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Background: The sap of Angelica keiskei (Miq). Koidz. has been reported for its abundance of chalcone contents. Chalcones have
been known for their effective nephroprotective activity toward cisplatin-induced renal cells and mice.

Purpose: To investigate the effect of 4. keiskei sap extract (ASEE) on kidney function parameters (serum creatinine, urea nitrogen,
and kidney injury molecule-1) and the expression of NF-kappaB p65 and COX-2 in cisplatin-induced Wistar rats.

Methods: In vivo nephroprotective activity of ASEE at 1000 and 1500 mg/kg BW/day doses for 10 days on cisplatin (5 mg/kg BW)
induced nephrotoxicity was evaluated on Wistar rats. Quercetin 20 mg/kg BW/day was used as the control drug. Cisplatin inducement
was given on day 7. The BW was measured every day. On day 11, the rats were euthanized, and their blood was taken intracardially
for creatinine and urea nitrogen analysis. Histopathological analysis was carried out on the right kidney, and KIM-1 levels in the left
kidney were measured. The Western blot technique evaluated the NF-kappaB p65 and COX-2 expression in the kidney. All data
obtained were compared to the cisplatin group (negative control). The total flavonoids and chalcones in ASEE were also determined.
Results: Pretreatment with ASEE reduces the BW of Wistar rats, and significantly reduces creatinine and KIM-1 levels, but does not
significantly reduce the levels of urea nitrogen, the expression of NF-kappaB p65, and COX-2 in the kidney of cisplatin-induced
Wistar rats. The total flavonoid content in ASEE is 8.755 g QE/100 g extract and the total chalcone content is 5.532 g IBCE/100
g extract.

Conclusion: The sap of Angelica keiskei (Miq). Koidz. reveal the potential to protect the kidneys against cisplatin-induced toxicity.
The nephroprotective activity may be attributed to the antioxidant and anti-inflammatory properties of the flavonoids and the chalcones
contained in the sap of Angelica keiskei (Miq). Koidz.
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Introduction

Cisplatin activates the crosslinking of deoxyribonucleic acid (DNA) and the formation of DNA adducts with a non-
specific mechanism of action, thus triggering apoptosis in both cancer cells and normal tissues. The adverse effects of
cisplatin are dose-dependent and include nephrotoxicity, among other organ toxicities.'* Studies in animal models have
described that cisplatin induces DNA damage, mitochondrial pathology, oxidative stress, and endoplasmic reticulum
stress in the kidneys, thus confirming the pathogenesis of cisplatin nephrotoxicity. It is observed that approximately 30%
of patients treated with a single dose of cisplatin experience a notable decrease in their kidney function, due to damage in
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the tubular, marked by elevated plasma creatinine and urea levels.* Importantly, many studies have reported the role of
plant flavonoids in protecting the kidneys by improving antioxidant status, mitigating excessive reactive oxygen species
(ROS) levels, and decreasing oxidative stress.”® Moreover, a chalcone derivative was reported for its strong anti-
necroptosis and protective activity by directly binding to RIPK1 (the main regulator of epithelial cell survival, home-
ostasis, and inflammation) and inhibiting RIPK1-RIPK3-mixed-lineage kinase domain-like protein (MLKL) signaling
pathway.’

The stem of Angelica keiskei (Miq). Koidz. contains flavonoids such as quercetin and luteolin, polyphenols, and
chalcone compounds including xanthoangelol, 4-hydroxyderricin, and isobavachalcone.'®!" 4. keiskei has been reported

11,14

for its numerous pharmacology activities such as nephroprotective,'> antiobesity,'> antidiabetic, anti-

15,16 '7 and anti-hyperlipidemia.'®'® Interestingly, xanthoangelol D, a chalcone isolated from

inflammatory, antitumor,
A. keiskei root, exhibited a suppression of the NF-kappaB activation as reported by Sugii and colleagues.”® Another study
reported the potential of chalcone in alleviating polycystic kidney disease by inhibiting cystic fibrosis transmembrane
conductance regulator (CFTR) expression and reducing extracellular signal-regulated kinase 1/2 (ERK1/2) and mamma-
lian target of rapamycin (mTOR)/S6K signaling pathways as well as activating AMP-activated protein kinase (AMPK)
expression.”!

Considering the potential of Angelica keiskei as a nephroprotective agent, due to its flavonoids and chalcone content,
this study aims to explore the effect of the sap of A. keiskei on the serum creatinine, urea nitrogen, and KIM-1 levels, and

the expression of NF-kappaB p65 and COX-2 in animal models.

Material and Methods

Plant Materials
The stem specimen (Figure 1) and sap were collected from Mount Rinjani, Indonesia. The plant specimen was identified
by Arifin Surya Dwipa Irsyam (https://www.scopus.com/authid/detail.uri?authorld=57211286941; https://herbarium.sith.

Figure | The stem of Angelica keiskei (Miq.) Koidz., collected at Sembalun Bumbung Village, East Lombok Regency, West Nusa Tenggara, Indonesia (Google maps
—8.39887349095366, 116.54712323344886). The yellow sap is shown by yellow arrows.
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itb.ac.id/profil-kurator/), the certified botanist at the School of Life Sciences and Technology, Bandung Institute of

Technology (Bandung, West Java, Indonesia) (https://herbarium.sith.itb.ac.id/koleksi/), and was confirmed as Angelica
keiskei (Miq). Koidz. of plant family Apiaceae (document 2847/ITI.C11.2/2023).

Chemicals and Drugs

The chemicals used were technical grade ethanol 96% solvent for plant extraction (BrataChem Indonesia), analytical-
grade ethanol (Merck), quercetin (Tokyo Chemical Industry; CAS No. 849061-97-8), isobavachalcone (Sigma-
Aldrich; CAS No. 20784-50-3), pharmaceutical grade carboxymethylcellulose sodium, cisplatin for injection 10 mg/
10 mL (Kalbe), ketamine for injection (Fatro Iberica), Creatinine Kinetic Colorimetric Method (Linear Chemicals),
Urea/Blood Urea Nitrogen BR kit (Linear Chemicals), KIM-1 ELISA kit (Elabscience; Catalog No. E-EL-R3019),
phosphate buffer pH 7.4 (Merck), formalin 10% (Mid Chem), hematoxylin (Himedia) and eosin (Himedia), rabbit anti-
COX-2 (Cell Signaling Technology; 12282S), human/mouse/rat beta-actin antibody (Biotechne; Catalog No.
MAB&g929), NF-kappaB p65 SC-8008 (Santa Cruz Biotechnology, Inc.) for detection of NF-kappaB p65 of rats by
Western Blotting, IRDye™ 800CW goat anti-mouse IgG secondary antibody (LICORbio 925-32,210), bovine serum
albumin, sodium dodecyl sulfate 15%, nitrocellulose membrane (Merck), phosphate buffer saline-Tween 20 (PBST)
0.1%, and prestained protein marker (8—195 kDa) Cat. No. 86941 (https://www.diagnocine.com/Product/Prestained-
Protein-Marker-8195-kDa/86941).

Instruments and Glassware

The instruments used were a rotary evaporator (IKA RV 10), freeze dryer (Thanil, Vac 8), hot plate (Thermo Scientific),
UV-visible spectrophotometer (Analytik Jena Specord 200), chemical glassware (Pyrex), digital analytical balance
(Mettler Toledo Dragon 204), microcentrifuge (Eppendorf®™), oral gavage, microscope (Primostar 3 binoculars; Carl
Zeiss AG), incubator (Heratherm), multimode reader (Tecan, Infinite 200PRO NanoQuant), micropipette (Eppendorf),
Western Blot instrument (Invitrogen Thermo Scientific dan Biorad), heat block (Cleaver), and rocker shaker (Cleaver).

Plant Extraction

The sap was extracted by following a previous procedure of Aulifa et al (2022)'° as follows: approximately 2 L of the
sap was dried at —80°C, and eventually 60 g of the dry sap powder was macerated in ethanol 96% solvent (1:10) for
5%24 h. The filtrate was collected and evaporated at 60°C, 85 rpm for 40 minutes until a thick ethanol extract of
A. keiskei sap (abbreviated as ASEE) was obtained with a weight of 49.25 g or 82.08% w/w. The viscous ASEE was
determined for its total flavonoids and chalcone content.

Identification of Flavonoids in ASEE and Determination of Total Flavonoid Content
(TFC)

Identification of flavonoids in the extract was carried out by following previous procedures using the AICl; reagent.***
The total flavonoid content (TFC) was determined by adopting previous procedures as follows:***> Accurately weighed
quercetin 10 mg was dissolved in 10 mL of analytical-grade ethanol to obtain 1000 pg/mL. The solution was diluted to
80 pg/mL and used as the standard. Parallelly, 10 mg of ASEE was weighed and dissolved in 10 mL of analytical-grade
ethanol. The solution was diluted to 10 pg/mL. In each of the six volumetric flasks of 10 mL, 2 mL of ASEE solution
was put into, and added with quercetin solution of 0; 0.1; 0.2; 0.4; 0.8; and 1.6 uL for the standard addition method
(spiking various volume of standard quercetin into ASEE solution). The absorbance of the solution was measured at the

maximum wavelength of quercetin (A, 374 nm).

Determination of Total Chalcones

The total chalcones were determined by following previous procedures:**?’ Accurately weighed isobavachalcone (IBC)
10 mg was dissolved in 10 mL of analytical-grade ethanol to obtain 1000 pg/mL. The solution was diluted to 80 pg/mL
and used as the standard. Parallelly, 10 mg of ASEE was weighed and dissolved in 10 mL of analytical-grade ethanol.
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The solution was diluted to 10 pg/mL. In each of the six volumetric flasks of 10 mL, 2 mL of ASEE solution was put
into, and added with IBC solution of 0; 0.25; 0.5; 0.75; 1.0; 1.25; and 1.5 pL for the standard addition method (spiking
various volume of standard IBC into ASEE solution). The absorbance of the solution was measured at the maximum
wavelength of IBC (.« 367 nm).

Animals

Twenty-five male Wistar rats, 6—8 weeks, 200-220 g, were used in this study. The rats were confirmed as healthy by
a veterinarian examination (Document No. 121/TRM/SK/X/2023). The rats were randomly placed in cages (n =
5 per cage) with net-shaped wire lids (2430 cm? of base area and 37 cm of height), and rice husk mats, cleaned and
replaced every 2 days. Animals were set at 12 hours of a light—dark cycle, given free standard pellet feed
(containing 5% low fiber, 20% protein, and 5-10% fat), and drank water. The body weight (BW) of the rats was
measured every day. The study was approved by the Research Ethics Committee of Padjadjaran University
(Document No. 1241/UN6.KEP/EC/2023), which follows The Guide for the Care and Use of Laboratory
Animals (NRC 2011; eighth edition) (https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-

animals.]gdf).28
The rats were divided into 5 groups, (1) normal (treated with CMC Na 0.3% suspension for 10 days), (2) negative

(nephrotoxicity induced with cisplatin 5 mg/kg BW on day 7), (3) positive (treated with quercetin 20 mg/kg BW for 10
days and nephrotoxicity induced with cisplatin 5 mg/kg BW on day 7), and two test groups which were treated with (4)
ASEE 1000 mg/kg BW, and (5) ASEE 1500 mg/kg BW for 10 days and nephrotoxicity induced with cisplatin 5 mg/kg
BW on day 7. The doses of ASEE were calculated from the results of TPC and TFC.

The Effect of ASEE on the Body Weight, Serum Creatinine, and Blood Urea Nitrogen
of Cisplatin-Induced Wistar Rats

The BW of the rats was measured every day. On day 11, the rats were euthanized using ketamine injection at a dose of
100 mg/kg BW, and their blood was taken intracardially for creatinine and urea nitrogen analysis. The whole blood was
centrifugated at 12,000 rpm 40 °C for 10 minutes, the plasma was separated, and its creatinine (sCr) and urea nitrogen
(BUN) levels were measured by following the instructions of the Creatinine Kinetic colorimetric method (Linear
Chemicals) and Urea/BUN BR kit (Linear Chemicals). All data obtained were compared to the cisplatin group (negative
control).

The Effect of ASEE on the Kidney Injury Molecule-1 (KIM-I) Levels of
Cisplatin-Induced Wistar Rats

The left kidney of the rats was separated, cleaned, and washed with saline solution. About 100 mg of the kidney tissue
was homogenized in a phosphate buffer solution of pH 7.4, and centrifugated at 4 °C 10,000 rpm. KIM-1 levels were
measured by strictly following the instructions in the KIM-1 ELISA kit (Elabscience; Catalog No. E-EL-R3019). All data

obtained were compared to the cisplatin group (negative control).

Kidney Histopathological Analysis
The right kidney of the rats was separated, cleaned, washed with saline solution, and soaked in 10% formalin solution.

The histopathology procedures were carried out by following previous methods, ="

visualized using a Primostar 3
binoculars microscope (Carl Zeiss AG), and photographed using a digital camera (Infinityl®). All data obtained were

compared to the cisplatin group (negative control).
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The Effect of ASEE on the Levels of NF-kappaB p65 and COX-2 of Cisplatin-Induced

Wistar Rats

The Western blot technique was used to measure the protein levels of NF-kappaB p65 and COX-2 in the kidney
according to the method described elsewhere.*' ¢ All data obtained were compared to that of the cisplatin group
(negative control).

Statistical Analysis

Analysis of the data was performed using GraphPad Prism 8.1.2. The difference in the nephroprotective activity of test
animals was analyzed using the one-way or two-way analysis of variance (ANOVA) test at a confidence level of 95%.
The Bonferroni test determined the mean significant difference between each group with p < 0.05.

Results

Identification of Flavonoids in ASEE, Total Flavonoid Content, and Total Chalcones
The absorption spectra of ASEE with or without the addition of AICl; and sodium acetate are presented in Figure 2a. All
spectra confirm the presence of Al(IIl)-flavonoid complexes as indicated by the bathochromic shift. The method is based
on the forming of Al(IIT)-flavonoid chelates.’” The total flavonoid content of ASEE calculated using a quercetin standard
curve (linear regression equation y = 0.0092x + 0.0851; R? = 0.9991) is 87.55 mg QE/g extract. The total chalcones in
ASEE calculated using an isobavachalcone (IBC) standard curve (linear regression equation y = 0.0696x + 0.0385; R? =
0.9970) is 55.32 mg IBCE/g extract. The spectrum of ASEE spiked with increased concentrations of quercetin is depicted
in Figure 2b and ASEE spiked with increased concentrations of IBC is depicted in Figure 2c.

ASEE Reduces BW, sCr, and BUN of Cisplatin-Induced Wistar Rats

Pretreatment with ASEE 1000 mg/kg BW (green) and 1500 mg/kg BW (blue) from day 1 to day 7 before cisplatin
inducement reduces the BW of Wistar rats. Rats in the normal group (treated daily with CMC Na suspension 0.3%)
showed an increase in BW during 11 days of observation (Figure 3a) and significant differences in the BW of day 7
compared to day 11 (Figure 3b). The difference in BW on day 7 and day 11 of rats treated with ASEE 1000 mg/kg BW is
a 4.865% decrease; meanwhile, rats treated with ASEE 1500 mg/kg BW show a 6.452% of BW reduction.

Cisplatin inducement at a dose of 5 mg/kg BW increases serum creatinine levels (sCr = 1.15 mg/dL) compared to the
normal control group treated with sodium carboxymethylcellulose without cisplatin inducement (sCr = 1.082 mg/dL),
although the increase is not statistically significant. Interestingly, pretreatment with ASEE 1000 mg/kg BW (sCr = 0.993 mg/
dL) and ASEE 1500 mg/kg BW (sCr = 0.999 mg/dL) significantly reduced the sCr levels with p values of respectively,
0.0035 and 0.0050, compared to the negative control (cisplatin-induced rats without treatment) group (Figure 4a).

Cisplatin inducement at a dose of 5 mg/kg BW significantly increases blood urea nitrogen levels (BUN = 20.833 mg/
dL) compared to the normal control group (p = 0.0341). Interestingly, pretreatment with ASEE 1000 mg/kg BW (BUN =
12.5 mg/dL) and ASEE 1500 mg/kg BW (BUN = 16.66 mg/dL) reduces the BUN levels although not significant, with
p values of respectively, 0.1551 and 0.6439, compared to the negative control (Figure 4b).

ASEE Reduces the KIM-I Levels of Cisplatin-Induced Wistar Rats

KIM-1 levels were calculated using a linear regression KIM-1 standard curve with an equation of y = 0.1234 x + 0.0145
and R? = 0.9971 (Figure 5a). Cisplatin inducement at a dose of 5 mg/kg BW significantly increases KIM-1 levels (KIM-1
= 8.178 ng/dL) compared to the normal control group (KIM-1 = 0.195 ng/dL; p = 0.0032). Interestingly, pretreatment
with ASEE 1000 mg/kg BW (KIM-1 = 6.074 ng/dL) and ASEE 1500 mg/kg BW (KIM-1 = 6.367 ng/dL) reduces the
KIM-1 levels although not significant compared to the negative control (Figure 5b).

The Effect of ASEE on the Kidney Histopathology of Cisplatin-Induced Wistar Rats
The effects of ASEE on the microscopic histopathology examination of cisplatin-induced Wistar rat kidney tissue are
presented in Figure 6. Cisplatin inducement at a dose of 5 mg/kg BW causes amyloid sedimentation, glomerular atrophy,
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Figure 2 The absorption spectra of the ethanol extract of (a) A. keiskei sap (ASEE) with (red) and without (blue) the addition of aluminum chloride and sodium acetate. The
addition of aluminum chloride and sodium acetate to ASEE resulted in a bathochromic shift from 370 nm to 394 nm due to the formation of a flavonoid-aluminum complex;
(b) ASEE spiked with increased concentration of quercetin; (c) ASEE spiked with increased concentration of isobavachalcone.
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Rats in the normal group (treated daily with CMC Na suspension 0.3%) showed an increase in BW during | | days of observation; (b) Statistical analysis was performed using
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and necrosis of the epithelial tubule. Pretreatment with ASEE or quercetin reduces amyloid sedimentation, but
glomerular atrophy and necrosis of the epithelial tubule are still observed.
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Figure 6 The effects of ASEE on the microscopic histopathology examination of kidney tissue of (@) Na CMC group (the normal control group); (b) cisplatin 5 mg/kg-
induced group; (c) quercetin 20 mg/kg group; (d) ASEE dose of 1000 mg/kg group; (e) ASEE dose of 1500 mg/kg group. A indicates amyloid sedimentation; black arrowhead
indicates glomerular atrophy; green arrowhead indicates necrosis of epithelial tubule; yellow arrowhead indicates infiltration of inflammatory cells.
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The Effect of ASEE on the Expression of NF-kappaB p65 of Cisplatin-Induced Wistar

Rats
Intraperitoneal exposure of cisplatin single dose at 5 mg/kg BW resulted in an increase of NF-kappaB p65 and COX-2

levels in the kidney tissue of Wistar rats. The relative expression of NF-kappaB p65 and COX-2 influenced by ASEE
pretreatment was measured using the Western blot technique (Figure 7a and b). The protein bands of COX-2 (72 kDa),
NF-kappaB p65 (65 kDa), and beta-actin (42 kDa) expression in the kidney tissue of cisplatin-induced Wistar rats are
depicted in Figure 7c. It is confirmed that pretreatment with ASEE can reduce the expression of NF-kappaB p65 and
COX-2 expression although not significant compared to the cisplatin group.

Discussion
The sap of A. keiskei collected at Sembalun Bumbung Village, East Lombok Regency, West Nusa Tenggara, Indonesia,
shows a yellow color and specific odor. In our study, the TFC in the ethanol extract of A. keiskei sap (ASEE) is 87.55 mg
quercetin equivalent (QE)/g extract and the total chalcones is 55.32 mg isobavachalcone equivalent (IBCE)/g extract. Our
results are comparable to a previous study by Zhang and colleagues. It was reported that the total flavonoids in 4. keiskei
powder supplied by Shandong Ashitaba Biotech Co., Ltd (Shandong, China), were better extracted with the ethanol
solvent concentrations of 40-80%, with TFC values of 4.00 to 6.50 mg rutin equivalent (RE)/g extract.'® Moreover,
a recent study published in 2024 by Turck and co-workers described the total chalcone content in the sap of cultivated
A. keiskei plants originating from certified organic farming was 1.778% (w/v).*® It is delineated in a review article that
100 g of dried herb granules contained 198.7 mg of total chalcones, and the levels of chalcones in the leaves were
1.959 mg/100 g, in the stems was 2.63 mg/100 g, in the root bark was 10.51 mg/100 g, and in the root core was 1.44 mg/
100 g.*°

Oxidative stress contributes majorly to the pathophysiology of nephrotoxicity, which is characterized by an increase
of creatinine in the blood, a reduction in urine output, and on the cellular level, it is marked by the expression of
proinflammatory cytokines, due to the activation of NF-kappaB pathway.** In our study, rats intraperitoneally exposed to
cisplatin at a single dose of 5 mg/kg BW have shown an increase in serum creatinine and BUN levels, and pretreatment
with ASEE 1000 mg/kg BW and ASEE 1500 mg/kg BW reduced the sCr and BUN. Previous studies have also reported
that cisplatin inducement resulted in long-term effects on the morphology and physiology of the rat kidney after single-

dose intraperitoneal administration,*!**?

thus confirming the nephrotoxic effect this chemotherapy drug on the kidney
proximal tubule*' and increased lipid peroxidation, urine volume, and plasma creatinine levels of the rats.*?

Growing evidence has shown the role of flavonoids and/or chalcones in mitigating excessive ROS levels, thus
protecting the kidneys from damage due to oxidative stress.” ® Flavonoids exhibit protective effects on the kidneys by
reducing the excessive ROS level or activating renal enzymatic and non-enzymatic antioxidants through various
pathways.’ Interestingly, a study on the effects of dietary A. keiskei on serum and liver lipid profiles of rats revealed
no pathological impact on these organs, thus confirming its safety.*?

Cisplatin inducement also significantly increases KIM-1 levels in the rats’ blood, and pretreatment with ASEE
1000 mg/kg BW and ASEE 1500 mg/kg BW reduces the KIM-1 levels, thus confirming the nephroprotective activity of
ASEE. KIM-1 is a proximal tubule transmembrane protein whose levels are significantly increased in the post-ischemic
rat kidney and in patients with biopsy-proven acute tubular necrosis. KIM-1 was expressed in the patients’ urines within
12 hours after the initial ischemic renal damage, while in animals, this protein develops parallelly with the manifestation
of epithelial cell dedifferentiation and proliferation.** A multi-center study in France on 54 patients with kidney injury
reported that blood KIM-1 levels were increased at diagnosis and decreased after therapy. KIM-1 was associated with the
level of acute tubular necrosis and interstitial fibrosis/tubular atrophy on kidney biopsy, but not with interstitial infiltrate
or with glomerular involvement.*> KIM-1 levels correlate with inflammation and fibrosis in histological studies,*® and
modulate the activation of the NF-kappaB pathway and interaction with phosphatidylinositol3 kinase (PI3K).*’

In our study, the intraperitoneal exposure of cisplatin single dose at 5 mg/kg BW resulted in an increase of NF-
kappaB p65 and COX-2 levels in the kidney tissue of Wistar rats. The increase of NF-kappaB levels after cisplatin

administration was also reported in several studies.**>°
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Figure 7 The effects of ASEE pretreatment on the relative expression of (a) NF-kappaB p65 and (b) COX-2 between treatment groups using Western blot analysis,
normalized using beta-actin; (c) the protein bands of COX-2 (72 kDa), NF-kappaB p65 (65 kDa), and beta-actin (42 kDa) expression in the kidney tissue of cisplatin-induced
Wistar rats.

The relative expression of NF-kappaB p65 and COX-2 influenced by ASEE pretreatment was measured using the
Western blot technique and confirmed that pretreatment with ASEE can reduce the expression of NF-kappaB and COX-2
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expression although not significant compared to the cisplatin group. Inflammation is the main mechanism of cisplatin-
associated kidney injury. NF-kappaB signaling pathway activation steers to the elevated secretion of TNF-a, IL-1, and
IL-6.*° Cyclooxygenase—2 (COX—2) enzyme is produced in an inflammatory condition and works by catalyzing the
conversion of arachidonic acid to prostaglandin. In the basal state, the COX2 gene is only expressed at a low level in the
kidneys and the central nervous system. The expression of the COX2 gene is regulated by several transcription factors,
among those is the NF-kappaB. NF—kappaB includes RelA (also known as p65), RelB, c—Rel, NF—kappaB1 (p50/p105),
and NF—kappaB2 (p52/p100), with RelA (p65), the most frequently studied unit.”’ NF-kappaB remains inactive in the
cytoplasm by binding to the inhibitory protein IkappaB-alpha and translocates into the nucleus upon activation.’> The
three Rel members of the family, RelA, RelB, and c-Rel, possess a C-terminal transcription activation domain that
functions to regulate gene expression. All NF-kappaB proteins can undergo homodimerization or heterodimerization with
the other NF-kappaB except p65, which only forms heterodimers.”* As our ASEE contains flavonoids and chalcones, it is
important to disclose that natural and synthetic derivatives of chalcones can modulate the NF-kappaB and STAT3 (signal
transducer and activator of transcription 3) signaling pathways.>*

Conclusion

The extract of Angelica keiskei (Miq). Koidz. (Apiaceae) sap has proven its nephroprotective activity in alleviating the
levels of serum creatinine, urea nitrogen, and kidney injury molecule-1 (KIM-1), as well as suppressing the expression of
proinflammatory cytokines COX-2 and NF-kappaB p65 in the kidney tissue of Wistar rats induced by intraperitoneal
cisplatin single dose of 5 mg/kg BW. To our knowledge, this is the first report of the molecular mechanism by which this
activity occurs. The underlying nephroprotective mechanism of Angelica keiskei (Miq). Koidz. sap is by disrupting the
NF-kappaB signaling pathway, thus reducing the expression of NF-kappaB-dependent COX-2. This study also disclosed
the presence of flavonoids (87.55 mg QE/g extract) and chalcones (55.32 mg IBCE/g extract). Flavonoids and chalcones
contained in the sap of Angelica keiskei (Miq). Koidz. may contribute to the potential to protect the kidneys against
cisplatin-induced toxicity, due to their antioxidant and anti-inflammatory properties. However, pretreatment with the
extract of Angelica keiskei (Miq). Koidz. sap doses of 1000 mg/kg BW and 1500 mg/kg BW or quercetin although
reducing amyloid sedimentation in the kidney tissue, cannot reduce glomerular atrophy, and necrosis of the epithelial
tubule. Despite the limitations of the doses used, the ethanol extract of Angelica keiskei (Miq). Koidz. sap may be
considered a potential candidate for a nephroprotective drug, particularly in patients with cisplatin chemotherapy, but
further clinical studies are needed to verify its efficacy and safety in humans.

Data Sharing Statement

The data generated in the present study may be requested from the first author upon reasonable request.

Additional Information
No additional information is available for this paper.

Acknowledgments
The authors thank the Rector of Universitas Padjadjaran via the Directorate of Research and Community Engagement for
facilitating the research and the APC.

Funding

The whole research was funded by the Rector of Universitas Padjadjaran via the Directorate of Research and Community
Engagement in the scheme of Academic-Leadership Research Grants of Prof. Dr. Jutti Levita year 2022 (contract
document No. 2203/UN6.3.1/PT.00/2022), 2023 (contract document No. 1549/UN6.3.1/PT.00/2023), and 2024 (contract
document No. 1479/UN6.3.1/PT.00/2024). The APC was funded by the Rector of Universitas Padjadjaran via the
Directorate of Research and Community Engagement.

Drug Design, Development and Therapy 2024:18 htps: 4719

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wahyuni et al Dove

Disclosure
The authors report no conflicts of interest in this work.

References

1.

2.

oo

20.

21.

22.

23.

24.

25.

26.

217.

28.

Dasari S, Tchounwou PB. Cisplatin in cancer therapy: molecular mechanisms of action. Eur J Pharmacol. 2014;740:364-378. doi:10.1016/].
ejphar.2014.07.025

Tan WIJT, Vlajkovic SM. Molecular characteristics of cisplatin-induced ototoxicity and therapeutic interventions. Int J Mol Sci. 2023;24(22):16545.
doi:10.3390/2Fijms242216545

. Tang C, Livingston MJ, Safirstein R, Dong Z. Cisplatin nephrotoxicity: new insights and therapeutic implications. Nat Rev Nephrol. 2023;19

(1):53-72. doi:10.1038/s41581-022-00631-7

. Zhou J, Nie R, Yin Y, Cai X, Xie D, Cai M. Protective effect of natural antioxidants on reducing cisplatin-induced nephrotoxicity. Dis. Markers.

2022;2022:1612348. doi:10.1155/2022/1612348 Article ID.

. Alsawaf S, Alnuaimi F, Afzal S, et al. Plant flavonoids on oxidative stress-mediated kidney inflammation. Biology. 2022;11(12):1717. doi:10.3390/

biology11121717

. Sahu BD, Kalvala AK, Koneru M, et al. Ameliorative effect of fisetin on cisplatin-induced nephrotoxicity in rats via modulation of NF-xB

activation and antioxidant defense. PLoS One. 2014;9(9):¢105070. doi:10.1371/journal.pone.0105070

. Kamel KM, El-Raouf OM A, Metwally SA, El-Latif HA A, El-Sayed ME. Hesperidin and rutin, antioxidant citrus flavonoids, attenuate

cisplatin-induced nephrotoxicity in rats. J Biochem Mol Toxicol. 2014;28(7):312-319. doi:10.1002/jbt.21567

. Din ZU, Farooq SU, Shahid M, et al. The flavonoid 6-hydroxyflavone prevention of cisplatin-induced nephrotoxicity. Histol Histopathol. 2020;35

(10):1197-1209. doi:10.14670/hh-18-251

.Li C, Chen Q, He Y, Liu Y, Meng X, Liu M. Discovery of a chalcone derivative as potent necroptosis inhibitor for the treatment of acute kidney

injury. Clin Exp Pharmacol Physiol. 2022;49(8):825-834. doi:10.1111/1440-1681.13670

. Zhang L, Jiang Y, Pang X, et al. Simultaneous optimization of ultrasound-assisted extraction for flavonoids and antioxidant activity of Angelica

keiskei using response surface methodology (RSM). Molecules. 2019;24(19):3461. doi:10.3390/2Fmolecules24193461

. Aulifa DL, Adnyana IK, Sukrasno S, Levita J. Inhibitory activity of xanthoangelol isolated from Ashitaba (Angelica keiskei Koidzumi) towards a-

glucosidase and dipeptidyl peptidase-IV: in silico and in vitro studies. Heliyon. 2022;8(5):¢09501. doi:10.1016/j.heliyon.2022.e09501

. Amalia R, Aulifa DL, Zain DN, Pebiansyah A, Levita J. The cytotoxicity and nephroprotective activity of the ethanol extracts of Angelica keiskei

Koidzumi stems and leaves against the NAPQI-induced human embryonic kidney (HEK293) cell line. Evid Based Complement Alternat Med.
2021;2021:6458265. doi:10.1155/2021/6458265

. Kalman DS, Hewlings S, Hackel V. A study to evaluate chalcurb® a standardized powder derived from the sap of the Angelica keiskei (Ashitaba) on

markers of health in adults with metabolic syndrome. Adv Obes Weight Manag Control. 2018;8(4):203-208. doi:10.15406/aowmc.2018.08.00244

. Aulifa DL, Adnyana IK, Levita J, Sukrasno S. 4-hydroxyderricin isolated from the sap of Angelica keiskei Koidzumi: evaluation of its inhibitory

activity towards dipeptidyl peptidase-IV. Sci Pharm. 2019;87(4):30. doi:10.3390/scipharm87040030

. Chang HR, Lee HJ, Ryu JH. Chalcones from Angelica keiskei attenuate the inflammatory responses by suppressing nuclear translocation of NF-kB.

J Med Food. 2014;17(12):1306-1313. doi:10.1089/jmf.2013.3037

. Lee HJ, Choi TW, Kim HJ, et al. Anti-inflammatory activity of Angelica keiskei through suppression of mitogen-activated protein kinases and

nuclear factor-kappaB activation pathways. J Med Food. 2010;13(3):691-699. doi:10.1089/jmf.2009.1271

. Kweon M, Lee H, Park C, Choi YH, Ryu JH. A chalcone from ashitaba (4dngelica keiskei) stimulates myoblast differentiation and inhibits

dexamethasone-induced muscle atrophy. Nutrients. 2019;11(10):2419. doi:10.3390/nu11102419

. Kwon B, Park SY, Lim Y, et al. Daily consumption of Angelica keiskei juice attenuated hyperlipidaemia and hepatic steatosis caused by Western

diet in C57BL/6J mice. Biomed J Sci Tech Res. 2018;10:7732—7739. doi:10.26717/bjstr.2018.10.001933

. Wahyuni I, Aulifa DL, Rosdianto AM, Levita J. The effect of ashitaba (4dngelica keiskei (Miq.) Koidz.)) sap on the total cholesterol levels of

cisplatin-induced Wistar rats. Pharmacol Clin Pharm Res. 2023;8(3):218-225. doi:10.15416/pcpr.v8i2.51827

Sugii M, Ohkita M, Taniguchi M, et al. Xanthoangelol D isolated from the roots of Angelica keiskei inhibits endothelin-1 production through the
suppression of nuclear factor-kappaB. Biol Pharm Bull. 2005;28(4):607—610. doi:10.1248/bpb.28.607

Veeraphan P, Chavasiri W, Muanprasat C, Chatsudthipong V, Yuajit C. A chalcone derivative retards renal cyst enlargement by inhibiting fluid secretion
and cell proliferation in an in vitro model of polycystic kidney disease. Clin Exp Nephrol. 2021;25(9):944-952. doi:10.1007/s10157-021-02080-1
Woisky RG, Salatino A. Analysis of propolis: some parameters and procedures for chemical quality control. J Apicultur Res. 1998;37(2):99-105.
doi:10.1080/00218839.1998.11100961

Chang -C-C, Yang M-H, Wen H-M, Chern J-C. Estimation of total flavonoid content in propolis by two complementary colometric methods.
J Food Drug Anal. 2002;10(3):Article3. doi:10.38212/2224-6614.2748

Mutakin M, Juwita T, Megantara S, Puspitasari IM, Levita J. Determination of quercetin and rutin in the ethyl acetate fraction of Etlingera elatior
(Jack) R.M. Smith flower by reversed-phase liquid chromatography-mass spectroscopy. Rasayan J Chem. 2020;13(3):1379-1385. doi:10.31788/
RJC.2020.1335723

Mutakin, Saptarini NM, Amalia R, Sumiwi SA, Megantara S, Saputri FA, Levita J. Molecular docking simulation of phenolics towards tyrosinase,
phenolic content, and radical scavenging activity of some Zingiberaceae plant extracts. Cosmetics. 2023;10(6):149. doi:10.3390/
cosmetics 10060149

Wijayanti LW, Swasono RT, Lee W, Jumina J. Synthesis and evaluation of chalcone derivatives as novel sunscreen agent. Molecules. 2021;26
(9):2698. doi:10.3390/2Fmolecules26092698

Zain DN, Amalia R, Aulifa DL, Levita J. Chalcone content in the ethanol extract of Angelica keiskei leaves by spectrophotometric method.
J Pharmacopolium. 2019;2(3):162—-166.

Guide for the Care and Use of Laboratory Animals. 2011. Eight Edition. National research council of the national academies. The National
Academies Press. Washington DC, USA. Available from: https://grants.nih.gov/grants/olaw/guide-for-The-care-and-use-of-laboratory-animals.pdf.
Accessed October 21, 2024.

4720 "o Drug Design, Development and Therapy 2024:18

Dove!


https://doi.org/10.1016/j.ejphar.2014.07.025
https://doi.org/10.1016/j.ejphar.2014.07.025
https://doi.org/10.3390/2Fijms242216545
https://doi.org/10.1038/s41581-022-00631-7
https://doi.org/10.1155/2022/1612348
https://doi.org/10.3390/biology11121717
https://doi.org/10.3390/biology11121717
https://doi.org/10.1371/journal.pone.0105070
https://doi.org/10.1002/jbt.21567
https://doi.org/10.14670/hh-18-251
https://doi.org/10.1111/1440-1681.13670
https://doi.org/10.3390/2Fmolecules24193461
https://doi.org/10.1016/j.heliyon.2022.e09501
https://doi.org/10.1155/2021/6458265
https://doi.org/10.15406/aowmc.2018.08.00244
https://doi.org/10.3390/scipharm87040030
https://doi.org/10.1089/jmf.2013.3037
https://doi.org/10.1089/jmf.2009.1271
https://doi.org/10.3390/nu11102419
https://doi.org/10.26717/bjstr.2018.10.001933
https://doi.org/10.15416/pcpr.v8i2.51827
https://doi.org/10.1248/bpb.28.607
https://doi.org/10.1007/s10157-021-02080-1
https://doi.org/10.1080/00218839.1998.11100961
https://doi.org/10.38212/2224-6614.2748
https://doi.org/10.31788/RJC.2020.1335723
https://doi.org/10.31788/RJC.2020.1335723
https://doi.org/10.3390/cosmetics10060149
https://doi.org/10.3390/cosmetics10060149
https://doi.org/10.3390/2Fmolecules26092698
https://grants.nih.gov/grants/olaw/guide-for-The-care-and-use-of-laboratory-animals.pdf
https://www.dovepress.com
https://www.dovepress.com

Dove Wahyuni et al

29.

30.

3

—

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

iy

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.
54.

Rosdianto AM, Puspitasari IM, Lesmana R, et al. Inhibitory effects of Indonesian temu kunci (Boesenbergia rotunda) rhizome extract on nitric
oxide synthase production and on the kidneys of Wistar rats. World Acad Sci J. 2022;4(5). doi:10.3892/wasj.2022.173

Basist P, Zahiruddin S, Khan MU, et al. Metabolite profiling and nephroprotective potential of Glycyrrhiza glabra L. roots against cisplatin-induced
nephrotoxicity in vitro and in vivo. Iran J Basic Med Sci. 2022;25(11):1286—1298. doi:10.22038/ijbms.2022.65478.14404

. Shakibaei M, John T, Schulze-Tanzil G, Lehmann I, Mobasheri A. Suppression of NF-kappaB activation by curcumin leads to inhibition of

expression of cyclo-oxygenase-2 and matrix metalloproteinase-9 in human articular chondrocytes: implications for the treatment of osteoarthritis.
Biochem Pharmacol. 2007;73(9):1434-1445. doi:10.1016/j.bcp.2007.01.005

Rosdianto AM, Puspitasari IM, Lesmana R, Levita J. Inhibitory activity of Boesenbergia rotunda (L.) Mansf. rhizome towards the expression of
Akt and NF-kappaB p65 in acetic acid-induced Wistar rats. Evid Based Complement Alternat Med. 2020;2020:6940313. doi:10.1155/2020/6940313
Amelia R, Sumiwi SA, Saptarini NM, Levita J. Chitin extracted from the shell of blue swimming crabs (Portunus pelagicus Linn.) inhibits
NF-kappaB p65 in ethanol-induced gastric ulcerative Wistar rats. Mar Drugs. 2023;21(9):488. doi:10.3390/md21090488

Ngabire D, Seong YA, Patil MP, Niyonizigiye I, Seo YB, Kim GD. Anti-inflammatory effects of aster incisus through the inhibition of NF-«B,
MAPK, and Akt pathways in LPS-stimulated RAW 264.7 Macrophages. Mediators Inflamm. 2018;2018:4675204. doi:10.1155/2F2018/2F4675204
Eligini S, Colli S, Habib A, Aldini G, Altomare A, Banfi C. Cyclooxygenase-2 glycosylation is affected by peroxynitrite in endothelial cells: impact
on enzyme activity and degradation. Antioxidants. 2021;10(3):496. doi:10.3390/antiox10030496

Lee S, Shin S, Kim H, et al. Anti-inflammatory function of arctin by inhibiting COX-2 expression via NF-kB pathways. J Inflamm. 2011;8(16).
doi:10.1186/1476-9255-8-16

Shraim AM, Ahmed TA, Rahman MM, Hijji YM. Rahman MM, Hijji YM. Determination of total flavonoid content by aluminum chloride assay:
a critical evaluation. LWT. 2021;150:111932. doi:10.1016/j.1wt.2021.111932

Turck D, Bohn T, Castenmiller J, et al. EFSA Panel on Nutrition, Novel Foods and Food Allergens (NDA). Safety of ashitaba sap as a novel food
pursuant to regulation (EU) 2015/2283. EFSA J. 2024;22(3):e8645. doi:10.2903/2F].efsa.2024.8645

Gyuraszova M, Gureckd R, Bébickova J, Tothova L. Oxidative stress in the pathophysiology of kidney disease: implications for noninvasive
monitoring and identification of biomarkers. Oxid Med Cell Longev. 2020;2020:5478708. doi:10.1155/2F2020/2F5478708

Dobyan DC, Levi J, Jacobs C, Kosek J, Weiner MW. Mechanism of cis-platinum nephrotoxicity: II. Morphologic observations. J Pharmacol Exp
Ther. 1980;213(3):551-556. PMID: 7193726.

. Behling EB, Senddo MC, Francescato HD, Antunes LM, Costa RS, Bianchi Mde L. Comparative study of multiple dosages of quercetin against

cisplatin-induced nephrotoxicity and oxidative stress in rat kidneys. Pharmacol Rep. 2006;58(4):526-532. PMID: 16963799.

Nagata J, Morino T, Saito M. Effects of dietary Angelica keiskei on serum and liver lipid profiles, and body fat accumulations in rats. J Nutr Sci
Vitaminol (Tokyo). 2007;53(2):133-137. doi:10.3177/jnsv.53.133

Wahyuni I, Aulifa DL, Rosdianto AM, Levita J. The pharmacology activities of&nbsp;Angelica keiskei&nbsp;Koidzumi and its efficacy and safety
in humans. Heliyon. 2024;10(2):¢24119. doi:10.1016/2F;j.heliyon.2024.e24119

Han WK, Bailly V, Abichandani R, Thadhani R, Bonventre JV. Kidney Injury Molecule-1 (KIM-1): a novel biomarker for human renal proximal
tubule injury. Kidney Int. 2002;62(1):237-244. doi:10.1046/j.1523-1755.2002.00433.x

Brilland B, C B, Wacrenier S, et al. Kidney injury molecule 1 (KIM-1): a potential biomarker of acute kidney injury and tubulointerstitial injury in
patients with ANCA-glomerulonephritis. Clin Kidney J. 2023;16(9):1521-1533. doi:10.1093/ckj/sfad071

Van Timmeren MM, van den Heuvel MC, Bailly V, Bakker SJ, van Goor H, Stegeman CA. Tubular kidney injury molecule-1 (KIM-1) in human
renal disease. J Pathol. 2007;212(2):209-217. doi:10.1002/path.2175

Tanase DM, Gosav EM, Radu S, et al. The predictive role of the biomarker kidney molecule-1 (KIM-1) in acute kidney injury (AKI)
cisplatin-induced nephrotoxicity. Int J Mol Sci. 2019;20(20):5238. doi:10.3390/ijms20205238

Sidharta BRA, Purwanto B, Wasita B, Widyaningsih VS, Soetrisno S. Single or divided administration of cisplatin can induce inflammation and
oxidative stress in male Sprague-Dawley rats. Indones Biomed J. 2022;14(2):164-171. doi:10.18585/inabj.v14i2.1745

Li W, Yan MH, Liu Y, et al. Ginsenoside Rg5 ameliorates cisplatin-induced nephrotoxicity in mice through inhibition of inflammation, oxidative
stress, and apoptosis. Nutrients. 2016;8(9):566. doi:10.3390/2Fnu8090566

Wang Z, Sun W, Sun X, et al. Kaempferol ameliorates Cisplatin induced nephrotoxicity by modulating oxidative stress, inflammation and apoptosis
via ERK and NF-kB pathways. AMB Expr. 2020;10(1):58. doi:10.1186/s13568-020-00993-w

Renaldi K, Simadibrata M, Rahadiani N, et al. The expressions of NF—kB, COX—2, Spl, and c—Jun in pancreatic ductal adenocarcinoma and their
associations with patient survival. Pathophysiology. 2023;30(2):92—109. doi:10.3390/pathophysiology30020009

Lim J, Kim H, Kim K. Nuclear factor-kB regulates cyclooxygenase-2 expression and cell proliferation in human gastric cancer cells. Lab Invest.
2001;81(3):349-360. doi:10.1038/labinvest.3780243

Morgan M, Liu Z. Crosstalk of reactive oxygen species and NF-kB signaling. Cell Res. 2011;21(1):103-115. doi:10.1038/cr.2010.178
Krajka-Kuzniak V, Belka M, Papierska K. Targeting STAT3 and NF-kB signaling pathways in cancer prevention and treatment: the role of
chalcones. Cancers. 2024;16(6):1092. doi:10.3390/cancers16061092

Drug Design, Development and Therapy Dove

Publish your work in this journal

Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

Drug Design, Development and Therapy 2024:18 v in g Dove 4721


https://doi.org/10.3892/wasj.2022.173
https://doi.org/10.22038/ijbms.2022.65478.14404
https://doi.org/10.1016/j.bcp.2007.01.005
https://doi.org/10.1155/2020/6940313
https://doi.org/10.3390/md21090488
https://doi.org/10.1155/2F2018/2F4675204
https://doi.org/10.3390/antiox10030496
https://doi.org/10.1186/1476-9255-8-16
https://doi.org/10.1016/j.lwt.2021.111932
https://doi.org/10.2903/2Fj.efsa.2024.8645
https://doi.org/10.1155/2F2020/2F5478708
https://doi.org/10.3177/jnsv.53.133
https://doi.org/10.1016/2Fj.heliyon.2024.e24119
https://doi.org/10.1046/j.1523-1755.2002.00433.x
https://doi.org/10.1093/ckj/sfad071
https://doi.org/10.1002/path.2175
https://doi.org/10.3390/ijms20205238
https://doi.org/10.18585/inabj.v14i2.1745
https://doi.org/10.3390/2Fnu8090566
https://doi.org/10.1186/s13568-020-00993-w
https://doi.org/10.3390/pathophysiology30020009
https://doi.org/10.1038/labinvest.3780243
https://doi.org/10.1038/cr.2010.178
https://doi.org/10.3390/cancers16061092
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Material and Methods
	Plant Materials
	Chemicals and Drugs
	Instruments and Glassware
	Plant Extraction
	Identification of Flavonoids in ASEE and Determination of Total Flavonoid Content (TFC)
	Determination of Total Chalcones
	Animals
	The Effect of ASEE on the Body Weight, Serum Creatinine, and Blood Urea Nitrogen of Cisplatin-Induced Wistar Rats
	The Effect of ASEE on the Kidney Injury Molecule-1 (KIM-1) Levels of Cisplatin-Induced Wistar Rats
	Kidney Histopathological Analysis
	The Effect of ASEE on the Levels of NF-kappaB p65 and COX-2 of Cisplatin-Induced Wistar Rats
	Statistical Analysis

	Results
	Identification of Flavonoids in ASEE, Total Flavonoid Content, and Total Chalcones
	ASEE Reduces BW, sCr, and BUN of Cisplatin-Induced Wistar Rats
	ASEE Reduces the KIM-1 Levels of Cisplatin-Induced Wistar Rats
	The Effect of ASEE on the Kidney Histopathology of Cisplatin-Induced Wistar Rats
	The Effect of ASEE on the Expression of NF-kappaB p65 of Cisplatin-Induced Wistar Rats

	Discussion
	Conclusion
	Data Sharing Statement
	Additional Information
	Acknowledgments
	Funding
	Disclosure

