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Synergistic effects of Linggui zhugan decoction regulating autophagy on doxorubicin against non-alcoholic
fatty liver disease-hepatocellular carcinoma

CAO Huimin', KONG Liang"?, SUl Guoyuan', WU Jin', JIA Lianqun' (1. Key Laboratory of Theory and
Application of Visceral State of Traditional Chinese Medicine Co-constructed by Ministry of Education, Liaoning
University of Traditional Chinese Medicine, Shenyang 110847, China; 2. School of Pharmacy, Liaoning
University of Traditional Chinese Medicine, Liaoning Dalian 116600, China)

ABSTRACT OBJECTIVE To explore the enhancement effect of Linggui zhugan decoction (LGZG) regulating autophagy on
doxorubicin (DOX) against non-alcoholic fatty liver disease-hepatocellular carcinoma (NAFLD-HCC). METHODS C57BL/6 mice
were randomly divided into blank group, NAFLD-HCC group, LGZG group, DOX group and DOX+LGZG group, with 10 mice
in each group. The NAFLD-HCC model was established by intraperitoneal injection of diethylnitrosamine (50 mg/kg) and high-fat
diet. The blank group was injected with the same amount of normal saline and fed with ordinary diet. After modeling,
administration groups were given LGZG aqueous extract (20 g/kg) intragastrically and/or DOX solution intraperitoneally (8

mg/kg) ; the blank group and NAFLD-HCC group were given
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a constant volume of normal saline intragastrically, once a

day, for 4 consecutive weeks. The general condition of mice
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was monitored during modeling and drug intervention. After
drug intervention, body weight, liver weight and liver
coefficient of mice were detected. The histopathologic

morphology and fibrosis degree of liver tissue in mice were
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observed; the levels of blood lipid [the levels of triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C) and high-density lipoprotein cholesterol (HDL-C)], the serum contents of alpha fetoprotein (AFP) and carcinoembryonic
antigen (CEA), and the expressions of marker of proliferation Ki-67, B-cell lymphoma-2 (Bcl-2) and Bcl-2 associated X (Bax) in
liver tissue were all detected as well as protein expressions of microtubule-associated proteins 1A and 1B (LC3), Beclinl and
selective autophagy adopt proteins P62. RESULTS Compared with the blank group, the activity of mice decreased gradually as
time in the NAFLD-HCC group; mental fatigue, disheveled and matte hair were observed, and body weight decreased significantly
(P<<0.05) ; liver weight had an upward trend, and liver coefficient increased significantly (P<<0.05). The inflammatory cells of
liver tissue were infiltrated, with some cells showing ballooning and small cell hyperplasia, and the degree of liver fibrosis was
worsened; serum levels of TC, TG and LDL-C, AFP and CEA contents increased significantly, while HDL-C level decreased
significantly (P<<0.05). The protein expressions of Ki-67 and Bcl-2 in liver tissue were increased significantly (P<<0.05), while
the protein expression of Bax decreased. The protein expression of Beclinl in liver tissue decreased significantly (P<<0.05); LC31I/
LC3 I decreased, while the expression of P62 protein increased. Compared with the NAFLD-HCC group, the above indexes of
mice were improved to different extents in the DOX group, LGZG group and DOX+LGZG group, and the intervention effect of
DOX combined with LGZG were better than those of DOX. CONCLUSIONS LGZG combined with DOX can synergically
promote the apoptosis of tumor cells, enhance the sensitivity of NAFLD-HCC chemotherapy, and effectively slow down the
occurrence and development of NAFLD-HCC. The mechanism may be related to the regulation of autophagy in tumor cells.

KEYWORDS Linggui zhugan decoction; non-alcoholic fatty liver disease-hepatocellular carcinoma; autophagy; doxorubicin;

chemotherapy sensitization
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AR H % (Linggui zhugan decoction, LGZG) H H
CRFESRIE ) , M Ad PR PR AL ARy, A IR B iy
WIWF T % B LGZG nT i #] NAFLD-HCC 1) & 4= % B,
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Jfe e 24 ) (—38) AR DG K
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-+ 2318 - China Pharmacy 2023 Vol. 34 No. 19

AKGEEH LR, T R4, 29T, /N BUAR BRI
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JH BCA 120 A I 4% 2H 2 vk L TR A VAR Fl B
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GAPDH —¥t (R B L 4331 1:1 000,1:1 000, 1:1 000,
1:5000) , 4 °C3f P 7 5 L TBST PR 3 1K, K 15
min, ITAAHR; —Ht (R 1:10 000) Z R IFFHE 1 h; £
BEOG WS R N LR RO R RGOS, B Al-
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¥IJCHA B 5 H , NAFLD-HCC 20 /)N BUBE 25 25 25 B ] S 4
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415 fhilg fFeilg iFHE K
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I A IR 457 s LGZG 2H /)N BRI 2 I 90 €0 S ke
2, R 25715 80 B 3T FRT D s DOX ZH MU SR AN ]
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D.LGZG#l

3.4 /INRIMBE/KFERMFH AFP .CEA S ERKNILER
5o (4 &, NAFLD-HCC 4H /) BLIL 3% o TC.
TG.LDL-C 7k V- & AFP .CEA & &8 [ 3 J} & , HDL-C
IO 2B (P<<0.05) ; 5 NAFLD-HCC 41 L #% , DOX
4 /N R H CEA & & W 35 F& Ik, LGZG 41 . DOX+
LGZG 4/ UL 3% o TC . TG .LDL-C 7K ¥ & AFP ,CEA
SR K (P<<0.05) , DOX+LGZG /) BUfL i
HDL-C /K . T (P<<0.05) ., 45 MK 2,
*x2 HHANRMAEKTF R INES AFP . CEA 2/
MER(x+s,n=06)

il o for - e g AFP/(pgl)  CEAV(nglL)
(pmol/mg)  (pmol/mg) (wmolimg) ~ (wmolimg)

Sh4l 159+047 0631024 099£024  11.01£450 100393362 1491029

NAFLD-HCCHL  353+0.74° 268+027 4794055 306187 259.03+53.50° 290+0.34°

DOX 4 3064082 2444066 3984053 524£316 2222142318 2354033

LGZG#H 2354026 1254010° 3234075 850232 2025142044 205£0.12°

DOX+LGZGAL 238089 124£020° 326+046" 9.16+435° 187.971542° 198%0.16°

a: 525 4 A, P<<0.05;b: 5NAFLD-HCCH 4%, P<<0.05,
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3.6 /MNRAFBFALRFRATIREREQRIEKEHRNLER
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H&Jﬁﬁfﬂﬁﬁ}tw%

0

1 Il 11§ lV \4
F. Masson Y (i st H 4 LUARIR I (n=3)

2541 ; 1 :NAFLD-HCC41 ; Il : DOX41; IV : LGZG#1; V : DOX+LGZGH] ;— : 15 YL T 4E [ [ s a: 525 F12H 48, P<<0.05;b: 5 NAFLD-
Hcczﬂttﬁ,P<o.o5,c. 5DOX4] ks, P<<0.05,

2 BENRATBEHLR Masson R BE K RERARE 57 LLAERE (n=3)

R®3 HENMNRTHALR G Ki-67 Bax,Bel-2 | H &KX

KFRIMMEER (x £5,n=3)
45 Ki-67 Sl Bax FHLE Bel- 2P LI
EHAl 0.030+0.00 0.059£0.003 0.050+0.006
NAFLD-HCCA] 0.054::0.004 004120002 01050014
DOX4] 0.048:+0.002 0.069+0.008° 0.087:0.003
LGZG4 0.041£0.002° 0.078£0.008 0.070+0007
DOXLGZGA 0.036:+0.002" 0125 0008 0.055:+ 0006

a: 525 A I, P<0.05;b: S5 NAFLD-HCCHA L #% , P<<0.05;c:
5DOX4 i, P<<0.05,

KA BEREH H 22 R RS %2 X (P>0.05) ;5
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3.7 INBRBTHEALR F BIEHEXE A RIEKFEHRNLER
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2l 2 DOX+LGZG 21/ BUHIEZH 41 Beclinl £ 13235
KFAILC3 IT/LC3 T LB 1 25 Tt i, P62 FR R A K
45 5 2 B AR (P<<0.05) ; 5 DOX 41 H 4, DOX+LGZG
ZH/NFUFAEEH 2 Beclinl 25 FFRA 7K FAILC3 1T /LC3 |
FUAE 2 T 5, P62 2R 11 K /K k35 41K (P<<0.05) .
ZERILE 5.

A B. NAFLD-HCC 4

C.DOX 4

D.LGZG4 E. DOX+LGZG 41

B3 HREANRABAARKI-CTEBRBEAULLEE
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D.LGZG#H E. DOX+LGZG 4

E4 KEANBIFRHREAL D Bax Bel2EQREALLEE

Beclinl | e - — “ 60 kDa
oo [ - - | o
1 I 1 v v
ARAFREBIKE
2.0 =
. be | EeE
= b -HCC
i: e b =1 NAFLD-HCC 41
A 10— B DoX 4
ﬁ 1.0 3 b
4
b a - = L6zG41
0.5 B DOX+LGZG 4l

Lc3/Le3 1
B. R AR IA AT RS 5R (n=3)
I :25H 4 ; 11 : NAFLD-HCCH ; I : DOX#H ; IV : LGZG#1; V -
DOX+LGZG4H ;a: 525 4L H#, P<<0.05;b: 5NAFLD-HCCA H 4%,
P<<0.05;c: 5DOX4 H4E, P<<0.05,

5 HHEHNRAHARHBEEEXEAHNRAELER

Beclinl P62

4 itig

NAFLD-HCC &J%# HFa b , 28R E e n &2
HRIE I, S T ARG AL, BRI IA YT - LIRS A
FRARST AT LIS IR 40 A ARy S PR 22 L KRl Y
I HARKEM, S i EskThag. Bk, PEIR
AP T IR O B B AL, NAFLD-HCC 1597 R Bk
TESEAE AR A I, R 2GIEA AT, REIG N b E 4 X
97 25 P UERE 3R S LR XYY I 32 ) e AR
FEW, LGZG Mgk BRI 03 07, ok
2 R LA s B 24 R BH A AR A2y | fet
JRGE, SCRT AR R 5 HRE R (24 b <0, IRRINE 24 5
VY 244 Al RS s . 5O LGZG E i NAFLD-
HCCIRYT sl B ibyy 25 75 G h BT sk AR A I

2GS 2023 AR5 34 45 19 1)

AHIF ST A IS IR EE % B, NAFLD-HCC 4/ i,
JHFRIEAS R A R 485715 o s BRI 252 e o m] D T2 21
YRR TG T B A8, SR A0 MR SR, 43 2
HEAERFEAR , A /NG 386 A= 5 JFF A 20 20 v e D, oK o
WU IR LT A Feik . AFP 5 95 40 () 145 235 VI AH O
JEDRUR M PR R S B e A R B S ), CEA J&—Fh™
T Y R AR 7 40, AFP . CEA T 564 K T 232 Tt Ji &
PRI i B 2R AR ARSI & B, NAFLD-HCC
ZH/NRRUMLYE Hh AFP AN CEA S B T o Ki-67 XFRA
R HEGE BT , 20 A A 18 B — b Ak L PR A
SRR R R R AR e A A A R
7, NAFLD-HCC 20 /N BRI JIE 40 2 KG-67 26 11 R 187K
TR T, BRI HE R NAFLD-HCC A 4t 57
M. 7 X DOX.LGZG M LGZG Bt 4 DOX T i
NAFLD-HCC 5 (1 5% i E 47 T W58, 5 3 ow , VU
DOX.LGZG M LGZG B4 DOX T , /N iR TS b
Y ARRFRBE 2 , B LGZG B4 DOX A ks 4
HH N, SR, LGZG B4 DOX ALST B HERsk 245 HIHL
WA REE— 24T

A7 245 T 38 3 35 A0 A R T A A7 PR A
968 2N X A7 T 24 7 S U 25 A BTG AL LR Tk 4%
PRI, O T T 37 1 e e 4 2 22 A A7 2590 7 A T 24
N PN R a1 S OB A
NAFLD-HCC fby7 g™, Rt , A W] BB & LGZG
BB BT L3357 DOX R iR 24 14 1) T LA 4

Beclinl J& [ BEATE BR 81 &2 A W) Class 1l PISK 1)
CERL Sy, 7 B W & A o A b & 4 2 AR
LC3J& A MG R ARG, T8 S 5 T A M/ MERRIE
A, HA B 7RI A A DG ] 4 B Y sUR B , JE
M2 R LC3 B LC3 1 5Bl 5 LC3 1 & B fif 4 —/NB £
B, AR IR R It 2 B R BB LC3 T, PRtk , LC3 11/
LC3 T HfEfF— e M s T AW i R, A Ak
TE R R, P62 VE a4 LC3 Mz Zb & (2 i iy
PR W e B R A L 1E [ WA, 22 0 e A WV A v
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A2 K i R A L PO2 2 1 Y R A 1 5 | WG P 5 £
I, AT & B, 5 DOX 41 H#s , DOX B4 LGZG
THAT LU 1755 Beclinl S FFIA FIMAILC3 IT/LC3 1
FeAB T, P62 21 1 2RG8R0 I IDE B Rk A
Beclinl MY S5 A B IG BB, & v 5Pt T-EH
Bel-2 AHEAE ], S0 BT I8 TAE R, DAt 00 i Jie e 1 44
FE", ARSI & B, 5 DOX 4l 4%, DOX B & LGZG T
FiUAT /I BRUFFIE A 4 Bel-2 2 P 3R ik /KT W] B R AIR
Bax £ [R5 /KB R Th iy, (2 E e A0 i T, B ik
NAFLD-HCC by gkt .

L5 A , LGZG B4 DOX RE S i 7l {1 1k T I i e
M PR T, 3458 NAFLD-HCC Ak y7 S0 , 4 350k 2%
Ji M HCC 14 A 2 Jee , HCHILARI T 6 55 974 i 783 448
IR R A R
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