
RESEARCH ARTICLE

Bioactivity evaluations of betulin identified from the bark
of Betula platyphylla var. japonica for cancer therapy

Hae Min So1 • Hee Jeong Eom1
• Dahae Lee1 • Sil Kim1

• Ki Sung Kang2 •

Il Kyun Lee3 • Kwan-Hyuck Baek4 • Jun Yeon Park5 • Ki Hyun Kim1

Received: 17 March 2018 / Accepted: 1 August 2018 / Published online: 14 August 2018

� The Pharmaceutical Society of Korea 2018

Abstract Identification of bioactive natural products with

anticancer activity as well as alleviating effects on

chemotherapy-induced side effects has significant impli-

cations for cancer treatment. Betula platyphylla var.

japonica, commonly known as Asian white birch, has been

used in Chinese traditional medicine for a variety of pur-

poses. In this study, the medicinal properties of betulin

from B. platyphylla var. japonica useful for cancer man-

agement were investigated. LC/MS analysis revealed that

betulin is a main chemical component of the EtOH extract

of B. platyphylla var. japonica bark, and betulin was iso-

lated from EtOH extract using an LC/MS-guided isolation

method. Its structure was identified with 1H and 13C NMR

spectroscopic data and LC/MS analysis and then compared

to the previously reported spectroscopic and physical data.

We first verified the cytotoxicity of betulin against three

human lung adenocarcinoma cell lines, A549, H1264, and

Calu-6, with IC50 values ranging from 18.7 to 39.6 lM.

Regarding alleviation of side effects associated with anti-

cancer chemotherapy, betulin ameliorated cisplatin-in-

duced renal cell damage to 80% of the control value from

the concentration of 5 lM. In addition, betulin showed

anti-gastritis activity against ethanol-induced gastric dam-

age in rats and notably reduced the gastric damage index

compared to control in a concentration-dependent manner.

These findings provide the first experimental evidence for

potential use of B. platyphylla var. japonica as a functional

food for cancer treatment that simultaneously alleviates the

side effects of chemotherapy.
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Introduction

Cancer, a lethal disease involving deregulated proliferation

of abnormal cells followed by invasion to surrounding

tissues and metastasis to other organ sites, is now the

second leading cause of death worldwide (Hanahan and

Weinberg 2011; Fitzmaurice et al. 2017). Since alkaloids

isolated from Vinca rosea L. were found to have potent

cytotoxic properties against cancer cells in 1959, natural

products derived from various species, such as plants,

microbes, and marine organisms, have been demonstrated

as plentiful sources of lead compounds for therapeutic

intervention in cancer (Johnson et al. 1959; Mann 2002;

Bhanot et al. 2011; Du and Tang 2014). Indeed, numerous

lead compounds with anticancer activity have been iden-

tified from natural resources, and drugs based on lead, such

as vincristine, paclitaxel, doxorubicin, and rapamycin, are
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currently used to treat cancer or are being evaluated in

preclinical trials (Mann 2002; Bhanot et al. 2011; Du and

Tang 2014).

Chemotherapy using cytotoxic drugs to treat cancer has

been shown to be effective in reducing tumor burden and

removing residual cancer cells after surgery in cancer

patients (Chabner and Roberts 2005). However, since those

cytotoxic drugs were designed to target rapidly growing

cells, they can also exert harmful effects on normal healthy

cells and tissues depending on their proliferation rates (De

Angelis 2008; Liu et al. 2015). Hence, cytotoxic

chemotherapy is usually accompanied by various severe

side effects, including fatigue, hair loss, bleeding, infec-

tion, nephropathy, and gastrointestinal pain (De Angelis

2008; Liu et al. 2015). In particular, nephrotoxicity and

gastrointestinal toxicity of chemotherapy are serious dose-

limiting adverse effects, resulting in high rates of therapy

discontinuation and unsuccessful outcomes (Boussios et al.

2012; Brami et al. 2016).

Interestingly, a recently published study has demon-

strated that PHY906, an herb mixture containing Gly-

cyrrhiza uralensis Fisch, Paeonia lactiflora Pall,

Scutellaria baicalensis Georgi, and Ziziphus jujuba Mill,

reduces the gastrointestinal toxicity of capecitabine in

patients with advanced pancreatic and gastrointestinal

malignancies (Saif et al. 2010). In addition, Goshajinkigan,

an herbal formula consisting of 10 natural ingredients, has

been shown to alleviate nephrotoxic side effects of

chemotherapy with paclitaxel combined with carboplatin in

patients with ovarian and endometrial cancer (Kaku et al.

2012). This accumulating evidence suggests that natural

products and their ingredients have enormous potential to

provide clinical benefits to cancer patients by increasing

the therapeutic index of chemotherapy and reducing its

adverse effects. Therefore, screening of natural products

with alleviating effects on chemotherapy-induced side

effects as well as anticancer activity and identifying their

bioactive compounds will have significant implications in

cancer treatment.

Betula platyphylla var. japonica (Miquel) Hara (Betu-

laceae), well known as ‘‘Asian white birch,’’ is an endemic

species widely distributed in the northern temperate zone

mainly, Japan, China, and Korea (Matsuda et al. 1998; Huh

et al. 2011). B. platyphylla var. japonica has been used in

folk medicine, and its bark has been used in Chinese tra-

ditional medicine to treat a wide range of inflammatory

diseases, including pneumonia, choloplania, nephritis, and

chronic bronchitis, as well as cancer (Heo 1980; Matsuda

et al. 1998; Ju et al. 2004; Huh et al. 2011). As part of a

continuing search for bioactive compounds from natural

sources (Kang et al. 2016; Lee et al. 2016; Yu et al. 2016;

Beemelmanns et al. 2017; Yu et al. 2017), we have taken

an interest in bioactive compounds from the bark of B.

platyphylla var. japonica (Eom et al. 2016, 2017). In our

recent studies on B. platyphylla var. japonica bark, we

reported isolation of antioxidant triterpenoids combined

with a phenylpropanoid unit (Eom et al. 2016) and cyto-

toxic triterpenoids against several human tumor cells (Eom

et al. 2017).

In this study, medicinal properties of betulin identified

from B. platyphylla var. japonica useful for cancer treat-

ment were investigated. LC/MS analysis of the EtOH

extract of B. platyphylla var. japonica bark revealed betulin

as a main chemical component. An LC/MS guided isola-

tion technique was applied to separate betulin and effec-

tively reduce analysis time. In the present study, we report

LC/MS-guided isolation and structural elucidation of

betulin and evaluation of its medicinal properties useful for

cancer management.

Materials and methods

General experimental procedures

Optical rotations were measured on a Jasco P-1020

polarimeter (Jasco, Easton, MD, USA). Infrared (IR)

spectra were recorded on a Bruker IFS-66/S FT-IR spec-

trometer (Bruker, Karlsruhe, Germany). Ultraviolet (UV)

spectra were acquired on an Agilent 8453 UV–visible

spectrophotometer (Agilent Technologies, Santa Clara,

CA, USA). Nuclear magnetic resonance (NMR) spectra

were recorded on a Bruker AVANCE III 700 NMR spec-

trometer operating at 700 MHz (1H) and 175 MHz (13C),

with chemical shifts given in ppm (d) (Bruker). Semi-

preparative high-performance liquid chromatography

(HPLC) used a Shimadzu Prominence HPLC System with

SPD-20A/20AV Series Prominence HPLC UV–Vis

Detectors (Shimadzu, Tokyo, Japan). LC/MS analysis was

performed on an Agilent 1200 Series HPLC system

equipped with a diode array detector and a 6130 Series ESI

mass spectrometer using an analytical Kinetex� 5 lm C18

100 Å column (5 lm, 2.1 9 100 mm, Phenomenex, Tor-

rance, CA, USA). Column chromatography was performed

with silica gel 60 (Merck, Darmstadt, Germany; 230–400

mesh) and RP-C18 silica gel (Merck, 230–400 mesh).

Merck pre-coated silica gel F254 plates and reverse-phase

(RP)-18 F254s plates (Merck) were used for thin-layer

chromatography (TLC). Spots were detected on TLC under

UV light or by heating after spraying with anisaldehyde–

sulfuric acid.

Plant materials

The bark of B. platyphylla var. japonica was collected from

Danyang, Chungcheongbuk-do, Korea, in October 2014.
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The material was identified by one of the authors (K.

H. Kim). A voucher specimen (NM-14-063) was deposited

in the herbarium of the Natural Medicine Research Center

of Richwood Pharmaceutical Company, Ltd., Seoul, Korea.

Extraction and isolation

Dried bark of B. platyphylla var. japonica (4.1 kg) was

extracted with 80% EtOH (18 L 9 1 day 9 three times) at

room temperature and filtered. The resultant was evapo-

rated under reduced pressure using a rotavapor to obtain

EtOH extract (351 g). The EtOH extract was dissolved in

sterile distilled water, and a small aliquot of the EtOH

extract was sequentially injected into LC/MS and eluted

with a gradient solvent system of MeOH/H2O (1:9–1:0,

flow rate of 0.3 mL/min, UV 210 nm), which revealed the

presence of betulin with a molecular ion peak at m/z 465.4

[M ? Na]? in positive ESI mode by comparison with our

house-built UV library in LC/MS as a main chemical

composition. The EtOH extract in distilled water was

successively solvent-partitioned with CHCl3, EtOAc, and

n-BuOH, yielding residues weighing 274 g, 25 g, and 30 g,

respectively. All the fractions were subjected to LC/MS

and eluted with a gradient solvent system of MeOH/H2O

(1:9–1:0, flow rate of 0.3 mL/min, UV 210 nm) to identify

the target constituent, betulin. Based on LC/MS data, one

major peak of betulin was detected in the CHCl3-soluble

fraction. The CHCl3-soluble fraction (25 g) was separated

by silica gel column chromatography using a solvent sys-

tem of CH2Cl2–MeOH–H2O (9:3:0.1) to provide seven

fractions (I–VII). All seven fractions were subjected to LC/

MS prior to purification for target isolation of betulin,

which revealed that betulin was detected in fraction II

(5.3 g), which was fractionated by reverse-phase (RP)-C18

column chromatography with 70% MeOH and 100%

MeOH to give six sub-fractions (II-1–II-6). The desired

betulin peak was identified in faction II-5 (1.5 g) according

to the LC/MS analysis and the fraction was further sub-

jected to silica column chromatography using a gradient

solvent system of CH2Cl2–MeOH (15:1, 3:1, 1:1) to obtain

9 sub-fractions [II-5(1)–II-5(9)]. Finally, LC/MS-guided

isolation led to purification of betulin (250 mg) from

fraction II-5(3) (380 mg) by semi-preparative RP HPLC

with a gradient solvent system of MeOH-H2O (93%

MeOH–85% MeOH in 30 min) using a Phenomenex Luna

C18(2) column (250 mm 9 10 mm i.d., 10 lm).

Betulin: white needles, [a]?22.6 (c 0.08, CHCl3); IR

(KBr) mmax: 3300 * 3600, 2944, 1458, 1374, 1038 cm-1;
1H NMR (700 MHz, CDCl3) d: 0.76, 0.82, 0.97, 0.98, 1.02
(3H each, s, 5 9 CH3), 1.66 (3H, s, H–30), 3.14 (1H, dd,

J = 10.5, 5.0 Hz, H–3), 3.33 (1H, d, J = 11.0 Hz, H–28),

3.80 (1H, d, J = 11.0 Hz, H–28), 4.58 (1H, br s, H–29),

4.68 (1H, br s, H–29); 13C NMR (175 MHz, CDCl3) d:

14.9 (C–27), 15.5 (C–24), 16.2 (C–25), 16.3 (C–26), 18.5

(C–6), 19.3 (C–30), 21.0 (C–11), 25.4 (C–12), 27.2 (C–15),

27.6 (C–2), 28.2 (C–23), 29.4 (C–16), 29.9 (C–21), 34.2

(C–22), 34.4 (C–7), 37.4 (C–13), 37.5 (C–10), 38.9 (C–4),

39.1 (C–1), 41.1 (C–8), 42.9 (C–14), 48.0 (C–18), 48.0 (C–

17), 49.0 (C–19), 50.6 (C–9), 55.5 (C–5), 60.8 (C–28), 79.2

(C–3), 109.9 (C–29), 150.7 (C–20); ESI–MS m/z 465.4

[M ? Na]?.

Chemicals and reagents

Cisplatin was purchased from Sigma-Aldrich (Seoul, South

Korea). Dulbecco’s Modified Eagle’s Medium (DMEM)

was purchased from Cellgro (Manassas, VA, USA). Fetal

bovine serum (FBS) was purchased from Invitrogen Co.

(Grand Island, NY, USA).

Cell culture

The human lung cancer cell lines A549, H1264, and Calu-6

were kindly provided by Dr. Steven M. Albelda (University

of Pennsylvania School of Medicine, Philadelphia, PA,

USA) and maintained in RPMI-1640 medium (WelGENE,

Seoul, Korea) supplemented with 10% fetal bovine serum

(FBS, Gemini Bio-Products, West Sacramento, CA, USA),

2 mM L-glutamine, 50 U/mL penicillin, and 50 lg/mL

streptomycin (WelGENE). LLC-PK1 cells, a pig kidney

epithelial cell line, were purchased from the American

Type Culture Collection (ATCC, Rockville, MD, USA)

and cultured in DMEM (WelGENE) containing 10% FBS,

4 mM L-glutamine, 50 U/mL penicillin, and 50 lg/mL

streptomycin.

Cell viability analysis

Human lung cancer cells were seeded at a density of

5 9 103 cells per well in a 96 well tissue culture plate

(Thermo Scientific, Waltham, MA, USA) and treated with

betulin isolated from the bark of B. platyphylla var.

japonica or equivalent amounts of DMSO as vehicle con-

trol for 48 h. Cell viability was then assessed using the

WST-1 cell proliferation assay according to the manufac-

turer’s instructions (Daeil Lab Service, Seoul, Korea).

Briefly, 10 lL of the WST-1 reagent was added to each

well, and the cells were further incubated for 1 h at 37 �C.
Then the absorbance of each well at 450 nm was measured

using a scanning multi-well spectrophotometer (Molecular

Devices, Sunnyvale, CA, USA) and the cell viability was

determined as a percentage of vehicle controls. IC50 values

of betulin in human lung cancer cells were determined by

non-linear regression analysis of the dose–response curve

using GraphPad Prism 5.0 (GraphPad Software, Inc., San

Diego, CA, USA).
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Renoprotective effect against cisplatin-induced

kidney cell damage

The renoprotective effect against oxidative renal cell

damage was evaluated using LLC-PK1 cells. Cells were

seeded in 96-well culture plates at 1 9 104 cells per/well

and allowed to adhere for 2 h. Thereafter, the test sample

and/or 25 lM cisplatin were added to the culture medium

and incubated for 24 h. Then, medium containing the test

sample and/or radical donor was removed, and the cells

were incubated with serum-free medium (90 lL/well) and
Ez-Cytox reagent (10 lL/well) for 2 h at 37 �C. Cell via-
bility was measured by absorbance at 450 nm using a

microplate reader (PowerWave XS; Bio-Tek Instruments,

Winooski, VT, USA).

Ethanol-induced gastric mucosal injury in rats

All procedures involving the use of live animals described

in this study were approved in November 2015 by the

Institutional Animal Care and Use Committee of Gachon

University (approval number: GIACUC- R2015011), and

NIH guidelines were strictly followed for humane treat-

ment of animals. Male Wistar rats weighing 200–220 g

were used to evaluate the protective effect of betulin

against ethanol-induced mucosal injury in rats. The rats

were deprived of food but had free access to water for 24 h

before ulcer induction. Gastric mucosal lesions were

induced by oral administration of 1 mL of a 60% ethanolic

solution containing 0.15 M HCl. Rats were divided into 4

groups based on body weight and treated with either

ethanol or ethanol ? betulin:

Group 1: Normal controls (n = 3), received water only.

Group 2: Ethanol (n = 3), received ethanol only.

Group 3: Ethanol ? betulin 11 (n = 3), orally treated

with ethanol and betulin (11 mg/mL) in aqueous

solution.

Group 4: Ethanol ? betulin 22 (n = 3), orally treated

with ethanol and betulin (22 mg/mL) in aqueous

solution.

All animals were pretreated with water or betulin orally

1 h before the ethanol treatment. After 6 h, the rats were

sacrificed, and their stomachs were immediately removed.

Determination of mucosal lesion level

Rat stomachs were removed and opened along the greater

curvature to determine the extent of lesion damage. To

perform quantitative analysis of mucosal lesions, pictures

of stomach tissue were captured and analyzed using the

image analysis software Leica Application Suite V3.8

(Leica, Seoul, Korea).

Statistical analysis

All data were presented as the average value and standard

deviation (SD). Multiple comparison tests for different

dose groups were conducted. The Kruskall-Wallis one-way

analysis of variance and data found significant were further

analyzed using Mann–Whitney U test. The SPSS statistical

package was used for all analyses (IBM SPSS statistics

version 21, Boston, Mass). Statistical significance was

considered at p values lower than 0.05.

Results and discussion

LC/MS-guided isolation and structural elucidation

of betulin

B. platyphylla var. japonica bark was extracted with 80%

EtOH and then filtered. After evaporation of the filtrate, the

resultant EtOH extract was obtained. By comparison with

our house-built UV library, LC/MS analysis of the extract

indicated the presence of betulin as a main chemical

component with a molecular ion peak at m/z 465.4

[M ? Na]? in positive ESI mode. The high sensitivity and

selectivity of the LC/MS-guided isolation method selec-

tively reduced analysis time and enabled fast isolation of

target compounds. The target compound, betulin, was

isolated by open-column chromatography and semi-

preparative HPLC monitored by LC/MS analysis, which

led to identification of fractions containing the desired

compound. Final LC/MS analysis of fraction II-5(3)

depicted betulin with a molecular ion peak at m/z 465.4

[M ? Na]? and UV absorptions indicative of triterpenoids,

and it was isolated by semi-preparative HPLC. The struc-

ture of betulin was identified by spectroscopic methods of
1H and 13C NMR and LC/MS analysis and comparison of

spectroscopic and physical data with previously reported

data (Fig. 1) (Kao et al. 2004).

HO H

H

H

H

OH

Fig. 1 Chemical structure of betulin
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Cytotoxic effects of betulin isolated from B.

platyphylla var. japonica bark on human lung cancer

cell lines

Betulinic acid, a naturally occurring pentacyclic triterpene

found in the bark of several plant species, and its deriva-

tives have shown cytotoxic activity against a broad spec-

trum of cancer cells through induction of apoptosis

(Periasamy et al. 2014). Betulin isolated from B. platy-

phylla var. japonica bark by LC/MS-guided isolation was

structurally related to betulinic acid, in which the C-28

hydroxymethyl of betulin is oxidized to a carboxyl group

(Fig. 1). Therefore, we first verified the cytotoxicity of the

isolated betulin in human lung adenocarcinoma cells A549,

H1264, and Calu-6 (Fig. 2). Consistent with previously

published studies (Periasamy et al. 2014), treatment with

betulin dramatically decreased cell viability in a dose-de-

pendent manner in all human lung cancer cell lines tested,

with IC50 values ranging from 18.7 to 39.6 lM (Fig. 2a).

The lung cancer cells treated with betulin showed typical

morphological changes observed in apoptotic cells (Elmore

2007), such as cell rounding, cell shrinkage, and membrane

blebbing (Fig. 2b). Taken together, these observations

demonstrate that betulin isolated from B. platyphylla var.

japonica bark also possesses cytotoxic activity toward

human cancer cells.

Evaluation of renoprotective effects of betulin

in anticancer drug-induced nephrotoxicity

Cis-diamminedichloroplatinum (II), also known as cis-

platin, is a platinum-based chemotherapeutic drug widely

used to treat a broad spectrum of malignancies, including

bladder, cervical, ovarian, breast, head and neck, small cell

lung cancer, and testicular cancers (Florea and Büsselberg

2011; Dasari and Tchounwou 2014). However, use of

cisplatin is often limited by its nephrotoxicity (Yao et al.

2007). Numerous attempts to mitigate cisplatin-induced

nephrotoxicity have failed to identify an appropriate

treatment. In addition to cisplatin, nephrotoxicity is a

serious dose-limiting adverse effect for many other anti-

cancer drugs (Boussios et al. 2012; Brami et al. 2016).

In traditional Chinese medicine, B. platyphylla var.

japonica bark has been used to protect kidney function and

to treat renal damage such as nephritis. To explore the

additional medicinal properties of betulin from the bark of

B. platyphylla var. japonica, we evaluated its nephropro-

tective potential by assessing its effect on cisplatin-induced

renal cell damage in LCC-PK1 cells. As shown in Fig. 3,

betulin ameliorated cisplatin-induced renal cell damage to

80% of the control value from the concentration of 5 lM.

Consequently, we propose that betulin exerts protective

effects against anticancer drug-induced renal cell damage.

Our previous study reported that lupane triterpenes

(betulinic acid, 29-oxobetulinic acid, betulin 3-acetate, and

lupeol) from Cornus walteri ameliorate cisplatin-induced

renal cell damage (Lee et al. 2015). Therefore, cisplatin-

induced renal cell damage could be prevented by lupane-

type triterpenes, and their biological activity may help

protect cells from damage caused by cisplatin.

To evaluate the effect of betulin on the cytotoxicity of

cisplatin, the effects of co-treatment of betulin and cisplatin

on the MCF-7 breast cancer cell viability were determined

by MTT assay (Peng et al. 2016; Taher et al. 2016; Aayadi

Fig. 2 Betulin isolated from B. platyphylla var. japonica bark reduces cell viability in human lung adenocarcinoma cell lines. a Cell viability

assessed by WST-1 assay in human lung adenocarcinoma cells A549, H1264, and Calu-6. b Representative bright-field images of human lung

adenocarcinoma cells treated with betulin at indicated concentrations. Data are presented as mean ± SEM. Scale bar: 100 lm
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et al. 2017; Jung et al. 2017) since cisplatin as a single

agent is recognized as first-line treatment in breast cancer

(Vassilomanolakis et al. 2005). The results showed that

betulin did not affect therapeutic efficiency of cisplatin

(Supplementary material Fig. S5).

Anti-gastritis activity of betulin against ethanol-

induced gastric damage in rats

Bacterial infections such as Helicobacter pylori, use of

pain relievers, excessive use of alcohols and stress are

common causes of gastritis (Tol et al. 2008; Jeon et al.

2014). Gastrointestinal toxicity such as gastritis is also a

serious dose-limiting adverse effect induced by

chemotherapy. Although there are several gastric damage

models using various inducing agents including H. pylori,

stress and aspirin for the screening of gastro-protective

drugs (Auguste et al. 1990; Hamlet et al. 1998; Verma and

Kumar 2018), betulin was further tested for anti-gastritis

activity against ethanol-induced gastric damage in rats

because ethanol is regarded as a major contributor to

mucosal lesion formation and ulcer in the gastric mucosa

(Jeon et al. 2014; Kim et al. 2017) and chemotherapy-

induced gastrointestinal toxicity is typically associated

with mucosal lesions and gastric ulcer (Mori et al. 1995;

Tol et al. 2008; Fukuhara et al. 2011). The severity of

gastric mucosal injury in rats induced by ethanol is shown

in Fig. 4. The model group showed macroscopic morpho-

logical changes including glandular area hyperemia and

mucosal edema accompanied by dot and linear hemorrhage

necrosis. Figure 4 shows that, when gastric lesions were

treated with betulin, ulcer formation was significantly

Fig. 3 Protective effect of betulin on cisplatin-induced renal cell

damage. LLC-PK1 cells were pretreated with various concentrations

(up to 100 lM) of betulin for 2 h and further treated with 25 lM
cisplatin for 24 h. Cell viability was assessed by MTT assay.

*p\ 0.05 compared to not-treated value

Fig. 4 Inhibitory effect of betulin on ethanol-induced mucosal lesions in rats. a Representative pictures of rat stomach. b Intensity of lesion area

analyzed by image analysis software. Data are representative of three independent experiments. *p\ 0.05 compared with ethanol treated group
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reduced in a dose-dependent manner at doses of 11 and

22 mg/mL. Based on this result, we confirmed that betulin

is effective for mitigation of ethanol-induced mucosal

injury.

Exposure to ethanol in vivo induces ulcers and produces

necrotic injury in the gastric mucosa (Jeon et al. 2014; Kim

et al. 2017). Although the pathological factors of ethanol-

induced gastric damage are complex, this damage may be

associated with inflammation and apoptosis. The factors

are correlated to oxidative stress caused by an imbalance

between oxidant and antioxidant cellular processes (Jeon

et al. 2014; Liang et al. 2018). The previous studies have

demonstrated that betulin has antioxidant effects (Ma and

Long 2016; Chunhua et al. 2017). Ethanol-induced gastric

damage might be prevented by betulin, which may help

protect cells from damage caused by oxidative stress.

In conclusion, betulin was isolated as a main component

from the bark of B. platyphylla var. japonica using an LC/

MS-guided isolation technique in the current study. To

identify bioactive natural products with alleviating effects

on chemotherapy-induced side effects and anticancer

activity, medicinal properties of betulin from B. platyphylla

var. japonica useful for cancer management were investi-

gated. In parallel with previous studies (Periasamy et al.

2014), we also found that betulin derived from the bark of

B. platyphylla var. japonica also exhibits cytotoxic activity

against human lung cancer cells in vitro. In addition, of

note, betulin was shown to protect renal cells from cis-

platin-induced cell death in vitro and reduce ethanol-in-

duced gastric mucosal injury in vivo. These data provide

the first experimental evidence for potential use of B.

platyphylla var. japonica as a functional food for allevia-

tion of adverse effects of chemotherapy as well as for

therapeutic intervention in cancer.
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