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Quantitative Analysis of Bergenin in Astilbe rubra and Growth Inhibition
Effect of Ethanol Extract on Hela Cells
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Abstract — Astilbe rubra (AR) is a perennial, belongs to the Saxifragaceae family, it contains tannin and triterpene. AR has been
used in republic korea to improve toxication, fever, pain and convulsion. Recently, number of natural products have been ana-
lyzed for potential pharmacological activities including anti-cancer, anti-obesity and anti-diabetic medication. Consequently, we
investigated the growth inhibition effect of Astilbe rubra water extract (WAC), ethanol extract (EAC) and bergenin on Hela cell
(human adenocarcinoma cell). From whole plant of 4. rubra, bergenin was isolated by column chromatography and its struc-
tures were identified by 'H, "C NMR and IT TOF-ESI MS. High extraction efficiency of bergenin was shown at 0.95% under
60 min reflux extraction with 50% MeOH. The MTS assay showed that EAC (ethanol extract) treatment increased cell death
in a dose-dependent manner. Moreover, EAC treatment on Hela cell increased apoptotic cell death and caspase-3 activity.
Results suggest that EAC has growth inhibition effect on Hela cells, but not WAC and bergenin. 500 ng/mL EAC treatment

inhibited Hela cell at 60.2+1.5%.

Keywords — Saxifragaceae, Astilbe rubra, Bergenin, Uterine cervical cancer

AZ73 5 (uterine cervical cancery> 2 MAIZoZ o]
A e o T F HAE o2 I3 APFEC] 60%E
AL G A o, vt 91t ol
olo] Tl MRS xpA|3ct " A ApgAFete] X 8E
o] 8] Fref go] A7|et 22 o wet gzl
o 27 VA AR YE F o, £ v 3t
A LS B3l X EEAT =] A

*These authors contributed equadlly to this work.
*W A2 ZHE-mail) . johw7@nikom.or.kr
(Tel): +82-61-860—-2801

47

A 7k 545 Holu a3yt Houbar, 3kt
blg o] A X158 SAIE Bolal 3
wjoll, @A a37F LeA|A]
< olgal dAE APE 71
ATE0] Sy Y
Caspase-3 Tl -2 AREEQ1 Ae]olA 32 kDa Z71¢]
intact FEZ inactivation FENE FX3FaL o) M 9
Bore REy B3 ASHES AXH Asp”/Ser”

oro.
o

N

7 0 U o
S} Asp'7/Ser'”® F-E-o] ATEWA activation FEIE 2
a1 "oh'Y ms)k, Al W3l A apoptosise} necrosis7h
oJul= 5<F PARP-1(Poly(ADP-ribose) polymerase-1y2 &

=
223} A7 DNA repair processS A1 HE F3-2

o
See
ZA & Wk of} Thekeh Al EellA AlEAL HAEE F
£ BAAR AR QP

11 2] 7 3H(Saxifragaceae)l] &5h=

= QF(Astilbe rubra)



& 3= A ARG Y7t T 54 230l Aeks ohd
224 23L 30~70 cm 710, 27)= ZA AaL, 2

=

o] 71 "ol St} & sAolH, PRl FY7T ATk
Meh= 7890l F&Moln YT =, T2 Fo| Gl
e "do] Aok =2 1070, Sk=the wholnh. dull= 2}
FH=E Zol= 3~4 mm FEo|H, Fo] 24 E Zepxint. o
e Ag, AxE ohgos 2D el Fpn)
OFFHiR) B A AR NibEk L s Hxe G- EEHT
i), 2N L St AF (L), 78 D (L), el
(ER%), S (), SNE ()] Eso] Aow, g
A =00 Axd YEle T, WZIEAY, A7), T
4, 713, #4E, 225 F, 9% 5ol &0l o] vk
ko g ol o]gH . Y. 71E A& 3oty &
ATEE =T 0 ZE0] Wal2RE] cytotoxic triterpenesH )
analgesic compounds7}'? B %101}

2 AFolA = R oFO B ARSI =T 2 F0
B7HE 913 71 AAE Slel A8 e, O A
AN G S AAlete] Arstarzt sttt g =72
MeOH FZE00A #74 AMEF(ASPC-1 cell)ll FEoE
Aoz GolAS Yehfo],"” A3 5 Al EF(Hela cel)
o =R0F & FEE, AEE FEEFS AR A2
bergenine *2]3F] Hela M|l thsh Ala2d3A] a3
2 7138 sl

pob, ok
[iE:
= dd
N B

N

ME X

HEME - 2 o] AFE =Fom dxe 20159 8

o ol
Fston, Sxdisy stk st 113 waolA 9=
slo] A sle] ARSI EE(TKM-2108)S 31187

3
A7EelM Basiin

771 % AlgF - F= 2 238 A2k TLC 2 column$-
AeF 52 EFAIekS AMS-3FITE. Thin layer chromatography
& platei= precoated silica gel 60 F, plate(layer thickness
0.25 mm, 20x20 cm. Art. 5715, Merck)2} precoated RP-18
F,s.splate(layer thickness 0.25 mm, 20x20 cm. Art. 5423,
Merck)E ARE-3I o™, UVE] A2 2549 365 nmeoll =
A3tk Column chromatography®] % %14= YMC gel
ODS-A(50 pm)$F YMC gel ODS-A(20 pm)ZE AHE-3F33 T
A ZAEe wF2]o] AM8-¥ preparative HPLCE Agilent
A1200 series(Agilent, US.A)o|™, &Y 3}gtEe] 122
7] Yall o83 NMR(Nuclear magnetic resonance)
spectrum<> Varian 500 spectrometer(lH: 500 MHz, “C:
125 MHz)E A&-3ted &4 393, NMR €7 = Sigma.
Inc(USA)®] CD,ODE ARE-3IATE A glS 918l o]
83+ ESI-mass spectra= schimadzu LCMS-IT-TOF mass
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spectrometers ARE-SIATE YRR 418 9% 7Ax7]
(VS-1202D3, Jeiotech, Korea), 3] 3}Z(MF-21G Daehan,
Korea), Z235-%7]|(UC-20, Branson, USA)°|™, ERIA|E
ol & WAlEutE = g2 vl E 78 Z(ATS4&ADC2, Camag,
Swiss)E AH&-ataith 3 412 UPLC(Acquity UPLC
System, Waters, USAYE AFE-319.9H, columne ACQUITY
UPLC HSS T3(C,;) column(1.8um, 2.1 mmx100mm,
Watersys ©]-8-3F3Att.

F& ¥ B8 A% AR 2o AHE MeOH =&
S =R 0%E HE 20kgS 1.0kg® methanol 20 LE 715}
3AIZF &2t 33] ShR W7 3= - ASF F551e methanol
FEE 166 g2 AUt} ol& H,00 AT §, n-hexane,
methylene chloride, ethyl acetate, n-butanol <~ 2.2 #2] 35}
2 7 Y ES A9, =319 nhexane EEE 34¢
methylene chloride F3 & 5 g, ethyl acetate %8 & 24 g,
n-butanol &= 43 g, H,0 ¥ & 57 g At A<
d A ARE B FEEH EE FEES AR
100 g& 500 mL 572t 70% ole-e-2 7181 100°ColA
3A17Y, 33] REE S W7 FEdte] 4 1A% § ARgS)
ek,

XEEH 22| -LC-MS ¥ TLCE I & FoA4%
o] 3Ff-=o] U= ethyl acetate 3 E(24 g)= ODS gel
(50 um, 0.8 kg, YMC, Japan)°] S%I¥ glass column(16 cm
x80 cm)S ©]-8-3t>d H,0O(in 0.02% formic acid)-ACN &3}t
-1 (80:20, 70:30, 60:40, 50:50, 0:100)Z open column
chromatography2 28&3.0™, LC-MS ¥ TLCE 237
Jalod 11742] AR-EE(NRE 1~11)E W3l ©] 5 NRE
44 g)E glass column(4 cmx60 cm)©l ODS  gel(20 pm,
0.4 kg, YMC, Japan)2 S %1A17] 32 H,0(in 0.02% formic
acid)-ACN & &8 1(90:10, 80:20, 70:30, 60:40, 50:50)=
ARE3) column chromatographys Z1e§sled 77l1e] AE-8lE
(NRE 4-1~7y& A3t ©] 5 & E NRE 4-3(410 mg)
< ODS column(30 mmx250 mm, 5 pm, phenomenex, USA)
7} %2 preparative LC(Agilent, infinity 1260, USAYS A}
43} 10-25% ACN, 24 mL/mine] ZZA 2 Z 270 nmol| 4]
I3 1240 me)ye E2skch.

Bergenin (1) — white powder; 'H NMR (500 MHz,
CD,0D) 6 7.08 (1H, s, H-7), 4.95 (1H, d, /~10.5 Hz, H-
10b), 4.10 (1H, dd, J~=10.5,10.0 Hz, H-4a), 4.02 (1H, dd,
J=10.0, 9.0 Hz, H-4), 3.95 (3H, s, OCH,), 3.81 (IH, dd,
J=9.0, 5.5 Hz, H-2), 3.68 (2H, m, H-11), 3.42 (IH, dd,
J=9.5, 9.0 Hz, H-3); °C NMR (125 MHz, CD,0D) &
165.8 (C-6), 152.4 (C-8), 149.5 (C-10), 1423 (C-9), 119.5
(C-6a), 1173 (C-10a), 111.1 (C-7), 83.1 (C-2), 815 (C-
4a), 75.7 (C-4), 743 (C-10b), 719 (C-3), 62.7 (C-11),
60.9 (OCH,); LC ESI IT-TOF MS: m/z 327 [M-HJ .
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ozt T HAo 7 39T, AFE EZ bergeninS
1.0mge A=A gof Wghe 10mLE FHo FFHo=
Stk A 2 FF 10 uLs IRt =g 4
7 (F3A H7hE WA whE ekl A AsITh A
7l 8wl ethyl acetate-acetic acid-formic acid-water(50:5:5:
7.5 ¢F 10 cm %708 S 365 nmol|A] H23HATH
LUMME — istl=reRd ] 117078) LukAY 5 28.
AN Rl Fate] Zhzhe] xRy, A 2ghEkE-2ol
S 2, 3|7, 2SS AlEel wE AAEk
EFENH =N - =FoF Ax2HY Egd A% 22
bergening MeOH ol %] 750 ug/mL~46.875 ug/mLe] Tt}
A FE ol2& HTNS At ARSI
Hol =N - 7AxH =F0F HMExE sl 185 A=
2 % °F 1.0gS AFstal, FF &9 (MeOH, 50%
m
Z

X

L& A7bste] 3087 =

HPLC BM =7 - =F &4 #2d Ax =32
[e) ‘H S =

Table 12} 72o]

HEM 2 MM (Linearity) - X3 =72 bergenin®] *
9 750, 375, 187.5, 93.75, 46.875 pg/mL FEZ 0] &5}
S UPLCE A3l on sxo iz 33 HHg o] 83}
of A= 2T AL y=ax+b(y: peak WA, x:
AFFE, a: A4 71871, b: yd9)e] Fel2 2233

Table I. UPLC condition of bergenin

Instrument UPLC (Acquity Waters 20 AD)

Flow rate 0.5 mL/min
Injection volumn 2 pL
UV length 272 nm

Mobile solvent A : 0.1% formic acid in water
B : 0.1% formic acid in ACN

Mobile phase Time A (%) B (%)
0.0 95 5
1.5 86.7 133
2.5 86 14
3.0 80 20
5.5 80 20
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MIZHHQF — A 3ol A8-% Hela A3 (human adenocarci-
noma celly= =AM Z5-23(KCLB, Seoul, Korea)® Z5-E
o Wo} AR8-51ITE. RPMI 1640 WIA] (Thermo, Waltham,
MA, USA)°l|l 10% FBS(fetal bovine serum)2} 1% penicillin/
streptomycing F7Fske] ARESFAAL, 37°C, 5%, CO, 271
oA et Tt.

MTS Assay — Al ZAHEE-2 CellTiter 96° aqueous one
solution Cell proliferation assay kit(Promega, Fitchburg,
WL USA)E AH&-3ste] S &1t Hela Al 25 96 well
plate] 1x10°cellsmL FE7} 52 2538 5 37°C, 5%
Wl F710 A 24417 M FTE & FE =2 31.25, 62.5, 125,
250 28|22 500 pg/mlL F==, 2] E4& 6.25, 12.5, 25,
50 Z2]3L 100 uM FEZ 24A17F B2k A 25k v sk
T} 24417k 5| MTS A19F 20 pLE 93 2A17F 54t vt
< microplate reader infinite® 200 PRO(TECAN, Mannedorf,
Switzerland)Z ]3] 490 nmolX F2=S 24519,
A ZAEES Az tigh AEEE A6

Caspase-3 Activity Assay — Caspase-3 colorimetric
detection kit(Enzo, Farmingdale, NY, USA)E ©|-83|] A&-e
JeYsiet. o= Ag] F wjde] Ed Hela Al £= PBS®
23] A= 3L Pierce™ protease and phosphatase inhibitor
mini tablets(Thermo, Waltham, MA, USA)7} &€ RIPA
cell lysis buffer 2(Enzo, Farmingdale, NY, USA)Z 2A] 7F
B 4°CollA EalEtth. M ESs N Y7 = 4°C,
13,000xg Z7104 20327 A4lwe] ofla, dild w2
bradford assayS ©]&3te] =431t & 20 pgol v
A AWES ARgste] AzAPE AAEE protocoldl] weF ¥
2 st

FACS Analysis — Annexin V-FITC apoptosis detection
kit(Enzo, Farmingdale, USA)E 2183191t} Apoptosis2] H]
&5 A3 S8l ARARNA AFe Z2EF| uhe
annexin V-FITC®} propidium iodide(PI) &3tlo]Z A
Hom, X% A XZ= Novocyte flow cytometer(ACEA,
San diego, CA, USA)E ©]-&3}] #4131t

A 2| - 5A Al HaiTH 2 (mean=SD)E Y
BRI, < 7Fe] freldS A7gshr] flslo] SPSS(Statistical
Package for Social Science Inc., Chicago, IL, USA) &7
228 ARSI Y94 (one way ANOVAYS
ANeio, freldol S 739 p<0.05 <EelA, Duncan’s
multiple range tests A5}
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Fig. 1. Chemical structures of bergenin.

peak?t m/z 3279014 ERISIAL, formular predictor(Shimadzu,
Japan)E ©] &3 A3} CH,0,9 BA4S At 'H-
NMR spectrum 41 Al § 7.08 (1H, s, H-7)oll A 17} €]
benzene ring proton peak®], & 4.95 (1H, d, J/=10.5 Hz, H-
10b), 4.10 (1H, dd, J/=10.5,10.0 Hz, H-da), 4.02 (1H, dd,
J=10.0, 9.0 Hz, H-4), 3.81 (1H, dd, J=9.0, 5.5 Hz, H-2),
3.68 (2H, m, H-11), 8] 2 3.42 (1H, dd, J=9.5, 9.0 Hz,
H-3)°1 416711 2] oxygenated proton signal®], § 3.95(3H, s,
OCH,)°IM 17§2] methoxy protong E<181%it}. “C-NMR
spectrum®l| 4= 170 €] ketone signal § 165.8 (C-6), 671 <]
benzene ring carbon & 152.4 (C-8), 149.5 (C-10), 1423
(C9), 1195 (C-6a), 117.3 (C-10a), T I 111.1 (C-7), 6
7N 2] oxygenated carbon peak & 83.1 (C-2), 81.5 (C-4a),
75.7 (C-4), 743 (C-10b), 71.9 (C-3), 223 62.7 (C-11),
1702] methoxy carbon & 60.9 (OCH;)< sl T). o]/
o] A7 v oz 71E9 £33 vlwate] shehE 12
bergenin® 2 % AA s ch(Fig. 1).”

EOIAE - A3 £ bergenin®] ZTN} FE3
< olgste] MEARrkETZ A3S APk 365 nm
oA &S A3} Rf=0.55004 FEA WS gl
(Fig. 2).

UHIME - =F 052 tigtekdol FAjEo] IA &=
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Fig. 2. TLC chromatogram of 4. rubra and bergenin.

Table II. The contents of bergenin by extract solvents
Content (%)

MeOH 50% MeOH  H,O EtOH

0.405 0.550 0.217 0.465

Solvents

%t} MeOH, 50% MeOH, H,0,
AR SHFS | wgk A3} Table
ek 7o) 50% MeOHM F& &&°] 7P =2 A& &

AL, F= T8l 7FE S 50% MeOHS % &)
2 310 259 B R FE 302, 302 29, 6029] F

& Z7A¥E B3k 23} Table I} 7o) 3hqF 608 =
o] 7FF =& AL RN A B-e] HFY 46.875~
750 pg/mLe] M SlolA HAHA ABAFR)S 0992 =
2 HAAAS YeERRATHFIg. 3). Z 23 =F2F 50%
MeOH FZE914 bergenin®] 32 0.95%= 154
THTable IV).

Table III. The contents of bergenin by extraction time and methods

Extraction method Sonication Reflux
Time (min) 30 30%2 60 30 30*2 60
0.931 0916 0.889 0.956 0.952 0.958
Content (%) 0.905 0.913 0.889 0.948 0.939 0.954
0.877 0.908 0.887 0.938 0.923 0.946
Average 0.904 0.912 0.888 0.947 0.938 0.953
SD 0.027 0.004 0.001 0.009 0.015 0.006
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Fig. 3. HPLC chromatogram of bergenin (A) and A. rubra (B).
Table IV. Calibration data for analysis of bergenin
Regression equation Content LOD LO
Compound y=axtb onten's R’ Q
(mg/g) (ng/mL) (ng/mL)
Slope(a) Intercept(b)
Bergenin 15.528 182.58 9.53+0.00 0.999 0.05 0.14
S s Bergenin H%E F=21 500 pg/mL FEONA 60.2+1.5%7HA] AR
' ThFig. 5B). 484 3E 8°FsPH EACT} HelaM| 2ol ths)
LE+04 y=15.528x+ 18258 QAT AP EIE T e A0 bR, WAC

3 R2=0.9994
E =
S 8E+03
]
o
[a W
4.E+03
0.E+00
0 200 400 600 800

Concentration (ng/mL)

Fig. 4. Calibration curve of bergenin.

MEMEE EM _ Hela A X0l el =F0F & F
E(WAC), =F2.%F det& FZE(EAC)T +8 E4<
bergenin®] HH|E APE &3S SRI38H7] 9ldl MTS assay
2 FYPEAT. FEELS 3125, 62.5, 125, 250 282
500 pg/mL =2, ¥ 28 6.25, 12.5, 25, 50 28]
100pM TEZ 24A17F B XS wl, WACS}
bergenine Hela Ao thall dAIE APE & 3= YERA]
2L O W (Fig. SA, 5C), EACE 125 pg/mL %014 Hela
AZ] BEES 725+1.1%7H] AR Z S Wt ol gt

0

o

9} bergenin 9]¢l E¥7F YERA] ettt o] A
£ vl 2 WACS bergenin Hela Al 3ol sl &<t
g0 §lE Fo® A", EACE A3 §=E 31.25,
62.5, 125, 250 &3 500 pg/mLE AH3F93L, EAC 2ol
£ apoptosis®} necrosis & 71 AE Y SIATE
MIZEXIHEAL 2M — EAC7T apoptosis 5= necrosis Hela
cell A|328] AP AF= vt o] Peiet. =F o5
Nere: FHEL 125, 250 2B 3L 500 pg/mL FEE 244]
7Fs9t A2)8t 5 annexinV-PI 9212 53] flow cytometry
ol|4] apoptosis2} necrosis®] H| &S SA3ST A= &
o8-S u] EACE 559532 F Hela A2 apoptosiss
S7P171= Aol SRIEAAL, AL F%81 500 pg/mLellA]
apoptotic death(apoptosis+cell death)H]&-] 25.8+2.5%7}4]
Z7F A tHFig. 6A). TFHFO 2 N EAEALS feste o
WAl caspase-39] SAHEE S437] $18 caspase-3
activity assayS 43 3}tk EACE 31.25, 62.5, 125, 250
8] 500 pg/mL F=E Hela A|Eo] 24417F <t A3k
5 gelsjl i A3} 500 pg/mL FE=oA capase-3 ST}
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Fig. 5. Cytotoxic evaluation of extracts and bergenin on Hela cells. (A-C) Hela cells were treated with extracts and bergenin for
various concentration. Cell viability was measured by MTS assay. Means values+tSD from triplicate separated experiments are
shown. *Means with difference letters are significantly different at p<0.05 by Duncan’s multiple range test.

gzl vlal 125.9+1.4%71A] o402 S7H=EATH
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= A& FAH. o] EAC7} Hela Al EF oA
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Fig. 6. EAC increases apoptotic cell death and caspase-3 activity in Hela cells. Hela cells were treated with various concentration
for 24 h. (A) Hela cell visualized by Annexin V and propidium iodide staining analyzed by flow cytometry. Representative images
were taken from at least three independent experiments. (B) Cell extracts were subjected to caspase-3 activity assay, caspase-3
activity measured by caspase-3 activity assay. Means values=SD from triplicate separated experiments are shown. *Means with dif-
ference letters are significantly different at p<0.05 by Duncan’s multiple range test.
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