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Network pharmacological analysis on Balanophora involucrata
Hook.f. in treatment of hyperuricemia and its therapeutic effect

on hyperuricemia cell model and hyperuricemia model mouse
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YU Huifan"?, L1 Fei'?
(1. College of Pharmaceutical Sciences, Hubei Medical College, Shiyan 442000, China;2. Key Laboratory
of Wudang Local Chinese Medicine Research, Hubei Medical College, Shiyan 442000, China;
3. Department of Hepatopancreatobiliary Surgery, Taihe Hospital, Shiyan City,
Hubei Province, Shiyan 442000, China)

ABSTRACT Obijective: To investigate the efficacy of Balanophora involucrata Hook. f. in treatment of
hyperuricemia (HUA) based on network pharmacology, molecular docking, and hyperuricemia models in
vivo and in wvitro, and to clarify the main targets of its active components and related signaling pathway
mechanism. Methods: The potential targets of Balanophora involucrata Hook. f. in treatment of HUA
were identified by Databases such as the Traditional Chinese Medicine Database in Taiwan, the Chinese
Herbal Medicine Identification Database, Professional Chemical Database, TargetNet Database,
SwissTargetPrediction Database, GeneCards, Therapeutic Target Database (TTD) , DrugBank Database,
DisGeNET Database, Online Mendelian Inheritance in Man (OMIM) Database, and Venny Database.
STRING Database and Cytoscape software were used to construct the active component-predictive target
network and protein-protein interaction (PPI) network for Balanophora involucrata Hook. f. ; topological
analysis was used to select the main active components and core targets; Gene Ontology (GO) functional
and Kyoto Encyclopedia of Genes and Genomes (KEGG) signaling pathway enrichment analysis were
performed by R software; AutoDock Vina software was used for molecular docking validation. The NRK-
52E cells were divided into blank control group, blank administration group, model group, and different
concentrations (2.0, 10.0, and 50.0 pumol-L ') of erythrodiol (EDT) groups. High-performance liquid
chromatography culture (HPLC) was used to detect the uric acid (UA) levels in the cell culture
supernatants in various groups. The male ICR mice were divided into blank control group, blank
administration group, model group, and EDT group; the mice in the last two groups were used to prepare
the HUA models; kits were used to detect the levels of UA, creatinine (Cr) , and blood urea nitrogen
(BUN) in serum of the mice in various groups; the bilateral kidney tissue of the mice was harvested and
weighed; the kidney indexes of the mice in various groups were calculated ; TUNEL staining was used to
observe the apoptosis in kidney tissue of the mice in various groups; Western blotting method was used to
detect the expression levels of protein kinase B (AKT) , phosphorylated AKT (p-AKT) , phosphoinositide
3-kinase (P13K) ,phosphorylated PI3K (p-PI3K) , B-cell lymphoma-2 (Bcl-2) , Bel-2-associated X protein
(Bax) , and matrix metalloproteinase-9 (MMP-9) proteins in kidney tissue of the mice in various groups.
Results : Six active components of Balanophora involucrata Hook. f. were identified, involving
116 intersecting targets and 14 core targets. The enrichment analysis yielded 1 828 GO terms and
145 signaling pathways. The molecular docking results showed that EDT had good binding activity with
MMP-9. The high uric acid cell experiment results showed that compared with blank control group, the
UA level in the cells in model group was significantly increased (P<C0.01) ; compared with model
group , the UA levels in the cells in 2.0, 10.0, and 50.0 pmol-L~" EDT groups were significantly
decreased (P<C0.01). Compared with blank control group, the levels of UA, Cr, and BUN in serum of
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the mice in model group were increased (P<C0.01), and the kidney indexes were significantly increased
(P<<0.01); compared with model group, the levels of UA, Cr, and BUN in serum of the mice in EDT
group were decreased (P<C0.05 or P<C0.01),and the kidney index was significantly decreased (P<C
0.05 or P<<0.01). Compared with blank control group, the number of apoptotic cells in kidney tissue of
the mice in model group was increased; compared with model group, the number of the apoptotic cells in
kidney tissue of the mice in EDT group was significantly decreased. Compared with blank control group,
the ratios of p-AKT/AKT and p-PI3K/PI3K and expression level of Bcl-2 protein in kidney tissue of the
mice in model group were significantly decreased (P<C0.05 or P<C0.01), while the expression levels of
Bax and MMP-9 proteins were significantly increased (P<C0.01) ; compared with model group, the ratios
of p-AKT/AKT and p-PI3K/PI3K and expression level of Bcl-2 protein in kidney tissue of the mice in
EDT group were significantly increased (P<C0.05 or P<C0.01), and the expression levels of Bax and
MMP-9 proteins were significantly decreased (P<C0.01). Conclusion: The active component of
Balanophora involucrata Hook. f. , EDT, has a UA-decreasing effect and may inhibit the apoptosis and
alleviate the kidney injury by activating the PI3K/AKT signaling pathway.
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Tab. 1 Active components of Balanophora involucrata

Hook. fin treatment of hyperuricemia

No. Component PubChem CID
SG1  Coniferin 5319518
SG2  Methylconiferin 5319561
SG3 Eriodictyol 440735
SG4  Methyl brevifolincarboxylate 5319518
SG5 Ethyl brevifolincarboxylate 5487248
SG6 Gallic acid 348787247
SG7 Scaphopetalone 637239

SG8  (+)-pinoresinol 73399

SG9  (+)-Isolariciresinol 160521
SG10  Burselignan 11631864
SG11  (—)-Secoisolariciresinol 6336781
SG12  Dihydrocubebin 193042

SG13  2,3-Dihydroflavone 10251

SG14  3-(3-Methoxy-4-(((2S,3R,4S,5S,6R)-3, —
4, 5-trihydroxy-6-(hydroxymethyl)
tetrahydro-2H-pyran-2-yl)oxy)phenyl)

acrylaldehyde

SG15  Naringenin 932
SG16  Homoeriodictyol 73635
SG17  Hesperetin 72281
SG18  Sakuranetin 73571
SG19  Penicillic acid 1268111
SG20  Dihydroartemisinic acid 11020893
SG21  2-Methylfuran-3-ylmethanol 2777165

SG22  5-Hydroxymaltol 70627

SG23  5,7-Dihydroxychromone 5281343
SG24  5,7,3",5"-Tetrahydroxydihydroflavonoid —
SG25  (+)-9-Acetoxyisolariciresinol -
SG26  Yunnanensin A —
SG27  Calycosin-7-O-8-D-glucoside 5318267
SG28  B-sitosterol 222284

SG29  (E)-1-Caffeoyl-B-D-glucopyranoside —
SG30  (E)-1-O-p-coumaroyl-B-D-glucopyranoside —

“—":No data.
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Fig. 1 Venn diagram of intersection of disease targets

and active ingredient targets
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HSPOOAATL) . # e WL B¢ 3- ¥ B W 35 I % 1
(phosphoinositide-3-kinase regulatory subunit 1,
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RE 1 (amyloid precursor protein, APP). HE#ZE
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+ p65 (transcription factor p65, RELA) . MMP-9.,
7L sh ) 5 0 A FE # A [ (mechanistic target of
rapamycin kinase, mTOR) Ml 1 40 il A+ & 2
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Tab. 2 Molecular docking results
Affinity (kcal-mol ")
Target PDB ID o 5-hydroxy ) 5, 7-dihydroxy .
Gallic acid aliol (+)-pinoresinol chromone Penicillic acid Eriodictyol

MAPKI1 6SLG —5.8 —4.9 —7.3 —5.9 —5.2 —7.3
PIK3CA 5DXT —6.2 —5.8 —8.3 —6.5 —5.2 —9.2
HSP90AA1 4BQG —5.9 —5.1 —8.1 —7.0 —5.5 —9.8
PIK3R1 5GJI —6.7 —6.3 —7.3 —7.0 —6.1 —7.9
SRC 2BDF —6.1 —5.3 —8.0 —6.6 —5.1 —8.5
EGFR 3W2S —6.2 —54 —8.3 —6.4 —5.0 —9.1
TNF 27ZA5 —6.6 —6.2 —6.9 —6.5 —4.3 —7.0
APP 3KTM —6.1 —5.3 —74 —6.5 —5.0 —8.4
AR 1E3G —6.4 —5.8 —8.4 —7.7 —5.5 —9.2
GAPDH 1U8F —6.7 —5.8 —8.9 —6.7 —5.2 —9.4
RELA INFI —5.7 —5.5 —7.6 —6.1 —4.8 —8.8
MMP-9 6ESM —7.1 —6.3 —8.2 —7.8 —5.8 —10.8
MTOR 5WBH —5.6 —5.3 —7.2 —6.4 —5.1 —8.4
1L-2 1M48 —5.4 —5.1 —8.2 —6.3 —5.0 —7.4

5 GLN-227. ALA-189 Fl MET-247 8% 3k (1) 25 & 1
PEfsm (F4), WILE# EDT #47 F — L5
Uralle

2.6 GOA#RAKEGGREFTEREESH FIH
R Studio A #17 GO T RE & & 43 M, L HE 4
157 A8 B AT i e (K S) . Hidr, Ay
(biological process, BP) L& 516775, £%
P R AN R IR S T R N R AKT 5 5 2% o1
TJHE (molecular function, MF) JLaE 5] 119 4,
F BV PO 32 AT R R TG A O Y e SR R O
& 4l 4 (cellular component, CC) FL &
B 327, FEWRIBLEMABER XS . KEGG fF%%
i R AR T AT B 145 A5 S i, b HEA T
30 A 1Y 5 = dl #% W M sk S5 3 I F 1 (hypoxia
HIF-1), L% W B A K7
VEGF) #

inducible factor-1,
(vascular endothelial growth factor,
PI3K/AKT %2, LK 6.
2.7 BompeigiER. NRK-52E 404 A H Hk
JEEDT &b ¥ j5, 5= H X M 4A &, 0.1~
50. 0 pmol+L ~'EDT 20 4t fitg 3 78 1 1 22 5+ L 4t i1 2
MY (P>0.05), 100.0 pmol-L"EDT 41 4 Jf 3%
AR B AR (P<<0.01), WELEEE 2.0, 10.0
A1 50.0 pmol L™'3 4~ EDT ¥ B #F 17 J5 &2 5L 5.
L2 3.

2.8 Bansmpaf UAKRF  UA Frifi il £ 1515 )7 &

ALA-189
GLN-22 }ﬁ

28 30

g MET-247

B4 EDT5MMP-9XEERE
Fig.4 Docking pattern diagram of EDT and MMP-9

4 y=30.520 0x+0.000 1 (R*=0.999 2), £ M
UA 7E 0. 001 562 5~0.100 000 0 g+ L~ 3t [l P £k 1
KRAERM . 52X A i, BB 4 M b UA
KA TR (P<<0.01); SR E, 2.0,
10. 0 1 50. 00 pmol-L~" EDT £ 41 §fg th UA /K °F 1]
WL (P<<0.058 P<<0.01). W.$4.

2.9 Za )& hiFP UACrAo BUNKF R BB
B HEpx B e, B AH /N T
UA . Cr fl BUN K K B BE 48 500 e FH i (P<<
0.01); HE A g, EDT 41/ B3 & UA
Cr Fl BUN ZK P K B JIE 95 B0 B AR (P<<0. 05 8§
P<<0.01). MW#%5.
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Tab. 3 Proliferation activities of cells in various groups
(n="6,x4+s)

Group Proliferation activity of cells

Blank control 1.000 £ 0.041
EDT (umol-1.7")

0.1 1.194 £ 0.021
0.5 1.175 £ 0.028
1.0 1.157 £ 0.028
2.0 1.141 + 0.037
5.0 1.130 £ 0.035
10.0 1.070 £ 0.023
20.0 1.018 £ 0.030
50.0 0.898 + 0.020
100.0 0.776 + 0.024°

'P<<0.01 vs blank control group.

2.11 Ba )R BFARY p-AKT/AKT & p-PI3K/
PI3K 3t {4 # Bcl-2. Bax & MMP-9 & & % & K F
P, BEARLA /N U 2 2rh p-AKT/
AKT J p-PI3K/PI3K LB Fll Bel-2 8 FH 3R 3k 7K 7 W]

525 FH R AL

=
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Tab. 4 Levels of UA in cells in various groups
[7’1:6,;is,pn/(g'L*1)]

Group UA
Blank control 0.00040.000
Blank administration 0.00040.000
Model 0.0334:0.0017
EDT (pmol-L™")
2.0 0.02440.001%
10.0 0.011+0.00144
50.0 0.005+0.000""

"P<<0.01 s blank control group; “P<<0.05,”“P<C0.01 vs model

group.

B AL (P<<0.05 3% P<<0.01), Bax fl MMP-9 %&
Pk KB B T8 (P<<0.01); SHOBI4 ik,
EDT 4/ WU '5 4 80 h p-AKT/AKT & p-PI3K/
PI3K [ fH # Bel-2 4 11 R 387K F B 8 It & (P<<
0.058% P<<0.01), Bax 1 MMP-9 #& {1 2 ik 7K - B
WML (P<<0.01), WS,
3 3

HETHUA 2 — 2R AL ARG, 2
S XU e L A8 R O RIS SR A 22 i Y A ST
e R, T Ak e S R e = S
By CEE DU 2021 AR R Y Bon . FRE HUA
BIRRN16.4%, I HEIFERMABE . FARIMm
i UAZBivA HUA [ 5 225Ems . pFos ' Bos . e
IR AT FEAR HUA H# 09 UA KF o (5 il T g 35 4
B, R UA M E MY T R AE AL A B8 .

AT 5 ) I 6% 2 B2 Ty v, 3l ol ) R T v R
A3 - T B A 25 K0 PPT W 4%, £ 0 T RN £ 2 R IR
A5 1 8 i K36 9T HUA (%) 35 255 P 43 A vk £e
B S S AR TIALE , i — 2Dl R L R
20 M ALY FT HUA /)N BRUBE Y 52 56 36 47 90, 38 3 44

TG PR R 43 - I B A O 4% O 1k R TR L 5-0%
ZHW . (+) -MMIEE . 5, T-RILEIE .
BRI EDT 45 6 Fhd 4 A4, 7T BB 2 4 8 e 93
J¥ HUA B FE 5 P53 5 38 5 PPT M 25 3K BURZ O
AN 144, AP MAPKI, PIK3CA, HSP90AAT,
PIK3R1. SRC, EGFR. TNF., APP, AR,
GAPDH. RELA. MMP-9, MTOR M IL-2; 4>F
XPHEEE R R . NGRS OGRS LA A
MEsAER, Hh E23E 2 EDT 5 MMP-9 1
PGS R . AR SRR EDT vl e N
FEIE IR A EBIEERL S . S TFUL RIR N, ARAFIT
POy b SHS AT EEGR Y EDT H T a
SR N AP S B E, I HAE AL SE AT R 5 .
UA S RER A 2= 4, I 1 o B 1 ot 22 16 % 1k
SWUH U 20 W 4 A2 Y T ol 198 b il 2 b A ok % Mg
WS, Uk EE I DA PE XO B4k o EE IS dE— bk
XO 4k UA 2, RBF 5w e o IR 5 %
NRK-52E 4ff il & 57 1= JR i 4 Mg #8 , R A HPLC
R DN 20 B R 5 B WP UA K, 45 R WK
EDT n] B @ FEAR 40 i b UA K5 [, R4
I TR 40 K 5 K T 4 7 7. HU A /N B R, 3 o i
il /N BRUR P R R R ek D UA 43 i, b 78 A0 TR T
UARTARY BT, Mg L UA B, #HIHUA W
B ARHR AR 5 R o A AN B Y
UA KB 8 FF 5, £ HUA /N B #8520 5
EDT 40 /)N BRI 35 UA KFE B B REE, £ EDT
A UARER . LW Cr Al BUN K230 15 3
REM R B Ao br . ABFSESE R B8 EDT Al B 1%
HUA /)R 5 Cr A BUN K OF KB IE 8 %, 12
/R EDT A] gle st /N BUE 5405 o h ) B 7 55 g 5 4 fy
WO SR, AR DT T A
et s £ o, KEGG [5 9 M & 40 4 1
N fE OB O IK A /R A AT BB 5 HIF-1. VEGF.
EGFR i 22 2 U B 40 ) 700 i 25 . 2 ME B & i .

#5 KH/MRILES UA.Crfl BUN KN K B B8 %

Tab. 5 Levels of serum UA, Cr, BUN and kidney indexes of mice in various groups (n=8,x%s)
UA Cr BUN o
Group . . . Kidney index
[ep/(pmol-L71)] (e /(pmol-L™H)] [ey /(mmol-L™1)]
Blank control 37.32+1.71 34.3841.06 7.46+0.67 1.5840.05
Blank administration 39.75+1.01 32.054+1.33 8.37+0.43 1.6040.04
Model 831.57+20.82" 110.144-0.64" 27.9940.93 2.704+0.04"
EDT 384.31422.93°" 64.99+4.74%" 23.3240.56"" 2.4240.08"

"P<<0.01 ws blank control group; “P<C0.05, ““P<0.01 vs model group.
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Fig. 7 TUNEL immunofluorescence staining results of kidney tissue of mice in various groups (< 400)
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Lane 1: Blank control group; Lane 2: Blank administration group; Lane 3: Model group; Lane 4: EDT group. "P<C0.05, "P<C0.01 wvs
blank control group; “P<C0.05, ““P<C0.01 vs model group.
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Fig. 8 Electrophoregram (A) and histogram (B) of expressions of AKT, p-AKT, PI3K, p-PI3K, Bcl-2, Bax, and

MMP-9 proteins in kidney tissue of mice in various groups
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