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Danzhi Xiaoyaosan-containing Serum Reverses Energy Metabolic Reprogramming of
MDA-MB-231 Breast Cancer Cells

XU Shuang, LIRan, LIU Li-ping’
(College of Traditional Chinese Medicine (TCM), Liaoning University of TCM, Shenyang 110032, China)

[Abstract] Objective: To observe the effect of Danzhi Xiaoyaosan-containing serum on MDA-MB-231
breast cancer cells, and to find out whether the action mechanism is related to its intervention in energy
metabolism. Method: Thirty six-week-old male SD rats were randomly divided into the blank group, Danzhi
Xiaoyaosan (8.99 g-kg') group, and Xihuangwan (0.55 g-kg') group. The serum was isolated after drug
intervention for seven days. The cell viability was detected by methyl thiazolyl-tetrazolium (MTT) assay, the
cell cycle by flow cytometry, and the apoptosis by Annenxin V/propidium iodide (PI) double staining.
Following the determination of intracellular glucose content using the glucose testing kit, the expression of
glucose transporter 1 (GLUT1) was measured by immunofluorescence staining. Seahorse XFe cell energy

metabolism analyzer was used to detect the extracellular acidification rate (ECAR) and oxygen consumption rate

[K#mAH] 20210728(016)

[(E€THE] ERAAREEEST EWH(81673876)

[E—1EE] WA 4, AFrrp By 25398 5 2R MUK T 52, E-mail : 603145884@qq. com

BEIER] Rk, #0207 25 3140 5 FOH LRI AT 5T, E-mail : fangji2013@163. com
. 8 .



528 55 3 W] HEXBAFZRS Vol. 28, No. 3
202242 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2022

(OCR). The expression levels of hexokinase 2 (HK2) , pyruvate kinase M2 (PKM2) , and lactate
dehydrogenase A (LDHA) were assayed by Western blot. Result: Compared with the blank group, Danzhi
Xiaoyaosan-containing serum inhibited the proliferation of MDA-MB-231 cells, with the best effect observed
after intervention with 15% Danzhi Xiaoyaosan-containing serum for 48 h (P<0.01), blocked the MDA-MB-231
cells in G,/G, phase (P<0.01) , and down-regulated the GLUT1 expression, basal glycolysis, glycolysis
capacity, glycolytic reserve, basal respiration, adenosine triphosphate (ATP) production, spare respiratory
capacity (P<0.01) , as well as the protein expression of HK2, PKM2, and LDHA in MDA-MB-231 cells (P<
0.05, P<0.01). Conclusion: Danzhi Xiaoyaosan-containing serum inhibits MDA-MB-231 cell proliferation,

promotes apoptosis, and induces cell cycle arrest, which may be related to its reversal of energy metabolic

reprogramming in MDA-MB-231 cells.
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MYE , K&, ik
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W, oy M MEE 24,48,72h, A S g L' MTT %
100 pL,# 5 4 h, il A DMSO W ,37 °CHEOLE D
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10°/mL A0 F 6 fLAR I & 24 h, 4250 F 48 h
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SR 30 min, Y =X 2 SRS N0 240 ] 4
2.4 Annexin V/PIX Y@M g M 4008
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L5 min, £ 4140 MBS B0 5 N 4 A M AL
T (1.0x10* ) -ZE 187K (mL) A 500: 1 f4 L 451 i A 2%
WK, B P I W REAN A . 95 °C/K YA 10 min, A HIG ,
8 000 xg,25 °CE.L> 10 min, B 1§ 4 . Fidk 7
EPAEVL AL, TR, 37 °C/K ¥ 10 min, 76
505 nm &b, Lh7s 118 IR R 15 BURS o A RN RE AR A
B TR B o R i N R B
2.6 RIEARICY ALK AN GLUTL R84l
PL1x10°A/mL 3% T 24 fLALEF 24 ho 452500 H
48 h. AL K, —¥HL GLTUI(1:500),4 °CHF & i
o IMAZP(1:200), I EH 60 min, 7H bk —
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CLIIE S M R A R D = 2 D A
2.7 Seahorse XFe 40 it fig & 1L 8 4 B A48 0 410 g

M A1 2 1 % (ECAR) A1 EE 0% (OCR) 41 g Bl 1
10° A /mL 5 7 T 96 LR , W H AL B . MG

48 h, Seahorse XFe 4 it G8 & 43 AT A3 T #4 2o 1%, HL
RS A, A LI A K AR TR T mL K AR IR &
15 BN o F R Ul WY R AT O, o B A
£ 20 A CHT B 1Y & 2 assay B FF 3L 500 pL, BT
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GOV 5, AL A BRI [a] 5020 500 A 8 56 pL,
TR 62 pL,2-fL A -D-Hi A B 69 pL. OCR, 3k
S, B e RS ) 8 — R A ZE R 56 wL, £k
R B IC R 62 WL, fa B ER /AT A R A 69 wL. %X
Y5 Ab FE 52 56 B0 45 h Seahorse XFe 96 Wave software
AbF

2.8 E A ¥ BN i B (Western blot) £ Il HK2,
PKM2,LDHA # H £k 401 L 1.5%10°4~/mL %
PP 6 FLAR I H 24 he AW FH 48 ho $2HLAN
SR, BCA e R I e k0] 6 e A R R
L A 5xSDS _EAEZE i, 95 °C, 10 min 7%
PEo R, 5% ¥ 4 i F Uk FL 9 %2 70 'V, 30 min, 18
i, 10% 43 55 5 H ik AL S 9 22 110 'V, 60 min, 8 37 .
110 V, 5 5 40 min. 5% 4 I35 A & H 37 °C £ 14
1 h, —¥$i HK2,PKM2, LDHA, B-actin(1:5 000),
4 °CHEE R, TBST VR 3 W, 4T 1h 41 %t HRP,
ZHOl PR HRP,37 °CHEH 2 h, TBST P 3 1K .
PVDF i & T 45 1 it Bk 5% 5 42 v in ECL &t
WoRERR . ITEHMEASNSEOKEMEM
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2.9 Gtk SR SPSS 23.0 B4 T4 i o
e BURES S x + s R . 28R Z 8 iR A
PR Ry 25087, P<0.05 M Z R A G X
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FERY RS A2 T 24 h, 525 A4 H AL, 15% JHIE
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0.01),20% # #l MDA-MB-231 41 Jifd 1% % ( P<0.05) .
YT 48,72 h, 5 A A E, 10%, 15%,20%
F1HE 38 18 HLE 24 1M 30 i MDA-MB-231 40 it 18 5
(P<0.01) . 5005 & W) (6] FHME B Oy 15% PHIE 3 12
B2 MiEmE 48 h, W&,
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F£1 AREEESAHMEX MDA-MB-231 ZH L5 4 BISSE (X+s5,1=6)
Table 1 Effect of serum containing Danzhi Xiaoyaosan on cell proliferation of MAD-MB-231 cells (x£s,n=6)
41 531 IR 0% 24 h 48 h 72h
2 10 0.454+0.006 0.515+0.004 0.455+0.012
15 0.455+0.005 0.509+0.009 0.476+0.003
20 0.473+0.004 0.512+0.015 0.478+0.012
P14 1 18 oK 7 10 0.452+0.008 0.340+0.008> 0.335+0.002%
15 0.437+0.004% 0.309+0.003% 0.294+0.008%
20 0.456=0.008" 0.374+0.007% 0.358+0.023%
[ 10 0.454+0.009 0.283+0.006% 0.294+0.008%
15 0.405+0.010% 0.261%0.009% 0.285+0.003%
20 0.404+0.014% 0.333+0.018% 0.331+0.005%

TE 52 4 Y P<0.05,2 P<0.01(£ 2~7[F) .

M G,/G W RE L, 2% 511243 L (P<0.01),S
W, G/MBETE, ZERHSIT2#E L (P<0.01),

2 AREEEHSHMBEX MDA-MB-231 4 F B & 10 (+s,n=3)

22 W 46 1 2 WA 25 1007 % MDA-MB-231 41 Jitg fH
T G/G . k2,

Table 2 Effect of serum containing Danzhi Xiaoyaosan on cell cycle of MDA-MB-231cells (x+s,n=3) %
251 B B1% G,/G, 1l Sy G,/M
2 H 15 55.13+1.23 26.42+0.54 14.81+0.37
FHHE 35 32 HOK B 15 78.31%1.60” 7.92+1.35% 9.45+0.45
P HEL 15 79.91£1.39% 7.37£0.67" 8.76+0.317

3.3 PHAE I 2 HLE 24 00 X MDA-MB-231 4 ifd 4
ToHSE M 528 2 A, P 3E 2 BSK R 2 20
J 8 TR A B I (P<0.01) . W PHHE I 8 17 24
1ML 775 REAE E MDA-MB-231 4 i 1= W33,

*3 FAEEIEESHME Y MDA-MB-231 4 & T 19 %2 1
(x+s,n=3)

Table 3  Effect of serum containing Danzhi Xiaoyaosan on

apoptosis of MDA-MB-231 cells (x+s5,n=3)

x4 PREBEEHSHMBEX MDA-MB-231 AN EEESEN
W (X+s,n=4)
Table 4 Effect of serum containing Danzhi Xiaoyaosan on glucose

content in MDA-MB-231 cells (x+s5,n=4)

2050 B EU%  H B /wmol/10* 4
= 15 0.155+0.008
FHE 3 2 HK B 15 0.119+0.001%

VU E AL 15 0.084+0.002%

4151 TR B0% TR /%
2 H 15 2.22+0.10
PG T HOK R 15 28.25+4.65%
(e R 15 37.33+1.367

3.4 FHAEE 1% 8 24 1 X MDA-MB-23 1 41 Jitd
AR SR 528 A, PHHE I 2 UK B
FRI) ZE 40 P A A B o I S R (P<0.01) . R
HE 3 3 7 24 10 BE B (IR MDA-MB-231 4i il P %
EpEe . Wk4,

3.5 JRHE M iE B 24 M i X MDA-MB-231 41 g
GLUTI £k GLTUI ik B 40 5758, 40
MR RS A9t . 525 A A i, FHE i 8 HOK R
FILL 40 GLUT1 % 6 3k K FBEAK . % B P e i

TE B 2 I3 BERE Ik MDA-MB-231 41 s GLUTI1 %
KA DL L,
3.6 JRHE I i B 2y I i X MDA-MB-231 41 i
ECAR W2 525 (41 F i, & PHE 8 18 W% 24
L 575 Ak FJS %) A0 6L, EL 5 R T A W T A E 0
B it s 5 (EL XA P AR (P<0.01) o 2 BH 1 HE 38 328 13X
B 25 ML B MDA-MB-23 1 20 i B % i Gk 1 .
W#Es.
3.7 FHAE i i B 2 0T X MDA-MB-231 41 ifg
OCR WM 525 (4L b g, PG 18 32 107 24 1 v
b S 20 S Al O UM, ATP 7= 5, il A PR IR (H
AREAR(P<0.01), W PHIE I 1 #7245 13 b &
il MDA-MB-231 4fl it & R (A i K F . WL 6.
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A. ZHHB. Hfﬁﬁi&ﬁﬁ(/kﬁﬁ?ﬂ]éﬂ;c. 7Y HLZ (F ZIEJ)

BEl1 FHEEIES S MiE MDA-MB-231 4 il GLUT1 Rk 7k F
IR (FRBETN, x400)

Fig. 1 Effect of serum containing Danzhi Xiaoyaosan on GLUT1

expression in MDA-MB-231 cells (IF, x400)

3.8 FHIE ¥ B 25 1M T % MDA-MB-231 41 Jifg
HK2,PKM2,LDHA FEH £EWZm S HAL
B, PHAE A T K B 2 20 B HK 2 3838 7K F 35 f%

i (P<0.01) ,PKM2, LDHA & [ 2 3% 7K - B I [% I
(P<0.05) . W1 AE i & HL & 25 1L V6 BE 0% T M
MDA-MB-231 4l it HK2, PKM2, LDHA % ik /K F .
W 2,517,

o A - - o

pactin A - 0

A B C
2 PAiEEE *a*ﬂtg % M i& 3F MDA-MB-231 48 2 HK2, PKM2,
LDHAEBRIZR
Fig. 2 Electrophoresis of serum containing Danzhi Xiaoyaosan on

expression of HK2, PKM2 and LDHA in MDA-MB-231 cells

x5 FAEEESSHMBEX MDA-MB-231 4 il ECAR B & (X+s,n=4)

Table 5 Effect of serum containing Danzhi Xiaoyaosan on ECAR of MDA-MB-231 (X+s,n=4) mpH - min™!
215 ARG 5% STl T A T A e 0 I T A it 51
= 15 15.20+2.26 25.23+2.08 10.02+0.67
FPHIE 3 3 K R 15 7.81£0.70% 10.19+1.52% 2.39+1.22%
Liih=o.h 15 13.43+1.26 21.73+1.47% 8.30+0.78
*6 FHEEIEESZIMEN MDA-MB-231 48 OCR EI R0 (F+s,n=4)
Table 6 Effect of serum containing Danzhi Xiaoyaosan on OCR of breast cancer cell line MDA-MB-231 cells (x+s,n=4) pmol-min™
4151 R H0% Bl P08 £ ATP = 1 LML T U fitt £ W A
M 15 20.47+1.99 15.79+1.56 4.68+0.58 27.4242.00
P14 18 28 HOK A 15 13.96+2.79% 9.74+1.51% 4.22+1.41 13.14+0.34
[ 15 14.54+1.68% 0.31+0.97% 14.24+0.99% 14.93+0.617

*®7 FREEEHSHAMEI MDA-MB-231 41t HK2,PKM2,LDHA & A &iX

0 (x+s,n=3)

Table 7 Effect of serum containing Danzhi Xiaoyaosan on expression of HK2, PKM2 and LDHA in MDA-MB-231 cells (x+s5,n=3)

4 51 BT 50/% HK2/B-actin LDHA /B-actin PKM2/B-actin
ZEF 15 1.070£0.002 1.227+0.018 1.208+0.008
FHHE 38 T K B 15 0.557+0.009 1.031x0.031" 1.15240.009"
75 B AL 15 0.245+0.012” 0.939+0.033” 0.936+0.011”
4 itig WG, R SE 2 DU R G 1 AR AR
Bl - — 2 CORR R ) H - FLA W1 4 FeoR i 2 7 R bR PHAE 3 T O s K R

e v ORI E ok A I, T L) W(ﬁ«%%%
BE (5 BHD AR EL WAL 0 36, TR B R, R
. 12 .
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KN B 22 ), HLA B AR A B RN 35 3 AR
2, FHAE 1 AR 1 O R ok, R - (ROF
SRR Ry O ) T 2 3 A A R 2 W o MR R
IR 37, KR BE) It 480 PH HE 3 1 80 FH = K
BRR . AR 5% PHAE 18 38 180 2 8 R 7K R o

FLAR I TR R B LA Ve W, KRR vt M
i, ARER 08, KAk B Y BUR TR, B
JHF A ML 32 7 B 2 L MR B IR R R L AT
I fige 2 5 7 245 1003 , AT MDA-MB-231 48 ift i) it
B RAZERE S IR AL AT A ST R T, 15% MR
43 B0 o R S AR A R S 24 T X 3L R 0 i
A R AR R KW, 15% FHEE
TE BCR 2 10 VE ) MDA-MB-231 41 fif 48 h, 31 1] 40
IRV €S2 T

20 Jif JE 4 55 4 LU T 2 R O E R R TR e A 2
FEAILIA(d e e & S N PR B R E , B 1w i 96 240 i 0
e 4 49 0 AL a2 L 2 I R PR IR T R I 2 —
I 5 b RS AN B e = A K P, AT RE (S 40 i JE 3 B
FTREIN 7 1R 18 IR = W 1 U N S P A
HE 314 32 L7 2 135 B MDA-MB-231 41 Jid J&] 499 B v
F G,/G, W, L E MDA-MB-231 4 g 5 1=

SR DR B Y M AR i R BB AR KR
KT R Y B e AR S A R A iR 20 A K
I 55 VM A5 5 5% 5 ARG g BRI o Rk
DA K 9 ok 3 45 335 7 M el A K 2 i g 4t il EMRT™
i3 240 08 5 5 R EMIR 1Y G Bk A, 2B
3 I Ry R AR A A AR TR A T OB T S 4 DR R 2 B
T ICRTE FE3G N 2820 A W98 6 B, 3 8 AL g
P R A3 1T R YO A SRR IR G IR S R R R R &
FEGUIMARAE R, 68 6% 15 A% 7 250 4 1 A= i ek 20 JE 4R
WEEAR o A SC UG F 9% 45 S 2 0, 40 A P A A
U PHIE 1 B A 24 I S MDA-MB-231 4
It AR T A 6 0 0 S AR 8 KO L 28 1) B 3 T
25 1L 7 &b ¥ 5 A MDA-MB-231 40 if , 35 filf I 0%
{EL, ATP 7= 5, it 45 WP W A, LAl W 32 A , W T ot i
L, M T P At 25 (L X A R AIG

il 783 W AC 15 B 2 2 S DL Warburg B0 o 328 AR
AERFAE 19— FRF QI B o 98 At i A A
5 B0 iy 28 P S 3 Ao W I A 1 103 26 W AR B ATP,
iR 2 i 3k R i AR Ak R A B AR A Warburg S50
ol A EORE B Y . IR AN B OB A9 R O AT
Warburg RN, 6 250 Bip [7] 20 Bl 55 % 18 1) GLUT1 2K 58
A 7 A A0 B A e 0 40 M S A o R
HK2 J2 7 25 0 2 A 4HJfL 5 2 5 Warburg 2000 1) 27 —
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