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Abstract

Osteoatrthritis is characterized by the progresdagradation of joint
cartilage and secondary inflammation of synovialhnbhenes. The present
study was designed to investigate the effectswfagamine sulfate (GLAS)
and ginger (GR) water extract on the nutritionahtiss and some
biochemical changes of blood and Knee tissue iaocasthritis rats. Thirty
six healthy Sprague—Dawley adult albino rats welassified into six
groups. The first and second groups were normaraoand GLAS groups
while the other four groups injected Knee intracaitar with monosodium
iodoacetate to induce osteoarthritis. The ostepasthrats were classified
into positive group and three treated groups wittAS, ginger (GR) and
GLAS+GR. Rats were sacrificed after 77 days. Theaiobd results
indicated that, the osteoarthritis positive congmup showed a significant
decrease nutritional values and non significanfeckhce of FER and
showed a significant increase in serum levels ofg@ctive protein (CRP),
Erythrocyte sedimentation rate (ESR1 & ESR2) abdrain / globulin ratio
but showed a significant decrease in total protalbumin, globulin and
antioxidant enzymes in knee joint tissue comparét mormal and GLAS
groups. The osteoarthritis rat groups treated vglhcosamine sulfate
(T.GLAS) and ginger water extract (T.GR) showecdsigant increase of
nutritional values total protein and albumin , arsignificant decrease in
CRP, ESR1 and ESR2 and compared to positive comrolp. The
osteoarthritis rat group which treated with botlicgisamine and ginger
(T.GLAS+ T. GR) showed a significant improvementnoiftritional values
and appear within normal, significant decrease RPCESR1 and ESR2
compared with positive control group. All treateagps had a significant
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higher values of the tested antioxidants enzymesl@amner value of MDA
compared to positive group without reach the lewaflsnormal control
group.

The biochemical changes were confirmed with higtogagical
examination of knee joint, revealed that osteodishrat treated with dose
of glucosamine sulfate, water extract of ginger armbth ginger with
glucosamine were shown a very small recovery ofekjoent, with small
necrosis in cartilage surface. It can be conclutietl the administration of
glucosamine sulfate and water extract of gingeldctcameliorate most the
biochemical parameters. Dietary supplements of egingith glucosamine
are recommended to improve the antioxidant stdtisee joint health.

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

INTRODUCTION

Osteoarthritis (OA) is the most widespread degdiverajoint
disease and increases with age. OA can affectsj@nts in the body
especially joints in knees, hands, spine, neckefdvack and small joints of
the finger. Osteoarthritis can occur in any synbjant in the body, results
tissues of the joint erosion, impaired physical ciion and cartilage
stiffness. Pain is the most widespread symptom eafdd to walking
difficulty, lack of movement, reduced activitiesestlessness, and
disturbances in life overall qualifyviurray 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 connectissué and cartilage,
produced in the body from glucogderosch, 2011)Glucosamine is a
dietary supplement and may be good for treatmewtstdoarthritis that can
relieve the pain and slow the decomposition andapsé of cartilage in
knee joint(Simanek et al., 2005)

Herbs and other plant materials are consumed asdooemedy for
disease because of polyphenolics have antioxidzivitg (Velioglu et al.,
1998)Ginger (Zingiber officinale) is flowering plansed fresh or dried as
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a herbal medicine or a cooking condiment and fligpespecialy in Asia
(Tepe et al., 2006)Ginger has been used for the treatment of intdmges
nausea, vomiting, diarrhea, hypertension, arthritieumatism, muscular
aches, asthma, and sore throats due to the bieastyredient which
possesses pharmacological effeetstimicrobial and antioxidatiofAli et
al.,, 2008 and Ghasemzadeh et al.,, 201@)nger root extract has an
important role as an anti-arthritic agent, duetsanhibitory effects on nitric
oxide and prostaglandin E2 and high significante@ff on reducing
symptoms and the pain of knee osteoarthritis. &inglso reduces
inflammatory reactions in synovial cells as effeely as steroids of
osteoarthritis and rheumatoid arthritis modé&hen et al., 2005 and
Madsen et al., 2012)The study aimed to investigate the comparativeé an
therapeutic effects of glucosamine sulfate drug agda ginger extract
against monosodium iodoacetate induced osteoacthritats.

MATERIALS AND METHODS
Materials:

Thirty-six adult male of white albino rats (SpragDawley Strain)
weighing 177 + 4 g, were obtained from Agriculturdsearch Center, Giza,
Egypt. Monosodium iodoacetate (MIA) powder was pased
commercially from Sigma-Aldrich Corporation AmencaChemicals
Company. Glucosamine sulfate capsules™ drug washpsed from
pharmacy of Mansoura city. Each capsule contailsrb@ of glucosamine
sulfate; the human therapeutic dosage of the drag ©600 mg daily
Ginger roots (zingiber officinale) were obtainednr local market at
Mansoura city, Dakahlia Governorate, Egypt.

Methods

The fresh Ginger root were thoroughly washed irtiltid water,
chopped into small pieces and sun dried, then gdntb powder. The
agueous extracts of the roots were subsequentpaprd by soaking 300
grams of the powder in 3 liter of cold water foroab 24 hour at room
temperature. This homogenized mixture was theerétt and stored in the
refrigerator till be usedAhui et al., 2008) The basal diet was prepared

C 77 )
N




== Therapeutic effects of glucosamine sulfate and ginger extract on monosodium iodoacetate

according toNRC (1995) All the biological experimental procedures were
applied in accordance with internationally guidesrfor the care and use of
laboratory animals. Ethical guidelines were maimgd during animal
handling and permission was obtained from the ameckDepartment.

Osteoarthritis induced in rats by a single dosenmmnosodium
iodoacetate at dose 50 pug / 1 mL saline of bodyghteinjection intra-
articular of the right Knee joint. The time requiréor the emergence of
symptoms of OA After two weeks of MIA injection aoding toGuzman
et al., (2003)

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

1- Normal control group that did not received any timeant

2- GLAS group that received glucosamine sulfate ine@0s mg/kg/
bw/d

3- Positive control group that was osteoarthritic sl did not receive
any medication.

4- T.GLAS group that was osteoarthritic rats andteeavith GLAS
(20 mg/kg/ bw/d) according tNoushi and Al-Shawi (2013)y oral
stomach tube.

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

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

Daily food intake and weekly body weight gain wezeorded. After
77 days, the rats were anesthetized, blood samgte wollected in clean
centrifuge tubes to obtain serum. Erythrocyte sediation rate (ESR1&
ESR2) was analyzed by Westergen method accordiBgltcet al., (1993),
While Sera were testing for determination of C-cte@ protein levels
(CRP) was measured depending on the metholoétana 1993) Total
protein levels and albumin was estimated calorilcedty according to the
method ofCannon et al., (1974) and Eastham (1976)espectivelyFeed
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efficiency ratio (FER), Globulin levels and alburglobulin ratio were
calculated according tcChapman et al., (1959), Coles (1974) and
Friedewald et al., (1972)

The articular capsule of the right knee joints wargatomized,
frozen by liquid nitrogen and pulverize in a monpastle, then solubilized
in 4 ml of PBS (phosphate buffer saline, pH=7) irdev to obtain
homogeneous tissue that centrifuged at 10000 rpriGominutes and the
supernatants were collected. Malondialdehyde (MDAguperoxide
dismutase (SOD), catalase, reduced glutathione JG&td glutathione
peroxidase (GPx) using the procedure describetisyura and Midora
(1987), Nandi and Chatterjee 1988), Claiborne (1935Eliman, (1959)
and Necheles et al., (1968)espectively.

Histopathological examination of knee joint specimens:

The fixed samples of knee joint was achieved bpgiie chelating
agent EDTA disodium salt (10%) solution (5.5g EDTA90mI distilled
water and 10ml formaldehyde, 37:40%). The knee tjdiassue was
submerged in EDTA solution, and solution was chdrdggly for about four
weeks until softening of specimens and embededaraffin 4-5 pm thick
section and stained with Hematoxylin and Eosin (H&&r subsequent
histopathological examinatioBé&nchroft et al., 1996.

Statistical data analysis:

All tests were accomplish using computer packagthefstatistical
analysis program (SPSS, version 24, 2016), theedekd data were
presented as means + standard deviations (meanD} Statistically
analyzed using one way analysis of Variance (ANOVacording to
Artimage and Berry (1987)




RESULTS AND DISCUSSION
Nutritional evaluation:

Table (1): Nutritional effects on normal and Osteoarthrititgeoups

Therapeutic effects of glucosamine sulfate and ginger extract on monosodium iodoacetate

Final Weight |Weight Gain  Weight Food Intake FER
(9) (9) Gain% (9)

Normal control] 228.006.75 a|50.1743.19 g 28.12+.38 a| 16.874.23 a| 0.0440.003 g
GLAS 228.174.91 a/50.67+2.50 g 28.574.56 a| 17.314.21 a| 0.0440.002 g|
Positive controf 205.0046.42 ¢|28.8343.25 @ 16.354#.56 ¢{12.504.81 bg0.0340.004 au
T.GLAS 214.508.29 b|38.3343.67 h 21.744.79 b| 13.834.17 b| 0.0440.004 ¢
T.GR 213.0040.4335.674.13  20.074..76 b| 13.4740.16 b|0.0340.004 alp
T.GLAS+ T GR| 221.009.01 a44.83+7.06 4 25.44-8.92 a| 15.9040.07 a| 0.0440.006 4

Mean + SD values in each column having differennbmations of superscript
letters (a, b, c, d...) are significantly differextP <0.05.

Table (1) showed that administration of glucosamiveal non-
significant difference of nutritional values whilee osteoarthritis positive
control rat group showed a significant decread@nad weight, weight gain,
weight gain percent and food intake and non sigaifi difference of FER
compared with normal control group. The osteodithrat groups treated
with glucosamine sulfate (T.GLAS) and ginger watextract (T.GR)
showed a significant decrease of nutritional valcesipared with normal
control but showed significant increase of finaligh®, weight gain and
weight gain percent compared to positive controlugr The osteoarthritis
rat group which treated with both glucosamine anmtyer (T.GLAS+ T.
GR) showed a significant improvement of nutritioralues and appear a
non significant difference compared to normal contalues.

After the injection of monosodium iodoacetate  toduce
osteoarthritis in rats, the lowering in weight gam first two weeks
compared to control group, after that period ragaladt gained weight in
varying proportions in each groypli et al., 2016).Oral therapeutic dose
of glucosamine helped in restore the body weightreise caused by
induced arthritis in knee joint when compared wiitle not treated group

C a0
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(Hua et al., 2005) The anti-arthritic activity of ginger is the reas of
decreasing in body weight gain and food intakepufh increasing or
decreasing the production of anti-inflammatory &ytes and activating the
anti-oxidant defense syste(®amadan et al., 2011landGumaa et al.,
2017)

Biochemical Analysis of blood samples:

Table (2): CRP, ESR1, ESR2, TP, Albumin, Globulin and A/G Rdévels of
normal and osteoarthritic rat groups

CRP ESR1 ESR2 Total Albumin Globulin | Albumin /
(mg/mL) (mm/hr) (mm/h) protein (g/dL) (g/dL) globulin
(g/dL) ratio

Normal control |2.83+0.26 d 7.50+0.55 d| 13.17+1.47d 7.83+0.344 4.63+0.23a] 3.20+0.41fa1.48+0.24bq

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+0.46@1.43+0.32h(

Positive control |41.00+5.06251.67+1.37g 84.83+2.239 2.98+0.25 ¢ 2.22+0.32 q0.77+0.47b¢ 4.44+3.21 4

T.GLAS 19.28+2.1928.17+1.94h 47.67+2.94h 5.13+0.30 i 3.47+0.38b| 1.67+0.56 h 2.33+0.93al

T.GR 21.77+2.52p31.33+2.731 50.67+3.01kh 4.85+0.14 i 3.33+0.47b|1.52+0.48 h 2.51+1.26al

T.GLAS+T.GR [15.22+1.53¢23.33+3.01q 41.67+3.0196.97+0.36alp4.12+0.17ah2.85+0.37 4 1.47+0.22bqg

Mean + SD values in each column having differennbmations of superscript
letters (a, b, c, d...) are significantly differextP <0.05.

Data in table (2) showed non-significant differete@tween normal
control and GLAS groups in the estimated paramaterthis table. The
control positive rat group showed a significantr@gase in serum levels of
C- reactive protein (CRP), Erythrocyte sedimentatiate (ESR1 & ESR2)
and albumin / globulin ratio but showed a sigmifit decrease in total
protein, albumin and globulin compared with norraald GLAS groups.
T.GLAS and T. GR rat groups which administered nsmaiium iodoacetate
with glucosamine sulfate and ginger water extrduiwsed a significant
decrease in CRP, ESR1 and ESR2 and significan¢aserin total protein
and albumin compared with positive control groug/hile T.GLAS + T.
GR rat group showed significant decrease in CRPRIE&nd ESR2
compared with positive control group but non-sigraift difference of total
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protein, albumin, globulin and Albumin / globuliatio compared to normal
control rat group.

Erythrocyte sedimentation rate (ESR) and C- reagbrotein (CRP)
are probably the most common laboratory measurenmsad for detection
of inflammation and activity in joint diseas@§eenan et al., 2008) The
improvement and decline of CRP and ESR levels weperted by using
ginger water extracts in laboratory animals. Ginges considered safe in
the treatment of osteoarthritis and could relidvee pain(Ghavipour_et al.,
2017 and Mobasheri, 2012)Ginger has anti-inflammatory properties,
provided long-term improvement in reduce osteodishpain in knee joint
and modifies immune system respon@dazidi et al., 2016) Glucosamine
sulfate drug has therapeutic effect in the treatnoérosteoarthritis of the
knee, pain relief, increased functional activityatecreased stiffness in the
knee joints especially in an early stage of theakg(Shuba et al., 2016)
The decline in the values of CRP and ESR of ostieots rats groups is
due to synergistic effects of anti-inflammatoryiaty of ginger extract and
anti-inflammatory drug GLAS. Furthermgreotal protein is made up of
albumin and globulinused for indication of general health states, werli
and kidney disorders as well as other diseasesfferaht organ systems
(Clark and Kruse, 1990) Treatment with different herbs help in increase
the total proteins levels, albumin and globulingls of the blood samples,
and this effect lowered A/G ratio levdsI Shemy et al., 2011 and Gumaa
et al., 2017)
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Laboratory tests of oxidative stressin kneejoint tissue:

Table (3): CAT, SOD, GPX, GSH antioxidant enzymes and MDA Is\a knee
joint tissue of normal and osteoarthritic rat greup

Catalase SOD GPX GSH MDA

U/mg. protein | U/mg. protein| U/mg. proteinjnmol/mg.tissugnmol/mg. tissu

Normal controll] 9.80 +0.24 a | 922.18+4.33|@20.17+13.80[a78.22+1.58 4  1.53+0.44 ¢

GLAS 10.27+0.39 a| 937.65+16.04323.67+22.84 279.38+0.59 4 1.73+0.47 ¢
Positive control] 1.10+0.51d | 331.65+10.41 #16.50+5.47 d 31.85+0.89d 15.43+0.50 g

T.GLAS 5.87+0.34c | 601.52+7.19 @26.50+4.97 ¢ 53.08+1.16 ¢ 5.55+0.62 4

T.GR 6.15+0.45 c | 595.25+10.26221.67+2.94 ¢ 53.54+1.54 ¢, 5.87+0.77 K

T.GLAS+T.GR| 7.78+0.55b | 699.00+7.53|l264.00+6.07 h 61.50+2.89 b 3.73+0.50 b

Mean * SD values in each column having differennbimations of superscript
letters (a, b, c, d...) are significantly differexttP <0.05.

As expected, there was a non significant differeincantioxidants
enzymes and MDA levels in knee joint tissue betweermal control and
GLAS groups. Positive control group had very lowatues of catalase,
GSH, GPX and SOD antioxidant enzymes and high athie differences of
MDA as Oxidative stress in knee joint tissue corepaith normal control
group. All rats in osteoarthritis groups receive@atment dose of
glucosamine sulfate (T.GLAS group), ginger watetraot (T.GR group)
and glucosamine sulfate plus ginger water extragsl(AS+T.GR group)
had a significant higher values of the tested aidemts enzymes and lower
value of MDA compared to positive group without aleathe levels of
normal control group ( table 3).

Free radicals could be determined by measuring Mg is a final
product of polyunsaturated fatty acids peroxidatothe cells. An increase
in free radicals causes overproduction of MDwarker of oxidative stress,
that have been involved in the development of @sthdatic joint and
cancerous patien{&awet et al., 2004 and Haflah et al., 2009The water
extraction of ginger is a good source of antioxtdait inhibits the activity
of free radicals in different organs particularly the renal, liver and

C a3
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cartilage articular. The antioxidant activities wéter extractions of herbs
are causing the decrease of MDA and act as angcamel anti-arthritics
factor (Uz et al.,, 2009, Rahmani et al., 2014and Gumaa at., 2017)
Measurement of antioxidant parameters is useful i@y testing the
usefulness and effectiveness of treatment ageiuieirenting the damage in
arthritis. Aquatic extracts of medicinal herbs have many benief reducing
oxidative stress injuries in many diseases by esirgy the proportions of
antioxidant enzymes such as CAT, GSH, GPX and {8lrfan et al.,
2007 and Maizura et al., 2011; Farzaest al., 2014)

1. Histopathological analysis of kneejoint specimens:

The specimens isolated from knee joints tissueammal control
group and GLAS group showed a smooth and normdairof the
articular cartilage as perceived in picture (1&Zhe specimens isolated
from knee joints tissue in positive control groupowed decrease in the
cartilage thickness in joint space narrowing, wittegular fibrillated and
necrosis in cartilage surface, abnormal matrixnsityy and chondrocytes,
subchondral bone shows irregularity in matrix ahdpe as perceived in
picture (3). The specimens isolated from knee gotrig#sue in osteoarthritis
treatment group with glucosamine sulfate (T.GLA®Sugp) showed small
recovery of knee joint, with small necrosis in tage surface and increased
vascularization in subchondral bone as perceivegdicture (4) while the
specimens isolated from knee joints tissue in @sthdtis treatment group
with ginger water extract (T.GR group) showed dases in cartilage
thickness, necrosis in cartilage surface and iseeavascularization in
subchondral bone as perceived in picture (5). Heeimens isolated from
knee joints tissue in osteoarthritis treatment graith glucosamine sulfate
plus ginger water extract (T.GLAS+T.GR group), wbd small recovery
of knee joint, with small necrosis in cartilage fage and increased
vascularization in subchondral bone as perceivagiiciture (6).

The results of this study are in parallel with cleahresults and
consistent with the study results Ahderson et al.,2005, Rahmani et
al.,2015 and Ali et al., 2016}he study found a partial improvement of the
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articular cartilage of the knee in the pathologgtysies when treated
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glucosamine and ginger compare whit positive comfraup.

Picture (1): Normal control group showir
a smooth and normal surface of the artig
cartilage in right knee joints tissue (H an
stain, x 100).

Picture (2): GLAS group showing a smoq
and normal surface of the articular cag
in right knee joints tissue (H and E stain

100).

y ,""mﬁumm
i

Picture (3): Positive control group showi
decrease in the cartilage thickness in |
space narrowing, with irregular fibrillat
and necrosis in cartilage surface, abno
matrix  intensity and chondrocytes
subchondral bone shows irregularity
matrix and shape (H and E stain, x 100).

Picture (4: T.GLAS group showing smg
recovery of knee joint, with small necrg
in cartilage surface and increa
vascularization in subchondral bone (Hd
E stain, x 100).

Picture (5): T.GR group with ginger wat
extractwhich has been injected with MIA,
showing decreases in cartilage thickn
necrosis in cartilage

Picture (6): T. GLAS+T.GR group treats
with glucosamine sulfate plus ginger tem
extract, showing small recovery of ki
joint, with small necrosis in cartilage surf;
and increased vascularization in subchor
bone (H and E stain, x 1003urface an
increased vascularization in subchon
bone (H and E stain, x 100).

285\

N—FH

with



== Therapeutic effects of glucosamine sulfate and ginger extract on monosodium iodoacetate

CONCLUSION

Administration of glucosamine and ginger extraaildaalleviate the
osteoarthritis in rats and the best results appdearg/hen treated with both
glucosamine and ginger because of synergistic tsffids recommended to
introduce ginger in diet to lower osteoarthritisurther investigation is
needed for examine the mechanism, effective dos# duration of
glucosamine and ginger extract in osteoarthrigatiment.
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