« 4482 « ¢ %% Chinese Traditional and Herbal Drugs % 51 % % 17 3 202049 A

- HEHIEK

ET AMPK/MTOR 5S8R = E LLIEXT ECI706 ZHiEge = X158 AV
FEHLH

FAE, BT, XA, ZHEA, 2 &, 3 4R, R, RELT
W R R K WA TG S S HEASLRE, W AN 450046

H OE:. Br EIWERE LIS ECI706 MMM . T AN, feR R K AE R INE B AR S B AR IA R

Wi, 3R HAE T BB T 3k EMEE IR ECCO706 41, I MTT A& MU 4N Aas itk , 7% 25k 7, %45 1.2 pg/mL

2 ANREREE s I a4l M ARSI S LB ECO706 AR T, BRI, REEACHHAE I R Go A I 8 L Bt EC9706 41
MagE =AW IR, Western blotting A& TWAH I HEMNERLEA (MTOR) . BRIV HEIMERLED

(p-mTOR). TEMRIL LWh4HEE A FRILEE (p-ACC). BREBEMRBULE MM (AMPK) EARXE. &R ARBAEKRERE

AR 48 h 5 REA ZdMH] ECO706 AifissE, Z2REMRHME (P<0.01), W LUK EC9706 4HfffH A T S HIAI Go/M # (P

<0.05), HRRHAHMIET: (P<0.05), H B R AMHI 40 Sl e ZehiaAARe 7 (P<<0.0D), SxTIEAALLEL, S LR

4 AMPK & AFRIEKF LFF, mTOR. p-mTOR. p-ACC HARIEK T (P<0.05). it FH ILTHATALE A AT

WA ECO706 4HARH B TS, I ECI706 4H kg 7E .
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Isofebrifuzine regulates energy metabolism of EC9706 cells based on AMPK/mTOR
signaling pathway
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Abstract: objective To investigate the molecular mechanism of isofebrifuzine in the treatment of esophageal cancer by observing the
effects of isofebrifuzine on proliferation, apoptosis, cycle, energy metabolism and protein expression related to energy metabolism
pathway in EC9706 cells. Methods ECC9706 cells were routinely cultured, cell activity was detected by MTT method, drug
concentration was screened, and two concentrations of 1 ug/mL and 2 pg/mL were selected, the effect of isofebrifuzine on apoptosis
and cycle of esophageal cancer cells EC9706 was detected by flow cytometry. The effect of isofebrifuzine on energy metabolism of
EC9706 cells was detected by energy metabolism detection system, and the protein expressions of mTOR, p-mTOR, p-ACC and
AMPK in cells were detected by Western blotting. Results The proliferation of EC9706 cells was effectively inhibited in a
dose-dependent manner (P < 0.01) after 48 h of treatment with different concentrations of isofebrifuzine, which could arrest EC9706
cells in S phase and G2/M phase (P < 0.05), effectively promote cell apoptosis (P < 0.05), and significantly inhibit cell glycolysis and
mitochondrial metabolism (P < 0.01). Compared with the control group, AMPK expression was increased and mTOR, p-mTOR,
p-ACC expression was decreased in the treatment group (P < 0.05). Conclusion These results indicated that isofebrifuzine may regulate the
cycle and apoptosis of EC9706 cells and inhibit the proliferation of EC9706 cells in esophageal cancer through energy metabolism.

Key words: AMPK/mTOR pathway; isofebrifuzine; EC9706 cells; energy metabolism; proliferation; apoptosis; cycle

YrksHEA: 2020-01-07
HEE&WmMEB . EXANRRFEST FWH (81173177); EREHMARI AL FUiH (81373535); VAR M4 R E MBI H (19A3600-14)
TEHRIN: RfHE (1994—), 2o, WEHEEN, WA, B mh EZABE I .
Tel: 15036084045 E-mail: 2830790468@dqg.com
HEEEE BER (1972—), B, FWETEA, #d, 262, WELESIF, FEMNFFEZPEHIRTIT.
Tel: (0371)65680206 E-mail: cyl72621@163.com



¢ %% Chinese Traditional and Herbal Drugs % 51 % % 17 3 202049 A

- 4483 -

REREEEMEKX, KRR RE
S 167, 2105 50%, HERREE BT, 4
FEo R RIS T RO AR I PR B R R T
FERAFARGBAIT & A 55T FERERH
ST, AHA BORRAL, BAR RN IRE, &
e ERET “PEIRT MR, RSN
TEIT T RSO DTS, g i A A 1 2 B B A
3, IRIT A EkEES, F L Dichroa febrifuga Lour.
AT, o] REE AR B RAIE LR (11
FHOL, S 1 LB R 5 L (v e R R A A 0, A
W EEEE RS, FERTREERN, Bf
Bt et AR e T, BT R I SRAL A K
FEAT AT DTS I T TR 24 AR ) 4 e
YA 51RZE . R R a0 XY 29 U, VA
ST Sl B S 2 B g B
NPRZ S LR &8 ECI706 4H A8 A ¥ 4
FHLH], ASZI0IE oA PRI B AR W 52 525
B0 B ECO706 4 A= 1 R 52 i K 43 HLi
9 H I PR S FH AR AR SR B AR HR
1 w8
1.1 4mAm

ECO706 4 fifd k0] B o R 245 K 5 0 1 AR s
LR, ARSI BT
1.2 54

S b, W E R BRI AT, RS
% (HPLC) =98%, #it*5 DST170504-188.

1.3 RF

DMEM bttt JiREE ARE-EDTA JHALT.
DNA &Efilllila (REEAFD; JaFimiE
(Gemini Aw]); PYFFEARZMEE (MTT). RIPA 2
7% (Solarbio AF]); —HEEWHK (DMSO, Amresco
AF]D; Annexin V-FITC/PI 4H X4 TR 7 & Bk
BHEPI AT FERAR SRR & Bk E )
KA E CERZEE AT RPN HRR
EERABEE (AMPK) Fifk. Ryt NS e N
FHEH (MTOR) Hifk. H#Pi A p-mTOR Pifk.
PUNBERR AL TR A RUEG (p-ACC) Bifk. fudt
A B-actin HifAE. #—4i. A Marker (Cell Signaling
Technology A ]).

1.4 U&5

170R %4 CO, K5 7%4f (f&[E Eppendorf A ] );
37997 Mg TAE S (TN LZRTFIFEARERA
A]); DFC450C A5 fH & Wimss (P2 Laica 2

A]); ELx-800 HfhR{% (Bio-Tek A#]); L530 A
B0 AL 5 A O LA AR A BR A FD D
FACSVantage SE ZYyi=04uiie (3E[E BD AF]);
Ae ARSI 2 4 (2 [ 4846 A 7)) ; T H HL VKA
I E IR AR A . B SRR (Bio-Rad AF]);
i & 0L (Eppendof A F]D.

2 Fk
2.1 W&

F DMSO ¥4 55 LBk AR i) e i vk FE
1 mg/mL 12548 -
2.2 YHREEFE

EC9706 #HifufH 7 10%lIfjE DMEM &bk 73
%, BT 5% COx 37 CHIFVRSE B 3746 i
Ri9%, 48 h #ul, 2~3d &40 1 K.
2.3 FELWEEXT EC9706 pEE M AISZ

B B0 K 1% EC9706 4L 200 uL A\ 96
LA, BALEA 1X10* A1, K598 24h J5, 433
BN 200 L 245 3 % v 0.75.1.50..3.00..6.00 pg/mL
5 BRI, WTRRFLUIN N e 285972 . IR E
48 h JEW 2 B, N 50 pg/mL MTT ¥ 100 pL,
Bigt 4 h Wk B, M 150 L DMSO, it tadz
AR 10 min J& ARSI 5704 490 nm LI GFE
(A E, THEE ARSI, Hir
I E (1Cs0) 1H

AN 2R = (A e — Azl A ape
2.4 SRR AARET

EC9706 41 ifg LA 4 X 105 ~/mL £/ T 6 LR,
fFL 2.5mL, £53% 24 h J5, 2 BIIIANK R EIRE N
1. 2 pg/mL P58 BRI, 5597 48 h 5, R
PRSI, 2 000 r/min B0 5 min AN ITTE,
T4 PBS ¥ 2 ¥k, 1140 5X 108 A4+ &5 0
B, B2 BiE I 500 ub 1 X Binding Buffer
FEOE R EEAM, A0 5 ul Annexin-V il
10 pb PI 3ifh, BRERIRGIRS, =REOLHFE 10
min; 8 A A i G AT IR
2.5 RICLRREAR A 40 B FE) HA

EC9706 ZHJf1LL 4X 105 AN/mL )25 BE e T 6
b, #FL 25 mL, 13 24 h, 4 HInNZ& S5
BN 1. 2 pg/mL 575 LA, £53% 48 h
Je» HOHALICEE R . 2 000 r/min 5.0 5 min Y&
SEMPYTTE, FAH) PBS YE4IM 2 X, 1H%L 1X 108
NPT B O R, BORRE EEBR. A 2 mL
T5%TE/K LT 4 CoKFIE i . B0, FEE &
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W, FHTA PBS ZErbikidt 2 Wk, BEOEME. N
A\ 100 pL RNA Z4fi#fi 37 °C /K 30 min, J5 A 400
uL Pl 4 CHEHEHEE 30 min, {37 20 MGG o
26 HREERGDTRGKRN ECI706 4HEEE =K H

ECO706 4 firE 96 FLARH, &L 8 X 103 /M4H
Hil, 80 uL/fL. 5537 24 h, S A IIAN AR EIRE N 1.
2 pg/mL 55 LR, 5 7% 48 h LU BRI .
FHLET 1 d KA EREE, BAAE CO2 1y 37 CHEFE
Fad, SR BCHASIREFREE, TE 4 CUKARIRAT
ARG 2 h, BEEREAR F K 37 CAKIR LK
i, TN S CO. 11 37 CH: 3. 7E L
HURT 1 h, PP BRI 77 B el A 2 K. Aid
BT G 25, A S C 5 T g i 2 AT
LR AR, TR 2 NMRRERA &, i
iERUE, WREHRINZ), EAUR.
2.7 GIESH

it MR SPSS 21.0 iR gi it i3k 4T
BRI Z 0T, BAELAX s FoR.
3 &

3.1 SBEIMEXT EC9706 ZHAEE M AT

R LA, PR R LR ZH 4 )
A EIIE/N . BEE SR LR IR B B,
EC9706 4R pFh/E E5E (P<0.01, % 1).
PRI 3 RSLIG Fr iS40 %, H 1BM SPSS 21.0 ¥
HAT R0, AIAFH 58 LB E R T EC9706 41

S

papiy ST 1 pg-mLt

JfIf) 1C30 {0y 1.103 pg/mL, 1Cso {ti N 2.417 pg/mL.
BT L ESRIe g IR, e &% L6 1. 2 pg/mL 2 4
JREWRE T R85 .
32 MRS EME

SR TWEE, B EC9706 M S 20 NG
REAEK, MORivids, SRR BRRdE; ME S
LR BRI, MR AN, R
M HIZER D, AR RGOS, LA 1.
33 SEWBEX EC9706 HHBAT-HIEM

S ILBEAE R T EC9706 41 48 h 5, HxfHE
AEbE, B LA AT R BT, K. &
FREWREEREE (P<0.05). WE2FMHE 2,
3.4 SBEWMEXT EC706 LAt E AR SN

S LARAE T EC9706 41 48 h J&5, St IR

*1 REWEIT ECI706 HMALEMIFN (X £s,n=23)
Table 1 Effect of isofebrifuzine on activity of EC9706 cells
(X *£s,n=3)

Hul FIE(ug-mLh AfH i 2/%

i R — 2.151820.030 9 0
S LR 0.75 1.54454+0.0555  27.73"
1.50 1.3040+£0.0726  39.00"
3.00 0.8345+0.0276  60.95™
6.00 0.2345+0.0374  89.03"

Hx it “P<0.01, FEFH
P < 0.01 vs control group, same as below table

SEE IR 2 pg-mLt

E1 [ELWEIERA 48 h [Fx ECI706 4R ZSHIF/NG
Fig. 1 Effect of isofebrifuzine on morphology of EC9706 cells after 48 h

b, Sl Go/Gy HHZNME 5 ELIA BRI (P<
0.05), S. Go/M HA4HHI 5 LB B3 & (P<<0.05).
DL 2 ik 3.

35 SFELMEXT EC9706 &AL

351 S LExt ECO706 ANAUMERA AR AN S
Xt FRZH L3, S5 LB 1.2 ng/mL 15 7] F& 4% EC9706
YT B kMR AR R . SEREBERE R R, AR
B Re, HOHZAEPRpEREARRE /) (P<<0.01), {H1IK.
EEIRE TR S, L3k 4 FIE 3.

F=2 RFELE ECI706 HAAT RN (X £s,n=3)
Table 2 Effect of isofebrifuzine on apoptosis of EC9706
cells (X £s,n=3)

2H 51 FE/(ug-mL™) FT-%%

pagiicl — 12.254+1.92
ST 1 26.67+5.03"
2 49.15+3.80"

5%t HRZE L% "P<<0.05; 5 5 1B 1 ng-mL 41 L% #P <<0.05,
T [H

*P < 0.05 vs control group; *P < 0.05 vs isofebrifuzine 1 ug-mL™%,
same as below table
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A 410+ 10° 10
103 5 104
T 102 3 1024
™ i
T ]
10ty 109 -
5 . . . 100 v : . 100 S e —
100 10t 102 1038 104 100 10t 102 108 104 10° 100 102 108 104
Xof R SEH AR 1 pg-mL™t S B 2 pg-mLt -~
FL1-H "
B
700 700
600 600
500 500
= 400 400
% 300 300
200 200
T 0 03 '
150 0 50 100 150
SR g 1 pg-mL S AR 2 pg-mLt R
FL2-A g
2 BB ECI706 AUAT (A) FAEAL (B) MISN
Fig. 2 Effect of isofebrifuzine on apoptosis (A) and cell cycle (B) of EC9706 cells
#z 3 HEWLBEI EC9706 4HAEEHARIFNT (X £s,n=3)
Table 3 Effect of isofebrifuzine on EC9706 cell cycle (X £s, n = 3)
5 - L i tk/%
ZHY ] &:/(ug-mL~
R Go/G1 ] S Go/M 1]
Pagic — 64.39+0.68 28.71+1.07 6.88+0.67
S L 1 41.61+6.46" 40.23+4.65" 18.15+1.83"
2 4252+2.38" 40.94+0.96" 16.52+3.12"
# 4 RE LW ECI706 MPIEELFLE RIS (X £s,n=3)
Table 4 Effect of isofebrifuzine on glycolysis potential of EC9706 cells (X s, n =3)
. . FMERE R R R FERMRERE AR R ZRRAAR A S SR W IR e
451 il &/(ng-mL1) ) ] B )
(pmol-min~1) (pmol-min1) i L AEL/% (pmol-min~1)
Pagie — 879.4+106.8 285.2+34.2 0.41+0.02 375.3+65.2
S L 1 266.4+ 24.4™ 154.8+22.1* 0.294+0.01 65.5+ 8.9
2 107.4+ 17.9™ 115.8+21.2™ 0.50+0.03 147+ 817

352 S LB ECO706 AL RIAE I sm  5
SR ELAE, S b 1. 2 pg/mL 0] 520
EC9706 ZHMRHIAKAAITIRE /1, ATP & FEAE
(ATP production). £k A KFESARE ) (maximal

respiration). % FIEIHE 7 (spare respiratory capacity )+
B it WP R A % A ZokL 44 FE % (non-mitochondrial
respiration) 35 E AL (P<0.01). {HRF EIKTH
A R AR 2 AR 22 5. LR 5 ATE 4.
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3.6 FEWEXT EC706 4 mTOR. p-mTOR.
p-ACC. AMPK EHRIZRIF N
xR s, FH ik 1. 2 pg/mL 240

1200+

‘E 1 000 —+
é 800 = 2 LA 1 pgmL
S T RELR 2 pgemLt
& 6001
1)
g 400-
e
& 200 %
0 10 20 30 40 50 60 70
t/min

3 SELLmXT ECO706 MAHERLAZBRERNTAY “IB8D” MLk
Fig. 3 “Hippocampal” curve of effect of isofebrifuzine on
glycolytic potential of EC9706 cells

AMPK & H3RIAK P2 EFE, mTOR. p-mTOR.
p-ACC & HFRIAKF-REFML (P<0.05), WK 5
FiZ 6.
4 g

MR BB AR —, 1R Ak L
M, M2 L TR I Th R, T RE iR Ak R
B 7R T B, H R 248 FRE RN R
BRF/KBIR, HA e PR MR A S P TE S 56
WFIE 2 B AR S LR L e v A
WG, RIFEZEMRS, BARE N2
Fa g PR, A FE R ISR S B HAT AR mT LIS
TS S8 . IH RS .
SMEARE T BWRSEIRS, RITENE. IR
e B Wi S5 2 MUY R e, T
B PR ER A RGEIT 240, AR IR

%5 ARIESRESFELFEX ECI706 ML AEE HEIENE (X £, n=3)
Table 5 Effects of different concentrations of isofebrifuzine on mitochondrial capacity of EC9706 cells (X £s, n =3)

3 B ATP SIFEE R RRIRRHRERERE S FEREUPIRAE/  ARZRRIAREESEY & IR AE i/
A5 i E/(ng-mL1) ) ) i ) )
(pmol-min~t) (pmol-min~t) (pmol-min~t) (pmol'min™!)  (pmol-min~t)
it — 63.79+11.59 143.60+24.61 85.41+17.63 51.25+6.96 58.18+10.32
S L 1 22.80+ 1.76™ 43.99+ 158" 3462+ 1477 99642037 937+ 2.36™
2 7.70+ 2.78" 16.85+ 6.68™ 11.12+ 4.84™ 13.98+1.64" 573+ 1.98™
2500 3t
T g0 AR 1 ugmL AMPK | JS—— I
E =2 W T 2 pg-mL
g 150 mTOR R ——
jﬂg 100 p-mTOR | R  e——  — |
&
¥ 50
< p-ACC | —— —— — \
= 0
0 10 20 30 40 50 60 70 80 -acti
o pacin | emm— a— —

t/min

El4 FREULEEXT ECI706 LHATLRHAREIFNERY “J65” Hhik
Fig. 4 “Hippocampal” curve of effect of isofebrifuzine on
mitochondrial capacity of EC9706 cells

xof 1 2
S I/ (ug-mLY)

&5 RELEI AMPK/MTOR ES@EERARIANSFME
Fig. 5 Effect of isofebrifuzine on protein expression of
AMPK/mTOR signaling pathway

#*6 HEWEI AMPK/MTOR 5S@BHBEBREFM (X +s,n=23)
Table 6 Effect of isofebrifuzine on protein expression of AMPK/mTOR signaling pathway ( X £s, n = 3)

215 FE/ (ug-mL L) Ermn sk
AMPK mTOR p-mTOR p-ACC
PR — 0.7140.18 1.13+0.19 1.0740.10 0.91+0.25
S5 L 1 1.14+0.13" 0.46+0.15" 0.69+0.25" 0.55+0.09"
1.51+0.13" 0.37+0.18" 0.43+0.12" 0.33+0.09"
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WA TS, R MTT VR S L L Bont £ 4
EC9706 ZHHuiEPERIRANT . S5 A, 2540 e
EC9706 2t fFisG i A HIhIAE A, H 2R

R 2 G4 S B 2 400 ) iy 38 B ) — A BT R
A WRFURIL, 5 5 A A T DA e
Y M P3G A0, JEF gk, $R SR L A
T EC9706 4H M A AR EPL R ERINIE- . A
PRI FHLE], O =2 AR A W) 58 Lot
EC9706 4 i JH it semn, seigsh R, HZA4S
Wi, Go/M HgH M0 LE At AL TH v, Gy JI4H o b
REOIRA K. $n, S WLmsnT L4 i A
BHYH T S HH A Go/M HH . HEHTAH MR T2 e 20 A
) — RAFAE, AU S35 Lot EC9706 41 i 7 T 1)
S 0 L1200 gt — 30 P VAL At A A 00 44 i 97
THEN, @R ER, FEILIIERE EC9706 4iJf
T R EE TR, HAEERERSE. 3
B S LB R B 5 M e R A DS, K EC9706
YHABEAT T S W& Go/M 3, M 4up ik s, it
75 40 MO AR 7 R T

S AR 11 EE B A RE T AR A, Al RE
AU 2 SR S R A P P T PR 3 5 S5 )
PRt R ReERY, HFEE AN M AL A T RE 5T
SR IE () — PR S VR T A R 22 IR 2L 21 A A
PRI AE A7 i TAR A IE R 2021, VRS g 4 o b
T2 it L2 ORTRTT IR B — AN B BRI A, T 2
AR PR % A1 0 R 1 — A L B4 25240 [ Bk
41 i e B AR & AR AT BE < R AN A VS B, AT
PO AR sE, SRS T, RN PRI R R
RSB BT Z R R, ASLETGE
U)W T At T8 2 R0 4 R0 A4 T D7 R 1 = L B0
EC9706 #Hiffufe EACH B . SR REKH, =
W LB AT A ECO706 2 o A M I itk o A1 s
PRI TENFIREE ). ABFFLRE, SRR n]
U0 e 4 e M8, LY 200 PR 3O (i ad 4 i v
T2, 3 S LB AT I O T4 A AR P A
LRiATIRE, PHETANM R AR 2L, 5340
JL R s, S &S ECO706 sy, HE—
SRR,

AMPK s e s 1 S i g, AU A gk
SOMEARE SN, I A I 1 R R A SR TR T A4
PG, (RS K B g AR RS PO, 7
B e R4, AMPK ] L 0%, Jf B —
IR RIS 501, MRS AR ARG

JHEEERACH, 25175 240D Re228, AMPK
FE IR A A e B AR T s EEUER, 2 HANG
J7 IR 1) B B £ (2990, mTOR Al ACC /& AMPK
NFHESYT, e, MEREITUE SR, 7]
DIHUARI SR 0. TR & & 2 4T pelieal,
AMPK #30% f5 vl LLd i g 4k ACC K mTORC1
H 41k ER) RAPTOR T1fifif ACC 1 mTOR i, M
T VAT PR A M RE AR, Fa il R 4 Al 1 AR
WamE . TSRS, RIS IR EIR, R L
T EE IS AMPK, F#{X mTOR.p-mTOR LA & p-ACC
RZeik. Hrr, p-ACC Fik/K-¥ N5 IMA STk
i AMPK #03E f5 _E p-ACC ik /K FA—5, W]
AesfefE EC9706 4H M 5 Hh e i 1L s ik FLA AL il B
ikT ACC & FBARIBKF, FEELBEERIL KT
Fefik. iR, Su k. miREXT EC9706
YO pERE MR A . BRI RE ARG 5 TR
FAKMFE A B3 2 5, R A 7 Lo EC9706
2 e AU D RE B A BRI IIHIER, WA FEL
1 7 P A B 2 B 2R AR Th RESE AR o PRI AR S
ISR S LR AT BEiE . AMPK/MTOR 15 Sl %
TR EC9706 4N RERARES) . JLAA
I3 T B T — DA

g bprd, S Lgsonr DL e s EC9706
YR A EE, FHAHLE AT RE 2B AMPK/mTOR/ACC
5 5 IR % PH T i e AR A AR, K 4EMPHIE T S
Wk Go/M M, Hi HgsE, JF H 55 EC9706 4
MR AT KT 5w LG 7 & B 1 2 T WL
BB IRAT T

SE 3k
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