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ABSTRACT

The purpose of the study was to investigate the nephroprotective effect of the Myrmecodia pendans extract on Wistar
rats. The nephrotoxicity of the animals was induced through intra-peritoneal administration of 100mg/kg/day of
gentamicin for ten days. The effect of M. pendans extract at a dose of 250mg/kg/day was concurrently monitored in
some rats by assessing their serum creatinine levels, blood urea nitrogen (BUN) and the histopathological parameters.
The mean of serum creatinine in control group was 1.17+0.18mg/dl and in nephrotoxic group it was 2.22+0.29 mg/dl,
while in group given the extract were 1.38+0.19 and 1.27+0.15mg/dl, respectively. In that group also sequentially
showed BUN levels of 24.27+2.6, 108.13+11.58, 30.70+4.23 and 27.28+2.84mg/dl, respectively. Nephrotoxicity was
induced in the animals injected with gentamicin, which showed a significant (P<0.05) increase in creatinine and BUN
compared with control group. The results also showed that the M. pendans ethanolic extracts significantly (P<0.05)
prevented the increase in the levels of serum creatinine, BUN and reduced renal histopathological damage such as
hydropic degeneration, vascular congestion and tubular necrosis. Therefore, the ethanolic extract of M. pendans exhibits

a nephroprotective activity.
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INTRODUCTION

Myrmecodia pendans is a native herbal plant from
Papua, Indonesia, used to treat various diseases (Javaid et
al. 2012). It is a unique plant due to the interaction between
its stem tubers and ants, which produce chemical
compounds such as flavonoids, titerphenoid, tannin,
tocopherols, phenol, and are also rich in minerals (Sudiono
et al. 2015). Also, it contains five types of flavonoids,
namely: kaempferol, lutelin, routine, quercetin, and
apigenin (Engida et al. 2015). These active compounds are
antioxidant (Wimpy, 2014), anticancerous (Soeksmanto et
al. 2010; Yap et al. 2017), antibacterial (Gartika et al.
2018), anti-inflammatory (Islamoyo et al. 2018),
immunomodulatory (Hertiani et al. 2010), hepato-protector
(Merdana et al. 2019) in nature and also accelerate healing
processes (Epsilawati et al. 2019). Therefore, there is
important to explore the properties of these antioxidant
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compounds in eradicating free radicals’ scavengers (Khalid
et al. 2011). Previous studies showed that its extract
exhibited the ability as hepato-protector at a dose of 250
mg/kg/day in rats (Merdana et al. 2019).

It has been reported that free radicals are the main
mediators of physiological organ abnormalities, and one
such is kidney problems. Kidneys, as part of the body’s
vital organs, play a major role in blood filtration and
eliminating waste products derived from endogenous and
xenobiotic metabolism. Other functions include regulating
the body's fluid and electrolyte balance, homeostatic
system, and secretion of substances needed by the body
such as renin, cholecalciferol, erythropoietin, and
prostaglandin. Impaired kidney function could be as a
result of infections, tumors, congenital abnormalities, and
metabolic or degenerative diseases. These disorders could
develop into chronic kidney disease if not well-managed,
usually arising slowly and becoming chronic (Acharya et
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al. 2013; Barnett and Cummings, 2018). Most of these
diseases are mediated by the presence of free radicals,
which cause damage to kidney cells. In addition, numerous
studies have shown that aminoglycosides, such as
gentamicin, develop oxidative stress in the renal cortex,
therefore, are often used in inducing nephrotoxic state in
animal models (Ali et al. 2011; Lee et al. 2012).

Gentamicin-induced nephrotoxicity involves several
mechanisms, classified as vascular, glomerular, and
tubular. These different toxico-pathological effects
occurred due to induction of gentamicin with different
doses and pathways. Gentamicin causes tubular damage
through necrosis of proximal tubular epithelial cells and
changes in cellular endocytosis function (Saleemi et al.
2009; Javed et al. 2013). Gentamicin causes mesongial
contractions and reduces glomerular filtration in the
glomerulus, which is the first part of nephron in contact
with it. Additionally, its administration leads to a decrease
in renal blood flow due to an increase in vascular
resistance, but without reducing perfusion pressure. This
decrease in blood flow causes a reduction in glomeruli
filtration, and the oxygen supply of ATP at the tubules
(Randjelovic et al. 2017). The increased accumulation of
gentamicin in proximal tubules is due to the expression of
protein molecule transport and cations in these regions
(Quiros et al. 2011). Also, the megalin-cubilin complex has
been reported for being responsible for gentamicin
transport by endocytosis (Nolin and Himmelfarb, 2010).
This causes injury to the kidney through oxidative stress.
Saleemi et al. (2009) reported the toxico-pathological
effect of intramuscular administration of gentamicin in a
day-old chick resulted in kidneys enlarged, hemorrhagic
and tubular necrosis. Kidney function tests could be
identified by measuring serum creatinine and blood urea
nitrogen levels and histopathological examination (Alarifi
et al. 2012; Salgueiro et al. 2015). Therefore, this study
aims to determine the nephroprotective effect of ethanolic
extract of M. pendans on gentamicin-induced nephrotoxic
rats.

MATERIALS AND METHODS

Ethical Approval

The research has been approved by the Ethical
Commission for the Use of Animals in Research and
Education of the Faculty of Veterinary Medicine, Udayana
University, with the approval letter  number
1780a/UN14.2.9/PD/2019.

Preparation of M. pendans Extract

The extraction process was conducted at the
Biopetisida Laboratory of Udayana University. An air-dried
sample of M. pendans originated from Papua, Indonesia,
was ground into powder. Then macerated in 90% ethanol
with a ratio of 1:3 (w/v), mixed in a shaker for about 2-3
hours, and then stored for 72 hours. The resultant sample
was filtered using filter papers, and the supernatant was
evaporated in a rotary evaporator. The extract was stored in
the refrigerator before it was used (Zhang et al. 2018).

Preparation of the Experimental Animals
The research was conducted at the Veterinary
Pharmacy and Pharmacology Laboratory of Udayana
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University. A total number of 24 healthy male Wistar rats,
aged 3-4 months old, and weighing 200-250 grams were
used for the study. These animals were allowed to
acclimatize to laboratory conditions for fifteen days in a
cage before being treated. During the period, the rats
continuously had free access to good feeds and drinking
water. Also, all the experimental procedures were done at
the same laboratory conditions to minimize handling stress.

Treatments of the Animals

The nephrotoxicity of the animals was induced
through intra-peritoneal administration of gentamicin (PT.
Bernofarm) at a dose of 100mg/kg/day IP for ten days. The
effect of M. pendans extract at a dose of 250mg/kg/day
administered orally was concurrent on the rats. Then, the
levels of creatinine serum and BUN in these nephrotoxic
rats were assessed, and the histopathological examination
gave the parameters of renal damage. Also, the animals
were randomly divided into four groups; I, I, 11, and IV.
Group | was the control group that received normal saline
solutions (Na-CMC, Brataco®) IP for ten days. Group Il
received gentamicin at a dose of 100mg/kg/day. Group Il
received gentamicin at a dose of 100mg/kg/day and M.
pendans extract at a dose of 250mg/kg/day. Group IV
received M. pendans extract at a dose of 250mg/kg/day for
seven days and continued with 100mg/kg/day gentamicin,
and M. pendans extract at a dose of 250mg/kg/day for the
remaining days. Then, all the animals were weighed on the
eleventh day and the blood sample of each animal was
collected through cardiac puncture under diethyl ether
anesthesia. Finally, the kidneys of the animals were
removed, weighed and then histopathologically studied.

Measurement of Serum Creatinine and Blood Urea
Nitrogen (BUN) Levels

The blood samples were processed in a standard clinic
automatic instrument (Semi-auto Chemistry Analyzer-
Ichem-535Vet, Icubio) to obtain the serum creatinine and
BUN levels. The chemical reagent used for the serum
creatinine test was Creatinine ST Reagensia (PT. Gresik
Sarana Tirta), while Mocznik/Urea kit (BioMaxima,
Poland) was used for the BUN test. The results of both tests
were expressed in milligrams per deciliter (mg/dl).

Histopathological Examination

The animals were necropsied following the procedure,
and the kidneys were stored in 10% neutral bufferd
formalin. These were sliced, stained with hematoxylin and
eosin (Feldman and Wolfe 2014), and then examined under
a light microscope (Geller and Horowitz 2014).
Assessment of the histopathological changes was done
through scoring; Score 0: Normal. Score 1:
Granulovascular debris in tubular lumens with or without
evidence of cell desquamation of small foci (<1% of the
total tubular population). Score 2: Tubular epithelial
necrosis and easily seen desquamation but involving less
than half of cortical tubules. Score 3: More than half
tubules showing desquamation necrosis, which are easily
seen. Score 4: Complete or almost complete tubular
necrotized (Kapi¢ et al. 2014).

Statistical Analysis
The quantitative data were presented as meantSD.
Then, the parametric data such as serum creatinine, BUN,



renal weight and renal index were subjected to One-way
Analysis of Variance and followed by Duncan test. The
histopathological scores were subjected to non-parametric
Kruskall Wallis followed by Mann-Whitney test and
variations between animal groups of P<0.05 were
considered statistically significant.

RESULTS

Weight and Renal Index of Experimental Animals

The renal index was determined by comparing renal
weight to the bodyweight of the rat. Based on the results,
the renal weight of nephrotoxic animals increased, as well
as the renal index. Also, there was a significant increase
(P<0.05) in both the mean weight and renal index of the
group of animals induced with gentamicin compared with
the control and the groups that received M. pendans extract,
as shown in Fig. 1.

Effect of M. pendans Extract on the Blood

The mean of serum creatinine in group I, the control,
was 1.17+0.18mg/dl. Administration of gentamicin in
group 11 successfully induced nephrotoxicity in rats, shown
by an increase in serum creatinine level at 2.22+0.29mg/dI.
While the mean of serum creatinine of animals in groups
I and IV were 1.38+0.19 and 1.27+0.15mg/dl,
respectively. Based on statistical analysis, the
administration of gentamicin in group Il significantly
(P<0.05) increased the serum creatinine compared with the
control group. However, the administration of M. pendans
extracts in groups Il and IV significantly (P<0.05) reduced
the serum creatinine levels when compared with group I1,
but showed no significant differences (P<0.05) with the
control group, as shown in Fig. 2.

The mean BUN in the control group was
24.27+2.69mg/dl. This value is within the range of normal
BUN, which is 8-25mg/dl. Also, there was a high increase
in BUN in group Il, at 108.13+11.58mg/dl. In groups Il
and IV, the BUN was 30.70+4.23 and 27.28+2.84mg/dl,
respectively. However, its levels in control and treated
groups with M. pendans extract showed significant
differences (P<0.05) compared with the nephrotoxic group,
as shown in Fig. 3.

Histopathological Evaluation

Based on the histopathological examination, the
control group showed normal glomerular and tubular
histology (Fig 4). Gentamicin-induced nephrotoxicity in
rats could be discovered through histological changes in the
form of epithelial desquamation and degeneration of more
than half of the proximal tubules. Renal histopathological
changes included tubular congestion lesions with
nephrosis, tubular necrosis, epithelial desquamation,
hydropic degeneration, lipidosis, interstitial edema, and
vascular congestion (Fig. 5). The administration of M.
pendans extracts for therapeutic and prophylactic purposes
in group Il and IV animals showed improvement of the
tubular histological structure by significantly (P<0.05)
decreasing scores of the histopathological damage on
groups induced with gentamicin (Fig. 6 and Fig. 7). The
results are shown in Table 1.
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Table 1: Effect of M. pendans extract on the nephrotoxic-rats

Groups Histopathological Parameters Histological
(n=24) Score
Congestion Degeneration Necrosis (Mean + SD)
Control - - - 0
GM ++++ ++++ +++ 3.33+0.516
GM + EMP ++ + + 1.50 £ 0.547*
EMP + (GM+EMP) + + + 1.16 + 0.408*

*p<0.05 compared to gentamicin treated group. Control- normal
saline solutions only, GM- Gentamicin only, GM+EMP- recieved
Gentamicin and M. pendans extract, EMP+(GM+EMP)- recieved
M. pendans extract for 7 days and continued with Gentamicin and
M. pendans extract.
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Fig. 1: Renal weight and index of experimental animals (*p<0.05
compared with gentamicin treated group). Control- normal saline
solutions only, GM- Gentamicin only, GM+EMP- recieved
Gentamicin and M. pendans extract, EMP+(GM+EMP)- recieved
M. pendans extract for 7 days and continued with Gentamicin and
M. pendans extract.
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Fig. 2: Effect of M. pendas on serum creatinine levels (mg/dl) of
nephrotoxic-rats  (*significant at P<0.05 compared with
gentamicin treated group).

DISCUSSION

There was a significant (P<0.05) increase in the mean
weight and renal index of rats which received gentamicin
compared with the control group, indicated by a change in
the shape of kidney cells or nephrons. The toxicity effect of
gentamicin injection causes enlargement of rat kidneys
(Saleemi et al. 2009). The kidneys act mainly in blood
filtration and elimination of waste products derived from
endogenous metabolism and xenobiotics (Modaresi and Po
2011). Its other functions include regulating homeostasis
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Fig. 3: Effect of M. pendas on BUN levels (mg/dl) of
nephrotoxic-rats (*significant at P<0.05 compared to gentamicin
treated group).

Fig. 4: Microphotograph of the renal of rat from the control group,
showing normal glomerular and tubular histology (H&E, x400).

Fig. 5: Microphotograph of the renal of rat from gentamicin
treated group showing severe hydropic degeneration, epithelial
desquamation, tubular necrosis, interstitial edema, and vascular
congestion (H&E, x400).

and secretion of substances such as renin, cholecalciferol,
erythropoietin and prostaglandin. However, its continuous
exposure to chemical compounds and other reactive
metabolites makes it prone to drug-induced injuries.
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Fig. 6: Microphotograph of the renal of rat from group received
gentamicin and M. pendans extract showing a moderate vascular
congestion, and mild lesions of hydropic degeneration, epithelial
desquamation and tubular necrosis (H&E, x400).

Fig. 7: Microphotograph of the renal of rat from group received
ethanolic M. pendans extract for seven days and continued with
gentamicin for the remaining days, showing mild lessions of
vascular congestion, epithelial desquamation, degeneration, and
tubular necrosis (H&E, x400).

Changes in kidney cells or nephrons accompanied by the
decreased function are known as kidney toxicity or
nephrotoxicity (Nirogi et al. 2014; Marxfeld et al. 2019).

Based on this study, gentamicin successfully induced
nephrotoxicity in the rats. The group which received 100
mg/kg/day gentamicin for ten days experienced
nephrotoxicity, which resulted in considerable increases in
the levels of serum creatinine and BUN at 2.22+0.29 and
108.13+11.58mg/dl, respectively, compared with less than
1.2mg/dl of serum creatinine and 8-25 mg/dl of BUN in the
control group. Then, the histopathological examination
showed some typical kidney lesions, which include tubular
necrosis, epithelial desquamation, tubular congestion with
nephrosis, lipidosis, hydropic degeneration, interstitial
edema, and vascular congestion.

Gentamicin is a broad-spectrum antibiotic from the
aminoglycoside group, widely used in humans and animals
(Randjelovic et al. 2017). It is used due to its efficacy in
treating infections and its relatively low price, without
considering its nephrotoxic ability (Perazella 2018). The
nephrotoxicity occurred due to the accumulation and
resistance of aminoglycosides in proximal tubular epithelial
cells. Previous research showed that the gentamicin-induced
nephrotoxicity involves several mechanisms classified as



vascular, glomerular and tubular (Quiros et al. 2011;
Randjelovic et al. 2017; Mehmood et al. 2020).

Oxidative stress also plays a significant role in
gentamicin-induced nephrotoxicity. It also in line with
experiments that showed the healing of renal damage due
to gentamicin-induced nephrotoxicity through the
administration of antioxidants (Barnett and Cummings,
2018). Normally, oxidation has to do with the formation of
reactive compounds, mediated by hydroxyl radicals and
superoxide anions from hydrogen peroxide. Reactive
oxidative species (ROS) are formed when aminoglycosides
are released from epithelial cell lysosome (Ali et al. 2011).
The release of these aminoglycosides causes swelling of
the Kkidney cells, thereby inhibiting mitochondrial
respiration and gentamicin increases the production of
ROS in mitochondria (Jaeschke et al. 2012). These
oxidative compounds inhibit the respiratory chain and ATP
production, stimulate the release of cytochrome C and other
proapoptotic factors, lipidosis, damaged cellular proteins
and nucleic acids, induced mesangial contractions and
cause endoplasmic reticulum stress (Ozbek 2012).

Transmembrane barriers result in an increase in
cytosolic Ca®*, oxidative stress of the endoplasmic
reticulum, and fat peroxidation, but decrease in the
pumping of Na to an increase in the influx of Ca?*, water,
and Na* into cells (Nolin and Himmelfarb, 2010). Mild
injuries to the kidney, such as the edema of tubular
epithelial cells accompanied by loss of brush border and
desquamation of cells, are usually reversible (Ozbek 2012;
Randjelovic et al. 2017). These lesions generally reduce
kidney function and have the capacity to cause chronic
kidney disease or cell death when left for a long time
(Jaeschke et al. 2012; Perazella 2018; Amer et al. 2020).

The results of this study showed that M. pendans
ethanol extract protected the kidneys from nephrotoxicity.
Repaired parameters were observed from serum creatinine,
BUN, renal index and histopathology scores, which were not
significantly different from the control group. Induction of
both M. pendans extracts and gentamicin significantly
decreased the levels of serum creatinine and BUN, as well as
the histopathological scores compared with the control
group. The rats in group 1V, in which M. pendans extract was
administered for seven days before gentamicin induction,
showed better results in terms of protection against the
gentamicin-induced nephrotoxicity. The ability of M.
pendans to overcome this condition was due to its anti-
oxidant properties within free radicals scavenging activity
(Engida et al. 2015; Sudiono et al. 2015). It is believed that
the flavonoids and phenol in M. pendans are antioxidants
compounds that directly bind and neutralize ROS due to the
induction of gentamicin. These compounds are very
effective against free radicals, thereby protecting the kidneys
from gentamicin-induced nephrotoxicity (Khalid et al. 2011,
Javaid et al. 2012; Jaeschke et al. 2012). Another study also
showed the hepatoprotective ability of M. pendans,
protecting rat liver from free radicals due to the induction of
toxic doses of paracetamol (Merdana et al. 2019).

Based on the results, the ethanol extract of M. pendans
at a dose of 250mg/kg/day showed a nephroprotective
effect against gentamicin. In addition, the extract
maintained the weight and renal index of animals treated
with it. Furthermore, the M. pendans reduced significantly
(P<0.05) the serum creatinine and BUN levels, as well as
the histopathology score of rats administered with it
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compared with the nephrotoxic groups. These results were
in line with other studies using different plant extracts, but
with similar active compounds capable of preventing
nephrotoxicity (Salem et al. 2010; Ajami et al. 2010; El-
amir et al. 2019).

Conclusion

The administration of 250mg/kg body weight M.
pendans ethanolic extract protected the Wistar rats against
gentamicin-induced nephrotoxicity. Therefore, this study
concluded that the ethanolic extract of M. pendans has a
nephroprotective activity. However, further study is needed
to elucidate the specific compounds of M. pendans and
understanding the mechanisms involved in its protection.
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