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Fig. 1 Pathological changes of rat liver tissue caused by Breynia fruticosa
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Table 1 Effects of B. fruticosa on serum levels of AST and ALT in rats

%2534 A %2564 A
Ay Treatment for 3 months Treatment for 6 months
Group
AST (U/L) ALT (U/L) AST (U/L) ALT (U/L)
Xof R 21
! 169. 94 + 49, 467 55.96 +15. 122 163. 74 £ 31. 000 53.59 +20. 583
Control group
15 77 %
High dose group 98.42 £ 33,023 37.36+6.026 160. 44 + 38. 634 43.43£10. 370
AR5 5 4

156.58 £ 25. 2
Low dose group

39.70+11.745

187.35+63.913 64. 25+ 40.674

T RN G B LA B 25 (P <0, 05)

Note: © indicates significant differences compared with control group (P<0. 05)
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Table 2 Chemical component of B. fruticosa

o KEYARK 4y ¥ gy F ik
lej? Name of gﬁggl Molecular Molecular
% compound -abe formula weight

- P s .
1 e GHF-01 CuH,O, 224.3
i T .
g BhmE GHF-02 CoH, O  138.2
Isophorone
JRLASE
3 3, 4 - dihydroxybenzal- GHF-03  C;HgO4 138.1
dehyde
4 ﬁjﬁi GHF-04 CgHgO,  152.2
5 MERR GHF-05 CigH, O  286.2
6 Bt 22 5% GHF-06 C;3H,,0; 302. 2

Quercetin
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gx
Continued table
o EYARK . 43 F Iy ¥
ﬁ? Name of [ﬁlﬁgl Molecular Molecular
* compound Abe formula weight
TR GHF-07 CH,0,  286.2
JL
8 %Eﬂ§® GHF-08 CyHy0p 5945
CH )~ B BT fIE T .
9 (+)-lyoniresinol GHE-09  Cy, Hyg Oy 420.5
CH)-FIE IR R _
10 ( +)-isolariciresinol GHEF-10 Gy My, O 360.4
SEAL T . <
1 ( +)-nortrachelogenin GHF-11 Gy My, 07 374.4
+y- 4 e
12 (F igfgﬂ B GHF12 CuMy0, 4184
13 ?u?eiiﬂe GHF-13  CgHy;sO  424.7 SR R 17 M2 WAL A3 o 20 G [RDE 20 L I AT 2
s I 5 40 5 BE L
14 Betasitosterol GHF-14  CpHyO  414.7 Green diamond shape indicates 17 components,red ellipse
15  Epibreynin D GHF-15 C,Hg0,,S  936.9 shape indicates key targets of hepatotoxicity caused by B.
16 Aviculin GHF-16 CyH, 0, 506.5 fruticosa
~ B2 5 AT Sy 1 4 A AR
17 R8T 8 GHF-17 Cy,H; 0, 442.7

Glochidiol Fig. 2 Common targets of components from B. fruticosa

PIK3CG

P 3 R AT EOR R R ST AL AR PPT IR 2% 4]

Fig. 3 PPI network diagram of predicted targets in hepatotoxicity caused by B. fruticosa
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17 4. Ho, degree HHERT 5 7 19 #4555 4 A
&6 (1L-6) MR A p53 (TP53) 22 25 1k &

®3 REFBFSEHXEER
Table 3 Key targets of hepatotoxicity caused by B. fruticosa

F¥EE 1 (MAPKD (Il % N 4 K F A (VEG-
FA) JHRIRBEIR F (TNF) . 454 Kb AR 1 JE A
S LA B 5 Y A B =2 T A R 56 FR AN 3 R L
T AR 50T B 1 1) 245 - O -0 T 4 A BT 4 T

KA AR

Key targets

Degree {8
Degree value

SRR 25 1y

Related medicine components

1L-6 48
TP53 46
MAPK1 44
VEGFA 44
TNF 43
*EAEKEF EGF 42
kA ¥ JUN 42
F 4 2 PTGS2 41
2 ZF G AL B H R 8 MAPKS 40
KK FZ K EGFR 38
W R Z K 1 ESR1 37
1L-1p 36
CC BB fL A F ik 2 CCL2 35
N B — S AL A A R NOS3 33
o S Ak 0 i A 1 B 00T 24K Y PPARG 33
Bt AL P MPO 32
I 21 % A A -1 HMOX1 31

GHF-06

GHF-05,GHF-06

GHF-06

GHF-05,GHF-06
GHF-05.GHF-06 .GHF-07
GHF-06

GHF-04 ,GHF-05,GHF-06 .GHF-07

GHF-04,GHF-05,.GHF-06 .GHF-07 ,GHF-08 ,GHF-09 ,GHF-10,GHF-
11.GHF-12,GHF-14

GHF-07
GHF-05,GHF-06
GHF-09,.GHF-10
GHF-06
GHF-06
GHF-06 .GHF-07
GHF-09,GHF-10
GHF-06

GHF-05,GHF-07

2.5 REFHFSERNXEER KEGC S GO
S

TEIC 1R G 28 A 17 A O ERHAR (3R 3D, Rl
ClueGo i K5 U8 1 45 451 0 B9 AH DG HE s B A5 A= )
e e 4 Ko Pg 3 A . PR IBOGHE w4 2 i HE 44 1T 10
38 5 (P <<0. 05) (3% 4, 455 WoR , i 75 B 7
PEOC B S AR B 4R 7B ROV O A SEAH G AGE-
RAGE 5 518 I (AGE-RAGE signaling pathway in
diabetic complications) . 1L-17 {5 5 i@ % (1L-17 sig-
naling pathway). TNF {5 5 i % ( TNF signaling
pathway) . Toll ¥ 5 & {5 5 i [# (Toll-like receptor
signaling pathway) . HIF-1o 1§ 5 i@ %% (HIF-1a sig-

naling pathway) %5 i [ I ., 3% 2638 % 5 RAE &AL
U5 o 3 A 3 R DDA G

AP ELA R BN, REAF EE S 50 4EY
2 B AL HE 5 5 P #2 (Regulation of transcription) |
1L % 87 4 (Angiogenesis) . — E AL & & W (Regulation
of nitric oxide biosynthetic), MAPK {5 5 i@ ¥
(MAPK cascade) \ERK1/2 {5 5 i # (Regulation of
ERK1 and ERK2 cascade) & & ; 767> T I [, #
TR S o N A & B R P R R e M D& ]
PRI 305 M S5 AR O 5 70 40 B 20 43 T, G 3 A T A
JLAZ B A1 25 1] 4 5 45 (81 5D
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I FROR 17 R 25 IS o £ R RDE 327 S 1 A5 OS2 P 0 S B R AR L W €0 [RJE 3 L 1 A SO R 1 1 TR B A
Green diamond shape indicates 17 components, red ellipse shape indicates key targets of hepatotoxicity caused by B.
fruticosa » blue ellipse shape indicates predicted targets of hepatotoxicity caused by B. fruticosa
P4 ST A SO e 1 25 ) - HE - T 2%
Fig. 4 Medicine-target-disease network of hepatotoxicity caused by B. fruticosa
R4 REFHFSMENXBEBIR KEGG 17
Table 4 KEGG analysis for key targets of hepatotoxicity caused by B. fruticosa

CEPRERERTY:S PSiid AT e PSS 2 7y

Enriched signaling pathway Number of key targets Key targets
AGE-RAGE signaling pathway in diabetic 9 CCL2,1L1B,IL6,JUN, MAPK1, MAPKS8, NOS3, TNF, VEG-
complications FA
Fluid shear stress and atherosclerosis 9 CCL‘Z , HMOX1, IL1B, JUN, MAPKS8, NOS3, TNF, TP53,

VEGFA
. . . CCL2,EGFR,IL1B, I1L6, MAPK1,PTGS2, TNF, TP53, VEG-

Human cytomegalovirus infection 9 FA
1L-17 signaling pathway 8 CCL2,IL1B,I1L6,JUN,MAPK1,MAPKS8,PTGS2, TNF
TNF signaling pathway 8 CCL2,1L1B,IL6,JUN, MAPK1, MAPKS,PTGS2, TNF
Chagas disease ( American trypanosomiasis) 7 CCL2,IL1B,IL6,JUN,MAPK1,MAPKS8, TNF
HIF-1« signaling pathway 7 EGF,EGFR,HMOX1,IL6,MAPK1,NOS3, VEGFA
Rheumatoid arthritis 6 CCL2,IL1B.IL6,JUN,TNF,VEGFA
Toll-like receptor signaling pathway 6 1L1B.IL6.JUN,MAPKI1,MAPKS8, TNF
Bladder cancer 5 EGF,EGFR,MAPK1,TP53, VEGFA

2.6 BREFXFAFAE IL-1B.IL-6.iNOS HIF-1a &% IL-1B.1L-6 AR B HATRUE, 45 R Won, 5 X
A M. 4525 3 4~ A Ja . w5 i 4 E R 1L-6,iNOS,
K 5 Ak H R X FAE # iINOS, HIF-1a, HIF-1a £ A FHPE R A8 i (P <<0. 01, P<<0. 05) , Ik
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Fig.5 GO analysis for key targets of hepatotoxicity caused by B. fruticosa

AL E o TL-6 BH M 23k K B 3 T & (P <
0.05) ;4525 6 > H Ji5 - i 57 & 40k TL-18.iINOS,
IL-6, HIF-1a 3 ik K & 3% Tt & (P <<0. 05, P <
0. 01>, fik 5 & 41 A& & 3 J+ & JFBE o TIL-1B.IL-6,
INOS 35K (P<<0.05) (K 6), Mz, K
252 I VR AT v R T LR S OR U &R R
P BN B Ay A 47

3 it

ASAIF 5 3 K 0 B M 00 0 25 B o R i A AT
JFF I 25 P 1 5 3 2o I 45 2 B 2 5 20, w0 A 48 R
] A ) A R KRR R E M R LA I R AR
CHO-FMARBAGEY . C+)-F &I IR R SEE .
CHO-T R G BE L B-4% 1 I 4505 9 T BE 2 155 5 I
BEPE R AE W AE . A RGE R, B4 5 B KR R
A HLA AN RE AR T BT LA R T R 40 % 5 RN S
JEE AT, R ER.3-HEEBETES A
SMMC-7721 HF 4N HepG2 AT 41 i 4 4= 240 i
PAT- PG . 1T e 55 A 2 A e (57 L i ) £ o 1k 4R
A R SR 25 L A 8 3 R R (ROS) B A 0, g

Ab s AT WFFEUE 52, AR HEZE (50 pmol/L) A L i
Bax /K FMHTIAT-E 1 Bel-2. 3% 1k caspase-3 B .
R ARG £ K AR BB R 432 L35 5 SMMIC-7721 F1 Bel-7402 AT
TR AR PR T, BOE 5 R F R AR T AR i HepG2 I
TR T

P £ B 3 2 43 A 45 SR W, R I A R e 3 BE A
17 DR AR 2 5 IF R L6, 245 TNF.IL-
18.1L-6 .NOS3 . MAPK1 %, X 6 & 8§ bR 4> + &
BEE T AGE-RAGE {5 53 i 1L-17 {5 5 i % .
TNF {5 % i} . Toll ¥ 32 & {5538 i . HIF-1a 5 5
AT, LR AE T E B R A R E AU NS
AR PR R VA OC . WFOT SR, SO0 S fb 2K
Y (AGEs) 5 HA3Z Kk RAGE 254 . nl#iG £ & 15 5 i
%175 5 AU AL L U8R N L AR RE N R R 1 B C TR Ak
ZEH L Toll BEAZ IR — KBS AR (1, 2 5 1R 51 Ji
AR A R GRE N 2 7F TNF-o IL-1B %5 & P
1 b A b & P AR DY . HIF {55 B
Z 5 YRR T RE FE AR IS 51 & 1 40 M S 10 R S 405 5
FRUS L WL P S Ak R A 405 AN SR 8405 B R H R
MBI EENEENE . AU B SRR



3 oA
FE.BER,F

(a) 3> H3 months

357

1, MRE, %, 5. & T W 2% 5 18 5 00 5 B £ 3K R BT RER 5 1 A LS R

h --
(b) 34~ H3 months Wl Xf 4 Control group
B ) 41 High dose group
HIF-la B {55 & ZHLow dose group
#
3 .
52 20
IL-6 = s ##
B5 .
B
=% 107
=W
iNOS
0_
X A A i EE2 IL-1B HIF-la IL-6 iNOS
Control group  High dose group  Low dose group
(¢) 64~ H 6 months
(d) 64~ H 6 months
X ZHControl group
25 - Bl 7 ZHHigh dose group

XA A fEF A

B iK1 ZHLow dose group

[\
=]
1

—_
(=}
1

S
#
=
&
=
#
=

S
=
S
Py
2
=
S
=
o 151
=
]
o
>
=
wl
3
~

IL-1B HIF-1a IL-6 iNOS

High dose group  Low dose group
% BEALMI LT T P<<0. 01,7 P<C0. 05
7% P<C0.01,% P<C0. 05 compared with control group
B 6 oA xR B IE TL-18, HIF-1a,IL-6,iNOS 25 4 3¢ 35 il % 1
Fig.6 Effects of B. fruticosa on 1L-13, HIF-1a,1L-6,iNOS expressions in rat liver

Control group

BATPUAES HIF-1o 3k, & 00T BE S B 7 K 7 7+
0 o 3 T T I A 3K AL A T e Az AR, e
JHF I 4 Ak 107 98 R 46 IR 2 0T DL — i S INOS,
IL-1B.1L-6 45 28 138 3K . JIn 2R JHF Ik 4 i L2 1 44K g
ARG L ARBEIE L AT 5 g/ke IR ELLA
6 A H JE . BT LA G 5 A B AR R R AT A 4 4
Az A BT AFE T INOS  HIF-1a 116 F1 1L-18 Y
FkoKF, R W2 L AF TS K BUFRER e & 4 T
LA N RN A RE 505 4 3X AT R 2 R I A ST RE P Y ¢
HEHLH

R T AR R T ) DA O A R 24 2 R TT AT R

M7 R R 2508, P AR BT AL, AT S I AT
PR T IR B A L R 5 B R T L 25 4
TR L2 T 249 v B 2 it b PR R A BB R L il
A TR A 5 S 1A 245 61 35 PR BIL AR T HE BE AR G R 25
At Bl O R B A SR M TS R
BT 4 A i PR P 24 $i 43 B e R Al

S &k

[1] ERFEHEHRH(CPEART )G Z 2. REATIM]. 4
M. g Rl 2E R iR A, 1999 . 760-762.
(2] #hng, b EH2Z2% M. 2 B BT 7 78 RO A,



I ARE,2022 £,29 %, 5 2 #] Guangxi Sciences,2022,Vol. 29 No. 2

2016.:277-278. [12] DING S X, HU A R,HU Y R, et al. Anti-hepatoma

[3] MENG D H.WU J,ZHAO W M. Glycosides from Bre- cells function of luteolin through inducing apoptosis
ynia fruticosa and Breynia rostrata []]. Phytochemis- and cell cycle arrest [J]. Tumor Biology,2014,35(4) :
try,2010,71(2/3) :325-331. 3053-3060.

[4] MENG D H,CHEN W L,ZHAO W M. Sulfur-contai- [13] BRI, X, i e, 55, R B B il PKM2 gk 1 4 iF
ning spiroketal glycosides from Breynia fruticosa []]. AW S R A s T B R e gy 2E 2 L 2021,
Journal of Natural Products,2007,70(5) :824-829. 41(11):1103-1108.

(5] B30, Tof, T4, % B ok vHia 97 /b R [14] HUDSON B I, LIPPMAN M E. Targeting RAGE sig-
P Bz - A SR AL I O e [ ], o B S B 2 2 2 ik, naling in inflammatory disease [ J]. Annual Review of
2014,34(24) :2095-2099. Medicine,2018,69(2) :349-364.

(6] sZAlsC MU T . A 2235, 55 ST A 7K B2 90 5 222 410 ok 4 (151  SRUEWH , F WeH , SR , 55 BT 16 2% 245 B 2 1 200 i <2 %
M SEme s (1], A v B2 25 2% T, 2013, 31 (11) : 2423- AT B 2 A b i T SO B 1 25 8P I SE LT .
2424. E rh 25215k, 2022,47(1) :176-187.

(7] A6 30, £ 3 mh. T #2571 by s K B AR BT 5 #E L [16] GUZY R D,HOYOS B,ROBIN E,et al. Mitochondrial
[J]. 4 H#42£,2014,24(7) :618-622. complex Il is required for hypoxia-induced ROS pro-

(8] ZEWERL, & IE #%, X e, 25, o 24 2530 W) T L wl B A F AL duction and cellular oxygen sensing [ J]. Cell Metabo-
B E 5 8 B R (T 1L ) N R 25 R 2 2 i, 2020, lism,2005,1(6) :401-408.

37(2) :366. [17] LUO F,ZOU Z L,LIU X L,et al. Enhanced glycoly-

(9] Wiwifi, &M, FHT,%. 2T CREB/BDNF i ¥ #% sis,regulated by HIF-1a via MCT-4, promotes inflam-
EARCRIN: PN W TR KN = R N I R G e oA | mation in arsenite-induced carcinogenesis [J]. Carcino-
[T, [ 52 5 07 3 2 2% 8. 2022, 28(5) : 55-61. genesis,2017,38(6) :615-626.

(100 5k 2% T 8 Y W) [ 3, 2. - 4% B A & NI [18] RAMYAA P,KRISHNASWAMY R,PADMA V V.
HepG2 M T-HLHI BF 52 (], o B o 25 24 7%, 2011, Quercetin modulates OTA-induced oxidative stress and
36(15) :2145-2148. redox signalling in HepG2 cells-up regulation of Nrf2

[11] ZRBE,ZHFIFE KR, Z A, S8 EES AN expression and down regulation of NF-kB and Cox-2
FEA i SMMC-7721 J 1= [J]. B 2 H & E 25, 2012, [J]. Biochimica et Biophysica Acta ( BBA) - General
23(5):1173-1175. Subjects,2014,1840(1) :681-692.

Mechanism of Liver Injury in Rats Induced by Breynia frutico-
sa Based on Network Toxicology

WEI Jie' ,ZENG Xianbiao', LI Dongmei' s HE Junhui', HE Fei*,ZHONG Ming'
(1. Guangxi Institute of Chinese Medicine and Pharmaceutical Science, Nanning, Guangxi,530022,China;2. Guangxi Key Laborato-

ry of Traditional Chinese Medicine Quality Standards,Nanning,Guangxi,530022,China)

Abstract: This study intends to explore the potential mechanism of hepatotoxic damage induced by Breynia
fruticosa in rats. Rats were intragastrically administered with high and low doses of Breynia fruticosa extract
( 5g/kg,2.5 g/kg ) for 3 and 6 months,and the serum levels of aspartate aminotransferase ( AST ) and ala-
nine aminotransferase ( ALT ) were detected to identify the toxic target organs of B. fruticosa. The chemi-
cal composition library and hepatotoxicity target library of B. fruticosa were constructed by network toxicol-

ogy method. The key targets of hepatotoxicity induced by chemical composition of B. fruticosa were screened
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by protein interaction and network analysis. The biological function enrichment and KEGG pathway analysis
of the key targets were carried out. The effects of B. fruticosa on the protein expression of iNOS, HIF-1a,
IL.-18 and 1L.-6 in rat liver were verified by immunohistochemistry. The results showed that compared with
the control group, the pathological changes of liver cell degeneration and fibrous tissue hyperplasia in rats
were induced after 6 months of administration,and the levels of ALT and AST were deviated to some extent,
but not statistically significant. The network toxicological study preliminarily revealed that 17 compounds in
B. fruticosa might be potential components in inducing hepatotoxicity, which may induce liver injury through
17 key targets such as IL-6, tumor protein p53 (TP53) ,mitogen-activated protein kinase 1 (MAPK1) ,vascu-
lar endothelial growth factor A (VEGFA) and tumor necrosis factor (TNF). These key targets might have
potential enrichment in AGE-RAGE signaling, HIF-1a signaling, TNF signaling and Toll-like receptor signa-
ling,etc. The enrichment results showed that the key targets of liver toxicity induced by B. fruticosa were
mainly enriched in AGE-RAGE signaling pathway, I1.-17 signaling pathway, TNF signaling pathway, Toll-
like receptor signaling pathway and HIF-1la signaling pathway related to diabetic complications. These key
proteins and pathways were closely related to intracellular oxidative stress and inflammatory response. The
results of immunohistochemical analysis also verified that the expression levels of 1L.-18,iNOS, IL.-6 and
HIF-1a in the liver of rats were significantly increased after 6 months of administration of B. fruticosa , indi-
cating that B. fruticosa had hepatotoxicity in a certain dose range and could induce hepatocyte degeneration.
The mechanism might be related to promoting oxidative stress injury and inflammatory response in the liver,
and increasing the expression of oxidative stress and inflammatory related proteins.

Key words: Breynia fruticosa ;hepatoxicity;oxidative stress;inflammation;network toxicology
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