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(WZE] HiY HEK R MBE H A5 5 (eyeblink conditioning, EBC) Hv, 2% {4 ]
( conditioned stimulus, CS) 5 JF 2544413 ( unconditioned stimulus, US) 4 H1 14 JF B %Il 25 %51 )5 2214 CS-US
BEXS YNGRl R S AEAE G AN, IF A T T BE P L. ik R 96 H (4 ~5 i, 1A
500 ~550 g ) it FFe A 2 [ A A KRR, LA A A0 i 4 - v 5 1) B R S Hh K €S (mPFC CS B
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XTREZH (8 41, B2 8 Hah¥y) AT (R Pk B 251 S5t (delay EBC, DEBC) R 35 M H 2% 14 I it
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XFYNZR % BREH B2 X sl bl CS 5 MM E XTI 2k 852R  7E Tone CS 5 mPFC CS #4411
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Pseudo-paired conditioned and unconditioned stimuli facilitates classical eyeblink
conditioning in guinea pigs

Wang Xiao' *, Wu Guangyan', Wu Bing', Yang Yi', Li Xuan', Sui Jianfeng', Yao Juan'('Experimental Center of Basic
Medicine, College of Basic Medical Sciences, Third Military Medical University, Chongqing, 400038; *Department of
Neurosurgery, No. 89 Central Hospital of Jinan Military Command, Jinan, Shandong Province, 261021, China)

[ Abstract | Objective To investigate whether pseudo-paired presentation of conditioned stimulus
(CS) and unconditioned stimulus (US) can facilitate the subsequent CS-US paired training of classical
eyeblink conditioning (EBC) in guinea pigs and to analyze the possible neural mechanisms of the facilitation
effect. Methods Ninety-six health male albino Dunkin-Hartley guinea pigs (4 to 5 months old, weighting
500 to 550 g) were randomly assigned to receive behavioral training of delay eyeblink conditioning (DEBC) or
trace eyeblink conditioning (TEBC). Micro-electrical stimulation of the medial prefrontal cortex ( mPFC CS)
or hippocampus (Hip CS) was selected as the central CS. A pure tone was used as the peripheral CS ( Tone
CS) and corneal air-puff was applied as US. The animals were divided into 8 experimental groups (n =4) and
8 control groups (n =8). The animals in experimental groups were firstly given 1 week’ s pseudo-paired
training with central or peripheral CS, and randomly presentation of US, then CS was switched from central to

peripheral or vice versa, and paired with US to establish DEBC or TEBC. Animals in control groups were
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(1) After the in

advance pseudo-paired training with mPFC CS or tone CS and randomly presentations of US, the acquisition

directly given paired training with central or peripheral CS and paired with US. Results

rates of both DEBC and TEBC were greater in experimental groups than control groups during paired training in
which CS were switched from mPFC stimulation to tone stimulation or vice versa and paired with US (P <
0.05). (2) After the in advance pseudo-paired training with Hip CS or tone CS and randomly presentations of
US, the acquisition rates of TEBC were greater in experimental groups than control groups (P <0.01), but
the acquisition rate of DEBC was similar in the experimental groups and control groups (P >0.05) when CS

The early CS-US
pseudo-paired training has facilitating effect on the subsequent EBC establishment in CS-US paired training.

was switched from Hip stimulation to tone or vice versa and paired with US. Conclusion

Two types of non-specific stimulations of both CS and US may contribute to the facilitating effect for EBC in

various degrees.
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2 MLt H &4 2 4+ ( eyeblink conditioning , EBC) J&
BRFEBeA R 2 ST M 2 E e LR A B > &
dt EBC 9 o7 o B AR BB A A T A 1 R
( conditioned stimulus, CS) F1JE 45443 ( unconditioned
stimulus, US) , RFEC X 31038, #24E CS 55 US 3L i}
[ 5¢ &, EBC W] 43 o 4E 3R Ve W H 2% 7F L 5 (delay
eyeblink conditioning, DEBC ) FIJ& i £ B H 45 4 )2 &)
(trace eyeblink conditioning, TEBC) Wi FEAM R, , 7F
PRI CS ¥4 T US ¥, {HYE DEBC H,CS 5
US [l 2557, B CS KBt 5 US # &, M 7E TEBC v,
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— AR R R . K LRI 2R EBC 47 W 7R
AL Z WU T SRS 20z Y
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N FY 85 o i kvl A A AR S R X CS (electrical
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T ARE A HIE AT TS, LR 2 B T W2
CS firg| AT M Z M W aE #2800, JF [ T DEBC &5
TEBC TR Y 26 5o Sl FATT R A F, it 0 B vt
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as CS,Hip. CS) WARMILER, [EREERNE LR
B rp RN H I A RSN e Ry CS K& US iR
FAL - REPE = JE 22 22 M EBC (1) CR B 40, X5
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SHCRTREALH] , AWFFEXT S AW 58 CS e X mPFC
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DEBC #3572 mifE T IR AR o

1 #MR5EFZE
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FETIRE R (25 1) CRHYIE N, 24 h JEFRT IR,
1.2 FR7 &
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(0. 1 mL) R4 JULTE BRI A B, K S R 11 2 3 il <7 A4
ENY _E (SR-6N, Narishige , Tokyo, Japan ) , 7£ %% 7% [
B EEE TS AN ELARZY 1.0 mm 1 /NFL, AR AR 43 5]
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6.0 mm,R 5.0 mm,H 4.5 mm) ., B4 LB EE X
BUR S TEAEINIRET Z 6], FH 27 BLoK U8 [ 7 SR ET AT e
Mo RIGME 1A, £ 42 B Az BOR SUK A B 4T 5 TF
GERpNI|ES
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A5 308 2 17 SR T A S TP X CS (mPFC CS
B¢ Hip. CS),Ll4li¥ fili#% (350 ms,2 kHz IF 5% ,85 ~
90 dB) fE M4 )E CS(Tone CS) , LIRS (100 ms 3
psi) fEN US, i K BB 64 07 3 d 193 7 38 (30
min/d) , 78t ] (0] AS 25 ) W0 it 55 4 o] 03 Bl S5
B (8 4, frdl 4 HahWy) i iz i1 JE
Hifix sk s8] CS-US JERC I 25, S8 J5 e 45 CS It 4T
6 d AT XTIk, X RR 4L 34 (8 4, 7541 8 H )
W) B2 TP ARSI CS-US Bxf P2k, Y ZRmd K
SR CEE TR 0 A LB 0 &y, DA AR B AT T Sk
O[] S, R H SR AR 3, S M e T K B
ARAT 7 BE B A 1.0 em, HAK CS 24 200 Hz/350 ms
() ER ik i CERAS Bk b 58 0. 1 mis ), BURR F A% S35, £R B
FRAART YC-2 il it FEL A o P DR (EL IR 5| A I
JINHEZ MR 2 I8 PR R L R JBE ) 40% 7, 43 1 100 ~ 350
pA(mPFC CS) & 100 ~500 wA(Hip. CS) . JEBIXVI
Zifsia . CS-US Z A i (B HA7E 1 ~ 10 s BEALEA, B X
YIGRAIIRIGA 35 ~45 (P340 ) (K 1A) o Bl
45t , DEBC Yk =t CS I 46 250 ms J5iiti 5 US,
HIRIAFES A (B 1B) ; TEBC Y24 : CS 45 55 ] b
250 ms iS5 US, B CS #4515 US & 45 2 8] 7] B 250
ms ([E1C) o FXFIIZRIEIE A 20 ~40 s(SF3130 s) o
A sl R R 32 60 Wl 2

CS CS CS
CS:(350 ms)
mPFCl/TIl’;ip.EEmufiﬁyﬁﬁf@g US 11 US HJ—I Us
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S A US Z e 1-10 s Bl @
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|
b, | or85~80 dB,350 ms H——1—
CS:mPFC/Hi]).Fﬂﬁ”'{%‘(ﬁk?@ﬁ‘} = . = 1

I

1
X . 1 1
Us: ﬁﬂﬁjﬁ:uﬁ(/ﬁ } 3.0 psi, 100 ms | : !ﬂ
| [N |
B (ms) ! —
. TEBC
! Sk : fcr YUR!
} 5mV : : : }
i 200 ms i : j i
R ; Cod
| 100~350/100~500 pA | I
CS:mPFC/Hip. ki 5 |_or 85-80 dB,350 ms | —
I . | I [} |
Usﬁﬂgwj\"—ki 3.0 psi, 100 ms i i Irj :
N 1
I 18] (ms ) & : ! ! ‘ ©

A e Bl 45 K (CS 4 465 % mPFC 3%, Hip. ¥ &) % ;
US HARA AR, CSHA US REAE LBt X Z,
Z ey 1 ~10 s MALESE) ;B .C. 2 8B A £H4R
4+% DEBC #= TEBC # X (%74 CS 5 US £ & 100 ms, /&
# CS 5 US Z 4 14 & 250 ms)

E1 FEEXREXTAIISGEXE

1.4 miREFHILER

YR , A ity A JE e 40 4 1) ko0 Je Je 45 K R UAE
M ARG B 2% . Je IR ANER Iy — U i 122 5 R AU I L
Wk tfiees ™ o RZIRIE 3o A 5K 1 A8 L e
HLE I Bl , AT DA S Ze A R B A 35 Bl 1 0 ILIA 5K
T RE AR LA 5 5 A AR th T RM6280
EVE S RELILRGE D%, F9RESIERS
RS . 10 kHz, 4738 : DC ~ 100 Hz (f& /&8 15
KI5 5 ) 516 ~3 kHz(CS J US f5 %) ; REE
5 mV(iKIIfE5) ,500 mV(CS J US f5%5) . BF M5
SHEAET R, I VO + + bl % TR
BRI BT S5 o

A MRS Sl 2 LR 2 A AnifE: O IR G IS
NE (B2 0 = ARG Sh LR + 1 mV; Q2 5
ORI RS FE T 15 ms, F&AFRZ IR 52 ( conditioned
eyeblink response,CR) % Y & US 45 H #LHi 200 ms
X BBk A i R IR TG 5
1.5 A®FEis

FRAAT R RS AT, 25 K BRI s 13 S BOE 5l
B LZH (1% ,2.0 mL) o JEfE 200 IEEE 500 mL
AR K AN 500 mL 22 3R PSR . U AL 2R, 7%
BT 4% ZRPEEHER D VA ATILR, IhH A g
P22 30% JREME/4% 22 W IE R W P i K o A7 i, 2
HARIH R (& B HE LA E) |, Bl 5 Y 7 Bk
NI GRS 10 wm SR ATV A, JE IR
e 8 A AR ARV . LR R o e T BRAH T e
() 30 AR BE T AT 20 B A, O A K B ST A A B AR
U A AR A B A I BRI AT
Bl AT T 5 B EdE SR
1.6 St

] Excel BAHRIMERBIEEIR, BHE L 2 =5 R,
IV FH SPSS 18. 0 ZE 31454, i Sk o 52 ) 2 404 1)
T3 2200 M AR B R R 5 22 00 Ar o0 A R L R
Ji 254570, ZH i LD,
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2.1 mPFC CS-Tone CS &4 T, 4F Bext d) i 3 & 4 69
DEBC A TEBC 2 3 3 LA 5 fe it
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—a— mPFC CS 525654
—A—mPFC CS % HEZH
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1 2 3 4 5 6
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—&— mPFC CS 528641

100, 2~ mPFCCS popiiEaiN
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a
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BT I BT H13 H% Tone CS 3FBLad il %, &3 MR 20 87 4934
% Tone CS JEFestH 2 ;a: P <0.01,5 mPFC CS xf B4 ik
A:DEBC /7 4 # X (%4 n=4,%x8B4An=8);B.TEBC

ITABEX(FEBEn=43BHn=T)
B2 Tone CS-US JEER 3 RIH X /54 H mPFC CS 5| S8y
2 EBC F 3 1) 5 4L 35
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i 2 3 4 5 6
PNl (/) @®
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o
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A SIS AT A1 3942 % mPFC CS 3k Be st 4 , & A B8 2097 20

¥ % mPFC CS 3 Bext 9 %;a: P<0.05,b: P<0.01,)5

Tone CS B8 20 b 42

A:DEBC AT HBX (F%HMn=4,3 B2 n=8);B:TEBC

FABRX(ERAn=43BAn=T)

B3 mPFC CS-US FEX R R LB Tone CS 3| 8/
# 2 EBC % 3§ 5 WL

7£ DEBC g TEBC #20F , Bif 047 HE Ao I 25k 19
S 2H 55 AT A0 JC A X DIk xk BRZH EU A, A CR
MBS TIEH . B 2A SR, ALK A, B
A E I TR RO (P <0.01) S HAEH (P <0.01)

DAl 225 (P <0.01) . [#1 2B 7R, P )& i Ltk
B, BA W E MR AN (P <0.01), 22 HAEH
(P<0.01) LI K2l | 2 5% (P <0.01) , 45R4ER, 78
DEBC af, TEBC #=UF, S HIHITC Tone CS JEFCX I Z5
X BREH AR R 45k mPFC CS B il 25 2] 75 CR #ORAH E
B HTAA Tone CS HEFCXT I 2555 B H 7R 5545y mPFC
CS P IIZ52]1% CR HAR TR,

£ DEBC 5 TEBC £, Fii A I B Y1l 2k 1
SEIOA 5 AT I TG AR Fl X I 2R g 5 R4 HL B BT CR
AMBBE TR . itk B 3A BoR, i
(] A oA, B 0 5 A I TRI R, (P < 0. 01) A2 HAE
FH(P <0.05) DL e #Hm) 22 5% (P <0.01) , & 3B W7,
PRZH [E] R A Lo A, BAT W 35 A I [E] 007 (P < 0. 01) Al
B2 (P <0.05) HIEZEAERH (P >0.05), 45
RN, 7E DEBC 8% TEBC #3CF, 57 JC mPFC CS
FEECXT I R 0] BR 2H 75 5% 4 2 Tone CS FL X Il 25 ~) 15
CR R AH H#E, 7 WA mPFC CS HEBE XTI 25 55 50 41
TERE45 N Tone CS FEXTIIZR~J 15 CR ARG,
2.2 Hip. CS-Tone CS &4+ T, 3F Be x4k f )5 4: 69

DEBC % TEBC % 3 L4 R F %

Kl 4.5 735 7R 7E DEBC 8¢ TEBC #= T, CS
Hip. CS(H#X) 5 Tone CS(HME) I, CS HAfpi AR R
YL RN CS FAR ST ZRAY CR A5

—a—Hip. CS 5541
—o—Hip. CS X f&41
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1 2 3 4 5 6
PN () ®

—=— Hip. CS SLH4L
100, o Hip. CS XfHEZH
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1 2 3 4 5 6

YNZRHF ] (e/d)
B FIAFT I3 4% Tone CS 4k Be 3t 45, & 2T 18 20 37
¥ % mPFC CS e Best 9l Zk; a: P <0.01,%5 Hip. CS 18
PR et
A:DEBC /74X (F sl n=4,% 8% n=6);B:TEBC
T AR (FEB M n=4,5BHn=6)
4 Tone CS-US FEEL XTI X /5 4L Hip. CS 5| &8

% EBC = AFAEFM
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—8—Tone CS 25041
== Tone CS XJ 4]

1 2 3 4 5 6
Y] (/) oy

—=—Tone CS 5041
100 =—Tone CS XJ 2

YL E] (e/d)
A I AT 493 3% Hip. CS 3k Bestil 2, 2T 1B 2087 4135
F Hip. CS EEest|Za; P<0.01,15 Tone CS %A LEL
A:DEBC A7 A#X (£ A n=4,% 8% n=7);B:TEBC
ITABEX(FEBEn=4,3BHn=5)
5 Hip. CS-US JEFE 3 HI#3t fF4EH Tone CS 5| SHY
X EBC EIJRFAREF M

#£ DEBC 5, TEBC #5:C T, i A4 JE B x Ul 2k 1)
SEBG2H S5 B TC AR B I 25 5 6 R A HAss, DEBC A5
A, CR % AEMAL[E) JC 25 5, TEBC B, /i > 15
) CR % Y@ TIa & . itk B 4A Bon, W
S (AR LA, HLAT I 35 ) B TR R407 (P < 0. 01) FIsg
HAER(P<0.01) (HC4LmI 25 (P >0.05), [ 4B
R T 2 ) AR LB, B S 0 I R RN (P <
0.01) ZZHAEM (P <0.01) LA M4l 2 5% (P<
0.01), #5547, 78 DEBC X F , 5§ JC Tone CS
AR T YN 25 ) BRZH AR 5% 405 Hip. €S Bt Il 95~ 15
CR # A0 L, BT Tone CS HEFCXT I 2555 56 4 7F
545k Hip. CS BT YI145 > 1% CR R IC 25 53 ; i F
TEBC &N, 525020 CS 446k Hip. CS 2J15 CR #

#£ DEBC 5, TEBC #5:CF, mir#AA HE B x Ul 2k 1)
SEBG2H 5T B TG AR B I 25 5 6 R A e Ass, DEBC A5
A, CR % FfEM 4] Jo 22 5, TEBC X, {3 ~1 1%
) CR % Y@ TIla 4. Gitsrbrkm, & 5A Bn, |
AH A HA B I B RO (P <0.01) FIZg HAER (P <
0.01) ,fHICZ M 2 5 (P >0.05) . [ 5B &, i)
AR LR, HAT B R RN (P < 0. 01) R4 [a] 2=
5 (P<0.01) HIEAHAERA(P>0.05), 4R R,
7E DEBC #2:CF , 5 FiITJC Hip. CS RS Il 5% i

Y AEFEAG A Tone CS BEXT Y2521 15 CR #AH LLER , Hif
WA Hip. CS AEBCA IR S50 2 a4 40 hy Tone CS JiT
XFYINZR2115 CR A TC2E 55 Wi fE TEBC £ R, 5056
4 CS A4 Tone CS 2J 1% CR #RH R,

3 g

ARSI ZE R W w  ARECA IO T EBC 19 55 1b 3%
W E o R AETE L, mPFC L IREE Sy A T % i
CS s H XY CS B, Joig X+ DEBC if j&& TEBC |
GrpbiaX, CS HEHRiT AY IR B XY Z5oxs I 2 A e X DIl 2k
CR A — & S A E . (RN E Y& Hip. CS
(G, 24 Tone CS A24 >y Hip. CS, iz Z ARl
JE S B AR5 1 CS #2051 T EBC AT N AU F5
DEBC }¢ TEBC #i=X g7, HA TEBC 17 411 g 57
PR E D, RPN G AN AF e S 25 57

AW FE A BB 58 42 [0 24 3F B X 00t )5 &2 EBC
FEENT 1) T AR ASONE R ZE WL, (E NI 45 SR T 3 LA
oWt ARBCVIZRA T/ CS B US W 2830 38 2 4R
BT I (H PO R WAL, 2t 2k iR
B %t il 8, CS il i i A8 Ak k. US il % 384005 24 7T i
SR LR BT SRl Bt Aad, L CS R ik & US
A O A AR LI S R LAy, SEg
Shy 3kt TS A E X SR CS 3 % 4 S T B
ot e SRRk 5 AL B00 , BV S )1 25 -5 R 30 A1 H]
AERE CS 8T Az 25, AE JE FO XS 22 J5 1 B X Y1 25 isf
X CS BRIPEAT T 564, (A US KRB A4S, LB
B AERE AN A B X CS 2B S5 T Sk
. Fb# mPFC CS 5 Hip. CS WFPI%HLF 45 5 &
I, 7E US [ T2 T, Hip. CS 5 mPFC CS 435151
S AN AFAE 22 5, $2 7R B ALK, 7T RE - 3E 58 42
HH US 38 8% 04 380 18 FE B s ol 1 Al R 25 23 45k U
F CS RN o ASid, 2424 Hip. CS 5| S Fe X il
Rt AN HERR BE A 5 B X T S S oK S (AR
HXHF mPFC o] B2 A8 1Y) , 3340 5 1) 5 Ak sk
K55, 4k Z AEJ5 2211 DEBC 52X v ) AL 3000 & 2 B
ok, 1 K AE TEBC B 230 5 Ak . 82k DEBC
55 TEBC 47 A0 b5 fin {7 250 5 F 57, LX) 1t 55 1)
Gy AU (ARG I RT R A7 E SRR AL )

ARSI DA BRI BV S US. A XS CS
5, US W00 EPEAE AR B &, ik US A B g 15 3 o H:
b SR BB AE 2 5 A8 T X 30 306 EBC 1) 5 k3L
TG KR . ATl B g A — 006 T8
SR S A PRI DR S WA AN ) R 5 F 7

Il
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AR 52 2 SRR A T U I 98 (AN 10 b 1z 300
PP IR, ARG i, B R BEIRRIZFSF) BT T
R EATIAR , B A AN RS PEAS R o i & o 3
Sh A BTFERW R AR (105 dB MR ) 463 T A =S
8] CAEICAZ , A T B AL AT e 388 2o (o A4 i B )2
RS RN (off-line ) , MTTT SR VFBZJZ T 2544 41 3 10
JRPEROSAE AT O, X B BRI R E
HIGIN TV 2 0h RS P B0 1) 2 SRR 2L S e
FELHARRIA US NI A5 S0 & 0 ) R il T
PemiAE S . SR 1M, 78 EBC B 78 SU R BT 5T 5T
SPEE T A REOE X T EBC B S Ao 5
b ASLYR B US ol -5 i o 3 4 BT P A4 10 9o
AR5 2 B B S R B AP AR 22 5 AT R
IRANIR], by BB SR 5 2T O HEBR— /2 19 US i
PAE T BRI XA IR 25 TR AR RO
2T GO, AR S AR A — 2B T

R SPE BT AN T2 S 25 Ak S
MZHHIBE IS MR Z B L E R . AT
T €S US RIS R T EBC H 57 1) By (LR,
SR SCRR CS\US PRZRARSS S B M 2 5 X T
FAF ST S AR o TR S ) S Ak
LRI A B T k25 B W e B2 P SO R B A
R AT A I ATLAR] , f 4 B CS VBl US 119 5
L, LA K SM ] (Tone ) s X (mPFC 8 Hip. ) CS-
US ARBCXF N 200 ] — 2 CS-US B YR 25 AR o
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