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[ Abstract] Objective: To explore the active components and underlying mechanism of Huanglian
Houpotang (HHD) against ulcerative colitis (UC) based on network pharmacology and animal experiments.
Method: The active components of HHD were preliminarily obtained from the Traditional Chinese Medicine
Systems Pharmacology Database and Analysis Platform (TCMSP) and Bioinformatics Analysis Tool for
Molecular Mechanism of Traditional Chinese Medicine (BATMAN-TCM) and screened out by TCMSP,
SwissADME, and SwissTargetPrediction, and their targets were predicted. Relevant microarrays were searched

for disease genes with the help of Gene Expression Omnibus (GEO). The common targets of HHD and disease
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genes were screened out to obtain the potential targets of HHD against UC. The drug-active component-target-
disease network was constructed using Cytoscape 3.7.2. The potential therapeutic targets were imported into the
DAVID 6.8 for GO-Biological process (GO-BP) analysis to predict related biological processes which were
subsequently verified by the animal experiment. Enzyme-linked immunosorbent assay (ELISA) was used to
detect the effect of HHD on inflammatory factors in colon tissues of mice. Western blot was used to detect the
protein expression of B-cell lymphoma 2 (Bcl-2) , Bcl-2-associated X protein (Bax), and cysteinyl aspartate-
specific protease 3 (Caspase-3). The IVIS system was used to detect the content of reactive oxygen species
(ROS) in colon tissues of mice in each group. Result: Nineteen active components of HHD were screened out,
involving 32 potential therapeutic targets against UC and 158 biological processes. The results of the animal
experiment showed that HHD exerted its anti-UC effect by inhibiting the expression of inflammatory factors
tumor necrosis factor (TNF) -« and interleukin-18 (IL-18) , reducing the content of apoptotic proteins, and
regulating the expression of ROS. Conclusion: This study revealed the rationality of predictions and guidance of
network pharmacology in experimental design, and confirmed that HHD could exert its effects by participating

in biological processes such as immune inflammation, apoptosis, and ROS, which is expected to provide a basis

for the mechanism research of HHD in the treatment of UC.
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Table 3 Top 15 GO-BP enrichment results of Potential therapeutic target

BL PR A A 2 7P UR S [EES AR lgP
GO:0006954 inflammatory response B JBE R AE 10 =7.75
GO:0032968 positive regulation of transcription from RNA polymerase [l promoter - 9 -3.51
GO:0006955 immune response G PE RAE 8 -5.03
G0:0010942 positive regulation of cell death A A g T 7 -7.28
GO:0001666 response to hypoxia ROS 7 -6.2
GO:0010628 positive regulation of gene expression - 7 -5.14
GO:0006915 apoptotic process AL T 7 -3.29
GO:0045429 positive regulation of nitric oxide biosynthetic process ROS 6 -7.85
GO:0030198 extracellular matrix organization - 6 -4.56
GO:1903587 angiogenesis - 6 -4.30
GO0:0072593 reactive oxygen species metabolic process ROS 6 -3.66
GO:0007155 cell adhesion - 6 -2.85
GO:1904806 oxidation-reduction process ROS 6 -2.37
GO:2000647 negative regulation of cell proliferation A AR T 5 -5.99
GO:0071407 cellular response to organic cyclic compound - 5 -5.39
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Table 4 Effect of HHD on body weight of UC mice (x+s,n=10)
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IR T A DATME BT a3 Lk 4 &S,

41571 il /g kg 0d 1d 2d 3d 4d 5d
SHA 24.98+0.45 24.71+0.78 24.78+0.74 24.55+0.67 24.58+0.83 24.89+0.83
UC iR 2] 0.3% 24.90+0.51 25.07+0.47 24.96+0.43 24.94+0.41 24.94+0.51 25.02+0.46
SASP#H 0.4 24.16+1.15 24.26+0.82 24.30+0.66 24.22+0.94 24.16+0.83 24.42+1.00
i R AN A 5 24.91+0.75 24.50+0.88 24.60+0.77 24.29+0.29 24.60+0.61 25.10+0.87
215 F /g k! 6d 7d 8d 9d 10d
kil 25.04+0.71 25.20+0.71 25.39+0.60 25.65+0.87 25.83+0.70
UC KR4 0.3% 25.04+0.51 24.81+0.77 24.07+0.94 22.88+1.58 21.94+1.96"

SASP 0.4 24.45+0.98 24.31+0.89 24.23+1.02 23.39+1.42 22.60+2.09
W3 R AN 2 5 24.96+0.91 24.99+0.80 24.98+0.93 24.67+1.17 24.85+0.91%

T 52 AL Y P<0.05 S B4 L4 2 P<0.05
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*5 HEEMNMZHX UC/NRDAINERFNE (x+s5,1=9)

Table 5 Effect of HHD on DAI score of UC mice (X+s5,7=9)

21 5 Fl /g kg 1d 2d 3d 4d 5d 6d 7d 8d 9d 10d
=EHA 0.41+£0.22 0.15+£0.18 0.41+0.28 0.22+0.17 0.41£0.28 0.19+0.24 0.30+0.31 0.41+0.36 0.33+0.41 0.22+0.24
UC I 2] 0.3% 0.19+0.24 0.30+0.11 0.37+0.20 0.48+0.24 1.07+0.28 1.00+0.24 1.74+0.40 1.67+0.73 2.48+0.29 2.81+0.47"
SASP 4 0.4 0.11£0.24 0.11£0.17 0.41£0.28 0.41£0.22 0.96=0.35 0.59+£0.40 1.00£0.37 1.00+£0.41 1.48+0.69 1.52+0.88%

B SR AN 2 5

0.30£0.26 0.00+0.00 0.37£0.48 0.48+0.18 0.89+0.33 0.89+£0.37 0.78+0.33 0.78£0.41 0.78+0.47 0.63£0.31%

S P R VP<0.01; SHEERA Y P<0.01(K£ 6 /)

Lnescence
A

B C D

TE:A 14 ;B UCKI A4 ; C. SASP 4 ; D #f i JE Ah %
H(E 2. 30H)
E1 HZEEMFGI UC/NREHEALROSHEN
Fig. 1 Effect of HHD on ROS in colonic tissue of UC mice

Fx7 HEEWFN UC/IARBIEHBERERFHIZM (x+s,n=7~10)

Fo6 BHNREHARPMNERANEE (X+5,7n=3)
Table 6 Fluorescence intensity per unit area of mouse colon tissue

in each group (x+s,n=3)

4151 /g kg LA T AR D B
2 H4 211.33+54.15
UC KA ZH 0.3% 4234.50+283.19"
SASP 4] 0.4 2 639.67+629.05%
B 3% AN AL 5 3173.33+214.577

AL HE, B JE AN A/ B TNF-a IL-18 (1 7K SF- W]
R H (P<0.05) , IL-6 /KP4 1 i % {0 22 7 o 4t
e X TR K I 4% 4 /0 B 38 8, 5 s
FI2H L35, UC B8 780 2 /)N B U 48 H5obi B 38 15 K, i
B AN 25 25 AR 3 0 X Rl B 4 (P<0.01) . WL
#=7,H 2,

Table 7 Effect of HHD on spleen index and inflammatory factors in UC mice (x+s,n=7-10)

21 51 Fl /g ke JILEER IL-6/ng- g’ IL-18/ng- g TNF-a/ng- g
skl 0.03+0.00 69.37+8.59 101.02+11.91 587.60+28.86
UCH A4 0.3% 0.06+0.01> 94.64+12.06" 145.69+15.71" 695.51+35.54"
SASP 4 0.4 0.05+0.01" 80.00+12.32% 101.17+10.15Y 624.21+35.39Y
B AN 2 5 0.04+0.01" 84.13+8.08 113.42+12.00% 592.31+24.88%

TE 525 4 8 Y P<0.05,2 P<0.01; ST 4 Ho s P<0.05,% P<0.01( 3 8 [A])

B2 HEEHFHI UC/REERSH N
Fig.2 Effect of HHD on spleen morphology of UC mice

3.3.4  HEJEANA AT UC /N ELJH T2 AR 2 1 Bel-2,

Bax . Caspase-3 I 521 iy ik — 20 55 11F () 2% 245 B =

e BT S0 A O TR DG A R SR H B A g B A ik

(Western blot) 77 ¥ K U T /Iy BUSG B 41 23 A2 0 1

& 1 Bax , Caspase-3 FIHT I 77 & 111 Bel-2 i £ ik 1F
© 222

W, UC 8 4H /N L 45 1% Bax | Caspase-3 %5 25 |4
41 W & 9 (P<0.05, P<0.01) , Bel-2 & & T
(P<0.01) ;4525 )5 , SR L A L, ¥ 3% TR AN 7 fiE
# F 8 UC /) i Bax . Caspase-3 i) & & (P<0.05) .
DL 1# 3,5 8.
4 it

I LA 3R 09 155 1 5 R ke R A o
KAEHCFE A 2N 14.9%) , © & Z 88N
—ANREH WL HBEME R R e h A
TEIR YT UC J5 1 BB AN BRI /0N (T 25 PR AR A5 A 34,
FENG IR A3 2037 45 2 FN Y B8 R AN
B B AR IR I AL, 2R YT UC T I rh
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e K "
Bel-2 M 26 kDa

- - M 321Da

Caspase-3

practin WS 3 D

A B C D
B3 #HZEEWHFHUC/IREFHHELBTHXEARKEK
Fig. 3  Electrophosis of HDD on apoptosis-related proteins in

colonic tissue of UC mice

*8 BHENREHALBATHEXBEARIEE (3+s5,n=3)
Table 8 Expression of apoptosis-related protein in colon tissue of

mice in each group (x+s,n=3)

415 ) %_l Caspas?—3 Bax. Bcl—?

/g kg /B-actin /B-actin /B-actin
skl 0.40+0.06 0.31£0.06  1.19+0.15
UC FL R 4] 0.3% 0.98+0.17  0.75+0.11" 0.78+0.08%
SASP 0.4 0.61+0.04>  0.49+0.08% 1.02+0.10%
HIEEFNAA S 0.71+0.05"  0.51+0.04% 0.98+0.07

2y, SR ANBCALG | 7 B IR B 34 Y 98 B 22 M 1 [m]
e o PRI Th 28, 2 Im R R 7 1 B4 e BEL 1Y B A 24 %8
Z—

I FH 0 2 25 3 2 ) B 3% JR AN This LG )
HEAT 3 BT, A6 06 0 - 0 - TR, 7 81 ) 4% o
OGS B 43 FE (B HE 44 T LA A R 3R LN BE AR L JEE AN
Ty R AN A S 7T o 3k — 45 5L 55 PR w9
T DisGeNET il OMIM #4 e ) [ 4% 2} B 22 B 57 &%
KRB o I, 2 B AH G SCERTE 0, DA | 5 A i
MR B BAT P B 2 EAE T e Rk
T 0 HB 0 B3 AR A AT R R BE IR AN IR 9T UC 1Y
A T B4 o

i R G B R0 S HE 1T GO-BP 43 AT, I 1 Y
15 A SC R AR W 2 B, G b 580 S I A 928 B 4
JRLBE T 4 TE R 43 G R AR Y R AR AR IR i AR LU
b 8 — AL AR A B R 0 IE R N AR
R Al R O K AEY RS
ROS P R AE N ol P8 7733 B AH BOCHK . 3 FE Y
B BT B S UC K W) e L3R, Y iy 18 & A it
o SE T S, A2 2 7 4 TNF- \IL-6 IL-18 %5 K &
B B R AR R IR B B R 4 AR
AR, FHUC L&A, BT LK
03 B R T 5 I e e T T 40 A A 3 5 A Ak
[i) 24 45 45 20 257 i, U R) i Bt B T ol A 1 1) B A 44

JY 4 B 1) R 20 AR Y A Ak AT IR I I g e A
PE o s S0 0T 2 42 il 151 2 06 2 A48 i, o o
FERAE LI 7, ROS S A& Py — 28 501 P 38 Ji
7 AL T A B B (05 ) i AL A (H,0,) LR
HEHMBECOH) U & —FAfb A%, HiE oAk
DNA 5T i J57 R0 A 240 At 245 F4) ok 9 425 40 i 1Y
P8 T, 7 Al WA S AR S AR Ol b B AR
FHP2N BIEgE 2R BP0 7R I T8 918 M 9% 0E R R R
52 g B A N O R o s R S A K
-1 ROS 23 3 3505 22 M 3 IR 48 0E JF [ A i s 7 4
LR ) BE , 5 BS54 Ak S B AR o T Y
AR R AR S H AT T A UC AH G STHR 1 i  2E A
B, Ul T R0 2 24 B2 1 0 1 B — 5 1 AT AT M
SR, GO-BP 43 13X — 25 1 15 2= 21 306 55 W 98 A7 A
255 05 I AT 8 S T T T R 0 o) R A e 1Y
TR B AT T AN () i 3 2 R AR B R A IS R )
26 245 31 27 1 i 9 o AR v T B G 0 Y AT e B e
JE B (8 T LA 2 S [ 000 f A S B iR 22
K 2l ) S 30 36 UE AR OC A= ) 2 ik #R L B AR UL W]
B JE AN T 1 UCTE U FE AL . 45 R R &
HEJEFNA 4 255, UC AL/ R4S i 4 2L N A &
Al TNF-a . IL-18 FI i i T & 1 Bax . Caspase-3 i
HEAR VUM T E A B2 A TR B . ROS K
g5 R R, BUE R AN BEE R E BUE UC BB/ B
7T 3ty 235 W L 1) v VA E ROSS , DT A /N VPR &2 1E
M AR IR DI RE . DL b 25 R OR B 0% SR AN fE G
i PR ROS F 3k (R A 20 A 4 T 9 il 2R 5 B A
Y BRI UCIE M. A SC Ry BRA: &8 53 76 T 1t
AN T — 20 1w A G R AT S S TR A AT, HLAE SR
HCSIE 50 3 o A Oy R RO B — | R X ] — 4 A ik
11 220 J5 B, 4575 4 5 I 2% 24 B 2 11 52 55 59 ik
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