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[ABSTRACT] Objective To study the skeletal characteristics of cynomolgus monkeys at different ages,
and to provide reference values for skeletal research using cynomolgus monkeys as model animals.
Methods A total of 283 cynomolgus monkeys aged 1-19 years were selected and divided into 8 groups
according to sex and age :1 year<age<3 years , 3 years<age<5 years, 5 years<age<7 years, 7 years<age<9
years, 9 years<age<11 years, 11 years<age<13 years, 13 years<age<15 years, and age=>15 years groups. Bone
mineral density (BMD) and bone mineral content (BMC) were measured using dual-energy X-ray
absorptiometry (DEXA). Results BMD increased from 0.32 g/m? to 0.57 g/m* and BMC increased from 67 g
to 399 g in male cynomolgus monkeys between the age of 1 and 12. While BMC and BMD were relatively
stable in the 12~15 years group. BMC and BMD remained at (367.51¢7.17) g and (0.56+0.06) g/m?
respectively, in the =15 year-old group. In female cynomolgus monkeys, BMC increased from 58 g to 233 g
and BMD increased from 0.31 g/m? to 0.47 g/m? between the age of 1 and 10. The maximum BMC was only
about 58% of that of male cynomolgus monkeys, the maximum BMD was about 80% of that of male
cynomolgus monkeys, and BMC decreased significantly after the age of 10 years. BMC remained at (166.63+
6.21) g and BMD remained at (0.46+0.04) g/m? after the age of 15 years, which were 45% and 80%,
respectively, of those of male cynomolgus monkeys. Conclusion In male cynomolgus monkeys, as their
skeleton develops, BMC and BMD increase continuously until the age of 12 years, and are relatively stable
between the age of 12 and 15 years. While in female cynomolgus monkeys, BMC and BMD increase annually
until the age of 10 years, but after the age of 10 years, BMC decreases significantly, while BMD remains
relatively stable between the age of 10 and 15 years. Peak bone mass of female cynomolgus monkeys is
lower than that of male cynomolgus monkeys.
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Figure 1 Bone mineral density ( BMD ) and bone mineral
content( BMC ) of cynomolgus monkeys were
measured by dual-energy X-ray absorptiometry
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Table 1 Bone mineral density (BMD) and bone mineral content (BMC) of male and female cynomolgus monkeys at different

ages
(x£s)
DHRFR/Z M Male 1% Female
Aging gro
ging group/ HEn BMC/g BMD/(gcm?  #8n BMC/g BMD/(g-cm?)
year
1~2 10 67.38+8.994 0.32+0.03 10 58.84+6.64 0.31£0.04
3~4 20 168.57£9.2944 0.42+0.05" 14 147.18+8.68™ 0.41:0.04™
5~6 10 304.03£17.35744 0.53+0.05744 10 166.92+9.10” 0.44+0.00
7~8 16 382.21+¢13.29744 0.57+0.054% 1 182.61+15.70 0.45+0.03
9~10 28 385.86+12.3744 0.57+0.06%4 12 233.29+12.58™ 0.47+0.03
1mM~12 10 399.15+21.28"44 0.57+0.05%4 12 208.05+11.06”~ 0.46+0.00
13~14 21 368.37+11.26™ 0.55+0.03 - -
>15 72 367.51£7.174% 0.56:0.06%% 27 166.63+6.21" 0.46+0.00

RS SR — FIR LR, P <0.05,7P < 0.01; EFEMSEFEER Z BAILE, “P<0.05,22P<0.01,
Note : Comparisons between same sex at different ages, "P<0.05, “P<0.01. Comparisons between different sexes of the same age

group , #P<0.05, 2#P<0.01. BMC: Bone mineral content; BMD: Bone mineral density.
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RN, ZJEBMDAMEARHE . MRS AEIEE BA, 3~ 4 Z NEEAE0.52 gem®* EA, N5
BORE., BMDRMMRELES, RIKMETE: Lik> TFaG, B BMD fEREERIMENE 2 AT EE BE £
B> BE > FE~NER, 5~6 ZHEVEEAE0.71 gfem? FEA, WEVE(EE 0.55 g/fem?
222 EHMHEBEREAFDFRABIBIBMDEZK fefs, HEVEBMD EKTHEN:, e G —ERAREE

S AN [ A 1 B 25 2L P A T M AN ) B2 ) BMID 25 GEMER (P<0.01), FERE2,
R O(ER 13~ 14 5548) #T5Eatr, 1~2284 B % BMD HZ AR EAT B BMD —8%, AR
53~ 4 SY RSN BMD Z2 5% (P<0.01), B  MHEBBREEBMDIES S ZHIERALE, £1~2%
1 ~ 4 B HEE 2 558 BMD B RE T E B EAEHRIE 0.35 glem®fEA4T, 1E3 ~ 4 Z RO R(EHAE
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Table 2 Changes in bone mineral density of different body parts in male and female cynomolgus monkeys at different ages

(xts)
DEF/S  ME  #HE BiEBackbone/  BZ Pelvis/ FBArm/ SRR Leg/ sk&fHead/  £5Z#0 Body
Age/year Sex n (gcm?) (gcm?) (gcm?) (gcm?) (gcm?) total/(g-cm™?)
1~2 Vg 10 0.38+0.06 0.35+0.06 0.18+0.06 0.25+0.04 0.61+£0.07 0.32+0.03
ij: 3 10 0.39+0.06 0.34:0.04 0.21:0.04 0.26+0.04 0.60+0.06 0.31:0.04
3~4 T 20 0.50+0.06™ 0.43+0.04” 0.32+0.04” 0.34+0.04” 0.94+0.24” 0.42+0.05”
i 14 14 0.52+0.08” 0.44+0.05 0.30+0.04" 0.32+0.03" 0.97+0.26™ 0.41+0.04™
5~6 Vg 10 0.71£0.11744 0.53+0.04744 0.41+0.05744 0.40+0.04"44 1.15+0.19" 0.53+0.05744
e 14 10 0.55+0.08 0.46+0.05 0.34:0.03 0.33:0.04 1.03+0.27 0.44+0.04
7~8 M 16 0.73+0.114% 0.62+£0.10"44 0.49+0.08 4% 0.47+0.07"4% 1.25+0.184% 0.57+0.054%
i N 0.55+0.06 0.49+0.05 0.35+0.07 0.36+0.04 0.98+0.22 0.45+0.03
9-~10 Vi3 28 0.74x0.1144 0.61:0.0724% 0.47+0.06%% 0.47+0.07%% 1.25£0.25%% 0.57+0.06%%
i 14 12 0.61:0.07° 0.52+0.07 0.39:0.04 0.39:+0.05 0.95:+0.14 0.47+0.03
n~12 bi:de 10 0.71£0.09%% 0.66+0.094% 0.48+0.044% 0.46+0.04%4 1.19+0.33 0.57+0.05%%
i 14 12 0.63+0.07 0.54+0.07 0.38+0.04 0.37+0.04 0.98+0.18 0.46+0.03
13~14 M 21 0.72+0.M 0.60+0.07 0.47+0.04 0.46+0.04 1.09+0.22 0.55+0.03
=15 M 72 0.76+0.1144 0.61£0.1044 0.47+0.06%% 0.46+0.05%4 1.10£0.23%4 0.56+0.06%%
ij: 3 27 0.61£0.11 0.52+0.10 0.38+0.07 0.36+0.04 0.79+0.15™ 0.46+0.04

ARSI —ER BRI, "P<0.05, " P< 0.01; BERBRRE M Z [ERILLE, 2 P<0.05,24P<0.01,
Note: Comparisons between same sex at different ages, "P<0.05, " P<0.01. Comparisons between different sexes of the same age group,

4P<0.05, 22 P<0.01.
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HIZ R AT, 7£1~2 2 PREAFE 0.32 g/em® /2

i, H3~4 %2 HNEEEE0.42 g/em® /oA, 5T
ba, &7 BMD fERETERIBENE Z A ia A B& 2 =
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e, FEVEBMD BERTHENE, HEZE—ERFE
BEMES (P<0.01), HERK2,

3 iFie

ANSELS A SR AR AN R B R E
HEEETR S SERNEGLI30%, 45,
B —RAE15 % 5. RIEEERNAETL S,
FERR A ARG AN A% BMC ATBMD /1y
AL, AKIF TR AN R A A AN R SR S 43 4
SCISEE SRR, AR~ RS ERERATH,
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HHATEBEA KN E, XA AR R
K. ZfaEakse s a ik, etk s BMC Al
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M H 58%, BMD g AE AH 24 T4 P £ B2 % BMD I8 {E
80%, X5 AZHEMEBMD &4tk BMD BUEI S — 2
WM SN BMC ERETIAE R, 10 5 &R &
AR BMC IR R N, ZEEMMERE BMC #R T3
N, XATRER R AT R MM £ 5% BMC 32
IR R SRR 0, LA BIREE, &
fFgE [ F2HA A BMC F1 BMD {E7E 30 £ DA 2 85 0
B 30 ~40 2 H BMC #1BMD jA 2] — A4 B IEEIE, I
[ERESERSIEIN, BEFmER, BMCHIBMD 23~
#a%h, BMDIBESITGE, BREafiExiERR, A
AR B, B RS 0.2% ~ 0.5% 1Y
W . FIAZAHEL, SRR 10 5 B HRESHEY
FNRE30 & FEIRS, 105 2 5 REREETEE
RAHEELAT NG REREER 1015,

BN B AR R ER AL BMD EUE M REN MR R
SLER > B> R > FE~NE, AR —
. RSLERBMD ok, MR/, EHEMERS AR
BMD B EEBEPEAT E o Black 25 U2 SR R BIAS R RS B
TN AR AD BMD = Tt . Cerroni 25 13 3 R [E] 4
i B 1L VAT A () B 2 P B 72 SR A e Y BMID 5 B o
AR TSR, SR B A iR
(9 BMD & T Ml . ARFFFEHER X AR BN, &
A% () BMD AR (U AR IS B R . 7R [AERALAYT BMD
W, SLERTBMD S IR EERIA R, X5 ERGA
a5 U4 R IR s B — 8. HAREALAY BMD 76 £ 48 Iz
6 % G TAE, 108 A£G AREHE A HIH
TRFE, XAIARZERE BMD B 25D A —
2, REA LB AR E, Y A EHIR,
BMD & & & ERMEMR, mEMmEBLEREGES
&, EREREAMAN, RERE G RRRA /N
%, FRPABMD ZEANK ; 53 Al 6E S SL B A B A
BEZER, FNRBRE R ERBHEE T R
B, BRI R e o 7 R KR AR B R B,
EHE B, B0 52 5 b I I £ 8 5 BMD B9 3E fk
JIKE

WA I I 3 FE BRI ] BE 2= FBUE TR ANE
Bk, EEf BMC Kz BMD 5 (R K 2R LA
FIEEE =R S AR AR E 0L,
B R EMFAZEBMD. B FFAAE B> R
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e T Al S A A
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procedures were performed in accordance with the
requirements of laws and regulations in China related to
experimental animals, including Animal Management
Regulations (01/03/2017), Laboratory Animal: Guidance on
the Treatment of Experimental Animals (30/09/2006), and
so on.
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