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THERAPEUTIC EFFECTS OF GLUCOSAMINE SULFATE AND GINGER EXTRACT 

ON MONOSODIUM IODOACETATE INDUCED OSTEOARTHRITIS IN RATS. 

Abd El-Ghany,M.A; Ghozy, S.F. and Sultan, Y.M.*  

Abstract 

Osteoarthritis is characterized by the progressive degradation of joint 
cartilage and secondary inflammation of synovial membranes. The present 
study was designed to investigate the effects of glucosamine sulfate (GLAS) 
and ginger (GR) water extract on the nutritional status and some 
biochemical changes of blood and Knee tissue in osteoarthritis rats. Thirty 
six healthy Sprague–Dawley adult albino rats were classified into six 
groups. The first and second groups were normal control and GLAS groups 
while the other four groups injected Knee intra-articular with monosodium 
iodoacetate to induce osteoarthritis. The osteoarthritis rats were classified 
into positive group and three treated groups with GLAS, ginger (GR) and 
GLAS+GR. Rats were sacrificed after 77 days. The obtained results 
indicated that, the osteoarthritis positive control group showed a significant 
decrease nutritional values and non significant difference of FER and 
showed a significant increase in serum levels of C- reactive protein (CRP), 
Erythrocyte sedimentation rate (ESR1 & ESR2) and albumin / globulin ratio 
but showed a significant decrease in total protein, albumin, globulin and 
antioxidant enzymes in knee joint tissue compared with normal and GLAS 
groups. The osteoarthritis rat groups treated with glucosamine sulfate 
(T.GLAS) and ginger water extract (T.GR) showed significant increase of 
nutritional values total protein and albumin , and  significant decrease in 
CRP, ESR1 and ESR2 and compared to positive control group. The 
osteoarthritis rat group which treated with both glucosamine and ginger 
(T.GLAS+ T. GR) showed a significant improvement of nutritional values 
and appear within normal, significant decrease in CRP, ESR1 and ESR2 
compared with positive control group. All treated groups had a significant 
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higher values of the tested antioxidants enzymes and lower value of MDA 
compared to positive group without reach the levels of normal control 
group.  

The biochemical changes were confirmed with histopathological 
examination of knee joint, revealed that osteoarthritis rat treated with dose 
of glucosamine sulfate, water extract of ginger and  both ginger with 
glucosamine were shown a very small recovery of knee joint, with small 
necrosis in cartilage surface. It can be concluded that the administration of 
glucosamine sulfate and water extract of ginger could ameliorate most the 
biochemical parameters. Dietary supplements of ginger with glucosamine 
are recommended to improve the antioxidant status of knee joint health. 

Keywords: Osteoarthritis, Monosodium iodoacetate, Glucosamine 
sulfate, Ginger. Extract, rats 

INTRODUCTION 

Osteoarthritis (OA) is the most widespread degenerative joint 
disease and increases with age. OA can affects any joints in the body 
especially joints in knees, hands, spine, neck, lower back and small joints of 
the finger. Osteoarthritis can occur in any synovial joint in the body, results 
tissues of the joint erosion, impaired physical function and cartilage 
stiffness. Pain is the most widespread symptom of leads to walking 
difficulty, lack of movement, reduced activities, restlessness, and 
disturbances in life overall quality (Murray and Lopez, 2013)Wood et al., 
2013; Choi et al., 2016). Dieppe and Lohmander, 2005; Lane et al., 
2011; Litwic et al., 2013; Shimura et al., 2013). Glucosamine (GLAS) is 
an amino monosaccharide, available in connective tissue and cartilage, 
produced in the body from glucose (Jerosch, 2011).Glucosamine is a 
dietary supplement and may be good for treatment of osteoarthritis that can 
relieve the pain and slow the decomposition and collapse of cartilage in 
knee joint (Simanek et al., 2005).  

Herbs and other plant materials are consumed as food or remedy for 
disease because of polyphenolics have antioxidant activity (Velioglu et al., 
1998).Ginger (Zingiber officinale)  is flowering plant used fresh or dried as 
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a herbal medicine or a cooking condiment and flavoring especialy in Asia 
(Tepe et al., 2006). Ginger has been used for the treatment of indigestion, 
nausea, vomiting, diarrhea, hypertension, arthritis, rheumatism, muscular 
aches, asthma, and sore throats due to the bioactive ingredient which 
possesses pharmacological effects, antimicrobial and antioxidation (Ali et 
al., 2008 and Ghasemzadeh et al., 2010).Ginger root extract has an 
important role as an anti-arthritic agent, due to its inhibitory effects on nitric 
oxide and prostaglandin E2 and high significant effect on reducing 
symptoms and the pain of knee osteoarthritis.  Ginger also reduces 
inflammatory reactions in synovial cells as effectively as steroids of 
osteoarthritis and rheumatoid arthritis models (Shen et al., 2005 and 
Madsen et al., 2012). The study aimed to investigate the comparative and 
therapeutic effects of glucosamine sulfate drug and aqua ginger extract 
against monosodium iodoacetate induced osteoarthritic in rats. 

MATERIALS AND METHODS 

 Materials: 

Thirty-six adult male of white albino rats (Sprague Dawley Strain) 
weighing 177 ± 4 g, were obtained from Agricultural Research Center, Giza, 
Egypt. Monosodium iodoacetate (MIA) powder was purchased 
commercially from Sigma-Aldrich Corporation American Chemicals 
Company. Glucosamine sulfate capsules™ drug was purchased from 
pharmacy of Mansoura city. Each capsule contains 500 mg of glucosamine 
sulfate; the human therapeutic dosage of the drug was 1500 mg daily. 
Ginger roots (zingiber officinale) were obtained from local market at 
Mansoura city, Dakahlia Governorate, Egypt. 

Methods 

The fresh Ginger root were thoroughly washed in distilled water, 
chopped into small pieces and sun dried, then grinded to powder. The 
aqueous extracts of the roots were subsequently prepared by soaking 300 
grams of the powder in 3 liter of cold water for about 24 hour at room 
temperature. This homogenized mixture was then filtered and stored in the 
refrigerator till be used (Ahui et al., 2008). The basal diet was prepared 
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according to NRC (1995). All the biological experimental procedures were 
applied in accordance with internationally guidelines for the care and use of 
laboratory animals. Ethical guidelines were maintained during animal 
handling and permission was obtained from the concerned Department. 

Osteoarthritis induced in rats by a single dose of monosodium 
iodoacetate at dose 50 µg / 1 mL saline of body weight injection intra-
articular of the right Knee joint. The time required for the emergence of 
symptoms of OA After two weeks of MIA injection according to Guzman 
et al., (2003).  

After adaptation period (eight days), Rats were randomly classified 
into six groups (six rats in each) as following: 

1- Normal control group that did not received any treatment 
2- GLAS group that received glucosamine sulfate in dose20 mg/kg/ 

bw/d  
3- Positive control group that was osteoarthritic rats and did not receive 

any medication. 
4-  T.GLAS group that was osteoarthritic rats and treated with GLAS 

(20 mg/kg/ bw/d) according to Noushi and Al-Shawi (2013) by oral 
stomach tube. 

5- T. GR group that was osteoarthritic rats and treated with ginger (1ml 
/100g/b.w/d) by oral stomach tube. 

6- T.GLAS+ T. GR group that was osteoarthritic rats and treated with 
GLAS( 20 mg/kg/ bw/d) and ginger (GR) (1ml /100g/b.w/d) by oral 
stomach tube 

Daily food intake and weekly body weight gain were recorded. After 
77 days, the rats were anesthetized, blood sample were collected in clean 
centrifuge tubes to obtain serum. Erythrocyte sedimentation rate (ESR1& 
ESR2) was analyzed by Westergen method according to Bull et al., (1993), 
While Sera were testing for determination of C- reactive protein levels 
(CRP) was measured depending on the method of (Chetana 1993). Total 
protein levels and albumin was estimated calorimetrically according to the 
method of Cannon et al., (1974) and Eastham (1976), respectively. Feed 
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efficiency ratio (FER), Globulin levels and albumin/globulin ratio were 
calculated according to Chapman et al., (1959), Coles (1974) and 
Friedewald et al., (1972).  

The articular capsule of the right knee joints were anatomized, 
frozen by liquid nitrogen and pulverize in a mortar pestle, then solubilized 
in 4 ml of PBS (phosphate buffer saline, pH=7) in order to obtain 
homogeneous tissue that centrifuged at 10000 rpm for 10 minutes and the 
supernatants were collected. Malondialdehyde (MDA), superoxide 
dismutase (SOD), catalase, reduced glutathione (GSH) and glutathione 
peroxidase (GPx) using the procedure described by Mistura and Midora 
(1987), Nandi and Chatterjee 1988), Claiborne (1985), Ellman, (1959) 
and Necheles et al., (1968), respectively. 

Histopathological examination of knee joint specimens: 

The fixed samples of knee joint was achieved by using the chelating 
agent EDTA disodium salt (10%) solution (5.5g EDTA in 90ml distilled 
water and 10ml formaldehyde, 37:40%). The knee joint tissue was 
submerged in EDTA solution, and solution was changed daily for about four 
weeks until softening of specimens and embeded in paraffin 4-5 µm thick 
section and stained with Hematoxylin and Eosin (H&E) for subsequent 
histopathological examination (Banchroft et al., 1996). 

Statistical data analysis: 

All tests were accomplish using computer package of the statistical 
analysis program (SPSS, version 24, 2016), the collected data were 
presented as means ± standard deviations (means ± S.D), statistically 
analyzed using one way analysis of Variance (ANOVA) according to 
Artimage and Berry (1987) 
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RESULTS AND DISCUSSION 

Nutritional evaluation: 

Table (1): Nutritional effects on normal and Osteoarthritic rat groups 

 
Final Weight 

(g) 

Weight Gain 

(g) 

Weight 

Gain% 

Food Intake 

(g) 
FER 

Normal control 228.00+6.75 a 50.17+3.19 a 28.12+1.38 a 16.87+0.23 a 0.04+0.003 a 

GLAS 228.17+7.91 a 50.67+2.50 a 28.57+1.56 a 17.31+0.21 a 0.04+0.002 a 

Positive control 205.00+6.42 c 28.83+3.25 c 16.35+1.56 c 12.50+0.81 bc 0.03+0.004 ab 

T.GLAS 214.50+8.29 b 38.33+3.67 b 21.74+1.79 b 13.83+0.17 b 0.04+0.004 a 

T. GR 213.00+10.43b 35.67+4.13 b 20.07+1.76 b 13.47+0.16 b 0.03+0.004 ab 

T.GLAS+ T GR 221.00+9.01 a 44.83+7.06 a 25.44+3.92 a 15.90+0.07 a 0.04+0.006 a 

Mean ± SD values in each column having different combinations of superscript 

letters (a, b, c, d...) are significantly different at P <0.05. 

Table (1) showed that administration of glucosamine had non-
significant difference of nutritional values while the osteoarthritis positive 
control rat group showed a significant decrease in final weight, weight gain, 
weight gain percent and food intake and non significant difference of FER 
compared with normal control group. The osteoarthritis rat groups treated 
with glucosamine sulfate (T.GLAS) and ginger water extract (T.GR) 
showed a significant decrease of nutritional values compared with normal 
control but showed significant increase of final weight, weight gain and 
weight gain percent compared to positive control group. The osteoarthritis 
rat group which treated with both glucosamine and ginger (T.GLAS+ T. 
GR) showed a significant improvement of nutritional values and appear a 
non significant difference compared to normal control values. 

After the injection of monosodium iodoacetate  to induce 
osteoarthritis in rats, the lowering in weight gain in first two weeks 
compared to control group, after that period rats could gained weight in 
varying proportions in each group (Ali et al., 2016). Oral therapeutic dose 
of glucosamine helped in restore the body weight decrease caused by 
induced arthritis in knee joint when compared with the not treated group 
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(Hua et al., 2005). The anti-arthritic activity of ginger is the reason of 
decreasing in body weight gain and food intake, through increasing or 
decreasing the production of anti-inflammatory cytokines and activating the 
anti-oxidant defense system (Ramadan et al., 2011and Gumaa et al., 
2017).  

Biochemical Analysis of blood samples: 

Table (2): CRP, ESR1, ESR2, TP, Albumin, Globulin and A/G Ratio levels of 

normal and osteoarthritic rat groups 

 CRP 

(mg/mL) 

ESR1 

(mm/hr) 

ESR2 

(mm/h) 

Total 

protein 

(g/dL) 

Albumin 

(g/dL) 

Globulin 

(g/dL) 

Albumin / 

globulin 

ratio 

Normal control 2.83+0.26 d 7.50+0.55 d 13.17+1.47d 7.83+0.34a 4.63+0.23a 3.20+0.41a 1.48+0.24bc 

GLAS 2.60+0.13 d 7.17+0.75 d 13.00+0.63d 8.02+0.25a 4.67+0.48a 3.35+0.46a 1.43+0.32bc 

Positive control 41.00+5.06a 51.67+1.37a 84.83+2.23a 2.98+0.25 c 2.22+0.32 c 0.77+0.47bc 4.44+3.21 a 

T.GLAS 19.28+2.19b 28.17+1.94b 47.67+2.94b 5.13+0.30 b 3.47+0.38b 1.67+0.56 b 2.33+0.93ab 

T. GR 21.77+2.52b 31.33+2.73b 50.67+3.01b 4.85+0.14 b 3.33+0.47b 1.52+0.48 b 2.51+1.26ab 

T.GLAS+T.GR 15.22+1.53c 23.33+3.01c 41.67+3.01c 6.97+0.36ab 4.12+0.17ab 2.85+0.37 a 1.47+0.22bc 

Mean ± SD values in each column having different combinations of superscript 

letters (a, b, c, d...) are significantly different at P <0.05. 

Data in table (2) showed non-significant difference between normal 
control and GLAS groups in the estimated parameters in this table. The 
control positive rat group showed a significant increase in serum levels of 
C- reactive protein (CRP), Erythrocyte sedimentation rate (ESR1 & ESR2) 
and albumin / globulin ratio  but showed a significant decrease in total 
protein, albumin and globulin compared with normal and GLAS groups. 
T.GLAS and T. GR rat groups which administered monosodium iodoacetate 
with glucosamine sulfate and ginger water extract showed a significant 
decrease in CRP, ESR1 and ESR2 and significant increase in total protein 
and albumin compared with positive control group.  While T.GLAS + T. 
GR rat group showed significant decrease in CRP, ESR1 and ESR2 
compared with positive control group but non-significant difference of total 
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protein, albumin, globulin and Albumin / globulin ratio compared to normal 
control rat group. 

Erythrocyte sedimentation rate (ESR) and C- reactive protein (CRP) 
are probably the most common laboratory measurement used for detection 
of inflammation and activity in joint diseases (Keenan et al., 2008). The 
improvement and decline of CRP and ESR levels were reported by using 
ginger water extracts in laboratory animals. Ginger was considered safe in 
the treatment of osteoarthritis and could relieve the pain (Ghavipour et al., 
2017 and Mobasheri, 2012). Ginger has anti-inflammatory properties, 
provided long-term improvement in reduce osteoarthritis pain in knee joint 
and modifies immune system responses (Mazidi et al., 2016). Glucosamine 
sulfate drug has therapeutic effect in the treatment of osteoarthritis of the 
knee, pain relief, increased functional activity and decreased stiffness in the 
knee joints especially in an early stage of the disease (Shuba et al., 2016). 
The decline in the values of CRP and ESR of osteoarthritis rats groups is 
due to synergistic effects of anti-inflammatory activity of ginger extract and 
anti-inflammatory drug GLAS. Furthermore, total protein is made up of 
albumin and globulin, used for indication of general health states, or liver 
and kidney disorders as well as other diseases in different organ systems 
(Clark and Kruse, 1990). Treatment with different herbs help in increase 
the total proteins levels, albumin and globulins levels of the blood samples, 
and this effect lowered A/G ratio levels (El Shemy et al., 2011 and Gumaa 
et al., 2017). 
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Laboratory tests of oxidative stress in knee joint tissue: 

Table (3): CAT, SOD, GPX, GSH antioxidant enzymes and MDA levels in knee 

joint tissue of normal and osteoarthritic rat groups 

 Catalase 

U/mg. protein 

SOD 

U/mg. protein 

GPX 

U/mg. protein 

GSH 

nmol/mg.tissue 

MDA 

nmol/mg. tissue 

Normal control 9.80 +0.24 a 922.18+4.33 ab 320.17+13.80 a 78.22+1.58 a 1.53+0.44 c 

GLAS 10.27+0.39 a 937.65+16.04 a 323.67+22.84 a 79.38+0.59 a 1.73+0.47 c 

Positive control 1.10+0.51 d 331.65+10.41 d 116.50+5.47 d 31.85+0.89 d 15.43+0.50 a 

T.GLAS 5.87+0.34 c 601.52+7.19 c 226.50+4.97 c 53.08+1.16 c 5.55+0.62 b 

T. GR 6.15+0.45 c 595.25+10.26 c 221.67+2.94 c 53.54+1.54 c 5.87+0.77 b 

T.GLAS+ T. GR 7.78+0.55 b 699.00+7.53 b 264.00+6.07 b 61.50+2.89 b 3.73+0.50 bc 

Mean ± SD values in each column having different combinations of superscript 

letters (a, b, c, d...) are significantly different at P <0.05. 

As expected, there was a non significant difference in antioxidants 
enzymes and MDA levels in knee joint tissue between normal control and 
GLAS groups. Positive control group had very lower values of catalase, 
GSH, GPX and SOD antioxidant enzymes and high indicative differences of 
MDA as Oxidative stress in knee joint tissue compare with normal control 
group.  All rats in osteoarthritis groups received treatment dose of 
glucosamine sulfate (T.GLAS group), ginger water extract (T.GR group) 
and glucosamine sulfate plus ginger water extract (T.GLAS+T.GR group) 
had a significant higher values of the tested antioxidants enzymes and lower 
value of MDA compared to positive group without reach the levels of 
normal control group ( table 3).  

Free radicals could be determined by measuring MDA that is a final 
product of polyunsaturated fatty acids peroxidation in the cells.  An increase 
in free radicals causes overproduction of MDA, marker of oxidative stress, 
that have been involved in the development of osteoarthritic joint and 
cancerous patients (Gaweł et al., 2004 and Haflah et al., 2009). The water 
extraction of ginger is a good source of antioxidant as it inhibits the activity 
of free radicals in different organs particularly in the renal, liver and 
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cartilage articular. The antioxidant activities of water extractions of herbs 
are causing the decrease of MDA and act as anticancer and anti-arthritics 
factor (Uz et al., 2009, Rahmani et al., 2014and Gumaa et al., 2017). 
Measurement of antioxidant parameters is useful way for testing the 
usefulness and effectiveness of treatment agents in preventing the damage in 
arthritis. Aquatic extracts of medicinal herbs have many benefits in reducing 
oxidative stress injuries in many diseases by increasing the proportions of 
antioxidant enzymes such as CAT, GSH, GPX and SOD (Alturfan et al., 
2007 and Maizura et al., 2011; Farzaei et al., 2014). 

1. Histopathological analysis of knee joint specimens: 

The specimens isolated from knee joints tissue in normal control 
group and GLAS group showed a smooth and normal surface of the 
articular cartilage as perceived in picture (1&2). The specimens isolated 
from knee joints tissue in positive control group showed decrease in the 
cartilage thickness in joint space narrowing, with irregular fibrillated and 
necrosis in cartilage surface, abnormal matrix intensity and chondrocytes, 
subchondral bone shows irregularity in matrix and shape as perceived in 
picture (3). The specimens isolated from knee joints tissue in osteoarthritis 
treatment group with glucosamine sulfate (T.GLAS group) showed small 
recovery of knee joint, with small necrosis in cartilage surface and increased 
vascularization in subchondral bone as perceived in picture (4) while the 
specimens isolated from knee joints tissue in osteoarthritis treatment group 
with ginger water extract (T.GR group) showed decreases in cartilage 
thickness, necrosis in cartilage surface and increased vascularization in 
subchondral bone as perceived in picture (5). The specimens isolated from 
knee joints tissue in osteoarthritis treatment group with glucosamine sulfate 
plus ginger water extract  (T.GLAS+T.GR group), showed small recovery 
of knee joint, with small necrosis in cartilage surface and increased 
vascularization in subchondral bone as perceived in picture (6). 

The results of this study are in parallel with chemical results and 
consistent with the study results of Anderson et al.,2005, Rahmani et 
al.,2015 and Ali et al., 2016) the study found a partial improvement of the 
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articular cartilage of the knee in the pathology pictures when treated with 
glucosamine and ginger compare whit positive control group. 

 
Picture (1): Normal control group showing 
a smooth and normal surface of the articular 
cartilage in right knee joints tissue (H and E 
stain, × 100). 

 
Picture (2): GLAS group showing a smooth 
and normal surface of the articular cartilage 
in right knee joints tissue (H and E stain, × 
100). 

 
Picture (3): Positive control group showing 
decrease in the cartilage thickness in joint 
space narrowing, with irregular fibrillated 
and necrosis in cartilage surface, abnormal 
matrix intensity and chondrocytes, 
subchondral bone shows irregularity in 
matrix and shape (H and E stain, × 100). 

 
Picture (4): T.GLAS group showing small 
recovery of knee joint, with small necrosis 
in cartilage surface and increased 
vascularization in subchondral bone (H and 
E stain, × 100). 

 
Picture (5): T.GR group with ginger water 
extract which has been injected with MIA, is 
showing decreases in cartilage thickness, 
necrosis in cartilage 
 

 
Picture (6): T. GLAS+T.GR group treated 
with glucosamine sulfate plus ginger water 
extract, showing small recovery of knee 
joint, with small necrosis in cartilage surface 
and increased vascularization in subchondral 
bone (H and E stain, × 100). surface and 
increased vascularization in subchondral 
bone (H and E stain, × 100). 
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CONCLUSION 

Administration of glucosamine and ginger extract could alleviate the 
osteoarthritis in rats and the best results appeared in when treated with both 
glucosamine and ginger because of synergistic effects. It is recommended to 
introduce ginger in diet to lower osteoarthritis. Further investigation is 
needed for examine the mechanism, effective dose and duration of 
glucosamine and ginger extract in osteoarthritis treatment.  
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