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Analysis of 274 rheumatoid arthritis animal models by data mining
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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. 0 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 theumatoid arthritis models, modeling drugs and detection indexes, and promotes in-depth research of rheumatoid

arthritis.
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Table 1 Frequency distribution of experimental animal species

BIE/ELES LG R/ EILYL S R/
Animal species Frequency/Times Animal species Frequency/Times
HEPE SD KB 69 M Lysm-GFP /N 2
Male SD rats Male Lysm-GFP mice
JfEME Wistar KB 54 T /N B s ARAREHFPSS 2
Male Wistar rats Male mice, unspecified species
SD KL, MEkE# 6 KEH G, M 5
SD rats, half male and half female White rabbit with big ears, half male and half female
SD R B e ik m] = C57BL/6 /IN BT KitW-sh/ W-sh /I3 fil |
SD rats are both male and female C57BL/6 mice and KitW-sh/W-sh mice
Mt Wistar KB 93 C5BL/6 J /MR |
Female Wistar rats : C5BL/6 ] mice
MM DBA/T J /MR 18 1COS HEFHEH /N |
Male DBA/1 J mice ICOS transgenic mice
HEE SD R R 3 Wistar KB, WERERF |
Female SD rats Wistar rats, half male and half female
I PNEE ) 7 Wistar K B HERESF 1
New Zealand White Rabbit Wistar rats, half male and half female
Wistar A B, M B ] 5 HEME DBA/T T /MR |
Wistar rats, male and female Female DBA/1 ] mice
TR, MR 5 O A Y A |
Blue and purple rabbits, half male and half female Female rhesus monkey
HARH A% 5 I £ B A B .
Japan white rabbit Female healthy rats
HEPE Lewis B 3 KB, MEREAS PR |
Female Lewis rats Rats are of either sex
It CSTBL/6 /N 5 T Lewis KRR |
Male C57BL/6 mice Male Lewis rat
DIR-/-F1 D2R-/-/INR, ) HEPE Wistar /N |
DIR-/~ and D2R-/~ mice Male Wistar mice
AR HEE A 5 FHSD KAR |

Adult male macaque

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

Wk Ir BRI W I BB IR
Excitation mode Frequency/Times Excitation mode Frequency/Times
; o FEARAR 5 BRSBTS
FERLR i1 R BIEPIERS, BUEER
71 Intradermal injection of tail root and hind limb ankle joint. 1

Subcutaneous injection of caudal root . .
Intraperitoneal injection

A L P T A 5 JE DK TE 5, AR e 1

Intraplantar injection of right posterior foot Tail vein injection plus intraperitoneal injection

. T BT 5 DAREALIEAT B S
Intrad IE}E%M:&ET?EQT terior 1 33 Intradermal injection was 1
riradermat mjection of Jeft posterior foe erformed at 5 different parts of neck and back
p p

P05 B Sk o oL PRI B B | FEARFS K 1A T

FEARHR PR SR BB T R AT 28 External skin corresponding to femoral heads on 1

Subcutaneous injection of tail root, back and foot plantar . R . .
both sides, tail root intradermal injection

T SR S T s e e

I RJCHR 2 A FIERS Bl A R, S I AT

Multiple subcutaneous injections at 20 . 0o Lo S 1

. Skin, sole and tail, divided into intradermal injections

back and tail root o
TEFF LT A s S 5 |

Subcutaneous injection in back Intraperitoneal injection

WA sh % TE
S EI T IERS GRS 5 A0k RIS
Multi-point subcutaneous injection of dorsal and 8 L . L 1
. Subcutaneous injection of rabbit interscapular region in 5 parts
left or right metatarsal

XU R 515 JE AL T 28 7 AR M 22 ) X AR e 3 % |
Bilateral intracavitary injection of knee joint Choose 3 pairs symmetrically between back scapula
AeAnJa R BT S 7 AT LB A TR R R 1
Subcutaneous injection of left and right hind feet Right knee joint cavity, foot plantar intradermal, back and tail
RS B R S 6 AeAM G R RS OAL B TR SR 1
Subcutaneous injection of toe Intradermal injection at palm of left posterior toe
FEARTR e B e R 22 B TR FISUREOC 9 P 6 A B T TR
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
HEH 3 FEARER BB PN BT TS 1
Stomach irrigation Subcutaneous injection at tail root and hip
72 SR B , 15 S R E I 1
Subcutaneous injection of left foot ankle joint Multiple intradermal injections of neck, back and tail
Bk SR R, 5 M A T 5 22T SRR B A T 5 I
Skin, sole, tail, 5-point intradermal injection Injection at ankle joint of left hindlimb
IO AR 1 SR 1
Intraperitoneal injection plus intravenous injection Intratrocar injection
HE I 5o e T T 5 |

Intraperitoneal injection plus subcutaneous injection

3 it (2 E T, R FE TR 55 AN EROS R BT R, B« A ifii Ry
L 2] ﬂﬁE WA, AR S e T RE AR 3 |

RA BWRHRRIRZ , Hitfe S A28 5% e 400 A0 R 0 26 985 2R 4 2 RA 1Y & AR Bl
HAE—ZWXR, KWL HETE W RE el 5 BRILTEE RIG T 28 RR T 4 sl il S 8K

I B IAC RA M REHLEDEDUATEE SRR MR RS R 2 Sy A T, 7%
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Table 3 Classification and frequency statistics of sensitization methods

LRI TR TERLZGY) BEL/ IR
Types of models Modelling drug Frequency/Times
e S 1 4 ]I RRIEEA S E‘?K%ﬁﬁ%fﬁﬁjﬁﬂ ,1 : l{rE'bg JFL
CIA Bovine type II collagen is mixed with Freund’ s incomplete or 172
complete adjuvant 1:1 to form emulsion
=3 Xl G A==z X
P 52 CEH 52 I
AA Complete Freund * s adjuvant or 82
incomplete Freund’ s adjuvant
I AR IS RIS Uk YR EE 5 58 2 AR
Egg protein induction combined with Egg protein and complete 9
low temperature freezing Freund’ s adjuvant
1 b2 TR e i P 178 26 AR O 1 AR B ] DCARAI CCl4+LPS+2- 11 B JU 3 14 Rl 2k
Rheumatoid arthritis model induced by oral Aspirin and CCI4+LPS+ Bovine Type 11 3
administration of bovine type ii collagen Collagen and Lipopolysaccharide
K/BXN IfiLi& 4 PR 48 /N U Y o
Wﬂ(ﬁ*@@ﬂ’]?&ﬁﬁi’éﬁx { ?H“i‘: K/BxN /UL
A mouse model of metastatic arthritis K/BXN 2
constructed by K/BxN serum frouse serum
) _— =N I /\4—!4?7 R IR AL
R S % mfﬁdﬁf&ﬁiiﬂf FJ'I H VKR TR F EE?LJ.IJ
AIA Complete Freund’ s adjuvant and BCG are mixed 2
into emulsion in ice bath
MR R R AR A MR ST ¢ MR 1
Rheumatoid arthritis induced by bleomycin Bleomycin
b 1 e St i PO AU Y 5 AP S REBUA S S W R s 20
B ST : : N §
CAIA Five Monoclonal antibody complexes and 1
lipopolysaccharide against type 1T collagen
PORIELE S PRIF S 28 U DG T 46
AL PR #IISRIHEC 15 HRPEA BB
Rheumatoid arthritis induced by heat killing . . . 1
K . Heat kills mycobacterium tuberculosis
mycobacterium tuberculosis
T At A s e CCit-Vim+KLH ¥ 5 4 AU 58 4 ok FR A7
PAS =l ¥
IR VEYiIN Tt s
Ind (’tiErll j;sh nﬂgatfl Lf mriji? li ASERIRAFIRSITL 1
uetion 0 " 0 Pep ¢ S?/ HEYEC (Cit-Vim+KLH solution is uniformly mixed with equal volume of complete
citrullinated protein s . . R . .
Freund’ s adjuvant or incomplete Freund’ s adjuvant for emulsification
R4 IEAR 2 SR
Table 4 Classification and frequency of detection indexes
LoRUlEEEAN BRI iRl A WL/ I
Detection Indicator Frequency/Times Detection Indicator Frequency/Times
JE B i 133 HGr A0 J 1 3
Swelling degree of foot sole Detection of peripheral blood
SN RIFIHHERL " TGF-B mRNA 335K F- 3
Arthritis score index Expression level of TGF-B mRNA
1ML H TNF-a 7K 7 BB mPD-L1 (93535 3
TNF-a level in serum Expression of mPD-L1 in Synovial Tissue
ESTEEE e 66 i NOSZEH 5
Histopathology of joints i NOS protein
ML 118 16 I3 1-18 3
Serum IL-1B3 Plasma IL-1B
W5 1L 1L-6 7K » I3 AR 2 -6 7K 5
Serum IL-6 level was measured Plasma IL-6 level
ML o IL-17 K 05 M3 AR IRSEIA - ~a 7K 3
IL-17 level in serum Plasma TNF-a level
(N ’3 NIRRT )
Body mass MDA
L IL10 KT o IR T )

IL-10 level in serum SOD
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oRUE 7N LTk VRUN oAUy o BRI
Detection Indicator Frequency/Times Detection Indicator Frequency/Times
— RIS ML 16 B ZUE I A AN A 2 -23 K 5
General morphological observation Synovial tissue, detection, I11.-23 level
AR s 13 IFN-y /K )
Imaging examination Plasma IFN-y level
oA B s AFWEH i A ALY |
Pain threshold GSH-Px
S TR 2 3 M3 F A2 -8 )
Determination of inflammatory factor level Plasma IL-8
JUE #5977 I 4% 3 IL-10 mRNA 335K F |
Pathological observation of viscera Expression level of IL-10 mRNA
M3 Y IFN-y 7K 10 FA R -21 BRI IA &R |
IFN-vy level in serum Expression level of IL-21mRNA
i 2R K 10 TS Bl A TL-1 7K ]
Splenic coefficient Synovial tissue and IL-1 level were detected
i CRP 0 B2 hs CRP KT |
Serum CRP Detection of hs CRP level in synovial tissue
I RF 9 W IEZH 4L IL-18 /K :
Serum RF IL-1B level in synovial tissue
BRIETT VEGF i3k ; AL TLR4 mRNA A6 |
Expression of VEGF in ankle joint Detection of TLR4mRNA in synovial tissue of joint
MMP-3 mRNA X3k 7 KATHEE Smad5 mRNA Fik |
MMP-3 mRNA relative expression Expression of Smad5 mRNA in articular cartilage
WL 14 ik 6 Q-marker [ T 1
Expression of IL-4 in synovial tissue Q-marker prediction
MMP-9 mRNA X3k fit p BB OPN B &5 4t {
MMP-9 mRNA relative expression OPN content in synovial fluid
PRSI G TNF-a KKK 6 B T TL-17 B i |
TNF-a Expression level in ankle joint tissue Content of IL-17 in synovial fluid
1fiLi% H TGF-B 7K 6 TR rp FOS 28 1 R kK !
TGF-B level in serum FOS protein expression level in synovial tissue
I3 HIF-Te 155 A 5 I IL-2 IL-4 IL-17 3k )
Detection of HIF-la in serum Expression of plasma IL-2, IL-4 and IL-17
L3 PGE2 5 iM% CRP 7K |
Serum PGE2 content Plasma CRP level
13 IL-18 7K 5 I3 1L-23 /K {
Plasma IL-18 level Serum 1L-23 level
113 ' VEGF /K F- 5 5 2 o 2 g 1 1
VEGF level in serum MMP-1 mRNA
T5E ML 1L-2 KT 5 B B EE- 13 RNA )
Serum IL-2 level was measured MMP-13 mRNA
BROCTT NF-xB ik 4 ESR IfLiT |
NF-kB expression in ankle joint ESR erythrocyte sedimentation rate
BROCTT LU IL-10 FiK/KF 4 FESR AT T-bet :
Expression of IL-10 in ankle joint tissue Transcription factor T-bet T-bet
BROCTT L IL-17 FIEKP 4 I 37 11-13 )
Expression of IL-17 in ankle joint tissue Serum IL-13
BRGATHL TCF-B b AK T 4 I3 TL-12 .
Expression of TGF-B in ankle joint tissue IL-12 in serum
PRI TG TFN-y Feik K- 4 I3 IL-18 .
Expression of IFN-y in ankle joint tissue IL-18 in serum

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

SRRl ket

Factor analysis detection index combination

AHT T BTk (% )
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
F9 5.09
F10 5.02

L7 TNF-o 7K L3R IL-1B 7K L3 1L-6 /K

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

M3 RF . LIE CRP LB AKE  —BIE AR

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

and general morpholog
JIRE B MR KD s

Determination of spleen coefficient and inflammatory factors

AT AR IE S5 2K
Joint synovitis scoring index
AR A B
Imaging examination, pain threshold
PR pL NN
Joint histopathology, body mass
M7 1L-10 ZKF (i 3% 1L-17 7KF
Serum IL-10 and IL-17 levels
JUE25 77 B 2%
Pathological observation of viscera
IL7& VEGF 7K°F
Serum VEGF level
IML7E IFN-y 7KF-
Serum IFN-y level
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RIS ST B b, R 290 SR e
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J7 3 A TR IR 8 115 o RS 58 A sl o8 2
1 TRATACFLAE L, R FE 7 d 3% 21 d J5 ARV D
S0 am G nT DL A A 1Y) i ) % i A sk BRI
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BINFIE bR N s B Kk B Wik O, miik e
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TR N, 5 AT X, A aZ A 2
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RS EEAER, YRR N G - () Ay
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