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The present study investigated the renoprotective effect of anArtemisia asiatica extract and eupatilin in kidney epithelial (LLC-PK1)
cells. Although cisplatin is effective against several cancers, its use is limited due to severe nephrotoxicity. Eupatilin is a flavonoid
compound isolated from the Artemisia plant and possesses antioxidant as well as potent anticancer properties. In the LLC-PK1
cellular model, the decline in cell viability induced by oxidative stress, such as that induced by cisplatin, was significantly and dose-
dependently inhibited by the A. asiatica extract and eupatilin. The increased protein expressions of phosphorylated JNK and p38
by cisplatin in cells were markedly reduced after A. asiatica extract or eupatilin cotreatment. The elevated expression of cleaved
caspase-3 was significantly reduced byA. asiatica extract and eupatilin, and the elevated percentage of apoptotic cells after cisplatin
treatment in LLC-PK1 cells wasmarkedly decreased by cotreatmentwithA. asiatica extract or eupatilin. Taken together, these results
suggest that A. asiatica extract and eupatilin could cure or prevent cisplatin-induced renal toxicity without any adverse effect; thus,
it can be used in combination with cisplatin to prevent nephrotoxicity.

1. Introduction

Cisplatin is a potent chemotherapeutic agent for the treat-
ment of multiple human malignancies [1, 2]. It accumulates
in all segments of nephron but is predominantly taken up by
the proximal tubule cells, which then provokes severe damage
[3]. The efficacy of cisplatin is dose dependent, but the side
effect in kidney limits the use of higher doses to improve its
chemotherapeutic effects [4, 5]. The toxic effects of cisplatin
mainly occur via oxidative stress and DNA damage [6, 7],
ultimately leading to apoptotic pathways in tumour cells [8]
and also in renal cells [4, 9, 10].

For centuries,many natural products have been identified
for the prevention and/or treatment of kidney diseases
because they are believed to have nephroprotective effects.

They are widely used in clinical practice in many parts
of the world. For example, Silybum marianum was found
to attenuate nephrotoxicity induced by gentamicin in dogs
[11]. A water extract of Kalanchoe pinnata leaves protected
rat kidneys from gentamicin-induced nephrotoxicity [12].
Salviae Radix extract exerted a protective effect against
cisplatin-induced renal cell injury, and its effect might be
mediated by its antioxidant effect [13].

Artemisia asiaticaNakai is a traditional oriental medicine
and it has been used for the treatment of several inflam-
matory disorders. Recent studies revealed that A. asiatica
has antioxidative and anti-inflammatory effects contributing
to its protective effects against various pathophysiological
conditions including gastric damage [14], liver damage [15],
experimental pancreatitis [16], and tumor promotion [17].
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Figure 1: Effects of A. asiatica extract and eupatilin on cisplatin-induced nephrotoxicity in LLC-PK1 cells. (a) Structure of eupatilin.
(b) Comparison of DPPH radical scavenging effects ofA. asiatica extract, eupatilin, and vitamin C. (c) Dose-dependent protective effect ofA.
asiatica extract against cisplatin-induced nephrotoxicity in cells. (d) Dose-dependent protective effect of eupatilin against cisplatin-induced
nephrotoxicity in cells.

Stillen is a commercially available extract fromA. asiatica.
Eupatilin (Figure 1(a)), an active compound isolated from
A. asiatica, has been reported to treat peptic ulcers and
gastritis. It has antioxidative and anti-inflammatory effects

against gastric mucosal injury [18, 19]. Various inflammatory
mediators such as cytokines and oxidative stress that can
affect gastric mucosal injury are thought to be involved in
its action mechanism [20, 21]. Eupatilin was also reported to
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have therapeutic potential for the treatment of gastric cancer
[22, 23].

Although cisplatin-induced nephrotoxicity has been well
documented, the effects of A. asiatica and eupatilin on apop-
tosis in kidney cells after cisplatin exposure remain under
active investigation.

2. Materials and Methods

2.1. Chemicals and Reagents. An ethanolic extract of A.
asiatica and its active compound eupatilin were prepared
as reported previously [17, 18]. Cisplatin and 1,1-diphenyl-2-
picryl-hydrazyl (DPPH) were purchased from Sigma Chemi-
cal Co. (St. Louis, MO, USA).The stock solution of chemicals
was prepared in 100% dimethylsulfoxide (DMSO) and stored
at −20∘C until use. Antibodies for p38, p-p38, JNK, p-JNK,
ERK, p-ERK, cleaved caspase-3, andGAPDHwere purchased
from Cell Signaling (Boston, MA, USA).

2.2. Protective Effect against Cisplatin-Induced Nephrotoxicity
in Cells. Possible renoprotective effects against cisplatin-
induced damage were evaluated in LLC-PK1 cells as reported
previously [24]. In brief, LLC-PK1 cells were seeded in 96-
well culture plates at 1 × 104 cells per well and the test sample
and/or radical donor, 25 𝜇M cisplatin, were added to the
culture medium. Twenty-four hours later, the cell viability
was measured by using a microplate reader (PowerWave XS;
Bio-Tek Instruments, Winooski, VT, USA).

2.3. DPPH Radical Scavenging Assay. The radical scavenging
activity of A. asiatica and eupatilin against DPPH was deter-
mined spectrophotometrically. In microwells, 100𝜇L of an
aqueous solution of the completely dissolved sample (control:
100 𝜇L DW) was added to an ethanolic solution of DPPH
(100 𝜇L, 60 𝜇M) according to the reported method [25]. The
final concentrations of the tested samples in the assayed
solution were 10, 25, 50, and 100 𝜇g/mL. Vitamin C was used
as the standard for comparison.The ability to scavengeDPPH
radicals was calculated in terms of percentage of inhibition
according to the following equation: % inhibition = [(𝐴

0
−

𝐴

1
)/𝐴

0
× 100], where 𝐴

0
is the absorbance of the control

(without extract) and 𝐴
1
is the absorbance in the presence

of the extract.

2.4. Western Blot Analysis. Proteins (whole cell extracts,
30 𝜇g/lane) were separated by electrophoresis in a precast 4–
15% Mini-PROTEAN TGX gel (Bio-Rad, CA, USA) blotted
onto PVDF transfer membranes as reported previously [26].
Bound antibodies were visualized using ECL Advance West-
ern Blotting Detection Reagents (GE Healthcare, UK) and a
LAS 4000 imaging system (Fujifilm, Japan).

2.5. Image-BasedCytometric Assay. Todetermine the portion
of the population that had become apoptotic, cells were
stainedwith annexinV-Alexa Fluor 488 conjugate using aTali
image-based cytometer (Invitrogen, CA, USA) [27]. Propid-
ium iodide (PI) was used to differentiate dead cells (annexin
V-positive/PI positive or annexin V-negative/PI positive)
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Figure 2: Involvement of the MAPKs-caspase-3 signaling pathway
in the protective effect of A. asiatica extract and eupatilin against
cytotoxicity in cultured LLC-PK1 cells. Results of the Western blot
show the levels of p-p38, p38, p-JNK, JNK, p-ERK, ERK, and
cleaved caspase-3 in LLC-PK1 cells treated with A. asiatica extract
and eupatilin and/or cisplatin at different concentrations for 24 h.
Whole cell lysates (20𝜇g) were separated by SDS-PAGE, transferred
onto PVDF transfer membranes, and probed with the indicated
antibodies. Proteins were visualized using an ECL detection system.

from those that were apoptotic (annexin V-positive/PI neg-
ative). The percentages of the population reported as viable,
apoptotic, and dead by the Tali cytometer were comparable
with data from the same samples independently run on a flow
cytometer.

2.6. Statistical Analysis. Statistical significance was deter-
mined through analysis of variance (ANOVA).𝑝 values of less
than 0.05 were considered statistically significant.

3. Results and Discussion

3.1. Effects of A. asiatica Extract and Eupatilin on Cisplatin-
Induced Nephrotoxicity in LLC-PK1 Cells. The antioxidant
effects of A. asiatica and eupatilin were tested using DPPH,
a stable free radical. DPPH decolorizes in the presence
of antioxidants. The scavenging ability of A. asiatica and
eupatilin was represented by a line diagram and com-
pared with vitamin C (Figure 1(b)). This result suggests that
eupatilin is the antioxidant and active component of A.
asiatica. As shown in Figure 1, the cell viability was decreased
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Figure 3: Effects of A. asiatica extract and eupatilin on apoptosis in LLC-PK1 cells. (a) Representative images of apoptosis detection.
(b) Percentage of annexin V-positive-stained apoptotic cells. Dead and apoptotic cells were stained red and green, respectively. Apoptosis
was determined by a Tali image-based cytometer.

significantly to about 60% of that of untreated control cells
(𝑝 = 0.0004) after 25𝜇M cisplatin treatment. However, pre-
treatment with the A. asiatica extract and eupatilin markedly
restored cell viability to 80 and 82%, respectively, in a dose-
dependent manner (Figures 1(c) and 1(d)).

3.2. Involvement of MAPKs-Caspase-3 Signaling Pathway in
the Protective Effect of A. asiatica Extract and Eupatilin against
Cytotoxicity in Cultured LLC-PK1 Cells. Figure 2 shows the
protein expressions of p38, p-p38, JNK, p-JNK, ERK, p-
ERK, and cleaved caspase-3 afterA. asiatica (250𝜇g/mL) and
eupatilin (10 and 50 𝜇g/mL) treatment. As shown in Figure 2,
the phosphorylation of p38 and JNK was decreased in LLC-
PK1 cells by A. asiatica and eupatilin treatments. In addition,

the elevated protein expression of cleaved caspase-3 was also
markedly reduced by A. asiatica and eupatilin treatments.
ERK protein expression in the LLC-PK1 cells was slightly
decreased by cisplatin treatment and increased by A. asiatica
and eupatilin treatment; however, the differences were not of
significant effect.

3.3. Effects of A. asiatica Extract and Eupatilin on Apoptosis in
LLC-PK1 Cells. Figure 3 shows the effects of the A. asiatica
extract and eupatilin on apoptosis in LLC-PK1 cells. As
shown in Figure 3(a), the number of dead and apoptotic
cells, which were stained with red or green colors, was
increased by cisplatin treatment, whereas it was decreased
after cotreatment with the A. asiatica extract (𝑝 = 0.008)
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and more significantly eupatilin (𝑝 = 0.003). The elevated
percentage of apoptotic cells after cisplatin treatment was
markedly decreased after cotreatment with the A. asiatica
extract and eupatilin (Figure 3(b)).

4. Discussion

The protective effect of the A. asiatica extract and eupatilin
against cisplatin-induced nephrotoxicity was tested using
LLC-PK1 cells, which are the most vulnerable renal tubular
cells to oxidative stress [24, 28]. It is reported that reactive
oxygen species (ROS) play vital biological roles in cellular
homeostasis whereas the increased ROS levels are associated
with apoptosis in cells [29–31]. Our result suggests that
eupatilin is the antioxidant and active component of A.
asiatica. In addition, pretreatment with theA. asiatica extract
and eupatilin markedly ameliorated reduced LLC-PK1 cell
viability by cisplatin in a dose-dependent manner.

It has been reported that ROS act as a second messenger
initiating signal transduction cascades, including theMAPKs
signaling pathway [32, 33]. The MAPKs are important medi-
ators for apoptosis induction in response to anticancer drugs,
in particular cisplatin [34, 35]. In the present study, the
increased protein expressions of phosphorylated JNK and
p38 by cisplatin in LLC-PK1 cells were markedly ameliorated
after A. asiatica extract or eupatilin cotreatment. To further
investigate the ability of A. asiatica and eupatilin to prevent
apoptosis, we measured the expression levels of cleaved
caspase-3, known as an index of apoptosis, in the kidney. As
shown in the results, A. asiatica and eupatilin significantly
reduced the expression of cleaved caspase-3. These results
suggest that cisplatin-induced increases in the ROS level
activate MAPKs in LLC-PK1 cells, whereas the A. asiatica
extract and eupatilin inhibit the activation of p38 and JNK.

Cisplatin-induced renal cell damage is dependent on
apoptosis induced by DNA damage [36, 37]. Apoptosis in
renal tubular cells has been observed in several kinds of
renal disorders [38]. The elevated protein level of cleaved
caspase-3 decreased after treatment with A. asiatica extract
and eupatilin.

In conclusion, our results suggest that the A. asiatica
extract can ameliorate nephrotoxicity in LLC-PK1 cells.
Eupatilin serves as one of the major components by blocking
the MAPKs-caspase-3 signaling cascade.

Conflict of Interests

The authors declare no conflict of interests in this work.

Authors’ Contribution

Jun Yeon Park and Dahae Lee contributed equally to the
content of this paper.

Acknowledgments

This research was funded by the Gangneung Asan Hospital
Biomedical Research Center Promotion Fund.This work was

also supported by a grant from Korea Institute of Science and
Technology, Republic of Korea (2Z04371).

References

[1] M. H. Hanigan and P. Devarajan, “Cisplatin nephrotoxicity:
molecular mechanisms,”CancerTherapy, vol. 1, pp. 47–61, 2003.

[2] J. Li, K. Jiang, X. Qiu et al., “Overexpression of CXCR4
is significantly associated with cisplatin-based chemotherapy
resistance and can be a prognostic factor in epithelial ovarian
cancer,” BMB Reports, vol. 47, no. 1, pp. 33–38, 2014.

[3] M. E. I. Leibbrandt, G. H. I.Wolfgang, A. L.Metz, A. A. Ozobia,
and J. R. Haskins, “Critical subcellular targets of cisplatin and
related platinum analogs in rat renal proximal tubule cells,”
Kidney International, vol. 48, no. 3, pp. 761–770, 1995.

[4] W. Lieberthal, V. Triaca, and J. Levine, “Mechanisms of death
induced by cisplatin in proximal tubular epithelial cells: apop-
tosis vs. necrosis,”The American Journal of Physiology, vol. 270,
no. 4, pp. F700–F708, 1996.

[5] A. H. Lau, “Apoptosis induced by cisplatin nephrotoxic injury,”
Kidney International, vol. 56, no. 4, pp. 1295–1298, 1999.

[6] H. R. Brady, B. C. Kone, M. E. Stromski, M. L. Zeidel, G.
Giebisch, and S. R. Gullans, “Mitochondrial injury: an early
event in cisplatin toxicity to renal proximal tubules,” The
American Journal of Physiology—Renal Fluid and Electrolyte
Physiology, vol. 258, no. 5, pp. F1181–F1187, 1990.

[7] H. Huang, L. Zhu, B. R. Reid, G. P. Drobny, and P. B. Hopkins,
“Solution structure of a cisplatin-induced DNA interstrand
cross-link,” Science, vol. 270, no. 5243, pp. 1842–1845, 1995.

[8] H. Jiang, X. Liao, and P. Li, “Experimental study on apoptosis
and Apo-1 expression of buccal carcinoma cell (BCC) induced
by cisplatin,”HuaxiKouqiangYixue Zazhi, vol. 17, no. 4, pp. 300–
303, 1999.

[9] H. Zhou, T. Miyaji, A. Kato, Y. Fujigaki, K. Sano, and A.
Hishida, “Attenuation of cisplatin-induced acute renal failure is
associated with less apoptotic cell death,” Journal of Laboratory
and Clinical Medicine, vol. 134, no. 6, pp. 649–658, 1999.

[10] F. Shiraishi, L. M. Curtis, L. Truong et al., “Heme oxygenase-1
gene ablation or expression modulates cisplatin-induced renal
tubular apoptosis,” The American Journal of Physiology—Renal
Physiology, vol. 278, no. 5, pp. F726–F736, 2000.

[11] H. N. Varzi, S. Esmailzadeh, H. Morovvati, R. Avizeh, A.
Shahriari, and M. E. Givi, “Effect of silymarin and vitamin
E on gentamicin-induced nephrotoxicity in dogs,” Journal of
Veterinary Pharmacology and Therapeutics, vol. 30, no. 5, pp.
477–481, 2007.

[12] G. Harlalka, C. Patil, and M. Patil, “Protective effect of
Kalanchoe pinnata pers. (Crassulaceae) on gentamicin-induced
nephrotoxicity in rats,” Indian Journal of Pharmacology, vol. 39,
no. 4, pp. 201–205, 2007.

[13] J. C. Jeong, W. M. Hwang, C. H. Yoon, and Y. K. Kim, “Salviae
radix extract prevents cisplatin-induced acute renal failure in
rabbits,” Nephron, vol. 88, no. 3, pp. 241–246, 2001.

[14] T. Y. Oh, G. J. Ahn, S. M. Choi, B. O. Ahn, and W. B. Kim,
“Increased susceptibility of ethanol-treated gastric mucosa to
naproxen and its inhibition by DA-9601, an Artemisia asiatica
extract,” World Journal of Gastroenterology, vol. 11, no. 47, pp.
7450–7456, 2005.

[15] B. K. Ryu, B. O. Ahn, T. Y. Oh, S. H. Kim, W. B. Kim, and E. B.
Lee, “Studies on protective effect of DA-9601, artemisia asiatica
extract, on acetaminophen- and CCl

4

-induced liver damage in



6 Evidence-Based Complementary and Alternative Medicine

rats,” Archives of Pharmacal Research, vol. 21, no. 5, pp. 508–513,
1998.

[16] K.-B. Hahm, J.-H. Kim, B.-M. You et al., “Induction of apoptosis
with an extract of Artemisia asiatica attenuates the severity of
cerulein-induced pancreatitis in rats,” Pancreas, vol. 17, no. 2, pp.
153–157, 1998.

[17] H. J. Seo, K. K. Park, S. S. Han et al., “Inhibitory effects of the
standardized extract (DA-9601) of Artemisia asiatica Nakai on
phorbol ester-induced ornithine decarboxylase activity, papil-
loma formation, cyclooxygenase-2 expression, inducible nitric
oxide synthase expression and nuclear transcription factor 𝜅B
activation in mouse skin,” International Journal of Cancer, vol.
100, no. 4, pp. 456–462, 2002.

[18] T. Y. Oh, J. S. Lee, B. O. Ahn et al., “Oxidative stress is more
important than acid in the pathogenesis of reflux oesophagitis
in rats,” Gut, vol. 49, no. 3, pp. 364–371, 2001.

[19] S. Y. Seol, M. H. Kim, J. S. Rew, and M. G. Choi, “A phase III
clinical trial of Stillen(TM) for erosive gastritis,” Korean Journal
of Gastrointestinal Endoscopy, vol. 28, no. 5, pp. 230–236, 2004.

[20] E. B. Lee, S. A. Cheon, E. S. Lee et al., “General pharmacology
of artemisia extract powder, DA-9601,” Journal of Applied
Pharmacology, vol. 4, no. 2, pp. 174–183, 1996.

[21] T. Y. Oh, B. O. Ahn, J. I. Ko et al., “Studies on protective effect of
da-9601, an artemisiae herba extract, against ethanol-induced
gastric mucosal damage and its mechanism,” Biomolecules &
Therapeutics, vol. 5, no. 2, pp. 202–210, 1997.

[22] E.-J. Choi, H.-M. Oh, H. Wee et al., “Eupatilin exhibits a
novel anti-tumor activity through the induction of cell cycle
arrest and differentiation of gastric carcinoma AGS cells,”
Differentiation, vol. 77, no. 4, pp. 412–423, 2009.

[23] J.-H. Cheong, S. Y. Hong, Y. Zheng, and S. H. Noh, “Eupatilin
inhibits gastric cancer cell growth by blocking STAT3-mediated
VEGF expression,” Journal of Gastric Cancer, vol. 11, no. 1, pp.
16–22, 2011.

[24] T. Yokozawa, E. J. Cho, Y. Hara, and K. Kitani, “Antioxidative
activity of green tea treated with radical initiator 2,2-azobis(2-
amidinopropane) dihydrochloride,” Journal of Agricultural and
Food Chemistry, vol. 48, no. 10, pp. 5068–5073, 2000.

[25] H.-Y. Pan, Y. Qu, J.-K. Zhang, T. G. Kang, and D.-Q. Dou,
“Antioxidant activity of ginseng cultivated under mountainous
forest with different growing years,” Journal of Ginseng Research,
vol. 37, no. 3, pp. 355–360, 2013.

[26] K. I. Song, J. Y. Park, S. Lee et al., “Protective effect of
tetrahydrocurcumin against cisplatin-induced renal damage: in
vitro and in vivo studies,” Planta Medica, vol. 81, no. 4, pp. 286–
291, 2015.

[27] A. Dubey, J. W. Min, H. J. Koo et al., “Anticancer potency and
multidrug-resistant studies of self-assembled arene-ruthenium
metallarectangles,” Chemistry—A European Journal, vol. 19, no.
35, pp. 11622–11628, 2013.

[28] K. S. Kang, J. Ham, Y.-J. Kim, J. H. Park, E.-J. Cho, and N.
Yamabe, “Heat-processed Panax ginseng and diabetic renal
damage: active components and action mechanism,” Journal of
Ginseng Research, vol. 37, no. 4, pp. 379–388, 2013.

[29] I. Dolado, A. Swat, N. Ajenjo, G. De Vita, A. Cuadrado, and A.
R. Nebreda, “p38𝛼 MAP kinase as a sensor of reactive oxygen
species in tumorigenesis,” Cancer Cell, vol. 11, no. 2, pp. 191–205,
2007.

[30] J. Wang and J. Yi, “Cancer cell killing via ROS: to increase or
decrease, that is the question,” Cancer Biology &Therapy, vol. 7,
no. 12, pp. 1875–1884, 2008.

[31] S. Zhang, Y. Sun, Z. Yuan et al., “Heat shock protein 90𝛽 inhibits
apoptosis of intestinal epithelial cells induced by hypoxia
through stabilizing phosphorylated Akt,” BMB Reports, vol. 46,
no. 1, pp. 47–52, 2013.

[32] S. Ramachandiran, Q. Huang, J. Dong, S. S. Lau, and T.
J. Monks, “Mitogen-activated protein kinases contribute to
reactive oxygen species-induced cell death in renal proximal
tubule epithelial cells,” Chemical Research in Toxicology, vol. 15,
no. 12, pp. 1635–1642, 2002.

[33] H.-S. Lee, G.-S. Lee, S.-H. Kim, H.-K. Kim, D.-H. Suk, andD.-S.
Lee, “Anti-oxidizing effect of the dichloromethane and hexane
fractions from Orostachys japonicus in LPS-stimulated RAW
264.7 cells via upregulation of Nrf2 expression and activation
of MAPK signaling pathway,” BMB Reports, vol. 47, no. 2, pp.
98–103, 2014.

[34] I. H. Bae, S. W. Kang, S. H. Yoon, and H.-D. Um, “Cellular
components involved in the cell death induced by cisplatin in
the absence of p53 activation,” Oncology Reports, vol. 15, no. 5,
pp. 1175–1180, 2006.
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