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[ Abstract]  Objective To study the modeling elements of rheumatoid arthritis (RA) animal models and provide a
method ological reference to improve the success rate of modeling and evaluate the effectiveness of tested drugs. Methods

Rheumatoid arthritis and animal models were used as subject headings and the relevant journal documents of CNKI and
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Wanfang databases (January 2017 to December 2019) were searched. The experimental animal species, excitation method ,
inflammatory method, and detection indexes were collected and a database was established. Excel 2012 and SPSS Statistics
19. O statistical software were used to carry out association rule and factor analyses of imported traditional Chinese medicine.
Statistical analysis was also carried out. Results A total of 259 periodicals were included, among which male SD rats (69
times, 25.18% ) and male Wistar rats (54 times, 19.71% ) were the most frequently used experimental animals. The most
frequently used inflammatory method were CIA (172 times, 62.77%) and AA (82 times, 29.93% ). The most frequently
used stimulation method were subcutaneous injection of the tail root (71 times, 25.91%) and intradermal injection of the
right hind foot (52 times, 18.98% ). The most frequently detected indexes were the swelling degree of the foot sole (133
times, 17.48%) , arthritis score index (84 times, 11.04%), serum TNF-a level (74 times, 9.72%), and joint
histopathology (66 times, 8.67% ). Conclusions The result suggested the use of male SD or Wistar rats to induce
inflammation by subcutaneous injection at the tail root when establishing animal models of rheumatoid arthritis. The success
rate of the model can be improved using 0. 1 ml emulsion mixed with bovine type II collagen and Freund’ s incomplete or
complete adjuvant at 1:1. After consulting the literature in the past 3 years, 274 articles meeting the requirements were
selected. This study analyzed the existing animal models, provides suggestions to improve animal models of rheumatoid
arthritis and standardize model evaluation, improves the coincidence degree between animal models and the clinic,

summarizes the research progress of animal models of rheumatoid arthritis from the aspects of model animal selection, types

of rheumatoid arthritis models, modeling drugs and detection indexes, and promotes in-depth research of rheumatoid

arthritis.

[ Keywords)

SRR R 5 S — P A L 2R R T o 32
M2 RGERAE M A B RBEHIN . EE KRR
e, BEAT IR, R FRAE, 22 0 OGRS A R
P FELABEIR OGN O PR A A K T
RBIFNREAFWALE), B Lk 4 T e &
I, SR A AR B AR I R 2 AE 30 ~ 50
ZI) R AR A A R R gk R 1 23 2 N
AT i AR IR AT Bl E T 52 BHL, B
LA TR ERE,

1 HRFTE

1.1 HHEFRIE

DL 28 KRS R I sy s i Sy F2 e
T T RN B8 RN T 7 BN P e R AR A T
AR IHEIFE L 2017 4E 1 A -2020 4 6 A, 3t
Ko 2R 2 BRI SCHR 565 5 .
1.2 XEkiHIEARAE

OH BrAR A 231 IS SCERE AR
TG ; HE bR 25 38 S R R A 2 1 STk, @A A
T IFIE 2 KT R 11 4 0 s A5 1l T 1) 30 ) 52 56
SCHR, e 2D\ 565 i SCEE TR B RO 274 B
1.3 HELE

SEEG Y 2 FR R R AR S ISR B R g

N

rheumatoid arthritis; animal models; factor analysis; data mining

YIS s B ) AT R, G — b 3B A AN TR 44 FR Y
SRS, R S S M RN S R T s B
RITIEFF I KR AE A Excel 2013 04040
B ST NI R Sh AR A R 1
1.4 SitEHZE

i 6 H A A PR HE R SCHR 274 5 K URCEE 1Y
SR BIIFNSE OR T 2 BUR Ty TR R R 4
Fr 45 B A Excel 2013 2 #% " 4t i, ff Fi SPSS
Statistics 19. 0 #7502 HT

2 #R

2.1 FitFE&ER
2,11 SEERBhPFp s

HESTEAN 274 555 S 56 SCHR T 9 43R 5250 3 4
KA HE Y G458 AT 33 Rl gt 3h
PRI e RS, AEIX SIS Sy AR =15 1)
A 6 Fl, REUHEL 197 WK, FEAREU = B RT 6 1743
SRMEME SD R EL(69 ¥k ,25.18%) HEYE Wistar K
FL(54 ¥, 19.71%) .SD KR, MEMES 2 (26 Kk,
9.49% ) FIMEPE Wistar KL (23 ¥K,8.39%) .SD K
B, WEE B AT (22 ¥k, 8.03%) M DBA/L J /N ER
(18 ¥R,6.57%) . 1 274 f5 5256 SClkh, S5 sh )
PRGBS W2 1,



[ LR R AR 2% 2021 4F 1 A5 31 455 11 Chin J Comp Med, January 2021, Vol. 31,No. 1 81

R1 LRI A

Table 1 Frequency distribution of experimental animal species

BIL/ S R B/ S B
Animal species Frequency/Times Animal species Frequency/Times
HERE SD KL 6 Ttk Lysm-GFP /INER )
Male SD rats Male Lysm-GFP mice
FEME Wistar KB " TP/ N B, ARAR B AP 2
Male Wistar rats Male mice, unspecified species
SD KB, WERER 26 R G, HEbfERF 5
SD rats, half male and half female White rabbit with big ears, half male and half female
SD KRl MERE HT » C57BL/6 /NRUF KitW-sh/ W-sh /N |
SD rats are both male and female C57BL/6 mice and KitW-sh/W-sh mice
WEPE Wistar KB 23 CSBL/6 J /MR |
Female Wistar rats C5BL/6 ] mice
HEPE DBA/1 J /MR 8 1COS %3 B /N L X
Male DBA/1 J mice ICOS transgenic mice
WP SD KB 1 Wistar KB, MERESSE .
Female SD rats Wistar rats, half male and half female
ENIEWNEE . Wistar il 1452 1
New Zealand White Rabbit Wistar rats, half male and half female
Wistar K R, M 55 T 5 HEPE DBA/L J /IR |
Wistar rats, male and female Female DBA/1 J mice
HEWR R, MEMER 5 e L 1
Blue and purple rabbits, half male and half female Female rhesus monkey
HAKRH A% 5 O R A B |
Japan white rabbit Female healthy rats
BEPE Lewis KB 3 KB, HEAfEAS B i
Female Lewis rats Rats are of either sex
Mtk C57BL/6 /MR 3 T Lewis KRR |
Male C57BL/6 mice Male Lewis rat
DIR-/~F1 D2R-/~/N i 5 Tt Wistar /) B |
D1R-/- and D2R-/- mice Male Wistar mice
A HETE A ) T SD K |

Adult male macaque

Class T SD rat
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Table 1 Classification and frequency statistics of modeling excitation methods

iV WIEN LIk VRN VTN B
Excitation mode Frequency/Times Excitation mode Frequency/Times
" FEARTR R RGBT, W I T A
S 1 N c
FRARHLL P 71 Intradermal injection of tail root and hind limb ankle joint. 1

Subcutaneous injection of caudal root . S
Intraperitoneal injection

A5 BN B N T 5 FERRIDKCEE S, 0 A |
Intraplantar injection of right posterior foot Tail vein injection plus intraperitoneal injection
§ B AT S AT LT B T
JeJe P A B > RIS
Intradermal infecti £ Teft posterior & 33 Intradermal injection was 1
nhradermat mjection of el posterior foe performed at 5 different parts of neck and back
. A Sk Xof o7 P9 /8 2 Bk, R AR 5
FEARHS 708 S L B e W XTSI RCIR JERRR 1S T3S
, L . 28 External skin corresponding to femoral heads on 1
Subcutaneous injection of tail root, back and foot plantar . R K L
both sides, tail root intradermal injection
TEHB S RRARTS 2 m B2 NS .
o e JE IR R, S A
Multiple subcutaneous injections at 20 . . o . : L 1
K Skin, sole and tail, divided into intradermal injections
back and tail root o
TEF TR BT i s I 1 45 |
Subcutaneous injection in_back Intraperitoneal injection
TR A AT J o 2 R T T

L U GeJA RN X 43 5 ANFBALREE T 4T
Multi-point subcutaneous injection of dorsal and 8 o . . 1
left oht metatarsal Subcutaneous injection of rabbit interscapular region in 5 parts
eft or right metatarsa

XU 53 M A T 55 ; T H IR M 22 ) X R 4 3 % |
Bilateral intracavitary injection of knee joint Choose 3 pairs symmetrically between back scapula
ZEAT I R BN AT 7 ARSI I R B BN 3 S 2 |
Subcutaneous injection of left and right hind feet Right knee joint cavity, foot plantar intradermal, back and tail
JE SRR B R AT 6 oG A BEEEOAL B A TS i
Subcutaneous injection of toe Intradermal injection at palm of left posterior toe
FEARER e A 5 B AR L 2 R A TS TR RGOS T e H% 6 5 B T T 5
Multi-point intradermal injection of toe of tail root, 3 Subcutaneous injection at 6 o’clock was 1
left or right hind limb selected for back and double knee joint cavities
H#H 3 FEARTR L RS M e T T !
Stomach irrigation Subcutaneous injection at tail root and hip
7 BRI B RS ) B H R AL 1
Subcutaneous injection of left foot ankle joint Multiple intradermal injections of neck, back and tail
Bk JEEE R, 5 a5 K A TE S ) 225 BRI B AL T A .
Skin, sole, tail, 5-point intradermal injection Injection at ankle joint of left hindlimb
I J S o ok 55 | EEE NI 1
Intraperitoneal injection plus intravenous injection Intratrocar injection
BT A 1

Intraperitoneal injection plus subcutaneous injection

RIZAET, A FE AR SMEON I BT 8, B & T
S0 IR B RFTN R, NI e e T e AR
RA RN ZRIRE , St e MR A8 5F e i A N 7 I 28 90 45 R 152 RA A9 R0 AL
HA—E WL R, RMOLE B RTE R g2 w7 PR RIA T 2SR OETT R 8L 7 2K
P A RA AR AL URZEIESAE RO RSB Z XL AT, @k
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Table 3 Classification and frequency statistics of sensitization methods

FARIZEH] ERIZY) WL
Types of models Modelling drug Frequency/Times
W S T 4 ]I R ENR S5 mﬁiﬁﬂi’%ﬁﬁfﬂl ’1 :}?FE’QEE?LT*TU
CIA Bovine type II collagen is mixed with Freund’ s incomplete or 172
complete adjuvant 1:1 to form emulsion
e e 242 i A ) sl AN 58 42 o LA/
PRI % Bk o0 AN e ' ?JLA 9% il
AA Complete Freund ‘s adjuvant or 82
incomplete Freund’ s adjuvant
BRI A IRV VR 12 BREE 15 58 2 0 IRk 7
Egg protein induction combined with Egg protein and complete 9
low temperature freezing Freund’ s adjuvant
R A IR I D 1 7 e S M O T A Y B &) PC AR CCl4+LPS+4F 11 BUJE S5t (1 Rl 22 0%
Rheumatoid arthritis model induced by oral Aspirin and CCl4+LPS+ Bovine Type 11 3
administration of bovine type ii collagen Collagen and Lipopolysaccharide
K/BXN IfiL 1% g PRI R /N A A .
AR P M L B ML
A mouse model of metastatic arthritis K/BXN o 2
constructed by K/BXN serum frouse serum
; N SE4 IR FAE FIA R A B ks T IR S EL A
T S 2 \mi%m%“lf ‘k)l i} k(lﬁT(tl:} EJZ?LHJ
Complete Freund’ s adjuvant and BCG are mixed 2
AIA . Lo
into emulsion in ice bath
TR R B RIFE RGBS & FERER |
Rheumatoid arthritis induced by bleomycin Bleomycin
S T b o 2 St e El| B R G R LR N RS R R R 2
WAL 5 1 BVEIRGG S iR SCREGLIRAL (R
CAIA Five Monoclonal antibody complexes and 1
lipopolysaccharide against type II collagen
PORFEGAZ T BT 55 10 2 UM 51T & T
AL LRI B B A TELE BT
Rheumatoid arthritis induced by heat killing . 1 . 1
A X Heat kills mycobacterium tuberculosis
mycobacterium tuberculosis
. R NN it-Vim+KLH 7 -5 & B 5¢ AR
N U Ci-Vim e KLH ffie 55 P b LAk
Induction of short peptide of synthetic cyclic AGE LI RIS 1
. p P y 4 CCit-Vim+KLH solution is uniformly mixed with equal volume of complete
citrullinated protein s . . , . e
Freund’ s adjuvant or incomplete Freund’ s adjuvant for emulsification
R4 KRR A AR
Table 4 Classification and frequency of detection indexes
RUE 7N B IR LioAUIIE = A R
Detection Indicator Frequency/Times Detection Indicator Frequency/Times
JE B i 133 eI A A i 3
Swelling degree of foot sole Detection of peripheral blood )
KA RIPIIHERL " TGF-B mRNA {355 /KF 3
Arthritis score index Expression level of TGF-B mRNA
ML T TNF-o 7K 4 T BELH4 mPD-L1 923k 3
TNF-o level in serum Expression of mPD-L1 in Synovial Tissue
A A YU 66 i NOS ;3
Histopathology of joints i NOS protein
I3 IL-1B 16 13 IL-18 3
Serum IL-1B3 Plasma IL-1B3
DNSE ML 1L-6 7K » i 3K P A A A 3 -6 K- 3
Serum IL-6 level was measured Plasma IL-6 level
ML IL-17 K ’s MR FE I —a 7K 3
IL-17 level in serum Plasma TNF-a level
W ”3 N R )
Body mass MDA
3 1110 K 0 BRI T ,
IL-10 level in serum SOD
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RUE N B R oAU A R
Detection Indicator Frequency/Times Detection Indicator Frequency/Times
—BIE W% 16 T IRELA SRS D0 I A0 A 3R - 23 KT 5
General morphologlcal observation Synovial tissue, detection, [L-23 level
AR R AL 15 1L 3% TFN-y 7K )
Imaging examination Plasma IFN-vy level
i I 5 A WEH o S A .
Pain threshold GSH-Px
SV TP E 3 A E A2 -8 |
Determination of inflammatory factor level Plasma IL-8
ISR pLINVERS 1 IL-10 mRNA (335K .
Pathological observation of viscera Expression level of IL-10 mRNA
[f[L‘{%‘:EF IFN-y 7J(3'Z 10 El ? 21 4{; ﬁi*é N&Z:EL%L 1
IFN-vy level in serum Expression level of IL-21mRNA
i 22 % 10 TR SR L K IL-1 7K |
Splenic coefficient Synovial tissue and IL-1 level were detected
L% CRP 9 IR hs CRP 7KF |
Serum CRP Detection of hs CRP level in synovial tissue
I 3i§ RF 9 TS IL-18 K-F )
Serum RF IL-1B level in synovial tissue
PR VEGF Bk ; KATHEA L TLR4 mRNA Kl 1
Expression of VEGF in ankle joint Detection of TLR4mRNA in synovial tissue of joint
MMP-3 mRNA X} 3k & ; KT Smad5 mRNA Fik |
MMP-3 mRNA relative expression Expression of Smad5 mRNA in articular cartilage
WA 1L-4 ik 6 Q-marker f4 T 1
Expression of IL-4 in synovial tissue Q-marker prediction
MMP-9 mRNA X} 3k & 6 B BLR T OPN 175 & |
MMP-9 mRNA relative expression OPN content in synovial fluid
BRI AL TNF-a F3KK T p WHBOR T IL-17 A i |
TNF-a Expressmn level in ankle joint tissue Content of IL-17 in synovial fluid
ML TGF-B /K 6 M IELHLR D FOS T A FIERT |
TGF-B level in serum FOS protein expression level in synovial tissue
1L HIF-To 8455 e A 5 M3 1L-2 1L-4 IL-17 3Rk .
Detection of HIF-la in serum Expression of plasma 1L-2, 1L-4 and IL-17
I3 PGE2 ik s 13 CRP 7K |
Serum PGE2 content Plasma CRP level
1. 1L-18 7K 5 M3 IL-23 7K .
Plasma I1-18 level Serum 1L-23 level
I3 H VEGF /K-F s 4R S - 1 1
VEGF level in serum MMP-1 mRNA
DSE AL 1L-2 7K 5 HE B E M- 13 RNA .
Serum IL-2 level was measured MMP-13 mRNA
BRICTT NF-kB ik 4 ESR I |
NF-kB expression in ankle joint ESR erythrocyte sedimentation rate
BROCTT A IL-10 FIEKP 4 KT T-bet )
Expression of IL-10 in ankle joint tissue Transcription factor T-bet T-bet
BRSOG4 IL-17 kKT 4 I35 10-13 |
Expression of IL-17 in ankle joint tissue Serum 1L-13
BRI TCF-B Fik sk F 4 I Y IL-12 .
Expression of TGF-B in ankle joint tissue IL-12 in serum
PR 4 TFN-y Fik K F 4 1M 3% 1L-18 )
Expression of IFN-y in ankle joint tissue IL-18 in serum

W IL-10 B9 & &

Content of 1L-10 in synovial fluid
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Table 5 Factor analysis of high frequency detection index (Frequency=9)

A R iRl Er=g A2 iRy

Factor analysis detection index combination

NCES BTtk (% )
Common factor Factor contribution rate
F1 10. 74
F2 9.09
F3 6.96
F4 6.51
F5 6. 30
F6 5.85
F7 5. 66
F8 5.22
Fo 5.09
F10 5.02

I3 TNF-o K- L3 IL-18 /KSF L3 IL-6 K-

Serum TNF-a level, serum IL-1( level, serum IL-6 level

MLY% RF ML CRP LK — OB S

Observation on serum RF, serum CRP, foot-sole swelling degree

and general morpholog

i Z B R IR TR

Determination of spleen coefficient and inflammatory factors

AT AT TR 4L
Joint synovitis scoring index
HARAERA B (E
Imaging examination, pain threshold
KAV LR (AT
Joint histopathology, body mass
I3 1L-10 7K (i3 1L-17 7K
Serum IL-10 and IL-17 levels
JUE B ¢
Pathological observation of viscera
1ML VEGF 7KF-
Serum VEGF level
M7 IFN-y 7K
Serum IFN-vy level

SRR ST R SRR | 2 1) FH T 326 o 2R 1 ) o B 4
HARL 28 R 5647 58 1) 3 B SRR AE . RGBSy
RNYIBR A IRy T e B A AR 2 fE T
SRR L5 A 25 R O vk R 2 & K SR
ZAE5, HRTH T8 RA BRI S A KL
ANER BT AR T e S IR 56 Y 4R s A S
SCHiR AP BB PEA T 92 Y8 AL B AT S KR T
RNPIBL R 5 2l A SD KB HEME Wistar
KEL.SD KR, MEMEAF  HEPE Wistar KL, &
J7EAd TR 2200 510 CTA BEHIT AA 5, AA 25X
T HBIRLAT CIA 28 WU 5677 9 B AR PR Ay s A5 T
WG R T AE /D | LA A8 B W I 58 Ay AT 5 7 Ao 5
I Bk Fe s AP 1) RA RS (2 AA
B AT A BRI, 5 5 ABEAFF IS, CIA A
RIJC RF PR, i ELBA 52 & 18 0 1% 0% 311, S5
PR_EZE R R 2 Wi bs AR A — i 25 5%
K/BXN ILE 755 19 517 S R 0] DUAE 2 Fh i 2R 1
AN BT FEAE DG R S — BT A RA AR
5N RA FRAEAEH AL, 2 0F 55 RA A FRAR/ N RS
BRI YA = LA R S B A R 5 BT A
AR AR AR R AT 28 RO 5C T R W 5 i ml AR
PESLISZ5F BN E A AF 9 R 28, a7 SR G Y
RAFHS AP I, K S R e
HMEES Y, AT ok F AR B2 43 0. 1 mL 1

T2, AR TR e J A 1 5 9 RO 58 4 5l 58 24K 7
1 1RATRCELR S, RIETAE 7 d 5% 21 d J5 LA
ST Gy T DA R B AR A AR ) R 6 b e B 1Y
FEXAE e £ AL B B JEE R0 S&15 R PE A5 B, 1 AR
WIIFRIE TR R sh ) B & B W e 263, Ml G
Rehtsz MM IS, ThReREfs, 16 shk >, 1A
TR, FEUEA TSR I, T A — R G T
RIGEVL AR FE TR LS bR 5 56T
T B S B R L% A= Ak 48 A 8 A6 T 1 375
FE S TNF-o0 K7 05 LY TL-6 7K ST Il 75
IL-13 FRIRAKF, WA= 7 A AU 2 LE 23 1) 2 7R 0
TGS FEIE N, 54 25 EAT X, Az K 2
PR b ia yr 28 W OC 4y 2l ak, Ho 16 &%
FHOEAT W AIE M E N T, EEIRE RS B ik
ECL 240 L 0 34 O ol 7 2B e Bk AR 1, IR RS2
AP A KR T, TNF-oo 75980 2 1 328 K
WO R AR, SRR P S - 1) 5 Ay
Jo AV B85 B X ML A R B A PR 4/ A v vk 20
SRR R AE A7, IL-18 FESE R OGS
RPTB IR L KA AL 3847 8RN 50 75 240 L 38
TG B AN JRE B P R FEAE O
I T AR RS2 RA R R0 BCH e B 4
ALEEER L E B, W AR 4 = i A R ) R 1 R
W Z IR G SR k2% (B2 Hil
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