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(# ZE] HBH: WERERAANERKEZE (th-GH) XHEPERZNE (CRS) /NRAMABEEST R B0,
VT AT RE M /E AL . ¥k : SR CRS ik 7 MR AE h W A A, 45 HL/NELAR g IR AL OR gt
n=15) FICRSEARIAH (B, n=30), WMWK MZLE (SPT) Kl 24/ KGR, BE
SeEy (TST) kel 240 /NEBRE R # LA E, 35505 (OFT) kil 2 41/ BUAE 5 min P &1 8% 3l i 5
FIAE Ao KSR 58 B2 (1] . CRS /N BB HL 2> o CRS AR 7Y - A 3 Eh K 41 I CRS B8 +-rh-GH 4, 441
10 5, CRSHEAR A B R /K 241/ SR A4 B AR 7K, CRS MR +rh-GH 41/ U R i 84 rh-GH 14 H
FET TR 5 R A 2 241/ BRUAR AL, RS0 2 20 /08 BRUl 3 v AR KR (GHD R R AE R+ | (IGF- 1)k
T, AT R AERE, W2/ R S SE IR S A 1 (SYN-1) RikKF. g7 53
WEZH H A, CRS BN £ /s U R & B SRR AR (P<<0.01), SPT ik i &7 R B LB AIX (P<<0.01),
TSTHARFMEHBIELK (P<0.01), £ OFT H/NREBIIE LR LS E X (P>0.05), T
TE O X5 B IS () B 8 46 06 (P<<0.05) . S0 B4l tbde, CRSHIAIA /N R o GH fIGF- T K
I B REAE (P<<0.01), 5 CRSHEA A #ER KA b #e, CRSALAL+rh-GH 41/ BUE SPT H i) B K
Tt B b m (P<<0.01), 76 TST A Zhmt a8 B 4550 (P<<0.05), £ OFT ' Sl % sh i g 2=
RG2S (P>0.05), 7690 XI5 A it E B B 3 m (P<<0.01)., 5 CRS LAY+ 4E 3 5K
B, CRSHAR+rh-GH 41/ UM% B GH A IGF- T KB 7k (P<<0.01), /MRS 44
SYN-1/KF W] i F i (P<<0.05). 45 : rh-GH X} CRSiE 3 /N I RE AT o B s 18 1, Hl
il v e 589 GH/IGF - T %l f 38 hinife S5 41 20 SYN-1 4R 1 Rk A G
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Effect of recombinant human growth hormone on depression-
like behaviors induced by chronic restraint stress in mice
and its mechanism
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ABSTRACT Objective: To observe the effects of recombinant human growth hormone (rh-GH) on
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depressive-like behavior in mice with chronic restraint stress (CRS), and to discuss its possible mechanism.
Methods: The CRS method was used to establish an animal model of depression; a total of 45 mice were
15) k)

preference test (SPT) was used to detect the sucrose preference rate of the mice; the tail suspension test

didided into control group (non-modeled, n= and CRS model group (modeled, n=30) the sucrose
(TST) was used to detect the immobility time of the mice; the open field test (OFT) was used to detect
the total moving distance of the mice within 5 min and the time spent in the central area. The CRS mice
were randomly divided into CRS model-+saline group and CRS model+rh-GH group(#=10) ; the mice in
CRS model+saline group were injected with normal saline; the mice in CRS model+rh-GH group were
subcutaneously injected with rh-GH daily for 1 month; the peripheral blood of the mice was collected before
and after intervention to detect the expression levels of growth hormone (GH) and insulin-like growth factor
I (IGF-1) proteins in serum;

after all behavioral experiments, the hippocampus tissue was taken to

detect the expression level of synapsin-1 (SYN-1) protein in the tissue of the mice. Results: Compared
with control group, the body weight of the mice in CRS model group was significantly decreased (P<<C
0.01), the sucrose preference rate in SPT was significantly decreased (P<C0.01),
TST was significantly prolonged (P<C0.01) ; in OFT,
significant change (P>>0.05) ,
0.05).

mice in CRS model group were significantly decreased (P<<0.01).

the immobility time in
the total moving distance of mice showed no
while the time spent in the central area was significantly shortened (P<C
Compared with control group, the expression levels of GH and IGF- [ proteins in serum of the
Compared with CRS model-+saline
group, the sucrose preference rate in SPT of the mice in CRS model+rh-GH group was significantly
increased (P<C0.01) ,

moving distance in OF T showed no significant difference (P>>0.05), and the time spent in the central area

the immobility time in TST was significantly shortened (P<C0.05) , the total
was significantly increased (P<C0.01). Compared with model+saline group, the expression levels of GH
and IGF-I proteins in serum of the mice in CRS model+rh-GH group were significantly increased (P<C
0.01). Compared with model group, the expression level of SYN-1 protein in hippocampus tissue of mice
in drug-treated model group was significantly increased (P<C0.05). Conclusion: rh-GH has ameliorative
effects on depressive-like behavior induced by chronic restraint stress in mice, and its mechanism may be

associated with regulation of the GH/IGF- | axis and increased expression of SYN-1 in hippocampus

tissue.

KEYWORDS Depressive-like behavior; Recombinant human growth hormone; Insulin-like growth

factor 1 ; Synapsin-1; Chronic restraint stress

ARAE ™ E A R ER A S AR R, HOR A R IVARAE B A N, SO AR AR @ R 5 GH
AT RAAR e o R B A AR W B BZ A6, GHEARYT T LIS B 0 AR 2%

2030 4F, ﬁﬂﬁﬁﬁ’iﬂﬁi?ﬂ%}*ﬁﬁﬁm%f%ﬁﬁ
VARAE 9 AR HL A Je Z R 2R, LR WIRIT N
F, R ZHOURERPOMAB L T RN, R A R
AR R MERPEINAR o NI, BT R A BRI

Jik o FE T2 N W ML AR I AR AE HP A E AR
F, R R R GAEIARAE (3R T T B R

W, L HEA K E (growth hormone, GH).
F ¢ 7 BoR : ANE L H GH K OF 5 PR AE 25 V1A
K, GH K ik ey 3 A1 P A4 B 10015 RE 1) A& 93 26 T
e, B AR K RE BB GHKSE T, KRS
ARAE AR B OIEAH GO R, YIBR RS B3 1 GH 4
WA, IARAEARAS B ek s GH Bl = 4F £ 35 A+

AL G i . GHUIA YT AT DBl 38 i & IS AE H8 35 A9
ARG 2% ' R, GH & M ARLE IR (1 HL ] 14 A
BIAf, GHAE N IERRE BF 58 19— S 40 I A,
Al HE A BT B iR T T B

AW 5% 38 3 02 P A4 W % (chronic restraint
CRS) Jr ¥ a7 /I B30 AR AR BB, R4
CRS/NRUMLTE GH B & ZAEA K5 1 (insulin-
IGF-1) KV 2R, w
LR T S th-GH T HUE , /N ABEEAT A 2
ﬁﬂm,mmbHﬁK£iﬁLK”Eﬁﬂ%,ﬁ
K H Western blotting ¥ £ W % 5 28 fih &£ [ 1
(Synapsin-1, SYN-1) Fik/KFZMAHI, Hik—

stress,

like growth factor- 1 ,
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1.1 ZBHH. EZ2XMNPHNE 20 H C57BL/6T
ANEIE B E MR K B R h YHAR A R TR
al, S ATIE S . SCXK (7)) 2023-0002.
T~8 WY, KR 22~25 g SIETT 1N BB
FOWE, LIS N HT R IR . A /N U 7E SPF
WA T (RE22°CH1°C, % E 12h3/1;
TER L I, BB AR B Rk, L
700 T, B 19:00 K4T) . BES H/AR, H
M BB W) AN K o A F 52 35 10 h 4 4 R R 48 B R
W, B AT S A AR AR AR T AR BE AR B 2 A S b
A H S . 20220460, rh-GH (K#HLFEZ),
Sbt /DR SYN-1404K . bt/ Bl GAPDH 4t & Al
= EHi R IgG (£ [E Cell Signaling A ®l ), BCA %K
H ¥k B2 s iR ) & (32 B Thermo Fishe 24 ),
blotting # M W b ¥ Kk Ot
(electrochemiluminescence, ECL) J& # i 7 &
(£ E Tanone A #] ), /N IGF- | I G 22 W B
#E (enzyme-linked immunosorbent assay, ELISA) i
# & F1 /0 Bl GH-ELISA i # & (2 [ Millipore
Sigma /A ] ) . HUKAL (B4 170415071) FEE
W% R 8 (A5 . 1708270) ([ Bio-Rad A ),
INENPIAT MR EE R G (B4 . Ethovision XT) (fif
2% Noldus 2 A ) o
1.2 R WAREEBGH L& R4 SCEk [9] B9
2 % CRS /N R AW ARAE LAY . CRSFEALZH (n=
30): # 10 HU/NEUE T oi0is 1958 KR 4579 50 mL &
LN, FK3h, BH 1K, L2/, & HERCR
(i) Hof [ BB, ol e B — o 0 ) 98k /0N BB 3 5 A 3
N7 o XFREZH 10 H/NEBRAS#EATRR IR AL 3 . 7 CRS 5
RUZH /N BRLZG T RS N R, KX BRAL N R (n=
15) JHCE T AHF A SE30 IR BTN, 0 DR B o 4 0 0 LA
A1 Al PR 2R A ) A ) R T 2 4/ BRI
Ja i, AR O S, BT R A T —80 CYk 48
.

TR i) 5 50 20 0 25 I T 45 R S B E AT AT Ol 2
R o AE BT A AT 2 25 mT, K/ BB AT 30 min i
L I N AR
1.3 # K4k £ % 5 (sucrose perfection test, SPT)
Bl 2480 AR R BN NLIFL5d, /DR
HOERIFE L SR, ARSI — M4 i

Western

AHAE 0 20/ gk, i/ BUIE B AR B . 2B 2K
Bl O AH A 200 100 ERE K, DABUR /N BN
AT 00 Ot B o 5 3K, CHE S T RL Y 1R ZlK A
TR 120 mERE K, HE/NER A MIERE. 4K, X/
FUEAT 24 W7k . BT RR AR B, LU 5 HAE A H %o
SRR RERE K (7R o il S o B R AF 0 T4, B
12 hi5 WKL E . 555K, B 10:00 - 4h il
K, 330 ming WKHETJE T 50 0 FR E=AOR BT, L
THEE K O 4 2 . W 7K DR 4 28 = 1REH K T #E 5t/
(LK WS FE R+ REREK T AER) X 100%
1.4 & R % % (tail suspension test, TST)M #& @l
24 Aoy BAEF LR K/ REWNNE /3B
FH e #EAT [ e, BRHEEERE SR b, O/
B E G2 20 em, WK RS BEGR, TR
F522 6 min, WE/NRAT R, Lk/MRJE 4 min )
ANl BN B R Lk B ]
1.5 & 3% %% (open field test, OFT) & @ 2 28 K
5min Q&G BHEE LTS KHAF GG EE
MEAESCk [12] J7vk, B Scg /NI, 75 X0 4
EZETW Y (50 cmX 50 cm X 40 cm) Hos X i,
[ o e sl /Nl AT R BB R Gl s/ BRAE ™ v i
BENEGE, i/ BUE 5 min R B9 RS B0 B B R 7
L X s 15 B2 R B IE) . 7E 2 OS2 BRI =2 1]
K 7550 WORS X0 A IR RN R, RET 08
ETHE, HERT —H/NREIT SR, b o —
/N B 5% B AR R PR VA A A R IS 2 S /N B
R
1.6 ZBsyafethm /N EANARE B A
il 2 I JE, 30 H CRS A2 /N BB AL 20 GRS
R A= PR K 4H I GRS KSR +rh-GH 4, 4
15 H o GRS A + A= 3 b K 21 /N BN 5 5k Ak 31
CRS # # +rh-GH 4 /N R & H B F i 4 th-GH
(0.25mg-kg '), GRSHA+ A= BEEIK 240 /)N Bl B H
B RS S R E Rk, 1AMH 1M HE,
B2 K L 2 28 /N BB A0 R I, BE AT AT R A R T
(SPT. TSTMOFT:40), FrAA7 2=kl g
Jei . BN B S 4 S £ T S S il .
1.7 ELISA &# ® &4 & fo & P GH #= IGF-1
KFE - CRHITELISA R &, 76 B bn 62 ol b 1 ik
PR S FLFIREARFL b o 5 LA 0 AN [) ¥ 32 10 s o
TN T 1 1 ) | R = I W R (R = T s 2
50 plo AL A B A5 B0 100 pl, 25 FFLER Sk .
SR FH J A 3 0 5 R AR 37 CCHRE 1 h, B R
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MR, WA, FAMBMERIRERS K. BT
Koy JaEfLUmA B a5 (AS50pl, B50pl) i
PFIRA), 37 CTEEE A 15 min, AEFLINZ IR
50 pl, &Gk RN . 5 7E 450 nm KT AR T I
BELBWEE (A) (H, ELISA 5] & &/ 5
i GHHMIIGF-1 /K,

1.8 Western blotting s A4 248 R i B A % F
SYN-1%& & & & AKF  /DERBEE, JUB Bk B
Wi, e/ NEE DAL, WA T, UAET
—80 CUkA . #EHUEEIN, Jefrid2ifia, 41 mg
ML A 10 pL RIPA 24, S 2L, [ H 5
SRR, ZBFERM . BoZE, B, RH
BCA # [ i il 0 &k I 2 v B, O 2 vk
e IE B [/l — K SF, m A A R (4 B RESE v, 85 °C
# 10 min, 12% SDS-PAGE &2 )5, #% PVDF
JE L. BHHE®E —PL(SYNL,1:10 000; GAPDH,
1:5000), 4°Cit & . &kl Ay Tris 22 of 31 % W
('Tris buffered saline with Tween, TBST) ¥EJE 5 min X
3, FE FHE 49t (HRP-IgG, 1:5000) 1h,
TBST HE W VEME 5 min X 3%, WA, R Image J

AT AT 2 A RE LS A SN K B, T SYN-14R
HARIKKF, BHIEAREKF=HMEA RN K
JEAE/GAPDH & [ 47 K JE A .

1.9 %t FH5#  RISPSS 22. 0G4 F vt 17
Giit2E 0 M, K A GraphPad Prism 9. 0 5k 1444 & .
2H /NI B K iR . B AR . OF T 3256
H/IN LS min YA EVRS Bl I R s X 345 R R ]
IM3E H GHANIGE- T /K- g S 20 SYN-1 8 H
FRK TP IEB A, UatsEonm, 240k
A B EC R AT A0 ST AR AS R 5 . LA P<<0. 052K
EREGIHE L.

& R

2.1 24 R WA SR RA LR,
CRS BRI ZH /N BRI B 8 1K (P<<0.01), SPT
OB K i - R T B R AR (P<<0.01), TST H Rt
] A K (P<<0.01), OFT /N AR shith gs
ZRTGH#E L (P>>0.05), TAEF 0 K A5 B iy iy
[ B 45 %0 (P<<0.05), #&/x CRS ] LLFE C57BL/
61 /NEUH s S RS AR E B L, LT 1,

2

CRS Model Blood samples OFT TST SPT Sacrificed
—14 0 1 2 3 8
Time line(#/d)
A
™ 2 —
3 = 10 150 "
- o = T: 2
& 1F = 08 =
o o EES =
5 -2 o 100
o —1¢ [} )
& ] g2 02 S
= 5 =
S —2 a . 2 E 0
A Control CRS model Control CRS model Control CRS model
B © D
~ 2000 ~ 150
Control CRS model = Z
] ~
= 1500 3
E 1 5 100 T
T.) Q
E 1 000 E N
- =}
o 1] 50
Q o
§ 500 2
N E
A & 0
Control CRS model Control CRS model
E F G

A': Preparation of CRS model and experimental timeline; B: Body weight; C: Sucrose preference; D:Immobility time; E, F: Total

distance traveled; G: Time spent in center area. P<C0.05, ~P<C0.01 vs control group.
B1 28/ RITRERA

Fig. 1 Behavioral morphology of mice in two groups
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2.2 28R eFEPGHFIGE-IRKFE ST
H e, CRSELAZH /N BN GH AT IGF- T /K
BB R (P<<0.01). VLK 2.

=3 Control
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A

A: GH level; B: IGF-1 level.
B2 24UNEUYE T GHAIGE- T KF
Fig. 2 Levels of GH and IGF-1 in serum of mice in

various groups

2.3 rh-GHAZE A QWAMITH 5 GRSHE
B4 R K 2 TS, GRS LA 4-rh-GH 41/ BU7E
SPT Hop /K fhi 45 2% W] & A+ 5 (P<<0.01), 7E TST
TR Bl ] B 45 40 (P<<0.05), £ OFT i
P ER LG E X (P>0.05), fTEH LXK
AT R R B R (P<<0.01)., W& 1.

2.4 AFHBARKrh-GHLAEE 24 L % P GH
Fe IGF-1 A+ 5 CRSHH + 4 B b K 4 H 3,
CRS A +rh-GH 41/ Bl i 1 GH ATIGF- 1 7K
W kR (P<<0.01). WK 3.

2.5 AFEARXrh-GHAEE2A MR EDL AL
P SYN-1& & ZZAKRF 5 GRSHEIA 4 LK
4 (0.5140.02) H#, GRSEA +rh-GH 41/
20 21 h SYN-1 % 1 £ ik K F (0.66=£0.03)
BT (P<<0.05). VLA 4,

3 i i
AHF 5T 45 R B % . th-GH X CRS 5 5 19 /) B

AR AE AL B BT ASAE H, FEE RN rh-GH AT
i % §& T CRS /N RIVABHEAT A (SPT, TST Al

OFT 55 ) 58 o, Il CRS #5741 /)[R i
W GHMIGE- 1 K, i 5 SYN-1 8 H
PR T, AR rh-GH (M AR R I AT BE S
P GH/IGF- 1 il B2 3% g & 20 20 SYN-1 28 1111
RiFA K,

CRS 5 7 2 f5 B2 30 NS 7E B SR B8 R & A= 4
A 1) S WA 2 — , AE /N BRUrp e 3k DB B
TN BEMMARREAT R s ARIFRAS R BN R
F CRS 19/ BRI H M 03 5t BH 58 B AIC L O /K i 47
AL, Reml T/ Bk AR PR R AR AR AT
Js FETST R /NRASIERZEK . 78 OFT
S v N BRUTE T DR B I T e, /N BRI
AT S 45 B8 06T 37 0 5 4R R PR AR A AR R AT
5 TANG % " Whos a5 R — 580, R MABAE 2h P 15
R £ T o ARBFITAE R B R . CRS B AL /N R
I35 o GH ANIGE - T /K00 BEAH 0] Sl A, 3R
CRS /N GH/IGF- 1 #i & 4= e 48, #2278 CRS
AU i — 2 R0 GH R A ol 7R S AR AE I6 7
MBS 4T rh-GH T HUS , AR 4L/ B S K
T i 2R B 38, TST 325 /0 BUAS 3 s (] B g
4%, OFT 556 v /Iy BUAE Hhocs DX i) e fi) B g 34
fn, #2278 rh-GH 7] DL 38 CRS #82#1 /) B B gk dik
R AT Sy e B8 S TABREAT Sy Bkt 37 20 45 1 % 4 2%
M, 2B th-GH HA — @ MyTMmasIEH . i, H
BT GH 55 400 AB S AH C 1 (9 116 R BF 5 45 R I A — 2.
e S B X T GHERZ A MR B, %4
T GHIRITIE ., BE W IARRE R A5 2 2038, 2B 16
EARE L ATRE S AME 4T GH SR Iy A A
Ko WFHET WOR O BUAE AN PPARAE BB T ) GH 43
WAL D BUIMAB 25 W6 T IS GH 43 Wb i ek 2 R 2k
FEAE, AT REEIARAE /) — A ST AR A . A ARSI AR
ik £ BRI GH 43 bk 8, AT fig 5 408 GH 43 il
DA OC T, AL AT AR 5 N TE N R
NEFFER B, i GH K 2T, IR R SE
R BTG T 3 GH 4 6 32 B0, FLE 2 A % 3
Ko, SABAE B E 1Y N S I SR EL B W kR T AR R

R 24/DBBEK R FETST HAS [E 72 OF T H &85 3 B 8 A H 0 X 5% 45 8 i [|)

Tab.1 Sucrose preference, immobility time in TST, total distance traveled, and time spent in center area in OF T of mice in two

groups (n=10, x3s)
Group Sucrose preferencee(/ %)  Immobility time(z/s) ~ Total dstance traveled(//cm) Time spent in center area(z/s)
CRS model+saline 0.604+0.02 103.47+7.50 1537.05+66.23 58.94+2.48

CRS model+rh-GH 0.814+0.03" 79.70+4.56" 1481.75+101.48 74.59+2.43"

'P<<0.05, "P<20.01 vs GRS model+saline group.
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=3 CRS model+saline
mm CRS model+rh-GH

3 CRS model+saline
= CRS model+rh-GH

400~ i — 300 *
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= o0 - 0
© 5
—100 ~—100

A:GH level; B: IGF-1 level. 'P<C0.01.
B3 AFAEEKR h-GHAH)F 2 A /0 B
GH M IGF-T &
Fig. 3 Levels of GH and IGF- I in serum of mice in

two group after administrated with saline or rh-GH

Mr

1 2 3 4
SYN-1 | S 77 000
GAPDH | s S a— 37 000

Lane 1, 2: CRS model+saline group; Lane 3, 4: CRS model+
rh-GH group.

B4 SHTFABMBLAKELh-GHAHE 2HDREDH
Y SYN-1 B HREHIKE

Fig. 4 Electrophoregram of expression level of SYN-1
protein in hippocampus tissue of mice in two groups

after administrated with saline or rh-GH

PH L NPT REE S bRk A0 R GHOKF 1y 2
ARG 25 . GH IR YT X &8 4> SR JE 8 35 A 3L, W i
— BBV GH 5 A 5E & 95 AL i K I 4T 40 AR 1Y
PLE

GH J2 H g T 1A iy i g 12 P 440 43 0 1 — b AR
XJ 43 F Bt Ry 22 000 Y 5 — Ak BE SR FI BT R . GH
CINCEE AR LR A N TR o O = S N
(growth hormone receptor, GHR) 454, il 3 #0 4
Mo A L GH 5 GHR 454 J5 B8O IE 4 1% Fn
AW IGFE- T, F4 53 IGE- T fEH T4 A S 3
HEWFESON Y, GHFINIGE- TR s 4l GH #Y
GrW U M IGE- T R IE G MO T M R 2
— P ORBF I G R BoR . CRS BN BRI 3
IGF- T K P BREAL, W4 T rh-GHIRYT A, /M
M AIARAEAT A5 B 2, A I I P IGF- T KK
i, £ rh-GH W] BBl of GH/IGF- 1 #2571
MABFEAT M T . h s P WoR s 4RSS IR
STAMAR R K BRI YE B IGF- T KRR, H R iE
B IGF- T A] i /0n BLPR R B 2K RN AT Oy 46 B2 45 4 AR
FEREIR, SAMFFE S5 R —80, B rh-GH Al 3@ i 98 1y

GH/IGF- T fligk 3% CRS B RL/N R A ABEEF T o

IGF- T fEN —M M4 EIRN T, C#OELsE
it 2 AR AP R B 2 PR o R P AR UYL B AR
2 W) 5-F 00 AT S S-F  E Z AR, (R R I E 4 4
A IGF- T B, it IGF- 1 15 S AL vk i o
B2 S AR P A B AR Y AR BF SRR T rh-
GH T 1 J5 g T 58 flh & A= 1) 58 B AR & #)——SYN-1
FEHMFRIBHEN, KW GRS H A +rh-GH 41 /) il
Mg H 4l SYN-1 8 [ R A AKCE W 8 T m, R
rh-GH 7] B8 i ¥ 95 GH/IGF- T %, 2% IGF-1
KA, B/ B S 4 4 SYN-1 & [ 3R kK
TIPS FEVE T o

ZiE Lk, AW T rh-GHAE R i e ST
B3697 F B w1 L UEE o 38 Y GH/IGE- 1 %
FEAN/N BRI DA P SYN-13E H %8 KF, rh-GH
A BE A AR E (36 97 B2 (1B i W o SR, AT
B 55 BR P 7E T Bk = XF vh-GH 75 FHHL ) A 7R AR 1,
Kok W AT 5T B HE — 25 [ B ch-GH 4n o] 3l 3
GH/IGF- 1 fli 52 i #ift 28 % A= F1 28 ik w7 983 9 DL R 3
AR A AT 55 47 Ry ek A OGS

PR

JIv A A 5 7 WA A ) 4 2

EE B A

IS GRS CRE , FRES G IR
PERBE R, EMEZ SR, RIREZS 59805
TG SCH B

(&% 30 k]
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