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W E: B RPN AFLERE MCF-7 4 fu gtk s QU s mg, BRI HPUMBE R XL 5% RA
MTT VER U 7 e MCF-7 40 (4 a1, VPN IS GE IR A s 8 I A 2R R 4R I B2 (mitochondrial membrane
potential, MMP) 25{k. =mkEZJIRTF (adenosine triphosphate, ATP) &&. &% (reactive oxygen species, ROS) 7KF-F1
WEIR R TR BE R A 1~V 35 J1, PEOYRBE BT MCF-7 2R RifA T AE RIS iz 4 M e AR o0 AT DO s A4 g
Re AR REAT S A R A0 A, VPR BT O MCF-7 AR A AR R . £85R i ST #% MCF-7 4 ss,
R HINHIIRE (50% concentration of inhibition, 1Cso) {8y 20.13 pumol/L; B Cuhs & 2 B& ik MCF-7 41t MMP. ATP & .
ROS /KPR i T4 855 5 A8 1~1V 357 (P<<0.05. 0.01); KBl Ll n] % MCF-7 41 i & A U ik 72w Sy S T
ATP 7= B ZR LAt 25 REAT R TR AR R 2518 A0 By CLBURE A% B A IR 2R b A4 Th R 080/ 4l Bl g & AU, AT 4k MCF-7
SH AR .
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Abstract: Objection To study the effect of tetrandrine on mitochondrial energy metabolism of MCF-7 cells, explore the antitumor
effect and mechanism of tetrandrine. Methods Cytotoxicity of tetrandrine on MCF-7 cells was measured to evaluate cell
proliferation inhibition by MTT assay. The changes of mitochondrial membrane potential (MMP), adenosine triphosphate (ATP)
content, reactive oxygen species (ROS) level and respiratory electron transport chain complex enzyme I—IV activities were
measured to evaluate the effect of tetrandrine on mitochondrial function. The real-time metabolic process of MCF-7 cells were
analyzed by Seahorse Extracellular Analyzer to evaluate the effect of tetrandrine on energy metabolism. Results Tetrandrine
inhibited the proliferation of MCF-7 cells, with the 50% concentration of inhibition (ICs0) was 20.13 pmol/L. Tetrandrine
significantly reduced MMP, ATP content, ROS level and respiratory electron transport chain complex enzyme I—IV activities (P <
0.05, 0.01). Tetrandrine affected basal oxygen consumption, ATP production, mitochondrial reserve energy and proton leakage in the
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process of energy metabolism in MCF-7 cells. Conclusion Tetrandrine can inhibit MCF-7 cells proliferation by damaging

mitochondrial function and reducing cell energy metabolism.
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ALK B o NFUERE MCF-7 44T
T, MEHRIAR T REAR AL, 5 4 e B AU e A B Y
K RFURBT CHRATU IR VR AL o ASHIT 78707000
LRI AR B 47 (mitochondrial membrane potential ,
MMP). =#§RI#H (adenosine triphosphate, ATP)
TR, WS (reactive oxygen species, ROS) 7KF
LT RPN AL LB AR 1~V 35 TR
W, a2 Re AU A0 S AR AR R D RE AR AL s [
I3z FH S i A4 4 i e B AR 2 A SOk BT BT
T MCF-7 AT RE ARSI AR 4t 204, i
AR RS2 RE, AHIRABFT SR Y
UM 2T R AR .

1 M
1.1 #Hp

MCF-7 4 iy 35 o R} B b A dn R Bt
F B 40 B YR
1.2 #m5i

B OBl (iR 50=98%) W H R4

VIR BR 2 7] s 5-3 R B E (5-Fu, #t5- 20190315)
AL Z REIEA TABRA R a4 iiE s
1418110) 4 3= E Gibco A #]; RPMI 1640 £5 7%
(b5 AAG204847) Y H 3 [ Hylcone Aw]; JER
HEE (4% 0106A16) 11 H 3£ [ Sigma A F]; MEM:
W (L5 0793) T HEE Amresco A &l; LebifANK
R IR & (S E001). JRMEnd %1 =ik
KA & (S A095). TGN & (it
5 E004) T F a5 AR TRERFTE AT s R A ik
NS — k% HE  (nicotinamide adenine dinucleotide,
NADH) Jit & fgtillilsfl& (k5 SW040). 3%
PR Bt SR A AR & (S SW04L) . 4l (i 250k
JREEAS A B (FIbS SWO042). 4 (&K ALl
Kl & (S Swo43) I [ s AR
HBIRAH .
1.3 %=

XFe24 BI90ffe AR T (35 Seahorse
Bioscience A #]); VICTOR X3 HUg Ik A 73 HHAX
(£ PerkinElmer A &) ); Vert Al {3 & B3t (1
Zeiss A#]); HERACELL 150i %Y — 484k ks %
%8 (ZE[H Thermo Fisher Scientific A 5]); SWCJ2G
g TAES O MEmE s saGIRATD.
2 FE
2.1 X MCF-7 4RAaIE5E Y5200

MCF-7 4H e 5% 10%Ji6 4 1fiiE 100 pg/mL 4
FHz . 100 U/mL & &1 RPMI 1640 #5375, T
5% COz. 37 CHEFFFMHFRIFE, 2 KR 1K,
AL T e KA 4n i,  DURESYHAL S, FRE%
FEWRAT R BB, LA 8 X 104FL AN T 96 FLAR
100 puL/AL, 5575 24 h, ¥ B A AR Bl 25 (6.25.
12.50. 25.00. 50.00. 100.00 pg/mL) 41, [FIR &L
5-Fu {EAPH T RR 259 . 5545 252053 BN AR B 26
Y, KRNI 2R, K597 48 h,
A 20 uL MTT 37 (5 mg/mL), 4k4:0E 4 h, W)
2 FIEWL ION 150 pL —HEETAK (DMSO) A1
gh 8, R ERPRC E 490 nm ALIROEE (A 1H,
THEH B O %77 2E B 186 B4 1) 3 A e B )
J& (50% concentration of inhibition, 1Cso).

S PR TR 26 = (A e — A )/ A s
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2.2 B CEEXT MCF-7 4BRfZ KA T REAY S2 N

BT84 K01 MCF-7 2, LA 21X 109/4L
HERhT 6 FLD, 537 24 h. VB X IRALATEB C
Bl (12.5. 25.0. 50.0 pg/mL) 4H, BL254 5 Hn
A 200 pL AHRZ9, SFRRAIAA S k7=
H, K59E 6 h. DL 490 nm UM . 530 nm RS
MBLH MMP 454k; LA 636 nm K AGI %4 ATP
S LL500 nm R BE . 525 nm R SRR I A% 4
ROS /K°F; HATE | v NADH &l 45 N
BRI R A A 1 i (2R R =2
GG IV N R E AR, NADH SRR R %
KN 340 nm. BEIARR B AR AS I AN 605 nm.
11 o €2, 25 0 Jir RS 8 4K 550 nmy 21 i € 3R AL
P ASE D38 4 550 nm, ASI #5- ZH P FL A% T e 2
A 1~V iES.
2.3 #BCEXT MCF-7 4HAEREE R RIS

41 f i = A 2 A OO AR R PR B & T8
CO. 37 CEIFFMFME 12 h B TIH L. BUL T3¢
AR K HIM MCF-7 41f, LA 3X 10%FLEF T 24 4L
o1 e B AR BT ORI AR R, N 525 pL K59
B, T 5% CO. 37 CHiFFMTIGFE 240, WEXT
ML AIK B Eb (12.5. 25.0. 50.0 pg/mL) 4, %
SR AN 20 uL AHRL 29, SRR
IR TEIE, 153 6 he BT S, i
4.5 g/L % BE. 2 mmol/L HEHERENFITCHE DMEM
R, T COo. 37 CHIRGFRM h R 97
30 min. FREFHRIAFE B BN SE B & . FCCP
F TR , R AR E T I AL AR IE 30 min J5 TR

RO, A EsKA4k 12 min J5HET B, O2 Fl pH {E H
K% 2 Ja AT IR
24 BitFE S

B PAX £ s KR, KR SPSS 22.0 B AFiEAT
K27 2001, A%z 1A L FH ANOVA 56
3 #R
3.1 ¥BFCEXT MCF-7 4RAfiE5E HI 22 0R

BH 1 BB 254 5-Fu %+ MCF-7 401 I1Cso {5 A
8.43 umol/L. 13 1 Ffrzn, ¥yl I H B 248
P IS TE, WTH0E] MCF-7 4HMII45E, 3 1Cs A
20.13 pmol/L, BPAMCAZHH#iw LA 12,5, 25.0. 50.0
ng/mL 3 AN E IR 5 2R A

x1 MBS MCF-7 HFIEERFIE (x+s,n=8)
Table 1 Effect of tetrandrine on proliferation of MCF-7
cells(x+s,n=8)

2H ) i/ (ug mL™Y) 1 2/%
K7 2, 6.25 26.13
12.50 46.79
25.00 63.28
50.00 81.74
100.00 91.62

3.2 MPCEXT MCF-7 ZRRa4 KRR IhAERY 2200
3.2.1 KB BT MCF-7 4Hig MMP. &1k ATP
R ROS KRN 4Nk 2 Brs, kB OB e
Z A MCF-7 482 MMP. ATP &1 ROS /KF
(P<<0.05. 0.01), HEFIEAHME,

3.2.2 Wby CBAt MCF-7 4Lk bR ey s 1-4%
HEEE AN 1~V IE R R 3 s, KB
CURUE 2 FRAIK MCF-7 40 B A% 5 B 5 45

R2 MBHSHEHI MCF-7 ZHRZ R AT EERIFZME (X +s,n=23)
Table 2 Effect of tetrandrine on mitochondrial function of MCF-7 cells (X £ s, n = 3)

2H ) HE/(ug ML) MMP/% ATP/(umol g1 ROS/%
X} R — 100.00 789.98+35.91 100.00
K B O 12,5 25.93+1.45" 423.56+20.09" 32.34+2.16"
25.0 10.34+0.99™ 334.26 +15.74™ 15.78+1.34"
50.0 3.43+0.21" 227.54+11.89" 7.45+0.41"

a4 s "P<0.05 P<0.01
"P<0.05 P <0.01 vs control group

®3 MBS MCF-7 B R AITIRE TR RS 58 I~V IENMEM (X+s,n=23)

Table 3 Effect of tetrandrine on mitochondrial respiratory electron transport chain complex enzyme I—IV of MCF-7 cells

(X£s,n=3)

5 7 &/ (ug mL™Y) AW 1% B EH /% EEH 111/% B &5 IVI%
X} HE — 100.00 100.00 100.00 100.00

K B Sk 12.5 78.294+6.34 93.89+8.57 83.01+6.23" 86.45+7.98"

25.0 64.32+5.76™ 84.11+7.91" 63.12+4.99™ 62.34+5.18"

50.0 43.12+4.63" 68.2345.78" 4456+3.67" 42.12+3.78"

HxIeA s "P<0.05 P<0.01
"P<0.05 P <0.01 vs control group



$8 % 202408 $52% B17H  Chinese Traditional and Herbal Drugs 2021 September Vol. 52 No. 17 e 5247 «

I NI IViEJ) (P<<0.05. 0.01), ik (25.0.  ~ 0 - B 0.0 gLt
50.0 pg/mL) {3 FEA MCF-7 4t fu I FE 115 b i £ = BT 250 gl !
A 115 F) (P<005), H 5 FIRLHIEE. H “0‘“‘\_/_‘_\“ st
33 BT MCF-7 ZRREE B 1R SHIB % 20_“‘\”/*\___‘

ABURE R AHT T LS AR R L, e
WHITSCI 0T, S Aigs A AR RmE o : :
4 BB A BT R B AR, T ’ dmin .
BT T MCF-7 41 i fr B A P2 LI 1. 4Hfie 1 WO EWTT MCF-7 Ei R A sT e

=AU T IR 4. REEARE T 4 T BLEWE 2 Fig. 1 Energy metabolism diagram of MCF-7 cells treated
Fias, SxIEA b, kB R # K MCF-7  with tetrandrine

x4 MBI MCF-7 4HIRE 2R BN (X+s,n=5)
Table 4 Effect of tetrandrine on energy metabolism of MCF-7 cells (X + s, n=5)

RS B/ (umol min)

Umin o W07 LU 12.5 ug ML B M0k 25.0 pgmL— 7 LU 50.0 pg ML
1.40 38.924+0.93 28.22+1.22 8.66+0.54 0.73%+0.16
10.02 39.67+1.19 27.54+1.14 8.17%£0.76 0.80%0.19
18.65 38.27+1.13 27.391+1.32 8.28+0.84 0.79+0.14
27.39 31.33+1.04 22.72+1.47 5.43+0.52 0.28+0.12
35.98 31.1940.84 22.72+1.57 5.48+0.74 0.29+0.12
44.62 31.4140.33 21.941+1.47 5.37+0.63 0.30+0.16
53.31 49.01£1.07 34.97+1.84 11.23+0.98 1.39+£0.41
61.95 48.63£0.72 34.831+2.18 11.16+1.03 1.48+0.45
70.59 48.82+1.09 34.12+2.63 11.73+1.14 1.49+0.22
79.34 26.75+1.13 19.92+1.86 5.03%£0.77 0.1940.02
87.99 26.9410.94 19.79+1.72 4.961+0.69 0.184+0.02
96.64 26.35+1.12 19.15+1.57 4.691+0.74 0.1940.03
501 A 40, B 60, C 30, D

£ £ w £ E

S 3 S =)

3 £ » £ E

B i 8 1

&1 41 {m 41

K & o & e
XfHR 125 25.0 50.0 8 & 125  25.0 50.0 X 125 25.0 50.0 X 125  25.0 50.0

H3 B CB (ug-mLY) ¥ B C/ (ug-mL 1) 1B O/ (ug-mL™1) B 28U (ug-mLY)

A-JERIEGHAE  B-ATP ™t C-&hifkfif#ae D-MiTiw SxR4LLE: "P<0.01
A-base oxygen consumption B-ATP production C-mitochondria reserve energy D-proton leakage P < 0.01 vs control group

2 MBS MCF-7 ZEREEE R K 5747 4 N EEE
Fig. 2 Four stages in energy metabolism diagram of MCF-7 cells treated with tetrandrine

M EERE AR ATP P7RE. ZRRIRMEZRE. PRT  RIERE DA A2 HORH BRI G B ) e B /R M DA,

J& (P<<0.01). T PR 40 4 e R A At RS ) EL B
4 Vg HEWTFCIT 1A FAZAANE Bl A A R (i

SR A K B DO A R R, SRR AR A A A S R PR A R R, R ETHE
Xt RE B 7SR BRI e, g R I A Ll — RIIEE OV IR, BRI 2N
AR E R AT A, HECTRACERR BB ERE Ay I HRE A N =R,
SEACBERAIIRE, TG RERAR(E > REDRAE OB RS 2RI v IR 2 E I B, AR REE
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RUH LS, FRES 5HEEDITR. 52
P Jie S AR RR ), 28 54k & W0t 4t it B R A
Dise Sae B R, wT LB IE Hoo 48
Mpe BRI TFIUER . BAl, C&f iz
I AR S I I AL IR v T 7 R R L T
Ro 3-IRNEHERAE N —Fh SRS, A2
0] ek e £ L 1% oo R AT PRI ATP P24, Sl
Fefk B k4RI 2 MG X EEEER (B-cell
lymphoma 2 associated X protein, Bax) %Rk i%
FYIutER CORAL, Mgl T4, Jgik
I Jghg| e-3- ¥R R () — A AT A4, AT DL 19 in 1
"R S LY R S R T 00 o1 e e 2 L I AR
2, DT A s 200 B P PR G B ST, DRIk, A e
96 4 6 1 e AR A2 T AL MR 245 11
— B RN R .

A i R AU 70 A AR I LA SR IT A H I — b
SR WIS A e e B AU B R R, A Kb A
1T A s =AU R AP IR, 2 HRTso e
b )2 P e A QU S T BT AR ISR P [ 2
TREL, T FH 9 I Tl =5 8 R BRI e R AR SR R
(oxygen consumption rate, OCR) JMekHiik K4
SAFIRRE 7T, (RIS 4 i R A U A R A
PEIEAA 2 26 F 200 P2 Re B, nTIR15 40 B it FE A =
ATP F=RE. 2RI it £ e AN BT IR 55 32 248 A H DA
S R i e B AR AR P AR IR T OB T e e
TEHUAT ., [RIEE, 1% b7 732 P DATE AN SR A i 1 2%
PR, XS PR A SE IR St Be AR A, SRECA
i e B A QU 5 T R4 i e A AR A i

AW 5T LA BT BT T MCF-7 405 , A4
MIZRAR DI REAH ST, R IWKY BT ST 2B
MCF-7 #iijfil MMP, JBi/b2ikifh ATP & B/ ROS
K, SRR A ER o RIS, S 4 P
PR e A 1~V 3G TR, Rk b
O AT DAAS [F)F2 B2 Hh B I NADH i 2086 35 FA R i
Sl 4N R I R BN iR (R AL ETE Sy, Y
Wi 2 7 A R HL A B B P R R o — 2R 48
e &AW T AR B BT TS ) MCF-7 4
AT SEI IS AR R ML R B AR 04T, 5 1 B Bk
FERNARECE, AR B SR A AL IR AL,
HBTFIRFEAL, a0 i SRR A8 DU e 2 i
e AR 2B R, HERZAMN
ATP & BRI I0 5800 R FE S ER ] S e H 24
JH 5 8 ATP (R F6 A T T2 s 4 il ATP & il s

% 3 B BOMA RIS FCCP, i i 1 Rl i
KEFEA, Bl FCCP R AL T Rl AN fe 2 i ATP,
AT S 386 110 AR SE AR D A PR R R A it 2% s 28 4 BY
BN R BT , £ R A Sy — Tt R e 4 ) 7] T DA
TR ZRRIAA, 564 BHL 1 RS S AR 0T I JE Zehr
P REE . BB OB MCF-7 40 gk A7 T 7
Ja» HOE R iR 2R 3 PRAK BLAE A R B
SR E R A, @ kAR Th e S a0 i
R AR T, KB B OB AT LA IR MCF-7 41 i
RRIARTHAE, 3R MCF-7 4 fg /T 7L,
AT 1 1) e 3 4 B 3 5 . B B R T # ) MCF-7
YHBEEAE, o ICso fE A 20.13 umol/L. HARZ 2
WEFLER A, KB OB R A [ F2 B b ) 22 o e 4
FEAERREIE B R ) R 4 A R B 1Cso
BN 5~10 umol/L, #&7Kr b7 SO it I3 40 B 4 pir
e B AU g2 v] 1 Ak B s e 1 E R B
() B BT 52 7 1) KB ClsAT A —Fd B A S 2
TS TER AR S I B AANE, dRE
ARGHCTE 5 1A 20 B B A R S B 70 408t R B T
AN FHRE ST ASHIE St — 2 [ B R B bt
Jigg (A AL SR AR AR, I v gn o Re AR
3 BT ACHE Jie g A3 18] . FH 3 A 5491
HBFR HAGHEYFENREENZTE
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