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Abstract: Acupuncture is widely used for knee osteoarthritis (KOA) treatment in clinical practice. In
the present study, we aimed to set a standard KOA animal model for electroacupuncture (EA) study
and provide an acupuncture recipe for further KOA studies. Rats intra-articularly administered
monosodium iodoacetate (MIA, 0.3, 1 or 3 mg respectively, n=12 each) were evaluated for pain-like
behavior: paw withdrawal mechanical threshold, weight bearing deficit, and joint pathological changes
(OARSI score) until 28 days after injury. Then by using the suitable dose (1 mg MIA), therapeutic
effects of EA treatment (bilateral ST36 and ST35 acupoints, 2/10 Hz, 30 min/d, 6d/w, 2w) were
evaluated in 3 groups (n=16 each): Early-on EA, Mid-term EA and Delayed EA, in which EA was
started on day 1, day 7 or day 14 after MIA injection. Both 1 mg and 3 mg MIA induced significant
joint damage and persistent pain behavior. But animals accepted 3 mg MIA rapidly developed cartilage
and bone damage within 14 days. Early-on EA treatment provided significant pain relief and joint
structure preservation in KOA rats. Mid-term EA treatment only reduced pain, while delayed EA
treatment resulted in no effects in both aspects. 1 mg of MIA produces steady pain behavior and
progressive joint damage, which was suitable for EA treatment evaluation. Early-on EA treatment
provided both joint protection and pain reduction, while Mid-term EA could only be used for studying

EA-induced analgesia in KOA.
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Introduction

Knee osteoarthritis (KOA) is one of the leading causes
of chronic disability [5, 29]. Major clinical symptoms
of KOA include joint pain, limitation of activity and
stiffness. Current managements such as articular lubrica-
tion, chondroitin sulfate and non-steroidal anti-inflam-
matory drugs (NSAIDs) analgesics mainly focus on

relieving symptoms, especially pain [33]. Acupuncture
or electroacupuncture (EA) has been widely used for
osteoarthritis in patients [1, 12, 17, 24, 26]. With many
unsolved questions such as the best acupuncture recipe,
underlying mechanisms need to be answered. To estab-
lish a standard KOA animal model suitable for acupunc-
ture study will help to have more scientific evidences for
acupuncture treatment on KOA.
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Among several distinct KOA models [4, 7, 13, 27],
the monosodium iodoacetate (MIA) intra-articular injec-
tion model is widely used for pain research and efficacy
evaluation of therapeutic interventions [13]. The dose of
MIA used to induce KOA varies from 0.1 mg to 4.8 mg
[20]. But it is unclear which dose is appropriate for EA
treatment study. Also, the efficacy of EA treatment initi-
ated at different stage after MIA injection has not been
tested. Therefore, this study aims to provide evidences
to suggest a suitable KOA model for acupuncture study
and to provide choices of acupuncture recipe for further
research regarding EA-induced analgesia and joint pro-
tection.

Materials and Methods

Animals and KOA induction

Male Sprague-Dawley (National Institutes for Food
and Drug Control, Beijing, CHINA) rats weighing
200-225 g were used. Rats were maintained on a 12-h
light/dark cycle with food and water available ad libitum.
Experimental protocols were approved by the Ethics
Committee for Animal Experimentation of the Fourth
Military Medical University (Xi’an, China) and in ac-
cordance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals.

Under 1.5% isoflurane anesthesia, 0.3 mg, 1 mg or 3
mg of MIA (Sigma, USA) dissolved in 50 ul sterile 0.9%
saline or saline only (for sham group) was administered
into the left knee articular cavity of the rats by inserting
a 31-gauge needle through the patellar tendon. After
stretching and flexing the injected hind limb for 5 times,
rats were returned to home cage for recovery.

Experimental design

Experiment 1: Forty-eight rats were randomly divided
into four groups (n=12 each): Sham group, 0.3 mg, 1 mg
and 3 mg MIA groups (intra-articular injection of 0.9%
saline, 0.3 mg, 1 mg or 3 mg MIA, respectively). Paw
withdrawal mechanical threshold (PWMT) tests and
weight bearing tests were performed on the day before
(baseline), day 3, 7, 14 and 28 after MIA injection. Rats
were sacrificed and left knees were saved for patho-
logical evaluation.

Experiment 2: Based on the result of Experiment 1,
Img of MIA was used to induce KOA in this experiment.
Forty-eight rats were randomly divided into three groups
(n=16 each): Early-on EA group, Mid-term EA group

and Delayed EA group (EA treatment from day 1 to day
13, from day 7 to 19 or from day 14 to day 26 after MIA
injection, respectively). Each group was randomly di-
vided into two subgroups, MIA group (30 min daily mild
restraint in the awake acupuncture apparatus without EA
treatment, n=8) and MIA+EA group (n=8). Behavioral
tests were performed on the day before MIA injection
(baseline), and at 6 h and 24 h after each course of EA
treatment. After two courses of EA treatment and behav-
ioral tests, rats were sacrificed for articular histological
assessment. The experimental designs are shown in Fig.
1.

Electroacupuncture treatment

Rats were kept in a gentle immobilization apparatus
designed by our laboratory for awake rodent manipula-
tion (patent application number: p201721299630.9).
Four acupuncture needles were inserted into the bilat-
eral acupoints of ST35 (Dubi, 2 mm deep) and ST36
(Zusanli, 5 mm deep). In humans, ST35 is located in the
depression lateral to the patellar ligament. ST 36 is lo-
cated on the anterior aspect of the lower leg, 3 U (based
on the standard acupuncture measurement of 16 U be-
tween the knee and the ankle joint) below the knee joint
and one finger-breadth (middle finger) lateral to the
anterior crest of the tibia. ST35 and ST36 are located on
the rat’s hind limbs using the comparable anatomical
landmarks [15]. These two acupoints were stimulated
with 2/10 Hz frequency at 1 mA for 30 min per day
(SDZ-V Huatuo Electroacupuncture Instrument, Suzhou
Medical Appliances Co., Ltd., Suzhou, China), 6 days
weekly for 2 weeks.

Behavioral tests

Assessment of mechanical hyperalgesia: Hyperalgesia
was evaluated using paw withdrawal mechanical thresh-
old test. Von Frey Hairs (Stoelting, USA, 0.4, 0.6, 1.0,
1.4, 2.0, 4.0, 6.0, 8.0 or 15 g fibers) was used to touch
the plantar surface of the hind paw as previously de-
scribed [3]. A cutoff of 15 g was set. Each rat was tested
twice and the mean PWMT over the two trials was ob-
tained for each rat.

Measurement of Weight Bearing Deficit: Changes in
weight bearing were measured using a weight in ca-
pacitance tester (IITC Incapacitance Meter, USA) as
previously described [2]. We documented five measure-
ments of the weight borne on each hind paw and calcu-
lated the difference in weight borne by ipsilateral and
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Fig. 1. Timelines of experiments. timelines of Experiment 1 (A) and Experiment 2 (B for early-on
EA treatment, C for mid-term EA treatment and D for delayed EA treatment).

contralateral paws. Percentage of ipsilateral weight bear-
ing was calculated as: [(weight borne on ipsilateral paw /
sum of the weight borne on the ipsilateral and contralat-
eral paws) x100]. Mean value of the 5 tests was obtained
as the weight born of this rat.

Joint pathology

Rats were sacrificed with overdose pentobarbital and
ipsilateral knee joints were dissected and fixed with 4%
paraformaldehyde for 24 h. Decalcification was achieved
with 20% EDTA immersion for 3 weeks, and then the
tissues were embedded in paraffin. The joints were sag-
ittally sectioned at 5 um thick and stained with hema-
toxylin and eosin (H&E). Degeneration of the articular
cartilage was evaluated by two independent observers
in a blinded manner using Osteoarthritis Research Soci-
ety International (OARSI) score on a scale of 0-24 points
[22].

Statistical analysis

Data were presented as mean + SEM for behavioral
results and mean £+ SD for OARSI scores. Using Graph-
Pad Prism 7.0. software, pain behaviors were analyzed
with Two-way repeated measurements ANOVA, fol-
lowed by Bonferroni’s post hoc test. Kruskale-Wallis
test followed by post hoc Dunn’s tests was used for
OARSI score analysis in four group comparisons. And
for two groups comparison, Mann Whitney test was used.
A P values less than 0.05 were considered statistically
significant.

Results

MIA-induced KOA related pain behaviors are dose and
time dependent

Figure 2A showed a time course of paw withdrawal
mechanical threshold in the ipsilateral following 0.3-3
mg MIA or saline intra-articular administration. All three
doses induced hypersensitivity in the ipsilateral hind
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MIA induces KOA-related pain behavior and cartilage damage at different dose. Paw withdrawal thresholds of
the ipsilateral hind paws (A) and weight bearing deficits (B) were assessed before and after MIA (0.3, 1, and
3 mg/ rat, n=12/group) or saline (0.9% NaCl, n=12) injection. At 14 and 28 days after MIA injection, 6 rats in
each group were randomly selected for articular histological assessment. Data are presented as mean +SEM.
*%P<(),01, ***%P<0.0001, vs. saline-treated group; *#P<0.01, ##P<0.001, ##P<0.0001, vs. 0.3 mg MIA group;
4pP<0.05, vs. 1 mg MIA group at the same tested time point. Two-way repeated measurements ANOVA followed
by Bonferroni’s post hoc test was used. C. Representative articular pathology image at 14 and 28 days after
Saline or MIA injection. D and E: OARSI score on day 14 (D) and day 28 (E) after MIA injection. **P<0.01,
#H%P<(),001, ****#P<0.0001, vs. saline-treated group; *P<0.05 vs. 0.3mg MIA group. Data were presented as
mean + SD, n=6 per group. Kruskale-Wallis test followed by post hoc Dunn’s tests was used.

paw. While animals in 1 mg and 3 mg MIA group exhib-
ited lower PWMT than animals of 0.3 mg MIA group
from day 7-28. The lowest dose of MIA (0.3 mg) reduced
PWMT from 14.46 = 0.04 to 8.96 £ 1.14 on day 3, and

remained at similar level until day 28. Both 1 mg and 3
mg MIA also induced PWMT reduction on day 3 (7.57
+ 1.17 and 10.00 + 1.17) and a further decrease on day
7(5.93+£0.94 and 5.18 £ 0.51) and day 14 (4.57 £ 0.62
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Fig. 3. Effect of early-on EA treatment. Paw withdrawal thresholds of the ipsilateral hind paws (A) and
weight bearing deficits (B) were assessed before and after injection MIA. Data were presented as
mean + SEM; n=8 per group; *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 vs. MIA group.
Two-way repeated measurements ANOVA followed by Bonferroni’s post hoc test were used. (C)
Articular cartilage pathology image in MIA and EA treated group. (D) OARSI scores were pre-
sented as mean £ SD; n=8 per group; *P<0.05 vs. MIA group (Mann-Whitney U test).

and 3.71 £ 0.24), which sustained up to day 28 (5.95 +
1.20 and 5.07 + 1.33). For weight bearing deficit test
(Fig. 2B), 0.3 mg MIA induced significant reduction in
ipsilateral weight bearing on day 3—14, but recovered by
day 21 and 28 (P>0.05 vs saline group). Instead, the 1
mg and 3 mg MIA induced significant reduction of
weight bearing loss of the ipsilateral hind limb from day
3 until the end of the observation period. At all tested
time points after MIA injection, animals in 1 mg and 3
mg MIA groups had more severe weight bearing deficit
then rats in 0.3 mg MIA group. However, 1 mg and 3
mg of MIA induced similar extent of pain behavior in
PWMT and percentage of weight bearing deficit test,
except that on day 14 after MIA injection, rats accepted
3 mg MIA exhibited further reduction on weight bearing
test compared to rats from 1 mg MIA group.

MIA-induced cartilage changes are dose and time
dependent

No cartilage degeneration was observed in saline in-
jected rats on day 14 and 28 (Fig. 2C). Chondrocyte
deaths were observed in the superficial zone at day 14
(Fig. 2D) in rats with 0.3 mg MIA. By day 28, the car-
tilage superficial zone was mildly affected while its
OARSI score (6.63 + 2.73) didn’t reach a significance
compared to saline group during multiple comparison
analysis (Fig. 2E). However, for 1 mg and 3 mg MIA
groups, OARSI score significantly elevated at day 14
(Fig. 2D) and day 28 (Fig. 2E) compared to saline group
(P<0.01). On day 14, chondrocyte death, matrix loss and
cartilage thickness decrease were observed in animals
from 1 mg MIA group, with an OARSI score of 12.21 +
3.49 (Fig. 2D, P<0.01 vs. saline group). But animals
from 3 mg MIA group exhibited erosion of hyaline car-
tilage, mineralization of cartilage and bone (Fig. 2D,
OARSI score 17 + 3.95, P<0.0001 vs saline group and
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Fig. 4. Effect of mid-term EA treatment. Paw withdrawal thresholds of the ipsilateral hind paws (A)
and weight bearing deficits (B) were assessed before and after injection MIA. Data were pre-
sented as mean £ SEM; n=8 per group; *P<0.05, ¥**P<0.01, ***P<0.001, ****P<0.0001 vs.
MIA group. Two-way repeated measurements ANOVA followed by Bonferroni’s post hoc test
was used. Representative images of articular cartilage pathology of MIA and mid-term EA
treated group are show in C. OARSI score (D) were presented as mean = SD; n=8 per group;
*P<0.05 vs. MIA group (Mann-Whitney U test).

P<0.05 vs 0.3 mg MIA group). By day 28, animals in 1
mg MIA group developed subchondral bone exposure
(Fig. 2E, OARSI score 16.21 £ 4.73, P<0.01 vs saline
group). While OARSI score in 3 mg MIA group was 17.5
+5.79 (Fig. 2E, P<0.001 vs saline group).

Effect of EA treatment

Early-on EA treatment: Mechanical hyperalgesia of
the ipsilateral hind paw and weight bearing deficits were
observed in MIA group. Early-on EA treatment increased
the PWMT (Fig. 3A), decreased the weight bearing
deficits (at day 6, 13 and 14 respectively, Fig. 3B), and
reduced pathological OARSI scores (P<0.05, Figs. 3C
and D).

Mid-term EA treatment: Mid-term EA treatment in-
creased the PWMT at 6 h after the first and second EA
course (P<0.01 vs MIA group on day 12, and day 19 Fig.
4A), but failed to produce PWMT reduction at 24 h after

each EA course. A significant difference was observed
in the weight bearing deficits (Fig. 4B) from day 13 un-
til the end of the observation period. However, no sig-
nificant difference in joint pathology was observed (Fig.
4C), indicating that EA treatment started at day 7 after
MIA injury could not attenuate the progression of joint
pathological changes (P=0.12, Fig. 4D).

Delayed EA treatment: Delayed EA treatment was
administered since day 14 after MIA injection. PWMT
recovery was only observed at 6 h after the first EA
course (P<0.001 vs MIA group on day 19, Fig. 5SA). And
weight bearing deficit slightly recovered at 6 h after the
second EA course (29.09 + 2.22% for MIA vs 31.27 +
1.63% for MIA+EA group, Fig. 5B). However, this re-
duction could not sustain until 24 h after treatment. HE
staining of the ipsilateral knee joint showed that delayed
EA treatment could not reduce OARSI scores (Figs. 5C
and D).
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Discussion

Joint degeneration and chronic pain are two major
problems associated with knee osteoarthritis. Acupunc-
ture is widely used for KOA in clinical settings for pain
management [17, 23, 24]. But a standard animal model
suitable for acupuncture study has not been established.
In this study, we investigated the suitable MIA dose ap-
propriate for evaluating the efficacy of acupuncture in a
rat KOA model and an effective acupuncture treatment
strategy.

MIA induced osteoarthritis animal model was estab-
lished in 1984 [31]. More than a decade later, another
group reported that only high dose (0.3-3 mg) would
result in a long-term damage which correlated to human
KOA [8]. A range of MIA dosage was later extended to
0.1-4.8 mg [20], MIA with 1, 2 and 3 mg were exten-
sively used [12]. However, which dose of MIA is suitable
for acupuncture study hasn’t been evaluated in MIA-

induced KOA model. Literature review showed that
intra-articular injection of MIA inhibits chondrocyte
glycolysis and results in chondrocyte damage, subchon-
dral bone necrosis and inflammation [21]. Nwosu LN et
al. reported that pain behaviors were associated with OA
structural severity and synovitis. Both 0.1 and 1 mg of
MIA injection induced similar structural pathology while
the higher dose associated better with paw withdraw
behavior [19]. Another study showed that 0.2 mg MIA
induced reversible synovitis [28]. We evaluated the pain
behavior and joint pathological changes after 0.3, 1 and
3 mg of MIA injection in rat knees. The results indi-
cated that 0.3 mg elicit very limited joint damage, both
1 mg and 3 mg MIA induced PWMT and weight bearing
percentage reduction from day 3 after injection through
the end of the study, which was in accordance with pre-
vious reports [2, 8]. However, the severity of joint dam-
age proceeded slower in rats accepted 1 mg MIA injec-
tion which made it a better model represent the slow
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onset of KOA in human.

Among acupuncture treatment strategies for KOA
patients, acupoints ST35 and ST36 are most frequently
used in clinical trials [26]. Stimulation at ST36 has been
proven to prevent joint destruction [32] and to attenuate
pain in a collagenase induced arthritis animal model [25].
Qi et al. treated patients with ST35 and EX-LE4 acu-
points and resulted in a significant reduction in VAS and
WOMAC scores, especially in patients with lower KOA
stages [23]. Helianthi et al. used laser acupuncture at
ST35, ST36, SP9, GB34, and EX-LE4 acupoints also
showed a significant improvement in VAS score [9]. In
addition, EA stimulation at bilateral ST36 and BL60
acupoints with 2/10 Hz frequency provided analgesic
and immunomodulation effects in a bone cancer pain
model [16]. Since KOA is characterized by joint inflam-
mation and pain, we selected the bilateral ST36 and ST35
acupoints and 2/10 Hz alternative frequency EA stimula-
tion as our EA treatment strategy.

Clinically, EA is more often used in advanced osteo-
arthritis to control pain. But the efficacy of acupuncture
for KOA treatment is controversy [6, 10, 11, 14, 30]. The
discrepancy may be related to variation in acupuncture
recipes. EA treatment for different stages of joint injury
may lead to different outcomes. In the present study, we
tested the efficacy of two courses of EA initiated from
day 1, day 7 or day 14 on pain behavior and joint pathol-
ogy. Results showed that EA treatment was most effec-
tive when applied early after joint injury. The results
were in consistence with a previous study that early-on
EA treatment decreased the weight bearing deficits in a
rat KOA model [15]. Li-A ef al. reported that EA treat-
ment activates serotonergic neurons in the nucleus raphe
magnus and project to the spinal cord to alleviate pain.
The treatment effect of EA could be blocked by 5-HT
2A/2C receptor blocker. They reported a short 4-day
course of EA treatment and a rather strong analgesic
effect that last for 3 days after EA treatment, shown as
recovered weight bearing deficit. However, weight bear-
ing test recovery was only observed 6 h after the last EA
treatment on day 6 in our study. By day 7, the difference
was not significant since weight-bearing recovered to
similar level in untreated animals as EA treated ones.
The recovery tendency at day 7 after MIA can also be
observed in Li’s paper. Also, we have chosen the 1 mg
MIA model since it represents a progressive pathological
change, but 3 mg model was used by Li ef al. Our results
did reveal alleviated joint damage after two courses of

EA treatment, but they did not observe joint pathologic
changes. Their acupoint choices and EA strategy are also
different from ours. Most importantly, we applied EA on
awake rats with a mild restrain device while Li-A et al.
conducted EA treatment to rats under isoflurane anes-
thesia. It is unknown whether anesthesia could influence
the effects of EA. These differences may partly explain
the behavioral difference. However, serotonergic system
may be an interesting target for further investigation.
Therefore, the time point of treatment initiation was
crucial for treating KOA, as shown in another study
researching for the importance of early medication ini-
tiation for KOA [18]. Our results also indicated that
initiation time of EA treatment is very important for
KOA, which will be helpful both for future EA research
design and for clinical practice.

To exclude influences of anesthesia in EA treatment,
such as central sedation and possible neuroprotection or
neural injury, we designed a restriction device (Patent
application No. 201721299630.9) that covered the body
and head of the animal with soft cotton while allowing
the hind limbs to stretch out and touch the ground. We
pre-accommodated the animals in these devices 30 min/
day for two days before MIA injection. Most animals
accommodated well in the device. Animals that keep
twisting or with tighten tails that show elevated level of
stress were excluded before randomization. Six of 54
animals in experiment 2 were excluded before random-
ization.

In summary, we recommended a standard rat KOA
mode of 1 mg MIA intra-articular injection, which is
suitable for electroacupuncture treatment for further
studies. This rodent KOA model mimics a similar pro-
gressive course of human KOA. Early-on EA treatment
provides significant analgesic effects and reduces histo-
logical changes of the knee joint. Mid-term EA treatment
provides substantial analgesia, but not joint damage al-
leviation. Delayed EA has no benefits on pain or joint
pathology. The present study provided a stable animal
model of KOA, a new therapeutic EA strategy that can
be used as a standard model in future studies regarding
EA treatment for KOA.
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