2016 4E 4 H o ] B R A A AR April, 2016
¥208 Hal CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 26 No. 4

?\%\%\/‘%

MRFE 2

SeamcaaaendS

e AG Al A o 2 5 7 B 5 B
AT RS

RERN', R YA ER G BE,E B K,
R e g X

(1. PUNPLE R TSR, AR 61005252, DUJIESESE A YR B 4L FIA FRA &), AR 610041)

[HE] BW TRENGRORE S 12 DA 04K E T BIRHE R ST N4, B B K EE S
BRSEHIE, AiE EBEREA T AR ST SOEM A RBATRY 18 L CHEME 11 1 ik 7 B fE
Mg, TIRAEJEEE | K% 360 K& H HATIRE B S R BB Ja Ok S8, B KT A TE 4RI
BRI E RIS, 1A 555 28 (175 F1 360 FHFAT ML | 0¥ AR Ak 27 R bk 0 400 M S 2 A A o A 0 56
208 RFATFHE RN, SR ARESLENEK MIEIZEF TR ZEE(P > 0.05)  BEELZ TR TERITIAE
B A P B 2 R T HEE SN (P < 0.01) , HEARFERAE S AN S MR E] 22 - TE R EHE (P > 0.05) 5 MR 4518
FRPEpIa 22 ST BEE(P > 0.05) , HEJE55 175 1360 KA RBC A HGB 357 T45 28 K (P < 0.05) ; 51/
J o 28 RAH L, M A A2 TP A1 BUN JKEAE AR JE 56 175 1360 RIYBETHE (P < 0.01) ,ALP BRI JFE
R EZRAREP > 0.05); GHAES 28 KAHLL, Wk 40V #FH CD4* & CD4*/CD8 * LWIETE A 5 26 175
F1360 K14 EEREAL(P < 0.01) 1M CD8 * LB ETFHE (P < 0.01) ; FHE 2R B AP, 24 > W4k e s AT 55 2 Br
TR R 2 T HAT S, B B 2D FHEE (P < 0.05) , HAE S ERIRIZ R R B E (P > 0.05) ;18
TCHESE 2 K BEHLINMEPE S ) TE A S B s TR (P < 0.05), 4518 HREXIEELKERInS A
RECR LMK, MW | M0 AR Ab 27 ROk T 48 S FF 4 A v RBC \HGB \LYMPH TP .BUN |ALP CD4* .CD8* J&
CD4*/CD8 * S T 541E B R G A K K T AHSCHISAR , A2 ITA vp hii T 5 GV, T4 2 B I R Bt 7 e 1R &)
a5 22 3D 6 S R IO L TS . ARG Sr T g B A 5 12 A A K E TSN S8R &
PEAT R AR A E A 58 B BRI R AL T SRR BB S s

[SE48iR)  EWAE g AR A R B i T A ; T ki

[FES%ES] R33 [ X##RIZAB] A [ XEHES]1671-7856(2016) 04-0024-11

doi: 10.3969. j. issn. 1671 —7856. 2016. 04. 005

Growth and developmental parameters and behavioral
characteristics of infant rhesus monkeys

LIANG Zhi-gang' , WU Ming-ling’ , ZENG Li-cai*, YAO Zun-wei’,
YI Si-rui*, LI Rong®, CAO Dong®, BI Feng-jun®, GONG Li*, ZENG Wen':?
(1. Sichuan Industrial Institute of Antibiotics, Chengdu 610052, China;
2. Sichuan Primed Bio-Tech Group Co. , Ltd, Chengdu 610041, China)

[(E£TH] WIARH R %454 (2015JQ0059 ) 5 U IA R I3 H 32 #1140 (2015570012
[1EEBN ] 2EN (1988 ) , 18 | Eﬁ‘f“{lﬂ‘ﬁﬁi ZyFEIE  E-mail . liangzhigang88 @ 163. com ,
[EIEH ] (1970 - ) , %, 4, FENFAE AR KIS R 56 AL 2A1F5Y . E-mail: zengwenl0@ vip. 163. com,



P A B A 2 2016 4F 4 A5 26 %5 4 1 Chin J Comp Med, April 2016, Vol. 26. No. 4

25

[ Abstract ]
rhesus monkeys during the first year of birth and to establish the background data. Methods

Objective  To explore the growth and developmental parameters and behavioral characteristics of
Atotal of 18 (& =11, @ =
7) infant rhesus monkeys born from individually caged mothers and with known genetic background and postnatal days were
monitored monthly for body weight, body height, head circumference, chest circumference, forelimb length, hind limb
length, crown-rump length, tail length and anal-genital distance from postnatal day (PND) 1 to 360, while hematology,
blood chemistry and lymphocyte subsets were examined on PND 28, 175 and 360, and finger maze test was carried out on

PND 208. Results

Except for the anal-genital distance of male infants was significantly greater than that of female infants (P <0.01), no

The body weight showed linear growth with no significant difference between genders (P >0.05).
significant differences were observed between sexes in other morphological parameters. No significant differences of
hematology were seen between genders (P > 0.05). Compared with that at PND28, TP and BUN were significantly
increased (P <0.01) while ALP decreased with no significant difference ( P >0.05) at PND 175 and 360. Compared with
that at PND28, CD4 " and CD4 */CD8 * were significantly decreased (P <0.01) while CD8 " significantly increased (P <
0.01) at PND175 and 360. The number of sessions to solve task 2 in learning test was significantly greater than other tasks
with females significantly less than males (P <0.05). The females had higher correct rate than males in the 2-day random
memory test (P <0.05). Conclusions Body weight and morphological parameters show a linear growth. The PND. The
RBC, HGB, LYMPH, TP, BUN, ALP, CD4 ", CD8* and CD4 " /CD8 * in hematology, blood chemistry and lymphocyte
subsets show relevant changes to the growth and development of organs and systems in infants, which should be highly
concerned in drug evaluation. The finger maze test indicates that female infants have better reversal learning and long-term
memory than male infants. Background data and behavioral characteristics of infant rhesus monkeys during the first 12

months of birth are established in this study, which provide useful reference and support the evaluation of developmental

and reproductive toxicity of drugs in rhesus monkeys.
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Note. (a) Schematic diagram of the finger maze test apparatus. Open area: maze section, shaded area: error

box (EB) and feeding box, reward; a piece of apple, from the bottom: step 1, step 2, step 3,

and step 4; (b) Photograph of an infant monkey trying the finger maze test to obtain a reward.

Fig.1 Four-step non-correction-method-type finger maze test
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Fig.2 Changes of body weight of the male and

female infant rhesus monkeys
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postnatal days in the infant rhesus monkeys
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Fig.4 Number of sessions for the male and female infant
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Yy CDS ™ 7E PND28 i Ik T EPEL M (P =
0.001),CD20* W /& T e 4 % (P = 0.037) , Ifii
CD4 */CD8 " 1E PND28 K 360 4 THErES (P =
0.001, P=0.024) .
2.5 FiEEMR

O T AT A g A T o I 5 SR UL TR 4 R
5. FESAI I SR 4 AT 45 B Ik vk 8k
ZEVCIRK N AT 2 > 151 > 153 > (15
4, SE TS 2 Pt AR e 35 2 A5 1.3 Ml
4(P<0.01),58AT55 1| Fras R s i % 2 T1T
55 3 M4(P<0.05), 58 AT 5% 3 Fl 4 pris Mk &L
)22 T B FEVE (P >0.05) ; BRHENESE AT 55 2 BF
TR KB % 2 T EPESN (P <0.05) , SE 4
155 T T W0 3 O B ol T 22 S T i M (P >
0.05), 7E2FMALE R 2 A~ H JE piESE 2 KREGHLI
5 2 REE | RIVIERRTL S, BRI E
PE(P >0.05) ; 1M Wi 40 %) TE A S A2 3 1 R
FIEE 2 R0 2 & TR (P <0.05)

3 g

HESLIE R R R A AR R 12 S H AR R
B SRR XHER R T AEYEOR 258 DART P-4
AERERLEE L, WE RIS R T B i 2y
Y ENRERAE EE R, M2 A
ARG 2% AU S B R R AT
i A KPP 2 285 1 B A IR, i A e R Y e o
A RESIRNCAZ T1 55080 % PE i 25 My 3 o R Ge Ml
MARGINRER TR UAERTEE X,

1209 wigedEMale (n=11)

100 - Dﬁﬂ*’ﬂtali(‘n 0| [_,_T

.

60 4

E#IE (%)

Percentage of correct responses (%)

40 4

IR st day 2K 2nd day

W SHEELL, © P <0.05,
B 5 M MRS CAZ I IE A R
Note. Compared with the male, * P <0. 05.
Fig.5 The correct rate of memory test in the

male and female infant rhesus monkeys



29

P F AT R A ARG 2016 4E 4 H 45 26 45 4 ) Chin J Comp Med, April 2016, Vol. 26. No. 4

POFPTC (A I | 6°0F ¥°SC S0+ ¥¥C 90+ ¥0t 6°0F 19T TIFo0te LT+ TES FLOF LI 09¢
£0FET PIFIFI TIF6FT COFT T 8°0F S6T 6°0F0°ST E1FTIE 8 IF v IS E10F80°C 0€g
£0F€ET €1F6°€l T1F9°¢T €°0F8°€T 0°1%6°8C 6°0F9°%C ['1¥F9°6C 97 1FT08 SI°0F 8871 00g
£0FET FIF8€l SIFvEL POFSET 6°0F +°8C 6°0F1°%C TIFT 6T 8°1F1°6F TTOFEL’] 0LT
£0FeT €IF8¢l 6°0F +7€C POFCET 6°0F6°LT 6°0%6°¢C £1%6'8C L1T%1°8F PLOFILI 0rT
PO0FTT €IFLEI 1'1¥FT°TC POFCET 0°1F9°LT 0°1%L€T £1F9°8C 6 1FTLY ST 0Fcc'1 01Z
£0F1°C PIF8Cl €1F8°0C C0FEET 8°0F0°LT 9°0FT €T 9°0F8°LT TI*F6°Sy 61 0% SE°1 081
£0F0°C PIFVEL TIFE0T L0OF6°TT 8°0FT9C 80FCTT 0°1F 69T [ e 2 91 0F IT°1 081
P0F8°1 €IFTEl 6°0F 1761 §0F8'CT S0F¥7SC LOF87IT 01+ 8°ST E1F 1Ty TI0OFTIT 0zl
£E0F9°0 I'1FL°T1 8°0F 98I LOF E£°CT 9°0F0°vT 8°0FL°0C 6°0F £°vC 8 IFI1°0F [T0F 8670 06
£0F9°1 6°0F¥°LI FOFSIT 9°0F0°CC 9'0F 1761 01+ 0T £ 1F0°LE 01"0F €8°0 09
£0F9°1 LOFT 91 POFT 0T 9°0F L61 9°0F9°LI 0 1FL°0T 9°1F8°CE 80°0F #9°0 0€
POFLI 1'1F6°6 1'1F6°F1 TIF9°61 0°1F1°81 8°0FT91 TIFesI 8°1F€7°6T CO0F 050 I
(L=u) aeway H g
9°0F¢¢ ST 1€l L1F¥°¢T 80F LT LIFS0¢ SIF+ 9T 9'1FTTE vTF6TS 61 0F ST 09¢
SO0F0°¢ SIFC¥FI 9 1F1°%C 80DF 0T 9 1FT6T v1F0°ST 6°1%6°0¢ 6°CTF 808 IT0F+0°C 0gE
CO0F1°¢ ELFVFI 6°1F8°¢C 6°0F 6°€T T1F9°8C 15 9°%C £ 1F¥°6T LT#F L6y TTO0F06°1 00g
90F1°¢ PIIFEFI 0°1F L7€ET 6°0F 8°ET PIF1°8C TIFTYT 0°'1F¢€°6C 6°1F L8 ETOFILT 0LT
C0F0°¢ EIFEFI CIF €T L'0OF9°ET £1F6°LT E1F1°%C 1'% 68T 6°1FT8F 9T 0F IL°T 0rT
S0F0°¢ EIFEFI 9°'1F6°TT LOF €T PIFSLT [ £ 1FT8C 6° 1% L9t 0T0F65°1 01e
E0F6F E1F1°FI £1FL0OT 9°0F £€T £1F0°LT [ B B S 34 PIFOLT £TFREP 0T 0FTE'I 081
FPOFEY I'T*8°¢l ['TF17°0¢ 9°0F I €T CIF19C '+ L°CC 9'1F1°LE CTFLEY 81°0F0C°1 0ST
FOFET 1'IF 8¢l 91 F 16l 9°0F8°TC £ 1FTET SIFITT 1'TF 19T 9TFR 1Y BL0F 6071 0zl
E0FV Y 1'1FT°¢l PIFL8T 8°0FCTT CIFEPT 91T 11T 0°CTF9°¥C TTT86E LTOF L6°0 06
E0F1Y 0 1F+°TI CIFCLI 6°0F LIT CIIFv T £ 1F9°61 L1F€°€T PTF69¢€ SI0F #3870 09
T0F¢e T'TFT°01 € 1F9°91 LOF 80T € TF0°0T I'T#0°81 PIIFIIC 8°1¥F0°¢e IT°0F €970 0€
POFTE 8°0F8°6 0°1FT ¢l LOF L6] TIFT8I 'IF €91 ['IF6°L1 T1F9°8C 60°0F I€°0 I
(11=u) oW FiF
(w2) qov (w2 ) g, (w2) DD (wa) OH (w>) TIH (wa) 114 (wa ) T4 (w>) HY (1) md (fep ) aNd
Sl o B T LI B 1 Bl 4 SHEH LY S Sk L ne Hy) R
s{ajuow SNSayl JURjUl I[BWIJ puB ajBW 3] JO siajawered juawdojarap _xu_mu_cf_._o_t pue jydem Apoq jo seduvyn |-qeq,

MM E Y FHNEY G 1%



P P A R A 4R 2016 4E 4 A 4526 5454 3] Chin J Comp Med, April 2016, Vol. 26. No. 4

30

100 > d.. 'S00>d ., ‘sfoquow gzaNJ Y yiim pasedwory ooy

10°0>d .. "S0°0>d . STANJ &

W EIFE6 677001 0°1F€°01 TIFT6 12556 6°0% 0l FIIFS6 €EF €01 17 1F€°0l (1) AdW Vs 5[ W G A
« 967 68T 667 09€ 16% ILE L8F 65T 6017 65¢€ TL¥FS8€ 96%01€ 167 29€ 1017 19¢ ("1/,01) L1d W[ T
W 6ETTF 80T L 09°0F 681 9$ "0F S0 1 EPIFLIT $S0FES SST0FO1 1 LEIFTOT T9°0F9F 1 95 0¥ 86 0 ("1/501) ONOW B IIlF 7
68 0FET T L 99°1F LS E 76 0% 01T SLTOFTST 68°1768°¢ €0°1F67°C 76 0F50°T PP 1T 8E € S8°0F 861 ("1/501) LNAN B M7 T s
9IFLL P .. 80°TFL079 PETFIL Y T IF6T 9SIFILS PSTFEPL Y L8 IF86 € SETFEE9 61 °TF60 ¢ ("1/501) HAWA'T Bz 71 4t
L9°TFTS WBLTFTLCIL SLTFRICL SETFRT 6 9L TFPFIT  86°TFOV 'L SLTFO0 8 LLTF68°0T  19°TFT69 ("1/7,01) Dam B il
.. 0TF 6T€ . STF8EE 01F€1€ 127 T€€ PTF 1P TIFEIE 61F9z¢ 9TF LEE 8F €I (1/8) DOHOW F1 34 E) I 7 W 17 17 57 -Ac
w91F6°€T LTTFOPT S'IF0°ST 9 1F €T TTFIPT L1FLYT 9 1%L €T TTFOT v1FT ST (3d) HOW 31,15 L5 W0 R W 17 6 oA
W LTFRTL WETLFEIL £EF8 6L 0°EFTEL 8LFIIL 0°€F0 6L STFSTL 6°9FS 1L £EFF 08 (1) ADW i k) Bl 17 17 B7 Ac
6°vF L8 €7EF 66 6°€F8 8¢ 1°€%9°LE 1°€%66¢ €% 8¢ L'SF¥6€ §EF S 6E €PF 1 6€ (%) LOH i H B 17
L PIF6TI w STFPE PIFTTI TIF9z1 S1F 6l TIF 0TI SIFTEL PIFEEI P17 €T (1/8) 490 KR TZW
W L9T0FIE7S L 95°0786°S 8% 0F L8 ¥ SY0FSIS €9°0F19°¢ 0F ‘0798 ¥ 9L 0FTH 'S 0S 0SS S TSOFLE Y (1/401) Dy B 17
09€aNd SLIANd 8TANd 09€aNd SLICANd 8TANJ 09€0Nd SLIANd 8TANJ

(81 =u) swwpuaid yog 1L

(L=m) apeway i

(1r=u) 2w F

m.ﬁ..wv_:CE SNSAYL 2[BUIDJ PUB J[BLU JUBRJLL U] jO mmmr_mr_o _mu_mc_cﬁﬁ_.:u: T'qel.

L G B W M [ B e T %



31

P F AT R A ARG 2016 4E 4 H 45 26 45 4 ) Chin J Comp Med, April 2016, Vol. 26. No. 4

T0°0>d .. ‘S0°0>d , ‘skoquow gzaNd o1 yum paredwiod 110 0> d ,, *S0°0>d , “so[ew oy yim paredwoy atoy
10°0>d L TS0°0>d LU TH STAUNA 5 10°0>d 4, S0°0>d U HTHEE

v 89 °0F 651 e CE0F8E ] 98 '0F €9 T OL0FFS I 08 0F LS T wCl 0FTI°E 6t 0FTF 1 6F 0FST'I 8L0F8T T oner 8N/, $ID
8T '8F 0L €T 9E 6F LE 'PT 8L 8% 69 'FT E6LFIOET  TEOIFSO'9T LI LFTT'BT 8F "8F 81 "$T by 8F 1T €T €6 '8F LT TT (%) . 0zad
W CL'9FTH TT e LET9FT9°FT T09F T '8l 0L 9F 11T LELFBETT wE0 EFOL VI 08 9% +0 '¥T £ SF 61 9T 0 9% €9 °0C (%), 80D
. £E8FTE €L W LBILFOIEE 61 6% LTtV 6E 6% £0 '9¢ Ly "6¥F 8T €€ €E6F L6 TP 06 9% et "It TS 9F L0 EE 68 8% 80 "T¥ (%), vad
9 6% LS 68 LPOTOIFEE8C TOTIIFHT €9 CL'OI*887°09 LBTIIF097°95 S6°01F68°09 1 °6¥F£9 8¢ 8T 8F 16765 8L OIF8Y 19 (%), €dd
09E(Nd SLIAN STANI 09edNd SLTANd 8TAN 09ENd SLIAN STANI

(g1 =w) s1opuad yog J1 &

(=) omwog g

(11=u) o1eI F 4

sfoyuow snsoyl djRWAY pur afew ayl ut sppsqns akooydwA] jo uonmododd oyy jo safuvyn)  prqe],

TR < i T Sl AR T B ) A (07 30l a2

T0°0 > d .. “SO°0>d , ‘skauow gzaNJ A yim paredwon) g0 Q> , ‘skeyuow sfew o) s paredwor) alop
“10°0>d .. °S0°0>d . "H 8TANA 500> d, MM &R

vE

. 6 °0FF 6501 SPRIFOEPT L TIIFOEET 0°6EF ¥ 601 9 'LYIFE 08T  L'99FL°S0OT 0°TPFLEOL € POIFOEPT 9 TEIF6IST (1/01) MO ¥ a3
WETFELIL L6 TFR P LEF6 7SI 0°TF1°11 LTFIEL £ 1F8 ¢l ¥TFLTI 6°TF8 ¥l 0°FFL 91 (110w ) v g
8 0IF ¥ '9¢ ¥ FPIF9 8¢ LTIF679¢ 6°11F6°6E ¥ PIF0 '8¢ L 11F9°9¢ 0°01F1°LE S¥IF9°8¢ FEIFILE (110w ) 0 L5
w81FE9 TIFES 1IFLE L1F09 80F8 LOFSE 8°1¥9°9 € 1FFS TIF6E (T/1oww ) NN BE 3 AW
W IL0F6S T 80 IF¥8°S 98 '0F 8% 'S 0¥V Y £L°0FRES ¥90F LY S FLOFTIL b ETIFFR S 86 0F 6F 'S (/10w ) 0T FET
vE 0% 6F 1 9°0FL0T 080691 €T 0F9E [ LF0F €61 L9°0F89 1 LEOFLE T 0L 0F L0°T 88 °0F€9°1 (/10w ) a1 EFEE S 3 =)
« BTOFLET L PPOFRI T LEOFLL'T 1T °0F0€ 1 FEOFET T 6 0FELT TI€E0FIFT IS0F81T SE0F08 T (110w ) TaH EE S
W LIT0FS50  £T°0F05°0 L8 OF 8T I LFL0FE9°0 TTOFES0 T6°07ST 1 91 "0F 6¥ 0 £T0F05°0 £8°0F0E°1 (1/oww ) 9f B3 HEH
L0807 L1 W 66°0FT1°C LA E Y (1P 0786 °C 9L 0FPL Y LT 1791 ¥ TS0FIEE 01 1F21°S €TIFSI Y (110w ) TOHD & 15
. P 61F9°08 .. 978TF0°S6 € PEFE LEI 6°FIF9°08 6°8TFS L6 ¥ PEF R TR 1 'TTFL 708 € '8TF0°S6 9 EEF G LI ("1/01) 199 fHYH 310 ¥ &
6 ERIF € 9L 1°Z91F9°90L S'SEPT6'€08  T'STTFOH'ILL T'9EIFL'T8L  T'TIEFL'TL®  S'EPIFS'IIL  TTILIF9'90L ¥ TLYFG6 9LL (T/01) TV S350 34 P
LV OIF e L6°SIFT 9T +8F8 1T 0°FIFLLE S 0TFS 6T SFFRTIT 8°SFITE FIIFT 9T 101F1°1T (T/01) LTV #8083 0 &
1°9%9°T¢ 6° 117 %1€ SOIF1¥E T9FL¥E 0°vI70 ¥ TIIFTsE LSFTIE 0°01F+ 1€ 8 6FT €L (1/01) 1SV S 3 &
S0F6°0 .$0%9°0 LOF6°0 9°0%6°0 £0FH 0 9°0¥8°0 S0F8°0 9°0%9°0 8°0¥6°0 (110w ) TIga 3 TFEIEE
TIFT9 L 871F6°€ L1IF§9 TIFE9 vIFO0 b 8 IF€9 TIF09 0TF6E 917979 (110w ) g, ¥ TEEY
L 9TF0LE SEFTEE L1FtTE 8TFELE 6°E€FE €L 0°7F8°TE ¥ TF6°9¢ ['€FT €€ SIFTTE (1/2) a1v FIEE
W 6'EFT 69 LTEFI89 9vF 68 1°€¥L°69 $°9¥£°89 0°'v¥8 8¢ € FF6°89 0°F%0°89 6 ¥ 6765 (/%) dlL HHEW

09€dNd SLIANd 8TAN 09€dNd SLIANd 8TANA 09€dNd SLIANd 8TANd

(81=1u) s1opuald yog 14 (L=u) apeway Ty (1r=u) 2w R
m_ﬁvu—_.—c_.t m:mv:.h ._.Cm.h:m v_mn:v.* Ucm v_ﬂ:.— v_.: :m mguﬂvEmLmL ~mU_EvLUc_£ —:::ﬂ_ .*c muw_..:..:._..u M-n_—u,—n

LR Y ot B e RS 7 3 ok T 2y

€ ¥



32 I H R R AR A

2016 4 4 H %526 %55 4 ] Chin J Comp Med, April 2016, Vol. 26. No. 4

AHIFGE I X IE HE I G AR s 12 A~ H
PR EE FDE A K B H8 A5 10 3l 248 W & 30, B e AT
WA Eod = e oy N 1 P N E RS = v I TR
T E XS HA R E K 4IE B R EFIRr 51
AERBELIE K E R, $RTELY) DART WA
o RIEAR KO A R B e bR (AT AR B A
BRAM) TE 12 A H WSS IBTN Hh 3030 3 ) 22 5%
o SR KPS R B 6 A A L 3 1 0 sk %
I, AT EE R 525 R BUW ik & B i ¢, B
SEBRIr T SRR RN, S5 FEEKENEK
BRI C 32 7 gl A T4 B U B 4 A B
NI TAE R A R B 10 1 fe 1, 1T BB -5 2l A 1A P e =
BRI G, b, Sk B AT s e s B i 1
B M R sz B il K i B 0 &, LR PR ) 4K
FERTSLE & b A sf i BB SE 2424 15. 1 em,
FESk FE4 /N 4.6 em, VA S 330 d #Bad Sk, 25
A SO IEIR AR G B A R 325 W) R BUR
HRE?

] P A5G T FE AT AR i 2 R i Y A Ak 2 i B
P AR ZIRIE ) (AR ZHRE X7 A ok AT
FEIAIABE , OC T2 A T AR5 00 2 H T DART $EA Y
AR 12 A H PN Sl A TR AT A R A B =
A S E A 4l 4 AR JS 28 (175 1 360 K
) IV 27 | I3 2 b 2 B 0 e & 3R, I YR 2 4% 48 B
PESIE] 2% SN . PND28 19 RBC 1 HGB 7K V- i
FZKT PND175 #1 PND360, HAK T Smucny 255" 41
T A AR AR ) RBC 7K, s gh Atk A= I ] g
TEAE 3 1 D RE (O 3G 5, HCT JC 2% 742 1k, MCV .
MCH #1 MCHC 97224k 5 RBC #il HGB & 47 X,
4 LYMPH 7K b J 8 A 4554 438 (4 Bl 4F 18 ]
w5 AN LRE—2 ) HF M PND175
Fhim, M PND360 X |81 5] 5 PND28 AH 4 By 7K -, 7]
RESUIBERERGEN AT A X, 5 PND28 M1,
TP ALB #1 BUN 7K “F-7£ PND175 & 360 ¥ F1 &, 3
IRGEAT REAL T A K K T RE ] R R A AR
oG N, AR A ALP KT 2
T Smucny[m S AR A Y T R A N T AR )
ALP K X — B4 5 A KRG IRGE M1, ) ALP
55 ¢, HoK g MR A K L&
BRI, Lee 45200 15 3 AR fE I A v th 2 B T 26
RIS . HARFRPRA A B A 2= 2 5L

HHiOCT NHPs %)% 2404 B 14l 24+
FEGIE AR G AR A 4R )

=, BARIEH AR NHPs 5 AR GRE RS
SRR AN ML RS T L K R AR A Ry e 3% (H LT
REAT T 76 AR 5 B BER B L IR B 1
A&, 246 Ko BT RE BRI 25 W 1 DART 1EAR
At e RGN RE AT AL 1 AR
414 CD4* . CD4 * /CD8 * 7£ PND175 F1360 3 15
T PND28,1fij CD8 * I {2 2 Ik - PND28, 55 Bowman
SEUIRIE MY G AE PND30, 180 & 360 (175 fk—
e, TRE S A AN i S T RE I R R O, RIS
1 PND175 J PND360 [) CD3* # PND28 [ 1%,
CD20 * N AHXIRE 2 , 1M Martin 2810 Enright 25"
Bowman %5 {[jGH 19 1E H 4G CD3 A A R F
FEFHE, CD20 * A7 N[ AR BE A REAIC, 1T fi -5 e mT A
B R R R 25 5

2 2R 0 KAci ST & DART #h&AT M 24T
W B E BN R & T 2w A
EZEHNE S T8 B RAE N 24 > B
FEAZ T g — b i ] 5 1) 7 1, 95 A LR
AR I R 2 A MEPE A 48 B N 25 TN i S %
TrE L ARG 38 A T A ok I ke YT A 4 A
()25 2 B8 T BAeAZ 1A, e B2 20 3 58 ST
% 2 i M B R 3 2 T AT 55, R 1155 2
O ME B fe K, MK A B IRk B i 2, 5
Tsuchida %7 18 19— 30, HEZFRFE — ) i 7
FAES 2 B BRI 10 54155 1 WA, B4
TN A 300 0 DT % 0 31 S B9 1 B O 1) R AT — 2
(RIS 5 55—y T B ORAT 55 2 95 B B gh bk i
2 HE 7 B s (R e B RE 7 A IR P 2 A 52 K
1155 2 Frs i vk 8k 35 /0 PR Dy ot , i Ho A
T35 P 1) TG 5825 25 5, 2% i P 0 0 11 3 e 2 2
REJIPTREIR THEPESIME . 2= WIAZE A 2 M H 5
HEE2 d FBEHLINRE T X L e 12 A R
WEPELIAGE 2 d DU A W R 2 0 S TR S A
FERMEMEGAR A2 v] Be A T HErE SR, 5 A
KA MRS I T B R — 2 M L)
WA TIRES 2 KA IER R 1| KIteE, 5
Inoue 25" fR3fE — &, ATRE S5 1 KA N &
PEHE T e KA I A A S5 58 1 R
s TR BHCIC A O, BARIFE A Rk — 20158

ZE LR AR SEE X 18 BSR40
WA GBAE T SO TE M L AR DR A ) T A 4
WARTEFOE SR B 805 1 22 W, 345 T 4l 1
A Ja 12 A A IR BOU A K B fabn i sh 50k ,



o R R A AR 2016 4E 4 H 4526 554 1 Chin J Comp Med, April 2016, Vol. 26. No. 4 33

R ESILE R E 5 A R R LK,
HAERIRTC 25, A e th A e Ak & Ol
PRAE T AR R DART 56 th 3F- 4 25 W ) &)
AR KR E WAt T S 5dE, Eax A
JE 5 28 175 1360 KAY LI F | LR A fh 27 Fnipk &
2 B IR B I 5 43 BT, % 0 RBC 1 HGB 8 75 7]
RE-5 4 A I 1 i D RE Y 3 A ¢, LYMPH (94546
FHAK & F AR e Sk e REMNE T
H K, TP ALB Fl BUN Jt = 1l B8 5 4l 4 £ 15 i % |
B TA BRI S ff5 I 56, ALP 535 & T AR A
RES e a B AERKEBERA X, CD4™ |
CD4*/CD8 " 17+ Bz CD3* .CD8 * (AR AT Rk 5 %)
WA e e DI BE Y & B A K, $E /R FE 25 %) DART Y
Mo BRI DG LR FE AR AR Ak, I X 3 ik s AR
G hZisIke, i bR 208 KT8k
B A () 27 2 B B e A SV, K B
A )i 2 2D e 1 B K IAE A3 L T e gl
PERFEZS Y DART PEA o [R5 L Rk 1
(A2 5 5 250 80 22 AT I 4, RS
s TR A R A R R BT RS W
W T 254K R B e br AR LR IE Bl 247 Ry 4 4
fiE, A T A58 & B #E TR s R T S K
o FECHE

S 3k

(1] HEEESAHEEEAE. 2594 F R R BOR1E S N
[M]. Jbxt: i BE2GRHL L HE 2006 -2007 ;143 - 68.

[ 2] Faqi AS. A critical evaluation of developmental and reproductive
toxicology in nonhuman primates [ J]. Systems biol Reprod Med,
2012, 58(1); 23 - 32.

[ 3] Buckley LA, Benson K, Davis-Bruno K, et al. Nonclinical
aspects of biopharmaceutical development: discussion of case
studies at a PARMA-FDA workshop [ J]. Int J Toxicol, 2008 , 27
(4):303 -312.

(47 BURE. BREEMAEF AT AR A (1], sk,
1988, 23(6) : 46 —50.

[5] Gibbs RA, Rogers J, Katze MG, et al. Evolutionary and
biomedical insights from the rhesus macaque genome [ J].
Science, 2007, 316(5822) ; 222 -234.

[ 6] Chapman K, Pullen N, Graham M, et al. Preclinical safety
testing of monoclonal antibodies; the significance of species
relevance [ J]. Nature Rev Drug Discov, 2007, 6 (2): 120
-126.

[ 7] Weinbauer GF, Frings W, Fuchs A, et al. Reproductive/

developmental toxicity assessment of biopharmaceuticals in

Pharmaceut Sci Encycl, Wiley online

nonhuman primates [ M].

Library, 2010. DOI: 10. 1002/9780470571224. psel77

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Martin PL, Oneda S, Treacy G. Effects of an anti-TNF-a
monoclonal antibody, administered throughout pregnancy and
lactation, on the development of the macaque immune system
[J]. Am J Reprod Immunol, 2007, 58(2) ; 138 —149.
Wehner NG, Shopp G, Oneda S, et al. Embryo/fetal
development in cynomolgus monkeys exposed to natalizumab, an
a4 integrin inhibitor [ J]. Birth Defects Res Part B: Dev Reprod
Toxicol, 2009, 86(2): 117 - 130.
Martin PL, Sachs C, Imai N, et al. Development in the
cynomolgus macaque following administration of ustekinumab, a
human anti-il-12/23p40 monoclonal antibody, during pregnancy
and lactation [ J]. Birth Defects Res Part B: Dev Reprod
Toxicol, 2010, 89(5) : 351 -363.

Enright BP, Tornesi B, Weinbauer GIF, et al. Pre-and postnatal
development in the cynomolgus monkey following administration
of ABT-874, a human anti-IL-12/23p40 monoclonal antibody
[J]. Birth Defects Res Part B: Dev Reprod Toxicol, 2012, 95
(6): 431 —443.

Boyce RW, Varela A, Chouinard L, et al. Infant cynomolgus
monkeys exposed to denosumab in utero exhibit an osteoclast-poor
osteopetrotic-like skeletal phenotype at birth and in the early
postnatal period [J]. Bone, 2014, 64 314 —325.

B ST RGOOS5
R AFSE (D], )RR, 2010.
Buse E, Habermann G, Osterburg I, et al. Reproductive/
developmental toxicity and immunotoxicity assessment in the
nonhuman primate model [ J]. Toxicology, 2003, 185(3) . 221
-227.

Martin PL, Weinbauer GF. Developmental toxicity testing of
biopharmaceuticals in nonhuman primates; previous experience
and future directions [ J]. Int J Toxicol, 2010, 29 (6): 552
—-568.

Faqi AS. A primate as an animal model for reproductive and
developmental toxicity testing [ J]. Reprod Dev Toxicol, 2011,
207 -218.
Stewart J. Developmental toxicity testing of monoclonal
antibodies: an enhanced pre-and postnatal study design option
[J]. Reprod Toxicol, 2009, 28(2) ; 220 - 225.

Weinbauer GF, Fuchs A, Niehaus M, et al. The enhanced pre-
and postnatal study for nonhuman primates; Update and
perspectives [ J]. Birth Defects Res Part C: Embryo Today:
Rev, 2011, 93(4) : 324 -333.

Weinbauer GF, Luft J, Fuchs A. The enhanced pre-and
postnatal development study for monoclonal antibodies [ M ]//
Teratogenicity Testing. Humana Press, 2013 ; 185 —200.

FO7, WBEEL, IR, &F. JEANRKIESBBIE AT R 5
PP ()], PREBZRGE, 2012, 9. 012.
Chellman GJ, Bussiere JL., Makori N, et al. Developmental and
reproductive toxicology studies in nonhuman primates [ J]. Birth
Defects Res Part B; Dev Reprod Toxicol, 2009, 86 (6): 446
—-462.

A, BRI, EEE, F ALEFHENRERERLT



34

I H R R AR A

2016 4F4 H4526 &5 43 Chin J Comp Med, April 2016, Vol. 26. No. 4

[23]

[24]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

TEAREIE AT (1], v R R 2 R, 2007, 17(12)
734 -736.

ARG, R, JR AR BRAEHT AR A R TR AR L
[J]. tREE BB, 2008, 30(2) ; 24 -24.

R ARURAE AR B U 2 R — R LK Il R
ZHUAEALRRAE [D]. DOINHUE R TSR, 2015.

Wu ML, Gong L, Qian C, et al. Characteristics of blood
chemistry, hematology, and lymphocyte subsets in pregnant
rhesus monkeys [ J]. Chin J Nat Med, 2015, 13 (6): 409
-414.

g, BN, F4E. HELBEMFREREE [J].
g, 1999, 18(1): 12 - 14.

Tsuchida J, Kawasaki K, Sankai T, et al. New type of puzzle-
task finger maze learning in Macaca fascicularis [ J]. Int J
Primatol, 2003, 24(2) . 261 -270.

Negishi T, Shimomura H, Koyama T, et al. Gestational and
lactational exposure to 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin
affects social behaviors between developing rhesus monkeys
(Macaca mulatta) [ J]. Toxicol Lett, 2006, 160 (3). 233
-244.

ZREON, WUKHE. BELHR IR Sk 1 L i 3 AR A B LA
WOLT] TOMBERAEBE A, 1996 (4) 2 14 -17.

fUBAS, BARLL, IS8, % AT IR T ik Mk
¥, MBI S5 ENE K (1], hESERE Y
i, 2005, 8(4): 224 -230.

Smucny DA, Allison DB, Ingram DK, et al. Changes in blood
chemistry and hematology variables during aging in captive rhesus
macaques ( Macaca mulatta) [J]. J Medl Primatol, 2001, 30
(3): 161 -173.

Hassimoto M, Harada T, Harada T. Changes in hematology,
biochemical values, and restraint ECG of rhesus monkeys
(Macaca mulatta) following 6-month laboratory acclimation [ J].
J Med Primatol, 2004, 33(4): 175 - 186.

FI7, BAEAE XM, AN TARFRAE TR M Ak L IR 2%
ERIE ST (1], B BE AR, 2006, 16(6)
345 -349.

JAEAe ) JEAR, AR fE IR MR AN, A e AN EE I 2
REIEH S BRRINE [J]. MEFHEE, 2000, 28(4)
6-9.

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Chen Y, Qin S, Ding Y, et al. Reference values of clinical
chemistry and hematology parameters in rhesus monkeys ( Macaca
mulatta) [J]. Xenotransplantation, 2009, 16(6) : 496 —501.
Lee JI , Shin JS, Lee JE, et al. Reference values of hematology ,
chemistry, electrolytes, blood gas, coagulation time, and
urinalysis in the Chinese rhesus macaques ( Macaca mulatta )
[J]. Xenotransplantation, 2012, 19(4) ; 244 —248.

Luster MI, Johnson V], Yucesoy B, et al. Biomarkers to assess
potential developmental immunotoxicity in children[ J]. Toxicol
Appl Pharmacol, 2005, 206(2) : 229 -236.

Van Hoof VO, Hoylaerts MF, Geryl H, et al. Age and sex
distribution of alkaline phosphatase isoenzymes by agarose
electrophoresis [ J]. Clin Chem, 1990, 36(6) : 875 —878.
Hendrickx AG, Makori N, Peterson P. The nonhuman primate as
a model of developmental immunotoxicity [ J]. Human Exp
Toxicol, 2002, 21(9 -10) ; 537 —542.

Buse E. Development of the immune system in the cynomolgus
monkey: the appropriate model in human targeted toxicology?
[J]. J Immunotoxicol , 2005, 2(4) : 211 —216.

M, R, BEBE, B A EARRKRESY R RS E KR
PEMMIEIDEFERERE [T]. EZHE SR EAE, 2013,
27(4): 751 -754.

Bowman CJ, Evans M, Cummings T, et al. Developmental
toxicity assessment of tanezumab, an anti-nerve growth factor
antibody, in Cynomolgus monkeys ( Macaca
fascicularis) [J]. Reprod Toxicol, 2014, 53,105 —118.

Ladics GS, Chapin RE, Hastings KL, et al. Developmental

monoclonal

toxicology evaluations—issues with including neurotoxicology and
immunotoxicology assessments in reproductive toxicology studies
[J]. Toxicol Sci, 2005, 88(1): 24 -29.

Inoue A, Arima A, Kato H, et al. Utility of finger maze test for
learning and memory abilities in infants of cynomolgus monkeys
exposed to thiamazole [ J]. Cong Anomal, 2014, 54(4) . 220 -
224.

Halpern DF, LaMay ML. The smarter sex: a critical review of
sex differences in intelligence [ J]. Educ Psychol Rev, 2000, 12
(2): 229 -246.

(&8 H #1)2016-01-13





