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Involvement of Hippocampal NMDA Receptor and Nitric Oxide
Synthase in Depression Induced by Chronic Unpredicted Mild Stress

LI Qing-jiao, AN Shu-cheng”

(College of Life Science, Shaanxi Normal University, Xi’an, Shaanxi 710062, China)

Abstract: In order to investigate whether N-methyl-D-aspartic acid (NMDA) receptor and nitric oxide synthase
(NOS) made contributions to the depression induced by chronic unpredicted mild stress (CUMS), the depression model
was established by using the CUMS. Using the stereotaxic and intra-hippocampal microinjection observing rat emotion
and behaviors by the change in body weight, sucrose preference test, open field test and forced swimming test, and
immunohistochemistry, and the expression of NOS in hippocampus were tested. The results showed that depression-like
behavior and the expression of NOS increased in hippocampus induced by rats receiving CUMS for 21 days or
intra-hippocampal injections of NMDA receptor agonist. Intra-hippocampal injection of noncompetitive NMDA receptor
antagonist MK-801 significantly prevented CUMS-induced depression-like behavioral changes, and decreased the
expression of NOS. These results provide evidence that CUMS resulting in development of depression may induce
neurotoxicity in hippocampal neurons by stimulating Glu release, inducing excessive activation of NMDA receptor, and
increasing expression of NOS.
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R RLE . A LR 22 B OCTE 1 ) d

IS R U = A — R A N, e (1)
& N E—TEA-"S LR (hypothalamic - pituitary -
adrenal, HPA) #lii%. 1E% 1) HPA 3L RE & B A7
Frah S0, SR, HA K HPA Hhis ae - A mAn vk
AR BN, o i 25 A6) 38 ™ B () 934 3 (Bowman et al,
2003, e HE R LR DA I BN X,
T Ty 5 A 2 TS SR, 6 N R U
P A VAL P VAT RV O - S IVAY S Gl I P
LR AT RE AL (Kim & Diamond, 2002). 5 55 ¥
ST NI AR P R S5, RBORT b Rz T 25 5 e
TS5 B S 10 JE AR 45 44 1) 5 %8 (Zhang, 2001; Duman,
1999; Rajkoska, 2000). Kk, 15 J& H pTHAAEDT
T St 2 IR X o

DAAT AT FE A S A s AL BR A |02 46 52 1) 2
JR M RN, BEE TR, KN
AR, UHEBREKR (glutamic acid, Glu)
S N-FE-D-R A% R (N-methyl-D-aspartic acid,
NMDA) SZARLEFWARIE 1) & At A HEAE . #F
FURI, PN R R B 3 2 MR /K 1 f2 35 3 = (Yan
et al, 1995), HZIRA NMDA ZAREHEE, A
M8 6 ey P 22 s MEAE 5 2 R 25 A K,
NMDA 52 14BH W7 71) K FLAH 5 254 B AT Hrai Al 45
(Maeng et al, 2008). %ET Glu S 2 ARAZAHIEFTH
I A A B TR A

—SME (nitric oxide, NO) {F A —Fiph s
JRAE PR PR 2 R A P T TR, AR
NOALAFAFAEH , i & FNO N F B £ o 440 »
BAEMEITR M, NOS SRE Ve, WndmAs
MR IEBEAG . RS A0 2455 (Li et al, 2002; Franke
et al, 2003). WATHTFT AT L I P EFVAIS AE i 37
iR e ANOS 5, 184G N 5 30 5
—SMEAEE (nitric oxide synthase, NOS) ik 1
s PERNO, LT (Wang &
Kuang, 2005). #5HHZHNOSH, Hrpffs
Ju—E A A M (neuronal nitric oxide synthase,
nNOS) i 38— 4 L A B Cinducible nitric
oxide synthase, iNOS) f=4:id & [INOHA#IZL
FAE M (Kone et al, 2003). J6 P4 VT HTAVAR 1 fh 2
JUPk & 5 AN S NOS & X (Nacher & Pham,
2004). Wang etal (2008a) [FfF7E4s R Eon, #
TS INOSHIE A E A HSBCE AR I AE T, Mo v
M8 SR F (brain-derived neurotrophic factor,

BDNF) HUIARS#0H1H BnNOSFKIA ST K (Wang et
al, 2008b). EAWTURIN, —LHMar i n 52
MNOSIPZRIEFEME (Finkel et al, 1996; Wegener et
al, 2003), ESE T PUANAR 24 Sl P VT RE A% A i 0 )
NOS 1fij B AR A AL K i & 245 (Luo & Tan,
2001) ST 18 1 Y H0E I NMDA 52 74 5 350 1) pih 2
BAHLED, AT 2 S 2 T NMDASZ RS
13 Ca™ ek, Mgl mNoSHE &k, #t—5G
AR A (Paul, 2001; Xie et al, 2004).
AN SEIOAUE R, NOSHI I FI L~ FoRE 20 HH g ]
PR N HNMDA S I R4 2 4513 (Zhang,
2001).

SR, NMDA 5245 FEB0E & 15 25 3 3O,
&NV Glus NMDA %24k, NOS. #Ifil k42
e 2 KR, HurihAERE. ik, AH0ELT
TS AN T TR UL S AR S A A, 3 P AR A
M OE I Glu-NMDA SZAKIKAR 4L, 525 NOS
AR, 51l 22 oA A 1K — B RIS A
RAIAT R

1 #RFAEE

11 SR HA

fEEREYE SD OKH 32 L (250~300 g), Bkt
B R SR S Rt (EEF)F 08-25).
SR TSR A LLE N IAEE, B oK. 3
A, B8 H: AW NKHRA, EHATE,
B A B K B A8 AN AT 3L
MM (CUMS) B, g B i v i AR B 2R K
C 414 CUMSHHg 5 i & 71 5 MK-801 41 (0.5
pg/ul); D 4 b Bk s NMDA 41 (0.5
pg/ul) o
12 EZEiLFH

MK-801 Wy T 3% Alexis A # ,
N-methyl-D-aspartic acid (NMDA) &3 [H Sigma
/3], iINOS $ifk. nNOS Hifk N santa cruz 237 7=
i HAE L A2 S AR H ARG PR A w734 SABC
RGN DAB IR &35 e AR YR T
FEA PR F] = il
13 /7 &
13,1 G SZARE A7 At Syt o KR BA S B
EU 220 1 i 0 S BRI (40 mg/kg), RF RN [ & T
WDT- I B 37 AR 2 A4 (£, Stoelting), 2
Paxinos & Watson K i 1%, i (AP-3.8
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mm, RL2.5mm, H22 mm) A4 A—4M% 0.9 mm
WA NOMAENEE, IS AR T
JE, ANERFFER N . ARG RRIE AN 55 =
20 J A HESE 3 d, HHECEYOK, — ST
HIEHAY, 87 RGH—K, L4k, 21d.
K 1 pl Bt A # 0 ask A S A ) T 5
Zidh, RRRGESTARRIAA 1 ul, 1 min WVES5EEE,
{55 1 min BR800« S S A 1

mm N2
SEUG AR, BURAT R D A WS L,
N

1.3.2 1@ MEAS T II0L A  OREAR OKR PRL
TFE, KRR 24 hy BHREEUR 24 h. 4°CUkK
JEvk 5 min, 45 CHUKUFIK 5 miny (57K 24 hy {56
24 h, K2 1 min, KRS 5 min, WL 24 h,
3o M BBE L HES) 21 d N, BEH R, AR
P 2 Wk, RIFPRIBCAREE SR, s
AN fE TORF ) 30 & AR (Willner, 1997; Xu & Li,
2003). X HEZH AN SRV S NMDA 4 A T AT A
I, IEREEEUOK. B4 MAESE 1. 7. 14, 21
RKIREENPATE, NIEEAR 21 d 5, BHTAT 855
0 o
14 1THEUER
141 WK SIS AT7E MRS, 265 00 s (Rl Y
B NS B OK o BFERIINCE 2 AN KR,
Hi—A>24h, WIERIZEAH 1%IEK: B 24 h,
MR 1%EERK, ARSI K 1E 24 h 14k
BOKIE, BTSN KIS AESL S . Rl 45 T4
SURBUPIG E mf —I 1%BE0 K, —JfaliK,
24 h JE IR K SRR, IEUE ST SR8 K D 5% OB
K A %2 =B 7K 5 FE /S0 AR T FE X 100%)(Willner,
1987).
1.42 Wizsis SR E 4 100 em X 100 cm X 40
cm, VU4 BTG i S 746, K e
X151 20 cm X 20 cm [ . FEFT L7 1 m
ARTCE — Gk, BRI, SLIGAE wFIA B
AT, KN O RAEAR L, WS 5 min
TR OL. MEFRbR(D) A AT kg5 =LA B
5 NARAS EE TR (2) E LI AT
BT 1 em DL_E RS (3) EMHIRE: #
B ECH VR IR IR E . A A e S8 Fo s BRAE P ik
Wy, R HE A, Bl R — HEU
A KB ERM, TEANFERE, HE IS 5K B

BRI, AR IR, R A&
(PSEIER
143  SRIAWEIKSCE  FF WMk —H AT 18
cm. = 40 em [RIE BHBE T, K E T <@ 1 by
), fe /KT BE K £ _E 2% 10 em, /KR 23~25 °C.
T F T I AP B OB B 53k, TiFvkidEAT 6 min,
AT 2 min AMEILSE, MMEEICHK)E 4 min N 15T
NG TR, FH B RIAS SIS TR R A A0 e 7 o i
(FEbR . RIS G PR /KT oK, BT R —
SUIRR B A 5
15 GREHLALFE

R BRI s 3 S 3 B B T BRI, ph A2 SN
T 0.1 mol/L PBS 300 mL, 2R 5 #EVE 4%% 2 H
M5 400 mL AT HT 2, NOHURA 4% 2 5 %
[ 7~9 h (4 C), TR 30% AR A7 T
JK. OCT vKiFBIFIEILEKEVIR, VIR 40
um. YJF G GAE L EITE 37 C RIEE 2 h k47
B, RIEAN—Pi4 CHFA 72h, 0.01 mol/L PBS
VLIG5> T UM SABC ' 37 CR#FE 2 h,
0.01 mol/L PBS ' 3 X, #:{X 5min, DAB 4
10~15 min J57£ 0.01 mol/L PBS "yt J5 ik A X,
T, BEREERE MK,  HIREM, B . BT
MM 0.01 mol/L PBS 8% —$t iNOS Hl nNOS, H
BB R]
1.6 HiEALIE

Z: [ Paxinos & Watson{ A Bl i 3744 5@ A7 161 3 ),
AR A BN 10 9K AR A T—
i DX A B FBEALEEL 10 ANOLEF, T H Bt
FEAETA R Smm X Smm [RPRE P9 # F4H BH 2 41 A
e H . HISPSS14.0 R AFHEAT Bt Ab 2], Hods LT3
HEArHER (MESE) RoR, B LR 56 K H 5
K& J7 %5081 (one-way ANOVA), #l[A]% E
K HFMH G538 (post-hoc, LSD) #i4:, LAP<<0.05
V5 g I 2 S B PEROARME, P<<0.01 RN H IR
FhER,

2 & B

21 KRHAETUE

XN A AR R R R ETHEss, S5X)
WAL, CUMS 4IA BRI, H 5%
MAEE 7. 14, 21 RIAWREEMEZER (P<0.01).
MK-801+CUMS A R H A AL 7 KA T
HE5 cuMS i B2 (P<0.05), 15 14,
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x =
B = 15 F
E 2 o
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T s SmdET o
£ o =
~ 5L 1 7 14 21
1A () Days
K1 PUZR A S 21 d AR AR AL
Fig. 1 Effects produced by different treatment on body

weight change
I Y TR S A AR K L PR A AL P AR 38 ) WA T Al A
FRERIK PR AN VT T Pt A S 7] B3 ) Bl T A MIK-801 LR
WD BUEE STNMDA PR RUAESE BB BESR 7. 14 1 21 K55 1 KA
bE, RIS, T XA, AR (P<0.01); #:
SMEAML, FREEER (P<005) (FLFETEMN) .
Intral-hippocampal injection of saline alone (control), saline plus chronic
unpredicted mild stress (CUMS), MK-801 plus CUMS (CUMS+MK-801),
and N-methyl-D-aspartic acid alone (NMDA) on the average body weight
change before intral-hippocampal injection on days 7, 14 and 21.
Mean with “**” is dramatically different from control (P<C0.01) , mean
with “#” is significantly different from CUMS (P<C0.05) (one-way
ANOVA) .

21 K MK-801+CUMS A AR NG RTE, 5
CUMS AL E R TE 2. NMDA 4465 7 K
RTAA R SRR, 5 14,0 21 R P LT,

{5 BT R AR 2218, 5 AL EL 3 b B 2
PSR (P<<0.01) (F 1),

22 THEMLER

221 HEAKRIEREE S DU BONE K 2 50
KAmZ R BEER, ZREETFEEXF G g
=6.66, P<<0.01; F . 13 =8.13, P<<0.01]. CUMS
ZH K BB KT R 1 I AT R (P<<0.01), X HE
K I 52 B T X AL (P<<0.05). I i
HESNMDA JE KRB A HE FFE (P<
0.05). ¥ LIEHIMK-801 HEH] B 1R ECUMSA KR
SHHK R Z, SCUMSALE, HAaREE2ER
(P<<0.01). (% 1)

222 WipRIa R AR RAED 5l
AR 3 BT RMEFS 20 B A LA (2

%‘%E[F (3, 23)23.81, P<0.05; F<3, 23)24.11; P
<0.05; F 3, 23, =4.54, P<<0.05]. 21 df& N5,
CUMSH 17K~z Bl #4453 T Az B A5 #5 I 1

F 1 MEBAXREFEAN R FEIFRIMESE)
Tab. 1 Effects produced by different treatment on sucrose preference test (M = SE)

4+#1 Groups M Size  BHKMEZ Sucrose preference (%) BiK ket Sucrose consumption (mL)
X 4L Control 7 78.56+3.73 78.83+7.77
M CUMS 8 63.96+5.10° 33.64+3.92"
NHHBH B FIZL CUMS+MK-801 6 84.99+4.82" 51.83+12.16
WEhFIH NMDA 7 89.75+1.41 52574420

T TR AR B R K A TP PR S [R] I P R A A R K L A8 AN T AL A R I3 R B A Rl RV S MK -801
DA S HOIT E SR E STNMDA UK BRAE RS 1 R FET BRI E R " IRALAR R, B 2R (P<0.05): x4l
MLk, FRBEFET (P<00D); "HNEMAMNL, HREHEET (P<0.0D) CRFZFESZEI.

Intral-hippocampal injection of saline alone (control), saline plus chronic unpredicted mild stress (CUMS), MK-801 plus CUMS

(CUMS+MK-801), and N-methyl-D-aspartic acid alone (NMDA) on sucrose consumption and sucrose preference 1 day after CUMS.

Mean with “*” s significantly different vs control (P<<0.05) , mean with “"*” is dramatically different from control (P<0.01) , mean
with  “*™” is dramatically different from CUMS (P<<0.01) (one-way ANOVA) .

ICT X AL, 75 0.01 KPR EREE, BIEHH
BFELT A4 (P<0.05). MK-801+CUMS 415
CUMS 4iAftL, /K Vizafss fl2E Hiz 515 5 76
0.05 7KV I #BA B 1IN, AEA15 50 A B & 8 n (P
<0.01), SxtlAMLtL, ¥R EMNZER . NMDA
A3 SRR, 1E 0.05 K P BE T
BT (M 2)o

223 SRIEVEVK IR LS A AR RUE SR Ui Uk
SIS AN B I 1) S AR L 8 25 5 B 5 [F 3, 23=3.38,
P<0.05]. T T 21 dfICUMS /5 K ELIIAS S ]

BEMT KA (P<0.05. CUMSI[AE 4T
MK-801 J& K Bl HF vk AN Bl ] 8] 55 CUMS 2 AH LE X
WERL (P<0.05), H5FEH/KVHL. NMDA
YK BRI VAN Sl ] o) 56 AR LG, 238 T (P
<0.05) (K&l 3),

23 HRBHLUFRNER

2.3.1 nNOSTEF G RIE  SHEHLN KK
I, AFEAEFR R B S 4R [H] (dentate gyrus,
DG) 5 CA3 XnNOSHKIA s A LL 2 57 W& [F . 09
=12.29, P<0.01; F . 23 =10.45, P<0.01]. 12
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Fig. 2 Effects produced by different treatment on open - field test
VFED TR YA S A R K L B PR AN T DR A R R ) I v S A B R K L 8 AN T DL A R R I I G R S MK-801 LA
SR T G ST NMDA DYZK BUZEW™ 3 SE 80 K1 (A) K T2 301345, (B 1183453 FI(CYIE 1T 4
*o BRIEADNEG, AR ZER (P<0.05); **: SXMMALME, AHREHZER (P<0.01); # SNEAMK, AREZER (P<0.05) ;
# SNEAHL, AREEER (P<0.01) (BERTZES .
Intral-hippocampal injection of saline alone (control), saline plus chronic unpredicted mild stress (CUMS), MK-801 plus CUMS

(CUMS+MK-801), and N-methyl-D-aspartic acid alone (NMDA) on (A) locomotor activity, (B) rearing and (C) grooming in open field test.
Mean with “*” s significantly different from control (P<C0.05) , mean with “**” is dramatically different from control (P<C0.01) , mean

with  “#”

180
160 | .
140 |
120 | #
100 |
80 |
60 |
40 f
20t

CUMS+
MK-801

I B I A] Immobility (s)

X
Control

CUMS NMDA

#H| Groups
3 VYLK LA R0 Uk S5 B AN Sl IR 1)
Fig. 3 Effects produced by different treatment on
forced swimming test
I Y TR R A AR K L PR A AL P AR 38 ) WA T Al A
B ERK S AN T TR R A S ] IR E T A S MIK-8011 LA
T CEE S NMDA PUYZLK R AE SRk SE 8 A AN B I ) o
*RANGR AL, A REZER (P<0.05): #: SN, 78
F 225 (P<0.05) (RRRIRITEM) -
Intral-hippocampal injection of saline alone (control), saline plus chronic
unpredicted mild stress (CUMS), MK-801 plus CUMS (CUMS+MK-801),
and N-methyl-D-aspartic acid alone (NMDA) on the duration of immobility
in forced swimming test.
Mean with “*” s significantly different from control (P<C0.05) , mean
with “#” s significantly different from CUMS (one-way ANOVA) .

P RNOK B D DG 5 CA3 [X nNOS HIK A A 1)
BE T (P<0.01). MK-801+CUMS 415 CUMS
AL, HE SR CA3 X nNOS )ik B 1)
BN (P<0.0D), HxE4IHL, Uik nNOS
FKIETRFEZS, 1 CA3 [X nNOS KA & & 1%t
M4l (P<<0.01). NMDA ZHifE 5k [9] nNOS %
XA, BFHE (P<0.05), 11 CA3
X nNOS KA THR, (HIEREZE S (P>0.05) (K 4,

is significantly different from CUMS, mean with “##” is dramatically different from CUMS (P<C0.01) (one-way ANOVA) .

6)o
232 INOSYEHF T [)3iE  One-way ANOVAZMHT
HKWI, VUK RS DGHICA3 XINOSHKIA kL
B, ERAGEREYF 6. 23 =30.99, P<0.01;
F . 0 =13.91, P<<0.01]. 21 dffyMdEAn] i Wk
IR KR S R [Pl 5 CA3 X INOSHIRIA 5 X
WZHAH LA M B 25 Ty (P<<0.01). 18t N3 )
I i E ST MK-801, S5 CUMSAIAHLL, K
BYRIFINOS RIAA TG, (HEG = X,
MCA3 XiNOSIHKIA 2 # T F (P<0.05); AdR[Al
MCA3 XiNOS Kk & m T x4
(P<0.01, P<<0.05). ¥FDhfaiEs NMDA J&,
WL UIR PRI CA3 [XINOS (K615 5 %) B4 AH L,
KEW S ETE (P<0.01) (K5, E6).

3 i #

FIAR i i A AR AR E BRI TS S ) R
R DHRRL R R B AR B ARAS o 12 AN ]y AL A
IS 55 N EHABIE I R AEARAL, BT vz B H
Jy FAR 2 ) K A (Willner, 1997; Naranjoa et al,
2001). £ 21 dBMENEUE, NP AR
WK B RS . TRRAT Ny BN B e P05 [ e A P
FeA. BB NRESERER, #0 N SSIMARAE 2R L
FAABL. RIS 45 A W, AU SR 7K FE &
SHE KA R B W] 05D, B 7 g 52 PTG A A P
I = I R MR bR (Willner, 1987; Lin et al,
2005).

W98 TG RE N EEA Yy, K 18
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Control CUMS MEK-801 NMDA Control CUMS MK-801 NMDA
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K4 DU4LK U S nNOS FHE R e E H
Fig. 4 Number of nNOS-ir neurons in the hippocampus for each group

G SRS AR ER K L 1R AN R TR AT SR () IR R S AR FR R K L 18 AN T TR LA AT SR (] IR S R S MK-801 Al
BT T AR S NMDA. DU ZH K RTEVE T iR [El(A)FI CA3 X (B)M e 7o — S A LA B I FH P SSDRE S H

o GXTHALRILE, R ZES (P<0.05); **: LXTMAMILL, ffREZR (P<0.0D); ##: 5RBAMILL, AEEZR (P<0.0D
(CABIETTEIT) .

Intral-hippocampal injection of saline alone (control), saline plus chronic unpredicted mild stress (CUMS), MK-801 plus CUMS
(CUMS+MK-801), and N-methyl-D-aspartic acid alone (NMDA) on the number of nNOS-immunostaining in (A) DG and (B) CA3 of
hippocampus of rats.

Mean with “*”
with  “##”

is significantly different from control (P<<0.05) , mean with “**” is dramatically different from control (P<0.01) , mean
is dramatically different from CUMS (P<<0.01) (one-way ANOVA) .

. r oy
E =1 +¥ v B %
wm TF e £ 8 39
Ii o st % I © % #
= Z w O 25 i
e i [ S E 20
% 23l é g 1.5
HE 2t g0
2Bt @ G 05
4o . . . % E 0 . . L
oyt CUMS+ = gt CUMS+
Control CUMS MK-801 NMDA Control CUMS MK-801  NMDA

# Groups
K5 UK RS iNOS PR M & o H

Fig. 5 Number of iNOS-ir neurons in the hippocampus for each group

T P S A B K L PR AN AL Pt AR A [ Al A A B ER K L A AN T LA R 38 I T Bl A S MK-801 A
BRI H A S NMDA P21 K BUZEHE S iR [l (A) T CA3 [X(B) i 3 20— S Uk S I 1 BH PR S H

o XA, AREZER (P<0.05);, ** SXHAMW, AiREER (P<0.0D); # SNVMAMILL, fR#EER (P<0.05
(AR TTEIT) .

Intral-hippocampal injection of saline alone (control), saline plus chronic unpredicted mild stress (CUMS), MK-801 plus CUMS
(CUMS+MK-801), and N-methyl-D-aspartic acid alone (NMDA) on the number of iNOS-immunostaining in (A) DG and (B) CA3 of
hippocampus of rats.

Mean with “*”
with “#”

is significantly different from control (P<<0.05) , mean with “**” is dramatically different from control (P<<0.01) , mean
is significantly different from CUMS (P<<0.05) (one-way ANOVA) .

PE N BAE A2 A i R T, A IS
e EES v ie S vt D OR AT 32 (K I 4 d A
BT RS CA3 DR Lt IR TR 5 1 4 H
R RO BUHEARZE BAE T, FEAIEE L Ak [a]
WURE 20 L2 14D 40 Y P 2E (Duman et al, 1999). 58 %
B, NESIEARED Glu KFTFE(Yan T et al,
1995). HH, #2408 M H NMDA Z A& K5 2 Rl

SRR, WA RE S5 A DG A ) e vE, AT
NMDA 52 4438 38 35 1 v] R B A v6 T 80 Bhid o7 i
A8 . NMDA SZAKAESE 4 MRS B fE s bt
R )V Uk ) BAT SRR AR ] (Maeng et
al, 2008; Papp & Moryl, 1994). W53 Glu i &
eI, NMDA =244 %, MK-801 5 NMDA
SRS, WHEIAER, TS B SR H .
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Fig. 6 Expression of nNOS (A) and iNOS (B) in hippocampus of rats
a: XTHEAL; b ABPEA T BULARRASAAL; o YA HULMERATN B MK-801 415 d: ¥ SRETES NMDA 41, DG: g5k [ml
X5 CA3: i1 CA3 X,
a: control; b: CUMS; ¢c: CUMS+MK-801; d: NMDA. DG: dentate gyrus of hippocampus; CA3: CA3 of hippocampus.
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