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Wuziyanzong Pills reduce apoptosis of oligoasthenozoospermia via down-
regulating IL-17 pathway

MAO Jing, ZHANG Lixin, WANG Wenkai, CHEN Xia
Medical College of Nantong University, Nantong 226019, China

Abstract: Objective To investigate the efficacy and mechanism of action of Wuziyanzong Pill (WZYZP) in treatment of
oligoasthenozoospermia (OAS). Methods Cyclophosphamide (CTX)-induced SD rats were used as an in vivo model of OAS, and
the in vivo efficacy and mechanism of action of WZYZP were investigated by ig 0.5 and 1.5 g-kg' WZYZP. The sperm parameters
of rats were detected by automatic sperm analysis system; the amount of testosterone in serum of rats was measured by enzyme-
linked immunosorbent assay, and the histomorphometric changes of testes of OAS rats were observed by HE staining after drug
administration. Network pharmacology was used to predict the specific targets of WZYZP in the treatment of OAS. The levels of
inflammatory factors interleukin 1 (IL-1p), interleukin 6 (IL-6) and tumor necrosis factor alpha (TNF-a) in rat testicular tissue were
determined by enzyme-linked immunosorbent assay (ELISA); apoptosis in rat testicular tissue was determined by TUNEL staining;
the expression of interleukin 17 (IL-17) in testicular tissue was detected by immunohistochemical staining; and the expression of
cysteine-containing cells in testicular tissue was detected by western blotting. Blotting was performed to detect the expression of
Caspase-3, heat shock protein 90AA1 (HSP90AAL), phosphorylated nuclear factor kB (p-NF-«B), nuclear factor kB (NF-«B),
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phosphorylated extracellular regulated protein kinase 1/2 (p-ERK1/2), ERK1/2, p-p38 and p38 expression levels. The main active
components in WZYZP were detected using HPLC and molecular docking simulations with targets obtained from network
pharmacology were performed to explore the specific mechanisms.Results The results of in vivo experiments showed that WZYZP
significantly improved sperm parameters, serum testosterone levels (P < 0.001) and testicular histomorphometry in CTX-induced
OAS rats. The results of network pharmacology showed that the key pathway of WZYZP with OAS was IL-17, and the key targets
were Caspase-3, p38, NF-«xB, HSP90 and ERK1/2. TUNEL staining results showed that 1.5 g-kg™ WZYZP significantly reduced
apoptosis in testicular tissues of OAS rats (P < 0.05); Immunohistochemistry results showed that 1.5 g-kg”'WZYZP significantly
reduced testicular IL-17 expression in OAS rats (P <0.001); ELISA results showed that IL-1B (P < 0.05) in the testicular tissues of rats in
the 1.5 gkg™ WZYZP group compared with the model group, IL-6 (P < 0.01) and TNF-a (P < 0.01) were significantly lower in the
testicular tissues of rats in the 1.5 gkg™' WZYZP group compared with the model group; the results of Western Blotting showed that the
expression levels of Caspase-3 (P<0.001) and HSP90AA1 (P <0.01) were significantly lower in the 1.5 gkg™ WZYZP group compared
with the model group, and the expression level of NF-iB (P < 0.05), ERK1/2 (P < 0.05) and p38 (P < 0.05) phosphorylation levels were
significantly reduced. Molecular docking simulations revealed that the binding energies of the eight main active ingredients (quercetin,
schisandrin A, chrysin, kaempferol, zingiber officinale, schisandrin, isoquercitrin, and chlorogenic acid) and the five relevant targets of
the IL-17 pathway (HSP9OAAT1, ERK, p38, NF-B, and Caspase3) were all less than —20.92 kJ'mol™', with good binding. Conclusion
WZYZP canreduce apoptosis by down-regulating IL-17 pathway to treat OAS.

Key words: Wuziyanzong Pills; oligoasthenospermia; IL-17; apoptosis; molecular docking; schisandrin A; chrysin; zingiber

officinale; schisandrin
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Fig. 1 Effects of WZYZP on sperm parameters and serum testosterone in OAS rats (;:!:s,n=6)



F47EFETH 2024F7H %Kl"iﬁ'ﬁ‘ti Drug Evaluation Research

Vol. 47 No. 7 July 2024 + 1545 -

TR T 8UE DLRORE TIE 77 8 PR (P<<0.01,
0.001) , WZYZP 1.5 g-kg' 41 & # T+ 7 (P<<0.01.
0.001) H H 2 B & 1y /) &8 A G M o g Tt 2R
FE (VCL) K T B2 3 15 (VSL) K 71 34 i 1% 3
FE (VAP ke B 45 SR 2 itk . R B WZYZP A 4
5 OAS K EIKS T i &, H WZYZP 1.5 g'kg' 41K
B 0RE 0 5 B SRR T PHPE X RE A . MR A
gh JR Y, A ZH K BRI 52 I K CF B 2E FR AR (P<
0.001), 111 WZYZP A X P LR (P<0.001) .

i HE Je ksl T oK B 22 MAH TR A& 0K
AE2) . g5 FR A K R 52 AL o0t HR 2 A
R /N O SR 2R 45, /)N R B 38 K, ARG 4 it 0 ) i

N KR PRI (P<<0.05). 4T WZYZPFTi)E, b
RENAS B BB . ARG/ NE I BRAR N, ARl
o 1) J57 40 B B T (P<<0.05) , HEZI 56 i % %%

UL WZYZP 1] 24035 K i OAS.

32 WZYZP&Eid FiBIL-17 @ E A ET 8T
CTXiFEKRHIOAS

3.2.1 WZYZPiRJT OAS M 5 BE 2450 Hr @it

for 2 TCMSP £ 48 P 345 2] WZYZP %53 5124, H
LR 1304 JHIAD T 188 MR L T 29 VT
%1104‘@%%55/\ 0 0 2 15 B 32 I K
04, Hdr ik v 8 AN My fd 7 45 4 A 22 1 11
/l\\%ﬁﬁ¥7 MEATFIN ER KL

X 50

X

| <200

EHRBIT WzZYZP1.58ke ' WZYZP0.5 gkg

250
*
200 l
<
llllﬂ 150 #
=R
:
A 100
4
H
50—
0- T T
XHHE MRS 05 1.5 KRBT
WZYZP(gkg?)

Bt A L P <<0.05 5

Lt X H

100

80

60+

40

201 |l‘
0

Xif HR T;-J” 05 15 ZRJEIT
WZYZP(gkg™Y)

] PR R R A

SRR " P<<0.05.

#P < 0.05 vs control group; "P < 0.05 vs model group.

E2 WZYZPIIOAS KREHNAL

NS F RSN (xts, n=3)

Fig.2 Effects of WAYZP on testicular histomorphology in OAS rats (x+s,n=3)

¥ BT A3 1) WZYZP 3% 1R R o A5 i U3 A
SwissTargetPrediction £ #& & i2F 47 # p FIM , 3% B ]
HEPEHT 100 B9 HE S AR 8 WZYZP 3 1 15 4 ()38 7
i, FEAF 5 6 960 AL A, Foh LR 5 HE £ 727 A, 4
FEFHE A3 9324, B 22 FHE £ 1 1004, 78 7 7 #E A
501>, ZE 1 142 55 700 4, I B = B 1E 5 15 21 959 4

B Ao DL “asthenospermia” Al “asthenozoospermia” A
R 4 Mk R Bk 2 A Bl S, OMIM 43 3
620 > ¥ 51, Gene Cards 15 2 637 ™41 5, & I M
bk E 2 H 5 315 5 643 4~ OAS A < ¥E &1 £ A
excel i 2 4 145 2, 75 B 67 > WZYZP H1 OAS 3t

[F] #E Ao



-+ 1546 - F47EFETH 2024F78 ﬁﬁ-i‘ﬁﬁti, Drug Evaluation Research ~ Vol. 47 No.7 July 2024
®1 WZYZP EEFMR S
Table 1 Active ingredients of WZYZP
KR i 5 R X7 7B OB/% DL
RS SCF-1 gomisin-A 416.51 30.69 0.78
SCF-2 schizandrer B 514.62 30.71 0.83
SCF-3 angeloylgomisin O 498.62 31.97 0.85
SCF-4 gomisin G 508.61 32.68 0.83
SCF-5 gomisin R 400.46 34.84 0.86
SCF-6 deoxyharringtonine 515.66 39.27 0.81
SCF-7 wuweizisu C 384.46 46.27 0.84
SCF-8 longikaurin A 348.48 47.72 0.53
Fkd ¥ LF-1 delta-carotene 536.96 31.80 0.55
LF-2 lanost-8-enol 428.82 3423 0.74
LF-3 lanost-8-en-3beta-ol 428.82 3423 0.74
LF-4 14b-pregnane 288.57 3478 0.34
LF-5 beta-sitosterol 414.79 3691 0.75
LF-6 daucosterol qt 414.79 3691 0.75
LF-7 24-ethylcholest-22-enol 414.79 37.09 0.75
LF-8 24-methylenecycloartan-3beta,21-diol 456.83 37.32 0.80
LF-9 campesterol 400.76 37.58 0.71
LF-10 4,24-methyllophenol 414.79 37.83 0.75
LF-11 CLR 386.73 37.87 0.68
LF-12 24-methyl-31-norlanost-9(11)-enol 428.82 38.00 0.75
LF-13 lophenol 400.76 38.13 0.71
LF-14 31-norlanost-9(11)-enol 414.79 3835 0.72
LF-15 lantadene A 552.87 38.68 0.57
LF-16 31-norcyclolaudenol 440.83 38.68 0.81
LF-17 cycloartenol 426.80 38.69 0.78
LF-18 4alpha, 14alpha, 24-trimethylcholesta-8 , 24-dienol 426.80 3891 0.76
LF-19 methyl (1R,4aS,7R,7aS)-4a, 7-dihydroxy-7-methyl-1-[ (2S,3R, 406.43 39.43 047
48,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl) oxan-2-yl Joxy-1,
5,6, 7a-tetrahydrocyclopental d Jpyran-4-carboxylate
LF-20 cycloeucalenol 426.80 39.73  0.79
LF-21 7-O-methylluteolin-6-C-beta-glucoside qt 318.30 40.77 0.30
LF-22 mandenol 308.56 42.00 0.19
LF-23 (E,E)-1-ethyl octadeca-3, 13-dienoate 308.56 42.00 0.19
LF-24 LAN 426.80 42.12 0.75
LF-25 atropine 289.41 42.16 0.19
LF-26 31-norlanosterol 412.77 4220 0.73
LF-27 4alpha-methyl-24-eethylcholesta-7, 24-dienol 426.80 4230 0.78
LF-28 24-methylenelanost-8-en-3f-ol 440.83 4237 0.77
LF-29 obtusifoliol 426.80 42.55 0.76
LF-30 4alpha,24-dimethylcholesta-7 , 24-dienol 412.77 42.65 0.75
LF-31 sitosterol alphal 426.80 43.28 0.78
LF-32 6-fluoro-7-dehydrocholesterol 402.70 43.73 0.72
LF-33 fucosterol 412.77 43.78 0.76
LF-34 stigmasterol 412.77 43.83 0.76
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#1(8)

KR Gkl AR HX 77 OB/% DL
LF-35 24-ethylcholesta-5,22-dienol 412.77 43.83 0.76

LF-36 physcion-8-O-beta-D-gentiobioside 608.60 43.90 0.62

LF-37 24-methylidenelophenol 412.77 44.19 0.75

LF-38 atropine 289.41 4597 0.19

LF-39 ethyl linolenate 306.54 46.10 0.20

LF-40 (24R)-4alpha-methyl-24-ethylcholesta-7, 25-dien-3beta-ylacetate 482.87 46.36  0.84

LF-41 quercetin 302.25 46.43 0.28

LF-42 cryptoxanthin monoepoxide 568.96 46.95 0.56

LF-43 cyanin 411.66 47.42 0.76

LF-44 glycitein 284.28 50.48 0.24

LF-45 physalin A 526.58 91.71 0.27

A CS-1 sesamin 354.38 56.55 0.83
CS-2 NSC63551 412.77 39.25 0.76

CS-3 isorhamnetin 316.28 49.60 0.31

CS-4 beta-sitosterol 414.79 3691 0.75

CS-5 kaempferol 286.25 41.88 0.24

CS-6 campest-5-en-3beta-ol 400.76 37.58 0.71

CS-7 isofucosterol 412.77 43.78 0.76

CS-8 matrine 248.41 63.77 0.25

CS-9 sophoranol 264.41 55.42 0.28

CS-10 CLR 386.73 37.87 0.68

CS-11 quercetin 302.25 46.43 0.28

BT RF-1 ellagic acid 302.20 43.06 0.43
RF-2 ammidin 270.30 3455 0.22

RF-3 beta-sitosterol 414.79 36.91 0.75

RF-4 sitosterol 414.79 36.91 0.75

RF-5 kaempferol 286.25 41.88 0.24

RF-6 fupenzic acid 484.74 51.16 0.72

RF-7 quercetin 302.25 46.43 0.28

R+ PS-1 (4aS,6aR,6aS,6bR,8aR,10R,12aR, 14bS)-10-hydroxy-2,2,6a, 456.78 32.03 0.76

6b,9,9,12a-heptamethyl-1,3,4,5,6,6a,7,8,8a,10,11,12,13,

14b-tetradecahydropicene-4a-carboxylic acid

PS-2 dinatin 300.28 30.97 0.27
PS-3 sitosterol 414.79 3691 0.75
PS-4 daucostero_qt 414.79 3691 0.75
PS-5 dihydrotricetin 304.27 58.12 0.28
PS-6 hypolaetin 302.25 33.24 0.28
PS-7 orobanchoside qt 476.47 55.99 0.82
PS-8 scutellarein 288.27 54.04 0.24
PS-9 quercetin 302.25 46.43 0.28

P15 20 67 AN 48 £ N String ZOHE FE L SREL N 12, P RE REN0.568, L LT 15 HIHE m
PPI W 2% B3k, I N AH R W esv i XS K2, W S a2 mXBMERME. FH
Cytoscape3.9.1 AT #H4b 704, WL 3. B Rt Cytoscape3.9.1 # [ “Analyze Network” X £ /> 1 &1
A 67T R BRZ 4N 5 Al S A I RS S HEAT IR E 2 B, SRR FE IR I 4T s A R HL T A
HME 63N EEEW L LA 401 K00 ERE R R 49 B A OB RUABEBER 2K (ARD LIL6 L iR
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A ST la(HIF-100 L IL1R. I3 555K = 3 e
fiti CACE) . HSP9OAA1.ESR1 Al Caspase-3, % 8 {5
SHNIL KGN S W RAEE 5 S 5 A0 I8 AR

fE5.

R2 WZYZPIETT OASHIEEER
Table 2 Potential targets of WZYZP in treatment of OAS

9 EJEELL S FEAH
1 TNF 40
2 IL6 39
3 ESR1 37
4 CASP3 33
5 IL1B 33
6 HIF1A 30
7 NFKB1 30
8 PTGS2 30
9 HSP90AAL 29

10 HSP90AB1 25
11 PGR 22
12 GSK3B 21
13 MAPK1 21
14 MAPK14 21
15 SIRT1 21

¥ WZYZP 697 OAS 38 7E #5553\ David $¢
P8 172 AT GO 43 #t F KEGG i # 53 #7 , # 4} Term P
fEBE /)N, Term AT 5 P8 & 1) S5, %6 X KEGG #ij 25
A5 S , GO BEALRT 10 2 W B HUE SN
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KEGG4i R R HX L ER FESHIL- 1755
piN N A R € = R VR A ERS BT F - AY WAL R
S . GOHTA KRR H F S 5 RNA 5 V)i
L1 Bl [ 55« 90 s o7 8 T 3 R A v 1 4% A 4
JL 5 g 22 W 1 IR, 8 e ML AR P B2 G L B 2
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KAAFI R R EED.

F| H Cytoscape3.9.1 4 3 “ 25 4 - L 43 - B £ - 1@
PO SR 6. HoA A = ML SRR
P AR A T AT SRR SR 2 B FR, ZE TR
RN H BB, AN BRI AR G
(100985 7 B R, K EE R [ 49 R R s TS TR B A A O
. A EA~6 4R, EIKEGG 43T F1 GO
O3 A R AR R R R I TL-17 B ER A N EERIT ML
1) AT SRAIE , 388 B L L P 7

Gsk3aHTR2A_CA2
7

7 N
(NS ey
e
™ WS

3 WZYZP3&T7 OASBTES A/ PPI MK
Fig.3 PPI network of potential targets of WZYZP in treatment of OAS
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Fig. 4 KEGG enrichment analysis of potential targets of WZYZP in the treatment of OAS
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Fig. 5 GO analysis of potential targets of WZYZP in the treatment of OAS
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Fig. 8 Effect of WZYZP on TUNEL staining of testicular tissue (A), apoptosis of testicular tissue cells (B), and testicular
Caspase-3 expression (C) in OAS rats (n=3)
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Fig. 9 Effect of WZYZP on expression of IL-17 pathway-related protein targets in testicular tissue of OAS rats (n=3)
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quercetin; 6- kaempferol; 7- schisandrin A ; 8- deoxyschizandrin.
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