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[ Abstract] Objective The delayed-response task based on the Wisconsin General Testing Apparatus ( WGTA) is
commonly used to evaluate the ability of learning and memory in nonhuman primates. Because the task may be influenced
by a number of factors, how to set and standardize the parameters during the training and evaluation stage is of great signifi-
cance and value for obtaining appropriate results of learning and memory ability. Methods In this study, 8 ~9 years old
male cynomolgus macaques ( Macaca fascicularis) were tested with the modified WGTA. We evaluated the influence of ex-
perimental factors such as the times of training, frequency of evaluation, interval time of evaluation, delayed time and num-
ber of stimulus trays on the results of learning and memory ability in the macaques by investigating the correct rates of

food acquiring. Results The correct rate of food acquiring of the cynomolgus macaques was unstable and significantly
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decreased when the times of training was less than 10 during the training stage. The frequency of evaluation had less effect

on the correct rate on the basis of enough training. The correct rate of food acquiring was still above 65% with a 3-month

interval after training. However, the increase of delayed time led to significant decrease of the correct rate in some ma-

caques. In addtion, more than 3 stimulus trays also resulted in a low correct rate in general less than 65% . Conclusions

Reasonable designing of the experimental parameters during the training and evaluation stage is important for determining

the learning and memory ability in nonhuman primates.
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Fig.2 Comparison of the correct rates between the training and evaluation stages of cynomolgus macaques in Group A
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Fig.3 Comparison of the correct rates between the training and evaluation stages of cynomolgus macaques in Group B



28 o FE B R 2R 2R 75 2017 4E 9 A 27 #4559 81 Chin J Comp Med, September 2017, Vol. 27. No. 9

2.2 FMIRERNRERESIZE KB

G o M230 F1 M239 19 £ 88 4% 43 il SR FH 4 K
PR — UK, B R P — U LA B A 5 SR A — U B PF
Wi Tt i 24 2 e AL e SR, 25 SR = B, 4 il ik
FH 3 FPEEA AR T RE PR, 2 MR 1 I 1 R Y
REPRRFTE 65% LA I {H 45 M239 ) & M 1k K
TEMAIRIF R PE 0 5 BOE % B 8RR (P <
0.05) (1¥14),

M230 M239
1009 1007 ot
904 Fo o 90 sFo
o B L W T e
70| 000 B aa o 704 z
2§ 604 RF 604
¥ 5 504 %g 50+
B2 40- £ E a0
=3 30- 8 301
20- 20-
10- 10-
ol t1 ol 11,
A B C A B C

TEARER UGB RE LG 2 B LR, SRR —IK
LL#s, *P < 0.05,
B4 IFRSRR S LI RE )
NRTESH A I[@ERD)
Note. A:Once a day; B:Once a week;C:Once two weeks. Com-
pared with the evaluation frequency of once a day, *P < 0. 05.
Fig.4 Effect of evaluation frequency on the correct rate

of learning and memory of cynomolgus macaques

2.3 REFRIIZEXNZEIIBIZETHEME

95 oA M230 i M239 (A (R RR 3 A H i
TERE AR N SO N B B S X A 2 0 A2 Re T
IV, A5 SRR E0 3 N H Y LIEREE N b 4
(FEIRBFEIH 0 s,4 5,8 5,12 5,16 s) HEATICIC RN
BF,2 B IO Jah M £ ) B ST 35 TE A AT AR
HERETE 65% VAL, i LAFERIME N >4 10 ( ZER A ]
05,10 5,20 5,30 5,40 s) HATPEH BT, 4550 M230
()RR A0 0 BB 4 R AL 4 1 7 ¥ IE %, (B4 5
M239 MBI IE# R W T (P < 0.01)
(E5), mirEs mpaEBE & Sl b, Joie &3 m
3 ANEJE 4 4,2 R BT B E R R A AR
#65% (K 6),

3 g

BT B — IE BT O 5 T ARG 2 0, K
i 1) £ 5 PR Y XA K B (55 T2 2E 3
PIBIINARE S8R T T IR R AR IE B | X WA

M230 M239
100- 1007 =
904 o 90+ oogoo
o f b e wldh T
o 704] o a o & 704] ° : T
X 60l | | Eg 60| -
gg 5041 % gg 50
HS 40 }-58 404
304 304
204 204
104 104
0 T T T 0 T T T
A B C A B C

TE:ACIZRRT B B[R 3 A~ N=4;C: B3 A N=10, 5
YRR B Lbde, ™ P < 0.01,
BE5  BIAERLE N X s
ICIZRETITFH Y SEI (& % sx )
Note. A:The training stage; B:3-month interval, N =4; C:3-month
interval ,N = 10. Compared with the training stage, ™ P < 0. 01.
Fig.5 Effect of increase of N value on evaluation of

learning and memory ability of the cynomolgus macaques

M230 M239

100- 100-

90- 90-

80- 80-

701 o 70-

Lo 60 ] | Lo 60 =

T 50 ;’@g 50
?éf 5 40| ‘ =8 a0 el
T 5 %0 50 :

201 201

104 10-
ol : oLl ;
A B A B

A3 AR B4 MBS,
6 SEINBEBFE S0 R ) AL RE T
PRI ( & % 52 )
Note:A ;3 trays;B:4 trays.
Fig. 6 Effect of increase of quantity of stimulus trays on the
evaluation of learning and memory ability of

cynomolgus macaques

SR O KR IRI3E — A H 7E B I )
SRR IV R TR, T AR A KK
AMATE S ST AZ e ) e Sk, e, AL
P00 FEAE G 14 2 1 3047 F6 46 2 o P 0 2 5T 4
SRERTA S0, R AR KT I 2% 5T 0 A2 4
o L B 2 LA

R 388 I A5 7 A K 2 3
2 ST 4 A5 M | U5 R AT R AR ) 3
AR ST 55 S 1 T T B P B R
T AR IS 7 U S B 5 6, AR ) 1 3



rfE F AR A 2 75 2017 4E 9 A 5527 #4559 M1 Chin J Comp Med, September 2017, Vol. 27. No. 9 29

WIS Y255 REAE A B — E BIARUE , IS sh A 1k 22
SRR IR R, 2 2 s 2 ST e
U, A H UL BB Wk /D 3h A1 22 55 % 5256
(R RZI [, B A% A 2000 b s 1) S 56 ) 3 o A1 52 56
A, BRI, FEAS ISR v, FRATT B e 5 58 T IRk
O s e VR 1 5, AT 2 B 240 Gk
BRI KRB 10 d B, RIRE W% fiF sh 4 76 [B] B 2
A A JE AT IR 8 B B IR 2SI R B By
YIZRREALT 10 d B, B BT A sh i 7E 01 2k B B g
g IR B T A 65% VAL A IE# % (HSh P 7E -0 By
B IE R R BUR R AR B (0 T 1%, SE 2 A 1 sh
HRARTC I 58 B PEAT , 31X 3% B 48 /0 I Y1 25 800 e 2%
(I PEAN 45 5 7= A 3R A 52, 10 d Y125 0T RE PR IE
BIWIRE NS 5E B2 2D ICZRE T A B AR R

TEM B B R B X shWic I e 1 % 5%, Bl
R VAN B % B A S 06 45 L 5 i /)N (B2
VEPEA FEELAN B N 15 4E 3R B[] 2 3R A5 R W AR
(RIPEAN 45 J (0 SR IR 2R IS B AE PR [ BE N B AT
DIBER U B T 7E 3T ARk 1) — S i o vp, AT &
PR R AR T N A B K e 01
TEWFFE P FRAT A BN, AN [ ) 1 28 A A U1 25 B Bk 2]
U IER R 5, (R 3 H SE AP BB, 7k 45
SUNZRBr BoR R BRI N (ER R AR ) T, 28
WrE BB S R I R A2 B2, {0 Y A B B
SERIE N B (ZER B (B R ) 2] 10 B, AR E
BGEPREENIEMF 2B R KR ES, W, 7
SERRAC ST R AR S S g H A BE G Y BL Al B
N X FIEM s R B L E 2,

AR N R KIS 2T i 12 RE S v, B i
K HI AT S 2 3 3 oA DF- i B Bt 11 428 3R ]
PAFEM GG R, AR G, AT — 254535 T
Y51 2 8] B4 1] B e 1) DA R £ & 80 15 B X 5
M N R K sh ¥ 27 2D e AC T E IR R, FE AR UE
SERERINLGR, I BLAE DM Wy B s 5 I 2R B B A )
(R RESR B ] A A2 1, JRATT & B, K U 25 5 T 2
[i] %) 1] B ) 385 1) 3 A~ H B A1 9K BR 984 3 W
BEGIIE R 65% LA b (B2, SIRATHE
TR B B BB & S Fit 3 s, 4080 W b B AR T

JIr A ShAI R B A TE A R 3 3l P A T
AEEZUR I T E A B 122 e 1L e IR 5C, IRk
SR ZE S 3 R, PR, B B B R e A4 O 2Rl
REFFANIE I T s By =5 T AL T REVFAY o

S 3k

[ 1] Harlow HF, Bromer JA. A test-apparatus for monkeys [ J]. Psy-
chol Rec, 1938, 2(19) . 434 —436.

[ 2] Golub MS, Hogrefe CE, Germann SL. Iron deprivation during fe-
tal development changes the behavior of juvenile rhesus monkeys
[J]. I Nutr, 2007, 137(4) : 979 —984.

[ 3] Burbacher TM, Grant KS. Methods for studying nonhuman pri-
mates in neurobehavioral toxicology and teratology [ J]. Neuro-
toxicol Teratol, 2000, 22(4) : 475 -486.

[ 4] Roberts BM, Holden DE, Shaffer CL, et al. Prevention of ket-
amine-induced working memory impairments by AMPA potentia-
tors in a nonhuman primate model of cognitive dysfunction [ J].
Behav Brain Res, 2010, 212(1); 41 —438.

[ 5] VezoliJ, Fifel K, Leviel V, et al. Early presymptomatic and
long-term changes of rest activity cycles and cognitive behavior in
a MPTP-monkey model of Parkinson’s disease [ J]. PLoS One,
2011, 6(8) : €23952.

[ 6 ] Rolls ET. The orbitofrontal cortex and reward [ J]. Cereb Cor-
tex, 2000, 10(3) : 284 —294.

[ 71 Rolls ET. Memory systems in the brain [ J]. Annu Rev Psychol,
2000, 51: 599 -630.

[ 8] Cappon GD, Bowman CJ, Hurtt ME, et al. Object discrimina-
tion reversal as a method to assess cognitive impairment in nonhu-
man primate enhanced pre- and postnatal developmental ( eP-
PND) studies; statistical power analysis [ J]. Birth Defects Res
B Dev Reprod Toxicol, 2012, 95(5) : 354 - 362.

[ 9] Sackett G, Ruppenthal G, Hewitson L, et al. Neonatal hehavior
and infant cognitive development in rhesus macaques produced by
assisted reproductive technologies [ J]. Dev Psychobiol, 2006,
48(3): 243 -265.

[10] Golub MS, Hogrefe CE, Germann SL, et al. Behavioral conse-
quences of developmental iron deficiency in infant rhesus mon-
keys [ J]. Neurotoxicol Teratol, 2006, 28(1); 3 —17.

[11] Leconte I, Bailey G, Davis-Bruno K, et al. Value of juvenile an-
imal studies [ J]. Birth Defects Res B Dev Reprod Toxicol,
2011, 92(4) : 292 -303.

(Y 7EHHE)2017 -06 —29



