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Protective effect of Ethanolic Extract of Jati Belanda (Guazuma ulmifolia L.) by
Inhibiting Oxidative Stress and Inflammatory Processes in Cisplatin-induced

Nephrotoxicity in Rats

ABSTRACT

The accumulation of high concentrations of cisplatin in the kidneys renal may causes
nephrotoxicity. Cisplatin-induced nephrotoxicity happens through the inflammation of the
tubules, and apoptosis, necrosis, and vascular defects factors. Jati Belanda leave contain
various chemical and the ethanolic extract that can decreased cholesterol level. According to
the author’s knowledge, no comprehensive work was dedicated to nephroprotective effect of
Jati Belanda (Guazuma ulmifoliaL.L.) ethanolic extract (EEJB) on cisplatin_induced -
nephrotoxic rat. Two doses of EEJB 300 mg/kg bw, EEJB 600 mg/kg bw were used on rats
induced nephrotoxicity by cisplatin 8 mg/kg bw. The measurement of MDA and CRE were

done using colorimetric methods while IFN-y. IL-1p, and TNF-a expression was done by using
immunochemistry (IHC) assay. The results of this study showed that EEJB 300 and 600 mg/kg
bw could decrease MDA and CRE level also IFN-y. IL-1B, and TNF-a expression when
compared with positive control. Thus, ethanolic extract of Jati Belanda may give protective
effect in patients being treated with chemotherapy using cisplatin but further toxicity effect and
clinical trials studies are needed.

Keywords: Cisplatin, ethanolic extract of Jati Belanda, inflammation, nephrotoxicity,

oxidative stress.

1. INTRODUCTION

Nephrotoxicity is a condition in which renal functions are decreased due to the toxic effects of
chemicals and drugs. About 20% of nephrotoxicity is induced and caused by drugs. This
percentage is higher on the elderly due to an increase in lifespan and drugs consumed (Marwa
et al., 2019). There are several drugs that can affect renal functions predominantly, thus the
dosage needs to be adjusted to prevent a decrease in renal function (e.g. heparin). The
nephrotoxic effects of most drugs are more profound in patients suffering from renal failure.
The markers of nephrotoxicity and early renal dysfunction are bloody urea and serum creatinine

with low sensitivity} (Campos et al., 2018).
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Cisplatin (CP) is a chemical commonly used in chemotherapy. It is usually used in neck,
testicular, head, and ovarian cancers treatments. This drug is correlated with nephrotoxicity in
28-36% of patients when they receive an initial dose (50-100 mg/m?) of cisplatin (Badary et
al., 2007; Rabik et al., 2007). The accumulation of high concentrations of cisplatin in the renal
tissues can cause nephrotoxicity by inducing inflammation of the tubules, and other apoptotic
sis factors , necrosis, and vascular factors (Li et al., 2017; Zhu et al., 2017; Luke et al., 1992;
Kumar et al., 2017). Clinical uses of the chemical are limited because of these serious
complications (Lebwohl and Canetta, 1998). Cisplatin can also causes the development of renal
tubule lesion by inducing oxidative stress (Chtourou et al., 2015; Lin et al., 2015; Oh et al.,
2017; Saral et al., 2016). The reactive nitrogen species (RNS) and reactive oxygen species
(ROS) productions in oxidative stress change the function and structure of cellular membranes
Pedraza-Chayerri et al., 2004; Diyya et al., 2016). Moreover, their accumulations in the renal
and lysosomes cause CP-induced acute nephropathy (Romeo et al., 2009). Therefore,
antioxidants and scavengers of free radicals may be capable to prevent the nephrotoxicity that
cisplatin induced (Alhoshani et al., 2017).

Natural products that are obtained from plants and animals offer vast resources of new potential
medicinal agents for clinical use. A high number of modern drugs have been made and isolated
from natural sources. Those drugs have the potentials to be used in the treatments for various
diseases in the world (Patil and Biradar, 2013). Indonesia represents one of the tropical
countries that are rich with various species of tropical plants. One of the tropical plants that
have long been used to promote health is Guazuma ulmifolia L. which is called “Jati Belanda”
in Indonesia (Rozqie et al., 2012; Prahastuti et al., 2019).

ManyThe -chemicals in Jati Belanda leaves are tannins, alkaloids, mucilage, saponins, beta-
sitosterol, and flavonoids. The results of previous studies that evaluated extract of Jati Belanda
leaves on blood lipid levels in male rats showed that ethanolic extract of Jati Belanda can
decrease cholesterol levels in test animals (Sukandar et al., 2009). Those compounds ean may
be used to decrease the amount of cholesterol in the intestine, resulting in a decreased
cholesterol level in the blood (Rozqie et al., 2014). This study is aimed to measure levels of
malonaldehyde (MDA), creatinine (CRN), Fibronectin (FN), blood urea nitrogen (BUN) by
ELISA, and kidney weight, protein expression of IL1-B, IFN-y, PCNA using Immuno
Histochemistry (IHC) in cisplatin-induced rats that were administered with extracts of Jati
Belanda (EEJB).
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MATERIAL AND METHODS
2. Ethical approval of the study ????7??7???7??

21 Extract Preparation

Jati Belanda was collected from Bumi Herbal Dago plantation, Bandung, West Java, Indonesia
and the plant was identified by one of the staffs of herbarium of the Department of Biology
from the School of Life Science and Technology at Bandung Institute of Technology, Bandung,
West Java, Indonesia (0020218-A002). The leaves were collected, chopped, and kept in drier
tunnel. The extractions to collect EEJB was done based on the maceration method. The solvent
was ethanol (70%) (Widowati et al., 2018; Prahastuti et al., 2020)

22 Nephrotoxicity Rat Model

White male Sprague Dawley rats aged 1.5 months with an average body weight of 140 — 170
g were gotten from the National Agency of Drugs and Food Control (Jakarta, Indonesia) and
acclimatized for 1 week. The research was then approved by the Research Ethic Committee of
Immanuel Hospital, Bandung, Indonesia and the Faculty of Medicine of Maranatha Christian
University (No: 138/KEP/1VV/2019). The rats were divided into 4 groups according to the
number of treatments that were used (I : Normal Control : Aquadest; Il : Positive Control,
Cisplatin 8 mg/kg bw + Aquadest; 111 : Cisplatin + EEJB 300 mg/kg bw; 1V : Cisplatin + EEJB
600 mg/kg bw). Each treatment was repeated 5 times (5 rats). In all groups beside normal
control group, the rats were induced with 8 mg/kg bw of cisplatin (Kalbe Farma) by
intraperitoneal injection on the third day of pre-treatment. Then, the rats were given the
dissolved 500 pL of extract by gavage for 18 days. On days 0, 9 and 18 after treatment, the
blood was collected and processed as plasma for further assays. On the 18th day, the renals
were extracted surgically after the rats were euthanized using the CO. chamber. The weights
of the extracted organs were measured using Analytical Balance (AXIS, Kartuska) (Ajith et
al., 2007; Soliman et al., 2016).

23 Immunohistochemistry (IHC)

For IHC, antigens retrieval (Abcam, ab208572) was done in citrate buffer with a pH of 6.0 at
121°C for 10 minutes. Endogenous peroxidase was blocked in 3% H>0, (Merck, 107209) and
methanol (Merck, 106009) for 15 minutes in room temperature. The primary antibodies such
as IFN-y (Elabscience, E-AB-40075), rabbit-anti rat TNF-o (ElabScience, E-AB-40015), and
rabbit-anti rat IL-1B (ElabScience, E-AB-66749) were incubated overnight in room
temperature. Then, the target proteins were visualized using Rabbit-Specific HRP/DAB (ABC)
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Detection IHC Kit (Abcam, ab64261). Haematoxylin was used for counterstaining agent. The
stained tissues were observed in primostar (Zeiss) microscope and lumenera infinity 1-3c was
used for photography (Pham et al., 2007; Ponti et al., 2005).

24-Malondialdehyde (MDA) Content

The measurement of MDA was done using Malondialdehyde (MDA) Assay Kit (Elabscience,
E-BC-K142). Blood plasma was used as a sample for MDA measurement. The blood sampling
was taken on three different days (0, 9 and 18 days) after treatment. MDA content from each
samples were measured according to the manufacturer protocol and read at 532 nm and 600
nm using the microplate reader (MultiskanTM GO Microplate Spectrophotometer, Thermo
Scientific, Waltham, MA, USA (Hanny et al., 2019).

2.5-Creatinine (CRE) Content

Blood samples were collected on three different days (0, 9 and 18 days) after treatment. Blood
plasma was separated by centrifugation and then used for Creatinine (CRE) content
measurement. CRE content was measured using Creatinine (CRE) Assay Kit (Elabscience, E-
BC-K186). Assays were read at 546 nm using the microplate reader according to the
manufacturer protocol (Al-Kuraishy et al., 2019).

2.6-Statistical Analysis

The data were analyzed using R software version 1.0.143 (R Studio). One-way ANOVA with
Tukey post hoc test, Games-Howell post-hoc test, or Pairwise Wilcoxon non-parametric test

were used to show the significance values between treatments.

3. RESULT

3.1 EEJB Effect on MDA Content

Cisplatin treatment (8 mg/kg bw) showed increased MDA content compared to normal control
(Figure 1), indicating increased rate of lipid peroxidation. Treatment with EEJB 300 mg/kg.bw
did not show a significant increase in MDA content compared to positive control on day 9 and
18 (p<0.05). Meanwhile, treatment with EEJB 600 mg/kg.bw showed a significant decrease in
MDA content compared to positive control on day 9 and 18 (p<0.05).

3.2 EEJB Effect on CRE Content

The CRE contents in EEJB treatments can be seen in Figure 2. In this study, treatment with
cisplatin (8 mg/kg.bw) showed an increased CRE content compared to control. Treatments
using EEJB 300 and 600 mg/kg.bw showed significant decreases in CRE contents compared

to positive control on day 9 and 18.
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3.3 EEJB Effect on Kidneys Reral-Weight

In Figure 3, cisplatin induction showed significant increase in renal weights of the rats which
marked hypertrophy. Treatment with EEJB seemed to protect the nephrotic renal from
hypertrophy. This can be seen by the significant decrease in renal weight in EEJB groups
compared to positive control (p<0.05).

3.4 EEJB Effect on IFN-y Expression

The expression of IFN-y can be seen in Figure 4 and Figure 5(A). Scattered, and weak
cytoplasmic staining of IFN-y in renal tubules were found in negative control with a score of
10.556. In positive control, the IFN-y expressions were diffuse and showed strong cytoplasmic
staining with highest scores (43.861) than negative control and treatment group with p<0.05.
The EEJB300, EEJB600 were lower compared to positive control with score 39.383, 36.107
respectively. Based on the Pairwise Wilcoxon test (p<0.05) showed EEJB 600 was
significantly difference compared to positive control, the EEJB600 was effective in reducing
renal IFN-y expression.

3.5 EEJB Effect on IL-1p Expression

The expressions of IL-1 by the treatment groups can be seen in Figure 5(B) and Figure 5(C).
Expression seemed to be scattered and showed weak cytoplasmic staining of IL-1p on renal
tubules epithelium with a score of 9.541. The positive control showed diffuse, strong
cysttoplasmic staining of IL-1p in renal tubules epithelium with highest scores (36.178) than
negative control and treatment group with p<0.05. The EEJB300, EEJB600 were lower
compared to positive control with score 32.133, 28.657 respectively (Figure 5(C)). Based on
the Pairwise Wilcoxon test (p<0.05) showed EEJB 600 was significantly difference compared
to positive control, the EEJB600 was effective in reducing renal IL-1p expression.

3.6 EEJB Effect on TNF-a.JExpression

TNF-a expression can be seen in Figure 6 and Figure 7. Scattered, and weak staining of TNF-
o inrenal tubules epithelium can be found in negative control with a score of 9.307. The scores
of EEJB300 and EEJB600 groups were higher in Figure 6 (11.182 and 11.810 respectively).
Compared to the other groups, positive control showed strong cytoplasmic staining of TNF-a.
with a score of 31.447. The treatment groups were shown to be effective in reducing the renal
TNF-a expression. Based on the statistic test, there was a significant difference between

positive control and normal control and the treatment groups (EEJB 300 and EEJB 600) based
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on Pairwise Wilcoxon test (p<0.05) (Figure 7), both EEJB300 and EEJB600 were effective to
reduce renal TNF-a—~expression:-—-=
4. DISCUSSION

Cisplatin is an anticancer agent. This compound is potent when used in treatments against
tumors of the bladder, testes, ovaries, breasts, and lungs. Nevertheless, in practice, using
cisplatin as a cancer treatment is limited by the nephrotoxicity it may causes (Antunes et al.,
2000; Chirino et al., 2004). Cisplatin can bind to lipid membrane and causes lipid peroxidation
that produces MDA and destroys the cells of renal tubules (Divya et al., 2016; Rehman et al.,
2014). Cisplatin can induce the production of free radicals such as hydrogen peroxide,
superoxide anions, and hydroxyl radicals. They can cause reactions that result in peroxidation
of the lipid membranes on tubule cells. It has been proposed that the MDA that is the byproduct
of lipid peroxidation is a main characteristic of oxidative stress. Oxidative stress has been
shown to contribute to cisplatin-induced nephrotoxicity by increasing MDA level in a previous
study (Rehman et al., 2014; El-Besbishy et al., 2011).

Alternative treatments for oxidative stress can be found in medicinal plants. EEJB that was
used in this study is a medicinal plant. Medicinal plants contain several phytochemicals such
as phenolic compounds that have antioxidant properties. They are able to maintain redox
homeostasis and protect cells against damage caused by excess ROS (Prahastuti et al., 2019;
Do et al., 2014). Decreasing the side effects of cisplatin using natural antioxidants are
interesting to research on. In this study, we found that EEJB 600 mg/kg bw could decrease
MDA levels. Several compounds were identified in EEJB. They are phenolic acids, flavan-3-
ol-derived flavonoids (monomers and dimers), and condensed tannins, including epicatechin,
epigallocatechin, procyanidins, catechin, prodelphinidin—procyanidin, and procyanidin-
profisetinidin might have played a role in decreasing MDA levels in our study (Hor et al., 1996;
Lopes et al., 2009). EEJB contain high phenol, flavonoid and showed many antioxidant
activities including 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenger, 2,2’-azinobis-
(3ethylbenzothiazoline-6-sulfonate (ABTS) scavenger, hydroperoxide (H202) scavenger
activities and ferric reducing antioxidant power (FRAP) (Prahastuti et al., 2020), antioxidant
potential in EEJB played role in reducing MDA level in renal nephrotoxicity rat.

In the serum biomarkers, nephrotoxicity is characterized by a reduction in glomerular filtration,
and an increase of serum CRE (Mashhadi et al., 2013). In the previous study, cisplatin could

increase serum levels of creatinine significantly as biomarkers for cisplatin-induced
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nephrotoxicity (Oh et al., 2014). CRE is distributed throughout the total body water and is
normally removed from the blood by the renal (Alibakhshi et al., 2018). This study showed
EEJB 300 and 600 mg/kg bw could decrease plasma CRE level in renal nephrotoxicity rat.
This result is in agreement with a previous study in which phenolic compounds in EEJB might
have prevented the increase of CRE level because of their antioxidant properties and by
inhibiting arginase activity (Akomolafe et al., 2014).

In this result, treatments with EEJB were effective in decreasing renal weight and preventing
renal hypertrophy. Renal injuries can occur because of high oxidative stress and high rate of
free radicals production in the renal tissue. The antioxidants in EEJB might have contributed
to the decreased occurrence of renal hypertrophy that is usually induced in cisplatin
administration by defending against oxidative stress (Himmelfarb et al., 2004; Dennis et al.,
2017).

Th1 cells are capable of producing cytokines such as IFN-y. Cytokines that are produced by
these cells are categorized as Thl-type cytokines. These cytokines are important in the body's
defense mechanism against pathogens by activating immune cells like macrophages and NK
cells. Gene transcription and translation of IFN-y are regulated by NF-«B signaling. This
signaling pathway is regulated by oxidative stress that are affected negatively by the
antioxidant properties of phenolic compounds. A previous study showed that the phenolic
compound, kaempferol, could decrease IFN-y expression (Miles et al., 2005). This study
showed that treatments with EEJB were effective in decreasing IFN-y expression which is in
line with another study. Phenol compounds in EEJB as anti-inflammatory potential (Gonzalez
et al., 2011; Bouriche et al., 2016). Flavonoids in EEJB were effective to have anti-
inflammatory activity (Bouriche et al., 2016; Rathee et al., 2009).

Antioxidants such as the phenolic compounds in EEJB have anti-inflammatory activities that
regulate cytokine-induced inflammation. IL-1p is a cytokine with pro-inflammatory properties
that is produced during the activation of neutrophils and can cause inflammation. Phenolic
compounds can reduce neutrophil activities or activations at sites of inflammation. They can
also reduce oxidative stress which contributes to the initiation of inflammatory process with
their antioxidant properties. Thus, other studies have shown the role of phenolic compounds in
decreasing IL-1p expression (Da Rosa et al., 2019; Gauliard et al., 2008). However, the result
of this study is not in line with the other studies. In this study, treatments with EEJB were
shown not to be effective in reducing IL-1p expression in the rats. Although many studies
showed different result in the effect of phenolic compounds on IL-1p expression, one study is

in line with our result. The study showed an increased expression of IL-1p in treatments using
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some phenolic compounds such as coumaric and cinnamic acids (Bachiega et al., 2012). EEJB
is able to reduce ROS level in chronic kidney disease cells model through their antioxidant
potential, phenol and flavonoid content (Prahastuti et al., 2019).

TNF-a is a ctyokine which produced by macrophages, neutrophil, T cells, NK cells. This
cytokine regulates the production of nitrogen oxide (NO) that is linked to the increase of
oxidative stress in the body that plays an important role in nephrotoxicity by cisplatin. In this
study, TNF-a expression was reduced by treatment with EEJB. The phenolic compounds in
EEJB might have interfered with the transcriptional regulation and post-transcriptional
modification of TNF-a, thus decreasing its expression which in turn decreases the induction of
nephrotoxicity by cisplatin (Wang et al., 2002). Extracts are rich phenolic, flavonoids
compound have antioxidant activity and reducing stress oxidative which play rolling in
inflammation (Bouriche et al.,, 2016). Oolong tea contained high polyphenol has anti-
inflammatory activities by reducing NO, cyclooxygenase-2 (COX-2), IL-6, IL-1B, and TNF-a
level in inflammatory cells model (Novila et al., 2017). Hence, we proposed the mechanism of
EEJB in improving nephrotoxicity in cisplatin-induced rats in Figure 8 based on our results
and study literature.

This study showed that oxidative stress plays an important role in nephrotoxicity induced by
cisplatin. Moreover, the antioxidant effect from ethanolic extract of Jati Belanda (EEJB) is
responsible for reducing MDA and CRE content, also IFN-y. IL-1p, and TNF-o expression
resulting in improvement of renal function in rats that were treated with cisplatin. Therefore,
pre-treatment combining ethanolic extract of Jati Belanda (EEJB) may be useful for patients
undergoing chemotherapy using cisplatin but further in vivo studies and clinical trials are

required.

Authors contribution:

All Authors designed the project. SJ and EA constructed and made sample preparation. SJ, EA,
HSWK, STH, RW executed the experiment and analyzed the tissue samples. SJ, MH, RW,
HSWH, RR, WW, and MS analyzed the data. All authors critically revised the manuscript and
approved the final version.

REFERENCES



267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
201
292
293
294
295
296
297
298
299

Reviewer’s copy PV]-21-31 1

Ajith TA, Usha S & Nivitha V. 2007. Ascorbic acid and a-tocopherol protect anticancer drug
cisplatin induced nephrotoxicity in mice: a comparative study. Clin Chim Acta 375(1):
82-86.

Akomolafe SF, Akinyemi AJ & Anadozie SO. 2014. Phenolic acids (gallic and tannic acids)
modulate antioxidant status and cisplatin induced nephrotoxicity in rats. Hindawi. 1-8.

Alhoshani AR, Hafez MM, Husain S, et al., 2017. Protective effect of rutin supplementation
against cisplatin-induced nephrotoxicity in rats. BMC Nephrol 18{21): 194.

Alibakhshi T, Khodayar MJ, Khorsandi L, et al., 2018. Protective effects of zingerone on
oxidative stress and inflammation in cisplatin-induced rat nephrotoxicity. Biomed.
Pharmacother 105: 225-232.

Al-Kuraishy HM, Al-Gareeb Al & Al-Naimi MS. 2019. Renoprotective effect of irbesartan in
a rat model of gentamicin-induced nephrotoxicity: Role of oxidative stress.J. Lab.
Physicians 11(3): 200.

Antunes LM, Darin JD & Bianchi M. 2000. Protective effects of vitamin C against cisplatin-
induced nephrotoxicity and lipid peroxidation in adult rats. Pharmacol. Res 41(4): 405-
411.

Bachiega TF, Orsatti CL, Pagliarone AC, et al., 2012. The effects of propolis and its isolated
compounds on cytokine production by murine macrophages. Phytother Res T 26(9):
1308-1313.

Badary OA, Abdel-Maksoud S, Ahmed WA et al., 2005. Naringenin attenuates cisplatin
nephrotoxicity in rats. Life Sci 76(18): 2125-2135.

Bouriche H, Kherbache A, Kada S, et al., 2016. Phenolic content, anti-inflammatory and
antioxidant activities of Anacyclus clavatus extracts. Environ Exper Bot 14: 127-135

Campos, MA., de Almeida LA, Grossi MF, et al., 2018. In vitro evaluation of biomarkers of
nephrotoxicity through gene expression using gentamicin. J. Biochem. Mol. Toxicol
32(9): €22189.

Chirino Y1, Hernandez-pando R, & Pedraza-Chaveri J. 2004. Peroxynitrite decomposition
catalyst ameliorates renal damage and protein nitration in cisplatin-induced
nephrotoxicity in rats. BMC Pharmacol. 4: 20-29.

Chtourou Y, Aouey B, Kebieche M, et al., 2015. Protective role of naringin against cisplatin
induced oxidative stress, inflammatory response and apoptosis in rat striatum via
suppressing ROS-mediated NF-kappaB and P53 signaling pathways. Chem.-Biol.
Interact 239: 76-86.



300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332

Reviewer’s copy PV]-21-31 1

da Rosa JS, Nascimento MVPDS, Parisotto EB, et al., 2019. Phenolic compounds isolated from
Calea uniflora Less. promote anti-inflammatory and antioxidant effects in mice
neutrophils (ex vivo) and in mice pleurisy model (in vivo). Mediators Inflamm 1-10.

Dennis JM & Witting PK.2017. Protective role for antioxidants in acute kidney
disease. Nutrients 9(7): 718.

Divya MK, Lincy L, Raghaamenon AC, et al., 2016. Ameliorative effect of apodytes dimidiata
on cisplatin-induced nephrotoxicity in wistar rats. Pharm. Biol 54(10): 2149-2157.

Do QD, Angkawijaya AE, Tran-Nguyen PL, et al., 2014. Effect of extraction solvent on total
phenol content, total flavonoid content, and antioxidant activity of Limnophila
aromatica. J Food Drug Anal. 2014(3); 22: 296-302.

El-Beshbishy HA, Bahashwan SA, Aly HA, et al., 2011. Abrogation of cisplatin-induced
nephrotoxicity in mice by alpha lipoic acid through ameliorating oxidative stress and
enhancing gene expression of antioxidant enzymes. Eur J Pharmacol 668(1-2): 278-284.

Gauliard B, Grieve D, Wilson R, et al., 2008. The effects of dietary phenolic compounds on
cytokine and antioxidant production by A549 cells. J. Med. Food 11(2): 382-384.

Gonzalez R, Ballester I, Lopez-Posadas R, et al., 2011. Effects of flavonoids and other
polyphenols on inflammation. Crit. Rev. Food Sci. Nutr 51(4): 331-362

Hanny ELL, Mustopa AZ, Budiarti S, et al., 2019. Efficacy, toxicity study and antioxidant
properties of plantaricin E and F recombinants against enteropathogenic Escherichia coli
K1. Mol. Biol. Rep. 46(6): 6501-6512.

Himmelfarb J, McMonagle E, Freedman S, et al., 2004. Oxidative stress is increased in
critically ill patients with acute renal failure. J. Am. Soc. Nephrol. 15(9): 2449-2456.

Hor M, Heinrich M & Rimpler H. 1996. Proanthocyanidin polymers with antisecretory activity
and proanthocyanidin oligomers from Guazuma ulmifolia bark. Phytochemistry 42(1):
109-119.

Kumar P, Sulakhiya K, Barua CC, et al., 2017. TNF-alpha, IL-6 and IL-10 expressions,
responsible for disparity in action of curcumin against cisplatin-induced nephrotoxicity
inrats. Mol. Cell. Biochem. 431(1-2): 113-122.

Lebwohl D & Canetta R, 1998. Clinical development of platinum complexes in cancer therapy:
an historical perspective and an update. Eur. J. Cancer 34(10): 1522-1534.

Li H, Tang Y, Wen L, et al., 2017. Neferine reduces cisplatin-induced nephrotoxicity by
enhancing autophagy via the AMPK/mTOR signaling pathway. Biochem Biophys Res
Commun 484(3): 694-701.

10



333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366

Reviewer’s copy PV]-21-31 1

Lin L, Zheng J, Zhu W, & Jia N, 2015. Nephroprotective effect of gelsemine against cisplatin-
induced toxicity is mediated via attenuation of oxidative stress. Cell Biochem. Biophys
71(2): 535-541. ???2??7????7? not present in text

Lopes GC, Rocha JC, Almeida GCD, et al., 2009. Condensed tannins from the bark of
Guazuma ulmifolia Lam. (Sterculiaceae). J. Braz. Chem. Soc. 20(6): 1103-1109.

Luke DR, Vadiei K, & Lopez-Berestein G, 1992. Role of vascular congestion in cisplatin-

induced acute renal failure in the rat. Nephrol Dial Transplant 7(1): 1-7.

Marwa SA, Huda AR, Nawar H, et al., 2019. Nephrotoxicity: Role and Significance of Renal
Biomarkers in The Early Detection of Acute Renal Injury. J Adv Pharm Technol Res
10(3): 95-99.

Mashhadi NS, Ghiasvand R, Askari G, et al., 2013. Anti-oxidative and anti-inflammatory
effects of ginger in health and physical activity: review of current evidence. Int. J. Prev.
Med. 4(1): S36.

Miles EA, Zoubouli P & Calder PC. 2005. Effects of polyphenols on human Thl and Th2
cytokine production. Clin Nutr 24(5): 780-784.

Novilla A, Djamhuro DS, Nurhayati B, et al., 2017. Anti-inflammatory properties of oolong
tea (Camellia sinensis) ethanol extract and epigallocatechin gallate in LPS-induced RAW
264.7 cells. Asian Pac J Trop Biomed 7(11): 1005-1009.

Oh CJ, Ha CM, Choi YK, et al., 2017. Pyruvate dehydrogenase kinase 4 deficiency attenuates
cisplatin-induced acute kidney injury. Kidney Int 91(4): 880-895.

Oh GS, Kim HJ, Shen A, et al., 2014. Cisplatin-induced kidney dysfunction and perspectives
on improving treatment strategies. Electrolytes & Blood Pressure 12(2): 55-65.

Patil JU & Biradar SD. 2013. Pharmacognostic study of Guazuma ulmifolia. Int. Res. J.
Pharm. 4(4): 130-131.

Pedraza-Chaverri J, Barrera D, Maldonado PD, et al., 2004. S-allylmercaptocysteine scavenges
hydroxyl radical and singlet oxygen in vitro and attenuates gentamicin-induced oxidative
and nitrosative stress and renal damage in vivo. BMC Clin. Pharmacol 4: 5.

Pham NA, Morrison A, Schwock J, et al. 2007. Quantitative image analysis of
immunohistochemical stains using a CMYK color model. 2: 1-10.

Ponti D, Costa A, Zaffaroni N, et al., 2005. Isolation and in vitro propagation of tumorigenic
breast cancer cells with stem/progenitor cell properties. Cancer Res 65(13): 5506-5511.

Prahastuti S, Hidayat M, Tinia S, et al., 2019. Ethanol extract of jati belanda (Guazuma
ulmifolia L.) as therapy for chronic kidney disease in in vitro model. J. Rep. Pharm. Sci.
8(2): 229-35.

11



367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400

Reviewer’s copy PV]-21-31 1

Prahastuti S, Hidayat M, Tinia S, et al., 2020. The ethanol extract of the bastard cedar
(Guazuma ulmifolia L.) as antioxidants. Pharmaciana 10: 77-88

Rabik CA & Dolan ME. 2007. Molecular mechanisms of resistance and toxicity associated
with platinating agents. Cancer Treat. Rev 33(1): 9-23.

Rathee P, Chaudhary H, Rathee S, et al., 2009. Mechanism of action of flavonoids as anti-
inflammatory agents. Inflamm. Allergy Drug Targets 8(3): 229-235.

Rehman MU, Tahir M, Khan AQ, et al., 2014. D-limonene suppresses doxorubicin-induced
oxidative stress and inflammation via repression of COX-2, iNOS, and NF«B in kidneys
of Wistar rats. Exp Biol Med. 239(4): 465-476.

Romero F, Pérez, M, Chavez M, et al., 2009. Effect of uric acid on gentamicin-induced
nephrotoxicity in rats—role of matrix metalloproteinases 2 and 9. Basic Clin Pharmacol
Toxicol 105(6): 416-424.

Rozgie R, Diah M & Rukmi W. 2012. The effect of Jati Belanda (Guazuma ulmifolia Lamk)
leaves extract on histopathology of rat’s kidney. J. Trop. Med. 2(1): 57-65.

Rozgie R, Sukarlan MD & Pratiwi WR. 2014. The effect of jati belanda (Guazuma ulmifolia
Lamk) leaves extract on histopatology of rat' s renal. J Trop Med 2(1): 57-65.

Saral S, Ozcelik E, Cetin A, et al., 2016. Protective role of diospyros lotus on cisplatin induced
changes in sperm characteristics, testicular damage and oxidative stress in
rats. Andrologia 48(3): 308-317.

Soliman A, Desouky S, Marzouk M, e al., 2016. Origanum majorana attenuates nephrotoxicity
of cisplatin anticancer drug through ameliorating oxidative stress. Nutrients. 8(5): 264.

Sukandar EY, Elfahmi E, & Nurdewi N. 2009. Pengaruh pemberian ekstrak air daun jati
belanda (guazuma ulmifolia lamk.) terhadap kadar lipid darah pada tikus jantan. J. Med.
health 8(2): 104-113.

Wang J & Mazza G. 2002. Effects of anthocyanins and other phenolic compounds on the
production of tumor necrosis factor o in LPS/IFN-y-Activated RAW 264.7 macrophages.
J. Agric. Food Chem. 50(15): 4183-4189.

Widowati W, Laksmitawati DR, Wargasetia TL, et al., 2018. Mangosteen peel extract
(Garcinia mangostana L.) as protective agent in glucose-induced mesangial cell as in
vitro model of diabetic glomerulosclerosis. Iran J Basic Med Sci 21(9): 972.

Zhu X, Jiang X, Li A, et al., 2017. S-Allylmercaptocysteine attenuates cisplatin induced
nephrotoxicity  through  suppression of apoptosis, oxidative stress, and
inflammation. Nutrients. 9(2): 166.

12



401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433

Reviewer’s copy PV]-21-31 1

Figure 1. Effects of EEJB on serum MDA content in nephrotoxic rats

*Control: normal rat; Positive control: nephrotoxicity rats; EEJB 300: Positive control + EEJB
300 mg/kg bw; EEJB 600: Positive control + EEJB 600 mg/kg bw.

*Data was presented as meanzstandard deviation, the experiment had three replications.
Hashtag symbol (#) shows significant difference between control and positive control. Asterisk
(*) shows significant differences between treatment and positive control based on Tukey HSD
post hoct test (p<0.05) on day 9 and 18.

Figure 2. Effects of EEJB on serum CRE content of nephrotoxic rats

*Control: sample without any inducer; Positive control: nephrotoxicity rats; EEJB 300:
Positive control + EEJB 300 mg/kg bw; EEJB 600: Positive control + EEJB 600 mg/kg bw.
*Data was presented as meanzstandard deviation, the experiment had three replications.
Hashtag symbol (#) shows significant difference between control and positive control. Asterisk
(*) shows significant differences between treatment and positive control based on Tukey HSD
post hoct test (p<0.05) on day 9 and 18.

Figure 3. Effects of EEJB on renal weight in nephrotoxic rats

*Negative Control: normal rat; Positive control: rat acute renal disease; EEJB300: Positive
control + EEJB 300 mg/kg.bw; EEJB600: Positive control + EEJB 600 mg/kg bw

*Data was presented as mean * standard deviation, the data was three replication. Hashtag
symbol (#) shows significant difference between negative control and positive control. While
asterisk symbol (*) marks significant difference between positive control and treatment groups.
All the significant differences were based on One Way Anova followed by Tukey post hoct
test (p<0.05).

Figure 4. Effects of EEJB toward renal IFN-y expression in nephrotoxicity rats by IHC assay
*A-D are IFN-y expression at magnification 400x while E-H are IFN-y expression at
magnification 1000x.

*A and E are negative control (normal rat); B and F are positive control (acute renal disease
model); C and G are EEJB300 (Positive control + EEJB 300 mg/kg bw) and; D and H are
EEJB600 (Positive control + EEJB 600 mg/kg bw).

Figure 5. Effect of EEJB toward in nephrotoxic rats using quantitative IHC assay

(A) IFN-y expression; (B) IL-1p expression

*Data was presented as mean + standard deviation, the data was ten observations. Hashtag

symbol (#) shows significant difference between negative control and positive control. While

13
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asterisk symbol (*) marks significant difference between positive control and EEJB600. The
significant differences were based on Pairwise Wilcoxon test (p<0.05)

(C) TNF-a. expression

*Data was presented as mean * standard deviation, the data was ten observations. Hashtag
symbol (#) shows significant difference between negative control and positive control. While
asterisk symbol (*) marks significant difference between positive control and EEJB300,
positive control and EEJB600. The significant differences were based on Pairwise Wilcoxon
test (p<0.05)

Figure 6. Effect of EEJB toward renal IL-1 expression in nephrotoxicity rats by IHC assay
*A-D are IL-1B expression at magnification 400x while E-H are IL-1B expression at
magnification 1000x.

*A and E are negative control (normal rat); B and F are positive control (acute renal disease
model); C and G are EEJB300 (Positive control + EEJB 300 mg/kg bw) and; D and H are
EEJB600 (Positive control + EEJB 600 mg/kg bw).

Figure 7. Effect of EEJB toward TNF-a expression in nephrotoxicity rats by IHC assay
*A-D are TNF-a expression at magnification 400x while E-H are TNF-a expression at
magnification 1000x.

*A and E are negative control (normal rat); B and F are positive control (acute renal disease
model); C and G are EEJB300 (Positive control + EEJB 300 mg/kg bw) and; D and H are
EEJB600 (Positive control + EEJB 600 mg/kg bw).

Figure 8. Proposed mechanism of EEJB in improving nephrotoxic condition

Cisplatin could induce the ROS production. The exposure of ROS could damage cell
membrane indicated by the increment of MDA that leads to lipid peroxidation. On the other
hand, ROS also could increase the apoptosis and cell death in renal. The treatment of Jati
Belanda ethanolic extract which containing phenols, flavonoids as antioxidant, anti-
inflammatory reduced ROS,. It can reduce the production of MDA also neutralize the pro-
inflammatory cytokines (TNF-a, IL-1B, IFN-y) thus protecting the renal from injury.
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The accumulation of high concentrations of cisplatin in the kidneys may
causes nephrotoxicity. Cisplatin-induced nephrotoxicity happens through the
inflammation of the tubules, and apoptosis, necrosis, and vascular defects. Jati
Belanda (Guazuma ulmifolia L.) leave contain various natural compounds and
the ethanolic extract of Jati Belanda decreased Reactive Oxygen Species (ROS)
level in diabetic glomerulosclerosis by in vitro study. According to the author’s
knowledge, no comprehensive work was dedicated to nephroprotective effect of
Jati Belanda ethanolic extract (EEJB) in cisplatin-induced nephrotoxic rat. Two
doses of EEJB 300 mg/kg bw, EEJB 600 mg/kg bw were administered in
nephrotoxicity rats by inducing cisplatin 8 mg/kg bw for three days before EEJB
treatment. The measurement of MDA and CRE were done using colorimetric
methods while IFN-y. IL-1B, and TNF-a expression was done by using
immunochemistry (IHC) assay. The results of this study showed that EEJB 300 and
600 mg/kg bw could decrease MDA and CRE level also IFN-y. IL-1B, and
TNF-o expression compared with positive control. Thus, ethanolic extract of Jati
Belanda may give protective effect in patients being treated with chemotherapy
using cisplatin but further toxicity effect and clinical trials studies are needed.

To Cite This Article: Widowati W, Prahastuti S, Hidayat M, Hasiana ST, Wahyudianingsih R, Afifah E, Kusuma HSW,
Rizal R and Subangkit M, 2022. Protective effect of ethanolic extract of jati belanda (Guazuma ulmifolia L.) by
inhibiting oxidative stress and inflammatory processes in cisplatin-induced nephrotoxicity in rats. Pak Vet J.

http://dx.doi.org/10.29261/pakvetj/2022.050

INTRODUCTION

Nephrotoxicity is a condition in which renal functions
are decreased due to the toxic effects of chemicals or drugs.
About 20% of nephrotoxicity is induced and caused by
drugs. This percentage is higher on the elderly due to an
increase in lifespan and drugs consumed (Marwa et al.,
2019). There are several drugs that can affect renal
functions predominantly, thus the dosage needs to be
adjusted to prevent a decrease in renal function (e.g.
heparin). The nephrotoxic effects of most drugs are more
profound in patients suffering from renal failure. The
markers of nephrotoxicity and early renal dysfunction are
blood urea nitrogen (BUN) and serum creatinine (CRE)
with low sensitivity (Campos et al., 2018; Hameed et al.,
2017).

Cisplatin (CP) is a chemical commonly used in
chemotherapy against tumors of the bladder, testes,
ovaries, breasts, and lungs (Chirino et al., 2004). This drug
is correlated with nephrotoxicity in 28-36% of patients
when they received an initial dose (50-100 mg/m?) of CP
(Badary et al.,, 2005; Rabik and Dolan 2007). The
accumulation of high concentrations of CP in the renal
tissues can cause nephrotoxicity by inducing inflammation
of the tubules, and other apoptotic factors, necrosis and
vascular factors (Li et al., 2017; Zhu et al., 2017; Kumar et
al., 2017). Clinical uses of CP are limited because of these
serious complications (Dasari and Tchounwou 2014). CP
can also causes the development of renal tubule lesion by
inducing oxidative stress (Chtourou et al., 2015; Lin et al.,
2015; Saral et al., 2016; Oh et al., 2017). The reactive
nitrogen species (RNS) and reactive oxygen species (ROS)
productions in oxidative stress change the function and
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structure of cellular membranes (Pedraza-Chaverri et al.,
2004; Divya et al., 2016). Moreover, their accumulations
in the renal and lysosomes cause CP-induced acute
nephropathy (Romero et al., 2009). Therefore, antioxidants
and scavengers of free radicals may be capable to prevent
the nephrotoxicity that cisplatin induced (Alhoshani et al.,
2017). CP increase ROS level and activate Tumor Necrosis
Factor Alpha (TNF-a), caspase-3 (Casp-3) and leads to
apoptosis. TNF-a also activates other inflammatory related
cytokines including Interferon-y (IFN-y) and Interleukin-
1B (IL-1pB) (Widowati et al., 2022).

Natural products that are obtained from plants and
animals offer vast resources of new potential medicinal
agents for clinical use. A high number of modern drugs
have been made and isolated from natural sources. Those
medicinal plants have the potentials to be used in the
treatments for various diseases in the world (Patil and
Biradar, 2013). Indonesia represents one of the tropical
countries that are rich with various species of tropical
plants. One of the tropical plants that have long been used
to promote health is Guazuma ulmifolia L. which is called
“Jati Belanda” in Indonesia (Rozgie et al., 2014; Prahastuti
etal., 2019). The natural compounds in Jati Belanda leaves
are tannins, alkaloids, mucilage, saponins, B-sitosterol, and
flavonoids. Ethanolic extract of Jati Belanda (EEJB) can
decrease cholesterol levels in hypercholesterol animals
model (Rozgie et al., 2014), lower ROS level in diabetic
glomerulosclerosis by in vitro study (Prahastuti et al.,
2019). This study aimed to measure the levels of
malonaldehyde (MDA), CRE, BUN, and kidney weight,
protein expression of IFN-y, IL-1B, TNF-a in cisplatin-
induced rats as nephrotoxic rat model that were
administered with EEJB.

MATERIALS AND METHODS

Ethical approval: The research studies had received
approval from a Research Ethics Committee from Faculty
of Medicine, Maranatha Christian University Bandung,
West Java, Indonesia (No: 138/KEP/IV/2019).

Extract preparation: Jati Belanda was collected from
Bumi Herbal Dago plantation, Bandung, West Java,
Indonesia and the plant was identified by one of the staffs
of herbarium of the Department of Biology from the School
of Life Science and Technology at Bandung Institute of
Technology, Bandung, West Java, Indonesia (0020218-
A002). The leaves were collected, chopped, and kept in
drier tunnel. The extractions to collect EEJB was done
based on the maceration method. The solvent was ethanol
(70%) (Widowati et al., 2018; Prahastuti et al. 2019;
Prahastuti et al., 2020).

Nephrotoxicity rat model: White male Sprague Dawley
rats aged 1.5 months with an average body weight of 160 —
180 g were gotten from the National Agency of Drugs and
Food Control (Jakarta, Indonesia) and acclimatized for 1
week. The rats were divided into 4 groups according to the
number of treatments that were used (I: Negative Control:
Aguadest; Il: Positive Control: Cisplatin 8 mg/kg bw +
Agquadest; IlI: Cisplatin + EEJB 300 mg/kg bw; IV:
Cisplatin + EEJB 600 mg/kg bw). Each treatment was
repeated 5 times (5 rats). In all groups beside negative
control group, the rats were induced with 8 mg/kg bw of
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cisplatin (Kalbe Farma) by intraperitoneal injection for
three days and stopped on fourth days Then, the rats were
given the dissolved 500 pL of EEJB by gavage for 18 days.
On days 0, 9 and 18 after treatment, the blood was collected
and processed as plasma for further assays. On the 18th
day, the renals were extracted surgically after the rats were
euthanized using the CO, chamber. The weights of the
extracted organs were measured using Analytical Balance
(AXIS, Kartuska) (Ajith et al., 2007; Soliman et al., 2016).

Immunohistochemistry (IHC): For IHC, antigens
retrieval (Abcam, ab208572) was done in citrate buffer
with a pH of 6.0 at 121°C for 10 minutes. Endogenous
peroxidase was blocked in 3% H,O, (Merck, 107209) and
methanol (Merck, 106009) for 15 minutes in room
temperature. The primary antibodies of IFN-y polyclonal
antibody (Elabscience, E-AB-40075), TNF-o polyclonal
antibody (ElabScience, E-AB-40015) IL-1B polyclonal
antibody (ElabScience, E-AB-66749) were incubated
overnight in room temperature. Then, the target proteins
were visualized using Rabbit-Specific HRP/DAB (ABC)
Detection IHC Kit (Abcam, ab64261). Haematoxylin was
used for counterstaining agent. The stained tissues were
observed in primostar microscope (Zeiss) and lumenera
infinity 1-3c was used for photography (Pham et al., 2007;
Ponti et al., 2005; Widowati et al., 2022).

MDA content: The measurement of MDA was done using
Malondialdehyde (MDA) Assay Kit (Elabscience, E-BC-
K025-S). Blood serum was used as a sample for MDA
measurement. The blood sampling was taken on three
different days (0, 9 and 18 days) after treatment. MDA
content from each samples were measured according to the
manufacturer protocol and read at 532 nm and 600 nm
using the microplate reader (MultiskanTM GO Microplate
Spectrophotometer, Thermo Scientific) (Hanny et al.,
2019; Ginting et al., 2021).

CRE content: Blood samples were collected on various
collection (0, 9 and 18 days) after treatment. Blood plasma
was separated by centrifugation and then used for CRE
content measurement. CRE content was measured using
Creatinine (CRE) Assay Kit (Elabscience, E- BC-K186).
Assays were read at 546 nm using the microplate reader
according to the manufacturer protocol (Al-Kuraishy et al.,
2019).

Statistical analysis: The data were analyzed using R
software version 1.0.143 (R Studio). One-way ANOVA
with Tukey post hoc test, Games-Howell post-hoc test, or
Pairwise Wilcoxon non-parametric test were used to show
the significance values between treatments.

RESULTS

EEJB effect on MDA content: CP treatment (8 mg/kg bw)
increased MDA content compared to negative control (Fig.
1), indicating of lipid peroxidation. Treatment with EEJB
300 mg/kg bw show didn’t show significant decrease in
MDA content compared to positive control on day 9 and 18
(P>0.05). Meanwhile, treatment with EEJB 600 mg/kg bw
showed a significant decrease in MDA content compared
to positive control on day 9 and 18 (P<0.05).
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EEJB effect on CRE content: The CRE contents in
EEJB treatments can be seen in Fig. 2. In this study,
treatment with CP (8 mg/kg bw) showed an increasing
CRE content compared to negative control. Treatments
using EEJB 300 and 600 mg/kg.bw showed significant
decreases in CRE contents compared to positive control

on day 9 and 18.

EEJB effect on kidneys weight: In Fig. 3, CP induction
showed significant increase in kidneys weight of the rats
which marked hypertrophy. Treatment with EEJB seemed
to protect the nephrotic renal from hypertrophy. This can
be seen by the significant decrease in renal weight in EEJB

groups compared to positive control (P<0.05).
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Fig. |: Effects of EEJB on plasma MDA content
in  nephrotoxic  rats. *NC: negative
control/normal rat; PC: nephrotoxic rats; EEJB
300: Positive control + EEJB 300 mg/kg bw; EEJB
600: Positive control + EEJB 600 mg/kg bw.
*Data was presented as meantstandard
deviation, the experiment had three
replications. Hashtag symbol (#) shows
significant  difference between control and
positive control. Asterisk (*) shows significant
differences between treatment and positive
control based on Tukey HSD post hoc test
(P<0.05) on day 9 and I8.

Fig. 2: Effects of EEJB on plasma CRE content of
nephrotoxic rats. *NC: negative control/normal rat;
PC: nephrotoxic rats; EEJB 300: Positive control +
EEJB 300 mg/kg bw; EEJB 600: Positive control + EEJB
600 mg/kg bw. *Data was presented as
meanzstandard deviation, the experiment had three
replications. Hashtag symbol (#) shows significant
difference between negative control and positive
control. Asterisk (*) shows significant differences
between treatment and positive control based on
Tukey HSD post hoc test (P<0.05) on day 9 and 18.

Fig. 3: Effects of EEJB on renal weight in nephrotoxic
rats *NC: negative control/normal rat; PC:
nephrotoxicity rats; EEJB 300: Positive control + EEJB
300 mg/kg bw; EEJB 600: Positive control + EEJB 600
mg/kg bw. *Data was presented as mean * standard
deviation, the data was three replications. Hashtag
symbol (#) shows significant difference between
negative control and positive control. While asterisk
symbol (*) marks significant difference between
positive control and treatment groups. All the
significant  differences were based on One-way
ANOVA followed by Tukey post hoc test (P<0.05).

Fig. 4: Effects of EEJB toward renal IFN-y expression
in nephrotoxic rats by IHC assay *A-D are IFN-y
expression at magnification 400x while E-H are IFN-y
expression at magnification 1000x. *A and E are
negative control (normal rat); B and F are positive
control (acute renal disease model); C and G are
EEJB300 (Positive control + EEJB 300 mg/kg bw) and;
D and H are EEJB600 (Positive control + EEJB 600
mg/kg bw).

EEJB effect on IFN-y expression: The expression of
IFN-y can be seen in Fig. 4 and Fig. 5(A). Scattered, and
weak IFN-y stained cytoplasm in renal tubules were
found negative control with a score of 10.556. In
positive control, the IFN-y expressions were diffuse and
showed strong IFN-y stained cytoplasm with highest

scores (43.861) than negative control and treatment
group with P<0.05. The EEJB300, EEJB600 were lower

(P<0.05)

compared to positive control with score 39.383, 36.107
respectively. Based on the Pairwise Wilcoxon test
showed EEJB300 and EEJB600 were
significantly difference compared to positive control,
the EEJB600 was effective in reducing renal IFN-y
expression.
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Fig. 5: Effect of EEJB toward in nephrotoxic rats using quantitative IHC
assay (A) IFN-y expression; (B) IL-1B expression *Data was presented as
mean * standard deviation, the data was ten observations. Hashtag
symbol (#) shows significant difference between negative control and
positive control. While asterisk symbol (¥) marks significant difference
between positive control and EEJB600. The significant differences were
based on Pairwise Wilcoxon test (P<0.05): (C) TNF-a expression: *Data
was presented as mean * standard deviation, the data was ten
observations. Hashtag symbol (#) shows significant difference between
negative control and positive control. While asterisk symbol (¥) marks
significant difference between positive control and EEJB300, positive
control and EEJB600. The significant differences were based on Pairwise
Wilcoxon tests (P<0.05).

EEJB effect on IL-1p expression: The expressions of IL-
1B by the treatment groups can be seen in Fig. 5(B) and Fig.
6. Expression seemed to be scattered and weak IL-1§
stained cytoplasm in renal tubules epithelium with a score
of 9.541. The positive control showed diffuse, strong IL-13
stained cytoplasm in renal tubules epithelium with highest
scores (36.178) than negative control and treatment group
with P<0.05. The EEJB300, EEJB600 were lower
compared to positive control with score 32.133, 28.657
respectively (Fig. 5(C)). Based on the Pairwise Wilcoxon
test (P<0.05) showed EEJB600 was significantly
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difference compared to positive control, the EEJB600 was
effective in reducing renal IL-1pB expression.

EEJB effect on TNF-a expression: TNF-a expression can
be seen in Fig. 5C and Fig. 7. Scattered, and weak TNF- a
stained cytoplasm in renal tubules epithelium can be found
in negative control with a score of 9.307. The scores of
EEJB300 and EEJB600 groups were higher in Fig. 5C
(11.182 and 11.810 respectively). Compared to the other
groups, positive control showed strong TNF-o stained
cytoplasm with a score of 31.447. The treatment groups
were shown to be effective in reducing the renal TNF-a
expression. Based on the statistic test, there was a
significant difference between positive control and normal
control and the treatment groups (EEJB300 and EEJB600)
were effective to reduce renal TNF-a expression based on
Pairwise Wilcoxon test (P<0.05) (Fig. 5C).

DISCUSSION

CP can bind to lipid membrane and causes lipid
peroxidation that produces MDA and destroys the cells of
renal tubules (Divya et al., 2016; Rehman et al., 2014). CP
can induce the production of free radicals such as hydrogen
peroxide (H:02) superoxide anions (O2™) and hydroxyl
radicals (*OH) which triggering oxidative stress. They can
cause reactions that result in peroxidation of the lipid
membranes on tubule cells (Divya et al., 2016; Rehman et
al., 2014).

Oxidative stress has been shown to contribute to CP-
induced nephrotoxicity by increasing MDA level in a
previous study (Rehman et al., 2014; El-Beshbishy et al.,
2011). EEJB and EEJB600 decreased MDA level
significantly (P<0.05) (Fig. 1), this result was validated by
previous research that flavonoid of extract of Sambucus
nigra L. reduced MDA in nephrotoxic rat (Ungur et al.,
2021). EEJB contained phenols, flavonoids and had
antioxidant activity (Prahastuti et al., 2019; Prahastuti et
al., 2020).

In the serum biomarkers, nephrotoxicity is
characterized by a reduction in glomerular filtration, and an
increase of serum CRE (Mashhadi et al., 2013). In the
previous study, CP could increase serum levels of CRE
significantly as biomarkers for CP-induced nephrotoxicity
(Oh et al., 2014). CRE is distributed throughout the total
body water and is normally removed from the blood by the
renal (Alibakhshi et al., 2018). This study showed EEJB
300 and 600 mg/kg bw could decrease plasma CRE content
in renal nephrotoxic rat. This result is validated by previous
study that phenolic compounds might prevents the increase
of CRE level because of their antioxidant properties and by
inhibiting arginase activity (Akomolafe et al., 2014).

In this result, treatments with EEJB were effective in
decreasing renal weight and preventing renal hypertrophy.
Renal injuries can occur because of high oxidative stress
and high rate of phenolic compounds such as coumaric and
cinnamic acids free radicals scavenger in the renal tissue.
The antioxidants in EEJB might have contributed to
decrease the occurrence of cisplatin induced-renal
hypertrophy in administration by defending against
oxidative stress (Himmelfarb et al., 2004; Dennis and
Witting 2017).
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Fig. 6: Effect of EE|B toward renal IL-1 expression in nephrotoxic rats by IHC assay *A-D are IL-1 expression at magnification 400x
while E-H are IL-1B expression at magnification 1000x. *A and E are negative control (normal rat); B and F are positive control (acute
renal disease model); C and G are EEJB300 (Positive control + EEJB 300 mg/kg bw) and; D and H are EEJB600 (Positive control + EEJB

600 mg/kg bw).

Fig. 7: Effect of EEJB toward TNF-a expression in nephrotoxic rats by IHC assay *A-D are TNF-a expression at magnification 400x
while E-H are TNF-a expression at magnification 1000x. *A and E are negative control (normal rat); B and F are positive control (acute
renal disease model); C and G are EEJB300 (Positive control + EEJB 300 mg/kg bw) and; D and H are EEJB600 (Positive control + EEJB

600 mg/kg bw).

Based on the result showed that EEJB could reduce
IFN-y expression of significantly (p<0.05) of kidneys
(Fig. 4, 5A). A previous study showed that the phenolic
compound, kaempferol, could decrease IFN-y expression
(Miles et al., 2005). Phenol compounds in EEJB as anti-
inflammatory potential (Gonzalez et al., 2011; Bouriche
et al., 2016). Flavonoids in EEJB were effective to have
anti- inflammatory activity (Bouriche et al., 2016; Rathee
et al., 2009). EEJB lowered IL-1PB expression of renal
tissue significantly (Fig. 5B, 6), previous studies have
shown the phenolic compounds in decreasing IL-1B
expression (Da Rosa et al., 2019; Gauliard et al., 2008).
The phenolic compounds such as coumaric and cinnamic
acids decreased expression of IL-1p (Rafiee et al., 2020).
EEJB is able to reduce ROS level in chronic kidney
disease cells model through their phenol and flavonoid
content (Prahastuti et al., 2019). TNF-o is expressed
mainly by macrophages renal tubular cells, mesangial
cells, TNF-a regulates damage, promoting inflammation
and cell death signaling (Black et al., 2019). TNF-a
regulates the production of nitrogen oxide (NO) that is
linked to the increase of oxidative stress in the body that

plays an important role in nephrotoxicity by cisplatin. In
this study, TNF-a expression of kidneys was reduced by
EEJB treatment (Fig. 5C, 7), this result was validated by
previous research that extracts are rich phenolics,
flavonoids, compound have antioxidant activity and
reducing stress oxidative which play rolling in
inflammation (Bouriche et al., 2016). Oolong tea
contained high polyphenol has anti-inflammatory
activities by reducing NO, cyclooxygenase-2 (COX-2),
IL-6, IL-1B, and TNF-a level in inflammatory cells model
(Novilla et al., 2017).

Hence, we proposed the mechanism of EEJB in
improving nephrotoxicity in Fig. 8 based on our results and
study literature. This study showed that oxidative stress
plays an important role in CP-induced nephrotoxicity.
Moreover, the antioxidant effect of EEJB is responsible for
reducing MDA and CRE content, IFN-y. IL-1B, and TNF-
a expression resulting in improvement of renal function in
nephrotoxic rat. Therefore, pre-treatment combining EEJB
may be useful for patients undergoing chemotherapy using
CP but further in vivo studies and clinical trials are
required.
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Fig. 8: Proposed mechanism of EEJB in improving nephrotoxic condition. CP could induce the ROS production. The exposure of ROS could damage
cell membrane indicated by the increment of MDA that leads lipid peroxidation. On the other hand, ROS also could increase the apoptosis and cell
death in renal. The treatment of Jati Belanda ethanolic extract which containing phenols, flavonoids as antioxidant, anti- inflammatory reduced ROS. It
can reduce the production of MDA also neutralize the pro- inflammatory cytokines (TNF-a, IL- 1B, IFN-y) thus protecting the renal from injury.
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