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HE BR NEv4st P EFRHRsERFHZ 20/ (PADAM) A X R R F 4 e
(Leydig @mfe. ) e9VER, SHaRT w4tk £ 78 % 269 T ReAE A ALHl . ik 18 X SD PADAM X R[4
MK, i, w4HE, HH6 R, SDEFKRRA6 REAFFA, FHEAELFELT 0.9%
FALAh % (7 mg/ (kg-3d ) | B3R T iz, 2T MR £/ 2 4% (7 mg/ (kg-3d) | B3R & FiE4t,
WAL R R RIATT . BITETRI A 8 Bl AT AT G B K R IRA K A B e ],
KA ELISA A &40 K R iy %8 (TT) Feir B8 (FT) K-F, KA Lk xbn Leydig 4a
e Keleh # 3R A A R k4E %% G -1 (Keap1) & & & ik, Western Blot #l X R ¥4 Keap1. # BT
E2 48X B -F 2 (Nrf2), BLAMAZRHE1 (NQO1) AR AMEILHE (SOD) Zokik. £R 5HH
SFLRER, HAFULE T R R R A SRRt . ik TT. FT A& Nrf2, NQO1, SOD1 % & & ik
A% (P<0.01), £ Keapl & @ & ik3gim (P<0.01), L5245 mpbs, w4tk s 7 )6 kit
A BerE . F TT. FT A4 Nrf2, NQO1. SOD1 & & £ ik 7% (P<0.01), %4 Keapl1 &8
FABEMK(P<0.01), &8 BHTHAEEFRKTEZFARLFATT.FT4E, ROEEZEFRKATET,
FAE R AUH VT 58 5 4% Keap1-Nrf2/ARE 125 i@ %, A% F X R E LML RA ARG A X .
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ABSTRACT Objective To observe the antioxidantive effect of electroacupuncture ( EA) on Leydig
cells of rats with partial androgen deficiency in the aging male ( PADAM ) and explore the underlying mechanism
of anti-aging effect of EA. Methods Eighteen SD PADAM rats were randomly divided into aged group,
medication group and EA group ( 6 in each group ), and young SD rats (n=6) were selected as the youth group.
The youth group and the aged group were given 0.9% sodium chloride solution [7 mg/ (kg - 3d )] by abdominal
subcutaneous injection.In the medication group, testosterone propionate [7 mg/ (kg - 3d )] was injected
subcutaneously. The EA group was treated by needling acupoints of Shenshu (BL23 ) and Guanyuan ( CV4) .
The therapeutic course for all was 8 weeks. Before and after treatment, the exhaustive swimming time of rats in
the forced swimming test was observed, and the levels of serum total testosterone ( TT) and free testosterone

WA HEA ARG (No.81303036 ) 5 LRI HEAMRL - SRR AN H (No.2017 - 0243 ) 5 F PRI X R -l H
(N0.20160108.)

P e, 1. ERBERI R PR 2 2T PR 2515 iR TG e i Pt s e 06 % (PR 4000165 2. R EERM Ry fif @ HEAZ R B bR A2 37
SRl (FPK 400050 ) 5 3. [APFRAHE @R AL B e b EERE (_EE 2071600 )

SRR : 222550, Tel: 02365712064, E-mail: lixz999@126.com

DOI: 10. 7661/j. cjim. 20210509. 099



W E R Y BE LS G Ak 2021 4F 11 A4S 41 555 11 15 CJITWM, November 2021, Vol. 41, No. 11

(FT) levels were measured by enzyme-linked immunosorbent assay ( ELISA ) .The Kelch-like ECH-associated
protein-1 ( Keap1) expression in Leydig cells was detected by immunohistochemistry. The expression of NF-E2-
related factor 2 ( Nrf2 ),Keap1,NAD ( P ) H:quinone oxidoreductase 1 ( NQO1 ) and superoxide dismutase ( SOD )
in tesis were assayed by Western Blot. Results Compared with the youth group, the duration of exhaustion
swimming, serum TT and FT levels, and the protein expressions of Nrf2, NQO1 and SOD1 in testis decreased
in the aged group before treatment ( P<0.01 ), while the protein expression of KEAP1 in testis increased ( P<0.01) .
Compared with the aged group, duration of exhaustion swimming, TT, FT, the protein expressions serum of
Nrf2, NQO1 and SOD1 in testis increased in EA group and drug group after treatment ( P<0.01 ), and the protein
expression of KEAP1 in testis decreased ( P<0.01) . Conclusions EA can improve the serum TT and FT
contents of the aged rats with low testosterone, and improve the anti-fatigue ability. The mechanism of action may
be related to the regulation of Keap1-Nref2/Arf signaling pathway and the reduction of oxidative stress injury in the
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testicular tissue of the aged rats.
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22 A 5B R 0 M R Bk = 28 & A (partial
androgen deficiency in the aging male, PADAM ),
AR B AR ZE SR, J& b B AE T M RE A A 1Y
TR N R 2R 7K T R LOKS ppp 28Rk L A i 22
DIREZEAL . O PR AT S M D BEIRGR Oy E BRI —
i PR L2 S 0T i (testosterone
replacement therapy, TRT) W IIfi IR ¥4 J7 52 il /K
AR B e AT R, AR, AR A A U 2
(testosterone, T) AJREHG AN, O MEMG & A FiHI
B MR A KU 2 AR AT TS R B,
BT i 4R i PADAM BERUK BRIA N T K, I i
SRR AR FE K 1 HUER A R i AR S AL 1
PERAERE, ik T AA R 7.

PADAM 1ty rp 28 48 5 P s, H i Bl ]
AR AL L BE R R, T RAERE
14 58 PADAM K B 48 1L ) 15 {6 i ( superoxide
dismutase, SOD) & 7, K&K N — [ (malonic
dialdehyde, MDA) % '°, #INT E 2 HISEH T 2
( NF-E2-related factor 2, Nrf2) 41k i 8 b5 18 4 iy
B SRR, TR LS P A AT R4 T i
TR 3k, DIRPT R 0 A S i g
HLET X PADAM BRI 6L 520 ( total testosterone,
TT). i & % [ (free testosterone, FT), LI &
Kelch # ¥ 4 54 N B¢ A < £ H1 -1 (Kelch-like ECH-
associated Protein-1, Keap1) -Nrf2/ #ii %8 4k 2 1 oG
{4 (antioxidant respon-sive element, ARE ) {55l

BRI, 3E2 AR LS AT PADAM HfEHIBLE .
WS T %

17 S EY) 2 i SPF 2% SD i KR 8 H
K (180~220) g, 20°H & SPF 2% % 4F SD #EME

KEL30 B, KT (450~550) g, W H & KERK
L HYI R, S aTE: SYXK (i) 2012-
0001, AR SC50 28 1 K R R K 2E S5 AR 3 2% 51 & it
# (No.2021.032 ),

2 FERRIAACE RN Nrf2 5 24t
( 3¢ [ Abcam A 7], 4t 5. ab137550) ; Keap1.
SOD1 % £ $1 ( % E Novus 2> A, #t5: MAB30.
PAB11339); NAD (P ) H: [t & 1k if J& B 1[NAD
(P) H: quinone oxidoreductase 1, NQO1] % £ ¥t
( £[H GeneTex A FHl, Ht*: GTX32756 ) ; GADPH
b (K BAG A Y A wEl, C1846); HRP #r
ICH BT (FE PR PEE AW 4\, BJ09145062 ) ;
TT.FT A & C Ly AN a, fit5.
KS11473, KS10151); i % 41 1k i 77 & . DAB
BaR (b h e An, #S: WK161518,
16111A06 ) ; N R =2 Fi 1 I W (25 mg/ X,
L5 : H12020531, Kt 4 26\ B 13 A PR 8+l
SDS-PAGE #Eigidl & ( L3 = KAEYHRAH,
5. PO012A ),

F AL wHICH AR (HANS-100 %, 1
AT D). — AR S (0.28 mm x 25 mm,
g, BT KF (AL 204 B, Hi-+ METTLER
TOLEDO A F) ). A% = &80 HL ( 3£ [ Sigma
oAl ). BEARAY. UK. H AL (32 [ Bio-rad A
A ) ¥ Odyssey FC a8 &4t ( L GENE A
A ). BX53 i iF B W ( H A Olympus 24
#] ). CellSens Standard B REXM ( 3EE Media
Cybernetics /A ).,

3 WM RO S A PR T AR DT
Jrik, K8 HEAE AR T, SoilfR L TT N
(9.94 +0.88 )*ng/mL, FT 2 (10.85% 1.03) ng/L.
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Kl 30 H SD AR K FUMLHE TT A1 FT, [AIEHE T
BE BN PADAM KB, 324 H, BEMLIEER 18
WAL, HARERL I EEL] . 29 A Mgt
56 H, 8 HFFAERREHLE 6 HffEhiaEd .

4 FWRMAE PR 0 o B T A,
WG 7 B Al A B4 08 00~11: 30 Z[f], i At
FEoR, T8 JFHA RIFRR ', AR g Sk
T 8 &, FHARAMEAEA KT 0.9 % A Abihin
W 7Tmg/ (kg - 3d) JEHH TS, 25920 K RUE R
F2 RSN R 2R 7mg/ (kg - 3d), Zefa METssc&iE
Ao MR (Stmdt et ) ErydrssEss M, ddt
TE OB ' A /< (BL23) 5 Xt )¢ (CV4), BL23
B T R BUES —MEME T P 5%; CV4A i TR T2y
25 mm. HEFATHE T, FF— kTR E i
TR EATT COCIT” JCEM 6 mm, EEEREHA
JPAL BRI, R EWRE 2 Hz, BB 1 mA,
H 1%, 8% 15 min, 5 H A—4J7FE, KB 2 H,
FrE0ayT 8 Ao T T WUHDR 4 41K R G Bk R 5 H
PYMEIRCIL 1 Lo 1 TS o5 i s i 5 10% K&
SRR R B (0.3 mL/100 g), 85 IF M s, o0 E
WM 4 mbLo TF5 AR 58 B R B 00 52 L, — ) 20
BT 4% Z R WP EET, 57— M S2 A0 T A
o BREFHINET 4 TE.LHLF 3 000 r/min
B0 15 min, HUMLWE, JoE EP 02017, /A7
T -80 TUKA .

5 WEHE bR KA I Ty

5.0 oMkl KRR I8 Uk SE I8 TR YT R
MGYT G 34T, R E# 50 cm. 15 80 cm Ay ¥k}
i, WUk KR4 4 50 em, KR HI7E 24~26 C.,
ISR UK s ], DARIK s TUT4 10 s
JE TS AN BEAR [E1 7K T A IR e

52 i TT. FT A ™4 4% HE ELISA 5
AU B R EIAY RIS KBNS TT. FT K,

5.3 JEASE  AMSEIT 4% 2R PR E
24 hJEH R K B | AR R4 o m BT
FERIBERATT HE 4o, B OB FMESREAIEA

5.4 LI Keapl AR A A
HRUBLRS 2K, SRS E PR E R A B S, 3%
H,O, M HE 10 min, 50 & 1L = 1003 == 5 A
20 min, J#hns-$i Keap1 (1:500), 4 CIFE S ;
WM _—HArSABC I E, N DAB (5 4.
Ye. Wik, B B A, B TIEE N AL Keap1 Y4
PR AN AR . BRI A BEPLIEI 5 1~ S
MEEF ( x400), ff /] Image-Pro Plus 6.0 X 14% #r

AT

5.5 Western Blot 7 ki | 22 L 41 41 Keap1.
Nrf2, NQO1 & SOD1 & H ik /K ¥ BUR &A1
M2 AL L2 50 mg, il RIPA Z# ik % PMSF,
51 )5 4 €, 12 000 r/min 2.0 15 min, W E i
W, BCAMLKIM A Fk)E, LAEE R 30ng, 17
12% SDS-PAGE BEfic vk, &A% Z PVDF
B b, 28 Y FE R BB 2h, i — HT 4 C vk A i R,
TBST M 5 minx 3 ¥, A —Hr (1:5000) %
JIEE 1 h, TBST ¥EME 5 minx 3 ¥k, ECL k4%
SeRAGA T 5. L) GAPDH A4, Image Studio
Ver 5.0 EIHGS T #1734

6 SiilwEiry:  SRH SPSS 22.0 Giit#hitikTy
AT, THRVORILL X + s Fon, ZUUEEE LR A
REh2mr, FRLEIESRH LSD 1, &4liRY7HT
Jo HESR N t 4636, P<0.05 WZERAGIT#E X,

# R

1 2 2R BIR Y A 5 38 T K g 9 B[R] HE#
(X 1) SHEFHARBILE, BFEAIH)T7 TG K
JyiBmfal4a% (P<0.01). SAR4UAYrATLEL, 259
A A 2 s ik sE g R (P<0.01), 5%
SRR LA, 292 B AR T S SR UK ) 58
IFEIE R (P<0.01) 5 mAHA S LEL, 225k
it X (P>0.05).

R AQREIAY TG AN IK B A LA (min, X+s )

415 n P Ji] SHRAL DK 3 e [
A 6 TRTTHI 23.83+1.47
BT R 24.33+1.37
B 6 TRTTHI 10.67 +2.25"
BIT IR 10.33 + 1.86
254 6 TRYTHI 10.83 + 2.56
BIT IR 17.50 +2.88 4
HLE 6 TRIT 10.17 £+2.32
BIT IR 17.50 +2.43 %4

. SEAEA M, "P<0.01; SE4EH RN E:, *P<0.01;
HARMIBIFAT S, 4 P<0.01

2 SHAKREIAITRTEINGG TT. FT AP (%
2) SEFAFMIEE, BRI RI0EE TT, FT
HCEFEE (P<0.01). SAYIAITRTILES, BAFEH TT.
ET /K F- [ (P<0.05,7P<0.01), 244 ¢H Fl At 4
TT. FT/KFPTHE (P%0.01), S5#EHR I, 25
Wi R i At 4RIA YR IS TT. FT KF-Thes2(P<0.01);
HEMH S29at b, 2255 o843 (P>0.05),



P RS 5 4R 2021

411 156 41 855 11 18] CIITWM, November 2021, Vol. 41, No. 11 -1362-

K2 FHARBIARITREIGE TT, FT AFEHE (X+s )

R3 SURMEIHLE BN Keapt FRIKHLE (X+s )

415 n ] TT (ng/mL) FT (nmol/L) 415 n SFRIOGEEE

FE 6 RITHT 9.94 +0.88 10.85 = 1.03 HAE 6 171.78 + 25.20
BIT A 9.59+1.18 10.44+1.14 AR 6 1 249.62 + 23.06"

EAE 6 IAUTHD 4.49+1.13° 5.32 +1.33" 254 6 1 082.64 +54.45°
BITIE 3.35+0.95%* 3.57+1.54* HLET 6 303.76 + 57.73“*

Y 6 JAITHD 3.68 +1.38" 521+1.01" TE: SEAEA LS, P<0.01; M LE, ©P<0.01; 525
BIT IR 594+ 18244 6.54 +1.72°4* I HH, *P<0.01

HE 6 AISET 4.22+1.35 4.49+1.05"

MEvEgE 6.81+ 125444 6.24 +1.01°44
T SHFAEARIE, *P<0.01; SEAEH R LE, ©P<0.01;
SARMGITRTICES, 4 P<0.05, **P<0.01

3 HUIKREBIESHANE (E1) HH44
AL RGN L e, ] LA 2% Sertoli 41 i 1
TR MR A . Leydig 40 RIIE ., ZAEAH
eGP A A, 49 Sertoli 4 Jr ¥k H W] i
Wb, HEFIZEEL, Leydig 40 B A RN, 5 AR
fﬁttiﬁc, FLET 2 0] UL LA e %%, Sertol 4fi g HE51)
BT mwQ%%ﬁEﬁzH%ﬂw

WFWH

M iF?E %iﬁéﬂ %%Jrfﬂ
T P RS SRR, TR Leydig 40, =
pZaNasy g
1 BUR S AUR L LA (HE, x 400)

4 BUEITIE K Leydig 40 fitl Keap1 #ikk
T (K2, £3) 4K Leydig 41 P-ERK
YRR R, AT LR A0S A ) A (0 R 3
Sy A fE Leydig UM . S5 A A, ZAEA
Keap1 F-WGEEE T (P<0.01), H#A4 AL,
A E2H Keap 1 - IWOG BRI (P<0.01 ),
S5 ks, g 2H Keap T 241 W% % B FEAR
(P<0.01),

'Q"

%%Jréﬂ

f’ﬁ%éﬂ

iEQﬂ PAaRi]
Sk s PR A0
B2 ZALHLEIFRAIH Keap! fsdi k& (IHC Yefh,,

5 &4 K LS ML 4 4% Keap1,
SOD1 EHRALECEK 4, K3I)

x 400 )

Nrf2, NQO1%
AR

B, ZAEZH Nrf2, NQO1 & SOD1 & [ % 35 A,
Keap1 # I & A (P<0.01), 5 EB4EH K,
25 ML 5T 4 Nrf2 . NQO1 & SOD1 % H % ik i
THEr, Keapl & H KA &L (P<0.01). 524941
Az, T4 Nrf2 NQO1 2 SOD1 ki T,
Keap1 S RILEFEL (P<0.01),

HARH AR i A

Keap1 - - - - 70 kD

N2 O — e W GG <D

SOD1 [N . A . 27D

caroH (D A - 7o

B3 KHKHENHS Keapl. Nrf2. NQO1 % SOD1 &M
Tk

o

PADAM HA7 AR 58 (41 51 FIAE I e
RS R R AR B AL P Em s TT KFIE
ANGE A WA Y TE AR SE IR 0 KT, PRI AS I 5 R
TR FT A S . SR MR 72 7 R
SRIERLE, I IE B AF L PADAM 1Y [ 2856 RS AL
T, ALEEEIR BN BAEH KBNS TT, FT KF
TREEALT H A4S E 95% A5 X ], 1785k
5, £56 PADAM R AR AL, $27Ris F H AR ISR I
i PADAM K AL AJATHY

55 ¥ 95% 1 i ¥ 2 52 W 2 h Leydig 40 &
W, A RNy WEZ TR B Bl — T R — 52 U (the
hypotha-lamus-pituitary-testicular axis, HPTA)
1 7™ 4% 1 42, “PADAM 1 & A= 78 T AR08 2 A BT By

P, TIKF
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F 4 HAKRBEIT Keapt1. Nrf2, NQO1 J¢ SOD1 (i 1FRiELE: (X+s )

2051 n Keap1 Nrf2 NQO1 SOD1

T 6 0.92+£0.02 0.68 £0.02 1.41+0.02 0.68 +0.02
HAF 6 1.05+0.01* 0.43 +0.02* 1.07 £ 0.02* 0.46 +0.03*
2454 6 1.01£0.03° 0.51+0.03% 1.21+£0.03° 0.59+0.03%
HLEF 6 0.96 +0.02°4 0.66 +0.03°4 1.39+£0.02°4 0.65+0.034*

4

T SEAAEA L, "P<0.01; SRELLILE, “P<0.01; 52544 i, *P<0.01

HPTA [ 1875 T B8 i i A1 52 4L ) B 3 18 5 | i S2 5 7K 7
AR L RIS T KE RIS T ili— A4
ReAS b G, (HE ARV, PR ORI Rl i 2
Tl 7K S i A8 B T I, AR AR LR (luteinizing
hormone, LH) K FI-T0 0 ZH FRE ">, xmigs
RSN, XRM, BRI DBk
AT RE R AR T Flii—aR R, RISk R T
TP E T AR A SC RS2 B NI . ZEXHE R4 KR
Leydig 4 il 140 & B K 1 Leydig 21 i) ARt
FRBRAR IR AT I S KT BRI 7, M 1L Leydig 40
MTIRER AR 5 Z K R EHY]

RUE SAEA AR Leydig 4REINRESLIA & AL FHL
WIS, (HA AR Leydig Z0HE 1Y
AALRFS- A T AR, A0HE P A A b Ak B
T AN i 2 DNA, S H R (5%) IR i,
M F5 Leydig ZHMISIBENAE , 748 T HIRES FIE ",
Keap1-Nrf2/ARE {5 5 i i i 4F & B8 1Y d5c hy 221
PN U M T AR AR A T B, G P Nrf2 2 3 LA
U907 R O D IR, NIFf2 103 1 2 il Keap! 5
i, Keap1 & Nrf2 fy i PEIRIE R 7, 73Rt &1,
Nrf2 # Keap1- Cul3 -Rbx & & ¥z Z L% i, 1E
ROS MR, Nrf2 5 Keap1 fitfiiiefd Nrf2 5 i &
I A O3 i AR R A B X ARE 254
T A S AR A 2 ST 10 Nrf2 3 AL 3
U 1% NQO1 R & (L SOD1 141k >,
WF5E 2 PR BR T Nrf2 3% K A BF AR RN, HoAe 4R
i B A M PRI T S R 7K SF- T Leydig 41 A 52 i 7= Az 1Y
BE T, TR/ S KE T RE R >,
ARSI R EARLH 2 AL Nrf2. NQO1. SOD1 iAW
BT HESA, WHEILEES Nrf2 HEm i E L
VRN P

RSB SELE R WS, WBITE, WA S s
AR FRITE TT. FT K- B iz bk A v i 1) A 2
SRR, 29941 i A AL EE LA 2 Nrf2,
NQO1 - SOD1 #ik ¥ .3 fill, Keap1 Fik4 i
R U B R REE A A R SR AL S BT A N
i Keap1-Nrf2/ARE, #3535 % Leydig 4 it S84

SR TREREE, TR SRR & RS, SR
T, X AR A SR A B PR > — . ST
03 s R aE A R R A B A PR e ThRe . T
BB IS . T N TRE, oA IR RN
PEFE 1227240 T, AR T 4 B Leydig 4
T RE TR 7 TR, BRI il Leydig
AL R e R TR SR, ABFST LA
FAHLRIA T, Aik— %) PADAM A4 5256 AF 58 Flil:
IRKIGITIRAL T —ES%
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