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Abstract

Background: Inflammatory bowel disease (IBD) is a severe digestive system condition, characterized by chronic and
relapsing inflammation of the gastrointestinal tract. Scutellaria baicalensis Georgi (Huanggin, HQ) and Paeonia
lactiflora Pall (Baishao, BS) from a typical herbal synergic pair in traditional Chinese medicine (TCM) for IBD
treatments. However, the mechanisms of action for the synergy are still unclear. Therefore, this paper aimed to
predict the anti-IBD targets and the main active ingredients of the HQ-BS herbal pair.

Methods: A systems pharmacology approach was used to identify the bioactive compounds and to delineate the
molecular targets and potential pathways of HQ-BS herbal pair. Then, the characteristics of the candidates were
analyzed according to their oral bioavailability and drug-likeness indices. Finally, gene enrichment analysis with DAVID
Bioinformatics Resources was performed to identify the potential pathways associated with the candidate targets.
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due to their synergistic effect.

herbal pair acting on IBD.

Results: The results showed that, a total of 38 active compounds were obtained from HQ-BS herbal pair, and 54
targets associated with IBD were identified. Gene Ontology and pathway enrichment analysis yielded the top 20
significant results with 54 targets. Furthermore, the integrated IBD pathway revealed that the HQ-BS herbal pair
probably acted in patients with IBD through multiple mechanisms of regulation of the nitric oxide biosynthetic process
and anti-inflammatory effects. In addition, cell experiments were carried out to verify that the HQ-BS herbal pair and
their Q-markers could attenuate the levels of nitric oxide (NO), prostaglandin E, (PGE,), inducible nitric oxide synthase
(iNOS) and cyclooxygenase-2 (COX-2) in lipopolysaccharide (LPS)-stimulated THP-1-derived macrophage inflammation.
In particular, the crude materials exerted a much better anti-inflammatory effect than their Q-markers, which might be

Conclusion: This study provides novel insight into the molecular pathways involved in the mechanisms of the HQ-BS

Keywords: HO-BS herbal pair, Inflammatory bowel disease, Synergic mechanism, System pharmacology, THP-1 cells

Background
Inflammatory bowel disease (IBD) including Crohn’s dis-
ease (CD) and ulcerative colitis (UC), is a chronic and
recurring intestinal inflammatory disorder. Although a
number of commercial drugs have been used to treat
IBD in the clinic, a lack of sustained efficacy and side ef-
fects hinder their application. It has been reported that
one-third of UC patients and two-thirds of CD patients
need to undergo surgery eventually [1, 2]. TCM has been
widely used to treat different kinds of diseases in China
for a long time. TCM usually consist of different herbal
medicines mixed together in specific quantities to form
a formula according to the composition theory “Mon-
arch, Minister, Assistant, and Guide”. In the formula,
Monarch means the main drug for the etiology and
symptoms; Minister means promoting the therapeutic
effect produced by Monarch; Assistant means treating
the accompanying symptom or eliminating the side ef-
fects of the Monarch; and Guide means guiding the for-
mula to the disease area or reconciling its efficacy [3-5].
To improve the quality of life, it is vital to develop non-
toxic and sustained efficacy medicines to treat IBD.
Studies have reported various beneficial effects of
TCM and herbal extracts in treating IBD including anti-
bacterial, anti-inflammatory, and anti-cancer activities
[6, 7]. Among them, HuangQin decoction (HQD) is a
famous formula recorded in the Treatise on Exogenous
Febrile Disease written by Zhongjing Zhang. HQD has
been used to treat gastrointestinal disease such as diar-
rhea, abdominal spasms, vomiting, and nausea for a long
time in China [8]. HQD consists of four ingredients: the
roots of Scutellaria baicalensis Georgi (Huangqin, HQ),
Paeonia lactiflora Pall (Baishao, BS), Glycyrrhiza uralen-
sis Fisch (Gancao, GC), and the fruit of Ziziphus jujuba
Mill (Dazao, DZ) [9]. HQD has been proven to amelior-
ate intestinal damage [10]. According to the composition
theory, HQ is the Monarch, and BS is the Minister in
this formula. HQ-BS is composed of a typical herbal

synergic pair and is widely used for colitis treatments.
PF2405, a standardized fraction of Scutellaria baicalensis,
shows prominent anti-inflammatory action in ameliorat-
ing colitis in vitro and in vivo [11]. Moreover, Dai et al.
used a system pharmacology method and experiments to
discover and prove Q-markers of HQD in the role of at-
tenuating IBD, and nine constituents (paeoniflorin, bai-
calin, scutellarein, liquiritigenin, norwogonin, baicalein,
glycyrrhizic acid, wogonin, and oroxylin A) were found
to be Q-markers of HQD. Moreover, all of these com-
pounds are the main constituents of HQ-BS [9]. Baicalin
was proved to exert a remarkable anti-inflammatory ef-
fect on colitis induced by dextran sodium sulfate (DSS),
and the mechanistic investigation revealed that it may be
regulated through the caudal-type homeobox 2 (CDX2/
pregnane X receptor (PXR) pathway [12, 13]. Further-
more, Luo and colleagues provided evidence that baica-
lin attenuated colitis induced by trinitro-benzene-
sulfonic acid (TNBS) via inhibiting the toll like receptor-
4 (TLR4)/myeloid differential protein-88 (MyD88) sig-
naling cascade and inactivating the NOD-like receptor 3
(NLRP3) inflammasome [14]. Zhang et al. proved that
paeoniflorin abrogated colitis induced by DSS via redu-
cing the expression of TLR4 and inhibiting the activation
of nuclear factor kappa-B (NF-kB) and the mitogen-
activated protein kinase (MAPK) pathway [15]. Gu et al.
showed that paeoniflorin exerted anti-inflammatory and
anti-apoptosis actions in ulcerative colitis by suppressing
the MAPK/NF-kB pathway in mice [16].

Although HQD and its bioactive components exert
significant effects in attenuating IBD, the specific bio-
active molecules in HQD and the underlying mecha-
nisms of action remain unknown. Currently, system
pharmacology has successfully been widely used to in-
vestigate the role and the mechanism of TCM [17-23].
Thus, in the current study, we use a system pharmacol-
ogy approach combined with cell experiments (the
protocol is shown in Fig. 1) to investigate the active
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Fig. 1 Systems pharmacology approach workflow for elucidating the mechanisms of actions for the synergy of the HQ-BS herbal pair IBD

constituents, targets and underlying pathways of the
HQ-BS herbal pair.

Materials and methods

Data preparation

The chemical compound data and the targets of HQ and
BS were obtained from the Traditional Chinese Medi-
cine Systems Pharmacology Database (TCMSP, http://
sm.nwsuaf.edu.cn/lsp/tcmsp.php.) [24] and were manu-
ally supplemented. Target information of the ingredients
was obtained from DrugBank (www.drugbank.ca) [25].
Anti-IBD targets were derived from the Therapeutic
Targets Database (TTD, http://bidd.nus.edu.sg/group/
ttd/ttd.asp) [26], Comparative Toxicogenomics Database
(CTD, http://ctdbase.org/) [27] and PharmGKB (http://
www.pharmgkb.org) [28]. Protein-protein interaction

(PPI) data were derived from the STRING database
(http://string-db.org) [29]. Putative targets were enriched
in the Kyoto Encyclopedia of Genes and Genomes
(KEGG, http://www.keggjp/ or http://www.genome.jp/
kegg/) [30]. All of the targets were mapped to the data-
base UniProt (http://www.uniprot.org) [31] to construct
the networks of Herb-Compound-Target (H-C-T).

Network construction and network analysis

Networks were constructed using the data about the ac-
tive constituents, corresponding targets, and pathway in-
formation. Moreover, we used an open software package
project named Cytoscape v1.1 Core (http://www.cytos-
cape.org/) [32] to construct all of the visualized network
graphs.
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Gene ontology and pathway enrichment analysis

Gene Ontology (GO) enrichment analysis for the puta-
tive targets of the HQ and BS herbal pair was conducted
using the Database for Annotation, Visualization and
Integrated Discovery (DAVID, https://david.ncifcrf.
gov) [33]. DAVID was also applied to perform path-
way enrichment analysis for the same gene targets to
identify the potential synergistic actions of HQ and
BS against IBD. Enriched GO terms and pathways
were defined as those with false discovery rate (FDR)
adjusted P values < 0.05.

Cell culture

THP-1 cells (human monocytes derived from a patient
with acute monocytic leukemia) were cultured with
RPMI 1640 medium containing 10% fetal bovine serum
and 1% penicillin-streptomycin at 37 °C under a humidi-
fied atmosphere with 5% (v/v) CO,,

Chemicals and reagents

LPS (L4391, a purity no less than 99%) was purchased
from Sigma (St. Louis, USA,); HQ and BS crude mate-
rials were obtained from Kangmei Pharmaceutical Co.
LTD (Jieyang, China) and authenticated by Prof. Ziren
Su (Guangzhou University of Chinese Medicine); paeoni-
florin (CAS: 23180-57-6), baicalin (CAS: 21967-41-9),
baicalein (CAS: 352000-07-8), wogonin (CAS: 632—85-
9), and oroxylin A (CAS: 23180-57-6) were purchased
from Dalian Meilun Biotechnology Co., Ltd. (Dalian,
China), the purities are no less than 98%; NO assay kit
(A013-2-1) was purchased from Nanjing Jiancheng Bio-
engineering Institute (Nanjing China); PGE, (CSB-
E07966m), iNOS (CSB-E08326m) and COX-2 (CSB-
E12910m) ELISA kits were supplied from CUSABIO
(Wuhan China). The iNOS anti-body (AF0199) and
COX-2 anti-body (AF7003) were purchased from Affin-
ity Biosciences Inc. (Cincinnati, USA).

Drug groups design

LPS-stimulated THP-1-derived macrophage inflamma-
tion was used as a cell model to assess the Q-markers
and crude medicines from the HQ-BS herbal pair. We
designed the groups as follows: HQ crude material
(51 pg/ml), BS crude material (34 pg/ml), HQ-BS crude
material pair (85 pg/ml), BS Q-markers (paeoniflorin
3.218 pg/ml), HQ Q-markers (baicalin 17.026 pg/ml +
baicalein 0.59 pg/ml + wogonin 0.316 pg/ml + oroxylin A
0.1 pg/ml and the HQ-BS herbal pair Q-markers (paeo-
niflorin  3.218 pg/ml + baicalin 17.026 pg/ml + baicalein
0.59 pug/ml + wogonin 0.316 pg/ml + oroxylin A 0.1 pg/
ml). The crude materials were extracted with distilled
water and concentrated. The Q-markers were dissolved
in DMSO and then diluted with culture medium to be-
come the Q-markers of the HQ-BS decoction. The
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incubation concentration of the materials and the Q-
markers were calculated from 400 mg/ml of HQD.

NO and PGE, release assay

THP-1 cells were seeded in 96-well plates at 10,000 per
well for 12 h. Subsequently, the drugs mentioned above
were added to the cells and they were incubated for 12
h. Then, the cells were subjected to 1 mg/ml LPS for 24
h, except for the vehicle control group. Finally, the cul-
ture medium was collected for the NO and PGE, assays
using commercial ELISA kits according to the manufac-
turer’s instructions.

iNOS and COX-2 assays

THP-1 cells were seeded in 6-well plates at 100,000 per
well for 12 h. Subsequently, the drugs mentioned above
were added to the cells and they were incubated for 12 h.
Then, the cells were subjected to 1 mg/ml LPS for 24 h,
except for the vehicle control group. Finally, the cells were
collected for iNOS and COX-2 assay using Western blot.
The cells were lysed in chilled lysis buffer containing pro-
tease and phosphatase inhibitors for 20 min on ice. After-
ward, they were centrifuged at 14000 g and 4 °C for 10
min and the protein concentration of the supernatant was
measured using a BCA Protein Assay Kit according to the
protocol provided by the manufacturer. The protein sam-
ples were separated on SDS-PAGE gels and then trans-
ferred onto PVDF membranes. The membranes were
blocked with 5% skim milk in TBST. Then, the mem-
branes were incubated with iNOS and COX-2 primary
antibodies at 4 °C overnight followed by incubation with
the secondary antibodies for 1 h at room temperature. Fi-
nally, the bands were detected by an ECL reagent using a
Western blotting detection system.

Statistical analysis

All data are expressed as the mean + standard deviation
(SD) and analyzed by one-way analysis of variance
(ANOVA) followed by a least-significant difference test.
p-values of < 0.05 or <0.01 were regarded as statistically
significant. The statistical analysis was performed by
SPSS 20.0 (SPSS Inc., NY, USA).

Results

Ingredient comparisons in the HQ-BS herbal pair

The ingredients in the HQ-BS pair were retrieved from
the TCMSP. All of the constituents from the HQ-BS
herbal pair were used to construct a compound library. A
total of 215 constituents were obtained for HQ (143) and
BS (85), respectively. The main ingredients of HQ are fla-
vonoids and alkaloids, and the major constituents in BS
are triterpenoids. We evaluated the molecular diversities
of all the constituents from the HQ-BS herbal pair based
on the following properties as shown in Fig. 2).
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(1) The average molecular weight (MW) of each
ingredient from HQ and BS was calculated, and
there was no significant difference (p = 0.06)
between HQ (277.74) and BS (326.75).

(2) The Moriguchi octanol-water partition coeff. (logP)
(MLogP) of each ingredient from HQ and BS was
calculated, and there was no significant difference
(p =0.07) between HQ (4.10) and BS (3.22). This
result suggests that hydrotropic constituents are the
main ingredients in both HQ and BS.

(3) The number of donor atoms for the H-bonds
(nHDon) of each ingredient from HQ and BS was
calculated, and the average nHDon number of BS
constituents (2.55) was much higher than that of
the HQ constituents (1.44) (p = 0.02).

(4) The number of acceptor atoms for H-bonds
(nHAcc) of each ingredient from HQ and BS was
calculated and there was no significant difference
(p =0.07) between HQ (3.48) and BS (4.86).

(5) The average oral bioavailability (OB) value of the
constituents of HQ (31.42) and BS (34.43) was
without significant difference (p = 0.33).

(6) The Caco-2 permeability Caco-2 of each ingredient
from HQ and BS was calculated, and the average
nHDon number of BS constituents (0.328) was
much lower than that of the HQ constituents (0.94)
(p=358x10"%.

(7) For drug-likeness (DL) analysis, the average DL
index of the constituents of HQ and BS were 0.23
and 0.29, respectively, which displays no significant
difference (p =0.11).

Despite the constituents of HQ and BS being diverse,
based on the analysis above, we also found that the ma-
jority of them met the Lipinski’s rule of five. Apart from

the nHDon, HQ was similar to BS in other properties of
the chemical components. These similarities indicate
that the constituents of HQ and BS share similar
chemo-physical properties and that the ingredients from
HQ and BS possessed similar DL. These results also in-
dicate that the compounds from the HQ-BS herbal pair
had similar pharmacokinetic properties.

Active ingredients in the HQ-BS herbal pair

Although the HQ-BS herbal pair contains a large num-
ber of bioactive compounds, only a few that exert desir-
able pharmacodynamic and pharmacokinetic properties
contribute to the therapeutic actions of this herbal pair.
In the current study, we screened the active constituents
from the HQ-BS herbal pair from the following absorp-
tion, distribution, metabolism, and excretion (ADME)
parameters, including OB, Caco-2 and DL. Some con-
stituents were also chosen for their effective bioactivities
without satisfying all of these criteria. As a result, a total
of 38 active compounds (33 active compounds from HQ
and 7 active compounds from BS, and among them, two
compounds found in both HQ and BS) were chosen
from the 215 compounds of this herbal pair (shown in
Supplementary Table 1).

Targets of the HQ-BS herbal pair that are anti-IBD

To investigate the synergic mechanism of the HQ-BS
herbal pair for IBD, the parameters of the active com-
pounds of HQ and BS were obtained from the TCMSP
and the target information was collected from Drug-
Bank. Herb Ingredients’ Target (HIT, http://lifecenter.
sgst.cn/hit/) [34] was used for specific targets validated
by the experiments and the SysDT model [35] was used
for the targets without experimental verification. As
shown in Supplementary Table 2 and Fig. 3, 147 putative
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targets that belong to 38 active ingredients of the Interactions between the HQ-BS putative targets and the

HQ-BS pair were collected. All of the above targets anti-IBD targets

were mapped to the database UniProt. Subse- Targets for IBD were derived from the TTD, CTD and
quently, we constructed the networks of H-C-T  PharmGKB by using the keywords “inflammatory bowel
using these data. Finally, we calculated the contri- disease (IBD)”, “Crohn’s disease” and “ulcerative colitis”.
bution index of all the active constituents based on  As shown in Fig. 4, the three target sets, anti-IBD targets
the networks. (yellow), putative targets for HQ (blue), and putative
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Fig. 4 Direct putative anti-IBD targets of HQ-BS herbal pair. Venn diagram for putative targets of HQ-BS herbal pair and known anti-IBD targets.
The targets in each intersection set were also listed
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targets for BS (red), had intersections containing targets.
Among the intersected targets, 8 targets were at the in-
tersections of three targets sets, 7 targets were at the in-
tersections of the blue and yellow sets, and 7 targets
were at the intersections of the red and yellow sets. The
22 targets were considered to be the direct putative HQ-
BS herbal pair anti-IBD targets.

Next, we constructed a PPI network using the 193 IBD
targets and the 147 HQ-BS putative targets. The PPI was
ranked among four minimum required interaction
scores (low, the score is 0.150; medium, 0.4; high, 0.7;
and highest, 0.9). We selected the high scoring (scores >
0.7) PPIs to construct the PPI network. Our analysis ob-
tained a connected network of 319 proteins and 2093
interactions. From them, 66 were anti-IBD targets,
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intersection lay 26 HQ-BS against IBD targets. The
specific interactions are depicted in Fig. 5a. With a
hub node [36] defined as a node with a degree higher
than 2-fold of the average degree of all the nodes in
the networks (the average degree of all the nodes in
the network was 13 in our study), 45 major hub
nodes were identified (Fig. 5b).

Functions of the HQ-BS herbal pair for IBD by GO
enrichment

As shown in Table 1 and Fig. 6, GO enrichment analysis
of the 54 putative targets of HQ and BS (combining the
22 IBD related targets with 45 important targets) re-
sulted in the top 20 biological processes (BP) with FDR
corrected p < 0.05. The results indicate that they are in-

385 were HQ-BS putative targets, and in the volved in signal transduction, regulation, and response
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Fig. 5 Protein-protein interaction (PPI) network of anti-IBD targets and proteins that indirectly interact with the targets. The PPI network of anti-
IBD protein targets (The size of the circle represents the degree of a node); A list of 45 crucial proteins which interact with the anti-IBD targets
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Table 1 The top 20 biological processes enriched by the 54 putative targets
Term Count of Proteins % p -Value
positive regulation of nitric oxide biosynthetic process 14 2593 212x107%
inflammatory response 20 37.04 189x107'8
positive regulation of transcription from RNA polymerase Il promoter 26 48.15 190x 107"
positive regulation of smooth muscle cell proliferation 12 22.22 3.09% 107"
lipopolysaccharide-mediated signaling pathway 10 18.52 401x107'°
positive regulation of gene expression 16 2963 199% 107"
response to drug 16 2963 1.76x 107"
cellular response to lipopolysaccharide 12 2222 469%x107
response to lipopolysaccharide 13 2407 947 %107
positive regulation of transcription, DNA-templated 18 3333 169x 107"
aging 12 2222 315%x 107"
cellular response to organic cyclic compound 9 16.67 111 x107"
angiogenesis 12 2222 827x 107"
positive regulation of protein phosphorylation 10 18.52 204x107"°
movement of cell or subcellular component 9 16.67 249x107"°
response to antibiotic 7 12.96 6.28%x107'°
negative regulation of apoptotic process 14 2593 1.12%x107°
cellular response to mechanical stimulus 8 14.81 236x1077
negative regulation of cell proliferation 13 24.07 279%107°
positive regulation of ERK1 and ERK2 cascade 10 18.52 353%107°
<
GO Analysis
positive regulation of ERK 1 and ERK2 cascade A
negative regulation ofcell proliferation
cellularresponse to mechanical stinmlus
negative regulation of apoptotic process
response to antibiotic
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-log 10 (P-value)
Fig. 6 the top 20 biological processes by GO enrichment analysis of therapeutic targets. The  -axis represents the enrichment scores of these
terms (p < 0.05), and the  -axis represents significantly enriched BP categories in GO relative to the targets
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processes, such as positive regulation of nitric oxide bio-
synthetic process (25.93%), inflammatory response
(37.04%), lipopolysaccharide-mediated signaling pathway
(18.52%), and cellular response to lipopolysaccharide
(22.22%). Consistent with prior publications, HQ and BS
are targeting different proteins in the nitric oxide bio-
synthetic process pathway.

Pathway analysis to explore the underlying mechanisms
of the HQ-BS herbal pair

The KEGG pathway enrichment analysis suggested that the
54 putative targets of HQ and BS were enriched with FDR
corrected p < 0.05. As shown in Supplementary Table 3, the
top 20 pathways associated with the HQ and BS herbal pair
were obtained. Consistent with the previous publications,
the tumor necrosis factor (ITNF) signaling pathway, Toll-
like receptor signaling pathway, and the IBD pathway had a
strong correlation with the HQ-BS herbal pair against IBD.
Furthermore, we investigated the distribution of partial tar-
gets of HQ-BS on the IBD pathway (shown in Fig. 7). After
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analysis by the Target-Pathway (T-P) network, 67 nodes
(20 pathways and 47 proteins) and 303 interactions were
obtained (shown in Fig. 8).

The HQ-BS herbal pair attenuated NO and PGE, release
The results showed that an LPS insult induced a significant
release of NO and PGE, compared with the control cells.
However, HQ, BS and their active components treatment
could significantly attenuate the levels of NO and PGE, (as
shown in Fig. 9). Especially, the crude materials of HQ, BS
and HQ-BS exerted much stronger activities in attenuating
the release of NO and PGE, compared with the Q-markers
of HQ, BS and HQ-BS. These results indicate that the ex-
cellent anti-inflammatory effects of HQ-BS might be due to
the synergistic effect of all their components.

The HQ-BS herbal pair reduced the levels of iNOS and
COX-2

Western blot results showed that the levels of iNOS and
COX-2 increased sharply after LPS stimulation

INFLAMMATORY BOWEL DISEASE (IBD)

Luminalbscters | fog Eichorc

i
eobackn v p brcioss)

[ Putative targets appear in HQ
[T Putative targets appear in BS
[ Putative targets appear in HQ-BS
[ Important targets

ThI Iymghocyte

Bacteral vasion

B 0 —*{T -
D

P ISP ... ... S o

oy
= =) E———

g

Da )\

_______ TR 7
~=l © [ — R radr

~EE] O -

[onal.

Tncxsse the frequency of ThIT cells

TRIT lymphocyte

JAK-STAT
sigualing pathoay

[T 0 —» —0
B T Bin ]
113

5
N
(L]

Th cel

o —»[Em]
g T

Fig. 7 Distribution of partial targets of HQ-BS on the IBD pathway. Target-Pathway (P-T) Network

e

,,,,,,, - Inkbiton of 18D




Page 10 of 14

Huang et al. BMC Complementary Medicine and Therapies (2020) 20:292

,VEGFA TP53 |
I 1 Ci 1
MMP9
E Ci 9
S A
CX 2046 e e 05 145 ALY 7 3
1 a051 0532
I a05144 an53
M 3
051 a051
PT ( ! 4
v 2051 204 2
IL
| sa051 3 951
Hoe hsa052 2052
HMOX1 \ i 2
hsa051 2051
051 051
INER 520520 1
HSP!
CD
PPARG
AD! Y7E 1
. Target Pathway
Fig. 8 Target-Pathway network for HQ-BS anti-IBD. The pink and blue nodes represent the pathway and targets, respectively, and the edges
represent the interactions among them

.

-
500+ 800+

NO level (uM)
PGE, level (uM)

Fig. 9 HQ, BS, HQ-BS herbal pair and their Q-markers attenuated the levels of NO and PGE,. Data were expressed as the mean +SD (n =8). # p<
0.01 compared with control group; 'p < 0.05, "p < 0.01 compared with LPS group
A\




Huang et al. BMC Complementary Medicine and Therapies

(2020) 20:292

Page 11 of 14

iNOS | T —— — —— — —— v — |

COX-2 [l S o - - ]

2.0
#Ht
1.5
£ ! T .,
$ L
@ 10 T T
(2]
(o]
2
= 0.5 I
0.0- T T % T s o
N A
SEEeFFFs$
¢ T §F s
0«0«%0«
g ES
e

Fig. 10 HQ, BS, HQ-BS herbal pair and their Q-markers attenuated the levels of NO and PGE,. Data were expressed as the mean + SD (n = 3).
#h <001 compared with control group; p < 0.05, "p < 0.01 compared with LPS group

COX-2/g-actin
2
*
—
*

compared with the control cells. However, HQ, BS and
their active components treatment could significantly re-
duce the levels of NO and PGE, (as shown in Fig. 10).
Similar to the NO and PGE, assay result, the crude ma-
terials of HQ, BS and HQ-BS could remarkably attenu-
ate the inflammatory response remarkably than their Q-
markers. The Western blot results further confirmed
that their synergistic effect plays an important role in
the anti-inflammatory effects of HQ-BS.

Discussion

In the current study, we used a systems pharmacology
approach to investigate the bioactive ingredients and sig-
nificant pathways of the HQ-BS herbal pair. Then, we
performed in vitro cell experiments to verify the network
pharmacology prediction results.

A total of 215 compounds of the HQ and BS herbal
pair were obtained from the TCMSP database, and 38 of
them were chosen for further investigation following the
drug-likeness analysis. Among the 38 compounds, 31
compounds were present in HQ, 5 compounds were
present in BS, and 2 compounds were present in both
HQ and BS.

By analyzing these 38 bioactive compounds of HQ and
BS, we found that alkaloids and flavonoids were the pri-
mary active moieties of HQ, and triterpenoids were the
main active constituents of BS. In HQ, flavonoid constit-
uents, such as baicalin, wogonin, acacetin, skullcapfla-
vone, carthamin, dihydrooroxylin and oroxylin A are
known to be anti-inflammatory agents [37]. Especially,
baicalin was proven to exert excellent effects in amelior-
ating colitis through polarization of macrophages to an
M2 phenotype, inflammation inhibition, and the sup-
pression of oxidant stress and apoptosis [37-41]. The al-
kaloid composition, coptisine, was previously reported to
attenuate intestinal damage [42, 43]. In BS, the triterpe-
noids composition, such as paeoniflorin, was reported to
attenuate intestinal damage by inhibiting apoptosis and
the NF-kappa B and TLR4 pathways [15, 16]. By analyz-
ing 54 putative anti-IBD targets of HQ and BS, we found
that the targets were mainly from the following two
anti-IBD target classes: (1) apoptosis-related targets
(such as heat shock proteins, apoptosis regulators, and
caspases) and (2) 13 inflammation-related targets (such
as prostaglandin, nitric oxide synthase, interleukin-6,
and tumor necrosis factor) [32]. Prostaglandin plays a
pivotal role in allergic inflammation. Moreover, reducing
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the level of prostaglandin exerts a protective effect
against IBD and may represent a future safe treat-
ment for IBD [44—46]. Furthermore, treatment with
natural products could attenuate colitis by downregu-
lating the level of prostaglandin. Nitric oxide synthase
[47-49], interleukin-6 [50], and tumor necrosis factor
[51] also revealed the same effect as prostaglandin in
the regulation of IBD. Additionally, the apoptosis-
related targets, such as bax, bcl-2, caspase-3 and
caspase-9, also have crucial role in the pathogenesis
of IBD [52]. By analyzing the top 20 KEGG pathways
of the 54 putative targets, we found that positive
regulation of the nitric oxide biosynthetic process was
the most correlated pathway. The nitric oxide biosyn-
thetic process plays an essential role in the pathobiol-
ogy of IBD. In IBD, iNOS induces the generation of
NO, which leads to the release of pro-inflammatory
cytokines, such as TNF-q, interleukin-1p (IL-1p) and
interleukin-6 (IL-6). The accumulation of NO and
pro-inflammatory cytokines in the intestinal epithelial
cells triggers intestinal inflammation in IBD [53]. Cel-
lular responses to lipopolysaccharide, inflammatory
response and the TNF signaling pathway are also as-
sociated with the mechanism of HQ-BS against IBD.

The system pharmacology prediction results above
suggest that cellular response to lipopolysaccharide, in-
flammatory response and the TNF signaling pathway are
also associated with the mechanism of HQ-BS against
IBD. Moreover, the HQ-BS herbal pair is predicted to
target the nitric oxide biosynthetic process and
inflammation-related targets (such as prostaglandin, ni-
tric oxide synthase, interleukin-6, and tumor necrosis
factor). Hence, to verify whether the HQ-BS herbal pair
attenuates IBD symptom by targeting the inflammation
response, we performed in vitro cell experiments to con-
firm their effects. The LPS-induced inflammation model
in THP-1 cells is an accepted model to evaluate the ac-
tions of drugs on inflammation. A previous report dem-
onstrated that paeoniflorin from BS is a Q-marker of
HQD, while baicalin, baicalein, wogonin, and oroxylin A
from BS are Q-markers of HQD [9]. Therefore, we
tested the effect of HQ, BS, the HQ-BS herbal pair and
their Q-markers against the LPS-induced inflammatory
response in the THP-1 cells. The results showed that
HQ, BS, the HQ-BS herbal pair and their Q-markers
could suppress NO and PGE, production, as well as
iNOS and COX-2 protein expression. These cell-based
results suggest that the synergistic effect plays an im-
portant role in the anti-inflammatory effects of HQ-BS.

Based upon the above prediction and experimental re-
sults, the underlying mechanism of the HQ-BS herbal
pair against IBD may be associated with the regulation
of the nitric oxide biosynthetic process and inflamma-
tory cytokines release.
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Conclusion

The mechanism of the HQ-BS herbal pair in IBD in-
volves multiple ingredients, targets, and pathways. Com-
bining the prediction and cell experimental results, the
therapeutic effects of the HQ-BS herbal pair in IBD may
be dependent on the regulation of the proteins and path-
ways related to the nitric oxide biosynthetic process and
the inflammatory response by inhibiting NO synthesis
and inflammatory cytokine release. The systems pharma-
cology approach combined with cell experimental
methods as applied in our study provided an alternative
strategy for the comprehensive understanding of the
mechanisms of the HQ-BS herbal pair in IBD. In the fu-
ture, we would like to validate the therapeutic effects of
the HQ-BS herbal pair in IBD using a mouse model.
Furthermore, we will investigate the mechanism whether
by the HQ-BS herbal pair attenuates IBD through affect-
ing the nitric oxide biosynthetic process and the inflam-
matory response.
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