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Effect of antidepressant on behavior and vascular endothelial cell growth factor in

hippocampus of rat model of depression

LI Xue-mei, KUANG Li ( Center of Mental Health, First Affiliated Hospital, Chongqing Medical University, Chongqing 400016, China)

Abstract. Objective To study the mechanism by which antidepressant works on vascular endothelial cell
growth factor ( VEGF) in rat hippocampus of depression model. Methods Forty SD rats were randomly and e-
qually divided into 5 groups: stress + fluoxetine, stress + tianeptine, stress, stress + normal sodium, blank
matched control. We adopted separation and chronic unpredicted mild stress to establish depression in all rats
except those in blank matched control group, and the behavior of all animals was evaluated by open-field and
fluid consumption test. VEGF expression was detected by immunohistochemisty after intragastric administration
respectively with fluoxetine, tianeptine or normal sodium for 30 d. Results VEGF expression in hippocampus
was decreased in all stress groups compared with control group (P <0.05). After antidepressant administration
for 30 d, VEGF expression in hippocampus was increased in fluoxetine group and tianeptine group compared
with normal sodium group (P <0.05). Conclusion Chronic antidepressant treatment significantly increases
VEGF expression in hippocampus of rat depression model, suggesting VEGF may be correlated with the patho-
physiology of depression.

Key words: depression; hippocampus; fluoxetine; tianeptine; vascular endothelial cell growth factor

158 PN Bz 4 it A= K K] F ( vascular endothelial cell
growth factor, VEGF) 2 —F .55 V5 4 £ BK , REA% 4 5
TEH MRS FE 3k 48 AR 1, AT7EAR 2 1 A F )

E&WA . wIHAE WA (k57200454 5)
Supported by the Project of Scientific Committee of Chongqing( [2004]54)
PEE BT B, Lo, PN Wi, RO, 2 A 35 /470 3 T FRG
PP T HIIIBESE . HLTE - (023) 68801314
BISIEE . F, 535 (023)68801314, E-mail ; kuangli0308@ 126. com
75 B #1:2008-07-03 ; f& B B #1 :2008-10-06

WP KGR I A VEGE HA R i oT e ik
Rz R O TN SR (o 2 R & N 10 S U R B2
HTE AR T L 3 ) 1 5 (hippocampal formation ) fii [X.
AR AT S BOMARAE & 2 1 B2 R 3R, Hram Al 25 Py sk
HUPKSEIA T I BE TS 4 AR R IR, 2 0 4 28 e PR
i VEGF ik X I 4 28 T 28 A7 3 R JE B
A 5T R O K BRI S VEGEF k(52 , LA bt
AR 259 5% W 3K B D VEGE 263k 4 H 4745
W, AR — I M AR AE 19 PR K T 2 i B



454

BT, S5 DUNVARZ Y S A AT ASE R O AT DA AT 2 ILAET PAY B A A A TR i 0k 431

HS 25 LR R
1 WS

1.1 ##

OsLE 3 AR HENE SD KR 40 L, i 88 = 4 K251
Wb AR T (200 £20) g, 23X S5 K BT
e, SRAEHR A R — 1 . @245 S0P 7T ( Fluoxetine) , 1 i &4 H
e , 35 B ALK WA B 2E 77,20 mg/ Ji, BEZR VT ( Tianep-
tine) , F A ISR B, 9 I AR 25 ) A2 77,2, 5 mg/ F o @ik
#l: VEGF Z i Piok A Santa Cruz 23 7], S-P {7 & . DAB
Bk AP A2 AT
1.2 =ik
1.2.1 el Basmissr KRR BS e 8GR R R 3158
1JE L, RN T A 2 min, 1 J8 5 BEMLS 9 B3 + JRPE 7T 41
CHRVETTEH) o8 + WEZS 3 VT 4 (WS VT 20 ) 7 i L (A5
H) WK+ AP KA (FROK TR ) (S AN IR, A4 8
o AT 55007 AR TEFEIR IR , 45 o 5 X REZH B bR AR, 4% 32
HUBGERA SR AT 21 d AN O] 10 DL P 4 5 5 0 3% ( CUMS) Ak
Y ERRE N - A5 £ 48 h, B8R 24 h, pKOKWETK (4 °C .
5 min) , BUKJEDK (45 C .5 min) , B 2K (AT | mA AR
45 V4B 1 min $U01 U, AR ORI 10 s, 3 30 min) , e B
1 min 358 (4FFP 1 YK FFEE 15 min) o SCH o A2 v A Aol i &
T 2 U A RBEHLES T 1 RIS, BRAR B AR AR M vk v 3
SCYG LRI B AR SR B ) — LR E AT, 5 22 RATH 4%
Br AR REIR B , 6 5 OB BRSSP VT AT IR P 7T
(1.8 mg - kg™ + d ™" )HEE  WEATITLATHER T (3. 375 mg
ckgT e dT) HEE KON BRLEAT 2 ml AR EE K FaE
B 30 d,30 d J5 AT 540 M AR AR TS AEIR S0 , 25 USSR AR
1.2.2 B35 #7 (open-field test) M A4 1 #6156 ( fluid com-
W70 87 %6 (80 cm x 80 cm x 40 cm) J&BE K
SRAT, JRCTA A T AR A S5 19 25 Bk, B R BUBICA H S ds | gk
3 min {ESNGEHL . FEXRELHEAR A Hh S (504K B[] | ZF R AS 4
SN UER R R R, K U RS AR IR A, Y R sh
I S ORI TR R 2 KO A 1 R IR R 1%
TR, B )5 LR A58 R BRI 1% BEWHK , — gtk 7ER 3K
LG L d, WIEE 22 KL HEE 30 d SR T SERERE K (40
IKIHFESCR o THE S A BRI FE R I E Sl T HE, B
Ja TR BB i B OB 7K A 2B = 7K T B/ 8 TR MR T #E X
100% ),

sumption test)

1.2.3 15 VEGF %3k KPR LT . RS
Yy, g e 0aS - EEh PG, e 100 ml A= BHER K b i 1 v
Uk, BifiJ5 A 400 ml 4% Z 3B K PBS ¥, Se s 18, 2L 40 ~
60 min, /NCTFFRBUR FEAE L, 5 T 4% 2 58 B v 1 [
48 h RIS UK B L T M AR SRR D) A R R 2
10 wm, Y5 MBS E K ,3% H, 0, 3f (411 A AL Wy i, % #8 S-P ik
Flg LCm Ikt AT, (VEGE B 1:200) ,DAB & 8, 5 AKS
gy, “HIOREH, bW IR E A A R R R E A
BIRT R, RAIATEEEMG 504 1R 6 5% o FE1E
1RO R G (4.0) W AAL &5 R AT 0 i . R $E Ty
WP 305 B SR BT, KRG 5% FE s Je (a i B TR 2%
Ji iR VEGF Bk 150

1.3 it o

BaLL v £s Foom , R K3 K BEARIER ] « =0. 05,

2 #R

2.1 oo ER

WEZS T 20 R PG 1T 2L AE IR v R e ) 2 A
B IS R SR EOY 5 N B 25 A G R (P <
0.01) , #1275 K UM U5 22 80 Hh W S i AR AR A iE shse
B DHRER o ZRHET 4 JE SRR VT A SOE AR T A A Th A
AR IS ] | 2 A 1R ST OB A R K A L e 2 R R
Gt (P <0.05) , FPH 7T H S T ITH & Fa b5 LR T
Geila e (R 1) o WRIHFE S I 2 AR, N UG 25 H PR 38
BROEHETAGEH (P <0.01) , WS 32 B Bt i PRk
Be= o GRPETT A AERK A  AlK I FE KW K D 2 7 1T 5 £h K
Xf B AT e 2738 L (P <0.05) , M ME A% 7T 4 5 $h K 0 R4
TEMRRIEAE T 0 3 AW LB LGB X (P >
0.05) o FRPGTT 415 LT AL MR TR SL IR 45 SR AL C S 32
25 (P>0.05) (K1),
2.2 4055 VEGF &k 6y rkix

G AR MG 53 B 25 5 bR L 41 D VEGF 363k 1 °F
P IR BE A P45 0 2 B 11 % P 5 U0 R LB S 27 0
S B R 2.15,2.53,2.27,P <0.05) . FRFGITH 5k
Xt HEZH OO 3 R P30 % B R T A et (e fE
439k 34.08,2.53,2. 189, P <0.05) , a2 37T 40 5 7 R 7K
Xt B AT B IR B S 40 2 B T A G (L fE
4391 3.90,2.53,2.39 P <0.05), #PGIT4 SMEARIITA
UG R TEG T FE  (WE T &% 2),

x1 UHATRBREHRELRER

21 n rgUEARIN ] SRR TR WiNTIREL AR BEKIEAE(ml/24 h)  AKIHFE(ml24 h)  BEKAR 2 (% )
5T T RIAL Y 4 A
o7 R 32 2.5+0.7 45.1+10.2 27.4+5.5 4.3+1.9 13.5+3.8 3.1£1.2 82.5+6.8
I 4 32 6.1+2.5% 26.3 +8.6° 12.5 £3.9% 7.1£2.58 7.6 £3.22 6.9 £2.22 56.7 +13.42
Rk 8 5.6+1.7 28.1+8.8 12.9+3.8 6.4+2.5 9.8+2.9 5.2+1.4 65.3+9.8
FPETT AL 8 4.2+1.4b 36.8 +8.9P 18.4 +5.2" 4.9+3.1 12.6 +2.1°¢ 4.1+0.8P 75.6 7.9
BEZS T4 8 4.0=x1.5b 37.6 7.5 19.4 +4.9¢ 5.1+2.5 11.5+2.4 4.8+0.9 72.5 9.4

a: P<0.01,5 m#kariti;b:P<0.05, c:P<0.01, 5 #Hkaf ki
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B1 XRiEDHEL VEGF Rik (S-Px400)

*2 BLHEL VEGF &BENER

215 n IR AR EEPLEE T
% B4 8 185.8 £13.5 0.12+0.02  0.0418 £0.0039
LR 8 201.0 +14.7" 0.10£0.01*  0.0369 £0.0047°
RO R 8 175.1 £10.5 0.14 £0.01 0. 0456 +0. 0065
FPGIT 4 8 156.3 +8.14 0.16 +0.02¢  0.0523 +0.0058¢
WEZRETT A 8 154.7 £10. 44 0.16 £0.02¢  0.0545 £0.0083°

a:P <0.05,b:P<0.01,%5 B #aT b4 ;c: P <0.05,d: P <0.01, 5
R AT IR 4 AR
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NG, BRSO3 SOV T 23 R el 2 0 ) e o,
FRASBENE VEGF Fak3ahn  (H IR 130 5045 5 B/R 7F
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SEPETT FNEZS VT IX 2 P2 7E BA T I P 3 ot
BRIy T HLAG AR A VE T, RPE T A kB E 5-HT 1
SERICI R0, 100 W 2% 32 T D 8 i 2 ke [ it 5-HT A 7
WA, TG RIS 22 BH 3 2 244 LA AH XS 7 20
A R BRLAE M T 7K ST R i RS AE 1) 5 BRATL
ARG T AL T P G A B AR HE . X AT BERR 2 Fharam
2y i T e R 2 1k G 2R R 40 i A5 5 5%
TR E AR AR AT (cAMP) YR, T3 cAMP 554
B S R U bR cAMP 2 3 R4 A 2 1 (CREB) 4%
A OSSR T A (PKA) | iE A 41 MR 5 £ 5%
SRR PR AL, 1 G R B R GA i B R T
(NF) K HZ Rk EiIE K 3k, 7852 (K SF-F1 G
KT 2 AFRT AR AT G850k o o
P AR . SBTIARZYIAYT JG VEGE Rk IE
T REZL AN A= B ER K 4 I 8, VEGE () =224 )
SF RN SRR T PR R M ) 43 24, O AT e P B S A
L5 HAR 53 2408 FH AR — B0, 2R P9 7RG 58 K 19 42 il A5 BT
AR, T VEGE ()36 1538 22 AT BEXTHMAR AR A A f A
2 S B R EGE HA HEE R . 2 FpumanZire
1 KSR AN, e mT g £ 22l it G 2R 2 4
WP 55 T FESZROKSF AT G 2R IR 2 AT
FEAAER, B2 = A BEFR AR T (cAMP) YR, 530 cAMP
fE5 90 L H T W AR cAMP 2 3 7 14 45 & 8
(CREB) %5 & A8 4k, 0% 26 (i A (PKA) FIEE H
i C(PKC) , it A A% 5 (e 55 s IR F i1k, 15 S
B RLIN IR i VEGF Fif 28 35 N 1 M iz (k5%
Ik PRI RER IR T 80 S i 2 & AR, &
PEVUMARVE ' s 32 T HE R 2 40 g
HPEITAS /40, VEGE T A 4 28 F AR 4R 40 T R 4 19 1
BB, A Be—ARTT UMRE ]

IIEISAE H B A7 AR W Th 45 A 25 457 b 4ot A 2



454 BT, S5 DUNVARZ Y S A AT ASE R O AT DA AT 2 ILAET PAY B A A A TR i 0k 433

i ?EF Z TGN ,VEGF r] e LR K1Y AIERIVE cell survival and Schwann cell proliferation in the peripheral nervous
ﬁ/ﬁl\ﬁo ?ZEIEZ% VEGF 7K¥Z<1xm‘ I ﬁiﬂ‘ﬂl%%ﬁﬁi , i system[ J]. J Neurosci, 1999, 19(14) :5731 - 5740.

[9] SunY, Jin K, Childs J T, et al. Vascular endothelial growth factor -

ﬁn}%jﬁm?&'f }JA j\jTEF jE,ﬂ&Ej:iE,f %ﬁ{%ﬁﬁ Emu B ( VEGFB) stimulates neurogenesis: evidence from knockout mice
ET&{ELE}HiQX?QH}H@i‘Eﬁ i‘ j]l] TEF E%ﬂﬂﬁ(ﬁ%élﬂﬂ@é& and growth factor administration[ J]. Dev Biol, 2006, 289(2) . 329
i, FLARHL K i AN H v w5 i — 2P R -33s.

[10] Le-Bras B, Barallobre M J, Homman-Ludiye J, et al. VEGF-C is a
SE -

[1] Jin K, Zhu Y, Sun Y, et al. Vascular endothelial growth factor
Proc Natl [11] Marti H J, Bernaudin M, Bellail A, et al. Hypoxia-induced vascular

trophic factor for neural progenitors in the vertebrate embryonic brain
[J]. Nat Neurosci, 2006, 9 (3) ;340 -348.

(VEGF) stimulates neurogenesis in wvitro and in vivo[ ] ].
Acad Sci U'S A, 2002, 99(18) : 11946 — 11950. endothelial growth factor expression precedes neovascularization after
cerebral ischemia[ J]. Am J Pathol, 2000, 156(3) ;965 —976.

[12] Shayit M, Yadid G, Overstreet D H, et al. 5-HT(1A) receptor sub-

[2] Malberg J E, Schechter L. E. Increasing hippocampal neurogenesis: a

novel mechanism for antidepressant drugs[ J]. Curr Pharm Des,2005,
11(2): 145 155 sensitivity in infancy and supersensitivity in adulthood in an animal

[3] Frodl T, Meisenzahl E M, Zetzsche T, et al. Hippocampal changes in model of depression[J]. Brain Res, 2003, 980(1) :100 - 108.
patients with a first episode of major depression[ J]. Am J Psychiatry, [13] Gartside S E, Leitch M M, Young A H. Altered glucocorticoid
2002,159(7) ;1112 1118 rhythm attenuates the ability of a chronic SSRI to elevate forebrain 5-

(4] ¥ 5 ZRBeRk. 1 P AR f 27 R (] AT HT: implications for the treatment of depression[ J]. Neuropsycho-

PEERbE 2003, 12(1) 114 — 17 pharmacology, 2003,28(9) :1572 - 1578.

[5] Ema M, Faloon P, Zhang W J, et al. Combinatorial effects of FIkl and [14] McEwen B S, Chattarji S. Molecular mechanisms of neuroplasticity
and pharmacological implications: the example of tianeptine[ J]. Eur

Neuropsychopharmacol, 2004 ,14 Suppl 5 ;5497 - S502.

Tall on vascular and hematopoietic development in the mouse [ J].

Genes Dev, 2003, 17(3) :380 —393.

[6] Palmer T D, Willhoite A R, Gage F H. Vascular niche for adult hipp- [15] Sairanen M, Lucas G, Emfors P, et al. Brain-derived neurotrophic
ocampal neurogenesis [ J]. J Comp Neurol, 2000,425 (4 ) :479 factor and antidepressant drugs have different but coordinated effects

3 . , s : -
494 on neuronal turnover, proliferation, and survival in the adult dentate

[7] Schwarz Q,Gu C,Fujisawa H,et al. Vascular endothelial growth factor gyrus[J]. J Neurosci, 2005, 25(5) : 1089 ~1094.

controls neuronal migration and cooperates with Sema3 A to pattern dis- [16] Khavaja X, Xu J, Liang J J, et al. Proteomic analysis of protein

finct compartments of the facial nerve[ J]. Genes Dev,2004,18 (22) ; changes developing in rat hippocampus after chronic antidepressant

2829 2834, treatment; Implications for depressive disorders and future therapies

[J]. J Neurosci Res, 2004, 75(4) :451 —460.

[8] Sondell M, Lundborg G ,Kanje M. Vascular endothelial growth factor
has neurotrophic activity and stimulates axonal outgrowth, enhancing ( v #‘EF R gﬁ}i)

XTEZHSHEH

GUFHFELTRARMFE, W RARERANE —FHARK, EEBR 0T FHMAR TR, fln
%&%Hﬁ;ﬁ?ﬁfi FHNBETRERE TR, EEENFTRFE XV AR T XV, AN X RRE
XU PR A Y.

ETERRGEFEEZEEH —REXAMT  BRATFHERKRE ., BFARELE AR ST -7
K+ kT, Bl Na® Ca®' PTEE LR Cat P AT 0T R T MEARBRTR(REH) NEAET
FETWMA LA Ol "1 7P, ETHARASN m EAAL EA, Hlw:"Tc" Pn", RS XEE+d TR
BHEW R AL, RS R R PP T,

HIERTFENFRBERN, TS ERFE ﬂ,ﬁigﬁﬁ%é%#%iﬂﬂi%%ﬁ% BEHA—thH 2T
A, B A5 R IR R R R A T R E R R BOR 43R, B dm: RNA A rRNA (ribosomal RNA) (tRNA
(transfer RNA) .mRNA ( messenger RNA)3 £, rit.m 2 X R LA WHEZN/NE ,RNA fLKE

AT 4 3R



