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Background: Cisplatin chemotherapy induces nephrotoxicity by producing reactive oxygen species, hence, discovering add-on
nephroprotective drugs for patients with cancer is challenging. Boesenbergia rotunda has been reported for its antioxidant properties.
Purpose: This study aims to explore the nephroprotective mechanism of the ethanol extract of Boesenbergia rotunda rhizome
(EEBR) in cisplatin-induced rats.

Methods: The rats were randomly assigned into 6 groups: the normal control (treated with saline); the negative control (cisplatin-
induced without any treatment); the positive control (treated with quercetin 50 mg/kg BW); and 3 treatment EEBR (125 mg/kg BW;
250 mg/kg BW; 500 mg/kg BW) groups for 10 days. The % relative organ weight, kidney histopathology, and nephrotoxicity
biomarkers expression were evaluated.

Results: EEBR decreased creatinine, urea nitrogen, glutamic pyruvate transaminase, and malondialdehyde levels in the blood of
cisplatin-induced rats. An insignificant increase in GOT was observed in rats treated with the highest dose of EEBR. EEBR did not
significantly alter the BW and the % kidney relative weight. An abnormal shape of the Bowman capsule is observed in the negative
control group. EEBR reduced the expression of Haverl (KIM-1), Len2 (NGAL), Casp3, and Casp7 genes in rats’ kidneys.
Conclusion: Boesenbergia rotunda could be considered a potential candidate for add-on therapy in cisplatin-treated patients, but
further studies are needed to verify its efficacy and safety.

Keywords: acute kidney injury, boesenbergia rotunda, medicinal plants, nephroprotective activity, Zingiberaceae

Introduction
Cisplatin, (CAS No. 15663-27-1, MF-CI2H6N2Pt; NCF-119875), or cis-diamine-dichloro platinum (II), is a highly
effective chemotherapeutic. This drug was the first FDA-approved platinum compound for anticancers.' However, in
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clinical trials, cisplatin which is often selected due to its strong activity has been reported to damage the DNA, produce
reactive oxygen species (ROS), and eventually induce nephrotoxicity.2 The most serious of cisplatin nephrotoxicity is
acute kidney injury (AKI) which occurs in 20-30% of patients because this drug is eliminated by both glomerular
filtration and tubular secretion. Fatty acids becoming the main source of energy for the proximal tubule, are also the
primary site of cisplatin nephrotoxicity.3

The general diagnostic markers of nephrotoxicity and renal dysfunction are blood urea nitrogen (BUN) and serum
creatinine (SCr), which are currently considered low sensitivity in detecting early renal damage. Kidney injury molecule-
1 (Kim-1), cystatin C, and neutrophil gelatinase-associated lipocalin (NGAL) levels in the serum are more sensitive to
detecting acute kidney injury (AKI) during nephrotoxicity.® Kim-1 has been considered potential in determining
cisplatin-induced renal injury in both in vitro and in vivo studies.” Similarly in a previous pre-clinical study, NGAL
proved as an early and quantitative urinary biomarker for cisplatin nephrotoxicity. Western analysis rapidly measured this
protein in mice’s urine within 3 h of cisplatin treatment.® Furthermore, in a clinical study of cisplatin-chemotherapy
Iranian patients diagnosed with AKI (with a glomerulus filtration rate GFR > 45 mL/min), a significant increase in urine
NGAL-creatinine ratio was observed.” More interesting studies reported that activation of caspases-3, —8, and —9
occurred approximately 12 h after cisplatin treatment on renal epithelial cells in vitro,® and blocking the activity of
caspase had reduced cisplatin-induced apoptosis.’'

A fast increase in the diagnosis of AKI was reported globally. In the UK, a total of 356 million inpatient of care
between 1998 to 2020 have been analyzed. The frequency of occurrence in AKI was significantly higher than that of
dementia. It was reported that 96% of AKI cases were encoded as N17.9 (Acute renal failure, unspecified).'’ In
Indonesia, the incidence of AKI among Intensive Care Unit (ICU) patients is relatively high. A study carried out from
September 2019 to February 2020 (n=148 ICU patients) reported that 52.5% were diagnosed with stage-3 AKI and the
mortality rate was 77%.'?

AKI was also observed in COVID-19 patients. In Saudi Arabia, the incidence of AKI in hospitalized patients with
COVID-19 was 36% related to higher 30-day mortality."> It was recently reported that about 20% of hospitalized
COVID-19 patients developed AKI within 2 days of post their admission to the intensive care unit.'*!>

Likewise, AKI was observed in cancer patients treated with cisplatin chemotherapy. A prospective observational
study of 50 patients (aged 54.8+10.3 years) receiving cisplatin chemotherapy in North India reported that 38% of the
patients developed AKI.'® The incidence of cisplatin-induced AKI was also reported in 527 patients at a general hospital
in Beijing, China.'” Similarly, a single-center pilot study carried out between April 2014 and June 2016 in 28 patients
treated with first-line cisplatin therapy revealed the development of AKI in 28.6% of the patients.'® Moreover, a case of
stage 3C re-current ovarian cancer patient in Baltimore treated with cisplatin confirmed the development of AKI.'

Therefore, discovering nephroprotective agents, particularly for cisplatin-treated patients, is challenging. Several
studies have confirmed the strong antioxidant properties of Boesenbergia rotunda.**** Chemically, it contains unpre-
nylated flavonoids (chalcones eg, cardamonin, pinocembrin), prenylated flavonoids (eg, boesenbergin A), essential oils,
and other miscellaneous compounds.*?

Boesenbergin A in Boesenbergia rotunda was described to reveal considerable antioxidant and anti-inflammatory
activity.”* Moreover, a recent study reported that B. rotunda could induce osteoblast cell proliferation®> and significantly
increase pancreatic antioxidant enzyme activities (glutathione, superoxide dismutase, and catalase).?® Until recently, the
nephroprotective activity of B. rotunda has been explored very limitedly, however, EEBR was confirmed for its
protective effect on cisplatin-exposed human embryonic kidney-293 cells,?’ thus, this present study aims to investigate
the nephroprotective mechanism of EEBR in cisplatin-induced male Sprague-Dawley rats by measuring the general
diagnostic markers of nephrotoxicity (SCr and BUN) and the liver function parameters (glutamic oxaloacetic transami-
nase or GOT and glutamic pyruvic transaminase or GPT), the % relative weight of the kidney, malondialdehyde (MDA)
level in the kidney, kidney histopathology, the expression of AKI biomarkers (KIM-1 and NGAL) and apoptotic pathway
proteins (Casp3 and Casp7) in the kidney cortex of the rats were also evaluated using the reverse transcription-
polymerase chain reaction (RT-PCR).

AKI biomarkers are chosen as the study interest because preliminary identification of nephrotoxicity will improve the
current point of care before dysfunction of the kidney emerges.” Caspases are a group of cysteine-aspartate enzymes
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divided into initiator caspases (caspase-2, —8, =9, and —10) and effector caspases (caspase-3, —6, and —7). Cell death is
attributable to the activation of initiator caspases and subsequently effector caspases.>®*° Nephroprotective agents, which
are expected to maintain the viability of kidney cells, should reduce the activation of caspases.

Materials and Methods

Plant Materials

The rhizomes of B. rotunda were collected from the Indonesian Medicinal and Aromatic Crops Research Institute
(BALITTRO) via the IP2TP Manoko, West Java, Indonesia (https://goo.gl/maps/s9AwwZzVm24JARKkt6). The rhizomes
were taxonomically authenticated in the Indonesian Institute of Sciences (LIPI), Research Center for Plant Conservation
and Botanic Garden, Bogor, West Java, Indonesia (https://goo.gl/maps/smjtMww4szh5tbzC9) (document No. B-774/111/
KS.01.03/2/2021).

Preparation of the Ethanol Extract of B. Rotunda (EEBR)

The extraction procedure was carried out by following a previous report.** The viscous extract of EEBR yielded 15.12%
w/w. Water content in the viscous EEBR was determined using azeotrope distillation (toluene distillation) as described in
the Indonesian Herbal Pharmacopoeia®' and yielded 6.0%.

Animals and Ethical Considerations

The in vivo experiment was carried out at the iRATco Veterinary Laboratory Services, Bogor, Indonesia (https://www.
iratco.co.id/). Thirty male Sprague-Dawley (SD) rats, 5-6 weeks, 160-170 g, were randomly kept in 6 animal cages
(dimension: 55 cm length, 45 cm width, 45 cm height; 5 rats/cage) at 22—25 °C under a 12 h light, 12 h dark cycle, 55%
RH. The animals were provided with standard pellet food (containing crude protein 18%, crude fat 3.5%, and crude fiber
3.5% manufactured by the Indofeed, Bogor, Indonesia) and water freely for 5 days. Animal handling and euthanasia
procedures were performed by following the 3R and 5F principles of animal welfare, as approved by the Research Ethics
Committee, Padjadjaran University, Indonesia (approval document No. 768/UN6.KEP/EC/2021).

Experimental Design
After 1 week of acclimatization, the rats were randomly assigned into 6 groups (n=5):

Group 1 (the normal control) was treated with a saline solution orally for 10 consecutive days; Group 2 (the negative
control) was treated with a saline solution orally for 10 consecutive days; Group 3 (the positive control) was treated with
quercetin 50 mg/kg BW for 10 consecutive days following the previous work of Ili¢ and co-workers;*?

Groups 4-6 were treated with EEBR doses of 125 mg/kg BW; 250 mg/kg BW; and 500 mg/kg BW, respectively, for
10 consecutive days. These doses were chosen because, in our previous study, a higher dose of EEBR (dose of 1000 mg/
kg BW) elicited ulceration in both the stomach and intestine.*°

On day 5, the rats in groups 2—6 were nephrotoxicity-induced using a single dose of cisplatin 7.5 mg/kg BW
intraperitoneally.®® The body weight of the rats in all groups was monitored on day 5 and day 10.

In this study, quercetin was chosen as the positive control drug because it prevents the nephrotoxic effect of cisplatin
without affecting the drug’s chemotherapeutic activity. Quercetin significantly reduces MDA levels in cisplatin-induced
nephrotoxicity Wistar albino rats and restores the GSH/GSSG ratio in cisplatin-induced male Fischer F344 rats to normal

32,33

values. Quercetin also improved the rats’ kidney histology architecture by reducing the formation of hyaline casts

and tubular epithelial cell sloughs.*

Biochemical Assay of the Kidney and Liver Function

On day 11, the rats were euthanized with ketamine hydrochloride (44 mg/kg BW, intramuscularly), and the orbital sinus
blood was drawn using glass micro-hematocrit capillary tubes. The serum was separated by centrifugation (ScanSpeed
406G) at 3000 rpm for 5 minutes for the assessments of kidney function (SCr and BUN) and liver function (GPT and
GOT) of the rats as markers of toxicity,”* which were carried out using Glory Diagnostics kit (Linear Chemicals,
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Barcelona, Spain). The absorbance was measured according to the manufacturer’s protocol using a spectrophotometer
(Genesys 10 UV-visible).

Calculation of the Kidney Relative Weight
On day 11, the kidneys were collected immediately, washed with water followed by cold phosphate buffer saline, and
dried using filter paper. Both left and right kidneys were weighed and calculated for their relative weights.

Determination of Malondialdehyde (MDA) Level in Kidney Lysate

The left and right kidneys of rats from each group were sliced and homogenized in cold lysis buffer (0.1 M) of pH 7.4 and
centrifugated at 13,000 g for 10 minutes at 4°C. The supernatant was used for the determination of MDA as described in
a previous method”” using the Abbkine CheKine™ Lipid Peroxidation (MDA) Assay kit (Cat. KTB1050) size 48/96T.

Histopathological Examination of the Kidney

Two kidney tissues of rats from each group preserved in 10% neutral formalin, were processed with paraffin wax. For
histopathological examination, 5 um of the tissue slices were hematoxylin and eosin (H&E) stained and observed under
a light microscope to count the total number of normal cells.*® The H&E staining is the fundament of anatomical
pathology diagnosis as per routine protocol in the Histopathology Laboratory that provides a detailed view of the tissue,
including the cytoplasm, nucleus, organelles, and extra-cellular components in contrasting colors.?’

Reverse Transcription Polymerase Chain Reaction (RT-PCR) Analysis of KIM-1, NGAL,
Casp3, and Casp7 Expression

The mRNA was isolated from renal cortex samples with RiboZol™ RNA Extraction Reagent (US & Canada) and
purified using the ethanol precipitation method according to the manufacturer’s protocol. The rat primers used:>’
« for the KIM-1/Havcrl gene:
forward primer GGTCACCCTGTCACAATTCC;
reverse primer: CTCGG-CAACAATACAGACCA;
* for the NGAL/Lcn2 gene:
forward primer CACCACGGACTACAACCAG-TTCGC;
reverse primer TCAGTTGTCAATGCATTGGTCGGTG;
« for the Caspase 3/Casp3 gene:
forward primer AAAGGATGACTGGGAG-TGG;
reverse primer ATGACGACCTGGAACATCG;
« for the Caspase 7/Casp7 gene:
forward primer TCATCTCATCCCTTCTCTGGA,;
reverse primer TACATTTGCCCATCTTCTCG;
« for B-actin:
forward primer GGAAATCGTGCGTGACATTAAA;
reverse primer GCGGCAGTGGCCATCTC;
The RT-PCR for all the mentioned genes was performed using Promega (GoTaq™ 1-Step RT-qPCR System). B-actin is
used to normalize all these genes. Gene expression was read by a qPCR Thermal Cycler. The fluorescent detection
system employed was Cxr Dye as a DNA binder. The thermal cycles used:

for reverse transcription: 1 cycle at >37 °C for 900 seconds

for reverse transcriptase inactivation and GoTaq™ DNA Polymerase activation: 1 cycle at 90 °C for 600 seconds
for denaturation: at 95 °C for 10 seconds

e for annealing and data collection: 40 cycles at 60 °C for 30 seconds

for extension: at 72 °C for 30 seconds
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Table | Effect of EEBR on the BW of the Rats Before and After Cisplatin-Induced Nephrotoxicity

Animal Groups Body Weight (g) + SD
Day 0 Day 5 Day 10
(Initial Body Weight) | (Before Cisplatin Induction) | (After Cisplatin induction)

Normal Control 161.02 + 27.81 16431 + 30.77% 168.45 + 30.27%
Negative Control 14494 + 12.86 146.29 + 13.09 130.45 + 17.35
Positive Control 176.19 £+ 18.95 17732 £ 19.01* 167.42 + 25.20%
EEBR 125 mg/kg BW 174.66 + 20.58 176.43 + 20.90 160.96 + 21.66
EEBR 250 mg/kg BW 142.39 £ 14.15 143.98 + 14.06 135.21 £ 15.19
EEBR 500 mg/kg BW 143.48 + 8.56 146.14 = 10.10 135.10 + 12.84

Notes: Statistical analysis was done using IBM SPSS Statistics version 25.0 for Windows. *indicates a significant difference (p<0.05) compared
to the negative control. #indicates a significant difference (p<0.05) compared to day 0 of the normal control.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 25.0 and graphs were generated using GraphPad Prism version
8.4.2 for Windows. Clinical biochemistry parameters and histopathological data were analyzed using Non-Parametric
Kruskal-Wallis and post hoc Dunn’s Multiple Comparison Test. Other data were analyzed using the Kolmogorov—
Smirnov test (for normality) and the Levene Test (for homogeneity/equality of variance). p-value <0.05 indicates

a statistical significance. The experiments were performed in triplicates.

Results
Effect of EEBR on the Body Weight and the Kidney Relative Weight of

Cisplatin-Induced Nephrotoxicity in Rats

Cisplatin produced remarkable alterations in the body weight (BW) (tabulated in Table 1) and likewise, the biomarkers,
eg serum creatinine (SCr) and blood urea nitrogen (BUN) (portrayed in Figure 1) when compared to the normal control
group, indicating the occurrence of cisplatin-induced nephrotoxicity.
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Figure | Effect of EEBR on kidney function (left: SCr; right: BUN) of cisplatin-induced nephrotoxicity rats. Only the highest dose of EEBR (500 mg/kg BW) shows protection
against nephrotoxicity as portrayed by a significant difference in SCr and BUN levels compared to the negative control. The # denotes the significant difference with the
normal control (p<0.05). The * indicates a remarkable difference with the negative control (p<0.05).
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The rat group treated with cisplatin (the negative control group or placebo) showed a noticeable decrease in their
BWs. The effect of various doses of EEBR on the BW of rats before (day 5) and after (day 10) cisplatin induction is
tabulated in Table 1. On day 5 the rats in all groups indicated an increase in BW although not significant compared with
the negative control group (p>0.05). Interestingly, on day 10 all groups of rats (except the normal control group) suffered
a decrease in their BW, although not significant compared to the negative control and normal control groups. In the
normal control, there is a slight increase in BW of the rats between day 0 and day 10.

The effect of various doses of EEBR on the left and right kidney relative weight of cisplatin-induced rats (Table 2)
indicated no significant differences compared to that of the negative control group. All doses of EEBR slightly increase,
although not significant, the relative weight of the cisplatin-induced rats’ left and right kidneys. Only rats treated with
quercetin and the normal control showed a significant difference compared to the negative control group.

Effect of EEBR on the Serum Kidney Biomarkers (SCr and BUN)

Determination of serum kidney biomarkers (Figure 1) revealed a sharp rise of BUN by 4.95-fold (48.384 mg/dL) and SCr
by 1.43-fold (1.2921 mg/dL) in the cisplatin-induced rats (the negative control group) compared with the normal control
group (BUN=9.776 mg/dL; SCr=0.4397 mg/dL). This elevation indicates the intraperitoneal single dose of cisplatin
7.5 mg/kg BW prompted significant (#in Figure 1) alteration onto these biomarkers. Plainly evident that only the highest
dose of EEBR (500 mg/kg BW) shows protection against nephrotoxicity as portrayed by a significant difference in both
SCr and BUN levels (BUN = 11.476 mg/dL; SCr = 0.5979 mg/dL) compared to those of the negative control, while
EEBR dose of 250 mg/kg BW significantly reduces BUN, but not SCr (Figure 1).

Effect of EEBR on the Serum Liver Biomarkers (GPT and GOT)

Determination of serum liver biomarkers revealed a significant steep increase of both GPT (69.1894 p/L) and GOT
(148.41 p/L) in the cisplatin-induced rats (the negative control group) compared with the normal control group (marked
with #) (Figure 2). The effect of EEBR on the levels of serum GPT and GOT confirmed that all doses of EEBR improved
GPT levels (Figure 2A), but not GOT levels (Figure 2B), of the cisplatin-induced nephrotoxicity rats. In fact, the highest
dose of EEBR elevated the GOT levels of the cisplatin-induced nephrotoxicity rats.

EEBR Reduced Malondialdehyde Levels in Kidney Lysate and Increased Cell Viability in

Kidney Tissue

The effect of EEBR on the level of MDA in kidney lysate is presented in Figure 3 (upper left). Cisplatin notably elevates
MDA levels in cisplatin-induced rats (the negative control group, MDA=11.455 nmol/g) compared with the normal
control group (MDA=3.982 nmol/g, denoted by #). EEBR, however, reduces MDA levels in kidney lysate of cisplatin-
induced rats as follows: doses of 125 mg/kg BW (MDA=7.285 nmol/g), 250 mg/kg BW (MDA=7.018 nmol/g), and
500 mg/kg BW (MDA=5.634 nmol/g), thus confirming that EEBR inhibits lipid peroxidation process in cisplatin-induced
nephrotoxicity rats.

Table 2 Effect of EEBR on the Kidney Relative Weight of the Cisplatin-Induced Rats

Animal Groups Relative Weight P Relative Weight P
of the Left Kidney of the Right Kidney
(Mean + SD) (Mean + SD)
Normal Control 0.372 £ 0.028 0.001* 0.372 £ 0.016 0.002*
Negative Control 0.556 + 0.021 - 0.540 + 0.055 -
Positive Control 0.429 £ 0.093 0.005* 0.42 7+ 0.068 0.004*
EEBR 125 mg/kg BW 0.446 + 0.039 0.221 0.462 + 0.043 0.194
EEBR 250 mg/kg BW 0.480 + 0.054 0.146 0.459 + 0.062 0.169
EEBR 500 mg/kg BW 0.435 £ 0.063 0.108 0.435 + 0.033 0.108

Notes: Statistical analysis was done using IBM SPSS Statistics version 25.0 for Windows. *indicated a significant
difference (p<0.05) compared to the negative control.
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Figure 2 Effect of EEBR on liver function ((A). GPT; (B) GOT) of cisplatin-induced nephrotoxicity rats. All doses of EEBR improved GPT levels but not GOT levels of the
cisplatin-induced nephrotoxicity rats. The highest dose of EEBR elevated the GOT levels of the cisplatin-induced nephrotoxicity rats. The # denotes the significant difference
with the normal control (p<0.05). The * indicates a remarkable difference with the negative control (p<0.05).

The effect of EEBR on the total number of normal cells in kidney tissue is depicted in Figure 3 (lower left). Cisplatin
inhibits the growth of cells in cisplatin-induced rats (the negative control group, total number of normal cells=87.84
+28.74) compared with the normal group (total number of normal cells=87.84+28.74, denoted by #). EEBR, however,
increases the viability of cells in kidney lysate of cisplatin-induced rats as follows: doses of 125 mg/kg BW (total number
of normal cells=105.04+23.71), 250 mg/kg BW (total number of normal cells=126.8+37.28), and 500 mg/kg BW (total
number of normal cells=157.72+46.59).

Histology examination of kidney tissue shows the invasion of inflammatory cells in cisplatin-induced rats (negative
control, Figure 3b) and rats administered with EEBR 500 mg/kg BW (Figure 3f). An abnormal shape of the Bowman
capsule is observed in the negative control group. On the contrary, rats treated with either EEBR or positive control drugs
reveal a regular Bowman capsule.

EEBR Reduced the Expression of KIM —I, NGAL, Casp3, and Casp7 Genes

The effect of EEBR on the expression of AKI biomarkers and apoptotic pathway proteins is presented in Table 3 and the
overall statistical analysis is in Table 4. Cisplatin stimulates the expression of KIM —1, NGAL, Casp3, and Casp7 as
shown in the negative control. All doses of EEBR significantly alter the expression of Kim-1, NGAL, and Casp7 genes.
Only EEBR doses of 250 mg/kg BW and 500 mg/kg BW, not the dose of 125 mg/kg BW, reduce the expression of Casp3
genes. Quercetin (the positive control or standard drug) significantly suppresses the expression of Kim-1, NGAL, and
Casp3, but not Casp7, genes. The expression of the Casp3 gene is significantly reduced by quercetin and higher doses of
EEBR (250 mg/kg BW and 500 mg/kg BW). Interestingly, all doses of EEBR, not quercetin, significantly inhibit the
expression of the Casp7 gene.
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Figure 3 Effect of EEBR on MDA level and viability of kidney cells in cisplatin-induced nephrotoxicity rats. The * indicates a remarkable difference with the negative control
(p<0.05). The # indicates a remarkable difference from the normal control group (p<0.05). Histology of the kidney tissue of rats in (a) normal control; (b) negative control;
(c) positive control; (d) EEBR 125 mg/kg BW; (e) EEBR 250 mg/kg BWV; (f) EEBR 500 mg/kg BW. Red arrows show the Bowman capsule. Inflammatory cells are shown by
black arrows.

Discussion
B. rotunda has been very limitedly explored for its nephroprotective activity, despite the fact that it possesses strong
antioxidant activity. The rhizome of this plant has been proven for its polyphenolic compounds and both prenylated and
unprenylated flavonoid contents.”®> These polyphenols and flavonoids are key roles in the plant’s biological activity. It
was reported that plant metabolites with antioxidant and anti-inflammatory activity, such as flavonoids and polyphenols,
can be utilized for the treatment of AKI.*® Flavonoids have revealed kidney protective effects against various nephrotoxic
agents causing AKI or chronic kidney diseases, eg, alcohol. Flavonoids also improved cisplatin-induced kidney impair-
ment by downregulating the expression of NF-kappaB p65 and its downstream effectors (eg, inducible nitric oxide
synthase and tumor necrosis factor-a), with the restoration of IL-10. Flavonoids also suppressed the expression of the
apoptotic protein caspase-3, thus, reducing cisplatin-induced kidney cell death.** Moreover, two flavonoids, namely
apigenin and myricetin, have significantly decreased BUN, SCr, caspase-3, TNF-a, IL-6, cyclooxygenases, MDA levels,
and elevated GSH level and catalase activity in female Wistar rats.*

Meanwhile, the polyphenols and flavonoid content of B. rotunda function in its antioxidant activity, have challenged
for further explorations. A very recent study reported that the ethanol extract of B. rotunda decreased the serum urea and
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Table 3 RT-PCR Analysis of Kim-1, NGAL, Casp-3, and Casp-7 Expression in the RNA Isolated from the Kidney Cortex of Cisplatin-
Induced Sprague-Dawley Rats

Name of the Gene Expression of Genes in RT-PCR Analysis (p-value Compared to the Negative Control)
Expressed .

Normal Positive EEBR 125 mg/kg EEBR 250 mg/kg EEBR 500 mg/kg

Control Control BW BW BW
Kim-1 0.558 0.624 0.729 0.647 0.602

(p = 0.000%) (p = 0.002%) (p = 0.040%) (p = 0.003%) (p = 0.001%)
NGAL 0.463 0.491 0.448 0.277 0.170

(p = 0.044%) (p = 0.022%) (p = 0.034%) (p = 0.002%) (p = 0.000%)
Casp-3 0.521 0.530 0.641 0.561 0.510

(p = 0.003%) (p = 0.02%) (p = 0.067) (p = 0.022%) (p = 0.001%)
Casp-7 0.486 1.560 0.651 0.608 0411

(p = 0.004%) (p=0971) (p = 0.037%) (p = 0.021%) (p = 0.000%)

Notes: All values have been normalized against the housekeeping gene (B-actin). Statistical analysis was done using IBM SPSS Statistics version 25.0 for Windows. *Indicated
a significant difference (p<0.05) compared to the negative control.

Table 4 Statistical Analysis of All Parameters

Group Kidney Function Liver Function MDA in the Total Number
Kidney Tissue of Normal Cells

BUN sCr GPT GOT

Normal Control 0.000%* 0.001* 0.003* 0.020%* 0.000%* 0.001*

Positive Control 0.000%* 0.020%* 0.004* 0.051 0.000%* 0.039*

EEBR 125 mg/kg BW | 0.998 0.400 0.011* 0.284 0.080 0.491

EEBR 250 mg/kg BW | 0.000%* 0.221 0.002* 0.126 0.013* 0.168

EEBR 500 mg/kg BW | 0.000%* 0.013* 0.025* 0.491 0.002%* 0.006*
ANOVA and post | Kruskal-Wallis ANOVA and post | Kruskal-Wallis ANOVA and post | Kruskal-Wallis
hoc Tukey’s test and Dunn’s test | hoc Tukey’s test and Dunn’s test | hoc Tukey’s test and Dunn’s test
(p<0.05) (p<0.05) (p<0.05) (p<0.05) (p<0.05) (p<0.05)

Notes: Statistical analysis was done using IBM SPSS Statistics version 25.0 for Windows. *Indicated a significant difference (p<0.05) compared to the negative control.

creatinine in cisplatin-induced mice.*' Panduratin A, a phytoconstituent extracted from B. rotunda, confirmed its
inhibitory activity towards the apoptotic signaling pathways in cisplatin-induced HCT116 and A549 cells without
affecting the anticancer activity of cisplatin.*?

The loss of weight of cisplatin-induced rats indicates a reduced appetite in the rats probably due to the pain generated
from the toxicity they suffer. However, the pain due to toxicity may influence the lack of sleep in the rats, which
subsequently decreases Cu/Zn-SOD activity in the hippocampus, alters the metabolism of ROS, and causes weight loss.*
Similar to our result, a previous study confirmed that all six-week-old male Wistar rats treated with cisplatin significantly
decreased appetite after 3 weeks and endured 31% weight loss.** Treatment with cisplatin in patients with lung cancer led
to gastrointestinal dysfunctions, in which one of the observed symptoms was weight loss.**

Our findings revealed a sharp rise of BUN and SCr in the cisplatin-induced control group compared to those of the
normal group. The mechanisms connected to cisplatin treatment are predicted to be caused by the production of
proinflammatory cytokines and ROS, which stimulate inflammation, oxidative stress, and the activation of apoptotic
caspases. The apoptotic pathway then triggers kidney injury, steering to the reduction of GFR and elevation of BUN and
sCR.* The mean GFR in the healthy SD rats is 1080 £130 pL/minute/100 g BW.*® There was a non-linear relationship
between SCr and GFR where a small increase in creatinine represents a significant decrease in GFR. These changes in
sCr have been used to diagnose AKI*’ An increase in SCr, urea, TNF-a, and lipid peroxidation confirms the
manifestation of nephrotoxicity.*® The ROS produced by cisplatin toxicity eventually enhances the lipid peroxidation

process and leads to the elevation of MDA levels.*>°
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In our work, mRNA was isolated from the kidney cortex of the rats. The kidney cortex is the outer part of the kidney,
in which the glomerulus and convoluted tubules are located. The protein-coding transcripts mRNA is present in the
kidney cortex.’>* Our results confirm that cisplatin stimulates the expression of KIM —1, NGAL, Casp3, and Casp7 as
shown in the negative control group, whereas quercetin (positive control) and all doses of EEBR significantly suppress
the expression of Kim-I and NGAL genes. Moreover, the expression of the Casp3 gene is significantly attenuated by
higher doses of EEBR (250 mg/kg BW and 500 mg/kg BW). Interestingly, only EEBR not quercetin, significantly
attenuates the expression of the Casp7 gene.

KIM —1 and NGAL levels in the serum have been proven to be more sensitive and rapid in detecting AKI during
nephrotoxicity,” particularly when there is no reference to calculate the relative increase of SCr to diagnose AKIL>?
A recent study in animal disease models by Wang and co-workers (2020) described that serum NGAL was reported to
successfully predict early diagnosis of cisplatin-induced AKI but is less accurate in later stages compared to BUN and
SCr.>* KIM —1 is highly upregulated in proximal tubular cells due to the polarity loss of these cells.®> Many clinical cases
regarding the elevation of K/IM —1 in patients with cisplatin anticancer therapy have been published, among them is an
observation on KIM-1 level elevation in the urine of adult patients receiving cisplatin chemotherapy.’®

Conclusion

Our findings revealed that oxidative stress, inflammation, and cell death, might critically contribute role in the
pathogenesis of cisplatin-induced nephrotoxicity. Pretreatment with the ethanol extract of Boesenbergia rotunda
(EEBR) protects the kidney by decreasing creatinine, urea nitrogen, glutamic pyruvate transaminase, and malondialde-
hyde levels in the blood and reducing the expression of Havcrl (KIM-1), Len2 (NGAL), Casp3, and Casp7 genes in the
kidney cortex of cisplatin-induced rats. EEBR did not significantly alter the BW and the % kidney relative weight which
further confirms its safety. Taken together, the ethanol extract of Boesenbergia rotunda of the Zingiberaceae family is
a potential candidate for add-on therapy in cisplatin-treated patients, but further studies are needed to verify its efficacy
and safety.
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