AVP),
the effector renin-angiotensin  system
(RAS), and angiotensin Il produced during
dehydration play a significant role. These
hormones can have a significant impact on
arterial pressure, glomerular hemodynam-
ics, and non-hemodynamic renal mecha-
nisms that lead to changes in kidney func-
tion and morphology in regulating repeated
dehydration (Hilliard et al., 2016).



The potential anti-inflammatory mech-
anism during sepsis is thought to arise from
the presence of saponins, flavonoids, and
essential oils found in marigold leaf extract.
Among these compounds, the most likely
anti-inflammatory action is attributed to sap-
onins, which could interact with various lipid
membranes, including phospholipids that
serve as precursors for prostaglandins and
other inflammation mediators (Savitri and Ih-
san, 2020).

Flavonoids, on the other hand, also
exhibit anti-inflammatory effects by hinder-
ing the functions of COX and/or lipoxygen-
ase enzymes. This inhibition of COX and
lipoxygenase pathways subsequently im-
pedes the synthesis of eicosanoids and leu-
kotrienes, which are the end products of
these pathways (Savitri, 2022). Further-
more, flavonoids have the capacity to de-
crease the number of immobile white blood
cells and suppress complement activation,
leading to reduced adhesion of these cells
to the endothelium and ultimately causing
diminished inflammatory responses. Flavo-
noids also play a role in inhibiting the release
of histamine, with their anti-inflammatory ef-
fect being bolstered by their antihistamine
properties (Sawvitri et al., 2020).

Histamine, a key inflammatory media-
tor, is released due to an influx of calcium
into cells. Flavonoids can hinder the enzyme
cAMP phosphodiesterase, elevating cAMP
levels within mast cells. This action prevents
the entry of calcium into cells, thereby im-
peding histamine release. Additionally, fla-
vonoids can stabilize Reactive Oxygen Spe-
cies (ROS) by engaging with reactive radical
compounds, rendering these radicals inac-
tive (Savitri et al., 2019).

CONCLUSION

Histopathological changes in mouse
kidneys were examined after inducing Esch-
erichia coli infection. The observations re-
vealed kidney damage, with hemorrhage
being the most prominent change. The re-
search explored the preventive effects of
'Daun Kentut' plant leaf extract against E.
coli infection in a sepsis model. Hemor-
rhage, characterized by blood leakage from
damaged vessels, was consistently seen.
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Further investigation focused on E. coli-in-
duced kidney changes, highlighting potential
injury caused by dehydration from the infec-
tion. Dehydration triggered hormonal re-
sponses leading to water and sodium reab-
sorption, potentially damaging the kidneys
due to increased energy demand for sodium
absorption and reduced renal perfusion. The
study also indicated potential anti-inflamma-
tory effects of plant extract compounds like
saponins and flavonoids. These compounds
could interact with lipid membranes and in-
hibit inflammation-causing enzymes, sug-
gesting a role in reducing inflammation and
oxidative stress.
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