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Abstract: Objective To explore the effect and mechanism of Dracocephalum moldavica on chronic kidney disease (CKD) through

network pharmacology combined with animal experiments. Methods The active ingredients of D. moldavica were obtained through
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literature review, the intersection targets of active ingredients and CKD were obtained using network pharmacology. The “active
ingredient-target-disease” network and potential target interaction network were constructed, the core targets and core components
were screened by degree values. Gene ontology (GO) function and Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analysis of core targets were performed using Matescape online platform. CKD rat model was established, Compound a-
Ketoacid Tablets or D. moldavica extracts were given for intervention for 28 d. After the end of administration, blood was taken to
measure urea nitrogen and creatinine levels; Hematoxylin-eosin (HE) staining was used to observe the pathological changes in renal
tissue of rats in each group; Western blotting was used to detect the expressions of a-smooth muscle actin (a-SMA), carbonic anhydrase
IV (CAIV), B-catenin, matrix metalloproteinase 9 (MMP9) and fibronectin (FN) in renal tissues of rats in each group. Results A total
of 61 active ingredients, 789 related targets, 2 194 CKD targets, and 349 intersecting targets between D. moldavica and CKD were
obtained. The enrichment analysis results showed that D. moldavica might regulate CAIV, MMP9, aldose reductase (AKR1B1) and
other core targets through 7,4'-dihydroflavone, luteolin, scrophulein, luteolin-7-O-glucoside, luteolin-7-glucuronide and other core
components, and act on cancer, lipid and atherosclerosis, phosphatidylinositol 3-kinase (PI3K)-protein kinase B (Akt) signal pathway
and other pathways to prevent CKD. Animal experiment results showed that compared with model group, D. moldavica extract could
significantly reduce the levels of urea nitrogen and creatinine in serum of rats (P < 0.05, 0.01), improve nephron damage, significantly
down-regulate the protein expressions of CAIV, a-SMA, MMP9 and FN in renal tissue (P < 0.05, 0.01), and up-regulate the protein
expression of B-catenin (P < 0.05). Conclusion D. moldavica exerts therapeutic effects on CKD through multiple components and
targets, and its main active ingredients may improve CKD by regulating the expressions of 3-catenin, a-SMA, MMP9, and FN through
CAIV.
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Table 1 Active ingredients in D. moldavica

J£-5 Pubchem CID wEY £S5 Pubchem CID WwEW)

1 5280445 ARBHEZER 32 485688814 FHIMAZT7-0-B-D-H % Wil IR H
2 5280443 S 33 11016019  FMARZEK-7-0-B-D-Hi & HiE

3 5280863 1 221y 34 3084961  ITEEE

4 5280343 Wit Bz 2% 35 5280459 AR EK-6-J5t L MR A T

5 5280666 EXHEEDR 36 5281602  FTIEERT-0-(6"-O-1 _BRHEL)-B-D-H & Hl
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7 3083783 S-FH-“RREER 38 5280805 it FR3-O-EF/MEE
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10 11349 P A 41 5319484  Fr3EE-T-O-FH G WERE R

11 5281654 FRER 42 5281793  FIHHERA

12 5280442 EHEWRE 43 5281792  HIEEW
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440 349 1845
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Fig. 1 Venn diagram of active ingredient targets in D.

moldavica and CKD targets
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Fig. 3 GO function enrichment analysis (top 10)
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EWRNIEERSSY, BIRRHR, BRI, TIRKAMREN REE K.
Rhombus represents active ingredient, circular represents target, square represents disease, shape size represents size of node degree value.
5 “TEMRS-ER-IRET W

Fig.5 “Active ingredient-target-disease” network

*2 BEZMIAE CKD ML R S

Table 2 Core components of D. moldavica in preventing and treating CKD

75 wEY 75 wEY
1 7,4 A B R 11 o P
2 ARBEER 12 FRER
3 I 13 thymonin
4 AR 14 Wit 7 25-3-O-FE FLE
5 KRR B 2 -7 2 W T 15 F M AR ZE-7-0-B-D-75 i PE R R 1F
6 PETF(E)HRA 16 HIEE T T
7 S-FE-ZHRERER 17 HRE
8 LR 18 Mz 2R
9 SEWRE 19 SHRERER
10 takakin 8-O-B-D-glucoside 20 5,7,4"-= ¥R 53 H A IR

*3 BHFZMIA CKD AL S

Table 3 Core targets of D. moldavica in preventing and

treating CKD
FFs HEA FFs A
1 CAIL 11 ADORA2A
2 CAIV 12 APP
3 EGFR 13 SYK
4 AKRI1B1 14 PTGS2
5 MMP9 15 MAOA
6 CAIX 16 XDH
7 ADORAL1 17 MMP2
8 GSK3B 18 ABCG2
9 ACHE 19 PIM1
10 ALOXS5 20 NOX4

3.6 FEHZIEIWIN CKD XRIE+HRZEAN
B 7k S B 220
WE 7 s, S0HERZE R, I K BRI

R Z BN KT R EFm (P<0.01); A
ML, 27 a-FRBRAME T 2528 . e
KRR 3E R R BB KT BB (P<
0.05. 0.01).
3.7 BEZIREUWIXT CKD KR IS 4ELRIET LR
Al

W 8 fitw, Mo IR ZE K B I Sy 5 44 IE
PRI 2B T A7 BB B R B AR AL, LR
BRES. BNE EEARRIPERIE ., AR
R E TR 77 o-BRRA I E 222
B B 4K R I B A R P e, 3R
SN SORE AR MR AR A MR B A 22 AR
By AR KR S AR AR I R, RIUNE
INERZYE SISV IS T s D, FR P SE 4N
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R4 BORD SRR FIHRGSHEE
Table 4 Molecular docking binding energy of core components with core targets

44 pe/(kJ-mol )

oy CAIl CAIV EGFR AKRI1B1 MMP9
7,4"- 7.2 -5.0 -9.4 -9.4 -6.2
AREER -7.8 -8.1 -9.4 -9.1 -5.6
AR EH -8.5 -8.7 -7.8 -9.9 -6.2
BT ER -7.5 1.3 -8.2 -8.8 -9.6
AR ELR -7 A PR IR 9.0 -9.0 -10.9 -9.9 -10.7
A = LS \ (S | C : 7
)”ﬁ r,_‘ \'V' W ¢ & ’ ™ ‘
T 2N ? mﬁ,@ .
‘ e 76 ;
B 3 : . ~ P D M o
L (w - ¥ \ 2 ; R
\;y T o : &\, o A L F 5’; .‘_‘" ‘_;;:} 3"7/‘41' o
P | " YA ‘_f:.!“!i - & ot _4{ P e 44 v

A-CAIV-AREL R -T- M GRS AR Y . B-EGFR-AJR B3R -7-40 G FERE BOHF: C-AKRIBI-AREHEH ;. D-MMP9-A i 55357 G B B o
A-CAIV-luteolin-7-glucuronide; B-EGFR-luteolin-7-glucuronide; C-AKR 1B1-luteolin-7-O-glucoside; D-MMP9-luteolin-7-glucuronide.

El6 BFFEZRURSSRUEBRNS FIHEREE
Fig. 6 Molecular docking of key components in D. moldavica and key targets

15 4 s 250 #

T: ~ 200
= 10 -
g g 1507 * * .
£ s
& a = 100 =
W =
K 2 50+

0 0

XTBE frﬁi 507 a—ﬁﬂﬁ& 65 170 MR B 57 o-FRR 65 170 340
ﬁiiﬁﬂwy(mg kg P! TR R (mg kg ™)

LA e *P<0.05 #P<0.01; SHMALE: "P<0.05 “P<0.01, EIH.
#P<0.05 *P<0.01 vs control group; "P<0.05 P <0.01 vs model group, same as Fig. 9.
7 EEZRRWIN CKD KR MEHRERMANEAKFHME (X+s,n=8)

Fig. 7 Effect of D. moldavica extract on levels of blood urea nitrogen and creatinine in serum of CKD rats (X £ s, n=38)

AT LT (mg kg )

kIR B NER S PRI AR R A 5K
Red arrow indicates glomerular atrophy, necrotic renal tissue, vacuolar degeneratlon, inflammatory cell infiltration, and lumen dilation.
E 8 FFEZIRIIN CKD KR BELARETHAIFM HE, X200)
Fig. 8 Effect of D. moldavica extract on pathological changes in renal tissue of CKD rats (HE, x 200)
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MR AR IR I . DAL 45 3R I A T L R )

% CKD K BB H AU R R e .

3.8 HEZIREWIN CKD KRB FN. p-

catenin. MMP9. a-SMA. CAIV ERFRIZRIF N
WK 9 Fis, SxHERA e, A K R E A

ZUFN. MMP9. o-SMA. CAIV & A E LK 5E

FF (P<<0.05. 0.01), B-catenin 2K [ 3814 /K 7B &
P (P<<0.05); SR ELE:, &HH LY
FIEAHEHLH FN. MMP9. a-SMA. CAIV EEH#E
KK BRK (P<<0.05. 0.01), P-catenin 2K 1%
KK EET S (P<0.05), XERH 2@ HE
FN. MMP9. a-SMA. CAIV & A FEXBiIE CKD.

FN| == % it e == = [3.0X10* 301 HH 80
‘ [ i
MMPO| o s S o (02310 o N % 0
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307 4 150 1507
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w207 ® 100 31004 ‘
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% 10 2 s04 =7 X > 504 — b
= 3 | | | | 5 | |
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2 IREIXT CKD KRR IS4H4T FN. B-catenin. MMP9. o-SMA. CAIV ZAXKIL

i

T 1
XTI B A AR

il

9800 (X+s,n=23)

Fig. 9 Effect of D. moldavica extract on expressions of FN, B-catenin, MMP9, a-SMA and CAIV in renal tissue of CKD rats

(Xts,n=3)
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CAIIl. CAIV. EGFR. AKRIBI fl MMP9 £5# p5 {4
#1 CKD. CAIV Fl MMP9 55 p IR SE 5 5 %
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KR, FER R, LT AR ) CALL. 40 A 1
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