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Rep R B e (R anRhr#be ), Wil RN 325035)

FE:BR KT H A8 L M & # 2 sz (OPIAD) 9 5h Bl buh) Bk 8 % #F £ K B -7 1(IGF1) xr OPIAD
8 VER . Fik Mok C57BL/6 s K sc 4T "5E 5 mg-kg ' SRR AR 2K 4 hJE BN R dnfeSE AL
LR, S BMERFDRFLEMETALIER24NEHTAT oA, D EF 5T B4 IGF1 28 (IGF1
100 pg-L7", % #H 12,24 248 h) ;2 EF *FBLL5 T Ay 4#3h 7 DAMGO £2(DAMGO 10 umol-L™", % &
48 h) ;@) % x4 IGF1 22 (IGF1 100 pg-L ™", % % 48 h) . DAMGO #1(DAMGO 10 umol-L™", % % 48 h)
#2 IGF1+DAMGO 22 ( F) &+ /2 A DAMGO 10 umol - L™ #= IGF1 100 ug-L™", # % 48 h) ; % *F F& 20 75 71
#1.(0.01%DMSO, # % 24 h) . IGF1 4 (IGF1 100 ug-L™",# % 24 h) . 2% % (PPP)£4(PPP 1 ymol-L™",
% % 24 h)f2 PPP+IGF1 22(PPP 1 ymol-L"# & 2 hJ&, /e AN IGF1 100 pg- L4k 4359724 h) . A A 33K
AR G 3% B B IE A M R T A R LR R s R AR R P 6928 4%, JA ELISA £ /s R,
oo Fo SEHHL LR Bt AR LIRS A P IGF A, B KR 2 PCRAGM v 2m 4% & 41 2% F SE BR & 48 &
B mRNAKF, SR DR EHRE, Dl ) R idfoE 808 7 E8H IGF1 434 EF 2 1B 40 B F 51K
(P<0.05), B EiF Q) IGF1#F 244248 h 40 o 2m4 & 35 0 Jh o S50 48 34 440 52 B 19) SE % = 18 20 9
293 (P<0.01), @ DAMGO 28w 2044 % 3% 5 2 P IGF1 A & B s BB 20 B % %44 (P<0.01)., @ 5 iE
W xR AR IGF1 4Ll ankg B 3 R P F 8 A F 9 2% (P<0.01) ,DAMGO 4L K4k (P<0.05) ; IGF1 41
Fo IGF1+DAMGO 28 2 4% % 20 22 F A2 B] 8% & 2 M8 0 & & (Star) A= 17B- 7% & % B 55 L 208 3
(17BHsd3) mRNA K& -F 2 % % (P<0.05) ,DAMGO %1 3B-# 4t % B B3 Bt 5.8 1(3BHsd1) mRNA K -F B %
KAk (P<0.01), 5 DAMGO 41483k, IGF1+DAMGO 2135 5 2 P 280 4% 2 %91 % (P<0.01); IGF1+DAMGO
2w fmAf o L4 Starde 178Hsd3 mRNA /K- 2 27 % (P<0.05) . PPP+IGF1 48w tas & 3% 7 A& o £ R
4% 5 |IGF1 848098 2 41K (P<0.01), M5 PPP A48t B 2 T4k, 4518 OPIAD A4 K u kIS4
SRR AR, IGFT it 2 AR 3 S ER 69 AR o ik, 7T 2] . DAMGO 7 A2 % 32 B 4~ ik, 5 sk 47 41 .
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il B FT >, AnREWTHR OPIAD 4 71 ML, Of R
R 25 A TIRYT I Rg ke e B AR YT A R
Ji7, 24 OPIAD IR TS (B r ik o

BRBESEUEBA |, B 5 R AR A K - 1 (insulin-
like growth factor 1,IGF1) 7 52 il & i #2 v th &
PR T E AR, BEAA RS SR 5 A SE2 R 7K
SRR AW ST S B AR R B AR S, w2
T OPIAD HAMEALI X Bk IGF1 ¥ 1 H .

1 BS54

1.1z

90~120 H & filt ekt C57BL/6 /MR, ,20~30 g,
B ATHIE : SYXK (#)2019-0009, I b 5t 4 18
FIAEL I S B ARGBR A A . /N 4 ~ 6 Hin
I 23 ~ 25T, AHXHE EE 40% ~ 50% , ) HE T [i]
07:00 ~ 19:00, H K ETOK . SEE0 P i i FH Y
FRAT U M B R R A S5 3h W 4 SRALAG £ LR A
VFAT,
1.2 Zym il FIFn{L =g

B F 32 AR B4 5077 DAMGO, 5 [# Tocris /A 7 ;
IGF1, 3% [ PeproTech /A ] ; IGF1 SZ AR $540 51 L
1 & (picropodophyllin, PPP) , 3¢ [E MCE 7~ # ; £&
M P M, 2R b i) 24 48 1By A RS W] s DMEM/F12
M 555 X, £ H Gibco /A A 3 7.5% 4 I 1 114
M, b R ERHA PR 7] ; DMSO, 5[5 Sigma
5 F) 5 Trizol #1514 , 32 [ Invitrogen 28 A ; 8 5% 51k
F &, HA Takara 24 A 5 926 & 7t PCR i &
75 1% Qiagen /A w5 LN L H AN S N B (A At )
[ Merck 22 7] ; R , 56 [E Fisher 23 &) ; S2 1 5
A SRR -D3, LA Acros 23 ] IGF 1 BiIE S0 22 46
M) £, 25 R&D Systems /A #), PCRY 41,
5% [¥ Bio-Rad 24w ; # iy &80 AR €8 3% - 53 B BT 3%
(ultra performance liquid chromatography mass
spectrometry, UPLC-MS) ¥ 1 Waters Acquity
UPLC HSSC18 (@i 4 (100 mmx2.1 mm, 1.7 um),
2[5 Waters A wl ; ZHJfglHRY , 35 Bio-Tek Al
1.3 /MREE
1.3.1 S4E YL EEREI&F

1516 H/N LR AIL 73 S TF %) B ZH A e MR 2
(n=8),%r % sc 4 THHES mg- kg™ ok [Rl AR AL i
Ko 4 hJE /N BURRBE S f MR 3k B, & 2 i e
10 ~ 20 min, 4°C, 626X g & .> 20 min, Il i ,
—40CIRAT o WUAR 52U, JS B 52 b T 1% 1 S
S, A1 ml T2 1 PBS(pH 7.4) , T UK |-

S IF I I 2 41 413, 4°C |, 626X g B > 20 min,
L, —40CAR URTFIN . 45 1E BCA L G vl B
FOEIN S AL I R PR
1.3.2 UPLC-MS ;&40 s BR M iEFn 22 AL AR 2R
e

R S AN ) B A SRR R o . 0
1.3.1 il 25 (10 1L | 52 AL 21 2050 3 Bl 52 I A o
100 pL, LA 10 uk AR (CSERR-D A, 10 pg-L™)
TE2 min iR AT, B A 200 uL ZBEVITEE A, iR
Ji€ 3 min 5 4C,13 523 g &[> 10 min, i T
UPLC-MS 73 #7 o W& AH €8 3% 2% {4 40 F - a3 A oy
Waters Acquity UPLC HSS C18(100 mmx2.1 mm,
1.7 um) , A3 30°C , #E dh = I E 10T, R AR AR
10 uL, 734 0.4 mL-min™". JizhAH:0.1% PR (i
SR A+ NG CREIAHB) , R B BRI . TR 4
g AN ESI, B HLE 3 KV, B IR
150°C , iii % 77 < I BE 500°C , Jii i 7 < &
1000 L-h™" 4EfLS 3 50 L-h™", 4EfLH £ 38 V,
Bl SON TS, AR e 22 V., BRI :0~1 min,
40%B; 1.1~2.5 min, 40%B~90%B; 2.6~4 min,
90%B~40%B. LIAH N i BE i b it 55 P bR e T AR
() AR 20 A R Ak [ 3 45 B A v i 28 7 2, ORAR
it L L SR AL ST I P ) SRR, 52
I R A B (ng-g 7)) =52 & 2 (ng - L) /52
AR BEA TR (gLT),
1.3.3 ELISA#/NRIMEFEFMZEAALFIGF1 £

B3 il 58 A MBS AL SIS, Fie e ELISA U &
VLA IGF i SEALAIRPIGR & (pg-g™)=
IGF1 & (pg- L)/ A R B EA TR (g-L").
1.4 NREHHABESEES
1.4.1 ALAHBMEEFR

¥ 1tk C57BL/6 /N FRAL B I 78 TC 1 2% 14 T Bt
SO, JSBR SR AL R L Y B 52 K Zh AR 8 B T
) DMEM/F12 1, 53 1 48 75% L BEIR AT 5 11K .
PBS V&Vt 2 Ik, il Jo 1 S8 AL S T2 A K5 97 i 1 B 8
B, RBRAMNZE U, 73 B L SO KRR
FOM A A BAR ARG 4 . 7E 24 LR EL 48 fLARH 43
S Jm A 500 =% 300 uL K5 7% 3 (DMEM/F12+0.1%
BSA) , 4 il 400K A B8 Z B A A b, O UE 25 AL b it
K5 A KU A F) , B 34°C , 5%CO, 15 37 4 1 97
24 h, 15 PEATHA R S AL R 25 Ab B T 2 Ak L
43 30000 S 2 2 5% 37 5 b S2 R D IGF (1) SR Atk
i, LRHEE W, A6 Z 1L,
1.4.2 UPLC-MS ;=& IGF1 3+ 2fRA B A3 EH

W4 52 AL HH ARG 45 200 1 6T BB ZH R IGF A 4,
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I3 BT AE B KB IGF 100 pg- L it T S, T
EH 12,24 548 h 5 IR F 5L, [A] 1.3.2 K0 ) 52
P f . DAZ P Ab 3RS 0 S O i AR
FbAH 2R SE TR AR X 7 4 o
1.4.3 ELISANIDAMGO 3T IGF1 & B 5 i S2 0

W 52 il Z00KS 48 43 R AE H X BE 2 F DAMGO
21 45 25 T A= #E L K 58 DAMGO 10 umol -L™,
Fi 3% 48 h e AR B 7R 4k, W) 1.3.3 K IGF1 &5 it .
PLEG ) b PRI IGFT & i 5 LA & 0 [ £ om
IGF1 A & .
1.4.4 UPLC-MS i%# il IGF1 3¢ DAMGO £ &
FCHD &4 A R 22 0

H S LI RS 5 0 R IE 5 6 IR (25 T A= R
7K ) JIGF1 44 (i A IGF1 100 ug-L™") .DAMGO 4
(it A DAMGO 10 uymol -L™") fil IGF1+DAMGO 41
([R I A IGF1 100 pg- L™ 1 DAMGO 10 umol-L™),
9% 48 h R WUER IG5 1, [R] 1.3 2 A6 I S2 10 5 o5t
1.4.5 XX EERT-PCRIGNZH ABETHLAE
BR & B¢ tE < B mRNA Rk K F

SHG AN 245 1R 1.4.4 25 ik 35 Wi 4R il
HRGE, Trizol 4 HUICAER i th 404545 RNA, Il &
HoHe RN E o i B A SR & U B R 4%
RNA i %% 5% 2l cDNA, Bl /5 2 B9t i i RT-PCR
TR G0 I A5 4R G DN 52 15 A G il — 7 1 R
%1k B1(scavenger receptor B-1, Scarb1) .J5 & i
& 1 & PR 2 (1 (steroidogenic acute regulato-
ry protein, Star) . JIH [ i ] 5% 24 fi# Wt (cholesterol
side chain cleavage enzyme, Cyp11al) 17x-#%
k.1 1 (17-hydroxylase-1, Cyp17a1) .3B-:1k2k
it fid &0 i 1 (3B-hydroxysteroid dehydrogenase-1,
3BHsd 1) Fll 1 7R-F4 IS [ B it &g 3(17B-hydroxys-
teroid dehydrogenase-3, 178Hsd3) mRNA /K-,
S AN LR 1, P & RT-PCR Y KW 4514
AR (95T, 2 min) , 2 (95T, 5 s) iR K S FEff
(60C.10 s), 3L 407E 3, i J5 65 CIEM 5 s, R
XU T2 3k A A A v 45 S A G AE DG
MRNAFHXS k7K P
1.4.6 UPLC-MS %# il IGF1 @ 2 HAKES
REHZ 52

B SE LIRS 45 0 R IE 5 6 IR (25 T A= B3R
K ) I BEAL (i A 0.01%DMSO) \PPP 41 (Jin
A NGF1 2Z (KRR 55508 PPP 1 umol - L) |
IGF1 41 (Jin A IGF1 100 pug-L™") Al PPP+IGF1 4
(WA PPP 1 umol - L& 2 h J5 , F il A IGF1
100, pg - LT LA 15 352 24 h) | 244 40 #8 f5 05 4 5% 55

Tab.1 Primer sequences of qRT-PCR

Gene Primer sequences (5’-3")

Scarb1 F:GCCAGCGTGCTTTTATGA
R:CCGTTCCATTTGTCCACC

Star F:GAAAAGACACGGTCATCACTCA
R:CCACCCCTTCAGGTCAATAC

Cyp11ial F:CCAGGACCCAAGTGTGTTCT
R:CCTGATACGAAGCACTTCTCG
38Hsd1  F:GGAGGAGATCAGGGTCCTGG
R:CTAGGATGGTCTGCCTGGG
Cyp17a1 F:CCAGGACCCAAGTGTGTTCT
R:CCTGATACGAAGCACTTCTCG
178Hsd3 F:ATGAAGAAGACACAAACTTGGATTA
R:GTTGCTGATGTTGCGTTTG
Rps16  F:AAGTCTTCGGACGCAAGAAA

R: TTGCCCAGAAGCAGAACAG

Scarb1:scavenger receptor B-1; Star: steroidogenic acute regu-
latory protein; Cyp771a1: cholesterol side chain cleavage enzyme;
3BHsd1: 3-hydroxy-5-steroid dehydrogenase-1; Cyp17a1:17x-
hydroxylase-1; 178Hsd3: 17p-hydroxy steroid dehydrogenase-3;
Rps16: ribosomal protein small submit 16.

FE, 1] 1.3.2 K I S2 75
1.5 SZitZEHHh

S 45 AR x£s R, >R I SPSS18.0 4t
T HE AT BOHE Ge i AL B AT o IGF B R
S5 SR FH EE A D 7 25 53 BT, 2 A R i Al
FEA K56 5 34 M DL bR BN &R 200
(ANOVA) , 41 [i] 4 4 kb %% R I LSD #: 56 . P<
0.05 KR EFA G L.

2 7

2.1 IBHX/NRMFMZEA AL P EZEMANIGF &
=M

UPLC-MS Fil ELISA £ Il 45 & b 7, e 1 i 47
/N sc 2 TIGMHES mg-kg™ 4 5, 5 1E % % BRZH
B, 2 /)N BRIV R E2 L AT 3K b ) SE R A
(EI1AFI1C)MIGF F i (B 1B 1D) B ET
[%(P<0.05,P<0.01).
2.2 IGF1 34 ph 455 2/ & A B9 BT 0 =2 M

UPLC-MS i 45 3 /s (& 2) , 5 1E # X B4
FHLG, B AR IR A 2 AL 404545 242 1IGF1 100 pg- L
BEE 12 h, IGF1 4135 37 35 v S2 AR X 7 it oW
ARk M 24 F148 h i, IGF1 20 8% 35 3 vp S2 i
AFXS 5 i B S8 9 i (P<0,01)
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Fig.1 Contents of testosterone and insulin-like growth
factor 1 (IGF1) in serum and testicular homogenate.
C57BL/6 mice were sc given morphine (5 mg-kg™) or saline for
4 h. The testosterone contents of serum (A) and testicular
homogenate (C) in mice were measured by ultra performance
liquid chromatography mass spectrometry (UPLC-MS), and the
IGF1 contents in serum(B)and testicular homogenate (D) were
measured by ELISA. x+s, n=8. *P<0.05, **P<0.01, compared
with normal control group.
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Fig.2 Effect of different durations of IGF1 treatment
on relative testosterone content in seminiferous tubules

culture supernatant detected by UPLC-MS. The seminif-
erous tubules were isolated from male C57BL/6 mice and treated
with IGF1 100 pg-L™" for 12, 24 and 48 h. Relative testosterone
content was the ratio of testosterone content after drug treat-
ment to the basic content. x+s, n=3. **P<0.01, compared with
ngrmal-control group.

ELISA £l 45 5 7w, 5 1E % X iR 4 (0.57
0.11,n=3) It % , DAMGO 41 55 7= He v IGF1 A X
it (0.26 £0.01, n=3) I & F% ik (P<0.01) , & /R
DAMGO #4055 5 s ol IGF 1 .

2.4 IGF1 3+ DAMGO Il 22 BR & B B 5 Ml

UPLC-MS H il 45 5 ik (& 3) , 5 1F 7 X a4
HH LG \GFA 4 B8 1A 52 A0 il 005 48 15 55 36 v S2 R AR X
S TFE (P<0.01) , DAMGO 2H 8% 55 35t v 52 i
A XF A & F R (P<0.05) ; 5 DAMGO 41 4 [t ,
IGF1+DAMGO 41 15 77 5t v 52 i AH X 3 2 3 b
(P<0.01).
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Fig.3 Effect of IGF1 on relative testosterone content

induced by DAMGO detected by UPLC-MS. The seminif-
erous tubules were isolated and divided into normal control
group, IGF1 group (IGF1 100 pg-L™"), DAMGO group (DAMGO
10 ymol - L") and IGF1+DAMGO group (DAMGO 10 umol - L™
and IGF1 100 pg-L™"). Drugs were incubated or co-incubated for
48 h, respectively. x+s, n=3. *P<0.05, **P<0.01, compared with
normal control group; #P<0.01, compared with DAMGO group.

2.5 IGF1 % DAMGO 4b ¥ 33 55 1 gh 40 45 & 4H 41
2R & B 55 B mRNA 7k #2201

96 E i RT-PCRZ5 5 (K 4) R, 5 1E % %
HE 2 A0 L, IGF1 4 Al IGF1 + DAMGO 41 Star #ll
17BHsd3 mRNA 7K - 4 38 i ( P<0.05) (5] 4B I
4F) , DAMGO #H 38Hsd1 mRNA % ik 7K F B 5 %
ik (P<0.01) (&l 4E) ; i 55 DAMGO 414 [t , IGF 1+
DAMGO 4 Star#1 178Hsd3 mRNA %% ik T & 14 il
(P<0.05) (|51 4B Fi1 4F ) ; Higx 45 FE R R KK VAR 45
2 1) TG BH S el g
2.6 IGF1RHZH MBS SR EMPWZEIFRE

UPLC-MS Kl 255 7w (18 5) , B 1A 52 JLh 4
K8 4 \GF1 A PPP S 55 0 & 5, 5 1E %t
TR AR L, |IGF A dRE 55 13 b SEER AR G 7 1 BH T
1 (P<0.01) ; 5 % 57 % B4 A L, PPP 41 il PPP+
IGF1 2 15 7% I 3 rf 52 i AR 6 5 2 o AR {5
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Fig.4 Effects of IGF1 and DAMGO on mRNA levels of testosterone synthesis-related enzymes in seminiferous

tubule tissue by qPCR. See Fig.4 for the treatment. x+s, n=6. *P<0.05, **

compared with DAMGO group.

PPP 41Af It , PPP+IGF1 4% 35 I 375 A 2 i A % 2
BT B2k 5 IGF1 414 [, PPP+IGF1 41 4% 5%
3 R SRR AR X S B R B (P<0.01) .

4 *%

A0

O R

o 0“‘\

Relative testosterone content

Fig.5 Effects of IGF1 and picropodophyllin (PPP)
on relative testosterone content in culture superna-
tant of seminiferous tubules detected by UPLC-MS.
The seminiferous tubules were isolated and divided into normal
control group, vehicle group (0.01% DMSO) , IGF1 group (IGF1
100 pg- L"), PPP group (PPP 1 umol-L™"), and PPP+IGF1
group. The PPP+IGF1 group was incubated with PPP 1 umol - L™
for 2 h, then co-incubated with IGF1 100 ug-L™" for 24 h. The
other groups were incubated with diffrent drugs or vehicles for
24 h, respectively. x+s, n=3. **P<0.01, compared with normal
control group; #P<0.01, compared with IGF1 group.

3 itit

B 24 24 1) T B A, P18 A5 B 2 A A
PRI BT R p AR 2 L) G A BI 2
PR BRI Z 040 T8 il T A A5 oA ok 28 R GE4h
TEHABH LU h ol A . B I BFFE A R 2
7N FE NG5 28 S ) S AL U0 iR 1 K

P<0.01, compared with normal control group; #P<0.05,

5200 R I 240 45 X R T R p 2 AR 5
b, Fabbri 2115 % 3, %ﬂﬁ‘iﬁ‘éﬂiﬂ@%ﬂﬂ%ﬁiﬂﬂ’]%
JUTR] 5 40 A 2 1 a8 T R BT p SZ 44, SR AR
A LR R AN A R I A AR IR B p sz ik, A
W9 1 el i B4R /N se 45 TR mE & 30N B 7
FEIUATH T SR AIGF K3 B2 R, R
e i ] B J PR AL S A (B A0 AL 0 ) 2
FNGFA 5300 o P A1 1) S 5 B ) R AR AL o)
FLim i T Fr - 3 4 - P B 4l (hypothalamic - pitu-
itary-gonadal axis, HPG) i 45 , B i~ 2k 24 4 v] /8 ]
TR W 32 R 08 e B B A 2 R i 25 R
! B B NS T %R NG o1 s D T L B
2,0 AR TR AR R p s AR D B A
2RI BT 960 300 38 2% 0 o0, 0 T B ML A SR R )
B T DG BT 28 I i S R A3 1 A1
JERL H F A B RG , A WF9E & B, AE R AT K
RS2 R A Je 8 A e O e A T 9 ) S22 - %, 2 B
F 2 W) J5 v] RE 8 o A0 JE B R R B S R Y A R A
WA AR LR Sl ) SE LN SR T S AR R I AN RE o 4
HEBR rPAR ML A T4 o AR TE R T 8 A i 4K
BB IR n] DUAE R B SR LR AT A B A )
B, 3k T HPG %t S2 A B o3 W6 1 PRk e 4%
A #T OPIAD AN HL I3 S S iE IGF 1 AR
JPAEH . WS4 5 Kk B0, 76 B 1 h 4 45 A A o
DAMGO HH & 410 il S2 1 K2 IGF1 1) & 1 43 , 22 B
OPIAD fFLEARR (AR R

IGF1 J& —FAE T 4540 1 5 2R £
K 5, R A R, BB 5 IGFT A2 1A &b
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& 1L R A K kB ML BB A A G i rpote
FEPEIEM . 20054, &R (EHABEL R
BEAE KN T 1) 18 1 52 [ FDA it i Ve o ™ i ek
PEIGFA Sl Z 5E 6 7 25 3F A IR, (8 DR JHG 4 5
HABZ AR, W 53 i I8k EL 450
LN NG RN 3 NS B S TR R U S S
I AR R FH 3 B AR A5 A3 B 1200 n 2R J 3 3 A
IGF1 %I OPIAD EA7 4} EIG TR, W gkt 5 IGFA
2 5 G 2R RIE T, REHT I R N P AT . H AT
e R L ) S8 AUHE SRR R S 0 YR T, ] LAl
FH =R AN E A 5 A =X, 30 ek 52 AU A S PN T S R
24549, ok /0 A0 LR T N A 1 0B A I B 35 A
J T BTG TR PR 2, DT I A B R 2 D A
O Ry 0 S LT Bz 4 24 W R0 1 L R R A 4G,
1989 4F: 3% [E] Campbell 45 22/ fit) 52 355 Fz 45 255 8 |
PR SIS JRRiA YT HAT AR I A T4 B S

FES2 AL S IGF AT 52 00 a) o 40 i L A A
20 6 R W 0 O B 0 A 2 SR AL N B B U 1Y)
IGF1 A 38 it 25 43 W 5, ) 43 A1 PRI 1A 3 Fh 4
Ji sl A A B A TR 2, A ST, IGF1 AEIA
I8 AL 52 AL [ 5 400 1) 0 T 3R IR A 1 A s 52
V) 5 40 6 oS S 2, TR /DN B 4 B I gf i PR g B
Jei, 5 DR R I /) BRI P 2 T 7P A BB A /N B d
AR, ABFSR & B, 75 21K OPIAD £ Al b | IGF 1
A5 DAMGO fir 5 | ) S 1 K F- RIS, $2 7 IGF
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Peripheral mechanism of opioid-induced androgen deficiency
and therapeutic effect of insulin-like growth factor 1
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Abstract: OBJECTIVE To investigate the peripheral mechanism of opioid-induced androgen defi-
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ciency (OPIAD) and the therapeutic effect of insulin-like growth factor 1 (IGF1) against OPIAD. METHODS
C57BL/6 male adult mice were sc injected with morphine (5 mg-kg™) and saline before the serum and
testicular tissue were collected after 4 h. The seminiferous tubules of adult male mice were isolated
and cultured for 24 h, and then divided into different groups for the following experiments: 1) Normal
control and IGF1 group (incubated with IGF1 100 ug- L™ for 12, 24 or 48 h). 2 Normal control and
DAMGO group (incubated with DAMGO 10 umol - L™ for 48 h). 3 Normal control, IGF1 group (incubated
with IGF1 100 ug-L™ for 48 h), DAMGO group (incubated with DAMGO 10 umol-L™" for 48 h) and IGF1+
DAMGO group (co-incubated with DAMGO 10 umol-L™" and IGF1 100 ug-L™ for 48 h). (4 Normal control,
vehicle (incubated with 0.01% DMSO for 24 h), IGF1 (incubated with IGF1 100 ug- L™ for 24 h), picro-
podophyllin (PPP) (incubated with PPP 1 umol-L™" for 24 h) and PPP+ IGF1 (incubated with PPP 1 umol-L™
for 2 h, then co-incubated with IGF1 100 ug- L™ for 24 h) group. Testosterone contents in the serum
and testicular homogenate of mice and the culture supernatant of seminiferous tubules were measured
by ultra high performance liquid chromatography-tandem mass spectrometry (UPLC-MS). IGF1 contents
in the serum and testicular homogenate of mice and the culture supernatant of seminiferous tubules
were measured by ELISA assay. The mRNA levels of testosterone synthesis-related enzymes in semi-
niferous tubules were measured by qRT-PCR. RESULTS In vivo: Compared to normal control group,
the contents of testosterone and IGF1 in the serum and testicular homogenate of mice in morphine
groups were significantly decreased (P<0.05). In vitro: Compared to normal control group, the testoster-
one contents in the culture supernatant of seminiferous tubules were increased in IGF1 24 h- and 48 h-
incubation groups (P<0.01). Compared to normal control group, the IGF1 contents in the culture super-
natant of seminiferous tubules were decreased in DAMGO group (P<0.01). Compared to normal control
group, the testosterone content in the culture supernatant of seminiferous tubules was increased signifi-
cantly in IGF1 group (P<0.01) but decreased in DAMGO group (P<0.05). The mRNA levels of Star and
17BHsd3 in tissue of seminiferous tubules were enhanced in IGF1 group and IGF1+DAMGO group (P<
0.05), but 38Hsd17 mRNA levels were inhibitted in DAMGO group (P<0.01). Compared with DAMGO
group, the testosterone content in the culture supernatant of seminiferous tubules was increased signifi-
cantly in IGF1+DAMGO group (P<0.01), and the mRNA levels of Starand 178Hsd3 in tissue of seminif-
erous tubules were enhanced in IGF1+DAMGO group (P<0.05). Compared with IGF1 group, the testos-
terone content was decreased in IGF1+PPP group (P<0.01). There was no significant difference in concen-
trations of testosterone between PPP group and IGF1+PPP group. CONCLUSION The peripheral
mechanism mediated by u receptor is involved in OPIAD. IGF1 can promote the synthesis and secre-
tion of testosterone through IGF1 receptor, and alleviate the inhibition of the synthesis and secretion of
testosterone caused by DAMGO.
Key words: insulin-like growth factor 1; opioid-induced androgen deficiency; testosterone
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