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ABSTRACT

Background: This study was carried out to investigate the anticancer effects of Gastrodia elata
Blume extract (GEE) in human hepatoma-derived Hep3B cells by apoptotic cell death.

Methods and Results: To evaluate the anticancer effect, a Hep3B cell viability assay and a real-
time quantitative reverse transcription polymerase chain reaction (QRT-PCR) on GEE were per-
formed, which was obtained extracted by ultrasound-assisted extraction and then used to treat the
Hep3B cells. Cell viability was inhibited to 48.2% (4.0 mg/mQ). To identify anticancer mechanisms
using qRT-PCR, mRNA expressions of B-cell lymphoma-2, its associated Bax protein, and 5’-
AMP-activated protein kinase were examined with a comparative A Ct method. A qualitative anal-
ysis of the bioactive compounds in GEE was coducted using liquid chromatography tandem mass
spectrometry, gastrodin and phloretin were identified as the two major compounds.

Conclusions: These findings demonstrate that GEE can decrease liver cancer cell viability and
control apoptosis gene expression to have anticancer effects, GEE could be employed as a natural
anticancer agent with less side effects than those of traditional anticancer medications.

Key Words: Gastrodia elata Blume, Anticancer, Cell Viability, Gene Expression, Hep3B, Real-
time Quantitative Reverse Transcription Polymerase Chain Reaction
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AdA g 7P Fagk A
(apoptosis)= Z=E 8|20
E WA sl AARIAke] Wt
GAE]o] syt xIeE vAdA
Ash=s F838F Hol7ldoltt. o= SIERES SolFog Ab
A7 O E AME &4 Ak
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2o 0 9t
o w3}s} Apo]

52 ARSNGB

ol=
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=, kel 2B 2 Ale)A, blo]
2 g A os] YA EE WA AlE AEAL
(intrinsic apoptosis)2} tumor necrosis factor-a. (TNFa), Fas cell
surface death receptor (FAS) ¥ TNF-related apoptosis-inducing
ligand (TRAIL) 59] AlolE7IRI0] fmdhe 214 AX A}
HA} (extrinsic apoptosis)?} HE T (Alnemri, 1997; Jin and
El-Deiry, 2005).

Al ZPEALE 718l Qlo Fa ¢ AE FAAR] Bcell
lymphoma-2 (Bel-2) W&¢] TA|E7} fEH|sle Ale]E7}
QA HY AR AE AEANE gt gEA o
(Zhao et al., 2001). 53] v|EZ=glole] outy} A H-915
7H Bel-2E M EZNA nEZEgjo} H O 2 o]F3ske] ]
EFcgo} we] FadS A ARIEAE CY AlEd &
Z2 o} DNA #3849 caspase-activated DNase (CDA)
inhibitor®] B &A3LE T3l AlE AEAE AAAZIT
(Hockenbery et al., 1990; Hong et al., 2012).

o]¢} t)-8-3l= Bel-2 associated X Protein (Bax)y= P|EE
o} vhE 33l Bel-29F Aste] Bel-2/Bax H8AE 34
sl Bel2E AAA AFHoR 2dsle JES s
olg|gt Bel2 A1 A W2 A W Ml APEAL oA
£ Fgh ek FFolx T8 TS sl A9 FHo| T8
3k 7oz BUEY (Korsmeyer ef al, 1993; Okada ef al,
2001).

g, QFo] MlE AEAF f= AR AMP-activated protein
kinase (AMPK)= A4S, G A3 EF40 <al Al
Z W ATP7E 2382 o ol|A] Alezt ods ab o=
2Hl ARE AL A AR SA43E T2 (Soung
et al, 2005; Borger et al, 2008). 53] AMPKos= ol|UA] 4H]
AR A B PR BYsE ato] Al APEARE
fresh] 91k 2F AE2A] AE ZEAL 7154 AMPK
AzAY A7e] FaXo] #4xEZ I} (Koh and Chung,
2007; Kim et al., 2019).

Al (Gastrodia elata Blume)= thd ZE 2EZ dH=
A2 gastrodin, gastrodigenin®} p-hydroxybenzyl alcohol
o gy Ho] FHrEo] dvar deA low its)
g 2 T 5o AEAo] =2 Ao Z HIFE} (Zhishen
et al., 1999; Lee et al. 2021).
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< JAANA At FEEo] o] Ao FEFS F=
Z BIET} (Yoon and Lee, 2009; Kim et al., 2021).
5 (2020)2] ATolME ARA HES AE
HAnp 52 FoAX] AE AEAREo] 2 v S7te}
go g Wol He= AS WAL BAEgH. o]
g drke 39F 2AEA Y] 28 7l gk A A
=] ot 7R MEoA Ml FEEC] U B A
AMEARE H7keRe e vH)e Aot}

53] ddeie ¢ X83h] 98 94

- m=

Re.

IS ALE

S AREST valsle] 54 9 Rxgo] A4 Az
oldare mAme Ratgo] HistE AAE 2 Ikl
2= 0

T8t S7RIAL Jom olof & AFtelxs HntRiE et
Al A el gk 712AEE AlFstalAt skAth (Emst
and Cassileth, 1998; Festuccia et al., 2005).

mep 2 AT Ael FEES A7 fu 719 AEF
Hep3Boll Aglated M A7 Aol 74k A2 APEAL &
ARl Bel-2, Bax®t AMPKa ol v]X& H3S (RT-
PCRE o|&al F3A wals iRlela nt 559 Fo=
AL At AAE fEle] 0k AE AEAL SAEA &
€ 7Fsds Flstaat sisith

hyA

£79)
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b=

1. & Mg
An} (Gastrodia elata Blumey= 5538 (Muju, Korea)
oM AxEE FulE] ARSI FEE fIEl 99.5% (viv)
NI 12k FHTE 3t SR ARSIl
ARy Ay 54 F22 S8 Avk 1.0 g0l 50%
erE 10m & 7Fst 259 537 (SD-D250H, JAC
Ultrasonic, Hwaseng, Korea)E ©]-&3f 40.0klz 2] d&ut2
60CollA 3087 =& X3
AR S P8l A7) (LoboGene 1236R,

[e)
=
=
2= =

== 0

TE=

Gyrozen, Gimpo, Korea)s ©]-8-31¢] 4Co|A] 5 &7+ 10,000 pm
oz Aeds B 3 WF Busle] dao ugl st
o ARg-3I3ATH
2. MIEZ bf

Anp FZ2o] M mXle FFS Brksh] S8 <17t
A7 Al (HEK-293)9} Q17 749 Al (Hep3B)E g Al

X+ 23 (Korean Cell Line Bank, Seoul, Korea)ollx] £
wol Algsllom ME wlUdS 18] Dulbecco’s modified
eagle’s medium (DMEM), fetal bovine serum (FBS), penicillin
2 Thermo Fisher Scientific (Waltham, MA, USA)lX i3}
o] ARGkt

AE M= 1% (w)el penicillingt 10% (vv)e] FBS
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7} £39 DMEMS ARSI 2= 37CE 3As9eH
5% CO7F 3FEE CO, vl%7] (MCO-18AIC, Sanyo Electric
Co., Ltd., Osaka, Japan)g ARS-3te] wgstaict. Al wi¢F
AP M E v S0 7t AlEE 5.0 x 10* cells/well

2 BT F 24 AR TR ARE SERIEk Al J

RS
3. Z2Kb MIEZ &7 Kol 53

Aup FE20] 71 A2 A Asiol vXle 98 &<
3171 S8l 70 MEFZS 18044 96 well platedl] 1.0 x 10*

cells/well 5= 5 CO, v oA 37 2702 24 AJ7H )
&It ©]F DMEMS AAS 7 FE2ES sEE=E 34
atod 20 A platedl] w3kl 72 AIZF ¥l Foll MTT Al
o} (Sigma-Aldrich Co., St. Louis, MO, USA)S 0.25 mg/mnt =
PBSell 83X DMEMS} &gtste] EH0|E 5 & 4 A
7 w8 3k 5 dimethyl sulfoxide (DMSO)E 100 (4 & B
slal vle]aZ E0|E 2]H7] (AMR-100, Allsherng, Seoul,

Korea)® o83 s40m ol F3w=8 24300 s
Ar} 322 Wrlre) FAEE AN oklel Aol bt A
T AEEE W

MAE AEE%) = (1 —g) x 100
A vt 22 el FEE (9D

B:DMEM #H7HFe] 4% (&)

b NI KFEAE 57EIAL

4 M

vl FE2F A 70 AlE APEAF §HA ] S
E357] el 7+ AlES 1.0 < 10° cells/wellZ 96 well plate
| 258 5 24 A uig F AHep FE2ES 0.0mgml -
Smg/ml o] FEo 2 A el

2 5 AlEE 3L AccuPrep® Universal RNA
Extraction Kit (Bioneer, Daejeon, Korea)S ©]-83}¢] total
RNAS $%3 5 NanoDrop" 2000/2000c Spectrophotometer
(Thermo Fisher Scientific Inc., Waltham, MA, USA)= total
RNA %S =434t} cDNA 32 Step One Plus™ real-
time PCR system (Applied Biosystems, Waltham, MA, USA)
o] A1 amfiRivert cDNA Synthesis Platinum Master Mix
(GenDEPOT, Barker, TX, USA)S ©]&3l F8351%]

433 cDNA 2.0 14 9+ PowerUP™ SYBR® Green Master
Mix (Applied Biosystems, Waltham, MA, USA) 10.0 1L &
E33F FH pacting 7FE ME AEAL F-21211 Bel-2, Baxet
AMPKa =ZZ}o|HE Z}z} 1.0 A H7FSkaL  diethylpyro-
carbonate (DEPC)E ZHEH-3]7} 20.0 7 ¥ =5 283 &
Z7] WA 95CeA 10 &, ¥4 W& 95ColA 15 %, 28]

S
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Table 1. Primer sequences of Bax, Bcl-2, AMPKo. and (3-actin for
evaluating liver cancer-related gene expressions using

qRT-PCR.
Target  Primer Sequence (5— 3’)
Forward CTCCCCCCGACAGGTCTTT
bax Reverse TCC CGG AGG AAG TCC AAT G
Forward CAT GTG TGT GGA GAG CGT CAA
B2 everse  GACAGC CAG GAG AM TCAACAG
Forward ~ TCT GCA GCT GTG GTG TTATCT TG
AMPK Reverse  GAC AGC CAG GAG AAA TCA AAC AG
~ Forward TGG CAT TGC CGA CAG GAT
fractin Reverse CCGG CCGGACTCGTCATACT

L AF WS 60TelA 1 3, )AL A% vk 72TCellA] 30
%2 60 3] qRT-PCRS 21331 Th

azgtolM e HZAsle 227320 Primer Express 3.0.1 (Life
Technologies, Framingham, MA, USA)Z AASIRIL F7]A]
gE Table 19 YERNATE EAIHL comparative C; method
£ olgslger A& CE 200 WS B8 7 Al
o3k Ao AAISII T (Kenneth and Thomas, 2001).

hul

ACr=[Cr EARFAAN - Cr (224D

T = [Cp (FAFAA) - Cp (ET
2

1 2]

9=AACT —

22 844} :Bel-2, Bax®t AMPKo®] ZF Cr2} AC

2]
EzF FAAF 0 paactin®] ZF Cr2F AC,

ot FE= FeSE
Anp FEEo] 23 918 LC-MS/MSE
o]-gate] A T sl om AR
H o]F7d formic acid®} acetonitrile (Sigma-Aldrich Co.,
St. Louis, MO, USA)}> HPLC 5+ AIFS ARSIt
AE FHE SJEl Ant FEES 10 40 AES FYHsAL
022mme] F= Z71E 7K A¥A FE (Hyundai Micro
Co., Anseong, Korea)= 33+ 5 Roc™ C18 Z¥ (3.0mm
x 150 mm, Restek Co., Bellefonte, PA, USA)S “g=2Fet LC-
MS/MS (Finnigan TSQ Quantum, Thermo Fisher Scientific
Inc., Waltham, MA, USA)YE o]&3lo] &4 AES X3
SR o] B 2% 59 7S Table 20 JERHSITE
A ZA7AME AlF AUAE Thsle] o]
AHEE 0] 23} (electrospray ionization, ESI) HI'He] o]
TE x7oR dAsiglon A AHEY HHo A

o) Azl ¥= 50 m/zollA 800 m/z7HA] A3 AA A
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|t
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Table 2. LC-MS/MS operating condition and mobile phase
composition for an3alysis of major compounds in GEE

analysis.
Operating condition
Specific charge 50 m/z - 800 m/z
Column temperature 30°C
Injection volume 10

Mobile phase A
Mobile phase B

1% (v/v) formic acid/distilled water

1% (v/v) formic acid/acetonitrile

Flow rate 0.2 mY/min
Running time 20 min
Gradient Profile
Time A B
0 min 95.0% 5.0%
11 min 0.0% 100.0%
14 min 95.0% 95.0%
15 min 95.0% 95.0%
20 min 95.0% 95.0%
RE (full scan mode)s B3l A 2HERS ST

6. SA =M

RE AL 3 3 ukE Fste] Ads B+ + 250
22 FAISFIS™ GraphPad Prism Software (San Diego, CA,
USAYS AREsle] BA] AElE A A8+ 7F f24
H7K= One-Way ANOVAZ A3 7+e] 414 §94S p
<0.05 7|E=o2 A8k
(3

al R
= J&

At
. Mo FE20] 212 MIE MZE)| OXl= st
vl (Gastrodia elata Blume) FZ&&2] 7+ A2 A7
A E Felshr] fl8] drf FE2ES 0.0 mg/mlol|A] 4.0 mg/ml
7HA9] FEZ At AlxE AGS HaEie o A Al
FollA A Huls=Ed 4.0myml 7R AE A Asi7t 9
Ao 7 MroM= T o807 Al o] AF
] 53] 1.0mg/ml o]Fe] FEeA AlE /3o folgk A3
B AT (p<0.05). T3, Hup FE2ES 4.0 mg/ml
o] FEoFE AE Al L H|aLste] 482%°] TEOE
7 ME RS AaAPE AS ERIsT (Fig ).

[CR=TN = B - A= = d
v FE2E A2 9 in vitro A8 At o] A

=i

Tl =W Al FH2ES 10mgme o] FE FEOR A

S 749 2t AEF (Hep3B)yE HIES 4 F9o ¢ A0
gk A A 7 Aol ERIE B Atk (Kim er dl,
2002). o]& & AFelA] A3 T2l 4.0 mg/ml Hrf v

.21
=

&
o
0
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Fig. 1. Inhibitory effects of different concentrations of GEE
extract on HEK-293 and Hep3B. Hep3B cells were
treated with indicated concentrations of GEE in DMEM
for 24 hours. Cell viability was evaluated using the MTT
Assay. GEE suppresses proliferation of Hep3B cells in a
dose dependent manner above 1.0 mg/mg. All values are
expressed as means = SD (n = 3). Each value is a means
+ SE (n = 3). "Different letters are significantly different
at 5% by One-Way ANOVA (p < 0.05).

TER, & APeME 50% oEes SR 3 FEES Al
&3 ¥ Kim 5 (2002)¢] ArolMe Hvp 223 /T
S 1:1002 EFT F 90T -95CoA 8 A7k g7 & 2
TANE F ARSI wieed = gl WSl e X
o|Z Azwofxint.

AvpEiY f8=2 F200 o] & w9, dx 9 ¥
A o= Hrke] FREHR] gastrodind} 4-hydroxybenzyl

alcohol kol Ee J3ES

et al, 2011). T3+ Hnle} 7he oka x50
=]

of W} F2=d FEol FFe Leral FHAAeH Kim
S (2007)9] AFelX= 7 A S A= CllEE

3} oA EAME 5 Svlje} &Y

2ol7} Qlal, EQ L FES

9);‘—,—, o= " =
S 243 A3} I FEHT oEL-S gujE ARSI
S ujo] kst BAdo] 23% FUksdtka BaEc
wEb] B AYe FEER] S 50% ek FEES A
B2 AR3719 Kim 5 (2002)2] Aol AMRE FE3)
SAAZ A8 ] § =22 552 4.0 mymloll A AlE A s
5ol Y Aoz AzieoAT)

2. 2K MIXZ RIBAF 78X 2ol 24
Avp FE220] A3 AsfellM freldo] vehtA]
oA Az AEAL F394 EEE B7IskaAt 0.0 mg/ml o)A

Ok -1
T O

==1 O

0.5mg/ml o] FFEo = Hup FEES At & qRT-PCRS
331, Bel2, Bax®} AMPKo2] #dS 3913134} 313t

vt FE2E& 05mgml 22| Al Bel-2& thEt v A
ACTZY -1.560] vgter FAlo] Baxe] AACE] A&
-17.052 ozl Hls)| wdo] A SRS ERlEie
™ A Al comparative Cr+= Fig. 29 YERATE o=
Bel-2/Bax ©]8 A A oA Kang 5 (2005)9] &+
S50 ME AEAL F-E F2AR survivin, Bel-22F Bax
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Fig. 2. The expression analysis value of each gene expression
relative quantified by the comparative A C; Methods.
Using the 2T method of Kenneth and Thomas, (2001).
ACy and AACr were calculated for the Cr values of each
of the interest of genes (Bax, Bcl-2, and AMPKa), and
endogenous gene (B-actin). "NT; template was used as a
control group. (A) is Cy, (B) is AC; and (C) is AAC:

s ApolA Bel-27h Skl Wl CADS| B|gAsz
Bel-2¢9} HI#HSHl Baxe] LAFT Z7FeIdthe A+ Ao}
25k 7R MEZelA g As7F dofdel meEl Bel-29]
T o] F7Ht Al ol g3t Bax’t Bel-29]
S A= 2= s ET
5 AMPKoE 0.125 mg/ml o4 0.250 mg/ml ©] HLjoj|A]
= AR B go] 7k o 0.500 mg/ml o e T Et
tH] AACT —0.497} YERESH o] 0.500 mg/mlol|A] Bel-2
9} Baxe] @ #o] njgldg oz Sl wlg} AMPK U]
A 7A=7y EAdstuEle] 7k Aoz FEojXItt (Fogarty
and Hardie, 2010).
olgigt §x17} 712

T

W EHA A E 2pEALY] A= o5
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-5} mEZ=gol Apdo] s D] A ¢k} B
T 4 A 2t S T o] WA F rlEZ=got W
-9 5-e} A=| 2| (cristae) A7l F3AL 7172 Qs A
o] ol o7 M APEAPT Z-HH T} (Scorrano and Korsmeyer,
2003). ©]& 53+ E29lE]I A (phosphatidylserine, PS)©] Al
E AEAL T AEE o R wZEH odlil Vo (Annexin
V) @iz} Sojxog Aisle 7| o] &3 AR A
W (flow cytometric analysis)S ©]&35}o] % AL AEALS
A $ Bel-29F Bax®] APIEAE C AA WE 44 of
Sk At FrHos Hask Aoz AZIETE (Vermes ef al,
2000).

3. o} FE29| Fe =2 24

7t HEE 0]83F qRT-PCR AFoA 70t AE 2PEA}
A IR S SIS ool ek AlZ W M
£ 9FS F= T8 228 A LC-MSMSE
o] &3t Hnt FEEo| AAHEHS FHAT. FA =
(positive mode)= m/zE 43NS o 3.8 B 2.9 oA

747} miz 309 B 2760141 EAfol 2 B A7 ERlEen i
A EF g 9o m/z 309 [M+Na]' gastrodin (m/z
286) ¥ [M+2H]" m/z 276 [M+Na] phloretin (m/z 274)°]
T8 =42 AZHUY (Fig. 3).

Anke] F8 FEE S9HER] gastrodin 21E2] HE]e]
A A E FE)HE 3%HES] gastrodigenin®] FFFARO| =
SHHEREA 7Yl 1S, ddesH ikt 59 858 7=
Aoz AdHA AUt} (Liu e al, 2020). L3}, gastrodin?} &
U3t A4S 7FA= p-hydroxybenzyl alcohol$l= 2]
gastrodine FE5 13 7FaAolA =& & S 7K
HA AYEss fAE 2242 494 2 27
g2 B85 HEs Edolt}t (Lv er al, 2021).

o]& gastrodin®] ¢t &3 7 & Shu 5 (2013)
o] AFellA 95% olehE = Hnle] f& AE<l

o !

AdE

gastroding-

FEokL 7 FFsle] AlEE ARSSIITE L F gastrodin
225 150-150.0 mgkg S H22 74t A|EE 15} FALsH]
At Fo Fo & TS HEst FAE SIS W,
% FAZE HET thY] gastrodin 150.0 mgkg ol 7ol
12% ZAE Aok B En)

o]% 7kto] FE FHoA gastrodin

FEES 150 -
AEsle] FAS A
4 FAZE 22 iy

150.0 mg/kg A& g & 7+ TS
o}, 2 A3} gastrodin TN FY
12% 74%o] gastrodin®] 3 235 Y=
TS, gRT-PCR zl&)ste] 27} a2 A8t sk
3= T AIEQ CD+4914 Bel-29F Bel-xLe] #3S &
Az} iz Y] gastrodin FodollA] Bel-22F Bel-xL
F&o] z}z} 4 wje} 5 v =718 CD+4 T A¥E2] AE=7}

ks
A il

o N,

mn‘,
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Fig. 3. Spectra of LC-MS/MS fragmentation patterns of polyphenols including gastrodin and phloretin form GEE. The following is
the spectra of LC-MS/MS, which were analyzed by GEE in positive mode, (A) is gastrodin (m/z 309), and (B) is phloretin (m/z 276).

PAEATE A A7E BHaEo] gastrodin®] 9 E¥E Tt HoMESE FUlSHE Bel-29] dEEed wEb o f3

A3t (Kim er al., 2007). A49) Baxe] W] EolxE Zlog elwglt), &k, Bel-
9] 4FQI phloretin® FHFl =2 AEAH & 29 Bax®| LdF F70 wigt AMPK oUA] A4 A= &

#7} 9JOo™ (Huang ef al, 2017), Q17 2% #H Aujgr Ao=2 AMPKed] 2o d3S nxe Aoz Algdrtt

AZ EC-1095 o2 60 rg/mloll ] 80 ug/ml 7HA19] & (Han et al., 2019).

= FFoF phloret1n~ A e & fAl2 A4S zlEs 4

olof B AoXe Art FEE9] Fxo wWE Bel-2 ¥
3}, phloretin®] =71 FoHTE Q7 2k HY AUt AlE Fe IlstarAt siglen, 1 A3 dnp FEE9] w57

o A AEAPL & SJEH R FTkel AR AL 7S Bel-29F Bax®] W o] 57
e o] ko) 9lo] ps3, Baxe] Z$-E phloretin®l Sl AMPKa®] WE# Z71E 3013+ 24 Baxe] W
olg)] il wdo] Z7KeE whH Bel-29] e AT 57]'7]' AMPK 7] A4 H2E E45IA1A AMPKao] 2

= A+ A3t 238 v} ok (Duan er al, 2017). 57t Han & (2019) 59 7S AUSsIdth
L SAES I RS S Al S EdRolE fe 0131@ AIE vge R B A= Hul €5 FE=9
star RS Fxlst] Al AEAE JAlske 5 dolvt Az APEAL §247F 9 3obs 37kE B3l 71 38 FeA
oby FFoE ol 2Us B AT 4P, Bl YT o RHES sk U9l AQE f7) FebAe A=A
AL &3 gt 71AEE Holsh phloreting A 2|5k & M E T e 7S AAEEAT
H A4S FEshe 958 UXEhs AL 58 49 dolg W
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