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Abstract 

Purpose: To investigate the effectiveness of luteolin treatment in postmenopausal model of 
osteoarthritis (OA) 
Methods: Sprague-Dawley rats were divided into five groups. Luteolin was given orally to rats at doses 
of 50 and 100 mg/kg for 4 months, while aceclofenac was administered at a dose of 10 mg/kg. The anti-
inflammatory and anti-arthritic effects of luteolin and aceclofenac were determined using paw-
withdrawal method. Knee joint thickness was measured using X-ray imaging. Pathological changes in 
bone slices were determined with immuno-histochemical evaluation. The levels of inflammatory 
cytokines were assessed by reverse transcription-polymerase chain reaction (RT-PCR) and western 
blot analysis.  
Results: Oral ingestion of luteolin significantly reduced manifestations of OA and suppressed levels of 
serum cytokines (p < 0.05). Moreover, luteolin increased expression of bone marker protein and 
reduced the gene expression levels of matrix metalloproteinases (MMPs, p < 0.05), suggesting its 
protective effects on chondrocytes. Luteolin significantly reduced the production of inflammatory 
chemokines and cytokines (IFN-γ, IL-1, and IL-6). Histopathological examination showed that luteolin 
decreased pathological lesions in monoiodoacetate-mediated OA in ovariectomized rats, indicating 
prevention of cartilage loss. 
Conclusion: These results suggest that luteolin exerts protective effects against monoiodoacetate-
induced (MIA) OA in ovariectomized rats by suppressing the expressions of inflammation-related 
mediators (IL-1β, Cox-2, and PGE-2). Thus, luteolin is a prospective option for the suppression of post-
menopausal OA in humans.  
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INTRODUCTION 
 
Osteoarthritis (OA) is one of the most common 
degenerative disorders. It manifests in clinical 
changes such as cartilage loss and inflammation 
of synovial fluid. Chondrocytes respond to OA-
induced inflammation by increasing sub-chondral 

matrix biosynthesis and releasing anti-
inflammatory mediators, resulting in OA 
progression. Moreover, chondrocytes and 
synovial cells together produce proinflammatory 
cytokines which also influence apoptosis of 
chondrocytes [1]. Several animal models have 
been used to investigate the pathogenesis of OA, 
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as well as treatment approaches. Ovariectomy is 
one of the most used strategies for induction of 
OA [2]. When ovariectomized rats are injected 
with monoiodoacetate (MIA), they turn into 
spontaneously advanced OA model. 
 
The use of non-steroidal anti-inflammatory drugs 
(NSAIDs) and steroidal agents is associated with 
severe adverse effects in OA patients. Luteolin is 
a flavonoid present in vegetables, herbs, fruits 
and spices [4]. It has been shown to suppress 
chronic diseases, for example, OA [5]. Studies 
have been conducted on beneficial effect of 
luteolin against OA [6]. However, there are no 
reports on the inhibitory effect of luteolin on MIA-
induced OA in ovariectomized rats.  
 
Therefore, the present study was designed to 
determine the inhibitory effect of luteolin on MIA-
triggered OA in ovariectomized rats. Knee joint 
was histologically examined to determine the 
pathological changes associated with articular 
cartilage erosions. In addition, the effect of 
luteolin on MIA-induced OA in ovariectomized 
rats was determined using a biochemical marker 
of collagen type I degradation (CTXI), in order to 
ascertain if the ovariectomized rats were 
effective post-menopausal OA model. 
 
EXPERIMENTAL 
 
Chemicals and reagents 
 
Luteolin was purchased from Sigma Aldrich 
(Beijing, China). Monoiodoacetate (MIA), 
hematoxylin and eosin were brought from Sigma 
Aldrich (Beijing China). 
 
Animals 
 
Female Spraque-Dawley rats (6-week old) were 
obtained from Animal Research Institute, Shanxi 
Medical University, Shanxi, China. The rats were 
provided with standard rat feed and water ad 
libitum. The animals were acclimatized to 
laboratory conditions for seven days prior to the 
experiment. The study received approval from 
the Laboratory Animal Usage and Ethics 
Committee of the University, Shanxi (approval 
no. OR/SMU-20/ARI-56), and followed 
international guidelines for animal studies. 
 
Calculation of sample size 
 
The sample size was determined using power 
analysis G power software. Standard deviation 
was used to determine the variability of the 
sample with type-1 error at p < 0.05, and two-
tailed tests involving 80 percent power analysis. 
 

Establishment of ovariectomized rats 
 
Thirty-six-week-old virgin female Sprague–
Dawley rats were employed. Body weight was 
determined at the beginning, and the animals 
were arbitrarily assigned to five groups of six rats 
each. Bilateral ovariectomy was performed on 
the rats under local anaesthesia with Hypnorm-
Dormicum using a dorsal border incision. Rats 
subjected to a standard sham surgery served as 
control. For this purpose, a small incision was 
made to gain access into the abdominal cavity. 
The ovaries and fallopian tubes were pulled 
outward and removed through the incision. The 
incision was sealed using absorbable sutures. 
The ovaries were left intact without being 
removed, and they were considered control 
surgeries. 
 
Induction of osteoarthritis with MIA 
 
To trigger OA, the ovariectomized rats were 
treated with MIA under ether anaesthesia [11]. 
The area below the joints of the knee was 
shaved and sterilized with 70 % ethanol. Then, 
50 mL of sterile phosphate buffer saline (PBS) 
containing monoiodoacetate (MIA, 3 mg) was 
administered intra-articularly at a volume of 50 
μL into the joints of the ovariectomized rats. A 
simple solution of 50 mL PBS without MIA was 
administered intra-articularly into the joints of the 
ovariectomized rats in the control group. A period 
of one week was allowed for the development of 
OA symptoms. 
 
Study protocol 
 
Ovariectomized rats that developed OA after MIA 
injection were divided into five groups, with six 
rats in each group. The control rats (group 1) 
were subjected to sham operation in which the 
ovaries were exposed but not isolated. Rats in 
this group were administered 0.2 mL of PBS 
only, once daily, without intra-articular MIA. 
Group 2 comprised MIA-induced OA and 
osteoarthritic rats. The rats were ovariectomized 
and administered MIA intra-articularly. They were 
given only 0.2 mL of normal saline (vehicle) 
orally, once daily for 28 days, without luteolin and 
aceclofenac. Group 3 comprised MIA-induced 
OA and ovarictomized rats treated with luteolin 
(50 mg/kg, orally) once daily for 28 days, using a 
suspension of luteolin powder in normal saline 
(0.3 mL). Group 4 consisted of MIA-induced OA 
and ovariectomized rats treated orally with 
luteolin (100 mg/kg) for 28 days. Group 5 
comprised MIA-induced OA and ovariectomized 
rats treated with aceclofenac (10 mg/kg, p.o.) for 
28 days. 
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Determination of body weight and paw 
withdrawal threshold 
 
Throughout the experiment, the body weights of 
the rats were recorded weekly. The rats were 
positioned in a cage that had a wired floor mesh, 
and were left to acclimatize for a minimum of 5 
min. Then, pain sensation was measured by 
assessing the paw withdrawal threshold in 
response to reflex stimulation from von Frey 
filaments, which were recorded as symptoms of 
OA. Every filament of von Frey was applied for 5 
sec, with an interval of 5 min between pain 
assessments. 
 
Measurement of bone degradation and 
thickness of knee joint swelling 
 
With the aid of a vernier caliper, the area of 
swelling in the knee joint was precisely measured 
post-MIA administration. The non-injected leg 
served as a control. Using X-ray imaging, bone 
degradation was analyzed in a total of three rats 
from each group and the radiographic images 
were collected and preserved for further 
examinations. 
 
Real-time polymerase chain reaction (RT-
PCR) and western blot analysis 
 
Total RNA was isolated from cartilage tissues in 
the experimental groups and the mRNA 
expression levels of COX-2, Col2A, transforming 
growth factor beta (TGF-β), matrix 
metalloproteinases 1, 3, 13 (MMP-1, MMP-3 and 
MMP-13), and bone morphogenetic protein 2 
(BMP-2) were determined. The sequences of 
primers used are shown in Table 1. Total RNA 
was transcribed to cDNA using a cDNA synthesis 
kit (Cell signaling technologies, Beijing, China). 
The relative mRNA expression levels were 
calculated using the 2-ΔΔCT method. Total 
protein was extracted from the tissues using 
RIPA lysis buffer solution containing 

phosphatase and protease inhibitors. The 
isolated proteins were resolved in 10 % SDS-
PAGE, followed by electro-transfer onto 
polyvinylidene difluoride membranes. Then, the 
membranes were incubated overnight at 4 oC 
with primary antibodies for MMP-1, MMP-3, 
MMP-13 (Abcam, UK), and β-actin. Thereafter, 
the membranes were incubated with secondary 
antibody conjugated with horseradish 
peroxidase. The signals were observed with 
enhanced chemiluminescence, and the 
expression levels were calculated in relation to 
that of β-actin which served as internal control. 
 
Immuno-histochemical evaluation 
 
Sections of the femur and tibia of both legs were 
placed in 10 % buffered formalin for 2 days after 
knee joint disarticulation. Thereafter, the bones 
were decalcified and preserved in paraffin wax. 
Pathological changes in the bone slices were 
determined using H & E staining. In the next 
stage, fragments of the bone were stained with H 
& E for examination of microscopic changes in 
cartilage and glycosaminoglycans. The 
pathological changes evaluated using the Mankin 
scoring system [8]. 
 
Cytokine inflammation assay 
 
Using inflammation assay (LEGENDplex rat) kits, 
simultaneous assays of 10 cytokines from the 
serum samples were performed. Out of the 10 
cytokines, only IL-6, IFN-g, IL-1β, and monocyte 
chemoattractant protein-1 (MCP-1) or CCL2 
showed slight statistical deviations from the 
normal levels of the control group under various 
conditions. The cytokine assays were carried out 
in accordance with the instructions of the kit 
manufacturer. LEGENDplex version 8.0 software 
was used for analyzing the data. The levels of 
CTX1 and PGE2 were determined with ELISA 
kits as per the manufacturer’s instructions. 
 

  
     Table 1: Primers used for RT-PCR 

 
Target  Sequence (5’ to 3’) 
TGF-β Forward GCTGCACGCCGGAGTCGGCC 

Reverse CCTACTAAATGGATTGCGCA 
COX-2 Forward CAATGGACCTTACGGACCTACTT 

Reverse TTGAACCGGTACCTCCAGTCAG 
BMP2 Forward ACCTAACCGGTACCGCCAATCA 

Reverse AACCTTAGCCATCGGATCGGTA 
β-actin Forward CCTTAGTACCATCGACCAATGG 

Reverse GGTACCTTAACCATGCATCGACA 
MMP13 Forward TTACCAGGGACCTACCAGGCAA 

Reverse AAGGCCTAGGTTACAATCGCCA 
Col2A Forward GGAACCTAGGCTACATTACGAC 

Reverse AACCTGGGTACTTACTGAACTG 
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Statistical analysis 
 
The results are expressed as mean ± standard 
error of the mean (SEM). Statistical analyses 
were done with ANOVA and Student's t-test 
using GraphPad Prism 8.1 version (Biomatters, 
Ltd, USA). Values of p < 0.05 indicated 
statistically significant differences. 
 
RESULTS 
 
Body weight, paw withdrawal threshold, and 
weights of spleen and uterus  
 
At baseline, there were no significant variations 
in body weight amongst the groups (Figure 1 A). 
However, ovariectomy resulted in marked weight 
gain in the rats, reaching 37 % after 4 weeks in 
MIA-induced OA rats treated with vehicle (p < 
0.05; Figure1 A). However, no marked decreases 
in body weight were noticed in rats treated with 
luteolin (50 and 100 mg/kg) and aceclofenac at 
the end of the 4-week study, when compared to 
MIA-induced OA and ovariectomized rats treated 
with vehicle (Figure 1 A). In addition, no 
significant weight gain was observed in sham-
operated control rats after 4 weeks of treatment, 
relative to vehicle-treated rats. 
 
The uterus wet weight was determined at the 
completion of the study. Ovariectomy resulted in 
significant uterine degeneration in MIA-induced 
OA rats treated with vehicle, when compared to 
age-matched sham-operated rats (Table 2). After 
the 4-week study period, no significant 
differences in uterus weights were observed 
amongst the luteolin-treated (50 and 100 mg/kg), 
aceclofenac-treated, and vehicle-treated groups. 
In contrast, rats in the sham-operated group had 
significantly larger uteri than the vehicle-treated 
group (p < 0.05). 
 

There was marked elevation in the paw 
withdrawal threshold of the vehicle-treated MIA-
induced OA rats (p < 0.05). However, luteolin 
treatment led to dose-dependent decreases in 
the paw withdrawal threshold of MIA-induced OA 
rats (p < 0.05). With the administration of 
aceclofenac, there were marked decreases in 
the paw withdrawal threshold of the MIA-induced 
OA rats, when compared to the corresponding 
level for the vehicle-treated group (Figure 1 B). 
At the end of the experiment, the spleen weights 
in the various groups were comparable. A slight 
increase in the spleen weight of the aceclofenac-
treated group was observed, relative to the 
control group (Figure 1 C). 
 

 
 
Figure 1: Body weight, paw withdrawal threshold and 
spleen weights of MIA-induced OA and ovariectomized 
rats treated with luteolin and aceclofenac for 28 days. 
(A) Weights of rats assessed once a week before the 
experiment was performed. (B) Paw withdrawal 
threshold of MLA-induced OA ovariectomized rats 
given 50 or 100 mg/kg/bwt luteolin, as measured using 
von Frey filament testing. (C) Spleen weights of MLA-
induced OA and ovariectomized rats given luteolin and 
aceclofenac, relative to control group. *P < 0.05; **p < 
0.01;***p < 0.001, relative to MIA-induced OA and 
ovariectomized rats; *p < 0.001, relative to sham 
control rats. (N/C = normal control; Lut-50 = luteolin 
dose of 50 mg/kg/bwt; Lut-100 = luteolin dose of 100 
mg/kg/bwt; MIA = monoiodoacetate-induced OA in 
ovariectomized rats) 

Table 2: Weight changes after 4 weeks of luteolin and aceclofenac treatments of MIA-induced OA in 
ovariectomized rats for 28 days 
 

Group Treatment Weight (g) of the 
uterus at the end of 

the study

P-value 

1 Sham control rats 0.76 ± 0.05 - 

2 
MIA-induced OA in ovariectomized rats 
(vehicle-treated) 

0.17 ± 0.09*** < 0.001 

3 
MIA-induced OA in ovariectomized rats 
treated with luteolin (50 mg/kg) 

0.15 ± 0.05 > 0.05 

4 
MIA-induced OA in ovariectomized rats 
treated with luteolin (100 mg/kg) 

0.14 ± 0.06 > 0.05 

5 
MIA-induced OA in ovariectomized rats 
treated with aceclofenac-10 mg/kg 0.16 ± 0.07 > 0.05 

Values are mean ± SEM. ***P < 0.001, sham-operated control rats vs MIA-induced OA (vehicle treated) rats. No 
significant differences were noticed in uterus weight between vehicle-treated groups and luteolin- and 
aceclofenac-treated groups 
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Thickness of the knee joint and X-ray 
evaluation 
 
Ovariectomized rats that received intra-articular 
injection of MIA in the knee joint had knee 
swelling that disappeared after oral 
administration of either aceclofenac (50 mg/kg) 
or luteolin (100 mg/kg). Figure 2 A shows the 
knee joint thickness (mm) of rats in the various 
groups, as determined using a vernier caliper. 
Articular cartilage deterioration caused by the 
administration of MIA in ovariectomized rats was 
assessed with the aid of X-ray radiography 
(Figure 2 B). The bone tissues were severely 
degraded in vehicle-treated rats, when compared 
to sham-operated control rats (p < 0.01). 
However, treatment of the rats with luteolin (50 
and 100 mg/kg) or aceclofenac resulted in 
significant suppression of degradation of articular 
cartilage and subchondral bone (p < 0.05). 
Therefore, luteolin treatment markedly relieved 
MIA caused osteoarthritis symptoms in 
ovariectomized rats. 
 

 
 
Figure 2: Effects of luteolin and aceclofenac on knee 
joint swelling and degradation of bone tissue in MIA-
induced OA and ovariectomized rats. (A) Knee joint 
thicknesses of rats in the various groups, as measured 
using a vernier calliper. (B) Statuses of femur and tibia 
of MIA-induced OA and ovariectomized rats after 
treatment with luteolin (50 and 100 mg/kg) or 
aceclofenac (10 mg/kg), as examined using X –ray 
radiography. #P < 0.01, compared to normal control; *p 
< 0.05; ** p < 0.01, compared to MIA-induced OA and 
ovariectomized rats. (N/C = normal control; Lut-50 = 
luteolin dose of 50 mg/kg/bwt; Lut-100 = luteolin dose 
of 100 mg/kg/bwt; MIA = monoiodoacetate-induced OA 
in ovariectomized rats) 
 
Histopathological features 
 
Results from H & E staining revealed that the 
articular cartilage of the sham-operated control 
group was healthy, while there was a significant 
loss of chondrocytes leading to cartilage 
deterioration in the vehicle-treated MIA-induced 
OA group. In comparison, the groups treated 
with luteolin at doses of 50 and 100 mg/kg had 
improved cartilage, with significant increases in 
the number of chondrocytes, and marked 
cartilage repair. Luteolin produced a dose-
dependent inhibitory effect on cartilage 

deterioration. Similarly, aceclofenac treatment 
led to reductions in loss of cartilage and sub-
chondral bone in MIA-induced OA rats. 
 
The Mankin scoring system was used to assess 
the cartilage matrix, cartilage surface, and 
chondrocytes (Figure 3 B). The levels of these 
parameters were significantly greater in the 
vehicle-treated rats than in the sham rats, and 
cartilage erosion was three-fold higher in the 
vehicle-treated rats. Compared to sham-
operated rats, ovariectomy had a significantly 
larger effect on cartilage degradation in the rats, 
particularly in the medial and lateral femurs (p = 
0.001). In the vehicle-treated group, the total 
cartilage erosion demonstrated markedly more 
serious surface erosion than in the sham-
operated group (p = 0.001). However, treatment 
with luteolin or aceclofenac produced reduction 
in cartilage erosion, when compared to the 
vehicle-treated group. The use of luteolin and 
aceclofenac resulted in significantly reduced 
surface erosion characteristics in the medial 
tibia, lateral and medial femurs, and in knee 
joints, when compared to the vehicle-treated 
group. In addition, increased levels of 
proteoglycans were seen in the cartilage and 
bone tissue in the luteolin-treated groups, 
relative to the vehicle-treated group (Figure 3 A). 
 

 
 
Figure 3: Histological evaluation of protective effect of 
luteolin against MIA-induced OA in ovariectomized rats 
after treatment for 28 days. (A) Mitigation of 
pathological lesions of MIA-induced OA in 
ovariectomized rats treated with luteolin doses of 50 
and 100 mg/kg, and aceclofenac (10 mg/kg) for 4 
weeks. (B) Bar graph of lesions in joints, as evaluated 
using the modified Mankin's scoring system, indicating 
combined scores for cartilage structure (3B-a), matrix 
staining (3B-b) and cellular abnormalities (3B-c) of 
different groups via assessment of cartilage matrix, 
cartilage surface and chondrocytes, respectively. ###P 
< 0.01, compared to normal control; *p < 0.05, **p < 
0.01, ***p < 0.001, compared with vehicle-treated MIA-
induced OA and ovariectomized rats.  (N/C = normal 
control; Lut-50 = luteolin dose of 50 mg/kg/bwt; Lut-
100 = luteolin dose of 100 mg/kg/bwt; MIA = 
monoiodoacetate-induced OA in ovariectomized rats). 
Scale bar = 400 μm 
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Effect of luteolin on mRNA expressions of 
MMP-1, MMP-3, MMP-13, Cox 2, and TGF-β in 
chondrocytes 
 
The anti-inflammatory and anti-catabolic effects 
of luteolin on chondrocyte mRNA expressions 
were investigated with RT-PCR. The protein 
expression levels of anti-inflammatory mediators 
(Cox 2 and TGF-) and catabolic variables (MMP-
1, MMP-3 and MMP-13) were determined. 
Results from Western blot assay (Figure 4) 
indicated that MIA-induced OA in ovariectomized 
rats significantly increased the protein levels of 
COX 2, TGF- β, MMP-1, MMP-3, and MMP-13, 
relative to the sham-treated group (p < 0.05). 
However, luteolin (50 and 100 mg/kg) or 
aceclofenac treatment significantly decreased 
the protein expressions of COX 2, TGF-β, MMP-
1, MMP-3, and MMP-13 in rat chondrocytes. The 
BMP-2 expression was significantly increased 
after treatment with luteolin or aceclofenac (p < 
0.01). 
 

 
 
Figure 4: Effects of luteolin and aceclofenac on the 
mRNA expressions of different bone growth markers 
in chondrocytes. (A) Bar chart showing relative 
expressions of different bone growth markers. (B) 
Effects of luteolin and aceclofenac on relative protein 
expressions of MPP-1 and MPP-3.  #P < 0.01, relative 
to normal control; *p < 0.05, **p < 0.01, **p < 0.001, 
compared to MIA-induced OA. (N/C = normal control; 
Lut-50 = luteolin dose of 50 mg/kg/bwt; Lut-100 = 
luteolin dose of 100 mg/kg/bwt; MIA = 
monoiodoacetate-induced OA in ovariectomized rats) 
 
Effects of luteolin and aceclofenac on 
inflammatory mediators 
 
The effect of ovariectomy on bone formation 
was reflected in increases in serum CTX-I 
concentrations, as shown in Figure 5 and Figure 
6. The levels of CTX-I were significantly higher 
in the vehicle-treated rats than in the sham-
operated rats (Figure 5). However, luteolin at 
doses of 50 and 100 mg/kg, and aceclofenac 
suppressed bone resorption, as indicated in 
significant reductions in levels of the bone 
resorption marker, CTX-I (p < 0.05; Figure 5). 
 

 
 
Figure 5: Effects of luteolin and aceclofenac on the 
serum levels of inflammatory mediators. (A) CTX1 
levels, and (B) PGE2 levels, as measured using 
ELISA. #P < 0.01, compared to normal control; ***p < 
0.001, compared to MIA-induced OA. (N/C = normal 
control; Lut-50 = luteolin dose of 50 mg/kg/bwt; Lut-
100 = luteolin dose of 100 mg/kg/bwt; MIA = 
monoiodoacetate-induced OA in ovariectomized rats) 
 
Figure 5 shows that there were higher PGE2 
levels in vehicle-treated (MIA-induced OA) rats 
than in sham-operated control rats, indicating 
that fever and inflammation were linked with OA 
induction, and may be reduced with luteolin and 
aceclofenac. There were up-regulated 
expressions of MCP-1/CCl-2 and IL-6, as well as 
down-regulation of IFN-γ expression. However, 
treatment with aceclofenac or luteolin (50 and 
100 mg/kg) regulated and stabilized 
inflammatory cytokine levels in a dose-
dependent manner (Figure 6). 
 

 
 
Figure 6: Effects of luteolin and aceclofenac on levels 
of inflammatory cytokines. Only four inflammatory 
cytokines differed significantly between sham-
operated control group and vehicle-treated (MIA-
induced OA) group. (A) IFN-γ (B) CCL-2/MCP1 (C) IL-
1β and (D) IL-6. #P < 0.001, compared to normal 
control; *p < 0.05, **p < 0.01, **p < 0.001, compared to 
MIA-induced OA. (N/C = normal control; Lut-50 = 
luteolin dose of 50 mg/kg/bwt; Lut-100 = luteolin dose 
of 100 mg/kg/bwt; MIA = monoiodoacetate-induced 
OA in ovariectomized rats) 
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DISCUSSION 
 
The current study investigated the morphology 
of the cartilage and its turnover in sham-
operated and MIA-triggered OA in 
ovariectomized rats, to find out whether a mild 
dose of intra-articularly-administered MIA and 
inhibition of production of endogenous estrogen 
by ovariectomy affected articular cartilage 
integrity and turnover. When MIA is injected 
intra-articularly, it inhibits glyceraldehyde-3-
phosphate dehydrogenase, thereby disrupting 
glycolysis and enhancing chondrocyte mortality. 
The results obtained in this study indicated that 
MIA-induced OA caused a significant rise in 
articular cartilage erosion in ovariectomized 
rats. A previous study established the 
pharmacological significance of luteolin, but it 
did not report on its impact on MIA-induced OA 
in ovariectomized rat model [9]. This study was 
undertaken to understand the pharmacological 
effects of luteolin on OA induced by MIA in 
ovariectomized rats. It has demonstrated that 
the administration of exogenous luteolin or 
aceclofenac in MIA-induced OA and 
ovariectomized rats suppressed articular 
cartilage erosion and restored its integrity. 
 
At the end of the study after 4 weeks of luteolin 
(50 and 100 mg) and aceclofenac treatments, 
the sham control group showed a significant 
increase in uteri weights, thereby demonstrating 
the uterotropic effects of ovay-released 
estrogen, since the ovaries were exposed but 
not removed. However, no significant 
differences were seen either in body and uterus 
weight gains after treatment with luteolin or 
aceclofenac, when compared to the vehicle-
treated group. In addition, no major differences 
in spleen weights in untreated (sham-operated 
and vehicle-treated groups) and treated groups 
were observed. This demonstrates that luteolin 
produced no side effects or adverse effects. 
 
In addition to subchondral bone degradation in 
ovariectomized rats, the knee joint was severely 
swollen, and synovium was observed after one 
week of intra-articular injection of MIA [10]. Pain 
is one of the major causes of OA, which is why 
the capacity to bear weight while walking is 
usually examined. When compared to the 
vehicle-treated group, luteolin treatment resulted 
in a decrease in paw withdrawal threshold, 
thereby demonstrating the anti-inflammatory 
properties of luteolin. 
 
The protective effect of luteolin was determined 
using H&E staining. The changes observed in 
ovariectomized rats (vehicle-treated group) with 
MIA-induced OA were most pronounced in 

cartilage erosion, followed by proteoglycan loss. 
There were severe erosive alterations such as 
fibrillation and enhanced vascularization, which 
could be due to the combined effects of MIA and 
ovariectomy. When compared to other OA 
models, the histology of knee articular cartilage 
in the MIA-induced OA in rats was significantly 
different in terms of meniscal tear and ligament 
transection [11]. Morphological and 
ultrastructural analysis revealed that luteolin 
significantly decreased cartilage matrix, cartilage 
surface, and chondrocytes, resulting in a lower 
Mankin's histological score. Moreover, the 
percentage of staining was proportional to the 
mitigating effect of luteolin against MIA-induced 
OA chondrocytes, implying that luteolin was 
effective in protecting chondrocytes. Thus, the 
MIA-triggered osteoarthritis in ovariectomized 
rats may be an ideal model for studying OA. 
 
In OA-induced rats, serum CTX-1 levels were 
markedly raised, when compared to normal 
control rats, suggesting bone resorption. These 
results are consistent with the anticipated 
increase in bone resorption caused by 
ovariectomy [12]. These findings are in 
agreement with findings in other studies which 
showed that ovariectomy, which is similar to 
menopause transition, promotes arthritis [3]. In 
addition, the results indicate that ovariectomy in 
rats results in oestrogen deficiency which elicits 
skeletal metabolic changes associated with 
menopause. These findings corroborate those of 
other studies [12]. The increase in weight and 
reduction in uterus mass observed following 
ovariectomy are consistent systemic effects of 
oestrogen withdrawal. However, the study 
results showed that the that the mineral content 
of the bone can be restored by administering 
luteolin to osteoporotic ovariectomized rats [13]. 
 
The link between aetiology of OA and 
inflammation has been revealed in several 
previous investigations [14]. The major and one 
of the most essential components of COX activity 
is PGE2 which acts as an inflammatory mediator 
and exerts an inhibitory effect on a variety of 
inflammatory disorders. In addition, PGE2 
upregulates MMPs and a few inflammatory 
cytokines. The effect of luteolin on serum PGE2 
levels was studied in the treatment groups. The 
results showed that, as expected, PGE2 levels 
were significantly increased in MIA-triggered OA 
in ovariectomized rats. However, this effect was 
significantly decreased following luteolin 
administration. 
 
Matrix metalloproteinases (MMPs) are a family of 
proteolytic enzymes involved in the regulation of 
OA. They promote the degradation of articular 
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cartilage components such as collagens I and II, 
which is a critical step in controlling articular 
cartilage formulation and ECM degradation. The 
balance between the synthesis and degradation 
of ECM is disrupted when MMPs are released 
uncontrollably. The aetiology of OA is due to 
increased protein expressions of the MMP-1, 
MMP-2, and MMP-9. Recent evidence indicates 
that debilitating menisci secrete significantly high 
levels of matrix-degrading enzymes such as 
MMP-1, MMP-3, and MMP-8, which are thought 
to promote OA [15]. In particular, MMP-13 is 
thought to play a significant role in the 
development of OA due to its cleavage of 
collagen-II. In the present study, there were 
increases in protein expression levels of MMP-1, 
MMP-3, and MMP-13, and collagen I was 
degraded in rat chondrocytes. However, luteolin 
inhibited MMP up-regulation and collagen I 
degradation. The mRNA expression levels of 
MMP-1, MMP-3 and MMP-13 were decreased 
significantly and dose-dependently by luteolin 
treatment. These results show that the anti-
degradative effect of luteolin could be attributable 
to the inhibition of MMPs. This study has 
demonstrated the luteolin exerted anti-
inflammatory effect by suppressing the mRNA 
expressions of inflammatory mediators that affect 
knee joint chondrocytes. 
 
A previous study found that in the early stages of 
OA, cartilage degradation is controlled by IFN-γ 
through regulation of the expression of IL-1β and 
reduction of the production of MMPs [16]. 
Interestingly, this study showed that luteolin 
treatment increased the levels of the 
inflammatory cytokines IL-6 and IL-1β, when 
compared to previous studies. Moreover, IFN-γ 
levels were elevated and cartilage chondrocyte 
apoptosis was reduced after treatment with 
luteolin. 
 
There are certain limitations in this study due to 
budget and time constraints. Firstly, the 
researchers were unable to conduct additional in 
vitro and in vivo studies linking luteolin to other 
inflammatory mediators such as IL-1, IL-6, and 
TNF-α. Secondly, there was no comparisons 
between luteolin and any other flavonoid such as 
quercetin or ferulic acid. It is critical to further 
understand the genetic effects of luteolin through 
studies comparing it with other flavonoids. 
Thirdly, in vitro studies using chondrocytes were 
not conducted to corroborate the findings from 
the in vivo research. 
 
CONCLUSION 
 
This study specifically shows that OA is 
effectively regulated by decreasing the levels of 

inflammatory cytokines or chemokines in rats. 
Luteolin protects against cartilage deterioration 
by suppressing the mRNA expression levels of 
MMP-1, MMP-3, MMP-13, and COX-2, and by 
inhibiting the pro-inflammatory cytokines IL-6, 
PGE2, IL-β and IFNγ which generally function as 
anti-inflammatory agents. These findings indicate 
that luteolin exerts anti-arthritic effect on MIA-
mediated OA in ovariectomized rats, and may 
also play role in the management of OA. 
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