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Anti-Cancer Effect of Ursolic Acid in Melanoma Cell A375SM and A375P
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ABSTRACT - Ursolic acid is recognized for various effects such as anti-cancer, antioxidant, and anti-inflamma-
tory activity. In this study, we confirmed the anti-cancer effect of ursolic acid on human melanoma cancer cells,
A375SM and A375P. Survival rate of the melanoma cells was confirmed by MTT assay and the proliferation rate was
confirmed by wound healing assay. The rate of apoptotic bodies was confirmed by DAPI staining, and apoptosis rate
was confirmed by flow cytometry. The induction of apoptosis protein was examined by western blotting according to
the concentration of ursolic acid in melanoma cells. The survival and proliferation rates of melanoma cells were
decreased according to the treatment concentrations of ursolic acid. DAPI staining showed that chromosomal conden-
sation of melanoma cells was increased with increasing concentrations of ursolic acid, and increased apoptosis rate of
melanoma cells by ursolic acid was confirmed by flow cytometry. We also confirmed by western blotting that cleaved-
PARP and Bax were increased and Bcl-2 was decreased at 12 uM concentration of uricolic acid in melanoma cells.
This study was carried out at low concentrations of ursolic acid, 0 to 20 uM, and analyzed 24 h after treatment. As a
result of this study, it is thought that ursolic acid has the anti-cancer effect through the regulation of apoptosis-related

proteins in melanoma cells A375SM and A375P.
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th g} oA AFAHORE oof HHOE AMGEHE
A&gel 318t B2 T /M & 259 terpenoide THIFE
ok 3= 7}11_1“ ATt ol 53] &AM A=
22t gAREE F ot fUIAIR gEA dn o
Z 3ol £ Ei‘“/’”(ursohc acid)y> ZZ=vl2]| (rosemarinus
officinalis), Y| 3+-\}F-(eriobotrya japonica), 3|Y(calluna
vulgaris), W2 (ocimum sanctum) 52 <HA 2 EE2] 3}
%, 28 g9 SeEFH FF == pentacyclic
triterpenoidi/ﬂ 3tod= W 3lol 2ol Bls gt 9
= Ao BIFATY. FEEELRE TS ] tisiA
A EZAPE Al (apoptosis) F=, &7 ©] (anti-metasis), T A1
AY (anti-angiogenesis) ¢ FU7eS 7HIAL U= A=
HalA dopo) ek SEE&E e 19 o] A
oleanolic acid®} S B2 oFAll, 3B & ofg] 71x] 2] &9
A WA EE pentacyclic triterpenoidAl AFEH Q] UF Qi
FgAaT kg 2 g EAo] i B3], ¥Fe 2
oA =3} WA 9 FE A &7 Sol EEiA AU oé—r
98A 9 H-8A 13]—7 sPEE Toll ARSEO] gy,
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Materials and Methods

NE I HEx=
S AZ A FE(A375SM, A375P human melanoma cells)=
k=t Al 23(KCLS, Korean cell Line Bank, Seoul,

Korea)ol| A ¢

o

< Welgene

13199 tF. DMEM, FBS (fetal bovine serum)
(Gyeongsan, Korea)ll A T 3A )
penicillin-streptomycin,  trypsin-EDTA<  Gibco BRL
(Grand Island, NY, USA)olA] 43t} Ursolic acid
(Fig. )2k & AZolA AR dwbAQl A2 Sigma-
Aldrich Co. (St. Louis, MO, USA)IA #4334t} Ursolic
acids= DMSO (dimethyl sulfoxide)®ll 8]43}e] A3} T
FITC Annexin V Apoptosis Detection Kit= BD
Pharmingen (San Diego, CA, USA)°|A 435 th. Anti-
rabbit IgGS} anti-Bax, anti-B-actin, anti-PARP-2 Cell
signaling Technology (Cell signaling Technology, Danvers,
MA, USAA  FYsAL™  anti-Bel-2=  Novus
Biologicals (St. Colorado, Littleton, USA)IA 4331t}

MUY
A375SM3}  A375P= 5% FBS, 1% streptomycin-

penicilling 7}t DMEM ®j*]E AR8-3t 37°C, 5% CO,

Fig. 1. Chemical structure of Ursolic acid.

7} A=+ incubatordl] HlUSEATH ZEpAF A E7}
80~90% A= HNLS W PBSE AHEEle] A|EE AlFH &
trypsin-EDTAE A 2]3te] Attt wiA|= 2~3 dwrict
w3 A

HE YES 5%

ME AYEELS 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenylte-
trazolium bromide (MTT) assayS 53lo] =439t
A375SM3} A375PE 96-well plate®] 7+ welloll 2x10* cell/
mL¥ 53to] DMEM ®jA|ol|A 24 A7E 52t 37°C, 5%
CO,7t A5l incubatorel] B3}t 2+ ursolic acid
20, 4, 8, 12, 16, 20 ME A g 3lo] 24 A7+ Fob
incubator®l] ¥l 3t tE 24 A|7F & PBSO| 1 mg/mLE =
©] MTT solution(thiazolyl blue tetrazolium bromide)S 2z}
wellol] 40 uL® 2g]ste] 1 A|7F 30 & &<t incubatorell
Hjkaiith. 2 ZF wellel DMSOS 100 uL® =23}
o] formazans 3] £38)8lAc} ©]F FF =+ ELISA-
reader (Bio-Rad Labora-tories Inc., Hercules, CA, USA)ll
A 595 nmZ =43 T)

HE FuE 2%

A375SM3} A375PE 60 dishol 2><105 cel/mLE 53}
o 48 AIZF &t vttt 2 - &%¥ 1 mL blue tip
o7 2FHAE ] FLT FAHE A F X FHE
Fet dAv)gdoz B2 2H ursolic acidE 0, 8, 12 uM
2 ARt 24 A 7F F<F Hﬁoké}‘}iﬂ- 24 A7+ 3 ursolic
acid& A gstr] Hel A& A FE 23 dAnjFe
2 #AFsan

DAPI(4', 6-diamidino-2-phenylindole) &4

AlEZe] gk Wsh= DAPI(4, 6-diamidino-2-phenylindole)
staing F3te] Z4 3T A375SMH A375PE 60 dishol
2x10° cel/mLE EF3}o] 24 A7} F<t viksliith. 2 5
ursolic acidE- 0, 8 12 uMZ A Z]5le] 24 A|7F FQF B %

STt 24 A7 5 4% paraformaldehyde solutiong * 2



sted 15 # &< 228 A1Z1 F DAPI solutions ] 2] 35ked
& 4d 1| 7 (Zeiss fluorescence microscope, Carl Zeiss,
Thornwood, NY, USA)S 2 2008 AJofollA] #zslict.

Apoptosis 7

A375SM3}t A375PE SAF AEES 25-em’ flaskell ¥l
&3t ursolic acidE 0, 8, 12 uMZ 2|3} 24 A7 &
oF wjkalict. vl & PBSE M H3 FH trypsin-EDTA
£ olg3t] MEE FASIGTE FA% ME+= 1X binding
bufferE  AFE3le] 1x10°  cells/mLE  THESITH
Fluoresceinisothiocyanate(FITC)-conjugated annexin V<
phycoerythrin(PE)- conjugated propidium iodide2 3 7}3}
15 27 f-3AI & FAX BAS Sall 376

28 229

SAF AE A375SMZ A375PE 1x10° cells/mLZ ¥l %
sto] ursolic acid7tF F7He v S A2 gk & 24 A7 &
QF HjFstATE. 2 ¥ trypsin EDTAS AH§-8t] Al XE
A T AHEE] (1,200 rpm, 5 min, 4°C)3}HATE 12|
cell lysis buffer(Invitrogen, Carlsbad, CA USA)E 78]
4°Coll A 20 B2 w-SAIZIT 20 B ¥ 13,000 rppmol A 5
E7F AAEE st AFAS A cell lysateZ ARE-SHA
t}. Cell lysate2] T & %= Bradford assays AME-3l
S4BT Cell lysateE 12% SDS-PAGE (sodium dodecyl
sulfate polyacrylamide gel electrophoresis)® 2|3+ &
nitrocellulose membranes (Hercules, CA, USA)S. 2 ©]&FA]
Zth. Membrane2 5% skim milk-TBST (20 mM Tris-HC],
pH 7.5, 150 mM NaCl, 0.1% Tween 20)°14 2 A|7F &<t
blocking¥t ¥ anti-Bax(1:1000), anti-Bcl-2(1:1000), anti-B-
actin(1:10000), anti-PARP(1:1000)2.2 ZA3}3x} 3Sl=
antibodyS ZH7} #7}sled 4°Col A overnightdtAth. 71
anti-rabbit IgG(1:1000)2 Z7}8le] 2 A7+ F9F WkS-A|Z T}
7z} "=+ imaging program?] Image J Launcher(provided
by NCBDE °|-&3t B=E S35t

A2

2 AT Ao BE AF A= 33 dHEsivion, 1
A P + BFHAE ARSSt] YeRIATE 7F 27k
o8 153171 $18K] one-way ANOVA®] ©]& Dunnett’s
ttest A4S AJ3YEIATH thRaF} Blwste] p<0.05Y W=
AT R folsittal W3t

==

Results

MF *11_’-1.21 BE S0l Uit Ursolic acid2] FF
3} X A375SM, A375Poll A ursolic acidol] 2|3t
HEZ AEES ol «16}04 ursolic acidZ 0, 4, 8, 12,
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Fig. 2. Effect of ursolic acid on the cell viability in A375SM (A),
A375P (B) cells. Each cell was treated with absence or presence
of ursolic acid (0, 4, 8, 12, 16, 20 uM) for 24 h by MTT assay.
Data are shown as mean + SD of three independent experiments
performed in triplicate. Significance was determined by Dunnett’s
t-test with *p<0.05 considered as statistically significant com-
pared with non-treated controls.

16, 20 uMe] F==Z 24 h X2] & MTT assays %133}

Atk A375SM2] AEE-L 100 + 3.25%, 101.29 + 2.50%,
66.81 £ 6.67%, 29.45 = 11.22%, 20.6 = 8.59%, 17.82 +
11.80%= ursolic acid 8 uM F-E FAH o2 {22l 7+
A5 HYoH, A375PY] AEE S 100 £ 3.60%,
10042 + 2.94%, 68.85 + 10.38%, 40.51 + 13.68%,
35.78 + 20.30%, 30.63 + 15.16%= ursolic acid 8 uM -
B SAXHCRZ fFolAQl AX AELE] HAE IR

th(Fig. 2).

A= M| o] FrlofA 2] Ursolic acid2] G

EAE A ETA Z2ES _1750}7] 213t ursolic
acidE 0, 8, 12uM= 24 h 2] ¥ Wound healing assay
Pl S A=A <ol 24 AJ7F ¢ 59
23} BlRstdal tlzaollA Eod Al
E 100%= 2433t Ursolic acids SA% A o
7#74 0, 8 12puM=E A3t A3}, A375SMA = 100 +
8.81%, 77.34 + 18.15%, 42.47 + 10.06%, A375PoA &=
100 £ 10.06%, 79.50 £ 13.21%, 61.93 + 9.14%= 2T
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Fig. 3. Effect of ursolic acid on the cell proliferation of melanoma cells. A375SM (A) and A375P (B) melanoma cells were treated with
ursolic acid 0, 8 and 12 uM for 24 h, and cell proliferation was then measured by wound healing assay. Cell proliferation of the wound
for any field of view was measured at 3 different locations (C, D). Data represent the means + SD of at least three replicates relative to
the control. Significance was determined by Dunnett’s t-test with *p<0.05 considered as statistically significant compared with non-

treated controls.

I HuPS wf TAHSZ FolH Mz F2E A
£ A ATH(Fig. 3)

Ursolic acido]l 23t ZMZF M| I o] FEfOIX H

S Alxe] FEeE wskE g1st7] 913k ursolic
acidE 0, 8, 12 uM=Z 24 h *2] 5 DAPI ¥4& A8
3t th. DAPI @3 HMo] W33k apoptotic bodyE
countingdl] apoptosis’t =¥ MXEE A Fs}sie] &
A3k th A375SMOIA = 0.8 + 0.83%, 18.0 + 3.87%,
33.4 + 4.44%, A375PAIME 3.4 + 1.14%, 152 +

2.58%, 33.0 £ 5.83%= ursolic acid®] X Fxol uw
2t BAHo2 {922l apoptotic body?] 715 F<l

SIS tH(Fig. 4).

Ursolic acido]] o]t ZM= M| o] apoptosis & &

SAZE M EZe] apoptosis Hl &S 213171 913t ursolic
acid® 27} 0, 8, 12 uM=Z 24 h A X3 5 annexin V}
propidium iodide 4} FAEZ AL Askah
apoptosis H]&-2 Annexin V ¢ M|Ee] vE&RE A3}
ATk 4 A A375SMOlA = 13.13 + 2.22%, 2535 +

=

F A



Anti-Cancer Effect of Ursolic Acid 187

A375SM

8

Ursolic acid(uM)

A375P

Ursolic acid(uM)

A375SM

NN W W
o n o w

Apoptotic cell (%)

[l
o wn o wu

12

Ursolic acid (uM)

D) A375P

50
40 =
$ 30
g
220 *
(=3
-3

5 ——
0 8 12
Ursolic acid (uM)

Fig. 4. Effect of ursolic acid-induced apoptosis on A375SM, A375P cells. A375SM (A), A357P (B) cells were treated with absence or
presence of ursolic acid (8 and 12 uM) for 24 h and apoptotic bodies were stained with DAPI. Chromatin condensation, representing
apoptotic cell death, was examined using a fluorescence microscope (x200). Indicated bar is 10 um. The graphs show quantification of
DNA fragmentation and nuclear condensation in A375SM (C), A357P (D) cell. Each bar represents the mean + SD calculated from three
independent experiments in triplicate. Significance was determined by Dunnett’s t-test with *p<0.05 considered as statistically significant

compared with non-treated controls.

2.85%, 35.53 £ 2.53%, A375PA+= 1049 £ 3.83%,
22.47 £ 0.60%, 30.09 £ 2.09%Z ursolic acid®] | &
Lol wet FAHSE F9HQl apoptosis HIE] S7HE
gRlat A ThFig. 5).

Mol 2] Ursolic acid?} apoptosis = Tl
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% cleaved PARPS} apoptosisE FE=dl= © =1,
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Fig. 5. Effect of ursolic acid-induced apoptosis rates on A375SM, A375P cells. A375SM (A), A375P (B) cell were treated with absence
or presence of ursolic acid (8 and 12 uM) for 24 h and apoptosis and necrosis cell were stained with annexin V and propidium iodide.
Apoptosis and necrosis were analyzed by flow cytometery analysis. The graphs show quantification of apoptosis rates (annexin V-posi-
tive cells) in A375SM (C), A357P (D) cell. Significance was determined by Dunnett’s t-test with *p<0.05 considered as statistically sig-

nificant compared with non-treated controls.
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blotE Za3t A3} 12 uM F=olA Bel-22] 74+ Shan
5 o] Aol LA ET HT-29914 apoptosis FHH
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Fig. 6. Ursolic acid down-regulated the expression of Bcl-2 and activated cleaved PARP and Bax. A375SM (A), A375P (B) Cells were
treated with 0, 8 and 12 uM ursolic acid for 24 h, the expression levels of Bcl-2 and the activation of cleaved PARP and Bax was

detected by Western blot analysis.

o] B Aol A ursolic acide] ZAF M E A375SM
A375Pe]] tgt 3t 855 EelskiT). Ursolic acide &
&, FAkst @ FATAZA Y VTS ZHF oy
Kashyap 577¢] oA #2808 9F whgo] et
HA gk dF 9l 202 Hoxl

Aot 2 AHAEA S B5S HIe] "Hﬁi in vivo 23
oA = ursolic acid®] FoAHF A F
2 AlsHEh

229

2

by
1
2
rlo
o2
o2

&

ot
>
_,_,
S

Z g3 e e

o
fr 2

o
N

PFE%Q;O] A 5

A37SSMJ+ A375P Aol FdE A7} )
% HP«I AELLS MTT assayS %3}
2] E-& Wound healing assay® 213}
totic body} apoptosis H]-&2] &l
AE F4E Jdstdnh. 28 o
AE M2 $-EEEAY
ptosis A FE5 ARSI ¢
x| wet SAF Alxe] AEs
te -

-

[
Rl

)
s}
HI
—u
9,
>

A 3Z o

=

, 2o K
o

dob g
0,
ol
2

¢
g ol
20
o[N

2
ol
o
e

[o

=
53]
lo
3

-

o
[‘.?ﬂ_ln

@)
>
o, T
mlo 5l
xS
et

2 |

e e
fil
oo
Q‘L
£ 4o
ot

apo

¢

I~>:E

>
N
A
L ﬂ!lﬂl

off o
l-ﬂ

=
2“” o}‘a‘t} DAPI 0.%“3 &5t
Al

o 1%
> I
lo

B
o
é rN

O}Oq -4—‘—7‘4& S% M|3Z9] apoptosis
s7He ERlskdnh 2ol d2d &
AI2E A375SM3F A375P9] $-E2&
cleaved-PARPS} Bax@] Z7}¢} Bel-29] 7HAE 3:?}
DP. B ATE 2L FEE 0 oA 20 uM
AEroa Hasglon, 24 g $ 24 A7F

SN A A o = [ O J% o2 to 32 @ rf 2= fob
—|—'
° i)
o Lo ) B
i)
e M
o
=
Z
off

Lif},__Ol-NiEJE

Moo 2 iz o

L AT AFE Kol &
A3 7SSMJ+ A375Pl| 4] apoptosis
T&E‘ﬂ ‘“/}““él%ﬂ s B3 FLaHE dov= AL

Acknowledgement

o =Ee 20179% FR (& &) Adoz
A A el A QS wrol £ 7)1 2 A AN A (NRF-
2017R1A2B4005516)

References

1. Wang HM., Chen C.Y., Chen C.Y.,, Ho M.L., Chou Y.T,,
Chang H.C., Lee C.H., Wang C.Z., Chu I.LM.: (-)-N-Formyla-
nonaine from Michelia alba as a human tyrosinase inhibitor
and antioxidant. Bioorg. Med. Chem., 18, 5241-5247 (2010).

2. Briganti S., Picardo M.: Antioxidant activity, lipid peroxida-
tion and skin diseases. What's new. J. Eur. Acad. Dermatol.
Venereol., 17, 663-669 (2003).

3. Picardo M., Grammatico P., Roccella F., Roccella M.,
Grandinetti M., Del Porto G, Passi S.: Imbalance in the anti-
oxidant pool in melanoma cells and normal melanocytes
from patients with melanoma. J. Invest. Dermatol., 107, 322-
336 (1996).

4. Lens M.B., Dawes M.: Global perspectives of contemporary
epidemiological trends of cutaneous malignant melanoma.
British Journal of Dermatology, 150, 179-185 (2004).

5. Rigel D.S., Russak J., Friedman R.: The evolution of mela-
noma diagnosis: 25 years beyond the ABCDs. CA: 4 Cancer
Journal for Clinicians, 60, 301-316 (2010).

6. Health Insurance Review & Assessment Service. Available
from http://opendata.hira.or.kr/op/opc/olapMfrnIntrslinsinfo.do



190 Joong-Seok Woo et al.

7.

10.

11.

12.

13.

14.

15.

16.

Lee J.W.: The apoptotic effect of allicin in human melanoma
cell line A375.S2. Doctoral thesis. Pusan University, Busan,
Korea. (2015).

. Bhatia S., Tykodi S.S., Thompson J.A.: Treatment of meta-

static melanoma: An overview. Oncology —Williston Park
Then Huntington-, 23, 488-495 (2009).

. Sivastava S.K., Singh S.V.: Cell cycle arrest, apoptosis

induction and inhibition of nuclear factor kappa B activation
in anti-proliferative activity of benzyl isothiocyanate against
human pancreatic cancer cells. Carcinogenesis, 25, 1701-
1709 (2004).

MaY.S.,HsuS.C., Weng S.W., Yu C.C., Yang J.S., Lai K.C.,
Lin J.G,, Chung J.G:: Crude extract of Rheum palmatum L
induced cell death in LS1034 human colon cancer cells acts
through the caspase-dependent and —independent pathways.
Environ. Toxicol., 29, 969-980 (2014).

Koo H.N., Jeong H.J., Choi 1.Y., An H.J., Moon P.D., Kim
S.J., Jee S.Y.,,UmJ.Y., Hong S.H., Shin S.S., Yang D.C., Seo
Y.S., Kim H.M.: Mountain grown ginseng induces apoptosis
in HL-60 cells and its mechanism have little relation with
TNF-alpha production. The American journal of Chinese
medicine, 35, 169-182 (2007).

Ha D.W.: Effects of terpenoids and organosulfur-rich plant
extracts on rumen methane emission. Master Thesis. Gyeo-
ngsang University, Gyeongsangnam-do, Korea. (2013).
Ikeda Y., Murakami A., Ohigashi H.: Ursolic acid: An anti-
and pro-inflammatory triterpenoid. Molecular Nutrition &
Food Research, 52, 26-42 (2008).

Forsyth N.R., Musio A., Vezzoni P., Simpson A.H., Noble
B.S., McWhir J.: Physiologic oxygen enhances human
embryonic stem cell clonal recovery and reduces chromo-
somal abnormalities. Cloning and Stem Cells, 8, 16-23
(2006).

Checker R., Sandur S.K., Sharma D., Patwardhan R.S., Jay-
akumar S., Kohli V., Sethi G., Aggarwal B.B., Sainis K.B.:
Potent anti-inflammatory activity of ursolic acid, a triter-
penoid antioxidant, is mediated through suppression of NF-
kB, AP-1 and NF-AT. PLoS One, 7, 31318 (2012).

Prasad S., Yadav V.R., Kannappan R., Aggarwal B.B.: Urso-
lic acid, a pentacyclin triterpene, potentiates TRAIL-induced
apoptosis through p53-independent up-regulation of death
receptors. Evidence for the role of reactive oxygen species
and jnk. The journal of biological chemistry, 291, 16924
(2016).

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Liu J.: Pharmacology of oleanolic acid and ursolic acid.
Journal of ethnopharmacology, 49, 57-68 (1995).

Mezzetti T., Orzalesi G., Bellavita V.: Chemistry of ursolic
acid. Planta Medica, 20, 244-252 (1971).

Shan J.Z., Xuan Y.Y., Zheng S., Dong Q., Zhang S.Z.: Urso-
lic acid inhibits proliferation and induces apoptosis of HT-29
colon cancer cells by inhibiting the EGFR/MAPK pathway.
J. Zhejiang University. Science. B., 10, 668-678 (2009).
Chadalapaka G., Jutooru I., McAlees A., Stefanac T., Safe S.:
Structure-dependent inhibition of bladder and pancreatic
cancer cell growth by 2-substituted glycyrrhetinic and urso-
lic acid derivatives. Bioorganic & Medicinal Chemistry let-
ters, 18, 2633-2639 (2008).

Shanmugam M.K., Ong T.H., Kumar A.P.,, Lun C.K., Ho
P.C., Wong P.T., Hui K.M., Sethi G.: Ursolic acid inhibits the
initiation, progression of prostate cancer and prolongs the
survival of TRAMP mice by modulating pro-inflammatory
pathways. PLoS One, 7, €32476 (2012).

Wang X., Zhang F., Yang L., Mei Y., Long H., Zhang X.,
Zhang J., Qimuge-Suyila, Su X.: Ursolic acid inhibits prolif-
eration and induces apoptosis of cancer cells in vitro and in
vivo. Journal of biomedicine & biotechnology, 2011:419343
(2011).

LiJ., Guo W.J.,, Yang Q.Y.: Effects of ursolic acid and olean-
olic acid on human colon carcinoma cell line HCT15. World
Jjournal of gastroenterology, 8, 493-495 (2002).

Ray N.: Ursolic acid inhibits cell growth in esophageal squa-
mous cell carcinoma by inducing autophagy. Master Thesis.
Chonbuk University, Korea. (2016).

Choi B.M,, Park R., Pae H.O., Yoo J.C., Kim Y.C., Jun C.D.,
Jung B.H., Oh GS., So H.S., Kim Y.M., Chung H.T.: Cyclic
adenosine monophosphate inhibits ursolic acid-induced
apoptosis via activation of protein kinase A in human leukae-
mic HL-60 cells. Pharmacology & toxicology, 86, 53-58
(2000).

Shan J., Xuan Y., Zhang Q., Zhu C., Liu Z., Zhang S.: Urso-
lic acid synergistically enhances the therapeutic effects of
oxaliplatin in colorectal cancer. Protein Cell, 7, 571-585
(2016).

Kashyap D., Tuli H.S., Sharma A.K.: Ursolic acid (UA): A
metabolite with promising therapeutic potential. Life Sci-
ences, 146, 201-203 (2016).



