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[BE] HE BEIGZERFT™ 80 HRFFUNMAT 518 5 X L [ ( dopamine, DA ) , " FRK LR (3 ,4-
dihydroxyphenylacetic acid, DOPAC) & & (UM, JEHET B AHSCHE . F7ik IO FH 25 00 el o vk 2 o7 24403 ' 27 LA
B SETNT 80 H M BEAT Morris /KK B 288 WSRIA M A & ;@ d‘ﬁuﬂdizzmxfmﬂ X R BN,
N7 e TR AH €33 - L (7 R A I ( HPLC-ECD ) ¥A DU & A7 BRGE HT I H DA \DOPAC i, &R SXTRALLE,
80 H HAASTIR 20 A7 BR P~ 47308 Sl v (R0 i R 8 ek S B U 02 20 % 30 2% X34 R P IR MG B8 5 IR B>, 2 5
WEPE(P< 0.05) ;80 H B {7 Bl S A MESME H DA \DOPAC MZKAE A& E TR [ 3 AR, 2 5
WEM(P < 0.05);80 H A7 BRI X BRI 28368 T DA 15 FHOF- 2k b v AR 0 | 38 5 WRBUIRAE IE A OG5 20%
1 %5 DSBS B I TR A A SRR DG OC R AHOGHE .35 (P < 0.05) s DOPAC 5 AP 84 16 i v AR 401 155 45 R BUAF E TIE ARG,
XM (P<0.05), &t 4R 80 H T Fl=s Al2= > i2 128 1, 1/ 5 X DA \DOPAC &,
HINH R EKFE5H 5 X DA DOPAC A& PR IR B VIR X,
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Correlation between cognitive development and levels of dopamine and
3 ,4-dihydroxyphenylacetic acid in the hippocampus in 80-day-old
neonatal rats born of fear-impaired pregnant rats

LI Xin-min, YANG Li-ping” , WAN Hai-jiao, ZHU Jiang-hui, HOU Jun-lin, ZHAN Xiang-hong
( Department of Integrated Chinese and Western Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, China)

[ Abstract]  Objective To investigate the correlation between cognitive development and levels of dopamine ( DA)
and 3, 4-dihydroxyphenylacetic acid ( DOPAC) in the hippocampus of 80-day-old neonatal rats born of fear-impaired
pregnant rats. Methods The pregnant rat model of fear-impaired kidney was established by watching other rats shocked
with electricity. The cognitive development of the neonatal rats was assessed by Morris water maze test at 80 days after
birth. The brain microdialysis samples of the right hippocampus were collected using a stereotaxic instrument, and the
levels of DA and DOPAC were determined by HPLC-ECD. Results Compared with the control group, the mean escape
latency of the 80-day-old neonatal rats in the model group was increased. Their swimming speed was slower. The 20% time

spent in the peripheral zone became longer, and the frequency of platform crossing was decreased, showing significant
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differences (P < 0.05). The levels of DA and DOPAC in the extracellular fluid of the hippocampus of the 80-day-old

neonatal rats in the model group were decreased at each time points of perfusion, showing a significant difference (P <

0.05). The level of DA, a kind of monoamine neurotransmitter in the hippocampus, was positively correlated with the

mean escape latency, the frequency of passing the platform of the 80-day-old rats, while was negatively correlated with the

20% time spent in the peripheral zone, with a significant correlation (P < 0.05). In addition, there was a positive

correlation between the DOPAC level and the mean escape latency, the frequency of passing the platform (P < 0.05).

Conclusions Fear-impaired pregnant rats can affect the spatial learning and memory ability of their 80-day-old neonatal

rats, with reduction in the levels of DA and DOPAC in the hippocampus, which is closely correlated with the cognitive

development of the neonatal rats.
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1.1 Sz

80 H % SPF 4% Wistar K59 H, Hd M f 34
HOPRTEE 220 ~250 ¢; MERR 25 H AT 250 ~290 ¢,
K F Morris 7K 286 B 5256 A HAA HIK -, e B Ik 28
IR — 350 B A R I AL 00 3% 00 2 56 R Ry
SRS O IR BE2H 15 B VIR K —3
LR Ae e 15 FUE AR se Bl B, T AR 1 3 4
iR, DL SPF 9% Wistar K ERIIH LA &4
ANEIRHE SCXK (£) 2014 —0001 ], M Bl 404 . 4%
HE B AT 7 200 52 30 K B3 S A TR 2 ) R4
T 15 By, 2 n M Bes 32 25 0L o 3
HENT PR B R SRS B g T G T A
O AR P S 2 KA S B g rh ol B ) S
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1.2 XIWH*E
1201 R0 20 R A g 57

H 1l 22 i 4 J& 2 1B Ogawa 1 Kuwabara'®' iy
Communication Box System BT AL, 45 em x 45
em x 30 em AALLIELH N, % N R A ML AR 73
MO 15 em x 15 em x 30 em /NE /PNEZEAH
LB B A AT EHAE N 1 em /ML, BERT {5500 5
ik L 2R @, SCRT A 55 0 B a0 oE | T | IR
AT R AR B . IEER i B4 3 mm | [A]FR
11 mm BB 22 20 B, PT DA% H2 08 s 48 45 1 KB
AR, ACE L B T e NE R A N E 15
em (= AL IR AT AR i HOAN RE 16 i 2 IS
T8 25 WL LA AR A/ INaE A Tnb AR

BN 8 1 5 s HE RS 1 R T 9:00 a.
m. K L SRR 55 0L BRSO A B2 U A A I Y /=
V‘],Eﬁjﬁ 10 W\/d,3 min/R, EARUT . 70 3% & i
165 s, EMTLE IS W0 15 s, W0 i B 25 7 WE ik 25
~35 VHLUIFE 6 ~ 8 U, HA 10 Y/d, S5 WL AT LA
3 o) B C ke H o P BRI R A2 8 R A ) R
AREZ BRI I BRER | E AR A fi 55
WL B T W5 A RS 5 A L RO BN
1.2.2 MERZERTT ik

AL ME UGS 15 KA T 9:00 p. m. F2MEME2: 1
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17 BRAESERE B2 4, 2 B ATLE 7 26 1 D AR 1Y
FERh R R 5 HAkSEMm SR, 2 80 d I FHZ AL
I I 15 HAFEAT Morris 7K 2K B 5256, IF
FHRGE M H AR R NG E AT A DA . DOPAC,
1.2.3 80 H ¥ 4F B 2% 2212 8 71 9 5E ( Morris
TR S )

WEPEEARN 2 m WKL, 23 ) S AT 5 gk
T b R B RO 5 0 B R FE AN AR K IR i 7E 25 ~
27°C , KOEE T HE 2 1 em, K A0 A & 4 2 20
FEXSY, LUBA OR AT BRUAE 7K L i Uk B AS BT 5
AN TR ST 3 d, 5 4 RIEAT25 (AR

25 [ E DU T S5, iR 3 d, AR 4 WK, 45
2 URSEEGRIBE A 40 min , 45 UK SE 56 s Bl MLk HUAT FR
(TR G R L THT o) s BE A K R 2 min, A7 B
16 PR 5 s B F- 6 a2l #5814 2 min
WIHAFREPE & W TR s 5] 27 & 4k, IF T HAE
P& EAFEE 30 s, BAF BUNATK B 6 B Y I [A]
O R RV AR, - 65 R B e BRI 120 s,
%4 RIFG#E T2 B8 RS L& 1 REEHL
TP RIEERATR 4 DRI A, 8747 BAE
2 min PN YR BT 5 YO UK 20% 0 % X I
SRR A]

1.2.4 80 HAHFEL#EEIX DA \DOPAC £l

(1) M 325 A7 VR A o JRR IRAT B, SR A0 B B &
S, W I T A Wi S AR AL AT BRA VAR
X U A AR A 2.8 mm, L: +3 mm,
V:3.4 mm;A;: -5.20 mm,L: +5 mm,V:6.5 mm,*ﬁ
AEE B MR EN R ERHE N 1.5 pl/min,
SRAR 133 AT BOCAR B A Bl R AR R B — I EP 4
W, HBRAERSIRE 3 B 4°C, & 20 min W HE—

WSO 52 HE B2 FH i RO 8 3 L 7 ARG T
(HPLC-ECD) yE#EAT A5 I, A B B Ip A6z DU A il A —
80°C VKF IR AF .

(2) b o 5 B TC 1 . A %5 FREL DA DOPAC 4%
0.5 mg, & F 10 mL & &), MK R ERE
10 mL T RCERR, BB 53 50 BT IR A, B il
WM 100 ng/mL, 50 ng/mL,25 ng/mL, 12.5 ng/
mL,6.25 ng/mL 46 BEIE & X BSVIA W, B T
- 80°C VKARTRAE

(3) HPLC-ECD 72 Wl % 1 B 35 #r V& ' DA |
DOPAC & f: (B35 25 1. W B A A Sy i — 040
100 mmol/L, #7BE R &1 50 mmol/L, EDTA 50 mmol/
L,Sé'}:)'%ﬁ;ﬁﬁ;%w 1.7 mmol/L,%ﬂﬁ%Eﬁ 2 mmol/L;?;ﬁfﬁJ
B G, A B =90:10, & I sl A HE N
0. 125 mL/min, 35 30°C , B Ak 22 K I 2% 7 FH B
TAEHBL, TAEH R 520 mV, 3254 10 nA, HEEE
20 pl,
1.3 SitFEH*E

JIi A TE 25315 LG 2 7 22 55 P AG: 30 10 B8, R
FHARSEAEAS ¢ Ky, X AN R ¢ K5 4514 R
B BB L . R FH Pearson FL25 40 Mk #4741
Mo KK EEC P =0.05,P < 0.05 R H
e -9

2 #R

2.1 Morris /KEFELIHLER

80 H AR 20 A7 B4 i BR 41 [ H A7 BRSP4 2k
T ORI B[] AU Dk o B 18 | 5 S B 20% i
GIXWEEEK, 2R AR EE(P<0.05), W
#1.2,

Fz1 80 BT B M UAT LR PRk b R (2 5, n=15,s)

Tab.1 Mean escape latency of the 80-day-old neonatal rats in the spatial navigation test

4151 CIRIPN %2 K EXIPN
Groups Ist day 2nd day 3rd day
XTHEZH Control group 51.23 £13.18 37.00 £10. 27 24.75 £6.96
BEIIZH Model group 74.03 £9.60 " 54.87 +10.00" 41.15£9.46"
TE R BT REAS ¢ Kty , SXF IR LLAL, * P < 0.05,
Note. Independent sample ¢ test was used, and compared with the control group, * P < 0. 05.
R2 80 HIRAF A MR R I P NMEARI LA (v 5, n=15)
Tab.2 Comparison of the indicators of 80-day-old neonatal rats in the space exploration test
415 Tk /m/ s 20% 214 DX S 45 B I 1)/ BT 5 U
Groups Swimming speed 20% time spent in the peripheral zone Frequency of crossing the platform
X} BEZH Control group 27.48 £6.05 30.49 £8. 04 4.27 +1.33
FEIIZ Model group 15.45 +2.47"* 40.90 +5.78 * 2.06+1.03"

TE SR HSIREA ¢ 1655, SR HEL, * P < 0.05,

Note. Independent sample ¢ test was used, and compared with the control group, * P < 0.05.
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£33 80 HIMFRIFLALIH DA MKFE(x +5, n=15,ng/mL)

Tab.3 Dopamine levels in the hippocampus of 80-day-old neonatal rats

HE LA 18]/ min

a5
:E%J Time points of perfusion
Groups
80 100 140 160 180
Xf HRZH
19.89 +1.28 19.84 +1.20 19.03 2. 10 19.85 +1.02 19.87 +1.17 18.96 +1.52
Control group
FEAIZH . .
3.44 +0.68 " 3.59+0.91" 3.62+0.79" 3.70 £0.76 * 3.71+0.82° 3.80+0.85"

Model group

ORI STREA ¢ R, SXFIRAL LS, " P< 0.05,

Note. Independent sample ¢ test was used, and compared with the control group, * P < 0.05.

R4 80 HIRFEIFDLHLIH DOPAC K F(x +5, n=15,ng/mL)
Tab.4 DOPAC levels in the hippocampus of 80-day-old neonatal rats

TE AL 8]/ min

ZH 5
— Time points of perfusion
Groups
80 100 120 140 160 180
xR
. 9.96 +3.85 10. 47 +4.28 10.88 +1.70 10. 15 +4. 80 9.97 +4.03 8.80 +4.35
Control group
ikl . : : . :
5.09 £3.35 4.99 +3.25 5.08 +3.23 4.86 £3.27 4.96 £3.09 4.70 £3.22

Model group

W R STREAS ¢ 4636 X IR LA, * P < 0.05,

Note. Independent sample ¢ test was used, and compared with the control group,

£S5 AFRUIEERIAAL T 555 X e

P < 0.05.

JEAR AL 34T (r {H)

Tab.5 Correlation between emotional and cognitive development and level% of monoamine neurotransmitter in the

hippocampus of neonatal rats (r value)

K FE 45 Indicators tested DA DOPAC
-2k 3 PR AR 3] Mean escape latency 0.487 " 0.419"
B IEL Frequency of crossing the platform 0.630" 0. 460 *
20% i1 2 X 345 BB IFE] 20% time spent in the peripheral zone -0.643 -0.253
ij:: “P< 0.05 °
Note. * P < 0.05.
2.2 80 HiRfFRIEDALRMMIMNEF DA HIKF 3 iFig
A e F 4] 58 pa P S “ N 2z o
80 H A5 AU 20 A7 il o o 2H 2 40 L AW P DA -2 B 52 S AL 0 B L EL 7 ]2 5T A

() 7K P25 HE T I T i X8 32 W) H i X6 BR 2H A BRUIR
ERAREME(P<0.05), WHE3,
2.3 80 HRFRIBED AL MMIMNEF DOPAC K
7K

80 H i 1% 7Y 20 47 B g 5 21 20 40 a4 W
DOPAC 17K V-4 T 3t B[] 5 27 e % B L ) ey
FERUR, 256 BEE(P < 0.05) , W4,
2.4 80 HRFRINNABESBEXEREMER
RHEX DT

80 H (1 BRI o X e M 238 it DA 5
HOOF B 0k e v AR 0 B B B E IEA G, 5
20% i1 2% DX 3045 B3 B[] A7 76 7 AH DG OG22, AH OGPk
BEFE(P < 0.05); DOPAC 5 H ¥ ¥ ik ¢ 3% 1k
WS B IE A &, M e B3 (P <
0.05), W5,

SISk VA J‘Jﬂé??jﬂ&fﬂﬁﬁiﬁh ﬁ%i%%«%fﬂ%
EARN /T EARN /S E5i; Uﬁ“iﬁﬂr&“’] I HAE 50
AR R A eI W f2 vp 2 B R %M‘ﬁﬁéﬁﬁg
1 0T, T AE R BT 0 58 R BR 2 D A 2 Jn ik
FEATICIC R 30 X Y 22 TR, 638 A
%Sl‘ﬂ?i%ﬂma'é\%ﬁiT?ﬁﬂ‘fﬁiﬂﬁ%ﬁﬂ“fﬁ{%ﬁ%ﬂ
Be , #0045 1 B A A 5 8 0T 5 d5le = A0 5 551X
Z B RERE N 28, T 22 B Bl 2 1R I 4% 9% 4 5 i
Z M e 23 DL e Bl i 22 L e 2 2ok 3 T i B
fhize g™ eSS al2E A0 A2 RE 1 B it B, 2
ELIZAZ 1A DIR A1 DSR AR 20k —J6 B ik
ABIFFEAE F 822405 28 TR 40 25 ] 2% > ie A2 fg
IS B, 355498 07 FH A0 A B ARG I v 25 X DA I
HARB =4 DOPAC 7K -,
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Morris 7K BNV K77 R RS04 2B} 24 50k
TH BB WS 5 g 28 8] 24 2 FHd A2 68, it
F124 210 REF 98 1Y AT S ik Y B A AR
FM 252 B 80 H I A LT BB AR W IE K
DAL ZS [] 2 ) FHC AL 68 77 B AR 25 R R S0 5
R 2 BRI 80 H AT BRUINE Uk R A 20%
NG E oy AR K, B 87 15 B0 /b, 3 B 2L
P2 RO B B S8z S S e R0, ¥ S DA
F1 DOPAC 7K - 55 P 34 ok sk v AR | 35 5 AU AT
TEIEASG, H DA 5 20% i1 2% X 38 {55 B3 B (6] A7 7 17
FSESE 2 IR 2 ST B2 > AE 12 BiE 7 i
WIS 5 DA F1 DOPAC /K- H B AR B UIAH G

G RBFGE 22, 721 DA 7K 7 53048 43 % 2 1
HMIZE, S5H 4L DA FAT AT S IEM L s
S ZE S R PRV I R 2 R RO A B
1127 210 A8 7 1 ik B 5 0 2 DX Mgt 1) 45 #) S 5
IR ) S SEhiF 5T 45 BB ED UEAR T 7 45 S (14 7 4
Pk, Wk — B R AW GEHE B Jr 1, RIS, A6 AE
SCA DRI /NN OB E ot B TRk VAL OR i EZ:BC ) jiR Y SIS
et 2 HE TR R BT .

S 3k

[1] LiuX, Ma X, Hu X, et al. A risk score for predicting post-
traumatic stress disorder in adults in a Chinese earthquake area
[J]. J Int Med Res, 2012, 40(6) : 2191 —2198.

(2] X432, ™, SEimm, 55 B BGENE A P &
BLl A FTE R [J]. TP EESS & 2%4k, 2010, 8(2): 106 -
110.

[3] Kofman O. The role of prenatal stress in the etiology of
developmental behavioural disorders [ J]. Neurosci Biobehav
Rev, 2002, 26(4) . 457 -470.

[4] B, ZWT, 2R, . 28R4 U 2 K
iCfZRET R (1], P EAIE TR, 2013, 29(2): 214
-216.

(5] s, M)y, FES, & 224 RO HAT BU & & 1Y

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

Soma ROLHLRIBTZE [1]. spAe 22 ], 2008, 26 (9)
2063 -2065.

Wise RA. Dopamine, learning and motivation [ J]. Nat Rev
Neurosci, 2004, 5(6) : 483 —494.

Lewis S. Dopamine boosts ageing memories [ J |. Nat Rev
Neurosci, 2012, 13(12) ; 812.

Kempadoo KA, Mosharov EV, Choi SJ, et al. Dopamine release
from the locus coeruleus to the dorsal hippocampus promotes
spatial learning and memory [ J]. Proc Natl Acad Sci U S A,
2016, 113(51); 14835 - 14840.

Sari fiana J, Tonegawa S. Differentiation of forebrain and
hippocampal dopamine 1-class receptors, DIR and D5R, in
spatial learning and memory [ J]. Hippocampus, 2016, 26(1) ;
76 - 86.

Weitzner DS, Engler-Chiurazzi EB, Kotilinek LA, et al. Morris
water maze test: optimization for mouse strain and testing
environment [ J]. J Vis Exp, 2015(100) : 52706.

Wang W, Liu L, Jiang P, et al. Levodopa improves learning and
memory ability on global cerebral ischemia-reperfusion injured
rats in the Morris water maze test [ J]. Neurosci Lett, 2017,
636 233 —240.

Field T, Diego M, Hernandez-Reif M, et al. Prenatal dopamine
and neonatal behavior and biochemistry [ J]. Infant Behav Dev,
2008, 31(4): 590 -593.

Pallar és ME, Antonelli MC. Hormonal modulation of
catecholaminergic neurotransmission in a prenatal stress model
[J]. Adv Neurobiol, 2015, 10: 45 -59.

Hosseini-Sharifabad M, Hadinedoushan H. Prenatal stress
induces learning deficits and is associated with a decrease in
granules and CA3 cell dendritic tree size in rat hippocampus
[J]. Anat Sci Int, 2007, 82(4): 211 -217.
Brown PL, Shepard PD, Elmer GI, et al. Altered spatial
learning, cortical plasticity and hippocampal anatomy in a
neurodevelopmental model of schizophrenia-related

endophenotypes [ J]. Eur J Neurosci, 2012, 36 (6): 2773
-2781.

(Y 7B #2017 -01 - 10



