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Abstract: Objective To investigate the inhibitory effect of Biejiajian Pills (BJJW) on the growth of liver cancer, as well as its potential

mechanism in mediating the AMP-activated protein kinase (AMPK)/mammalian target of rapamycin (mTOR) pathway through
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mitochondrial energy metabolism. Methods Human hepatoma Huh7 cells were used to establish a nude mouse model of
subcutaneous xenograft tumor. A total of 18 tumor-bearing nude mice were randomly divided into model group, BJJW group (2.2 g/kg) ,
and metformin group (250 mg/kg) , and the corresponding drug was given by gavage for 14 consecutive days. Tumor volume and
weight were monitored during the experiment; HE staining was used to observe histopathological changes; the levels of reactive
oxygen species (ROS) and adenosine triphosphate (ATP) in tumor tissue were measured; immunohistochemistry and Western
blotting were used to measure the expression levels of proteins associated with the AMPK/mTOR pathway. A one-way analysis of
variance was used for comparison of normally distributed continuous data between multiple groups, and the Tukey’s test was used
for further comparison between two groups; the Kruskal-Wallis H test was used for comparison of non-normally distributed
continuous data between multiple groups, and the Dunn’s test was used for further comparison between two groups. Results Compared
with the model group, the BJJW group had a tumor inhibition rate of 45.73%, with significant reductions in both tumor volume and
weight (P<0.01). Pathological examination showed that compared with the model group, the BJJW group had a significant
reduction in the number of tumor cells and the presence of extensive necrosis. Mechanistic studies showed that compared with the
model group, the BJJW group had a significant increase in ROS level (P<0.001) and a significant reduction in ATP level (P<
0.001) , as well as significant increases in p-AMPK/AMPK ratio (0.81+0.20 vs 0.13+0.04, P<0.01) and p-ULK1/ULK1 ratio
(0.69%0.17 vs 0.18 £ 0.13, P<0.01) and a significant reduction in p-mTOR/mTOR ratio (1.34%0.16 vs 3.20+0.62, P<0.01).
Conclusion BJJW may inhibit the growth of liver cancer by inducing mitochondrial energy metabolism dysfunction, increasing

the level of ROS, reducing the level of ATP, and activating the AMPK/mTOR signaling pathway.
Key words: Biejiajian Pills; Liver Neoplasms; AMP-activated Protein Kinase; Mammalian Target of Rapamycin
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TR, ZHURE TS C UERE 2= b, X RS
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ROS) KT, PE T % Caspase S5 ) i, 175 5 40 fifd
7}%]‘:[” o AMP WEAL B [ BT G (AMP-activated protein
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11 @mpask  SC56 R H A& 40 M bk Huh7, 19 3 2
DUELE IR A= B AR A BR > ] (4345 : STCC00033) , S 4R
AR 4 ~ 510,

112 %% zh4  SLEE N 18 2 SPF 9% BALB/c-nu #
B, 4 ~ 6 Sl , T, W 30 P 0T 3 B SR SE e s A TR
OS] LG S T A AR IE S No.430727241102949976,
S E ) A AT IR S SYXK () 2021-0002 , 5256 8407
8 R T HE S 5 - SYXK BE 2024-0004, 5256 3h i) 35 T
TV BE 24 R A SPE R 5 N R R PR IR R R 20 ~
26 °C, AR g 40% ~ 70% , WIS 5 A R 12 /12 h, F
DL IR AROK BN MR SR T dJE TR S
113 s mz W RO B B A A A
RS ), [ 25 i 5 242020772, 72 Sh 5 : 211970, KA
3 o/A%) , Hdl Jy 4 R4 BRI VL], 2y 23 W24 44 .
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A, E 25 HET H13021647, 77 it 5 : H20240044 , A% -
0.25gx 120 F).

1.2 EZRXA AR

1.2.1 £ %X #  Huh-7 40 fg % 1 K5 9% 3 (18 5 .
GA2409022, Servicebio) ZHZIROS KI5 £ (DHE %5
) (485 G1746-100T, Servicebio) . RIPA Z4fift i (75
R0020, Solarbio) \ECL % G171 (525 : s¢-2048, 1242
¥¥) .PMSF (%5 : BL507A, Biosharp) . BCA & {4 ¥ B 1l &
R & (185 2102, MER ) 40 it/ sl ) 20 2/ ) 41 21
RNA $2BURHI & (585 : A077-3, Solarbio) 75 A Z 4L
(HE) %t (i) & (575 : G1076, Servicebio) IR = B2
(adenosine triphosphate, ATP) 7 £ £ I i 7 & (18 %5 .
G4309) AMPK Fii 14 (185 : AB32047, ABCAM) .mTOR T
& (985 . AB134903, ABCAM) . p-AMPK i & ( 9% 5 .
AB131357, ABCAM) . p-mTOR #i 14 ( 5% 5 : AB109268,
ABCAM) \ULK1 Hi#& (95 : DF7588, Affinity) .p-ULK1 $t
T (5% 5 : AF4387, Affinity) | I E TR0 90 (185 .
ZB2301, "PAZEAT) (L EPTRR A — 4T (5255 : ZB2305, 2
M) G (552 . 64130, Servicebio® Swe) BETR HEH
H7 (455 . BL636A , Biosharp)
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T KA BRA T (B AN e TH(UV-2600, 5t
IXER AT 4P K R (Epoch, Biotek ) A2 8 40 B X
(Agilent 5400, Agilent Technologies Co Ltd) . J & Bl# % 2
A (polymerase chain reaction, PCR) 1% (T100PCR, Bio-
Rad) . #& B W 1% & %4 (Tanon 5200, I K HE) .
SHANDON 7 #% 4] | #L . ELX808 £ 1 G B A5 1L ( 35
BIOTEK 3 7 ) . LightCycler 480 11 %¢ )5 & PCR kil £
45 (B 1 Roche 24 7 ) L AB2-5S1 % BSL- I 4% 4 ¥y 42 4 4
CHr N ESCO 23 ®]) \ EXF40086V # Ik & vk 4 ( 26 [
ThermoFishe 2 7 ) . 5417R K I8 & & & .0 ML (1
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4t \ELT-13V-85 "CHIIKik /K46 (2 E HARRIS A H]) .
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IAE 50 mm? LA AR A R AR AR E] 100 mm?
BT i T30
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1.3.5 RMPymans M ATP A ml g 4 23900 1, MR AR
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FRERIK , T UK B S T AL SIS, il 45 1L 10% (5] 9K
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TR s AR AR RO A
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Fe R B —PT p-AMPK (1:200) F1 p-mTOR(1:2 000) ,
4 °CRENME LG, A 0 (HRP b 250/ B,
1:200) , Z % F 50 min, 7 DAB W )5 , SR KRR 2 L2
A% 3 min, BKE BT OGRS T IE A AR AL
1.3.7 Western Blot 42 AMPK/mTOR 43 & i 34 ¢4 & §
Ak K BEZY0.025 g R 4120, FH L T8 19 PBS
G P ROE VMR AL 4 B A 300 L RIPA 243, T
H AU A S S S e 20 2 2 T 4k B Tk b
2L 10 min 2 258 2 2k . F B O AL RIS 2
4°C, LA 12 000 r/min 50> 15 min, BU_E 3 P47 0L k20 25
J& B AL 2 PVDF IR I, 5% i AR W8 =5 1R Bt ]
90 min, A% — 7 L0 % BE Y —HT AMPK (1:1 000)
p-AMPK (1:1 000) .mTOR(1:1 000) .p-mTOR (1:800) .
ULK1(1:1100) ,p-ULK1(1:1 100) 1 B-actin(1:8 000),
4 CWFE I . PBST VI 3 U, I A =3t (i B LL 451 1
1:3000),PBSTYE 31K . ECLAL2:EG)E KU A &
W ERIRAL B 1 min, I8 A & PR S,
Image J 5453 BT K BEAH -

1.4 %t %% KA SPSS 25.0,GraphPad Prism 9 i
ARSI, 0% Shapiro-Wilk K4 5 Levene
6 56 XoF SRR 1 TE A M Oy 25 SR R #E T IR . W AL IEAS
S T BB xes o, (il F B IR 3R 7 22 43 A kAT
ZH M HLER , i — P LE R F Tukey " s P 55 5 AN T
B E S A3 A 0 3 i BEORE LA M (Pys ~ Prg) R, R
Kruskal-Wallis H ;560847 22 20 [A] Fb 458 , I — 25 0 0 Lb 45
K Dunn’siE. P<0.05S HESEGTFE X,

2 H#R

2.1 B AUA Y Huh7 3 A MG KRB 2 69 % v
FELPY) T A A], & AR BRI AR AT T, B 2 Kl it
AR BUAR T A R, S dL i 22 R G248 X
(P ¥7>0.05) . MOD ZH 2R 519 o3 1 B 4 0 P skt 14
K, B WI R (106.17 +4.19) mm?® B K 2 45 14 K 1)
(829.73£115.17) mm*, T4 5 Kk, BJJW H 5
MET 20 i) Jib 78 1A FR 1 i 2 /N T MOD 2H (P {E ¥4 <0.01)
MET 20 /) b 98 1A B3 &8 2 /N F BIIW 41 (P A ¥ <
0.05)(£ 1),

PR 14K, 5 MOD 41 He A, BIJW 2 fT MET 4
FEAEIRE RTV 2 5 /N (PIEYI<0.01) 5 45 25 45 5 51 55
FAEIE AT PR TR, 5 MOD 40 L 48, BJJW 41 F1 MET 44
(105 FELJRE o 4 W 2 AT (P (.041<0.01) 5 AS ) 261 ] 1) T
JUE 5 25, G 4 £ 2% S R G (P {E>0.05)
(F£2,F1). BIIW 4 MET 4L (44098 5531 R 45.73%
62.17%.

22 B AL Huh7 3 RSB AR R E F 0 R
MOD ZH fif 3 248 i 522 20 il 285 164 GERR A, 3Ry A4 i 235
T AR S AR W KN — B S A ELIN B AHES)
B IR AN R RG BENG BR T A REAR Y R s A R L
SRR A KA R 2 0L . M A0 SR A D L ()
A E A R )  ABE Sl A TR KA AR PE (A A K B BT
BAATRYY ) o AN TR JRy 30 UL/ ek U0 240 st i), LAy
TR RIEAMIIRE . 5 MOD 40 Fe A8, BJJW 21 e 41
i Ik GR A NI ATE 21 ) ISR =2 SR IEUL I E DNy

R1 EBHIGLX Huh7 £ RBEBERTHAIE
Table 1 Effect of Biejiajian Pills on hepatocellular subcutaneous tumor mice
an PR gk omax msx CRES BOX 12K CRTES
N
MODZ 6  106.17+4.19 12687+855 183.98+4.98 291.84+22.53 459.73+83.46 63240+ 101.37 829.73+115.17
BIIWZ 6 106.61+505 117.67+7.66 12526+ 12.83" 174.88+28.46" 251.81 +85.24"% 303.09 + 112.98" 408.44 + 141.95"?
MET4H 6  10447+3.64 124.73+8.78 144.88 +18.62"% 147.09 +27.96"? 180.80 +48.03" 22208 +63.49" 272.74 +81.03"
Fia 0.409 1.996 30.004 50.589 22.870 31.401 37.979
P{E 0.672 0.170 <0.001 <0.001 <0.001 <0.001 <0.001
TE: 5 MOD 4 H4%, 1)P<0.01; 5 MET 4 Hi#¢,2) P<0.05.,
R2 ERFHY Huh7 ERBEBEKNEN
Table 2 Effect of Biejiajian Pills on the growth of transplanted tumours
21 5] S () RTV BAHIE i (g) JHREFE 2% ) JEAEFE (% )
MOD 21 6 7.81+1.02 0.61 +0.09 40.46 +5.42 3.67+0.43
BJJW 4] 6 3.82+1.35" 0.33+0.113" 4277 +3.64 3.54+0.27
MET 44 6 2.60+0.74" 0.23 +0.08" 41.78+2.63 4.15+0.76
F{E 39.249 25.342 0.486 2.244
P& <0.001 <0.001 0.624 0.140

H:5MoD 4, 1)P<0.01,
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Figure 1 Inhibitory effect of various drugs groups on
subctaneous xenografts in nude mice
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Figure 2 Effect of Biejiajian Pills on morphological changes
of Huh7 nude mice transplanted tumors (H&E staining)
2.3 BV AT Huh7 3% 845 44 9% 41 22 ROS K P 49 %
0 DHE &G Y 45 R s, 5 MOD 41 L &L, BJJW 41
FIMET 2 ROS B)Z G5 FE S AT A Rl RE BE R Ty, HL2E 5%
BIf geit2 8 (P {H$4<0.001) , 36 W] ¥ F AT ALRE T 5
JHFJ R RS ARRE 22U 9 ROS /K, Foh MET 4 RS A9

ROS G B T+ 48 BIJW 418 2. (P<0.001) (&1 3) .
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Figure 3 Effect of Biejiajian Pills on ROS content inHuh7
nude mice transplanted tumors(DHE fluorescence
staining, x 200)
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Figure 4 Effect of Biejiajian Pills on ATP content in Huh7
nude mice transplanted tumors
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2.5 B AL U T Huh7 4R R A5 AL B 21 4% p-AMPK .,
p-mTOR %& & & ik K-F 69 Hom 5 MOD 44} b, BJJW
ZHFI MET 2H RS M98 1Y p-AMPK 357K -3 THEs , 25 1
A Yt B (P 1 <0.01) , H v MET 4 # #8998
p-AMPK 2 ik 7K SF- 45 BJJW 241 7 i B i 35 (P<0.05) 5 5
MOD £H %F Lt , BJJW 26 Fll MET 2H #% #J% i p-mTOR %% 1k
KFBIREAR, 22 5 3H Gt 2 L (P{EF<0.01) , Hrp
MET 41 # Fi 98 p-mTOR 235 7K -4 BJJW 21 F#AK T g 3%
(P<0.05) (&l5,%3).

p-mTOR

p-AMPK

BJJWH MOD#H

METZH

B5 ALY Huh7 R R B EEER
EAREKFERIRM
Figure 5 Effect of Biejiajian Pills on p-AMPK, p-mTOR
protein in Huh7 nude mice transplanted tumors

1p-AMPK.p-mTOR

2.6 WAL Huh7 4 S A5 AL 41 22 AMPK/mTOR 43
BHARKX FAREKFHH A 5 MODAX I,
BJJW 41 F1 MET 20 %% 48 & ) p-AMPK/AMPK ., p-ULK1/
ULK1 WWEY A THa, 255 WA gt w2 L(PEY<
0.01) , Hovh MET 41 % #8198 1 p-AMPK/AMPK , p-ULK 1/
ULK1 HABE%E BIJW ZH T 5 i 2% (P B #4<0.05) ; 5 MOD

R4 EBIGLX Huh7 R EEHESE AMPK/mTOR (&5

*3 EHRFA Huh7RERBEBEA
§E§L7}<$E’J59HH
Table 3 Effect of Biejiajian Pills on p-AMPK .p-mTOR
protein in Huh7 nude mice transplanted tumors

p-AMPK.p-mTOR

20 53] Kjﬁg%ﬁ& p-AMPK p-mTOR

MOD #H 6 2.59(1.57~3.48)  7.74(4.13~13.16)

BIJW# 6 7.72(5.54 ~9.47)"  1.05(0.60 ~ 1.67)"?
MET 41 6  17.31(15.69~21.47)" 0.22(0.14~0.51)"

Y 40.48 41.62

P <0.001 <0.001

W5 MOD 4 H, 1)P<0.01; 5 MET 41 4% ,2) P<0.05,

ZXT LG, BJIW 41 A MET 4188 4898 (1) p-m TOR/mTOR LG Al
KRG, 22 7 398 ot L (P{E34<0.01) , HH  MET
LHREAH IR ) p-mTOR/mTOR FLAE#E BJIW ZH A AR B i 2%
(P<0.05)(El6,%4).

MODZH

AVPK M A G o

BJJWE MET4

P-AMPK | i ~~ 64 kD

mTOR M S — |

p-mTOR (D S e )g, |

ULKL | — ” e 113D
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- ~ “ 113kD
.
B-actin h-- - 42kD

6 &EHuh7RRBEBHL AMPK. p-AMPK . mTOR,
p-mTOR,ULK1.p-ULK1 & H EJ il
Figure 6 Western Blott bands AMPK, p-AMPK, mTOR,
p-mTOR, ULKI1 and p-ULK1 of graft tumours in Huh7
nude mice transplanted tumors

SEREXEARIEKEHEE

Table 4 Effect of Biejiajian Pills on expression levels of AMPK/mTOR signaling pathway-related proteins in Huh7 nude mice
transplanted tumors

15 ngﬁ‘%& AMPK  p-AMPK pﬁ&ﬁ? mTOR  p-mTOR p;;“TTgf?/ ULKI p-ULK1 péﬁﬁ”
MOD#Z 6 041+0.03 005+002 0.13£0.04 0.17+002 055+0.09 320+0.62 040+0.10 0.06+0.04 0.18+0.13
BIIWZ 6 044+0.07 036+0.10"% 0.81 +0.20" 0.18 +0.04 0.24 + 0.06"” 1.34+0.16"% 0.42+0.10 0.28 +0.05"% 0.69 +0.17"?
METZ] 6 035+0.07 0.74+0.13" 2.10£0.09" 020%0.04 0.07+0.05" 033+0.19"” 040%0.04 0.71£0.10" 1.79+0.33"
FA4 4.00 79.41 37479 0.65 75.88 84.72 0.06 137.75 78.28
P 0.040 <0.001 <0.001 0.538 <0.001 <0.001 0.943 <0.001 <0.001

5 MOD 4 L#, 1)P<0.01; 5 MET 41 b4 ,2) P<0.05.
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