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Osteoarthritis is a common degenerative disease of joints, and animal models have important significance in
the investigation of this disease. The aim of this study was to develop a better method for developing osteo-
arthritis models in primates by comparing the modified Hulth score combined with joint scratches modeling
method with others.

We randomly divided 15 young male Macaca fascicularis and 3 old male Macaca fascicularis into 6 groups (n=3).
Knee osteoarthritis (KOA) models were developed with different methods: modified Hulth combined with joint
scratches (Group A), modified Hulth (Group B), Hulth (Group C), spontaneous models (Group D); sham-operat-
ed (Group E), and blank control (Group F). Morphology and pathology of knee joints were observed at the 8™
week after surgery. The levels of WBC, IL-1f, and TGF-B1 in synovial fluid were detected by ELISA. The levels of
COL-Il, ACAN, and MMP-13 in articular cartilage were examined by RT-qPCR and Western blot.

In Brittberg and modified Mankin score, Group A was higher than B (P<0.05) and lower than C (P<0.05), and
there was no statistically significant difference between Group A and D (P>0.05). Except for Group E and F, the
differences were statistically significant among others in WBC, IL-1B, and TGF-B1 (P<0.05). COL-Il and ACAN de-
creased and MMP-13 increased, and there was no significant difference between Groups A and D (P>0.05) or
between Groups E and F (P>0.05). There were statistically significant differences among other groups (P<0.05).
The models developed by modified Hulth combined with joint scratches were the closet to spontaneous mod-
els at the 8" week after surgery.
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Background

Osteoarthritis (OA) is a common degenerative joint disease, and
knee osteoarthritis (KOA) is the most common [1]. KOA is caused
by factors such as age, obesity, strain, trauma, congenital abnor-
mality, and deformity. KOA is manifested as degeneration of ar-
ticular cartilage and hyperplasia of articular borders and sub-
chondral bone. The pathological changes often involve articular
cartilage, subchondral bone, synovium and other tissues, in which
the articular cartilage is the most commonly involved [2,3]. The
main symptoms are swelling of the joints, pain, and progressive
dysfunction. KOA has become a major cause of disability [4,5]
and causes serious socio-economic burdens worldwide [6]. By
2030, 25% of the population in the United States may suffer
from KOA [7], which would produce a social economic burden of
$100-200 billion USD [8,9]. The number of KOA patients in devel-
oping countries may increase in the future because of the aging
population, lifestyle, and the relative lack of medical resources.

The pathogenesis of OA has become a focus of research, but the
specific mechanism is still not clear [10]. Animal models, as an
important tool to study the pathogenesis of KOA, have attract-
ed much attention. Developing a reasonable animal model is of
great significance to exploring the pathogenesis and treatment
of KOA [11,12]. Over the past half century, researchers have de-
veloped various KOA models through surgical and non-surgi-
cal methods. In addition, there are also spontaneous models.
The commonly used experimental animals are mice, rats, guin-
ea pigs, rabbits, dogs, pigs, goats, sheep, horses, and primates.
McCoy et al. [11] made a statistical classification of the experi-
mental animals that have been used in the past through a liter-
ature review, and found that rats were the most used small an-
imals (77%), and dogs were the most used large animals (23%).
Macaca fascicularis and other primates are similar to humans in
structure, physiology, and behavior, and closely resemble chang-
es in human disease. However, there had been little research us-
ing KOA models such as Macaca fascicularis or other primates.

Surgical modeling has been widely used, including complete
or partial meniscectomy, meniscus injury, ACL and PCL transec-
tion, medial or lateral collateral ligament transaction, osteoto-
my, joint cavity implanting bone fragments, and joint scratch-
es [11,12]. The mechanical balance of joints is disturbed by
one or the combination of more methods, which can result in
cartilage lesions. These methods are rapid and reproducible
and they were widely used in the development of KOA mod-
el. However, due to a lack of research comparing these vari-
ous methods, it is still unclear how to choose a fast, conve-
nient, and less-traumatic modeling method.

In this study, a horizontal comparison was made among KOA
models of Macaca fascicularis. These models were developed
by the modified Hulth method combined with joint scratches,
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modified Hulth, Hulth method, and spontaneous models. The
aim of this study was to determine a suitable method for mod-
eling primate KOA. The feasibility and validity of the method
were also analyzed through model comparison.

Material and Methods

Ethics statement

All experimental procedures were reviewed by the Yunnan
Yingmao Biotechnology Co. Ltd. Experimental Animal Ethics
Committee (No. 2016001). Animal care followed the Guidelines
for Use and Care of Laboratory Animals (Office of Science and
Health Reports CPRR/NIH 1996).

Animals

We obtained 15 SPF young male Macaca fascicularis (3-5
years old, weight 5-6.7 kg) and 3 SPF old Macaca fascicularis
(23-25 years old, weight 5.6-6.8 kg) from Yunnan Yingmao
Biotechnology Co., Ltd., with accreditation for animal research
facilities by the Association for Assessment and Accreditation
of Laboratory Animal Care International (AAALACI).

All Macaca fascicularis were cage-reared (1.5x2 m) in an SPF-
level animal room at Yunnan Yingmao Biotechnology, Ltd.,
Animal Breeding Center after the operation, with free rest and
eating. Animals were kept in an environment with 12h-12h
light: dark cycle, temperature 22-24°C, and relative humidi-
ty 45-55%. All animals were fed daily and had free access to
water. They were allowed to move freely for 6-8 h each day
in a spacious activity room (12.5x8x4 m) equipped with small
rockery, swings, and ball games. Music, video and other enter-
tainment were occasionally provided for relaxation.

Grouping and modeling

We randomly divided the 15 young male Macaca fascicularis into
5 groups by digital method, and there were 3 in each group.
The 3 old male Macaca fascicularis were selected random-
ly as the spontaneous group. The ACLs of Macaca fascicularis
were cut and the knee joint femoral condyles were scratched
in Group A (n=3); the ACLs of animals were transected alone
in Group B (n=3); ACLs and PCLs, medial collateral ligaments,
and medial meniscus were cut in Group C (n=3); Macaca fas-
cicularis in Group D (n=3) were spontaneous models; Group
E (n=3) was the sham-operated group and we only exposed
the joint cavity, without destroying any structure of the joint,
and Group F (n=3) was the blank control group.

The animals were denied food and water for 8 h before the op-
eration, and were fixed in supine position on the operating table

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Zhou X. et al.:
A Macaca fascicularis KOA model
© Med Sci Monit, 2018; 24: 3393-3404

after being anesthetized with Zoletil 50 (France Vic, 5 mg/kg,
intramuscular injection) and applying a tourniquet to the prox-
imal left leg. Then, the skin was prepared, povidone was used
for disinfection, and sterile treatment towels were spread.

Firstly, a 4-cm incision was made in the median knee, and carti-
lage, ACL, meniscus and other structures were determined to all
be in good condition in operative exploration. Secondly, ACLs of
animals in Group A were cut and the knee joint femoral condyles
were scratched; we cut the ACLs in Group B; we cut the cruci-
ate ligament, medial collateral ligament, and medial meniscus
in Group C; Macaca fascicularis of group D were spontaneous
models; and group E was the sham-operated group in which
we only opened the joint cavity without destroying joint struc-
ture. Group F was the blank control group. Next, articular cavity
and incision were flushed with physiological saline and sutured
with 3-0 absorbable suture (Alcon, Alcon Pharmaceutical Co.
Ltd., USA Alcon, Alcon Laboratories, Inc, USA). The contralater-
al knee was placed in the extension position with plaster after
the operation. Levofloxacin hydrochloride (constant Austrian,
8 mg/kg, 1 time/12 h, IV, Heng Ao, China) and sodium chloride
(100 ml) was intravenously injected to prevent infection within
3 days after the operation. Tramadol hydrochloride (Chimeter,
8 mg/kg, IM, QD) was intramuscularly injected to relieve pain.
The wound healed within 14 days after the operation.

Morphological observation

Euthanasia was performed on animals under intensive anesthe-
sia at 8 weeks after the operation. We cut the skin along the
original surgical incision layer by layer in Groups A, B, C, and E,
and median incision of the knee joint was made in Groups D
and F. The joint cavity was exposed to collect the effusion. The
gross morphology of articular cartilage was observed and grad-
ed using the Brittberg grading standard [13]. Articular cartilage
of the femur and tibial plateau were cut and placed on a sterile
operating table. Specimens of cartilage were cut (0.5x0.3x0.2
cm) and divided into 2 parts. One part was immediately put into
1.4% frozen paraformaldehyde (Biomics Laibo, Beijing, China)
after rinsing with saline and fixed 12-24 h at 4°C, and the bone
fragments were fully rinsed in 0.2 mol/L phosphate buffer (BIO,
Germany) after fixation. The other one was rinsed with sterile
saline at 0°C and moved into a frozen tube, temporarily saved in
liquid nitrogen, and transferred to a -80°C freezer (Haier, China).

HE staining

Articular cartilage was routinely decalcified with EDTA (MERCK,
Germany) and then paraffin-embedded (KUNHUA, China) and
sliced into 5-um sections. Neutral gum sealing after conven-
tional HE staining and light microscopy (Nikon, Japan) was per-
formed to observe tissues and slices. Each of the articular car-
tilage specimens was selected with 5 slices, and the modified
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Mankin score (Table 1) was used to evaluate the cartilage de-
struction [12,14,15].

ELISA

At the 8™ week after modeling, the synovial fluid was collect-
ed and divided into 2 parts. One part was diluted with leuko-
cyte dilution for 5 h and the WBC count was performed with
standard cytometry. The other part was frozen at -70°C and
prepared for testing. Thawed specimens were centrifuged for
15 min at 1500 rpm and supernatant was collected. Samples
were diluted and added according to enzyme-linked immuno-
sorbent assay (ELISA) kit (SignaGen, USA) operating instruc-
tions, which were incubated at 37°C for 30 min, and the con-
centrated solution was washed thoroughly after dilution. Then,
enzymes, warm bath, washing, and color rendering were add-
ed and the termination liquid was added to terminate the re-
action. IL-1p and TGF-B1 were measured within 15 min after
the addition of the stop solution. The sensitivity of the IL-1p
and TGF- B1 kits were 2 ng/L and 5 pg/L, respectively, and the
coefficients of variation were <10% and <4.4%. Absorbance
was read at 450 nm using a 2010 enzyme marker (Anthos2010,
Austria), and a standard curve was made to read the contents
of IL-1B and TGF-B1 in the samples.

RT-qPCR

RNA extraction and identification: 50 mg of cartilage was ho-
mogenated on ice after adding 1 ml of TRIZOL. Following the
instructions of the total RNA Extraction Kit (SignaGen, USA),
the concentration and purity (A260 nm/A280 nm between
1.8 and 2.0) of the extracted RNA were detected using the
Nucleic Acid Protein Detector (ScanDrop, Jena, Germany) af-
ter RNA isolation. The remainder was stored in a freezer at
—-80°C. Primer Premier 5.0 software was used to design prim-
ers, which were synthesized by Shanghai Sangon Biological
Engineering Technology & Services Co. Ltd. (Shanghai, China).
R-B-actin-F: 5’-GATCAAGATCATTGCTCCTCCTG-3’, 58.93
R-B-actin-R: 5-GTCACAGTCCGCCTAGAAGC-3’, 60.46; 163 bp
R-COL-II-F: 5’-CTTCCTACGCCTGCTTTCCA-3’, 60.04

R-COL-II-R: 5’-GGTGTGTTTCGTGCAGTCAT-3’, 59.06; 198 bp
R-ACAN-F: 5’-ACTGGCGAGCACTGTAACAT-3’, 59.68

R-ACAN-R: 5’-AGTCTTGGGCATTGTTGTTGAC-3’, 59.64; 179 bp
R-MMP-13-F: 5’-TCCACTGATAACTCGCCGTC-3’, 59.55
R-MMP-13-R: 5’-TCCACTGATAACTCGCCGTC-3’, 60.44; 198 bp

Reverse transcription reaction: The 1-pg RNA was mixed with
the first strand of the cDNA synthesis kit (SignaGen, USA)
for the total extraction RNA reversed transcription to gener-
ate cDNA. The reaction system was as follows: PrimeScript RT
Master Mix 2 pl, Sample corresponding to RNA 500 ng, ddH,0
10 pl. Reaction conditions were 37°C for 15 min and 85°C for
5 s. The resulting cDNA was stored in a freezer at —20°C.
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Table 1. Modified Mankin scoring criteria.

Organization structure Microscopic features Scores
Cartilage structure Normal 0
 Hierarchy is clear, arrangement is disorganize T
 Hierarchy disorder, irregular arrangement 2
* Disorder is obvious, the hierarchy is difficult to distinguish 3
Ccels Normal cells count o
© Mild cells hyperplasia T
~ Moderate cells hyperplasia 2
~ Severe cellular hyperplasia 3
. Histopatholog-ical staining ~ Normal o
© Mild decrease T
~ Moderate decrease 2
~ Severe decrease 3
CUncolored 4
~ Tide line Structure of tidal lines is intact o
~ Multilevel structure T
CTidalblur 2
 There are blood vessels through the tidal line 3

Table 2. Comparison of the basic situation of macaca fascicularis (x+s, n=3).

Group Age Weight (kg) Crown sacral length (m)
Group A 4+1 6.60+0.04 0.43+0.01
""""""""" GroupB  37:058  657:004  043:001
""""""""" GroupC  333:058 658008 043002
""""""""" GoupD  24s1* 667005 0461001
""""""""" GroupE  368t058  657:005 0421001
""""""""" GroupF 3331058 660007 0445002
S F 7400 2 245
o r o001 036 000

* P<0.05 vs. Group D.

Table 3. Comparison of operative time and blood loss in macaca fascicularis (s, n=3).

Group Moedling time (min) Blood loss (ml)

Group A 23.33+0.58 12.67+0.58
"""""""""""""" GrowpB  o21e7s0s8 1.1
"""""""""""""" GouwpC  3767s058»  2433:058%
"""""""""""""" GrowpE g 4330858«
"""""""""""""" F s a4
"""""""""""""" P o002 o001

3 P<0.01 vs. Group A; ® P<0.01 vs. Group B; € P<0.01 vs. Group C.
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Relative expression of each gene by RT-qPCR: SYBR Green
(QIAGEN, Germany) was used as fluorescent marker and B-ac-
tin was used as internal control. We added 1 pl cDNA to 20 pl
reaction system for amplification. The reaction system was:
SYBR Premix Ex Taqll 10 pl, Primer F 0.3 pl, Primer R 0.3 pl,
cDNA 1 pl, ddH,0 8.4 pl. Reaction conditions were 95°C for 30's,
95°C for 5's, 62°C for 30 s. The reaction was cycled 40 times.

The samples were placed into the PCR instrument (Thermo,
Arktik, USA) for amplification. At the end of amplification reac-
tion, the instrument was closed and the data were analyzed. If
the melting curve of each gene was observed as a sharp single
peak, the specificity of the amplification sequence was strong.
We independently repeated each test 3 times. The expression
levels of mRNA were calculated using the 224t method after
the amplification reaction.

Western blot

The proteins from frozen tissue samples were extracted us-
ing the Total Protein Extraction Kit (Besebio, Shanghai, China).
Then, the protein content was measured by BCA (Pierce) meth-
od. The separating gel and stacking gel were prepared accord-
ing to the kit instructions. The treated protein samples were
loaded to the wells of the gel. Samples were made to run on a
constant volt (80V in the stacking gel, 200V in the separating
gel) until bromophenol blue (BPB) came to the bottom of the
gel. The electrophoresis apparatus was disassembled, the gels
were taken out, and the stacking gel was removed. The sepa-
rating gel, ultra-thick filter paper, and PVDF membrane were
placed in the Western blot transfer buffer for 3 min. Blotting
pad, ultra-thick filter paper, separation glue, PVDF membrane,
and blotting pad were placed on the side of the black panel.
The blotting layers were assembled tightly and placed in the
gel transfer apparatus. Western blot transfer buffer was add-
ed and the membranes were transferred at 200 mA for 2 h.
The PVDF membrane was separated from the transfer appa-
ratus and moved to a plate containing TBST solution while
the transfer was finished. It was blocked on a shaker at 20°C
for 1 h. Then, the membrane was incubated with primary an-
tibodies and secondary antibodies. The PVDF membrane was
soaked in the mixed liquor composed of equal volumes of ECL
luminescence kit A liquid and B liquid for 5 min. Afterwards,
the PVDF membrane was transferred on absorbent paper to
remove the residual liquid. The chemiluminescence imager
(BIORAD, Hercules, CA, USA) was used to take and save pictures.

Statistical analysis

The results are expressed as mean + standard deviation (j+s).
All data were tested for normality by SPSS version 17.0 statis-
tical software (IBM). Count data were analyzed with analysis
of variance (Levene’s test, one-way ANOVA, least significant

ANIMAL STUDY

difference). Nonparametric data were corrected using the
Kruskal-Wallis rank sum test. The test level was 0=0.05, P<0.05
was viewed as a statistically significant difference.

Results

The basic situation and intraoperative condition of Macaca
fascicularis

No infection or death occurred in any animals, and there were
no significant differences in body weight and crown sacral
length (P>0.05) (Table 2). Modeling time for Group A was lon-
ger than for Groups B, C, and E, and the differences were sta-
tistically significant (P<0.05). There was no statistical differ-
ence in blood loss between Groups A and B (P>0.05), but there
were significant differences when Group A was compared with
Groups C and E (P<0.01) (Table 3).

Morphological observation of knee joint

The knee joint Brittberg scores of animals were statistically dif-
ferent (P<0.05). The extent of joint destruction was the most
serious in Group C, Group A was equivalent to Group D, and
Group B was mild (Table 4, Figure 1).

Pathology

The articular cartilage of animals in each group were observed
by HE staining (Figure 2). Cartilage of Group E and Group F
were normal. Cartilage shallow surface, transitional layer, ra-
diation layer, and calcified layer were clear. The tidal line was
complete and distinct, and the structure of the bonding line
was intact and undulating. The cartilage surface was smooth,
without any defect and groove scar, and flat and round chon-
drocytes were arranged neatly (Figure 2E, 2F). The cartilage
in Groups A, B, C, and D had various degrees of destruction.
Four layers of cartilage in group A were fuzzy, the structure
was disordered, and the tidal line was fuzzy and interrupt-
ed. The bonding line was not obvious and the surface of car-
tilage was uneven and defective. Some defects were deep in
the radiation layer and calcified layer. The number of chon-
drocytes in each layer increased, the arrangement was disor-
dered, and the staining decreased (Figure 2A). Compared with
Group A, the pathological changes in Group B were smaller.
The boundary of each layer was obscure and the tidal line was
continuous. At the same time, the bonding line was not ob-
vious and the cartilage surface was uneven. Some of the de-
fects were deep and involved the radiation layer or calcified
layer, and staining decreased (Figure 2B). Cartilage destruc-
tion in Group C was the most serious, and the layers could not
be distinguished. The structure level was disordered and the
tide line was fuzzy and interrupted. The adhesive line was not
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Table 4. Comparison of knee joint Brittberg scores of macaca fascicularis in each group (n=3).

Group 0 1 2

Figure 1. Knee joint morphology of Macaca fascicularis. (A) The cartilage of the medial and lateral condyle of knee joint were damaged
to different degrees, and the gloss of articular cartilage was lower than normal in Group A; (B) The abrasion of articular
cartilage mainly focused on the medial and lateral condyle in Group B; (C) The joint surface abrasion and destruction were
serious, the anterior cruciate ligament, medial collateral ligament, and medial meniscus were missing, and the articular
cartilage was dull in Group C; (D) The abrasion of articular cartilage mainly concentrated on unilateral femoral condyle, and
the brightness of articular cartilage was lower than normal cartilage in Group D; (E) The articular cartilage was normal in
Group E; (F) Normal articular cartilage of Macaca fascicularis in Group F.

obvious, the cartilage surface was defected, and some defects
involved the radiation layer or calcified layer. The chondro-
cytes in each layer were disordered and the staining obvious-
ly decreased (Figure 2C). The lesions in Group D were similar
to those in Group A (Figure 2D). By comparing the modified
Mankin score of each group, we found that there were sig-
nificant differences (P<0.01) among Group A, B, C, E, and F,

This work is licensed under Creative Common Attribution-
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and there was no significant difference between Group A and
Group D (P>0.05) (Table 5).

Expression of WBC, IL-1j3, and TGF-p1 in synovial fluid

The levels of WBC, IL-1B, and TGF-B1 in synovial fluid were de-
tected at 8 weeks after the modeling operation. There were
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Figure 2. HE staining of articular cartilage in Macaca fascicularis of each group. (A) Articular cartilage surface were defected, cartilage
destruction involved radiation layer, and tidal line was interrupted and fuzzy in Group A. (B) Articular cartilage surfaces were
partly destroyed, did not involve cartilaginous lower layer, and the tidal lines were blurred in Group B. (C) Articular cartilage
surface were defected and structure was disordered in Group C. (D) Articular cartilage surface were damaged to different
degrees, cartilage destruction involved radiation layer, and the tidal line was interrupted and blurred in Group D. (E) The
articular cartilage were intact and basically normal in Group E. (F) Articular cartilage surface were smooth and the structure

levels were obvious.

Table 5. Comparison of modified Mankin score of articular cartilage in macaca fascicularis after 8 weeks (}#s, n=>5).

Group Modified Mankin score
Group A 8.2+0.84
~ GrowpB 34058
-~ GrwC 114s114%
~ GrwpD 88084
~ GrwpE o405y
~ GruwpF 02048

191.04 0.001

2 P<0.01 vs. group A; ® P<0.01 vs. group B; € P<0.01 vs. group C; ¢ P<0.01 vs. group D.

significant statistical differences among Groups A, B, C, and D
(P<0.01) in WBC, but no statistical difference was found be-
tween Groups E and F (P>0.05). For IL-1, there were significant
statistical differences among Groups A, B, C, and D (P<0.01),
but we found no significant difference between Groups E and
F (P>0.05). There were significant statistical differences among
Groups A, B, C, and D (P<0.01) in TGF-B1, but no significant dif-
ference was found between Groups E and F (P>0.05) (Figure 3).

This work is licensed under Creative Common Attribution-
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Expression of COL-Il, ACAN, and MMP-13 mRNA in articular
cartilage

Expressions of COL-Il, ACAN, and MMP-13 genes were detect-
ed by RT-gPCR technique. Except for between groups A and D
and Groups D and F, there were significant differences in oth-
er groups (P<0.05) in COL-Il. As for ACAN, the same as COL-II,
there were significant differences in other groups (P<0.05) ex-
cept for between Groups A and D and Groups D and F. When
related to MMP-13, there were significant differences among
all groups except for between Groups A and D and Groups D
and F (P<0.05) (Figure 4).
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Figure 3. Expression of WBC, IL-1B, and TGF-B1 in synovial fluid. (A) Expression of WBC. (B) Expression of IL-1B. (C) Expression of
TGF-f1. a P<0.01 vs. Group A; b P<0.01 vs. Group B; ¢ P<0.01 vs. Group C; d P<0.01 vs. Group D.
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Figure 4. Expression of COL- Il, ACAN and MMP-13 mRNA in articular cartilage. (A) Expression of COL-II. (B) Expression of ACAN.
(€) Expression of MMP-13. a P<0.01 vs. Group A; b P<0.01 vs. Group B; ¢ P<0.01 vs. Group C; d P<0.01 vs. Group D.

Expression of COL- Il, ACAN, and MMP-13 in articular among all groups (P<0.05) in COL-Il except for between Groups
cartilage by Western blot A and D and Groups D and F. For ACAN and COL-II, there were

significant differences among all groups (P<0.05) except for
Expressions of COL-Il, ACAN, and MMP-13 genes were detect- between Groups A and D and Groups D and F. For MMP-13,
ed by Western blot analysis. There were significant differences there were significant differences among all groups except for
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Figure 6. Western blot of COL- Il, ACAN, MMP-13, and B-actin.

between Group A and D and Group D and F (P<0.05) (Figures
5, 6).

Discussion

According to the comparison of Brittberg and modified Mankin
scores in Groups A, B, C, and D, the destruction of cartilage in
group A was more serious than that in Group B and less se-
rious than in Group C, and there were significant differences
(P<0.05), but there was not a significant difference between
Group A and Group D (P>0.05). Therefore, the cartilage destruc-
tion of the KOA model developed by modified Hulth combined
with joint scratches at 8 weeks was closer to the spontane-
ous models. However, the articular cartilage in the KOA mod-
el developed by ACL transection alone showed abrasion and it
may take longer to produce the same extent of joint damage

found in a naturally degenerative model. The joint destruction
caused by Hulth methods was obvious.

The expressions of WBC, IL-13, and TNF-B1 in the synovial flu-
id of Macaca fascicularis were increased in Groups A, B, C, and
D. There was no significant difference between Group A and
Group D (P>0.05) or between Group E and Group F (P>0.05),
but there were statistically significant differences among oth-
er groups (P<0.01). Therefore, the KOA models developed by
the modified Hulth combined with the joint scratches at 8
weeks were similar to the spontaneous models in the chang-
es of WBC and related cytokines in the synovial fluid. The bio-
chemical and inflammatory changes in the synovial fluid were
the most serious in models by Hulth, which were less serious
in models developed by ACL transection.

The expression of COL- Il and ACAN in the cartilage of Macaca
fascicularis decreased, and MMP-13 increased in Groups A, B,
C, and D. Except for Groups A, D, E, and F, the differences were
statistically significant among the other groups (P<0.01). The
expressions of COL-Il, ACAN, and MMP-13 in the KOA mod-
el developed by the modified Hulth combined with the joint
scratches at 8 weeks were similar to the spontaneous models.

Compared with other methods in morphology, in terms of bio-
chemical and molecular biological levels, the models developed
by modified Hulth combined with joint scratches modeling
method are consistent and closely resemble the pathophysi-
ological process of KOA.
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In KOA models, the spontaneous models are, to some extent,
the closest to the naturally degenerative joint of the human
body [16], but they often take more time to observe and test
to determine whether they satisfied the model standard or
not. Furthermore, the experimental results were also affected
by many uncertainties, which reduced the reliability [17] and
increased the consumption of experimental time and animals.
Grynpas et al. [18] found that there was no significant differ-
ence in total collagen content between naturally degenerative
rhesus monkeys KOA models and normal Macaca fascicularis
based on hydroxyproline analysis. Transgenic animals, espe-
cially transgenic mice, have also rapidly developed in recent
years and 135 subtypes [19,20] had been developed in the
2013 report. The single gene in the transgenic mouse model
that had an effect on OA has been identified [12] and attract-
ed researchers’ attention. However, the pathogenesis of OA is
caused by the combination of multiple genes and factors. The
transgenic model cannot completely simulate the pathological
process of human OA. The KOA model [21,22] can be rapidly
created by injecting papain and collagenase into the joint cav-
ity, which causes cartilage damage, and has been commonly
used in cartilage pathology and drug treatment research [23].
However, because of the effects of anatomic site, joint size,
and animal species, the drug dose required for modeling was
also somewhat different [24,25].

Methods for modeling KOA by surgery have been widely used.
Many studies have been published that surgically altered joint
stability, including complete or partial meniscectomy, menis-
cus injury, ACL and PCL transection, medial or lateral collat-
eral ligament transaction, osteotomy, implanting bone frag-
ments in the joint cavity, and joint scratches. The mechanical
balance of the joints was disturbed by one or more ways and
led to KOA[11,12,17]. These methods were rapid, simple, high-
ly repeatable, and have been widely used in KOA modeling.
However, there is a lack of comparison among them due to the
numerous methods used, and it is still difficult to select a quick
and effective surgical method. The Hulth method requires cut-
ting off the ACL, medial collateral ligament, and medial menis-
cus, and there was no damage of cartilage in the whole pro-
cess [26]. This method completely undermined the stability of
the joint compared with other modeling methods that can de-
velop a KOA model in a shorter time, but the operation is more
traumatic and there can be more bleeding during the opera-
tion. It also is more likely to cause joint dislocation, infection,
and other complications after the operation. Therefore, it re-
quires greater surgical skill. These models are suitable for re-
search on joint replacement and cartilage repair according to
the characteristics of Hulth models. Marijnissen et al. [27] per-
formed surgical joint scratching on the weight-bearing area of
the femoral condyle in beagle dogs, but it did not damage the
subchondral bone. Compared with the models developed by
ACL transaction, chondrocytes were lost and cartilage collagen
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was damaged after 10 weeks and chondrocytes accumulated
around the femoral condyle. However, the production rate of
MMP13 and other inflammatory factors were lower than in ACL
transection models. Compared with previous methods of per-
manent damage such as ACL transection and others, this meth-
od of joint scratches reduces the effect of factors that promote
long-term progression of KOA instability. It was more suitable for
the observation of early effects, the therapeutic effect of KOA
models, and repair and treatment of chondrocytes after injury.

The modeling method of Hulth surgery has been used for a
long time [28] and the modeling effects have been recognized
by many scholars. It has the advantages of fast modeling and
obvious effect. But there are also some problems: it requires
cutting off the ACL, medial collateral ligament, and medial me-
niscus, and the operation is more traumatic and requires higher
surgical skill. It is extremely unstable in biomechanics and eas-
ily leads to dislocation of the knee joint after losing the stabi-
lizing effect of the ACL and the medial collateral ligament. The
joint loses its function of buffering after cutting off medial me-
niscus. The articular cartilage of experimental animals is easily
abraded by postoperative activity, and infection is also a factor
that can affect the outcome of the model. Joint dislocation can
also lead to increased risk of infection due to the great trauma.

Based on the shortcomings of the Hulth modeling method,
some scholars had also modified it as follows: (1) ACL transec-
tion [29-33] has been widely used and had less surgical trau-
ma. The incidence of postoperative infection and joint dislo-
cation was relatively low, the operation was relatively simple
compared with Hulth, but it had a longer modeling time. This
method was mainly used for cartilage pathology observation
because it was less damaging [34]. (2) The medial meniscus
was excised to prepare the KOA model and changed the bio-
logical line of the lower limb, increasing the varus degree of
the knee, which led to varus stress and resulted in KOA lesions.
Because this method causes imbalance of internal and exter-
nal forces of the knee joint and there were some differences in
behavior between experimental animals and humans, it takes
a relatively long time to form early KOA lesions [35,36]. At the
same time, it may have some differences in internal and exter-
nal pathological changes of the knee joint. However, primates
such as Macaca fascicularis are similar to humans in vertical
movements, so further research on the effects of meniscus re-
section are needed to develop KOA models. (3) Some scholars
combined the resection of ACL and medial meniscus, which
reduced the modeling time to some extent. However, safety
and effective KOA models [37] could not be rapidly developed.
(4) In addition, there were other methods, such as transection
of ACL combined with removal of medial collateral ligament,
transection of medial collateral ligament and removal of me-
dial meniscus, and the transection of medial collateral liga-
ment alone [38]. Actually, all the above methods used different
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resectioning to arrange and combine the selected structures of
the Hulth method, so as to study various modified Hulth meth-
ods. Among these methods, ACL transection was simple and
minimally invasive, thereby causing relatively minimal dam-
age to the physiological structure of animals and able to fully
reflect the process of KOA lesion development, but it usually
took more than 6 weeks to obtain the KOA model with early
lesions [39]. Moskowitz et al. [40] performed partial removal
of the meniscus of knee joints in rabbits to cause knee joint
instability, and observed the pathological changes of OA at 6
months after the operation. This method can alleviate the joint
injury, but it had a longer modeling time.

Compared with the Hulth method, the KOA models developed
by joint scratches alone greatly reduced the damage to biome-
chanical stability of the knee joint. However, it was necessary
to use weight-bearing intervention for the injured limb and
it also took a long time to produce OA pathological changes.
Marijnissen et al. [27] developed KOA models in beagle dogs
by joint scratches, but the injured limbs were weight-bearing
for 20 weeks after the operation. It was found that the bio-
chemical characteristics of articular cartilage were very similar
to clinical findings, and it was suitable for clinical observation.
Meanwhile, a model suitable for early pathological changes in
OA was obtained, but it also took a long time.

In the present study, the modified Hulth method combined with
joint scratches method was used to develop the KOA models,
which had a good effect, and the pathophysiological changes
were close to the spontaneous KAO model of old Macaca fascic-
ularis. On the one hand, the modified Hulth surgical intervention
can shorten the time of modeling on the basis of joint scratch-
es. The degree of articular cartilage lesions was similar to the
natural degenerative model at 8 weeks after modeling, and the
modeling time was relatively short. On the other hand, it re-
duced the risk of postoperative knee dislocation, infection, and
damage to knee joint stability by reducing Hulth surgical trauma.

In the study of KOA treatment, Sungho Yun et al. [41] cut off
the cruciate ligaments of the right hind leg of beagle dogs. Dogs
were walked 10 min every day for 2 months, started 10 days af-
ter the operation. Then, they used bone marrow mesenchymal
stem cells and platelet rich plasma to treat KAO. Although the
modeling time was relatively long and they needed to increase
the hours of the experimental staff, it also showed that the sur-
gical models were suitable for the study of KOA treatment. Li
Jiang et al. [42] used cynomolgus monkey mesenchymal stem
cells for the treatment of Macaca fascicularis KOA models in-
duced by collagenase, and showed a curative effect, but it took
a long time to induce joint degeneration by collagenase. The
study suggested that the Macaca fascicularis KOA model devel-
oped by modified Hulth method combined with joint scratches
method is also suitable for the study of KOA treatment.

ANIMAL STUDY

In this study, Macaca fascicularis were selected as model ani-
mals. The knee joint of Macaca fascicularis are more similar to
human knee joints in structural organization compared than are
commonly used laboratory animals such as mice and rabbits.
Macaca fascicularis have behavioral patterns and biomechan-
ical movements similar to those of humans, such as walking
upright, jumping, and squatting, which makes the weight-bear-
ing of the knee joint physiologically similar. Due to the origin
of species, the gene sequence and social behavior of primates
are similar to those of humans. Therefore, Macaca fascicularis
were chosen for model animals in this study, which increased to
value of our conclusions for fundamental research and clinical
application when compared with other experimental animals.

The following deficiencies existed in this study: (1) It lacked large-
scale modeling due to the objective conditions, such as experi-
mental conditions, funds, time, and experimental animals. All the
selected animals were males, and it is not clear if sex affects the
modeling. Moreover, the pathological changes of the knee joints
of various Macaca fascicularis models were not detected at mul-
tiple time points. (2) Due to the use of analgesics in the killing
of animals before specimen collection, the interference of the
analgesic to the results of the experiment was not eliminated.
(3) Because of the limited experimental conditions, X-ray, MRI,
and other imaging examinations were not carried out. (5) The
observation time was relatively short, and the KOA model was
developed by modified Hulth combined with the joint scratch-
es, which still needs long-term observation and further study.

Conclusions

In conclusion, the KOA animal model has been an important
way for researchers to study the pathogenesis and treatment
of OA, which can be established quickly and effectively by the
combination of modified Hulth surgery with joint scratches.
This animal model conformed to the KOA pathophysiological
changes, and the pathological changes of this model were the
closest to the spontaneous models at 8 weeks. The operation
method in this study had less trauma and reduced the destruc-
tion of knee joint biomechanical stability. It also reduced the
incidence of operation complications and damage to animals
under the successful establishment of animal model. Therefore,
this animal model can meet the needs of KOA research.
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