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Identification of phenylethanoid glycosides from Clerodendrum bungei and its
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Abstract ; Clerodendrum bungei extract has a good anti-tumor effect. In order to identify the ingredients of the C. bungei ex-
tract and explore its impact on the A549 in viiro,the ultra-high-efficiency liquid chromatography-mass spectrometry technolo-
gy, CCK-8, cell scratch, Transwell , Western blot, immunofluorescence and flow cytometry methods were used to detect. The 34
phenylethanoid glycosides compounds of the C. bungei extract were identified , of which the content of acteoside was 32.95% ,
and isoacteoside was 5.49% . The C. bungei extract can inhibit the proliferation, migration and invasion of A549 cells in vitro,
and the 1Cy, is 0. 125 mg/mL. In addition, the C. bungei extract can reduce the expression of EphA2,P-AKT, mTOR, P-
mTOR, P-GSK-38, and B-cateninin in A549 cells,increase the expression of EphrinAl,reducing the expression of EphA2 in
A549 cell membrane and membrane quality,,and blocke the A549 cell cycle to the G1/8 stage. This study has confirmed that
the C. bungei is rich in phenylethanoid glycosides, especially acteoside and isoacteoside, and can achieve anti-lung cancer
effect by regulating the EphA2/AKT/ mTOR pathway.
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it A A T SRS R B R A
o FFHRRE PO SR LR B R, 2022 4R SR
Jiti9EE 0 &9 % R 10. 6% , FET- %R 24% , 5 $5 38 [
A IPIRE AT ZR R B AL, I B Lok B ) LA
GAE ETE, Hoar FAERAL™ . 2 N HA £
o3 RS R OLE, AT Ak 22 Bh ok A% SE 2% iR R
SR TR A T A T 8 BRI S SRR A
DTS B BN, AT 35 2 B 16 b 9 52
REER KR E M Y P R T
0 g ER TRV A b R A RS T, I e bl Ay
AF S 52 W PR 5 B IF S R 528 2 ) S 1 — i P 2610
FAEPHEE  BRSE 8, BLAA 45 XUBR IR | i B HIORE
TH b L3 ) DAL, 76 3500 i DX T2 T 2 b b g
a7 e LR A, (EL LA P R A 5
T3 e AL i AN R B A . DR ZH AT T S 56 2 3
R PR SR R R, IR B B i
FEIGIE 1 AR B PR 2 S B P
(2R B 2 18, TR AR S ] AS549 4 Jifg
HEFE RO VE FAPLAR , DA G R AT PR 2 Bt i g 1
FH R AL T IR AW, R it — 20 I K Ak
B A T 245 1 70 25 B
1 #MR5FEZ*

1.1 ##

AR AS49 4 i (i B2 Be 4 i e ) 5 3R
FEPFERE e R R 2 A0 5T B B TR IR B R 24 42
it B THRH (acteoside ) F1 52 M- THERH (isoac-
teoside ) HRifE ity ( i IR A 9 28 W] ) 5 EphA2 i {4k
(3£ CST A w], 1745 : #6997 ) 5 p-EphA2 HiiAk (3£
CST A F], 575 . #6347 ) ; GSK-3B8 $ii44 ( 3 [# Protein-
tech A&, 525 :22014-1-AP) ; p-GSK-38 ik (EH
CST AN E], 185 . #5558) ; AKT Hi/4& ( 35 [H Proteintech
INFE]L B :10176-2-AP) 5 p-AKT $if# ( 25 [F Protein-
tech 2\, 525 :66444-1-1g) ; mTOR Hif& ( 3£ [F Pro-
teintech 23], 585 : 20657-1-AP) ; p-mTOR i if ( £
Abcam A F], 575 ; ab109268 ) ; B-catenin A ( 56
Proteintech A ], 575 :51067-2-AP) ; B-actin HLiA
( 2 [# Proteintech 2\ #], 525 ;: 60008-1-120 ) ; Ephri-
nAl Pii& (£ E Abcam A F], H85 :ab124911)

1.2 U3

UHPLC-Q-TOF-MS i i 1% & 4t ( Waters, Mil-
ford, MA ) ; C,; ( Agilent ZORBAX Eclipse Plus C,
3.0 mm x 100 mm, 1.8 wm) ; Neofuge Ui 5 5.0 HL
(LS H B2 S A PR A ] ) 5 CX33 BUAK L 3 i
flegE [ A R (bt ) XA R 2\ ] 5 800TS 7Y fifg

B (& [ BioTek 22 F]) 5 TS-1 #U48 K (VLI5R H AR DL
/R) s DYY-6C FYH K { .DYCZ-40D # 4 f A% (db 5T
N—)o

1.3 ZWH*

1.3.1 BB RTEFRRBRY G H) &AL T

W LA PE TR b LA A e, H 1:8.1:6.1: 6
(1 EL B 70% B Rl B ER 3 Uk, v Hlad g 4R
BUR, 28 T3 T8 . BB LA 1210 f HL B FH 4ok
i, AR 1:3 1:2 1 LR B A H, KZH 2
R LR LATRIARE T IR AR, AR R LR 2 2B T
HTIHIRE., KR E ALK OE 3 mL &, N2
mL ZKHRESE LA 1 {5/ R0 1 3ok 5 3 Ao L e B A,
iR, 2BV 2L 20% 30% 40% 50% [k
BEC PEVER o 38 A 1A A A A S0 e B, e T RR
A2 TR 0 B e S PR S e
P 22 W DL 38 & i AR bR o B AR R4 PR B
THERGr o SR PR AS DU 25 VR rh — 38 Y & i,
SR 30% F1 40% 2, Tk 8 30 43 2 S R 4
B BRI B BB, AR AR B TR
T4, BIAS 3 B4R B SRR AR .

O S5 AR 30 C5 BN AH A:0. 1% HITR,
B B: CHE s BEEEVEML 0 ~3 min, 5% B;3 ~ 17
min,5% —20% B;17 ~32 min,20% —33% B ;32 ~42
min,33% —90% B ;42 ~ 48 min,90% B;90% —5%
B,48 ~49 min;49 ~53 min,5% B. #ii#:0.3 mL/
min , FERE 3 L B R AR 1 2 A sh B,
M55 B8 IR, 7F 0 B RS0 AT O R AR
Jo R 1 MS 508 s 945l m/z 100 ~ 1 200, 255
TREE 100 °C, i e OB 250 °C A AR i i
900 L/h, BANASHLE 2.5 kV, 4T HLJE 0. 035 kV
1.3.2 LHJR TEFRBY P LA R EFFo
Kot F R0 T 5T

2t TR F S 28 i T RR TV T B EE R
#40.507 2.0. 224 mg/mL (%t BE YA, % A UH-
PLC 5 AT P12 2 B2 U S i TR RR T A 5728
TR Y B oo

g SR B A Cog B 5 AR 30 °C; (A ik
$::330 nm; s A:0. 1% H IR, i sh A B: M
BEEEVEE .0 ~ 6 min,5% B;6 ~ 13min, 13% —18%
B;18% —31% B; i :0.4 mL/min;JFRER 2 pl,
1.3.3  CCK-8 #:i| 3+ A549 4m it & 1 64 % vy

WERPECAE K I Y AS49 20 e 3 R F 96 FL AR
(1 x10* A/FL) , B335 0, P4l Al A& % 14 3 80%
Vi EJa, LR PR 4 B 2 Y ( Clerodendrum
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bungei extract,CB)0. 025.0.05.0.075.0.1.0. 125,
0.150.0.175.0.2.0. 225 mg/mL {EF 48 h J5 &1L
JA 20 pL 1y CCK-8,37 CHEHE 4 h J5, MEtRiLTE
450 nm FEAFLAY OD {8, HBEAINEE R a8 (4,
SIS IR AR AT R AR = R
OD {i/ %} H84H OD {H x 100% .,
1.3.4  @mfex|R 55

BOGHE AR K AS49 41, PR 40 i 25 ol 2 x
10° 4~/mL, BL 200 L 20 B 37 T 6 FLAR N (4
x10* A~/4L) B, FR A Al A 2R 1A 51 80% LA
L5 FH 200 wL A Sk VR R S Al b Al 3 ) ) — B 2K,
PBS YRI5 400 . 45 45 250k B R SLA IRk B
41 0. 125 mg/mL (CB-L) | & ¥k &£ 41 0. 25 mg/mL
(CB-H) , A INZG4L A B4 (Con) . T4 245
0.24 48 h A 2 sS4 R, R Image T 841
B ST RPE A, IR A AR AR
=[ (0 h QYR 58 BE -85 2% J5 0 96 B ) /0 h XJR 98
FE] x100% ., SEEE A 3 Wk, HOEME.
1.3.5 Transwell £ 2%

BB KA AS49 4RI, 54 40 2R N 2 x
10° 4~/mL, B 200 wL 400 B A/NE FEN, T
EIMAF 10% FBS [y 1640 ¥ 52, 1555 6 h 5 45
2y, SR Z5E1.3.47, Jn 200 pL 25 2 I
1 5E 48 hy WCEEASZH AN, FH R KSR (3
S1) [ 0. 1% 25 e e e fo, T WU T IR,
S AN EF 504 B 5, B Image J 4353 40 il
B, SLIEAE 3 Wk, A,
1.3.6 Western blot 4| EphA2/AKT/mTOR #g %
Ea kL

BB A KA AS49 4G, PRAE 40 i 2 o 2 x
10° 4~/mL, DL FL 200 L 40 B % 370 T 6 LI
W R, R A K % B R 51 80% J5 , 4 5 R
HPHIHREEZL 0. 125 mg/mL( CB-L) -1 48 h, 5%
NG s IR AL WO A5 2 4 i, PBS Y%
VK, A S 2 i An B R B TR R A
U, Westerm blot 7 K il £%- 28 4 5¢ &5 H (1) %

ik
1.3.7 %9 KiEHm EphA2 &) &4

BUG A G AS49 4I, 16 5% 240 ff 25 5 0 2 x
10° A~/mL, LEEFL 200 L 4 5 i bl T S ilcf
PR R RN C B A&, g i 4r 415 45 25 )
“1.3.67 ., WEEAS UL, 4% 22 5 FRE [ 22, A
0.3% Wi$7s , 78 37 °C 3 % 30 min,5% BSA 4]
60 min, & —#0 . —H0 ( Anti-Rabbit IgG) , DAPI 4t
# 10 min, 256 B R T WLES  FARE
1.3.8 AX At A549 2 e )5 47

OB K AS49 200, 558 40 i 25 5 2
10° 4~/mL, LL4GFL 200 wl 40 B i 30 F 6 FLIR
B TR, RR AN A K R B 80% JiT, 41 A 4y
M5 1.3.67 , WERA A NS, FH £ P T
ER, A S wL PLUTAER 4 ChEEgett 30 min,
T AS49 2 e FE 3
1.3.9 Z3EHH

B4l A SPSS 23. 0, GraphPad Prism 7. 0 % {4
HEAT AT, SCRR S A 3 R LA, BT R
DI £ B2 (x =) f53R . PIALIA] LSRR AL
Xt ¢ K, 22 41 1) HE 45 R H BRI 2R T 22 ((One-way
ANOVA) 4341, J5 22 550 1 LSD #5156, Jr 25 R 55 f
FH Tamhane T2 Fl Dunnet T3 ¥4, P <0.05 %4
Gt .
2 #R
2.1 RHPAXRZEBEEERSWEEREERSTH
EEN

2 UHPLC-Q-TOF-MS K fir 4519 i 45 L, i
FHBEFERG RIS 2 e SOk, S8 T R4 PR 2 1
TR SA 34 AEERS (R D), 454
PR 2K R LA B AR ) 0 A T R AT A B
H T JBR T 1S 2 TR ) 5 B e ST b 446 )
e#h . UHPLC %00 5 S 4T PR £ B R i v —
B G ks 2 R A LA B 0 R A
FURE 0, Horp 2t THIRR 9 B o0 32.95% , 52
MR B 5.49 % (WL 1 .32 2)

%1 7 UHPLC-MS/MS # ESI A FHEX T O REA X ZEFRKRZRIHK S

Table 1 Components of phenylethanoid glycosides extract of C. bungei in ESI negative mode by UHPLC-MS/MS
A - 3 I8 7] 2% g
s mmew WEl TEE st W T i
No 4 (min) Calculated Measured eviation Molecular Fragment Identification
’ R value(m/z)  value(m/z) (x107%) formula ion(m/z)
1 3.45 461.163 0 461.166 4 3.4 CyoHyy 04y 315.153 4 fﬂ)}ﬂﬂ{km%?@ﬂfﬂ)ﬁﬁ
Decaffeoyl-acteosoide
2 4.45 487.143 5 487.145 3 3.3 Cy Hy Oy 325.3412 WA F

Cistanoside F
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2:5% 1( Continued Tab. 1)

N S SHI5 S i S -
No 1y (min) Calculated Measured eviation Molecular Fragment Identification
' value(m/z) value(m/z) ( x107°) formula ion(m/z)
3 13.36 639.194 3 639.192 5 2.8 CyH3504 621.459 1 (R) -Campneoside 11
4 13.56 639.194 3 639.192 5 2.8 CyoH35044 621.459 1 (S)-Campneoside 1T
5 14.42 481.167 8 481.171 0 9.5 Cp3Hy Oy 161.012 3 6''-0-[ (E)-Caffeoyl ] rengyoside
6 14.87 639.194 3 639.192 5 2.8 CyoHj35044 459.179 1 Isocampneoside 11
7 15.27 637.181 6 637.176 9 0.6 CyoH33044 475.255 4 Oxoacteoside
8 16.25 637.181 6 637.176 9 0.6 CyoHy3044 475.179 7 Oxoisoacteoside
9 16.43 581.1855 653.208 2 2.6 C3Hj3; 044 621.179 5 Campneoside 1
ES)
10 17.14  623.2019  623.2035 2.6 CaoHis 0,5 461.179 1 FEHt TR
Acteoside
11 17.61 581.185 5 581.188 4 2.6 CyyHi304 431.167 3 Phlomisethanoside
12 17.81 593.1859  593.187 0 -1.9 CygHj3044 461.447 2 %‘ﬂl%l?tr
Didymin
) S
13 18.09 623.201 9 623.203 5 3.5 CyH30,5 623.461 1.791.610 2 5t E{(:ﬁ:
Isoacteoside
14 18.72 607.205 2 607.202 7 4.1 CyH350,, 461.4452 991.619 2 Kankanoside G
15 19.39 637.212 6 637.213 8 0.6 C3H3;, 055 461.175 3 Leucosceptoside A
16 20.20 637.2126  637.213 8 0.6 C30H37 045 475.179 1 Cistanoside C
17 20.4 621.184 5 621.182 5 3.4 CyoH33 045 487.179 3 Crenatoside isomer
18 20.94 637.212 6 637.213 2 0.6 C3oHj3; 035 461.193 4 Plantainoside C
19 21.27 621.184 2 621.182 5 3.4 CyoH33045 475.161 2 Dihydroroseoside
20 22.06 523.214 8 523.217 9 5.9 CyeH3504, 361.3415 Bungnate B
21 22.13 577.192 9 577.192 7 1.4 CygH33045 415.269 7 Cuneataside
2 22.38 665.2152  665.214 0 1.8 Cy4H,, 0y, 623.503 1 2- LA SALR T
2'-Acetylacteoside
23 22.56 507.2229  507.233 6 0.2 CyyHyo 0y 345.012 4 16-0-B-D-Clucopyranosyl-34-20-
epoxy-3-hydroxyabieta-8 ,11,13-triene
24 22.86 651.227 5 651.228 9 2.1 C31H39 045 475.193 1 fﬁﬁﬂﬁ*ﬁtD
Cistanoside D
25 23.56 651.227 5 651.228 9 2.1 Cy; HyOy5 475.193 1 Martinoside
o e
26 24.37 651.227 5 651.228 9 2.1 C3HyO0p5  505.4751.931.750 1 #iﬂj‘ﬁﬁ
Isomartynoside
b g e
27 24.81 591.207 2 591.207 8 -1.0 CyoH350,5 161.012 3 Dﬁ}ﬁﬂ— L
Jionoside C
28 25.01 657.312 2 657.315 1 2.9 C3,HyOyy 495.161 6 Ajugaside A
29 26.41 693.237 4 693.239 5 3.0 C33Hy Oy 651.505 1 3""-0-Acetylmartynoside
30 26.59 693.242 8 693.239 5 3.0 C33Hy;p 04 651.505 1 2"'-0-Acetylmartynoside
-\ o 1
31 28.09 693.242 8 693.239 5 3.0 C33Hyp O 651.505 1 fﬂ&m%%ﬁﬁﬁ
Monoacetylmarynoside
32 30.03 735.249 1 735.250 0 -1.2 C33Hy;5045 693.505 1 Acetylmartynoside A
33 30. 64 735.249 1 735.250 0 -1.2 Cy3Hyi304; 693.5595.171.751 2 Acetylmartynoside B
34 31.07 735.249 1 735.250 0 -1.2 C3;3Hi3045 693.505 1 3'" 4""-Di-0-Acetylmartynoside

2.2 BEHFHREEWX AS49 MEmiEE FRnEZE

R

CCK-8 250 b 7R, FE 45 25 W FE 1 TN, AS49 4

G R H T R, 1G5, O 0.125 mg/mLe RJRIK

Brh, S5 RLHAR LG, A PR B4 LAY A AR
@A (P <0.001) . Transwell (228525 | 5%t
FRZEAH L, SLAEPI45 4 1 2 B 40 i 45022 f 3 AR (P
<0.001) (LE 2 ~4 F1F3 4),
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v
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Acteoside

FER AR
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B 1 UHPLC AKRNURHARZEELEPEMHARTNZEMARTHSE
Fig. 1 Determination of acteoside and isacteoside in phenylethanoid glycosides extract of C. bunget by UHPLC
A R PR C B 2R Y s B 25 M TR 5 228 FH R . Note: A C. bungei extract; B: Acteoside and isacteoside.

®2 UHPICHRHEARZEHFLERBYHRMHEIEESTHNATEEER

Table 2 Methodological investigation of the quantitative analysis of two components

in the phenylethanoid glycosides extract of C. bunger by UHPLC

RSD( % )
. ENEpyc: X 1] v FORR EERE K

Iy Regressi(fl Range HIRAREL i{()D L%Q P::ecision WELME RN R
Compound equation (mg/mL) (ng) (ng) (n=6) Repeatability Stability Recovery
(n=6) (n=6) (n=6)

jilj;gols’f‘ﬁ;ﬁ y=7312.3x3.971 6 0.126 8 ~1.268 0.999 7 0.40 0.18 2.3 0.33 0.88 1.76

ﬁiizﬁﬁﬁ y=703 7.9x-2.770 1 0.056 ~0.56 0.999 7 0.84 0.54 2.2 0.31 0.71 2.03
150 GSK-38.p-GSK-38 Fil p-AKT #H Rk T (P <
0.05) , H:Hr B-catenin ,p-AKT Fl p-GSK-38 A9 5 )T
£ 1004 HEFH(P<0.01), 1 EphrinAl [ AKT FAHE
- P& (P <0.05) ,p-EphA2 fy5RikH EIH (P <0.05),
E ol RS 7, EphA2 F2 3248 AS49 4 Jifg Hh (1 ffa Jie
i FRL BT 2Rk, S PR UG H R R B

(WKES5.6).
000 005 010 015 020 025

SUH PRI S CB concentration (mg/mL)

B2 RUARZEFRIGX A549 4k
iﬁé‘?ﬁﬁ"]%ﬁﬂﬁ(;is,n =3)
Fig. 2  Effect of CB on A549 cell

proliferation ( xEs ,n=3)

2.3 BHARIW EphA2/AKT/mTOR i %18
KXEBRIEWZIT

Westerm blot 258 7, RALFHERY) T HUS 1Y
A549 4ifisf EphA2 .mTOR .p-mTOR B-catenin

®3 KLV hERAREITHEE
TIHIELEE (x £5,n=3)
Table 3 Comparison of cell migration capabilities

after 48 h(;ts,n:?))

24 51| Group 5K Healing rate( % )

Con 50.38 + 5.43
CB-L 32.15 £3.77*""
CB-H 15.98 + 1.37* "~

W SXTERAAMEE, 7 P <0.001, FE,
Note : Compared with control, * * * P < 0.001 ,the same below.
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Oh

48h

3 HRRRPEAMAATE0.24.48 h

EREBER( x4)

Fig. 3 Migration of each group of cells after 0,24 and 48 h in the cell scratch( x4)

4 &4 Transwell SEBEFRARELEIEFMR ( x 10)

Fig. 4 Cell staining in Transwell experiments in each group( x 10)

R4 FEBTEAS h FFREARB (v 25,0 =3)
Table 4 Number of membrane penetrating cells in each group

48 h after drug administration(; +s5,n=3)

iRl ERICE )05

Group Number of membrane cells
Con 50.38 + 5.43
CB-L 329.12 + 49.71° "
CB-H 259.04 £ 32.72° "

2.4 RUAXRZEFLRRERYMI A549 i EH
el
50 IR LA, RATPHR U 41 AS49 4R S

an A > (P <0.05) 11 G194 L 553 o ( P
<0.05) 45 R ULE 7, fhdbnr s, St PR o
A549 iR G1/S iR AT B AEH .
3 it 54t

it 2 — o R A S AR R RS R MR AR e
e L S E 1 A ”*”fwaﬂ# MREZINH

i (4 AN IS I FR T3R5 “ik%ﬁ%kﬁl%ﬁlﬁ
AL Bl ) LT, T 5 ZEHAKN

Jiti FL ﬁ%zﬁﬂﬁfﬁmmrﬁ?ﬁxﬂﬁcm,@%%/«m
FERHLEAS A T E W R IS
295 T IR A% AR N KK B 435 2% 17 e S HAR = 10 B
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Con CB-L

Ephay | W —

p-Epha> | ey S

p-catenin | | —— —— I

oSk | M — |

p-GSK-35 | —— — |

AT | — — |

p-AKT | | — |
EphrinA 1 | - e— ‘
Nty | ——

ES EEFHREIRS A549 s EphA2/AKT/mTOR & BRH056 B H RN (x £5,n =3)
Fig. 5 Effect of CB on EphA2/AKT/mTOR pathway related proteins in A549 cells(; +s,n=3)

FEKF Expression level

L SXEA I, *P<0.05,* " P<0.01,* " *P<0.001, ], Note;Compared with control, * P < 0.05,**P < 0.01,"**P < 0.001,

the same below.

DAPI EphA2 Merge

Con ---
CB-L ---

B 6 FEphA2 7 AS49 B R B9 E LRk
Fig. 6 Localized expression of EphA2 in A549 cells

CB-L

= = Con
= CB-L

(1l

100 150 L
FL2APEA LS W] Cell cycle

E7  SRAFHREIN AS49 GRS 7 MR (1 £ s, =3)
Fig. 7 Effect of CB on A549 cell cycle distribution(; ts,n=3)



Vol. 35

OOV RAPIE BT IO R ME S MM IR AS49 4RI B LRI AF ST 451

SR ZR I, FATIN Ry i 46 s PR ML Hy T A8 B =
28, BN R LABUI O B R R ARCR I BV H AL
LA 97 FH P R, e 2% 5 35000 5 90 A2 1 R A
ARSI B T B AU IR o i e 1 2 R e AL
il HRTT I Sk A mE AR TH IR A, . R4
N5 R B A ¥ R P ( Clerodendrum  bungei
Steud. ) {925, 7 o 4 A6 )2 L 2500V R
AR bR i, T SO O R XUBR T i
BERCRS JH IR Z T, IR A I < i 7 AR T
PRELAS” MR YT R, A9 R, R4 P Jr DU
S I Y1 BAT Al 470 e 98 T A, DG LA M i 1%
B RS A L A X A R K
WA TR S I 53 AT 22 MR 5 70 BT, e 0 R 4 )
) R R ST o 2R TR 5 3
b P JRR 32 S B4, I L 28 5 S 6 7 4 1 E & I
S PR 2 B A B R v
WCHEDN LA I TH R 5 5 2R TR ) R AR S
TN AT e S PHL IR 1) 2R A7 .

EphA2 Sy 52 1A i 2 2 13 i ( RKTs ) e K %
Eph WM FZ R0, 12 MU g vhid %3k, 0
HAR MR i AR 2R 5 A% B8 1 5 A4 g v L3 3k
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