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Objective: To explore whether methotrexate (MTX) prevents joint destruction and 
improves pain-related behaviors in the acute phase of knee osteoarthritis (OA) induced by 
monosodium iodoacetate (MIA) in a rat model.
Methods: Twenty of 25 male Wistar rats (10–14 weeks old) received 3 mg MIA via intra- 
articular injection into their right knee and were then administered a vehicle control (n=10) 
or 3 mg/kg MTX orally weekly (n=10). We assessed differences in pain-related behavior, 
spontaneous lifting behavior, micro-computed tomography (CT), histopathology, and expres-
sion of pain- and inflammatory-related genes using reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) between the two groups for 4 weeks. Five rats were used 
as untreated controls to assess pain- and inflammatory-related mRNA expression in the 
dorsal root ganglia (DRG) and knee joints using RT-qPCR.
Results: Joint destruction and mechanical hyperalgesia were observed in the vehicle group. 
Decreases in mechanical pain thresholds for the knee joint and calf muscles were improved 
after MTX administration; however, joint damage assessed by micro-CT and histopathology 
was not significantly inhibited by MTX administration, while upregulation levels of transient 
receptor potential cation channel, subfamily V, member 1 (TRPV-1) (P<0.01) and brain- 
derived neurotrophic factor (BDNF) (P=0.02) mRNA in the DRG and nerve growth factor 
NGF mRNA (P=0.03) in the affected knee joints were significantly suppressed in the MTX 
group compared with the vehicle group at week 4.
Conclusion: Our results imply that MTX administration improves pain-related behaviors 
and suppresses expression of pain-related mRNAs in the DRG and knee joint; however, 
MTX is not expected to prevent cartilage degeneration in MIA-induced OA in rat knee.
Keywords: knee osteoarthritis, methotrexate, monosodium iodoacetate, inflammation

Introduction
Knee osteoarthritis (OA) is a common problem that causes knee pain, functional 
decline, and disabilities among elderly people in an aging society.1–3 To date, 
various factors, including aging, being overweight, injury, and immune- 
inflammatory responses, have been reported to be associated with the development 
of knee OA.4–6 A recent report proposed the term inflammaging to describe the link 
between age-related degenerative diseases and inflammation; there is a relationship 
between chondrocyte activity and local articular environment changes due to cell 
senescence, followed by increase of inflammatory mediators.7 Therefore, the 
boundary between inflammatory OA and degenerative OA is becoming unclear as 
understanding of the ongoing immune processes within a degenerate joint becomes 
clearer.8,9 In particular, inflammation has been strongly implicated in the 
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pathogenesis of OA.10,11 Previous studies have reported 
increased levels of pro-inflammatory cytokines, such as 
tumor necrosis factor (TNF) α, interleukin (IL)-1β, and 
IL-6 in OA fluid and tissue.12–14 These pro-inflammatory 
cytokines are also associated with the development of 
neuropathic pain.15

Methotrexate (MTX), a folic acid antagonist that compe-
titively inhibits dihydrofolate reductase,16,17 has emerged as 
a key drug for treating rheumatoid arthritis based on its 
immunosuppressive effect on inflammatory conditions. 
MTX has been proven to attenuate mechanical allodynia 
by inhibiting the central sensitization pathway in 
a neuropathic pain model.18 Based on these findings, several 
clinical trials have been conducted to determine the clinical 
effects of MTX on knee OA in humans.19–21 However, these 
clinical effects remain controversial.22 Studies addressing 
the effects of MTX on knee OA in animal models have 
not yet been reported in the literature. Therefore, an inves-
tigation is required to address this concern.

Monosodium iodoacetate (MIA) injection into the knee 
joint in animals disrupts chondrocyte metabolism followed 
by loss of articular cartilage, leading to prolonged 
hyperalgesia.23,24 Recent studies have frequently used 
MIA-induced animal models for OA studies.25 Previous 
studies reported that an intra-articular MIA injection sig-
nificantly increased TNF-α and IL-6 levels in the knee 
synovium and capsule over 28 days after injection; the 
levels of TNF-α and IL-6 peaked at day 4.26 Therefore, 
administering MTX to animal models with MIA-induced 
knee OA during abrupt increases in pro-inflammatory 
cytokines might prevent the development of joint destruc-
tion and prolonged hyperalgesia. This study aimed to 
explore whether MTX prevents joint destruction and ame-
liorates pain responses in the acute phase of osteoarthritis 
(OA) induced by MIA in a rat model. We hypothesized 
that oral MTX administration would contribute to pain 
improvement and prevent joint destruction during OA 
progression.

Materials and Methods
Experimental Animal Models
All procedures were approved by the Animal Ethics 
Committee of Aichi Medical University, Aichi, Japan 
(2019–122). The treatment of all animals complied with 
the institute regulations and the “3Rs” concept of replace-
ment, reduction and refinement by Japanese policy on 
animal use.27 We used 25 male Wistar rats (age, 10–14 

weeks; weight, 300–350 g) that were purchased from SLC 
(Japan SLC, Inc.). All rats were housed in a controlled 
environment at 23±2°C with 55±10% humidity and a 12-h 
light/dark cycle; the rats had free access to food and water.

Methotrexate
Previous studies indicated that MTX drug toxicity 
occurred when a dose of 5 mg/kg or 10 mg/kg was admi-
nistered once a week,28 while administration of a lower 
dose (eg, 3 mg/kg) in rats was therapeutic; such dose has 
been used to alleviate arthritis29 or used for 
chemotherapy.30 Therefore, we set the MTX concentration 
to 3 mg/kg. In order to prepare an MTX solution, 3 mg 
MTX (Wako Pure Chemical Industries, Ltd., Osaka, 
Japan) was dissolved in 1 mL sodium bicarbonate solution 
(0.1 mol) (Japan Garlic, Ltd., Gunma, Japan).

Experimental Procedure
Under isoflurane anesthesia, the rats’ knees were shaved 
using an electric clipper and OA was induced in the right 
knee by intra-articular injection of 3 mg sodium MIA 
(Sigma-Aldrich) dissolved in 50 µL sterile saline. The 
solution was injected through the patellar ligament using 
a 27G needle. We randomly divided 20 rats into two 
groups: vehicle group (n=10) and MTX group (n=10). 
After MIA injection, 1 mL/kg sodium bicarbonate or the 
same amount of MTX solution which included 3mg MTX/ 
mL, was orally administered using an 18G animal feeding 
needle under isoflurane anesthesia for the vehicle group or 
the MTX group, respectively, on days 3, 7, 14, and 21 after 
MIA injections.

Fifteen rats were used for experiment-1 (EXP-1), of 
which 10 rats (5, vehicle; 5, MTX) were used for assess-
ment of pain-related behavior and micro-CT and in reverse 
transcription-quantitative polymerase chain reaction (RT- 
qPCR) studies, and the other five rats were used for RT- 
qPCR studies as normal untreated controls. The other 10 
rats (5, vehicle; 5, MTX) were used for the assessment of 
spontaneous lifting behavior, micro-CT, and histological 
studies in experiment-2 (EXP-2) (Figure 1). To minimize 
the workload, the two experiments were conducted sepa-
rately; EXP-2 was started 14 days after the end of EXP-1.

Assessment of Joint Destruction
Previous studies have reported that in vivo micro-CT 
arthrography detected degeneration in MIA-induced 
affected knees;31,32 therefore, quantitative evaluations of 
affected knee joints were performed using a micro-CT 
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system (R_mCT2; Rigaku Corporation, Tokyo, Japan). 
Micro-CT was performed using the following procedure: 
under isoflurane anesthesia, a rat was fixed to a holder in 
the prone position and its legs were extended until they 
were taut, then in vivo CT scans were performed with the 
following parameters: X-ray voltage, 90 kV; tube current, 
160 μA; voxel size, 59 × 59×59 μm3; exposure time, 26 
seconds; continuous (non-stepping) rotation.

Before EXP-1 and −2, we conducted preliminary experi-
ments using micro-CT to evaluate the extent of damage to 
the knee joint caused by MIA. All generated in vivo data-
sets were stored as images in DICOM format, and a 3D 
volume rendering image (VRI) with a constant threshold 
was generated to visualize a gross view of the knee joint. In 
the preliminary experiments, we identified structural altera-
tions of the affected knee over time. The 3D-VRI with the 
original threshold (16-bit contrast in the default mode) was 
changed to a binary image (8-bit contrast, range 0 to 255, 
white to black) using ImageJ software (NIH). An optimal 
threshold of 130 was set to identify bone erosion (Figure 2). 
The assessment of joint damage was performed on a 30 × 
30-pixel square on the anterior femoral surface just below 

the patella, and contrast pixels within the square were 
measured weekly from day 7 to day 28. Using a binary 
threshold, the areas of the black dots were considered to 
reflect the unevenness of the joint surface. Thus, the higher 
the value of the black area, the more severe the joint 
damage (Figure 2).

Assessment of Pain-Related Behavior
In EXP-1, mechanical pressure stimulation of the knee 
joint and calf muscle was performed using a push-pull 
gauge algometer (Aikoh Engineering, Osaka, Japan) for 
both sides according to a previous method.33 Under the 
awake condition, the rats were restrained with cloth socks 
from the head to the pelvis and a cone-shaped pusher with 
a rounded tip (diameter, 2.4 mm) was applied to the 
medial side of the knee joint and the calf muscle belly 
with linearly increasing pressure (10 g/s). For measuring 
the pressure pain threshold, four measurements were taken 
at 10 second intervals at each point. The median value of 
the last three measurements was then used for analysis. 
The minimum pressure required to elicit foot withdrawal 
was measured for 4 weeks following arthritis induction.

Figure 1 Schematic outline of experimental protocol. The numerical value of the day indicates days after MIA injection. 
Note: Untreated controls did not receive MIA injections. 
Abbreviation: MIA, monosodium iodoacetate.
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Assessment of Spontaneous Lifting 
Behavior
In EXP-2, we measured the lifting behavior of 10 rats 
(5 per group) because pain during standing (ie, knee exten-
sion load) is a frequent symptom in patients with knee OA. 
Rats were placed in an empty cage (34 × 40 cm2 area, 
18 cm height) and allowed to move freely. A lift was 
counted when the rat’s eyes were above the horizontal 
surface of the cage height. The number of lifts for 10 
rats was measured weekly from day 7 to day 28.

Assessment of Histopathology in the 
Affected Knee Joint
On day 28 in EXP-2 (n = 5 rats per group), 10 MIA- 
injected rats were sacrificed, and bilateral whole knee 
joints of each rat were immediately fixed with 10% for-
malin, decalcified by formic acid, and embedded in paraf-
fin. Coronal sections of 5 μm width were prepared and 
stained with toluidine blue. Cartilage damage was scored 

according to the Osteoarthritis Research Society 
International (OARSI) grading system.34 According to 
this system, the medial femoral condyle on each frontal 
section was divided into three zones of equal width, and 
cartilage degeneration in each zone was scored from 0 
(best) to 5 (worst). The total cartilage degeneration score 
was calculated by adding the values obtained for each 
zone. The maximum cartilage degeneration score was 15. 
The specimens were scored according to the OARSI sys-
tem by two independent observers, and a summed score 
was obtained. Scores were obtained in accordance with the 
agreement between the two observers.

Real-Time Quantitative Polymerase Chain 
Reaction
Rats were deeply anesthetized with sodium pentobarbital 
and perfused with saline (Otsuka Pharmaceutical, Tokyo, 
Japan) via the intracardiac route. Immediately after the per-
fusion, the L3-4 dorsal root ganglia (DRG) or cartilage at the 
distal end of the femur was removed immediately. Total 

Figure 2 Assessment method of joint damage. All generated in vivo datasets were stored as images in DICOM format, and a 3D volume rendering image with a constant 
threshold was generated to visualize a gross view of the knee joint. By using a binary threshold, the area of the black dots within the square (30 × 30 pixels) can be 
considered to reflect the gross joint damage of the affected knee joint. Thus, a higher percentage of black areas indicates more severe joint damage.
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RNA was extracted from the L3–L4 DRG or the cartilages 
using Trisure (Bioline, Danwon-Gu, Korea) according to the 
manufacturer’s protocol and purified using the RNeasy mini 
plus kit (Qiagen, Hilden, Germany). Total RNA was quanti-
fied by measuring the optical density at 260 nm using 
a Nanodrop spectrophotometer (Nanodrop Technologies, 
Wilmington, DE, USA). Subsequently, 325 ng of total 
RNA was used for reverse transcription reactions with 
PrimeScript reverse transcriptase (TaKaRa Bio Inc., 
Kusatsu, Shiga, Japan) and random 6-mer primers in accor-
dance with the manufacturer’s instructions. Quantitative 
polymerase chain reaction was performed with a validated 
SYBR Green gene expression assay along with SYBR 
Premix Ex Taq II (TaKaRa Bio Inc.) using the 
QuantStudio3 real-time polymerase chain reaction system 
(Applied Biosystems, Foster City, CA), and the mRNA 
levels of the following genes were measured: rat brain- 
derived neurotrophic factor (BDNF), C-C motif chemokine 
ligand 2 (CCL2), glyceraldehyde 3-phosphate dehydrogen-
ase (GAPDH), IL-1β, IL-6, matrix metallopeptidase 3 
(MMP-3), MMP-13, nuclear factor kappa-B, nerve growth 
factor (NGF), tachykinin precursor 1, transmembrane pro-
tein 147 (Tmem147), TNF-α, and transient receptor poten-
tial cation channel, subfamily V, member 1 (TRPV-1). Data 
were analyzed using QuantStudio Design Software 1.2 
(Applied Biosystems) with the standard curve method. All 
values were normalized to GAPDH expression levels. The 
primers used in this study are listed in Table 1. Mean mRNA 
upregulation in the untreated group was set as control levels 
for each gene expression, relative upregulation values to the 
control levels were compared between the vehicle and MTX 
group.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism (ver-
sion 8.3.0; GraphPad Software Inc., San Diego, CA, USA). 
A Brown–Forsythe test (sensitive to departures from normal-
ity) and Bartlett’s test were used to assess the normality of 
distribution and variance homogeneity. Differences in the per-
centage of joint destruction, pain-related behavior, and sponta-
neous lifting behavior between the two groups were analyzed 
using a two-way analysis of variance (2-way ANOVA) with 
repeated measures, followed by post hoc Šidák’s multiple 
comparison tests. Differences in the cartilage degeneration 
score and the percentage of relative mRNA upregulation 
values between the two groups were analyzed using the 
Mann–Whitney U-test, respectively. Data are expressed as 

mean ± standard error of the mean (SEM) values. 
Differences were considered statistically significant at P <0.05.

Result
Micro-CT Arthrography
Two-way ANOVA with repeated measures revealed 
a significant main effect of time (F=17.39, P<0.01) but 
did not show a group effect (F=1.89, P=0.20) or an inter-
action effect (F=1.89, P=0.13) on the percentage of joint 
damage. Mean percentages of joint damage on day 7, 14, 
21, and 28 were 0.1%, 3.2%, 22.1% and 32.8% in the 
vehicle group, 0.0%, 1.9%, 8.6% and 19.7% in the MTX 
group, respectively (Figure 3).

Pain-Related Behavior
Two-way ANOVA with repeated measures revealed signifi-
cant main effects of time (F=27.98, P<0.01) and group 
(F=12.21, P<0.01), but did not show a time-by-group inter-
action effect (F=2.29, P=0.06) in mechanical withdrawal 
thresholds in the knee joint. Post hoc Šidák’s comparison 
showed that compared to the vehicle group the decrease in 
the mechanical withdrawal threshold in the MTX group had 
significantly improved at days 7, 14 and 28 (Figure 4).

Whereas, in terms of muscle, there were significant 
main effects of time (F=34.49, P<0.01) and group 
(F=15.78, P<0.01), and a time-by-group interaction effect 
(F=5.69, P<0.01) was seen. Post hoc Šidák’s comparison 
showed that compared to the vehicle group the decrease in 
the mechanical withdrawal threshold in the MTX group 
had significantly improved between day 7 and 28 
(Figure 4).

Spontaneous Lifting Behavior
Two-way ANOVA with repeated measures revealed 
a significant main effect of time (F=19.98, P<0.01) but 
did not show a group effect (F=2.56, P=0.10) or an inter-
action effect (F=1.02, P=0.41) on the frequency of lifting 
behavior (Figure 5). Post hoc Šidák’s comparison showed 
that the number of lifting in the MTX group was signifi-
cantly more at day 28 compared with that in the vehicle 
group (Figure 5 and Supplemental Video 1).

Assessment of Pathohistology in the 
Knee Joint
Mean cartilage degeneration score based on the OARSI 
grading system in the MTX group tended to be lower than 
those in the vehicle group, but there was no statistically 
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significant difference between the two groups (Mann– 
Whitney U-test, P=0.28) (Figure 6).

Alterations in Gene Expression in L3 & L4 
DRG
Analysis showed that there was no significant upregulation 
level of pro-inflammatory mRNAs such as TNF-α 
(P=0.69), IL-1β (P=0.84), and IL-6 (P=0.42) between the 
two groups. Whereas, the upregulation levels of TRPV-1 
(P<0.01) and BDNF (P=0.02), mRNA associated with 
nociception, were significantly suppressed in the MTX 
group compared to the vehicle group. The upregulation 
level of SP mRNA (P=0.06) was almost significantly 
suppressed in the MTX group compared with the vehicle 
group (Figure 7).

Alterations in Gene Expression in 
OA-Affected Cartilage
As each mean of the mRNA upregulations in the 
untreated group was set as control levels, relative upre-
gulation values to the control levels were compared 
between the two groups. As a result, only NGF 

(P=0.03) mRNA upregulation was significantly sup-
pressed in the MTX group compared with the vehicle 
group (Figure 8).

Discussion
This study explored whether MTX prevents joint destruc-
tion and improves pain response in the acute stage of 
MIA-induced OA in a rat model. We found that oral 
administration of MTX improved the decreased mechan-
ical thresholds as well as inhibited the upregulated mRNA 
expression of TRPV-1 and BDNF in the DRG. However, 
MTX failed to prevent the development of gross joint 
destruction and cartilage degeneration. Additionally, it 
also failed to suppress the expression of MMP-3 genes in 
the affected joint during OA progression. Altogether, the 
study provides novel findings that MTX ameliorates pain- 
related behaviors and reduces the expression of pain- 
related genes in the DRG, but is not expected to prevent 
cartilage degeneration.

MTX is widely known to be effective against adju-
vant arthritis (AA) rats.35–39 Since previous studies 
reported that MTX doses of 2.7 mg/kg/week,38 and 
3 mg/kg/week39 produced good treatment efficacy in 

Table 1 All Primers Used in This Study

Gene GeneBank Accession 
Number

Forward Primer Reverse Primer Product Size 
(bp)

BDNF NM_012513 GACACATTACCTTCCAGCATCT GCAACCGAAGTATGAAATAACCA 143

CCL2 NM_031530 ATCTCTCTTCCTCCACCACTA GAATGAGTAGCAGCAGGTGAG 134

GAPDH NM_008084 TGCCCCCATGTTTGTGATG GGCATGGACTGTGGTCATGA 160

IL-1β NM_031512 GCTTCCTTGTGCAAGTGTCTG GTCGAGATGCTGCTGTGAGA 200

IL-6 NM_012589 TCTCTCCGCAAGAGACTTCCA AGTCTCCTCTCCGGACTTGTG 121

MMP13 NM_133530 CCAGAACTTCCCAACCATGT ATGGGTATGACATTATGGAGGG 113

MMP3 NM_133523 CTATTCCTGGTTGCTGCTCATG CAGTCTACAAGTCCTCCACAG 100

NF-kB NM_199267 ACAGATACCACTAAGACGCACCC AATGGCTTGCTCCAGGTCTCG 237

NGF NM_001277055 AAGCTCACCTCAGTGTCTGG TGTACGGTTCTGCCTGTACG 148

TAC1 NM_001124770 CGAAGACCCAAGCCTCAG CTTTCGTAGTTCTGCATTGCG 158

Tmem147 NM_001038494 CCTACCTCTTTGTGCAGCTAT CAGTGTGGATGTGGCAGA 118

TNF-α NM_012675 ATGGGCTCCCTCTCATCAGT GCTTGGTGGTTTGCTACGAC 106

TRPV1 NM_031982 GACAGCGAGTTCAAAGACCC GCAGAGCGATGGTGTCATTC 94

Abbreviations: BDNF, brain-derived neurotrophic factor; CCL2, C-C motif chemokine ligand 2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IL-1β, interleukin 1 
beta; IL-6, interleukin 6; TRPV1, transient receptor potential cation channel, subfamily V, member 1; IL-6, interleukin 6; MMP-3, matrix metallopeptidase 3; MMP-13, matrix 
metallopeptidase 13; NF-κB, nuclear factor kappa-B; NGF, nerve growth factor; TAC1, precursor 1; Tmem147, transmembrane protein 147; TNF-α, tumor necrosis factor 
alpha; TRPV-1, transient receptor potential cation channel, subfamily V, member 1.
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rats with AA, we administered 3 mg/kg/week for treat-
ing MIA-induced OA in rats. In a MIA-induced OA 
model, pro-inflammatory cytokines, such as TNF-α and 
IL-6 along with synovitis were studied as biomarkers for 
drug efficacies and disease progression.26 Sohn et al 
measured inflammation-associated substances in the 

synovial fluid of patients with knee OA and RA and 
found that plasma proteins present in synovial fluid 
contributed to low-grade inflammation in OA progres-
sion, similar to that in RA.40 Moreover, MTX inhibited 
stimulus-induced NF-κB activity, which is a critical pro- 
inflammatory transcription factor.41 Thus, we speculated 

Figure 3 Time courses of the changes in micro-CT images in the vehicle group (n=10) and the MTX group (n=10). Both groups showed significant gross joint damage in 
a time-dependent manner (2-way ANOVA with repeated measures, P<0.01). There were no statistical differences in the percentage of joint damage between the two groups 
(2-way ANOVA with repeated measures, P=0.20). 
Abbreviation: MTX, methotrexate.

Figure 4 Time courses of the changes in mechanical hyperalgesia in the vehicle group (n=5) and the MTX group (n=5). Time courses of the changes in mechanical pain 
threshold in the ipsilateral knee joint (A) and ipsilateral calf muscle (B). The horizontal axis indicates measurement time points (B: before MIA injection, 1 d: 1 d after MIA 
injection, w: weeks after MIA injection). Significant decreases in withdrawal thresholds at each testing site in the vehicle are observed following arthritis induction, while 
withdrawal thresholds in the MTX group are significantly improved between day 7 and day 28 compared with those in the vehicle group (2-way ANOVA with repeated 
measures; *P<0.05, and ***P<0.001 by post hoc Sidak’s test). Data are presented as the mean ± SEM. 
Abbreviations: MIA, monosodium iodoacetate; MTX, methotrexate.
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that the optimal MTX dose may prevent the develop-
ment of knee OA.

In this study, we observed differences in pain-related 
behaviors between the vehicle group and the MTX group. 
We assumed that the lifting behavior of rats would resem-
ble the standing up action in humans, and therefore, 

decreased lifting was expected to reflect poor physical 
function. Although we did not find the main group effect 
in lifting behavior, the MTX group showed a trend of 
increased lifting compared to the vehicle group at week 
4, which implies a positive effect of MTX on physical 
function during OA progression. In terms of hyperalgesia, 

Figure 5 Time courses of the changes in the number of lifting in the vehicle group (n=5) and the MTX group (n=5). (A) A lift was counted when the rat’s eyes were over the 
horizontal surface of the cage height. The number of liftings for 10 minutes were measured weekly after MIA injection. (B) Although there was no main group effect (2-way 
ANOVA with repeated measures, P=0.1), the MTX group showed higher number of liftings than vehicle group at week 4 (**P <0.01, by post hoc Šidák’s comparison).

Figure 6 Representative histopathological alterations after MIA injection in the knee joint. Representative photos of the affected knee (right) and unaffected knee (left) joint 
coronal sections of 5 μm width of the vehicle and MTX groups at day 28 after MIA injection. Sections are stained with toluidine blue. Damage to the cartilage surface with 
loss of proteoglycans and chondrocytes (arrows) on medial tibial condyles is observed. Cartilage degeneration score by the OARSI grading system showed no significant 
differences in the scores between the two groups (Mann–Whitney U-test, P=0.28). 
Abbreviations: MIA, monosodium iodoacetate; MTX, methotrexate; OARSI, Osteoarthritis Research Society International.
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a decreased mechanical withdrawal threshold was 
observed not only on the knee joint, but also on the calf 
muscle (secondary hyperalgesia) between day 3 and day 
28, after MIA injection to the unilateral knee; this sug-
gested that central sensitization mechanisms were elicited 
in the rats. Although we did not investigate the central 
sensitization mechanism in this study, a significant upre-
gulation of BDNF mRNA levels was observed in the L3 
and L4 DRG on day 28. A recent study has indicated that 
peripheral BDNF contributed to pain prolongation in 
a MIA-induced OA model,42 also BDNF is reported to 

be a modulator of excitability within the spinal cord and 
contributes to the mechanism of central sensitization.43,44 

Our findings indicates that MTX might inhibit BDNF 
expression45 and lead to amelioration of secondary 
hyperalgesia.

Although there was no significant upregulation in the 
mRNA levels of pro-inflammatory cytokines in the DRG 
between the two groups, we observed that the upregulated 
levels of pain-related mRNAs, such as TRPV-1, BDNF, 
and SP (almost significant) were suppressed by MTX 
administration. Orita et al reported that TNF-α and IL-6 

Figure 7 Expression levels of mRNAs in the L3 & L4 dorsal root ganglia. mRNA levels (relative to untreated values) in the DRG were assessed by RT-qPCR analysis (n=5 per 
group for each mRNA; Mann–Whitney U-test, ns P>0.1, *P<0.05, and **P<0.01). Values are presented as mean ± SEM. MTX, methotrexate. Values are presented as mean ± 
SEM. MTX, methotrexate. (A) SubstanceP mRNA, (B) TRPV-1 mRNA, (C) BDNF mRNA, (D) TNF-α mRNA, (E) IL-1β mRNA, (F) IL-6 mRNA.
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levels in the knee synovium increased up to day 4 after 
MIA injection, but these levels decreased during the fol-
lowing 4 weeks, while NGF levels increased from day 7 
to day 28,46 which is consistent with our results that only 
the NGF mRNA expression, but not TNF-α and IL-6 
expressions, was upregulated in the affected knee joint 
on day 28. Systemic NGF administration to rats has been 
shown to induce BDNF mRNA levels in DRG;47 there-
fore, we believe that the increased NGF level in the 
affected knee was associated with upregulated expression 
of BDNF mRNA in DRG. Glower et al reported that 
peripheral BDNF signaling contributes to pain chronifica-
tion in MIA-induced rat OA, while there was no effect on 
joint damage in this pathway.42 Altogether, our results 
provide a novel finding that oral MTX administration 
inhibits expression of genes related to the pain prolonga-
tion pathway during inflammatory OA progression.

In this study, we also investigated the effect of MTX 
on preventing joint destruction. Although the micro-CT 
and histopathology results showed a trend of reduced 
joint destruction in the MTX groups, there were no statis-
tical differences in the percentage of joint damage and 
cartilage degeneration score between the two groups. 

Also, at molecular level, upregulations of MMP-3 and 
MMP-13 mRNA did not differ significantly between the 
two groups. This result implies that systemic administra-
tion of MTX cannot prevent joint destruction during 
inflammatory OA progression, unlike in the case of adju-
vant arthritis model.

The magnitude of arthritis in this study needs to be 
considered as a limitation because the mRNA upregulation 
levels of major pro-inflammatory cytokines in the DRG 
and affected cartilage in the vehicle group were not as 
robust as those in the untreated control group. These 
results may be explained by differences in the sampling 
method (eg, site and volume) or the magnitude of the 
elicited arthritis. In this study, the mean OARSI score in 
the vehicle group on day 28 was 7.6, which appears to be 
lower than those in previous studies that used the same or 
a lesser amount of MIA injection,48,49 suggesting that joint 
inflammation in the vehicle groups was milder than that 
previously reported.

Although our study did not show a preventive effect of 
MTX on joint destruction in an inflammatory OA model, 
these results may support OA guidelines that do not 
recommend MTX for treating patients with knee, hip, or 

Figure 8 Expression levels of mRNAs in the affected knee joints. mRNA levels (relative to untreated values) in the femur cartilage were assessed by RT-qPCR analysis 
(n=5 per group for each mRNA; Mann–Whitney U-test, ns P>0.1, and *P<0.05). Values are presented as mean ± SEM. (A) MMP-3 mRNA, (B) MMP-13 mRNA, (C) CCL2 
mRNA, (D) NGF mRNA, (E) TNF-α mRNA, (F) IL-1β mRNA, (G) IL-6 mRNA, (H) NF-κB mRNA, (I) Tmem147 mRNA.

https://doi.org/10.2147/JIR.S318540                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2021:14 3256

Yamanashi et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


hand OA.50 Nevertheless, some authors have reported 
analgesic effects of MTX on knee OA;20,21 these previous 
reports may be partly explained by the analgesic effects of 
MTX presented in this study. Therefore, at the very least, 
MTX administration may be useful for relieving pain in 
inflammatory OA.

Several limitations of this study need to be addressed. 
First, since this was a novel exploratory study to confirm 
whether MTX would be effective in an inflammatory OA 
model, as well as a rheumatoid arthritis model, the sample 
size was set as very small (n=5 per group). A statistically 
meaningful sample size is needed to see the robustness of 
the results. Second, the administration of MTX was per-
formed using only one pattern. Different patterns of MTX 
administration (eg, volume and frequency) may provide 
different results. Third, this study explored changes only 
up to 28 days after MIA injection; the efficacy of MTX on 
the model in the chronic phase beyond 28 days is unclear. 
Fourth, although we observed changes in pain-related beha-
viors, we did not investigate pain-related alterations in the 
spinal cord and brain; thus, the analgesic mechanisms of oral 
MTX administration in the central nervous system remain 
unknown. Further investigations are required to address 
these limitations.

Conclusions
This study explored whether MTX prevents joint destruc-
tion and ameliorates pain-related behaviors in the acute 
phase of MIA-induced OA in rat knees. The results indi-
cate that MTX may ameliorate pain-related behaviors and 
reduce the expression of pain-related mRNAs in the DRG; 
however, MTX may have limited efficacy in preventing 
cartilage degeneration in MIA-induced rat knee OA.
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