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Shi et al.: Morin Attenuates Inflammatory Response in Rat Chondrocytes

The present investigation was aimed to evaluate the antiosteoarthritic effect of morin in isolated primary rat 
chondrocytes in the presence of interleukin-1β. Results obtained showed that morin effectively attenuated 
in vitro the production of inflammatory mediators, nitric oxide and prostaglandin E2. Moreover, morin also 
significantly decreased the levels of matrix metalloproteinases. Furthermore, in monosodium iodoacetate-
induced osteoarthritis in mice, it was found that morin at 25 and 50 mg/kg, significantly reduced the 
heat hyperalgesia and increased the spontaneous motility in mice on days 7, 14, and 21. Besides, morin 
also significantly reduced the level of proinflammatory cytokines in the serum of osteoarthritic mice. 
Collectively, these findings demonstrated that morin could be a potential chondroprotective that could be 
used in the treatment of osteoarthritis.
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Osteoarthritis (OA) is an incessant joint disease 
described by dynamic cartilage degeneration, 
synovial aggravation, subchondral bone sclerosis, 
and osteophyte development[1,2]. A complex system of 
cytokines and proteolytic enzymes cause degradation 
of the extracellular matrix proteins of cartilage, 
for example, type II collagen, proteoglycans and 
hyaluronic acid[3]. Usually, OA is an aging-related 
disease and not considered to be a sort of inflammatory 
disease. It is generally an acute phase inflammation that 
is superimposed with cartilage fragments. However, 
cartilage OA is an inflammatory condition where 
increased production of inflammatory mediators such 
as NO and PGE2 and proinflammatory cytokines  
(IL-1β and TNF-α) plays a crucial role in pathogenesis[4]. 
Moreover, it has been demonstrated that IL-1β causes 
chondrocytes to release matrix metalloproteinases 
(MMPs) leading to chondrocyte degradation[5]. Thus, 
suppressing inflammatory mediators and MMPs may 
lessen the progression of OA.

In rodents, monosodium iodoacetate (MIA) induces OA 
that resembles OA in humans as far as the histology of 
cartilage and pain-related behavior[6]. MIA is a metabolic 
inhibitor that prevents cell glycolysis pathway and 
subsequently, instigates cell death by restraining the 
activity of glyceraldehyde-3-phosphate dehydrogenase 
in chondrocytes[7]. Intra-articular infusion of MIA 
prompts a decrease in the number of chondrocytes 
and ensuing histological and morphological articular 
modifications, which are resembled human OA[8-10].

Morin, 2’,3’,4’,5,7-pentahydroxyflavon, is a dietary 
bioflavonoid, originally isolated from the plants of 
Moraceae family[11]. There has been evidence that 
morin has beneficial effects on several diseases. It 
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has demonstrated to be effective against a wide range 
of pathological conditions that include Alzheimer’s 
disease[12], Parkinson’s disease[13], ischemia[14], 
cancer[15-17] and cardiovascular abnormalities[18]. In 
addition, morin also shown to exert antioxidant[19], 
antiinflammatory[20,21], antihypertensive[22,23] and 
antibacterial[24] activities.

It has been demonstrated that flavonoids are abundantly 
present in citrus plants. Many flavonoids, such as 
naringin, hesperidin, nobiletin, naringenin and narirutin 
are isolated from citrus fruits[25]. These flavonoids 
were found to have amazing antiinflammatory and 
antioxidant activities. Because of the antiinflammatory 
nature of flavonoids, the present study is designed 
to evaluate the impact of morin on IL-1β-induced 
inflammatory response in primary rat chondrocytes and 
MIA-induced OA in mice.

MATERIAL AND METHODS

All reagents used in present research were of analytical 
grade. Morin, type IV collagenase, IL1-β, and kits for 
NO, PGE2, TNF-α, and IL1-β all were obtained from 
Sigma-Aldrich, USA. Pronase was acquired from 
Roche, Basel, Switzerland. Dulbecco’s Modified Eagle’s 
Medium and fetal bovine serum was procured from 
Gibco Inc., NY, USA. 3-(4,5-dimethylthiazole-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) was obtained 
from Thermo Fisher Scientific, USA. Cytotoxicity 
assay and estimation of inflammatory markers were 
performed on a microplate reader (Thermo Fisher 
Scientific, USA). Eddy’s hot plate and actophotometer 
was procured from Ugo Basile, Italy to determine heat 
hyperalgesia and spontaneous motility of OA mice.

Primary chondrocyte culture:

Primary rat chondrocytes (PRCs) were isolated from 
the knee joint cartilage of 6 w old male Wistar rats. 
The knee joint was sequentially digested with pronase  
(10 g/l) for 30 min and then type IV collagenase 
(1 g/l) for 6 h[26]. The obtained chondrocytes were 
filtered through a mesh screen to prepare a single-cell 
suspension and then centrifuged at 1500×g for 10 min. 
The cells were then transferred into a culture flask. 
Chondrocytes were maintained in Dulbecco’s modified 
Eagle’s medium. Monolayer cultures were established 
in Petri dishes at a concentration of 6×106 cells/ml in 
the medium supplemented with penicillin (100 U/ml), 
streptomycin (100 µg/ml) and 10% fetal bovine serum 
(FBS) and incubated at 37 in a humidified incubator 
containing 5% CO2.

Cell viability assay:

PRCs were seeded into a 96-well microplate at a density 
of 5×103 cells per well. After overnight incubation, cells 
were treated with different concentrations of morin for 
24 h in the presence of IL-1β at 10 mg/ml. Then, the 
supernatant was removed and 100 µl of MTT was added 
into each well. After 4 h incubation, the supernatant 
was again discarded and 100 µl of DMSO was added 
into each well to dissolve the formazan crystals. After 
10 min incubation, the optical density was measured 
at 570 nm in a microplate reader. Percent viability 
was calculated using the Eqn., % viability = ((Atreat–
Abackground)/(Auntreat–Abackground))×100, where Atreat is the 
absorbance of the treated wells which consisted of cells 
with a sample in culture media and MTT, Abackground is the 
absorbance of the background control wells consisted 
of culture media and MTT and Auntreat is the absorbance 
of untreated wells which consisted of cells in culture 
media and MTT.

NO measurement and ELISA assay:

PRCs were pretreated with different concentrations of 
morin for 1 h, followed by the treatment with IL-1β at 
10 mg/ml for 24 h. The levels of NO in the supernatant 
were measured using the Griess reaction[27]. Besides, 
the levels of PGE2, MMP-1 and MMP-13 released from 
the cultured PRCs were estimated by commercially 
available ELISA kits, according to the instructions of 
the manufacturer.

Experimental animals:

Swiss albino mice (22-25 g) were used in the experiment. 
Mice were housed in polypropylene cages under a  
12 h day/night cycle at a temperature of 22±1°. Water 
and food were provided ad libitum. All experimental 
procedures were performed according to the ethics 
committee of Cangzhou Hospital of Integrated  
TCM-WM, Cangzhou City, Hebei Province, China 
(Ethics Number: HBZX201907173). 

Induction of OA:

On day 0, mice were anesthetized with ketamine 
hydrochloride (50 mg/kg, i.p.) and xylazine  
(10 mg/kg, i.p.) and the right knee was shaved 
and disinfected with 70 % ethanol followed 
by povidone-iodide. A single injection 
of 50 μl sterile normal saline containing  
0.3 mg MIA was given into the right knee joint through 
infrapatellar ligament with a 300 μl syringe fitted with a 
29 G needle[28]. Mice were divided into 5 experimental 
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groups, I, II, III, IV, and V each consisting of 6 mice. 
Group I and II mice were considered as normal control 
and MIA control, respectively. On day 0, mice of all 
groups except normal control were injected with a 
single dose of MIA to the right knee joint cavity. From 
day 0 to 28, mice in group III were administered with 
etoricoxib (standard, 10 mg/kg, p.o.) and group IV 
and V were administered orally 25 and 50 mg/kg of 
morin daily, through oral gavage. Pain assessment was 
determined on day 0 (before administration of MIA), 
7, 14, and 21 of the experiment on the Eddy’s hot plate 
and spontaneous motor activity was also determined 
using the actophotometer. 

Heat hyperalgesia:

Sensitivity to heat was evaluated using Eddy’s hot 
plate. The planter side of the right paw was placed on 
the hot plate (55°) and the paw withdrawal latency was 
noted in seconds. The maximum cut-off time was kept 
at 15 s to prevent paw damage due to heat[29].

Spontaneous motor activity:

Spontaneous motor activity of mice in each group was 
determined using an actophotometer before recording 
the pain parameter. The number of interruptions of 
infrared beams while moving or standing of animals 
were counted for 5 min[29]. 

Estimation of proinflammatory cytokines:

Mice were kept fasting for 24 h and blood was collected 
through retro-orbital sinus puncture, under mild ether 
anesthesia. Then it was centrifuged at 2500 rpm for  
15 min. The serum obtained was used for the estimation 
of proinflammatory cytokines (TNF-α and IL-1β) using 
commercial ELISA kits.

Statistical analysis:

Results were expressed Mean±SEM from 5 animals 
in each group. A comparison between the groups was 
made using one-way analysis of variance (ANOVA), 
followed by Tukey Multiple Comparison Test using 
GraphPad Prism version 8.1. P<0.05 were considered 
as statistically significant.

RESULTS AND DISCUSSION

Table 1 showed the effect of morin on PRCs in presence 
of IL-1β using the MTT assay. MTT assay showed that 
morin at concentrations of 50 and 100 µg/ml did not 
affect the viability of PRCs after 24 h of incubation. 
Thus, 50 and 100 µg/ml concentrations were selected 

for further studies. The effect of morin on the 
production of NO and PGE2 was detected to evaluate 
the antiinflammatory potential of morin. PRCs were 
pretreated with various concentrations of morin for 1 h 
before the 24 h challenge with IL-1β at 10 mg/ml. Then 
the level of NO in the supernatant was measured using 
Griess reaction and the level of PGE2 was measured 
using an ELISA kit, respectively. It was found that the 
production of NO and PGE2 was significantly reduced 
by morin (Table 2). Moreover, the levels of MMP-1 and 
MMP-13 were measured as MMPs play an important 
role in cartilage degradation. The results demonstrated 
that increased release of MMP-1 and MMP-13 in PRCs 
culture supernatants was detected after stimulation of 
IL-1β at 10 mg/ml. However, the enhanced production 
of MMPs was suppressed significantly by morin  
(Table 2). 

The effect of morin on heat hyperalgesia in MIA-
induced OA in mice is summarized in Table 3. The paw 
withdrawal latency was measured on days 0, 7, 14, and 
21. In MIA control group there was a significant decrease 
in paw withdrawal latency on days 7, 14, and 21. On 
day 0, no significant increase in the paw withdrawal 
latency was observed in mice treated with etoricoxib 
(10 mg/kg) or morin (25 and 50 mg/kg). On days 7, 
14, and 21 a significant increase in paw withdrawal 
latency was observed in mice treated with etoricoxib  
(10 mg/kg) and morin (25 and 50 mg/kg). In MIA-
induced OA, a significant decrease in spontaneous 
motility was observed on days 7, 14, and 21  
(Table 4). Mice treated with etoricoxib (10 mg/kg) 
and morin (25 and 50 mg/kg) showed a significant 
improvement in spontaneous motility. The most 
prominent increase in spontaneous motility was 
observed on day 21 in the mice treated with etoricoxib 
(10 mg/kg) and morin (50 mg/kg). Proinflammatory 
cytokines assume a conspicuous role in the upkeep of 
tissue damage and chronic inflammation in OA. Along 
these lines, the impact of morin on proinflammatory 

morin (µg/ml) Percent cell viability
50 99.92±0.05
100 99.83±0.12
200 98.10±0.14
300 95.29±0.25
600 80.41±0.13
1000 51.56±0.11
2000 26.95±0.26

TABLE 1: EFFECT OF MORIN ON VIABILITY OF 
PRCs IN PRESENCE OF IL-1β

PRCs is primary rat chondrocytes, IL-1β is interleukin-1β, and SD is 
standard deviation for n=3 observations
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cytokines, including TNF-α and IL-1β (Table 5) in 
MIA-induced OA mice was investigated. MIA control 
group mice showed high levels of TNF-α and IL-1β. 
However, mice treated with etoricoxib (10 mg/kg) and 
morin (25 and 50 mg/kg) showed a significant decrease 
in proinflammatory cytokines level.

The accessible treatment for OA is required in clinical 
practice, which can decrease the symptoms, improve 
joint mobility and limit the loss of functional ability. 
Numerous scientists guaranteed that herbal medicines 

utilized in the treatment of joint inflammation could 
improve OA[30]. There is no report of morin on 
inflammatory response in PRCs was found. Therefore, 
the present study was performed to evaluate the effect 
of morin on IL1β-induced inflammatory response in 
PRCs and MIA-initiated OA in mice. The effect of 
morin on IL-1β-induced inflammatory response in 
PRCs was investigated to find out whether morin could 
reduce the elevated levels of inflammatory mediators 
(NO and PGE2). The increase in the level of NO and 
PGE2 caused by IL-1β could induce the development 
of OA[31] and suppressing the expression of such 
inflammatory mediators might inhibit the development 
of OA. Therefore, the effect of morin on the secretion 
of NO and PGE2 from PRCs in the presence of IL-1β 
was investigated. IL-1β induced OA development by 
degrading the extracellular matrix (ECM) components, 
which play a pivotal role in the development of OA[32]. 
Elevated IL-1β increases iNOS and COX-2 expressions, 
leading to elevation of NO and PGE2 levels[33]. 
Moreover, an increase in the level of NO can also 
induce MMP production and activation[34]. PGE2 also 
exerted OA by inhibiting chondrocyte proliferation and 
synthesis of ECM[35]. MMPs are proteases produced by 
chondrocytes in response to IL-1β and cause degradation 

Treatment NO (µmol) PGE2 (pg/ml) MMP-1 (ng/ml) MMP-13 (ng/ml)
Control 84.29±1.72 1182.41±16.93 215.75±2.86 184.40±3.68
Morin (50 µg/ml) 48.78±0.95a 804.62±20.83a 119.36±1.87a 124.83±2.17a

Morin (100 µg/ml) 34.93±1.08a 653.37±18.27a 76.36±1.61a 94.12±0.81a

TABLE 2: EFFECT OF MORIN ON NO, PGE2, MMP-1, AND MMP-13 IN PRCs

NO is nitric oxide, PGE2 is prostaglandin E2, MMP is matrix metalloproteinase and SEM is standard error of the mean. Values are expressed as 
mean±SEM (n=6). ap<0.05 considered statistically significant as compared to control

Groups Treatment
Paw withdrawal latency (s)

Day 0 Day 7 Day 14 Day 21
I Normal control 5.18±0.34 4.90±0.30 5.22±0.23 5.31±0.18
II MIA control 5.47±0.28 3.98±0.13a 3.62±0.14a 3.21±0.12a

III Etoricoxib (10 mg/kg; p.o.) 5.53±0.24 6.34±0.19c 6.47±0.10c 6.63±0.17c

IV Morin (25 mg/kg; p.o.) 5.24±0.29 5.79±0.25c 6.04±0.50c 6.39±0.33c

V Morin (50 mg/kg; p.o.) 5.12±0.17 6.05±0.17c 6.53±0.14c 6.61±0.17c

TABLE 3: EFFECT OF MORIN ON HEAT HYPERALGESIA IN MIA-INDUCED OA IN MICE

MIA is mono-iodoacetate and SEM is standard error of the mean. Values are expressed as mean±SEM (n=6). ap<0.05 considered statistically 
significant as compared to normal control group; cp<0.05 considered statistically significant as compared to MIA control group.

Groups Treatment
Spontaneous movements (number of interruptions/5 min)

Day 0 Day 7 Day 14 Day 21
I Normal control 599.60±17.07 608.40±14.21 613.00±29.97 608.00±21.53
II MIA control 604.43±29.24 503.62±24.91a 446.80±25.30a 405.32±18.44a

III Etoricoxib (10 mg/kg) 615.67±26.71 590.81±18.39c 608.83±21.07c 618.13±18.72c

IV Morin (25 mg/kg) 617.80±16.75 558.59±18.60c 577.35±14.93c 589.95±12.47c

V Morin (50 mg/kg) 607.12±12.80 571.44±17.69c 585.88±21.10c 598.93±19.26c

TABLE 4: EFFECT OF MORIN ON SPONTANEOUS MOTILITY IN MIA-INDUCED OA IN MICE

MIA is mono-iodoacetate and SEM is standard error of the mean. Values are expressed as mean±SEM (n=6). ap<0.05 considered statistically 
significant as compared to normal control group; cp<0.05 considered statistically significant as compared to MIA control group.

Groups Treatment TNF-α (pg/ml) IL-1β  (pg/ml)
I Normal control 66.86±5.01 33.582±2.49
II MIA control 278.64±10.76b 183.52±5.67b

III Etoricoxib 
(10 mg/kg) 121.36±10.67d 44.07±3.13d

IV Morin 
(25 mg/kg) 93.86±10.33d 97.18±3.48d

V Morin
(50 mg/kg) 73.58±13.73d 58.46±7.12d

TABLE 5: EFFECT OF MORIN ON SERUM 
PROINFLAMMATORY CYTOKINES IN MIA-INDUCED 
OA IN MICE

MIA is mono-iodoacetate, TNF-α is tumor necrosis factor-alpha, IL-
1β is interleukin-1β and SEM is standard error of the mean. Values 
are expressed as mean±SEM (n=6). bp<0.05 considered statistically 
significant as compared to normal control group; dp<0.05 considered 
statistically significant as compared to MIA control group
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Proinflammatory cytokines expect a prominent role in 
the upkeep of tissue damage and constant inflammation 
in OA. It has been demonstrated that the upregulation 
of proinflammatory genes, for example, IL-1β, iNOS, 
and COX2 in chondrocytes are responsible at the 
beginning period of MIA-induced OA[42]. In an in vitro 
antiinflammatory study, morin inhibited monosodium 
urate-induced inflammatory reaction in RAW  
264.7 macrophages through the suppression of 
inflammatory mediators, intracellular ROS production 
and NF-κB enhancement[43]. Hence, in the present 
in vivo study decrease in TNF-α and IL-1β levels in 
morin-treated mice might be due to the downregulation 
of proinflammatory genes.

In conclusion, these results on the in vitro model 
demonstrated morin’s potential to reduce the activity of 
inflammatory mediators like NO and MMPs in PRCs 
challenged with IL-1β. Moreover, in the in vivo study 
morin mitigated pain and hyperalgesia and improved 
spontaneous motility in MIA-induced OA mice, which 
indicated the antihyperalgesic effect of morin without 
any locomotor disability. Furthermore, the present study 
also showed the ability of morin to reduce TNF-α and 
IL-1β in MIA-induced OA mice, which could probably 
be due to its ability to suppress the expressions of 
proinflammatory genes.
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