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Mechanism of Quercetin-loaded Exosomes in Improving Testosterone Synthesis in Leydig

Cells from Correlation Perspective of "Disease, Syndrome, Formula, and Medicine"
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LI Guangsen', CHANG Degui', YU Xujun’, YANG Fang”
(1. Traditional Chinese Medicine (TCM) Regulating Metabolic Diseases Key Laboratory of
Sichuan Province, Hospital of Chengdu University of TCM, Chengdu 610072, China;
2. Chengdu University of TCM, Chengdu 611137, China)

[ Abstract] Objective: Based on the multidimensional correlation analysis framework of "disease, syndrome, formula,
and medicine", this study aims to systematically elucidate the regulatory effects of effective components in Qiangjing tablet on
testosterone synthesis pathways in testicular Leydig cells under oxidative stress, providing a theoretical basis for the treatment of
male infertility with traditional Chinese medicine and modern research on compounds. Methods: Disease targets for male infertility
were obtained from The Human Gene Database (GeneCards, score >20) , the Comparative Toxicogenomics Database (CTD,
score 2150) , DrugBank (score 20.2) , and DisGeNET (score 0.2). Targets related to the syndrome of kidney deficiency and
blood stasis were acquired from the traditional Chinese medicine syndrome association database SymMap. Components of
Qiangjing tablet were retrieved based on The Encyclopedia of Traditional Chinese Medicine (ETCM ) database and the Integrative
Pharmacology-based Research Platform of Traditional Chinese Medicine (TCMIP) , and they were screened according to a
quantitative estimate of drug-likeness (QED > 0.49) and a target confidence index>0.8. Intersecting targets were taken to construct a
protein-protein interaction (PPI) network using the STRING database. The network was visualized with Cytoscape software and
subjected to the functional annotation of gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analysis. Quality markers (Q-markers) were predicted via the ADMETlab 2.0 platform based on Lipinski's rule, Pfizer's
rule, GSK's rule, and the Golden Triangle. For experimental validation, rats' testicular Leydig cells were used. Exosomes were
extracted and loaded with active components via the ultrasonic method. Exosome concentration was determined using a BCA protein
quantification kit. Morphology was observed using a transmission electron microscope. The particle size was analyzed with a
particle size analyzer. The surface marker proteins such as cluster of differentiation 9 (CD9), cluster of differentiation 63 (CD63),
and cluster of differentiation 81 (CD81) were identified by Western blot, and drug loading capacity was measured by high-
performance liquid chromatography (HPLC). An oxidative stress model was induced by alpha, alpha'-azodiisobutyramidine
dihydrochloride (AAPH), and Leydig cells were divided into the following groups: A control group, an AAPH group, a quercetin
group (Que group) , an exosome group (Exo group), and a QUE-loaded Exo group (Que-Exo group). The cell viability was
detected using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) thiazolyl blue assay. The reactive oxygen
species (ROS) levels and mitochondrial membrane potential were measured by flow cytometry. The levels of oxidative indicators,
including malondialdehyde (MDA) , superoxide dismutase (SOD) , glutathione peroxidase (GSH-Px) , catalase (CAT) , and
testosterone (T), were detected by enzyme-linked immunosorbent assay (ELISA ). The expressions of steroidogenic enzymes such
as cytochrome p450 family 11 subfamily a member 1 (CYP11A1), hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid
delta-isomerase 1 (HSD3B1), and hydroxysteroid 17-beta dehydrogenase 3 (HSD17B3), regulatory factors such as steroidogenic
factor 1 (SF-1) and steroidogenic acute regulatory protein (StAR), and miR-145-5p content, were detected by Western blot and
real-time polymerse chain reaction (Real-time PCR). Results: Network pharmacology analysis reveals that the main active
components of Qiangjing tablet for intervening in male infertility with kidney deficiency and blood stasis syndrome were Que,
luteolin, etc., with the core mechanism involving pathways such as steroid hormone biosynthesis. Experimental results show that
compared with the control group, the AAPH group exhibits significantly reduced cell viability (P<0.01), decreased mitochondrial
membrane potential (P<0.01) , significantly elevated levels of ROS, MDA, and miR-145-5p (P<0.01) , significantly reduced
activities of SOD, GSH-Px, and CAT, as well as reduced testosterone content (P<0.01), and significantly downregulated protein
and mRNA expressions of steroidogenic enzymes, SF-1, and StAR (P<0.01). The above indicators were reversed in the Que and
Que-Exo groups (P<0.05). Compared with the Que group, the Que-Exo group showed more significant effects in enhancing cell
viability, mitochondrial membrane potential, testosterone level, antioxidant enzyme activities, and expressions of key molecules in
the steroidogenic pathway (P<0.05). Conclusion: This study demonstrates that Que, an active component of Qiangjing tablet,
inhibits oxidative stress reaction, improves mitochondrial function in Leydig cells, upregulates steroidogenic enzyme expression,
and restores testosterone production. As a carrier for Que, Exo enhance its stability, delivery efficiency, and biological effect.

Additionally, miR-145-5p may be closely associated with testosterone synthesis, though its precise molecular mechanism requires
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further exploration. By integrating traditional Chinese medicine compounds with modern scientific technology, this research
expands the paths for the modernized research of traditional Chinese medicine and opens a novel therapeutic direction with

translational potential for clinical intervention of male infertility.
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Sigma-Aldrich 24w , it %5 43 il & Q4951.440914-
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BL712A ,BS100) ; ‘ Torchlight’” Hypersensitive 34 5%
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U8 B L U8, e 208 o 3 B0 (4 °C L 100 000 %g,
70 min) 314 Exo. Z% SCHRL15], & HHE A5 4b 31 i
il # 11 2 259 1 Exo. Exo %2 fh , BT 7
TR RT3 5 B AR 43 BT AU 58 Exo R0 A2 43 A1 B ¥k
J ; Western blot £ ill] Exo 4% £ #7 & % CD9.CD63 F
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82 vh il (PBS) o 25 1 0 IR, fif F 40 06 O B O A
272 nm Kb & WG BE AL AR B 2 g
TR R BAT ARG,y TR 5T Exo it
17 55X 225 Exo I S2 00, 4 7] — LR (19 82 2 Exo 73
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A B S FORLAR 531
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it Exo . £1 4 PKH26 ¢ 6 i ic 1 2 Que Y Exo(Que-
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i Xt Exo M Que-Exo 45 HUIH M .
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[30 mmol-L' AAPH+ i # Que A #b W 1k
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+ 363 -



932 B 141
202647 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

P 55 5 5 M A M Bk BE AAPHAM WK JE L T
37 °C.5% CO, %M T fHiR 557 24 h,
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Ja L s R EALMA LR ERE 0.5 g LY
MTT %W 200 pL; I 5 5 56 8h 55 3= i B0k, 37 °C
5% CO,MH L 4k S K5 9% 4 ho W 3F B, B4L
DMSO 150 pL, % R , k6 PR 3% 10 min fif 25 5
Y78 5 Vi o 8 FH B AR AXCAE 570 nm % K Ab I S 45
FLH RO RE 4.
2.8 I YH ML AR K I ROS K 48 ki 4 B £ 20 i
Y25 FEH 24 hJE WS A R DT BE L A A
10 wmol- L'/ 27 ,7'- 5 &AW HE — LRE
(DCFH-DA) 1 mL, 37 °C#% & 20 min; 350xg & .0»
5 min, & B A JE A 40 09 B £ 5 IE R 4 m A S i
Rosup PH 5 F 7] ,37 °CHE F 30 min J5 ML #r
ROS /K- 4 Ml 45 25/ FH 24 h o W 4R 48 i B0 3E
JA JC-1 44 o T AEWE 1 mL 52 400, b6 5 FH i =X
4 B AN 53t Ze A I L Ao
2.9 it IR A VR O D S A 0 A Ak N AR A K
M e B AN A RIPA 247 Y VK 24 % 30 min Ji7 B
R R A B B R AT R A | B S A AR AL
450 nm P TR A, Bl S A ABRAE LR TR
i (MDA) | S {9 B AL i (SOD) W4+ bk H ik aot 480
1LY (GSH-Px) | itk %8 Ak U1 ( CAT ) i1 52 i e i .
2.10 Real-time PCR &z illl #5¢ mRNA ik Je)5
FHTCIK & T | %8 ik W0 RIS U VR 70 40 24 ik 400 i, i 22
fife 7= W) % A% 2 W B AR SF AT RNA 25 S R H
RNase-free H,0 W& I 48 15 & RNA . & RNA i §%
SN cDNA Ji , Bl J5 9517 PCR 738 . S W B2 )7
95 °C .30 s A5 14,95 °C .5 s &%, 55 °C .30 sik 2k,
72 °C,30 sHEf, HLASPEIA . LA B-actin NS, R H
27886y B AT i {5 2 PASO S5 1130 S8 15 A LBt 1
(CYP11A1) \3B- & K& 2 [ it )b &0 % 1 (HSD3B1) .
178-¥2 F 25 & 1 B S0 3(HSD17B3) 2 [ % A i
PRI F~ 1 (SF-1) | 26 [ P A i 20 M 94 799 2 H1 (StAR)
mRNA [ A X 3K o o5 B iR 5 RNA, Bl 5 R H
Bulge-Loop ™25 3 5 47 miRNA 396 55 5%, f i 414
3 42 °C 60 min, 70 °C 10 min. ¥ 34 5 I #2 F N
95 °C 10 min il 45 % ; 45 A~ 4§ 3 (95 °C 2 s, 60 °C
205,70 °C 10 s) o 2K ] 2“4+ 5 miR-145-5p 1Y
MXFRA R, SIW A T AY TR(EE)BEARR
FARAF GRS FH IR 1,
2.11 Western blot /&l A G HE [ £ ik B4 At
A RIPA 241 10 min 5 W 2K FHUOMREE . 8 82 1 BOAE &b
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Table 1 Primer sequences
Gk JFHI(5-3") £ /bp
B-actin [ ACAGCAACAGGGTGGTGGAC 233
I TTTGAGGGTGCAGCGAACTT
CYPIIA1 |}f CACTCCTCAAAGCCAGCATCAAG 95
i ATTACGAAGCACCAGGTCATTCAC
HSD3B!  |{f CCGCTGCTGTCATTGATGTCTC 114
T AGGCTGGCACACTGGCTTC
HSD17B3 |1{lf TGACCAAGACCGCCGATGAG 137
T GCTGCTGTAGAAGATTCTGGAAGG
SF-1 % TGTCTGTCTCAAGTTCCTCATCCTC 84
T TTCTCCTGGGCGTCCTTTACC
StAR | if GGCATACTCAACAACCAGGAAGG 80

T GGCACCACCTTACTTAGCACTTC

i i SDS-PAGE ¥ it % # 21| 5t — 9 & % (PVDF)
i E o 5% iR WK # B TBST Buffer £ 4] 2 h, fifi FH
—$L CD9(1:5 000) ,CD63(1:1 000) , StAR (1:
5000) .CYP11A1(1:1 000) \HSD3B1(1:1 000) .
HSD17B3(1:2 000) .B-actin( 1:50 000)4 °C i 7 1t
B 40 (1:5000) % & BEF 2 h J5 hn 520,
Tanon %< B 5 43 1 28 48 B 1F V2.0 X %Aty i 47 g
6. R F Image J 43 #F Western blot 55747 JK J&{H o
212 it a5 42 K Kk H SPSS 200 5
GraphPad Prism 8.0 ¥CF- 5 [l 43 A7 , i1 2 %6 kR H
X+ RN BAERT A RS B 2255, Z 4 A
SR FH SR 2R T 22 0 A, 2L 1) T L A SR e/
PE 2% 5 (LSD) K 55 . DL P<0.05 h 25 5% HA G0t
3 &7

3.1 5K R IRIT B AEASE B MOFE 0 8% 0 B4y
SR NI PR AL AR MR AT
TULAS B R I 0 A SGIE e CRS ¥ T JC M 52 LB B
AR VEBH R LR L5 I i BE B
FEBH ) 3 2 349 4~H1 5 . L ETCM . TCMIP H 35 BiL 58
K R 250 356 1, B & ARAT e -TE A -2
() 7 A HEHE A5, 045 HSD3BI it 4 Ak 4y il 44 184 7
W) BTG 3 K a (PPARA) | 3-3% 3L -3- H 3L 13 — Bk 4
it A & J5 B (HMGCR) . & T 5 B A R 1L i «
(ACACA) .CCAAT 3% T 254 % 1 B(CEBPB) .71l
W X Z K o (RXRA) 2 & B Sa -6 7 i 2 A
(SRD5A2) . 28 4 F FH XF [ 12 4~ B 4, R 3R
ADMET Fit il i 5 />0 843, 53 9 /& Que . 6- 55 JE
ARBEZ AR LB 2R,
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3.2 K RIRIT B MR E G I E 4 B TR
A - 75 00 -0 - A -3 I P 2 R P AL A BT R A
SEOKG IR T AN R R IR IE 1) 0 - E A -
FI - A5 - B - f 7 0 2% (D 3 5 R B in A
BE) o ZERFW G IR B R E R I IE
2T R T P A s R DG TE I, G 2 R RE R A
AT S A AN o AN =1 R W S |
BF L 5ROKS iR 3 25 T RE S e A OCE i,
F2H LA 2R (IL) -17 38 % i B PE T 46 B 17(Th17)
ok AN TR I S AN SR VN S R A 1 o N % N &
0 368 {5 3 K, G 4 A Ak MR A . FE SRR R
IRIT B EOR T R IR IE 9 4% 0 3 B AR o T 4
Hr, S [ B R A B B S M A (L R
HE BT IR R ) A U B4 Quee AR AR s 9 B2 28
[ B 35 2R A GO %, PR G BF Que VE M VT A R, R
Exo # A £ A, F ST H X S 0L Leydig 20 ifd 52 i
A LA 5
3.3 ExofllQue-Exo W2 5% @  FFiE g 7 i
#0485 T WL %< 3] Exo Ml Que-Exo Jy 3K B 2 o AL 25 4 .
FiAR 53 AT 7R Exo “FHPRIAE K /NG A #F 147.3 nm /2
i, Que-Exo ki 4% K /NEEIN, 43 A5 7E 150.8 nm, £7 &
Exo MY %E X, Western blot F1 44 K i 2 A AR HHIN T
Exo 55 S PE# 1 CD9.CD63 #il CD81 [l ik, 45 3
A 5 2 ) 4515 51 Exo & Que-Exo. E KRR UL 3% 5%
H R B b

FR A 2 24 T 2045 ) Exo 1138 Que 19 T
WeFE A3 687.53 pg L, 82K K 2.21%. ARk A7
Z A T Que-Exo 1R Ml 25 2R R, AR ) i
B Bt (Day 0) 4% i B 41ki 42 0 W 22 5% (HAK A7 7 d
Jii . =80 CCHL AR FEFa 2 , 1M 4 °C 12 L 20 W s Blok:
R K, 78 Exo M R & A I R ol il 5 o X Pkl 42
A5 Ak AT fig 52 ) 240 H 38 2o i 7 VR FH 4T Exo B 4 BUAL
R R IR T -80 °CAif 77 DA 4 35 HoAee . R4k
H: U 388 i s R BRE A
3.4 Leydig 4 it %+ Exo Al Que-Exo # UG & 45 54
7R, 2800 PKH67 #5710 1) Exo FIZL 5 PKH26 Fric 1Y
Que-Exo i T K FL 5 JU Leydig 40 Jiig A i 3% 19, IF Bifi
& OWL LI ] 48 K, K B 52 ML Leydig 28 i 58 Y
ExoftmifiZ ., WHE 1K 2.
3.5 Xf Leydig 40 fa & i fn kiR i se S
i B8 R, 5 1E #4155, AAPH 41 K Bl Leydig
A AR D TR A A, BRSO, 5 AAPH 4
H %8, Que 20 F1+Que-Exo 2H 40 Jig 0 & 14 Jin , B & 2k
L EBR4E /N, MTT R R B 7R, 5 1E % 4 e,

6h---
1211---

DAPI

PKH67-Exo

Merge

B 1 Leydig 283t Exo BEUE R (P, *x20)
Fig. 1 Uptake of exosomes by Leydig cells (IF,x20)

6h---
1211---
2411---

Merge DAPI PKH26-Que-Exo
B2 Leydig 283t Que-Exo SBEUE MR (HpEwdt, x20)
Fig. 2 Uptake of quercetin-loaded exosomes by Leydig cells
(IF,=20)

AAPH ZH 4l il 15 1 1 3% F B (P<0.01) ; 5 AAPH 4
H %5, Que 41 A1 Que-Exo 4 Leydig 40 il 77 7if R . &
T (P<0.01) ; 5 Que-Exo 4H b #¢ , Que £ 1l Exo 2H
M3 E 255 (P<0.05) o iR IC-1 43 R, 5 I1E
L HL AR, AAPH 2 40 i £ R 1A BE 7 (A Wm) i 3
T (P<0.01); 5 AAPH 4 %% , Que 4H 1 Que-Exo
HAYm B FF(P<0.01) ;5 Que-Exo 4 [t , Que
4 Ml Exo 4l A¥m W F R L (P<0.01) . U
Kl3.%2,

3.6 Xf Leydig 41 it S0 Ak B S 15 s w45 5 &8
7, 5 IE W 40 L&, AAPH 40 Leydig 40 itd N ROS.
MDA % & & % Tt , SOD . GSH-Px il CAT i %
ZFEA% (P<0.01), 5 AAPH 4 [t %, Que 2H Fl Que-
Exo 41 ROS. MDA ] & [% ik (P<0.05, P<0.01) ,
SOD . GSH-Px Fl CAT i ¥ W] & F /& (P<0.05, P<
0.01). 5 Que-Exo 41 .4, Exo 41 ROS .MDA /K -
. TH i, SOD \GSH-Px K CAT i 1 8 & P& Ik (P<
0.01) ; Que 41 ROS % # & % F+ & (P<0.01) , SOD i

- 365 -
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WA ER 4] ;B.AAPH4] ;C.Que 4l ;D.Exo 4l ;E.Que-Exo 41 (K 4 [A])

3 Que-Exo Xt Leydig 48 B £ 25 B 22 I ({8 & & {4 B2, < 10)

Fig. 3 Effect of Que-Exo on morphology of leydig cells (inverted microscope, x10)

%2 Que-ExoXf Leydig i1 iE 1T AVm B9 M0 (x£5,n=4)

Table 2 Effect of Que-Exo on Leydig cell viability and A¥m

(x+s,n=4)
41 51 ) 4t i 2 /% AWm
IFH A - 62.54+2.05
AAPH 4 51.55+2.77 3.54+0.08%
Que 4l 50 wmol-L"! 37.72+2.28 8.13+0.29*%
Exo 41 1 000 45U/ 20 52.06+4.56 3.51+0.02%
Que-Exo 4l 1000 % /41 iy 32.63£3.69  13.88+0.23"

7 : Que-Exo 41 1 Que F 4t 5 Que 24 — 34 ; 5 iF w41 5 Vp<
0.05,2P<0.01; 5 AAPH 21 It % ¥ P<0.05,P<0.01; 5 Que-Exo 41 [t
2 P<0.05,9P<0.01(# 3-% 5[[)

%3 Que-Exo Xt Leydig 28R S 4L BB A &2 MM (X+s5,n=3)

Table 3 Effect of Que-Exo on oxidative stress (X+s,n=3)

PE B & B K (P<0.05) , Ifif MDA . GSH-Px il CAT /K
TS LG I EE X W3R 3 ug R
ok

3.7 XPEEEA R R A R 2R EOR 5
IECH 4L B, AAPH 41 52 A M 2 [ B AR AR I
CYP11A1,HSD3B1,HSD17B3 . StAR Fll SF-1 /K
BEEK(P<0.01); 5 AAPH A 14, Que 4 F1 Que-
Exo 2H 52 R J 2% [ WA A g /K S BH 2 7 &5 (P<0.05,
P<0.01), &g /R Que 1 Que-Exo 7] VL 3
A S T A T ) A Ak ke Al R SR Y R A . W
FARKE 4,

215 biilh==s ROS %G B MDA/pmol-g?  SOD/U-mg’'  GSH-Px/pmol:min”-L" CAT/U-mg’
EH A 184 922.7+2 866.1 0.66+0.09 13.24+1.11 97.90+5.45 15.01+1.77
AAPH 41 293 360.5+3 411.6” 1.71£0.09” 7.18+0.78% 56.84+6.59% 7.81+1.06>
Que ] 50 wmol-L! 252 658.4+10 043.249  1.28+0.31% 9.11+0.74>% 76.96+5.05 12.12+0.95%
Exo 4] 1000 Wiki/Z008 273 946.1+11 023.9*9  1.77+0.314¢ 7.04+0.77% 59.22+7.60% 7.90+0.57%
Que-Exo 4] 1000 BRI/ 226 431.2+8 544.4Y 1.00£0.21% 11.30+1.29" 87.58+10.15% 13.37+1.11%
%4 Que-Exo Xt Z R K% K E B2 £ X # mRNA B &M (X+s,n=3)
Table 4 Effect of Que-Exo on testosterone and steroidogenic enzyme mRNA (X+s,n=3)

20 5 billies Efi/mg- L CYPI11A1l HSD3B1 HSD17B3 SF-1 StAR
Ll 28.60+2.78 1.00:£0.09 1.00:£0.03 1.00:£0.06 1.010.15 1.00+0.08
AAPH 41 13.93+4.21% 0.32+0.02” 0.32+0.04> 0.27+0.06> 0.26+0.06 0.32+0.09%
Que#l 50 pmol-L"! 21.03£1.96  0.46+0.08"" 0.45+0.07>% 0.49+0.10% 0.46+0.03> 0.49+0.09*
Exo 41 1 000 KL/ 21 Jfd 13.38+4.349 0.32+0.049 0.32+0.059 0.30+0.08% 0.26+0.06° 0.32+0.02%
Que-ExoH 1000 Fiki/4ifs  24.34+3.417 0.65+0.05" 0.66+0.08 *’ 0.63+0.12% 0.58+0.03" 0.61+0.15"

3.8 X miR-145-5p AK-F 52y 76 0 7L sh 9 22 JL
KE WAL R P, Sertoil 410 g X} Leydig 41 il 19 &
7 M ae gty A S . PR R, miR-
145-5p 75 A )83 Sertoil 41 g H 52 3 & kR A, I
i f Exo 41 5 19 4 Bt 4] 38 tH & 12 5% 12 & Leydig 4
M. miR-145-5p i o F¢ 5 P45 & S-1 36 1K 37 4k B
PRIX (37-UTR), | SF-1 &3k , 145 52 [ 45 1 i
- 366 -

M SRR A B A0 . S T iE— 2 i 5E Que FI
Que-Exo % 52 il 5 A% (1) 5% i, fiff H AAPH 4b 3 K Ff
2L Leydig 400, 25 R B, 5 1IE W 4l b8, AAPH
ZH miR-145-5p &% &= ¥4 (P<0.01) . 5 AAPH 4 It
# , Que ZH fll Que-Exo ZH miR-145-5p 5% ik /K F- B &
[ A% (P<0.05) ; 5 Que-Exo 4 %% , Exo 4H miR-145-
5p # ik B FH 5 (P<0.05) , 11 Que ZH miR-145-5p %
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STAR HED SNS SN s S 33 kDa

STl A - 51D

HSD17B3 ---- 35 kDa
HSD3Bl sy e wiie ww s~ 41 kDa
CYPIIAL  Ses S S M 60 kDa
[-actin o - — 42 kDa

A B C D E
B4 BAXEBREMBEOREBIK
Fig. 4 Electrophoresis of expression of steroidogenic enzyme

proteins

BEF LG R . ERZ R IR Que T il i
RZ A miR-145-5p 1) 23k , 038 A Ak N 3T B0 2 1
B A H AR R SRR R W — A ik AT
Wot., WS,

*&5 Que-Exo X miR-145-5p &0 (X+s,1n=3)
Table 5 Effect of Que-Exo on miR-145a-5p expression (x£s,n=3)

21 5 B/ETS miR-145-5p
IEH 4 1.010+0.167
AAPH % 3.330+0.774%
Que#H 50 wmol-L"! 1.710+0.386
Exo 4 1000 J50RL /41 it 3.283+1.730%
Que-Exo 7 1000 J50RL/41 it 1.060+0.157%

4 itig

RN, BB RGBT B AR A AR
HIRE , B T AR O BRSBTS 5 o8 B A B
i, Hop S2OL A RS T BE R X BB R R BB L BRI
DU 25 3t 3ol Aok i R T 0, A T 25 S, B BN
W2z e g |- &R 0R W 51 sh iR AL, &
FOR AT ZE 2k o IR U S R B4 A A
i o WCHEA NG )z AR, W AT AR 7k
N BB A R A R AR A ST B
KA BAR ST 2 AF MU R A 5 5% 1L P9 452 ) S ZORY
25 Ik 2% 9 B, B R W) S AL A RS T RE |, LI R I AE
R R 28 B R AR - LR 4 B A
AN <l S VY R e S R N O B R T D = 1
O E A AR Z A o A A RETE B 5T R
B, 0K i 22 0 i IR 1 T A 4 7 R, SR i
25 575 A R B 1) ige A7 75 A7 A6 XE A5 . — D7 i, P 2y
ST o Sk, AR 25 B T 1 A 1) 24 58 S el T
FE AN GE 5 93— J7 W, S T3 4% 2 43 8] A4 ik [ /4G

PURLNE P 45475 5 2 Ge R Tt O b
PRI -UE G- 25 4 TR X SRR R IR BAEARE
SiE B R ISP GIE ) B BLR AT T AT, G R 3k O
TE AL HE Que 55 2 A~ 25 W M 43, VR T 25 [
W A S . TR AR T DA SRS R S
Que HYIA B, K H Exo 2y i AR | F SR 58 H AT 5
JU Leydig 41 it S2 1 A AL 9 52 00, & 76 & 07 2
FRAIF 5 45 4L B A 22 T A RL 2R AR, kb 258 2 i T
KGR 5 vk .

o R - TE A - -2 R I 4 (R AR
R SRS ROIA YT BN E R R I Y A O
Sy AT, 2 B R A GE B S e . SR
JEEEALN G S B R X TR AE R CHE
B R [ J% K - 40 it DA VIR i VITHE % 4k
i 5 DNA & 2 0808k o 24 K AR A oG 2 L 3R
IR [ B 3 A A R 0 52 R R R Y SRR A A
20 B 2 TS F R OR AR B AE K i . Leydig
20 R S AL IS T T 3 Y O A L, 26 T P i -
A A - Rl T4 LA IR [T R O T A 6 2226 Bl AR R 7
A SRR AR B A DI RE . R A N iE R
F1 StAR {2 iF BH [ B 5% 38 28 28 i 1A, B R 56 Mk ol 2
fid , SF-1 0] % StAR ik, AL M & 3 8E
TR 4 6 9 /0, 2% [ AR ik A b, ROS =2 AR T
SRR L T 1L 3 BE L4 R P4SO i IR N AR iR
f1224 MDA JKF- 1] [z il ROS 3 72 £E AR AL 3t 1
PP, Bk SOD .CAT .GSH-Px A] il i ROS
TE W, V20 i I aok 480 Ak K X i Bt 2K P4 5 FT DNA 1Y
iSRS N A N T ST RO NI N o B e =R YA €K 7]
(1 Leydig £ H 5 70 > 485 400 52 i £F B o) BE B 45 , 445
& /R AAPH Jt /& ROS. MDA /K F , F% fik SOD,
GSH-Px Fil CAT 7K ~F , ek A8 2 ki A 5 38 3% 1 ,
Leydig 4 Mg 8 -5k IR 56 . A it , 2 {1 it 404k 5510 ] Bl
1F Leydig 20 i 48 Ak 107 384, XoF ol 36 28 [ 12 2 ol i 1 A7
w1

sEOKE RIR YT BN TR IR i A% O T M
AL F E AL Que 6-F I AR R E AW E LA
T A% R . Hod, QuefE AR T iR FE M
Fi Ak A, o e EE T Y 60%~75% , ELA 1 35 1 i 4R
FRIE PR AE e A BE 2R G T R AT R0 R 0 A
PEEREFAR M, 6-BEABRERERBEERR
SA AT AR, BOOR R R RE R O B S B AT Bt ALk
JO7 9 R YT S [ R RO VR L (H 6 R R R
RN AR RE . AR
KGR, S 580 A 2k 1R 18 1

- 367 -
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S SR L AR AP R RS T R
TN A ) R A] B THAS T8 17, i Re B iR T
M ZAERE S, B AT IR K B A R LB
2 2 70N BRSO 9 R A0 M AR 1-10 41 i | Leydig 4 i
i e A0 L R MAA-10 20 i 52 15 5 Y (R B AR R
AT RIS T & AR Il AS W R — R R AR I HE
i, L2 B A RPE g8 f pE Y, X S LA RS T R
195 R 52 i A AR 5 LA — E B EAE DT, B
PR & — B K SR A7 AE 09 4R R0 i D 1% — oo iR, BoA L
U8 BRI RV R AR Y R AR R
A WTE R AVE R 2 AR R T B HAE S
PEAE 5 Z e b AR FHPLEIATS A Fr IR AWE 5T . 1R 58
A, 3X 8 R 3 Rl RE SE G PR IR AR P st 55 M A
ifE . BT A BF 5% IRk RN 52 bR 2% 1R BR &1, A BF 5%
T 5 0 BT 9 IR Ol 5843 1 Que AE A DDA L E
Z2H S [ B 2R 5 ) AR T L O S B 8 T
Jee %k A B 43 B I W 1R A FH AL 09 R G vE i 52, LA
AT ) WY SO ek B8 vk R A T e VR AL,
o = 28 1 B Ak 0 T B AR SR B BT T I

Que s — i FE Z Fh KSR AW )32 43 A7 1 2
FAEW IR LT H TR R B d ik A
PR 45 AR ol T O A M 25 AR ERUE 1 L Que Y
I A 87 FH 22 B BRI, 3 4R 5k, Que WY 1B M A 245 )
% DLOR B A = LT RE TR ) 2 BTz O .
T B S5 RFAE , Exo B BVE b 259 544, W f|] 72
T A0 MO AT A 1) 7 3 4k 1 A 1 Que 1Y Exo FERIT
LTk A1 T IR B R G 1 B M R T AR
U R T Que-Exo i3 25 R 4, B 58 45 1
$E7R , Que AT AoF 410 ] A Ak 0B, A LR AR D RE
U S T T R R R A SR R Y 7 A2 . 5 Que [
B, 11 3% Que 1) Exo 7£ B3 Leydig 41 M 42 Ak 1 % A1
PRS2 ST 5 TR R B L R R AF IR T RO
Exo T 11 2% Que B, 834 7] LI 46 UL JLAS 5 1a
B0 RO ORI VE T L Exo I IR 25 #4 ] LA AR
Que 752 Hb 5 28555 0 W I8, 151) 4 3kt e 4 AR TN ) Tl R
R A, DT 2 o FC A M A AR R B @ HE 1)
i 7% : Exo HL A FFE I R AR &R, 8 1 B A4 -3Z 1K
R S R4S A PLH W3 52 T Que 7ERE A0 A N 1Y & 4
R ISR LUK - Exo AT LA #F Que 78 41 M B I Y
il A RN, 5 v LR A N AR B ROR . R,
Exo fE A Que 2% A& , NLHE & T Que 1 % & P Al
36 36 R, I T e B o L AR W) SR 0N A S A
JHL AR A R R BOR BT Oy B3 T4 Quie B AN IAA L
e Leydig 4t A 52 il 5 ML i D038 58 s R BEHin 44 ot

+ 368 -

JS 4 Que BE B Leydig 40 i 5 A6 07 38, (H H A
i SR AR B AL IR AR R . X Z 3, Efk
7 AT SR 5 miRNA #3538, 40 H,0, ) 35 AT
7% #2250 miR-146a . miR-21 Fl miR-150 % ik Y
LAY Rt ok, miRNA GE 3 15 ROS/RN'S A= % il 4n
I Ji TR0 AT Tk i R W M A% 1T R B 2 (NADPH) % £k
it . — LA A, 52 Ak I TR R S I ROS 19 7
A R PAR R A BT e E A 4 miRNA %
5 A 0 ) SR L O N o R SR R AR BT
B AL A P AL 0 S & miRNA 1 2 5197
Que AJ fit 3 i 5 Wi 45 F miRNA , fl miR-485-5p™* |
miR-34a"*" | miR-155""" | miRNA-101"" | miR-
122R "7 45 1) 2 35 5 47 A 4k B 3 R I . miR-145-
5p & — AR 2 09 /D RNA, B0 5 4R T SF-1 1
3'-UTR, ¥ 1 #0 #] SF-1 A1 52 [ & 5 A1 o5 Bl 19 3
IR AR S B AR N SR T miR-145-5p %
KR I, %45 T Que Ml 2 Que AY Exo T Tl J5 H 3%
KK 35 BRI, miR-145-5p 75 S R & it 72 b iy
BARMEH] AR T 3 — DR 5T
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