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[ Abstract] Objective To discuss the elements of establishment and test indexes of osteoporosis animal models to
provide a reference for standardization of the osteoporosis animal model. Methods Literature related to animal models of
osteoporosis in the past 10 years was retrieved from China Knowledge Network, Wanfang, VIP, and PubMed databases.
These data were analyzed using Excel and SPSS Modeler 18. 0 to summarize the types of experimental animals, modeling
method, and test indexes. Results A total of 457 studies were screened and included. Animal models of primary
osteoporosis were mainly established in ovariectomized rat. The animal models of secondary osteoporosis were mainly

established by glucocorticoid drugs. The main test indexes were bone mineral density, serum biochemical indexes related to
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bone metabolism, bone tissue morphology and pathological observations, bone microstructure, and bone biomechanics.

Conclusions At present, ovariectomy and glucocorticoid induction in rats are the main method to establish osteoporosis

models. A uniform standard has not been established for animal models of osteoporosis. Osteoporosis models require

comprehensive evaluation by bone mineral density, serum biochemical indexes related to bone metabolism, bone tissue

morphology and pathological observations, bone microstructure, and bone biomechanics.

[ Keywords)

Conflicts of Interest: The authors declare no conflict of interest.

5 SRR AAME & —Fh DA A, B 2 Ui G 4 it
N, FECE R MR N, 25 5 kAR T O R AE I 4
Bt BAR HRTHE R B A RE 1Y 24 9 Fh 2
B % (B AEST R0 A B B ¥4 ik
LR WA 1 390 0L PR R 2 T BE 25 3 in A Ay
JREE B TR G0UE YRBE 5 A HE 2 TR RR 55
RRUDABEE I, R EEA T EE 8N
SRAVERAE RURS: B s B TR G TR R P A YR T 24
PIATh A A 5 AR TR S T A S ) P A AR
ST S 25 W) AN ] Sk Y B R AR AR ST
FAT 10 40 BT FARE HH 56 3h 4 S 36 0F 5 SCiik, B
T P AN TF & 36 0 A D% 1 I 5 B E 3 )
R 1) S BRI ST 18 S, SR FH MR 42 1 1) =00 B Joit
BUAME Sh A5 A0 1) Sl ) 28 | el A 7 =X RS I 4 B
HEAT I A, Ry A 5 B o B A A AT o R I S
A
1 #ARERZE
1.1 HIEFRIE

e 7 B P A R P PubMed
B E P 2013 4 01 A 01 H ~ 2023 4£ 01 A
01 HA X BRBAMAE sl 52 56 40 56 SCRk , i FH &
K gk, FRSC LA B R AL " A s R R Ol 3 U
;9L “ Osteoporosis” AND “models animal” A 3£
AR, AR 3810 44450,
1.2 XHkiFEiRAE

AN BRI - BB R B TS E 204 55 5 FL
TEAAYSCHR . HEBRARIE : (1) BIBRS I RIRUARW] &
T BB | B T A by HAth 5 5 I & RE L B HE AN
2 NAFAEGR I Y SCHR 5 (2) HIBRER R BRSO 9T 2
DB S0, 2 U2 Sk, e AN ok A AR 2k R 58 4%
(BRI PRI A =X R I AR A B A ) 1 L
AT ARAG A SCAY TSRk, ATt 457 G, Hod b e 224
L 233 5,
1.3 FitESH

N Excel A B 290 AR 457 55 SCik g s

osteoporosis; animal models; date analysis; molding methods; testing indexes

W yAns AR PR SR RIS R
FEAT AR5 2 B R B IO B A i B 4 A R A
B SR ARRAE S IR s S5 sh W S g
BARYIEATHIIE (] Excel ZEATARIK A0, R
SPSS Modeler 18. 0 XMl FgHRitEA T IR /34T

2 &R

2.1 XIzh¥EF

FET L5 1 457 J SCHRH AR o LT 5 1Y
BT B A RE S AL B 4 00 e RO (315 1K,
68.9%) /NEL(84 7% ,18.4%) ST (191K ,4.2%) .
PET A0 (14 K,3.1%) F- (13 IK,2.8%) ; LAb, 6
RN 3 U0, BB 2 Wk 08 KR RIS 45
1R,

KRR/ B B JoT 5 B E B 5 AL e 3 3l 40
HYRA -, AT R NI S S 1 H e A
K, BS54 TR 109 2 25 W00 22 1M 7 A=
B R OCHE AR 55 . AR B KIR B 5, B
HAEHARA S IR 125200, B F Y
TR AR ) 37 I ), R R RS A R —
ST, BEESth HA AR | S iR 37 | 3 A S
SR TRT R A AL i, L5 0 L 3l R A v B TR R A
PRI 7T 30T A DA Aot FH B0 5 0 S N7 B JO B P o A 2R 3% 3
SRR ST & AR (0 BE D 7 B A s B 5
B — XELL 3% 25 UL 4 i A, FE I 9T B O AR 4 T
ZLARPR SR,

2.2 EEAN

TE SCHRECE 22 v i o A RE 15 A% 7 2CF o T
SIS R F AR 72, 6% , 25155 T 15 B
filt 19.5%, F ARG I s 7 5 1L 4. 8%,
A B4 D HoAd s Ay Xk 215 5 sk
PREFR L TR SR R R4 55

TG B A BORFEE | ] & il PR | S0 50 45
RAMFEEER WA 2 S50, HFAREIG53
B R ) S 2 1 I 3 At A A T g A,
ARIERLT R AW . 259 B O 5



1044 rh [ SR B AR 2023 4F 8 H A 31 545 8 1] Acta Lab Anim Sci Sin, August 2023, Vol. 31, No. 8

ST PRAE TR, H 25 4 3 A A AR ROR AN FR
E AT G i R i i 2 ad e ) 2
18 BUE IRFE | S A5 5 AE

2.2.1 FAREH

FE 332 R T AR RSOk, SECRT |5 LR RT3 7
k. 25 B L (320 WK, 96.4%) . 2= IL (6 Ik,
1.8%) AT B2 (3 7R,0.9%) ; LA, 78 A\ H
2 VIBRERIKRNZ: 576 B4 HEL 1K,

LOPEEH I T ARGEE X, H AT Bl a4 4
)5 B RAME . 7E K I0 R TF AR SR, AR
hi Lt 28. 1% , EEBA B o5 b 17. 8% , HoAx oK Wl T
ARAETT R, P ER A B4 B U0 5L 25 ) 4% 3 5P
SUOBRAEAR X R B B AT R S AT I I A
HOpE R N 2wk V5 2 s W 2 R ER A 1 AR
P 0 S sl e o DA ORBRLET BB 480D 11 47 o5k B 5
I, T AR AR E P LA — A 2 em 24 BIYIE, K
RAETHBILA &k, I A a2 & 2 24, (HEA R
Sy LR AN 1 A AR
2.2.2 YA FER

2555 TR W 5T Ak & 1 B I B A 1) 3 AR
Bio AR 253545 | 4 24 7] d RN 3 ABE A (1] 1 v S
SCERGETEILFR 1, BSOSk GE T 3R 2., 3BT R
SUARE KR Z7E 180 ~ 300 g Z[a]; /MR AR E AL 18
~ 27 g ZIil, BYITE BUAE Z i, PR EE AT % 5 EAH
%, BRI BB AE 259175 S 8 15 R BRI B
(7 5 B R X T g 2 TR sl i A i 2 5 9 3
BEBAEE R G iR 2, T YRS,
SCSCHRZE TP R IO e o8 22 268 (Hh ZE K | S A T
s HRJE T2 SR AUHR ) 25 29 i H5 — 2, T SCOCRK
i 1 GI4EH R o a0 iR TR 2R, WA
AT, 2 H R 34 R I B vk, W R i =5 28 )
SR FHE S 5 2, AE 3 S B A AL 55 WL 7 5 2 R
S SRR ST W P A R S A DA 2R
KRE EPRA 5 FERET R 70 ~ 100 mg/kg;
R T EE 2 ) 25 S A, A b FEOR A AL A 1 S5 59
wAN1 ~ 21 mg/ke,

2.3 HMER

B R AME S S50 F A AR AR L 3% 3,
I A SR FHORUBE X S 8 BEAN, FL DL X 4R
i 35 Bl A 2 1 3 25 5 R o BT i R R 4 41
FELCHE | RE A5 5 A0 5200 20 W) 09 1 5 R 3 235 SR
PR RIS B P |, 2 1 JoT i P TG B A 2 1 4 A

HECO T AR A A AR bR A S S R T A
e 2R 1N VY S O R 9 N R NG
R 25 E R R RO R I | R M R
it 5 | [0 45 6 M il 45 o0 2 1 i AR Ak, AT
S B AR AR AL A B T PP 1 55 M RE AR DR
ABEFITF R Mirco-CT 1] 23 My 5 18045 #4715 3|
FAE B AR H SR TR (BV/TV) B i/ 4R
(BS/BV) /NREEL(Th.N) FI/NGEEFE (Th. Th) /N
535 (Th.Sp ) L5 AIFE B (SMI) S5 S5, SN
B LS A, A Mirco-CT 348 R AG I A
HAMMBELEDY 5 =40 5 e, HE
HY R AR D SR A SUE S R ELR S, R
FZRAKG - (HE ) Yot JHET O 44 5 Masson 4%
o HORREHE IR L0 e 7k i s R U R
ORI 5 T 18] 42 20 A8 %5 8¢ B Al 20 i AR IR
B B IR Ty A ) Fe 48 5250 HH % 58
LR IEE7 s d M Ay el ||| M S N 1 R
S5, o = i S 0 B R e, e
55.9% , F A=W 72 0 B A A e H v B O
O RE A AL W A AR A I E 4R
s B AR 5 E oA B KN T (84. 4% ) e KA At
(79.8%) WIEE (42.2%) SRR (37.7%) , AT
IALHE AR B A7 [  F AR B 5 48 bR, fe K
1 T EUR W R T T B A K T, RE S LW b T
B BB AAE & BB T T RE M . B KA
% BB K SZ 1) W IR 28 Ay, 44 0L 19 2 i R M 5
LA T4 8 T, 38 TH B d5e R A nT DA i 2 R
REIr kAR, 2% 3 R BRIk I 48 b 5 e it
SCHRAY LAF, 7 LEAR IR 36 F 1,
2.4 KERFL 5 AR

SRHZHLY) Apriori 5535 HEAT GBI 43 M7 2F
— AR B A E A FR AR I AR R BB S
B 10% 15 B R 50% . f KRR R 5 1
25 > 1, 3R] 6 RS xE, K lFE bR & B I L
B, CHAIN A BT 25 5 W46 4, S5 R Bon, &
PRI A AL T8 A | B S5 A A B ] 2O 259 B2
NREE ) 515 % W P R e R, R X SR AR 5
B FE— A R VAN B B A Y R AR A,
BORBAEY 125/ 8 RS R QR 55, Xt
PR B BB AASE 1 A8/ 0N (R0 5t A g g 2 2 3
B B AAE 55 5 UL R B 0 A R O =X, A4 e
A VIR g



o [ S Bh 2 2023 4F 8 A 2F 31 55 8 ] Acta Lab Anim Sci Sin, August 2023, Vol. 31, No. 8

1045

R TUBAMEZ Y5 Sl B SOk ge
Table 1 Statistics of Chinese literature on drug induced modeling of osteoporosis
GBS W& 2 pae s () TE AR 1] 22 3CHik
Species Weight Drug Administration Dose( single) Time References
K ] AR WeeiEsH L0 ek B 1,2 -
Rat Dexamethasone Intraperitoneal injection ’ ° Once a day, 2 weeks
/MR B ERtANNSEA RS 20.0 me/k BRI1K,1H (8]
Mouse Hydrocortisone Hypodermic injection ’ & Once a day, 1 week
/N 4R #EH BR1IR,2 M
Mouse B-~27¢ Retinoic acid Gavage 1500 mg/kg Once a day, 2 weeks [9]
PN 4R A HR1IK,2H
Rat 250 ~ 300 & Retinoic acid Gavage 70.0 me/kg Once a day, 2 weeks [10]
/N 4R #EH BX1IR,2H
Mouse 2 -2 Retinoic acid Gavage 70.0 me/ke Once a day, 2 weeks [11]
PN B HBFEAKAR JULPA 25 21,0 me/k BR1K,4H [12]
Rat Dexamethasone Intramuscular injection ’ & Once a day, 4 weeks
ENC 2P HEH HE1K,2H
Rat 280 ~ 300 ¢ Retinoic acid Gavage 70.0,110. 0 mg/kg Once a day, 2 weeks [13]
/N HBFEKAR BT S BR1K,5H
Mouse 0~ Dexamethasone Hypodermic injection 50.0 me/kg Once a day, 5 weeks [14]
PN AR EH BR1K,2H
Rat 240 ~ 260 Retinoic acid Gavage 70.0 me/kg Once a day, 2 weeks [15]
KB 40 - 260 AP HEH 80.0,100.0, TR 1,2 6 [16]
Rat & Retinoic acid Gavage 120. 0 mg/kg Once a day, 2 weeks
PN AR #EH R 1IK,9 M
Rat 280 ~ 320 Retinoic acid Gavage 1000 mg/kg Once a day, 9 weeks [17]
PN 4R A HR1IK,2MH
Rat 250 ~ 350 5 Retinoic acid Gavage 80.0 me/kg Once a day, 2 weeks [18]
PN HBZEKAR JULPA 7 55 HJE 2,6
Rat 140 ~ 200 ¢ Dexamethasone Intramuscular injection 1.0 me/ke Twice a week, 6 weeks [19]
PN HBFEKAR JULPA 5 fEE 2%, 9 A
Rat 180 ~ 200 ¢ Dexamethasone Intramuscular injection 2.5 me/kg Twice a week, 9 weeks [20]
PN ke HEH HR1IR,18
Rat 100 ¢ Methylprednisolone Gavage 0.3 mg/kg Once a day, 18 weeks [21]
K HBFEKAA JULPA o 55 B 3,8
Rat 260 ~ 300 ¢ Dexamethasone Intramuscular injection 1.0 mg/ke Three times a week, 8 weeks [22]
/N HBZERAL LT JH 2,6
Mouse 18 ~22¢ Dexamethasone Intramuscular injection 1.0 mg/ke Twice a week, 6 weeks [23]
PN M ZEAARL JULPA T 25F BRI, 13 4
Rat 240 ~ 260 Dexamethasone Intramuscular injection 1.0 me/kg Once a day, 13 weeks [24]
PN HBZEKAR JLPA 7 55 HJE 2 %9
Rat 210 ~ 290 ¢ Dexamethasone Intramuscular injection 2.5 mg/kg Twice a week, 9 weeks [25]
ENG 4R HH HR 1,20 d
Rat Retinoic acid Gavage 800 mg/ks Once a day, 20 d [26]
K A B HR 1,4 H
Rat 185~ 215¢ Retinoic acid Gavage 70. 0 mg/kg Once a day, 4 weeks [27]
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R 2 HBUBUAME 25 175 Sl B SOk gE T
Table 2  Statistics of English literature on drug induced modeling of osteoporosis
GBS R k7 wiz s () TE AR ] 275 3CHk
Species Weight Drug Administration Dose ( sigle) Time References
K HiZEARFA B RS R 1,9
Rat 130 150 ¢ Dexamethasone Hypodermic injection 0-1 mg/kg Once a day, 9 weeks (28]
/N _ HiZEARFA I i 5 10,0 me/k BR1K,3H [29]
Mouse Dexamethasone Intraperitoneal injection ’ & Once a day, 3 weeks
PN LV JLP 5t R 2 %k, 12 4
Rat 230 ~ 270 ¢ Prednisone Intramuscular injection 15. 0 mg/ks Twice a week, 12 weeks [30]
PN PP BER B R T2 SR ) BRI ,4H
Rat 240 ~ 280 ¢ Methylprednisolone Hypodermic injection 5.0 mg/kg Once a day, 4 weeks [31]
PN P LR B R T ik BR1K,3H
Rat 190 ~ 230 ¢ Methylprednisolone Oral 10.0 mg/ks Once a day, 3 weeks [32]
PN HiZEARFD FEFRIKIE S & 2%, 8 )4
Rat 180 ~ 220 ¢ Dexamethasone Caudal injection 2.5 mg/kg Twice a week, 8 weeks [33]
/N HZEARFA IS A T 2 R 1,4
Mouse 21.0x2.4¢ Dexamethasone Intraperitoneal injection 30.0 me/kg Once a day, 4 weeks [34]
PN HZEARFA Tk 5 BEJE 23K, 16 JH
Rat 256.98 = 18.18 ¢ Dexamethasone Intravenous injection 3.0 mg/kg Twice a week, 16 weeks (35
PN Ho ZEA AR B RS 2d 1,34
Rat 250 ~ 300 5 Dexamethasone Hypodermic injection 1.0 me/kg Every other day, 3 weeks [36]
/NE HbZEAFA JULPA 25 B 30,12
Mouse 0-~22¢ Dexamethasone Intramuscular injection 3.0 mg/kg Three times a week, 12 weeks [37]
N _ PP ER R T KRS, 3.5 m/k HR1IK,8 [38]
Rat Methylprednisolone Hypodermic injection ’ & Once a day, 8 weeks
PN BRI e fh Te HEH BER 1,13
Rat 250 ~ 270 Prednisolone acetate Gavage 3.0 mg/kg Once a day, 13 weeks [39]
K ) AR TR 50 mrk F3 K4 o
Rat Dexamethasone Hypodermic injection ’ & Three times a week, 4 weeks
/NEL TP ESR A T RS 21 m/k BER 1,4 (a1
Mouse Methylprednisolone Hypodermic injection ’ & Once a day, 4 weeks
/MR ) R R ) 28 me/k X148 .
Mouse Methylprednisolone ’ & Once a day, 4 weeks
M ) R T e 15,0 me/k 2d1%.20 "
Mouse Methylprednisolone Gavage ’ & Every other day, 2 weeks
K HEHR BRI, 2H
Rat 190 ~ 260 ¢ Retinoic acid 70.0 me/kg Once a day, 2 weeks [44]
/B L3 R FA T TR 1,3 M
Mouse Methylprednisolone 0.8.2.8.4.0 mg/kg Once a day, 3 weeks [45]
/N HoFEKAR M T 25 R 1,5 M
Mouse 0~22¢ Dexamethasone Intraperitoneal injection 20.0 me/ke Once a day, 5 weeks [46]
g LR AR K G
/MR, _ miﬁiﬂﬁ&ﬂa ?i‘ﬁ/\. 1421 me/ke BHR1K, 134 [47]
Mouse Methylprednisolone Implantation Once a day, 13 weeks
/N B S5t KFHA
- . L 1.5 mg - [48]
Mouse Corticosterone Hypodermic injection
ENG TRk Je fs e e HR 1K, 13H
Rat Prednisolone acetate Gavage 1:5.3.0.6.0 mg/ke Once a day, 13 weeks [49]
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Table 3 Testing indexes of osteoporosis animal model

oRIErEA LS T A7S LIk (%)
Detection index Instrument/method Frequency Proportion( %)
3% B E o L i A
EEE XLRE X S i o BEAX 267 58.4

Bone mineral density

ML ARG AR AL A

Dual-energy X-ray densitometer

ELISA 5 &/ A AL B

Serum biochemical 1nd§xes related to ELISA kit/Biochemical analyzer 217 47.5
bone metabolism
Efrei) WO EHLEZ R AR BT BB R Y
. . 217 47.5
Bone microstructure Mirco-CT/CT

HHLUEE K B 5% BB BET I R g

Bone tissue morphology and Microscope/Image digital analyzer/ 188 41.1

pathological observation Pathological staining

I 5 BRI L AR 4 0 2 A

N - Electronic universal laboratory machine/ 109 23.9

Bone biomechanics

Biomechanical testing machine

TE:AH BB B M A AU AR S A A3 b C B S F; D A
W B B AUR S B BES . (FRR)

B 1 A b 19 265 DGR 5]
Note. A. Bone mineral density. B. Serum biochemical indexes related
to bone metabolism. C. Bone microstructure. D. Bone biomechanics.
E. Bone tissue morphology and pathological observation. ( The same
in the following tables)

Figure 1 Network association diagram of testing indexes

R4 B DUGARE RIS PR SR AL 2B
Table 4 Analysis of association rules of osteoporosis

testing indexes

TEbRdL A SR BRE Wi
Index combination Support Confidence Gain
D/B-A 10. 941% 68. 000% 1. 164

D-A 23.851% 60. 550% 1. 036
E/B-A 19. 475% 59.551% 1.019

B-A 47. 484% 59.447% 1.018
D/A-B 14. 442% 51.515% 1. 085
E/A-B 22.976% 50. 476% 1. 063

-

3 i

B BN AE B AT 4 ST e 0 5 R R AL

il AT AR 25 B B AP BR . AR SGE T GEi T 10 4F
FEl N M SO AE 52 56 s A2k | A B R i I 2
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R 2 e BROR SRR/ B, K B e ik = ECIE A
A LR NI i 22 5 R AR D BB A i Y
FAAE—E BBE S E PR GBI A D RAE
R EARI R AR R e, 75 RUR P
BN AEAS TR | R DR BT A 25 B SR 56 [ £
2 i A PR R B T AR 2H U AW R A 22 S R
SR AAEAST R 557 T Ak M O S A i A Y L f
BRI R RO 3, EH 7 X
FRIA Sy B O L A8 2l 90 3 A7 LA T = A Fr ik
PEZAL 55—, 2585 T 1 M4 24 50 42 R i A ]
ZESROR, X B8] RE 23 1 35 5 W S ) B AL R
JEE | R 206 AN (] 25 W75 5 O 15 B0 4 HL AT
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S (PR 23 i 25 50 Wi 1 6 0B A 4 g 20
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B RBAMERIPTFE , AR BT AT & NI it
FEETE S BB AME X — B WAL B A
T R ] A S IO T A e T AL 355 2 A R
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FEEE R AAE SRS A A B TR B AN PR )
BEI—FNIIET R E I 30% , 55 R KM i
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