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Research progress on oxidative stress mechanism and traditional Chinese medicine intervention in
varicocele-induced infertility
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ABSTRACT Varicocele-induced infertility (VCI) is a common andrological disease in clinical practice. Oxidative stress
represents the primary mechanism through which varicocele causes male infertility. Traditional Chinese medicine (TCM) treatment,
characterized by its multi-target, multi-component, multi-system, and multi-pathway actions, has achieved favorable outcomes in
the field of VCI treatment. This paper summarizes the underlying oxidative stress mechanism of VCI and the relevant signaling
pathways involved. By reviewing the current research status on how monomers, active fractions, compound formulas, and related
preparations of TCM can intervene in oxidative stress through the regulation of these signaling pathways to improve VCI, it is
found that the nuclear factor-erythroid 2-related factor 2 (Nrf2) signaling pathway, the mitogen-activated protein kinase (MAPK)
signaling pathway, and the hypoxia-inducible factor-lac (HIF-1a) signaling pathway are closely related to the development of VCI.
TCM monomers and active fractions (flavonoids from Cuscutae Semen, polysaccharides from Astragali Radix, curcumin,
ginsenoside Rg:, hyperin and echinacoside) , as well as compound formulas and related preparations of TCM (modified Dahuang
zhechong granules, Shengjing huoxue formula, modified Tianxiong san, Tongjingling, Bushen huoxue formula, Mailuoshutong
pill, Zishen yutai pill, Danhong tongjing formula) can alleviate oxidative stress, reduce lipid peroxidation damage, improve
mitochondrial dysfunction, decrease sperm DNA fragmentation, and inhibit apoptosis by activating the Nrf2 signaling pathways and
inhibiting the MAPK and HIF-1a signaling pathways, thereby improving reproductive function.
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K R bk il 7k (varicocele, VC) 218 B AT R I &
AR RN S i A sk B, & — el UL 1 4
S RSB AT W EEEH 2" WATRF
WA R RS & K il K MR B E (varicocele-induced
infertility, VCI) £ BUAE 55 P4 o 1 & 0 % i ik 35%%. H
I, VCIL A 23 AR B 2= AL ] i R o8 42 B B, (H B0 i 5%
228 AR U L S LR R T R AR B R
WER ALY, Ho, AN e VB
ANE I EZHLH] : VO] 5 RS2 IURF RN A R 9
i S INE , DA A A S AT A i 28 21 rb 3 7 %6 (reactive
oxygen species, ROS) 7K-F-Ft & , #E 1M 175 & AL ; i
JEE R AR ST i — 2D RS i e Ak Zeoki iR T
AEfE i  DNA Wi 2 S i i 7, A S BB AT,
VCIlm RIG T G 4G 5T AL 25000 97 I ARIGYT , LT
ARIGIT R E AT 50% 1) VCL B LEAR S ATIIR JE Tk 5
BEHARAETY, Kk, RGN AWiaT ik B A E
B AR L

THEFISIAH , VCIE T 98 “ I A " A5, T 55
PEARFREN & T JoF " umg”, thaiayr B 2.
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KAF R, AR, P 27E VR S HUS T3y
AR [l ), 7SR IESE , 2 R0 rh 2 B TR P AR
fiE e, AT B AR FERE 1 BT UL AR SRS T
VCI AL B L B A OGRSl i, JF 253k T rh 2
A ISR | H 24 52 T RO DG i 36 38 40 ) A Ak
e VCHER R SR, B 2B YT VCLI th 2560t
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1 VCIRSEL R AN HI &% 48 K15 S @ B

¥ i S R 210 & 2 A & A F 2 (nuclear factor-
erythroid 2-related factor 2, Nrf2)J& 2 Fip E AL BEAY) =2
RIS 4 P A 7 OTR S RN A A0 A AR
A R A EEAE Y, RS A S Nrf2 S H
PRRVE IR 12 2235 , 350 26 PR A 4 1 21 28 4 1
(heme oxygenase-1,HO-1) \NAD (P)H i & fb if J il 1
[NAD(P)H: quinone oxidoreductase 1,NQO1]45, H.2%#y
54 bt E Ak )2 W Je 4 (antioxidant response element,
ARE) , 2 S AUHRAH A N S0 1 1 S L Bl ™ i 42
JB 1% AL 1 25 1 3 B (mitogen-activated protein kinase,
MAPK) {55538 % 2 5 A A4 oAk B g 380 1 & A=
G Z P T AR B LT R L c-Jun Z AR i
Jiff (c-Jun N-terminal kinase, INK)/p38 MAPK {5 5 18 %
FEVETORE 05 007 T B A EEAEHN R, Ak
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L VCRE O bR 530 i, DT 5 S A6 0 A0 e o T
5405 5 A F la (hypoxia-inducible factor-la, HIF-1a)
S Tl A % 1) DB AR, R A TS AL RS AN Y
LI AST DAY B 24 P %) R v, R 4 %o ke 4 s g g s
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i RS 1 I B ok A AR A D O A B Y
FEEAY I iR B 4k ¥ (lipid hydroperoxide, LPO)
AT JF AR 20 B P ) AR — W5 2 (adenosine triphosphate,
ATP) , IS 350RS 115 7198055 LPO 2k B v 4 Ak
Z P g s , 445 5 % (malondialdehyde , MDA ) 1 4-
#2345 B (4-hydroxy-2-nonenal, 4HNE) %5, H i,
MDA S g iz il S A4 4 AR AR ), BB 2 1 WO 28
Jo S, A6 200 S A% 2 1 5 (]I, A J2 4ok {4 DNA
(mitochondrial DNA , mtDNA ) 4 & £ B 5 B Y 5T, fig
WS ROS & B A M g+ s fE VOIRE T, 5
FUlE T i AR A IO JO8S in T 5 24 Keeleh A ECH SCHk
# 1 1 (Kelch-like ECH-associated protein 1, Keapl) &4
AN, DT 5 N2 £ 25 5 Vi 29 0% Nef2 B s 5 o7
YA, 5 AREZ56™, H0E  A Ak B AL (super-
oxide dismutase, SOD) % Z Fhr S (L il (19 F 1k , T
BRI LPO MR IA , RS 1 I B i A 0 0 , 1 5
A PR ARRE T, s S R, A S VE R
BRI A A Nrf2/HO- 145 538 D AT fiff 40 e S Ak e
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PAgicss , AT AT AR & B MU A ) S50
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LRI T R A 120 B P9 ROS A= it iy 222
AL, VEAKE iz s Re R IR , Sob (A ATP & i) hE
YRS G BT E, M ROSHGLARARET , ATP A4 A%,
ZBH, B4 S B I8 S RE ) RN O S, Al
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EALRL I AT 5 S F mtDNA Wi, 52 e g |, it —2
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BREAFY, Zho FTEBEIA T IR R 40 L
B VC W AR RES i SE I AP IESE , VC 512 1
SR AR IR W] 155 A S AN AR s , 0 T i HIF- 1o M ok
PRI bR E WA (% C(cytochrome C, Cyt-C) it ik
IR, 2 S AR 5 S S5 A8 S, e 2 5 3O T 4 i
6 1N R F TG
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1.3 #EFDNAWTH

AN O F B VC BB T DNA Wi R i £ 2
&z —", 51 ROS AT 55 4 + T & A0 i RE
71, FHOKS + DNA FUh sl o 0UEE T 2457 IR IRIFA S
VC B K T DNA Wi 2445 %1 (sperm DNA fragmentation
index , DFT) (5 2 8 AL I A0 e 25 SR, A AR mT
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Ry FERE 1™
14 HpAT

VC JIrifs S0 A 5 22 G AL TS A0 B T DA
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5 20 g b 5y 98 T 2R 1 B I%CTE ) 1 (apoptosis
protease-activating factor-1, Apaf-1) %44, JE 1M fith & 41 Jifd
AT, A VORI RS2 L 20h b T8 A B
21 36k E2 988 2 (B cell lymphoma-2, Bel-2) i 235 8] R
P, AR 08 T4 Bel-2 A 26 X #  (Bcel-2 associated X
protein, Bax ) [} 334 BB 1R, Bt K25 1 1§ 3 (caspase-3)
B, AT BUEAS AL T, 18 5 S LD e sz
ARFEW, LRI, p38 MAPK 25 T VCHUEE ALY
AERRE X — g HLE AR A ] p38 MAPK I AL AL 4
AT SRR S ) AT T s VC i S S L Rg
AR, e Ah , VC SR DKL S HRT R A SR LR
B4R, XA R SRS PO S L ZH 4L b HIF- Lo (55 1Y%
SN ROS A G 22 g 2 1 pb3 ik LM, A
L P BUEAULH LU L TN 520 A BE D) RE TS BN
B, Zhao FF"iE 1 TER HIF-1o S 5L 2 9, VC 52
TR /N S R AR 0 L Tl D | SR AR RS T e 2
2 PR/ NRA T D R EiGE n] BB S I HIF-1o {5538
%, SE T S AL S AR T G

RS R, Nrf2 . MAPK , HIF-1a {55 5 i % 5
VCI KA R R EEVIAHSE , BAARBLEI LA 1,
2 PHREHEXESERTMEXEEmMKE
VCI
2.1 FENrR2{ESEENERIS

Y 22 - B TP 2 24 T R R 2R T AL
A EFEI S R R 2 1R T U, VOB
RELSEFLH LU Nef2 SR T L EE 11 HO-1 YRR
YR T I3 o MDA 5 R R R, SOD 3Rk
A U 22 T R 6% 38 L PG Nrf2/HO-1 {5 538
B R AP A A S At M TR VR, DA ek
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Bad: Bel-24H AU T {2 1K F s HRE : it 505 JC 14 NF-kB : 4% 4
FkB; TNF-a: IR IRAE A o IL-18 IL-8: 1AM 25 18,8 PI3K : B
NG ER LB 38l ; Akt - 25 3B ; Apoptosis : QNI JF T ; CAT . i AL A
iff s MAPKK : i 43 245 16 £ 11 28 11 U800 80 s MAPKIKK : A1 43 54 i 17
AR 1) 2R P TR Tt 35K TG 3% 7 5 Extracellular: 41 if2 41 ; Cytoplasm : 21 fitd 55 ;
Nucleus : 4l fig 4% .

Bl VCIMEH{MENFREXESERNRER
B VORI R AR DiRe o A FRE ). ML
R 24 B RS A B PERA Z — |, SR G R T 45
R, R L2 BENS I 1 FOE Nef2/HO-1 15 518 [k
FEALR VIC AR IR AR PN 1) — S AV B, AT R 5 4
AR AT, 208 52 LA SR B ECIR S | T AR S AL
ge, e m KR E B/ .

TEERE R P 2R R A SNy, T
SEURIEGE AR L 253 BE AR e IO b B R VO AR R
B S ALZH 21 v SOD & MIFL IR I S [m) T2t X 119 3%35
IKF-, B MDA JKF, |8 Nrf2  Keapl F1 HO-1 %5 FH M
mRNA [k , A 30 3% VORI B AR hfie . 2
WRERENPAZEPRIRB Y REZHELEY,
Sadraei ZE 9T & BE, 22 5 K A0S i S VO BLTRLK
FRUA A ) Nief2 {5538 SR 15 i iod 480 fk S0 A1 SOD 4547t
AL ZER I ROS A9 A B, DA TG 400 46 480 Ak 17 354 A
RRAE I, I8/ DNA #5147 , 28 FfASE A L) A6 FE D RE B
it AZRHF R EASHFEELYEERSZ—,
B R E ORI, NS B A R 1T 3 BRI %
/N B S AL ZH e Nef2 \HO-1 2K [ 19 26 325 01 IL 375 v
MDA /K-, $i i o 8 AL SR SOD 1 14 , 22 i S (L ik
s, T GER AN E B RE . Stk b2y
2L T B IR RS , R UTF R B, A 22k
T RERE 0 AN 05 T RS BRI R T, R A
15 , B A Keapl 25 F1 (19 R 157KF- , 57> MDA \ROS 1
A2 B, AT Nef2 BOAZ 37 B HO-1 3k, HAR AL AT
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AE-5 4% Keap 1/Nrf2/HO-1 {5 Sl A G

IR R R e ORI A 4 B ) Y R
JEE UL, ELAG T RS Gl 2 2 80 R
I8 2B, I KB % R RE A% 57 S AR I M 4 i VC
RS BRI R B2 BOAE 1 8, 15 5 Nrf2 (HO-1 R L 1Y
F38 5 [, 1225 ] 2 0 Nrf2/HO- 1 {530 R # |
AR A RS AN LR T, DTG & FET V C AR TR R R
BHARB SN . ARSI e EA E P E
25 E R AECEE 22 IEER ) T 2 R 57 i L il |2k
R MRS N 250y, BAA ARG 1 I A 2 i/ H
BRI IR SE , AR T I 7 RS 22 VC B K R
52 AL SR, B e HORS 11 7, B {IX DFL, Al ik 52 0L
ZH 2 Nrf2 . SOD 27 Bt H R A 3R 3k, I & % 7 el 3
VC BRI K BN T BIAE AT g 5 30 Nef2 {55 i 0
il A S R A 5o IR RO A (A B ) Y
CRMERLT, HATRNE g T BRI ST R,
I R BT 3 25 458 Keap 1/Nrf2/ ARE 15 538 4 ok 54 fin
SR 1R K AR PR /N L PR TR RS 2T 24 PR 9 2 1 (TR
“/NMaf#EH7) oy A Bt ERR & i \HO-1 8 H Y
Feik | BRAK B 2240 4 rh MDA /KT, G2 i S8 Ak 7 0544
N BCEERRR B AE B RE T .
2.2 JHEMAPKES@EMERVLE

PR3 17 2 v 28] R MO 1Y) F2 Ak 22 1 43, Zhao 55
HIBIFSE s, WA SR 2 T RE A A I AL N OTs = A 1 &
A AR R BRI ARG /N 2545, B2 JLAE NG /N TP
T8, B R BRI p38 MAPK AR fk INK 25
F 28, 45 LR AU . SOD 4% bk H KA,
ROS 19 4= B [8] ) iZ A 92 48 1, 3% B 43 AT 38 o 410 161
MAPK 15 5 i 10 07 38k 22 fi A5 0 R BRI RS + ¢
A I REREAT , W SR AL LU R E R B RE

WS R IEIRIKRH TR B AT R I, A
BB 28 sk Z D)o FB AR ST A I, S A R B
St A T R AP W C S A R B A A A N T A
i, PO ARG A M LR AR LA, SRR T S
Cyt-C .Bax #1735, 180/ ARG AL A PR T, R AR
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fE 5 A INK/p38 MAPK 15538 % 41 il 52 4L A6 4 40 g
FALRRH T A K
2.3 AEHIF-lo {5 S@ERMIERILE

AN I 77 5 RN B AR B DAk, R AE R o
SN AN Iy BE AR UE VORI BURS T e B
TR CEAE R, LRVER S0y il T JH HIF-
Lo A5 5380 5 T & B S8 A B SRV E FHAT OG0 k&S 738 L
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BAE AR RE Al 2% 2 8%, Ly S RIBFFE R B, k4
EPm AL RE M VC R A B S AL B S22 47, mI R A
A1 T 75 52 AL 21 Bel-2 7K, B 4K Bax . ROS #il
MDA 7K, #ifi HIF- 1o 85 F A9, JF RT3 0 ) 240 i
T Rt A IR A RGE AR R BRI AR B RE T -
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