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Abstract
Ethnopharmacological Relevance: Zingiber officinale and Tetrapleura tetraptera are used by the population to treat 
many diseases. 

Aim of the Study: This study aimed to evaluate the therapeutic effects of the mixture of dried fruits of Tetrapleura 
tetraptera extract and the rhizomes of Zingiber officinal extract on osteoarthritis. 

Materials and Methods: Osteoarthritis was induced with monosodium-iodoacetate (50 µl, 100 mg/kg, i.a.). The extracts 
of the mixture of Zingiber officinale and Tetrapleura tetraptera (100, 200 mg/kg) was administered orally. Body mass, 
thermal hyperalgesia, paw volume, locomotion and anxiety states were assessed. The hematological, biochemical, anti-
inflammatory, pro-inflammatory and oxidative stress parameters were measured. The microarchitecture of the knee joint 
was evaluated. 
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Results: Extracts (200 mg/kg) have reduced hypersensitivity (69.33%; 79.03%); and also, the paw volume (63.96%; 
81.85%). The extracts improved the locomotion and reduced the total time of immobility. Extracts have increased the 
number of lines crossed and the mobility time episode and have improved the oxidative status of animals. It has inhibited 
TNF-α, IL-1β, MMP9, MPO, and stimulated IL-4, IL-10. Extracts have ameliorated histopathological alterations in the 
knee joint. 

Conclusions: Results show antihyperalgesia and anti-inflammatory properties of the mixture of Zingiber officinale and 
Tetrapleura tetraptera, and is able to improve locomotion damage and anxiety status caused by osteoarthritis.

Keywords: Osteoarthritis, Zingiber Officinale, Tetrapleura Tetraptera, Analgesic, Anti-Inflammatory
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1. Introduction

Osteoarthritis, a disabling joint pathology, implies almost all parts of a joint (the synovial

membrane, cartilage, subchondral bone, adipose pads and meniscus). Nearly 250 million people

in the world are affected (quality of their life), thus poses an important challenge of public and

social health [1]. The structural destruction of the joint with partial and/or total loss of joint

function accompanied by chronic pain is the consequence of the pathogenesis of osteoarthritis [2].

Pathophysiology of many human diseases (obesity, cancer, neurological diseases, rheumatoid

arthritis and autoimmune diseases) implies chronic inflammation [3]. It is known that, people

with osteoarthritis, presented a high level of pro-inflammatory chemokines and cytokines in their

synovial fluids [4]. In the pathogenesis of osteoarthritis, synoviocytes, chondrocytes and

macrophages release in quantities pro-inflammatory cytokines in the joint which will result an

increase in the released of free radicals by degenerating the articular cartilage matrix [5,6]. In

patients with osteoarthritis, the level of lipid peroxidation is very high in cartilage and biological

fluids, while antioxidant enzymes such as peroxidase (GPX), superoxide dismutase (SOD) and

catalase (CAT) are highly reduced [7,8].

The pathological effects of pro-inflammatory cytokines and ROS due to the activation of

signaling pathways, resulting in a cascade of events leading to the activation of the NF-κB

signaling pathway. This pathway intervenes in the positive feedback regulation of several
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1. Introduction
Osteoarthritis, a disabling joint pathology, which implies almost 
all parts of joint of a joint (the synovial membrane, cartilage, 
subchondral bone, adipose pads and meniscus). Nearly 250 
million people in the world are affected (quality of their life), thus 
poses an important challenge of public and social health [1]. The 
structural destruction of the joint with partial and/or total loss of 
joint function accompanied by chronic pain is the consequence of 
the pathogenesis of osteoarthritis [2]. Pathophysiology of many 
human diseases (obesity, cancer, neurological diseases, rheumatoid 
arthritis and autoimmune diseases) implies chronic inflammation 
[3]. It is known that, people with osteoarthritis, presented a 
high level of pro-inflammatory chemokines and cytokines in 
their synovial fluids [4]. In the pathogenesis of osteoarthritis, 
synoviocytes, chondrocytes and macrophages release in quantities 
pro-inflammatory cytokines in the joint which will result an 
increase in the released of free radicals by degenerating the articular 
cartilage matrix [5,6]. In patients with osteoarthritis, the level of 
lipid peroxidation is very high in cartilage and biological fluids, 
while antioxidant enzymes such as peroxidase (GPX), superoxide 
dismutase (SOD) and catalase (CAT) are highly reduced [7,8]. 

The pathological effects of pro-inflammatory cytokines and 
ROS due to the activation of signaling pathways, resulting in a 
cascade of events leading to the activation of the NF-κB signaling 
pathway. This pathway intervenes in the positive feedback 
regulation of several inflammatory genes of cytokines, iNOS and 

an increased in the expression of proteases (MMP-1, MMP-9, 
MMP-13) [9]. Hematological disorders, including anemia, white 
blood cell, platelet abnormalities, coagulopathy and hematological 
malignancies can occur in many autoimmune rheumatic diseases 
[10]. Anxiety has been shown to be one of the psychological 
states of osteoarthritis. Castano et al. showed that 25 % anxiety 
cases in 1258 patients with osteoarthritis, and Axford et al. 
confirm 40.7 % anxiety cases in 54 patients with osteoarthritis 
[11,12]. Osteoarthritis is a chronic sickness that needs lifelong 
management with nutritional management and regular use of drugs 
such as analgesic therapies, steroidal anti-inflammatory drugs, 
non-steroidal anti-inflammatory drugs, immunosuppressants and 
biotherapies; these drugs have several limitations [13]. Despite 
great quantities of current medicines, public around the world are 
progressively turning to herbal medications for their primary health 
problems. In view of the key place that these plants occupy in 
pharmacopoeia, the WHO has suggested that studies be conducted 
on the effects of plants used in traditional medicine [14]. 

Tetrapleura tetraptera (T. tetraptera) (Fabaceae-Mimosoideae 
family) is a tree (20-25 meters) with dried fruit containing pulp 
[15]. These fruits are traditionally used in many African countries 
in the treatment of diabetes, hypertension, rheumatic pain and ar-
thritis [16]. In Cameroon, more precisely in the West region, these 
fruits are used for medicinal properties, nutritional and cultur-
al values [17]. Zingiber officinale (Z. officinale) (Zingiberaceae 
family) is an herbaceous plant with roots (ginger) known for its 
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nutritional and medicinal values. Traditionally, ginger have gastro-
intestinal, cardiovascular, hepatoprotector, immunomodulator and 
antimicrobial properties [18]. Scientifically, the dried fruits of T. 
tetraptera have already proven their anti-inflammatory, antiarthri-
tis, cardiovascular, neuromuscular and anti-ulcer properties, while 
Z. Officinale has shown the anti-carcinogen, anti-inflammatory, 
anti-hyperglycemic, antioxidant and anti-apoptotics properties 
[19,20]. Phytochemical tests have shown the presence of flavo-
noids, steroids, phenolic compounds, saponins, 7-hydroxy-6-Me-
thoxy, Coumarin, Echinocystic Acid, Oleanolic Acid in T. tetrap-
tera extract [5,21,22]. 

Also, the presence of Gingerol, Zingiberol, Beta-Phelllandrene, 
Cineole, Alpha-Faranesne, Beta-Bisabolene, Géraniol, Linalol 
and Zingerone was found in Z. officinale [23]. Taken individually, 
T. tetraptera dried fruits and Z. officinale rhizomes have shown 
pharmacological and nutritional properties. Although consumed 
for many generations in African societies, no scientific studies have 
been carried out to demonstrate the effect of these combined two 
nutrients in the management and/or prevention of a degenerative 
disease. The present study aimed to assess the therapeutic effects 
of supplementation of the mixture of dried fruits of T. tetraptera 
and the rhizomes of Z. officinale on osteoarthritis animals induced 
by monosodium-iodoacetate (MIA).

2. Materials and Methods
2.1. Plant Identification and Extracts Preparation
Z. officinale rhizomes and T. tetraptera dried fruits were bought at 
the Mendong market (Yaounde, Center Region, Cameroon, July 
2023). Both plants were authenticated from the Cameroon National 
Herbarium compared to specimens deposited under the numbers: 
4343SRF/CAM (Z. officinale) and 2316SRF/CAM (T. tetraptera). 
Rhizomes and dried fruits were washed, peeled, cut into small 
pieces, dried in the shade at room temperature, and then crushed in 
powder. For aqueous extract, 500g of rhizomes powder and 500g 
of dried fruits powder were separately soaked in 3L of distilled 
water (agitated, 48 hours). Each mixture was filtered (Wattman 
n°4) and evaporated an oven (40°C). The extraction of rhizomes 
gave 7g (3.5%) while the extraction of the dried fruits gave 6g 
(3%). For the ethanolic extraction, rhizomes powder (250g) and 
dried fruit powder (250g) were soaked separately in 2L of ethanol 
(95°, 72h) and each mixture subsequently filtered (Wattman n°4) 
and concentrated (rotary evaporator, 70°C reduced). The ethanolic 
extraction rhizomes gave 9g (3.6%) while that of the dried fruits 
gave 8g (3.2%). The extracts prepared for the present study were 
made up with 50/50 of the extract of each plant for both extracts: 
meaning 50/50 aqueous and 50/50 ethanolic.

2.2. Chemicals and Reactive 
MIA was bought from Markal-Za (France). Analytical kits for 
IL-1β, TNF-α, IL-10, IL-4, MPO and MMP-9 for Rat immuno-
enzymatic tests were purchased from Sigma-Aldrich (St. Louis, 
Mo, USA). Obtained from Sigma-Aldrich, Ellman and Griess 
reagents were freshly prepared before use. Drug solutions were 
prepared fresh and administered per bone in a volume of 10 ml/kg 
of body weight. 

2.3. Animals 
Wistar rats (males and females, 3 months, 150–180 g) were 
raised in the pet store of the Animal Physiology Laboratory of the 
University of Yaoundé I (Cameroon) under the standard lighting 
(day/night cycle of 12h), animals have free access to a standard 
diet and the water of the Ad Libitum tap. They were housed 
in groups of 3 rats per cage (40 cm × 40 cm). All experiences 
followed the principles of the use and care of laboratory animals of 
"directives of the European Community" (ECE Directive 2010/63/
EEC) and were approved by the "Ethics Committee" of the Faculty 
of Sciences, University of Yaoundé I. 

2.4. Osteoarthritis Induction
After submitting all the animals to the locomotion test (10 min) 
to assess the locomotor activity, the basic value of pain sensitivity 
and the initial paw volume of all animals were measured. 
Subsequently, the animals were anesthetized (diazepam (0.1 mg/
kg)/ketamine (0.2 mg/kg), i.p.), the left knee of each animal was 
disinfected (iodized alcohol) and MIA (50µl, 100 mg/kg) diluted 
in 0.9% NaCl were injected into the left knee of each animal. 

2.5. Grouping and Treatment of Animals
Non-arthritis (six) and arthritis (36) rats were grouped as follows: 
group 1 (normal control, non-osteoarthritis rat, received NaCl 
0.9%); group 2 (negative control, osteoarthritis rat, received 
NaCl 0.9%); group 3 (positive control, osteoarthritis rat, received 
diclofenac 5 mg/kg); groups 4, 5, 6 and 7 (tests groups, osteoarthritis 
rat, received aqueous (100 and 200 mg/kg) and ethanolic (100 and 
200 mg/kg) extracts from the mixture of rhizomes and dried fruits. 
All the treatments were given orally. One hour (1h) after MIA 
injection, the treatments were administered and then by continued 
once a day for 21 consecutive days. During this period, the body 
mass, pain reaction threshold, paw volume and locomotor activity 
were measured. 

2.6. Assessment of Antihyperalgesia and Anti-Inflammatory 
Effects 
Each animal was placed on the heating surface (heating plate, 
Basile Ugo, Italy) (on day 0, 2, 4, 6, 8, 10, 12, 14, 16, 18 and 
20), the weather was launched and as soon as the animal licked 
one of its legs or lifted the paw, the time was stopped. In order to 
avoid tissue lesions in animals, a maximum stimulation time of 15 
seconds was used in the case event of non-reaction of the animal. 
The paw of each animal was plunged into a 10 ml graduated 
burette containing water (water plethysmometer) (on days 0, 3, 5, 
7, 9, 11, 13, 15, 19 and 21). When the water reached the knee joint, 
the quantity of water (ml) moved to the burette was a function of 
the volume of the soaked leg. 

2.7. Assessment Locomotion and Anxiety Effects 
Open field tests (OFT) were carried out before and after the 
treatment period (between 8:00 p.m. and 11:00 p.m.) in an 
enclosed quite environment to observe animal record behavior and 
locomotion. This test was carried out at night due to an intense 
animal activity [24]. The test field was an open field built in wood 
(80 cm × 80 cm × 60 cm) with a white bother, divided into squares 
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of 10 cm in length. In the test each rat was introduced into the 
device and was given 10 minutes to explore it. For the locomotion 
and anxiety disorder, several parameters were recorded (day 0, 8, 
12, 16, 20) automatically recorded and analyzed by a 7.15 video 
system (Stoelting, Wood Dale, IL, USA) with a high-resolution 
Logitech camera [25].

2.8. Samples Collection and Preparation
On the 21st day, all the animals were anesthetized (thiopental 50 
mg/kg, i.p.) then sacrificed. Blood was taken by catheterization of 
the abdominal aorta and collected into tube without anticoagulant 
and another tube containing EDTA (Ethylene diamine tetra acetic 
acid). The blood with anticoagulant was used for the blood formula, 
while the blood collected without anticoagulant was centrifuged 
(3000 rpm, 15 min) and the supernatant taken for biochemical 
analysis. The synovial fluid was taken by joint washing (100 µl, 
0.9% NaCl) to determine the level of TNF-α, IL-1β, IL-10, IL-
4, matrix metalloprotein 9 (MMP9) and myeloperoxidase (MPO). 
Liver, kidney, brain was weighed. Part of the joint, liver, kidney 
and brain were homogenized (crushed) in sorted buffer (10 mm, 
4°C, pH7.4) cold at 10%, centrifuged (3000 rpm, 4°C, 25 min) 
and kept at -20°C for the evaluation of oxidative stress parameters 
(GSH, SOD, MDA, Catalase, NO). The other part of the knee joint 
was fixed in 10% formalin for histology.

2.9. Histological Analysis 
The knee joint was used for routine coloring. This joint was 
dehydrated in alcohol and integrated into paraffin blocks, and 

tissues cuts of 5 µm thickness were colored with hematoxyline and 
eosin. Colorful and climbed slides were observed using a scientific 
STM-50 optical microscope (HSIDC Industrial Estate, Haryana, 
India) equipped with a Celestron 44421 digital camera connected 
to a computer (HP Pavilion, G series).

2.10. Statistical Analysis 
The results are presented in the form of average ± standard error 
of the mean (SEM). Statistical analysis and data presentation were 
carried out using Graph Pad Prism. The data were analyzed using a 
unidirectional variance analysis (ANOVA) followed by the Tukey-
Kramer test; then a multidirectional variance analysis (ANOVA) 
followed by Bonforoni test.

3. Results
3.1. Effects of on Pain, Inflammation, Body Mass, and Organs 
Mass 
Oral treatments have reduced pain sensitivity whit 69.33% (20th 
day), 79.03% (10th day) and 23.75% (16th day) respectively for 
aqueous extract, ethanolic extract and diclofenac; and reduced paw 
volume with 63.96% (3rd day) for aqueous extract, 81.85% (21st 
day) for ethanolic extract and 32.43% (3rd day) for Diclofénac. 
Apart from Diclofenac, all treatments have significantly improved 
the body mass of animals. The mass of the liver was significantly 
reduced in the negative control group as compared to the normal 
control group. The extracts increase the mass of the liver in treated 
animals (Figure 1).

Figure 1: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and

Dried Fruits of Tetrapleura Tetraptera Mixture on Pain Sensitivity (A), Paw Edema (B), body

weight (C), and Organ Weight (D) in arthritic rats. Data are shown as mean ± SEM, n = 6;

αp<0.05; βp<0.01; ʎp<0.001 Significant Compared to Normal Control; ap<0.05; bp<0.01;

cp<0.001 Significant Compared to NaCl (0,9%)

3.2. Effects on the Spontaneous Locomotion

Figure 2 shows that MIA injection has led to significantly affected the spontaneous locomotion in

osteoarthritis animals not treated compared to animals of the normal control group. These results

were evident in the illustration representing animal tracks during the test where very low activity

was observed in osteoarthritis animals compared to the activity of normal animals (Figure 3).

Figure 1: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and Dried Fruits of Tetrapleura Tetraptera 
Mixture on Pain Sensitivity (A), Paw Edema (B), body weight (C), and Organ Weight (D) in arthritic rats. Data are shown as mean ± 
SEM, n = 6; αp<0.05; βp<0.01; ʎp<0.001 Significant Compared to Normal Control; ap<0.05; bp<0.01; cp<0.001 Significant Compared 
to NaCl (0,9%)
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3.2. Effects on the Spontaneous Locomotion
Figure 2 shows that MIA injection has led to significantly affected 
the spontaneous locomotion in osteoarthritis animals not treated 
compared to animals of the normal control group. These results 
were evident in the illustration representing animal tracks during 
the test where very low activity was observed in osteoarthritis 

animals compared to the activity of normal animals (Figure 3). 
This diagram shows that osteoarthritis rats have a marked decrease 
in total mobility time, the total displacement distance and a total 
increase in immobility time as compared to normal control. The 
administration of the extracts has improved locomotion of treated 
animals.

This diagram shows that osteoarthritis rats have a marked decrease in total mobility time, the

total displacement distance and a total increase in immobility time as compared to normal control.

The administration of the extracts has improved locomotion of treated animals.

Figure 2: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and

Dried Fruits of Tetrapleura Tetraptera Mixture on Spontaneous Locomotion. Data are Shown as

Mean ± SEM, n = 6; αp<0.05; βp<0.01; ʎp<0.001 Significant Compared to Normal Control;

ap<0.05; bp<0.01; cp<0.001 Significant Compared to NaCl (0,9%).

Figure 2: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and Dried Fruits of Tetrapleura Tetraptera 
Mixture on Spontaneous Locomotion. Data are Shown as Mean ± SEM, n = 6; αp<0.05; βp<0.01; ʎp<0.001 Significant Compared to 
Normal Control; ap<0.05; bp<0.01; cp<0.001 Significant Compared to NaCl (0,9%)

Figure 3: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and

Dried Fruits of Tetrapleura Tetraptera Mixture on Spontaneous Locomotion.

3.3. Effects on Some Anxiety Parameters

Intraarticular injection of MIA caused an increase of stool, licking time and immobility time

episode, with a significant decrease of the number of lines crossed and mobility time episode in

non-treated animals as compared to the animals of the normal control group. The extracts

administered, have reduced the stools, licking time, immobility time episode and increased the

number of lines crossed and mobility time episode in osteoarthritis animals treated compared to

animals of the negative control group (Figure 4)
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Figure 3: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and

Dried Fruits of Tetrapleura Tetraptera Mixture on Spontaneous Locomotion.

3.3. Effects on Some Anxiety Parameters

Intraarticular injection of MIA caused an increase of stool, licking time and immobility time

episode, with a significant decrease of the number of lines crossed and mobility time episode in

non-treated animals as compared to the animals of the normal control group. The extracts

administered, have reduced the stools, licking time, immobility time episode and increased the

number of lines crossed and mobility time episode in osteoarthritis animals treated compared to

animals of the negative control group (Figure 4)

Figure 3: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and Dried Fruits of Tetrapleura Tetraptera 
Mixture on Spontaneous Locomotion.

3.3. Effects on Some Anxiety Parameters 
Intraarticular injection of MIA caused an increase of stool, licking 
time and immobility time episode, with a significant decrease of 
the number of lines crossed and mobility time episode in non-
treated animals as compared to the animals of the normal control 

group. The extracts administered, have reduced the stools, licking 
time, immobility time episode and increased the number of lines 
crossed and mobility time episode in osteoarthritis animals treated 
compared to animals of the negative control group (Figure 4)

Figure 4: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and

Dried Fruits of Tetrapleura Tetraptera Mixture on Anxiety. Data are Shown as Mean ± SEM, n =

6; αp<0.05; βp<0.01; ʎp<0.001 Significant Compared to Normal Control; ap<0.05; bp<0.01;

cp<0.001 Significant Compared to NaCl (0,9%).

3.4. Effects on Some Hematological Parameters and Serum Biochemical Parameters

The injection of MIA has disturbed hematological and serum biochemical parameters (Table).

The various extracts administered orally restored the hematological disorder caused by the MIA.

Figure 4: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and Dried Fruits of Tetrapleura Tetraptera 
Mixture on Anxiety. Data are Shown as Mean ± SEM, n = 6; αp<0.05; βp<0.01; ʎp<0.001 Significant Compared to Normal Control; 
ap<0.05; bp<0.01; cp<0.001 Significant Compared to NaCl (0,9%).

3.4. Effects on Some Hematological Parameters and Serum 
Biochemical Parameters
The injection of MIA has disturbed hematological and serum 
biochemical parameters (Table). The various extracts administered 

orally restored the hematological disorder caused by the MIA. 
Extracts significantly reduced ALT, AST serum activities and 
serum creatinine level; it has also significantly increased the 
concentration of serum protein.
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Extracts significantly reduced ALT, AST serum activities and serum creatinine level; it has also

significantly increased the concentration of serum protein.

Treatm

ent

Dos

e

(mg/

kg)

Hematological parameters Biochemical parameters

White

cell

(103/µL

)

Red cell

(106/µL)

Hem

oglob

in

(g/dl)

Platelet

s

(103/µL

)

Lympho

cyte

(103/µL)

Monocy

tes

(103/µL)

Granuloc

yte

(103/µL)

AL

T

(UI)

AS

T

(UI

)

Creatini

n

(mg/ml

)

Prot

eins

(g/dl

)

Normal

control

- 11.98 ±

0.30

9.84 ±

0.34

15.12

±

0.52

459.20

± 18.90

5.33 ±

0.31

1.40 ±

0.04

4.95 ±

0.18

38.9

4 ±

3.81

246

.80

±

8.6

3

6.14 ±

0.13

0.98

±

0.03

NaCl

0,9%

- 21.16 ±

0.83ʎ
5.20 ±

0.33ʎ
9.47

±

0.55ʎ

845.80

±

11.63ʎ

11.82 ±

0.43ʎ
6.20 ±

0.09ʎ
10.67 ±

0.26ʎ
68.2

5 ±

1.24
ʎ

322

.90

±

8.9

7ʎ

10.41 ±

0.15ʎ
0.77

±

0.02ʎ

Diclofe

nac

5 17.93 ±

0.96ʎa

6.49 ±

0.16ʎ
12.47

±

0.15ʎc

526.80

±

18.09c

9.87 ±

0.33ʎc

4.77 ±

0.11ʎc

6.70 ±

0.15ʎc

60.3

8 ±

1.13
ʎ

314

.60

±

6.8

3ʎ

9.33 ±

0.27ʎb

0.82

±

0.01ʎ

Aqueo

us

extract

100 14.97 ±

0.73c

7.86 ±

0.65βc

12.60

±

0.45βc

537.50

±

35.73c

7.38 ±

0.28ʎc

3.55 ±

0.08ʎc

6.12 ±

0.21βc

53.3

8 ±

3.24
αa

300

.60

±

7.3

7ʎ

8.34 ±

0.20ʎc

0.90

±

0.01c

200 13.97 ±

0.48c

9.23 ±

0.15c

13.85

±

0.18c

486.80

±

7.82c

5.32 ±

0.19c

1.78 ±

0.10c

5.28 ±

0.13c

47.6

9 ±

1.10

274

.30

±

7.23 ±

0.13βc

0.94

±

0.02c

c 4.7

1c

Ethanol

ic

extract

100 14.57 ±

0.75c

8 ?11 ±

0 ?42αc

13.15

±

0.18αc

435.30

±

17.51c

6.70 ±

0.16ʎc

2.63 ±

0.11ʎc

5.75 ±

0.21c

49.4

4 ±

3.67
b

295

.30

±

5.0

7ʎ

7.63 ±

0.07ʎc

0.93

±

0.01c

200 12.02 ±

0.63c

9.59 ±

0.28c

14.47

±

0.33c

509.90

±

15.61c

5.12 ±

0.19c

1.68 ±

0.10c

4.97 ±

0.21c

44.1

9 ±

2.89
c

255

.90

±

3.1

5c

6.95 ±

0.13αc

0.97

±

0.03c

Data are shown as mean ± SEM, n = 6; αp<0.05; βp<0.01; ʎp<0.001 significant compared to normal control;

ap<0.05; bp<0.01; cp<0.001 significant compared to NaCl (0,9%). ALT: Alanine aminotransferase; AST:

Aspartate amino trans ferase

Table: Effects of the aqueous and ethanolic extracts of the Zingiber officinale rhizomes and dried

fruits of Tetrapleura tetraptera mixture on hematological parameters and some biochemical

parameters

3.5. Effects on Some Oxidative Parameters

It appears on Figure 5 that the injection of MIA caused a decrease SOD, CAT activity, GSH level

and increase MDA level in animals of the negative control group as compared to animals of the

normal control group. Aqueous and ethanolic extracts has showed a favorable effect by

increasing SOD, CAT activities, GSH level and significantly reduced MDA level.
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Table: Effects of the aqueous and ethanolic extracts of the Zingiber officinale rhizomes and dried fruits of Tetrapleura tetraptera 
mixture on hematological parameters and some biochemical parameters

3.5. Effects on Some Oxidative Parameters 
It appears on Figure 5 that the injection of MIA caused a decrease 
SOD, CAT activity, GSH level and increase MDA level in animals 
of the negative control group as compared to animals of the 

normal control group. Aqueous and ethanolic extracts has showed 
a favorable effect by increasing SOD, CAT activities, GSH level 
and significantly reduced MDA level.

Figure 5: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and

Dried Fruits of Tetrapleura Tetraptera Mixture on Oxidative Parameters and NO levels. Data are

Shown as Mean ± SEM, n = 6; αp<0.05; βp<0.01; ʎp<0.001 Significant Compared to Normal

Control; ap<0.05; bp<0.01; cp<0.001 Significant Compared to NaCl (0,9%).

3.6. Effects on Inflammatory Parameters

Injection of MIA has led to a increase in the synovial concentrations of TNF-α, IL-1β, MMP9

and MPO, and a decrease in concentrations of IL-4 and IL-10 in animals of the negative control

group (figure 6). In the synovial liquid, extracts have reduced TNF-α, IL-1β, MMP9, MPO levels

Figure 5: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and Dried Fruits of Tetrapleura Tetraptera 
Mixture on Oxidative Parameters and NO levels. Data are Shown as Mean ± SEM, n = 6; αp<0.05; βp<0.01; ʎp<0.001 Significant 
Compared to Normal Control; ap<0.05; bp<0.01; cp<0.001 Significant Compared to NaCl (0,9%)
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3.6. Effects on Inflammatory Parameters 
Injection of MIA has led to a increase in the synovial 
concentrations of TNF-α, IL-1β, MMP9 and MPO, and a decrease 
in concentrations of IL-4 and IL-10 in animals of the negative 

control group (figure 6). In the synovial liquid, extracts have 
reduced TNF-α, IL-1β, MMP9, MPO levels and increased IL-4, 
IL-10 levels. Furthermore, in animals treated with extracts, NO 
levels was significantly reduced

and increased IL-4, IL-10 levels. Furthermore, in animals treated with extracts, NO levels was

significantly reduced.

Figure 6: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and

Dried Fruits of Tetrapleura Tetraptera Mixture on Pro-Inflammatory (TNF-α, IL-1β, MMP9,

MPO) and anti-inflammatory (IL-4, IL-10) parameters. Data are shown as mean ± SEM, n = 6;
αp<0,05; βp<0,01; ʎp<0,001: Significant as Compared to Normal Control; ap<0.0, cp<0.001:

significant as compared to NaCl 0,9%. TNF-α: Tumor Necrosing Factor Alpha, IL-1β:

interleukine-1beta, IL-4: Interleukine 4, IL-10: Interleukine 10, MMP9: Matrix Metalloprotein 9,

MPO: myeloperoxidase

3.7. Effects on the Microarchitecture of the Knee Joint

It emerges from Figure 7 those normal animals had a normal structure of the joint with a junction

space, chondrocytes, epiphyses and very distinct articular cartilage. In negative control group, the

presence of leukocyte infiltration granulomas and a synovial hyperplasia was noted. Aqueous and

ethanolic extracts of the mixture of rhizomes and dry fruits have corrected these histopathological

alterations.

Figure 6: Effects of the Aqueous and Ethanolic Extracts of the Zingiber Officinale Rhizomes and Dried Fruits of Tetrapleura Tetraptera 
Mixture on Pro-Inflammatory (TNF-α, IL-1β, MMP9, MPO) and anti-inflammatory (IL-4, IL-10) parameters. Data are shown as mean ± 
SEM, n = 6; αp<0,05; βp<0,01; ʎp<0,001: Significant as Compared to Normal Control; ap<0.0, cp<0.001: significant as compared to NaCl 
0,9%. TNF-α: Tumor Necrosing Factor Alpha, IL-1β: interleukine-1beta, IL-4: Interleukine 4, IL-10: Interleukine 10, MMP9: Matrix 
Metalloprotein 9, MPO: myeloperoxidase

3.7. Effects on the Microarchitecture of the Knee Joint 
It emerges from Figure 7 those normal animals had a normal 
structure of the joint with a junction space, chondrocytes, 
epiphyses and very distinct articular cartilage. In negative control 

group, the presence of leukocyte infiltration granulomas and a 
synovial hyperplasia was noted. Aqueous and ethanolic extracts 
of the mixture of rhizomes and dry fruits have corrected these 
histopathological alterations.

Figure 7: Microphotography of the Knee Joint of the Rats After MIA-Induced Arthrosis

(Hematoxyline & Eosine Coloration, X40).

Ca: Cartilage; JE: Joint E Space; OT: Osteoclast; BM: Bone Marrow; SH: Synivial Hyperplasia;

LI: Leucocyte Infiltration

4. Discussion

In the present study, the effects of aqueous and ethanolic extracts of the mixture of Z. officinale

rhizomes and dried fruits of T. tetraptera on hyperalgesia, inflammation, anxiety and locomotor

dysfunction induced by the intraarticular injection of MIA in rat were evaluated. In the present

study, the injection of MIA in animals caused hypersensitivity and joint inflammation from the

1st day of injection till the end of experimentation. The oral administration of the aqueous and
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4. Discussion
In the present study, the effects of aqueous and ethanolic extracts 
of the mixture of Z. officinale rhizomes and dried fruits of T. 
tetraptera on hyperalgesia, inflammation, anxiety and locomotor 
dysfunction induced by the intraarticular injection of MIA in rat 
were evaluated. In the present study, the injection of MIA in animals 
caused hypersensitivity and joint inflammation from the 1st day of 
injection till the end of experimentation. The oral administration 
of the aqueous and ethanolic extracts of the mixture of rhizomes 
and dried fruits has significantly reduced hypersensitivity and 
inflammation in all animals treated. This effect was observed from 
the 2nd day to the end of treatments. It is known that the model of 
osteoarthritis induced by MIA is suitable to predict the analgesic 
and anti-inflammatory effects of the drugs which target synovial 
inflammation and the cartilage/subchondral bones [26]. 

One of the known complications of osteoarthritis pain is the 
reduction in mobility that may result in a significant reduction in 
body mass. This study indicated a significant decrease in body 
mass in non-treated osteoarthritis rats. During the development 
of osteoarthritis, hypersensitivity, chronic inflammation and 
oxidative stress that were developing are very important factors 
that can cause mitochondrial dysfunction, apoptosis, significant 
limitation of physical activities and locomotor disorders. The two 
extracts have improved body mass changes in osteoarthritis rats. 
These results showed that the extracts has improved the changes 
in body weight and muscle strength by lowering hypersensitivity, 
inflammations and oxidative status. The improvement of the 
locomotor activity is highlighted by a significant decrease in the 
number of lines crossed, total distance traveled, average speed, 
total mobility time and mobility time episode on non-treated 
osteoarthritis rats. The rats who received the extracts at different 
doses had traveled longer distances, were very mobile and very 
active as compared to non-treated rats. These results indicate that 
the association of rhizomes and dried fruits is capable of reducing 
hypersensitivity and joint inflammation, but can also to improve 
the locomotor function in osteoarthritis conditions. 

It is known that hematological disorders, particularly anemia, 
anomalies of white blood cells, platelet anomalies, coagulopathy 
and hematological malignant tumors can develop in many 
autoimmune rheumatic diseases [10]. The results of this study have 

shown that non-treated animals had severe anemia (significant 
decrease in red blood cell level), a significant rise in blood platelets 
and white blood cells. Apart hematological disorders observed, 
osteoarthritis animals also showed alterations in liver and renal 
functions (increase in serum ALT, AST activity, creatinine level 
and significant reduction in protein concentration). The aqueous 
and ethanolic extracts of the mixture of rhizomes and dried fruits 
have corrected the hematological disorders caused by osteoarthritis 
and also restored the hepatic and renal functions. Biochemical 
analysis of the degenerative cartilage of patients with osteoarthritis 
has shown that there is a pathological relationship between 
oxidative stress and degeneration of cartilage in the progression of 
osteoarthritis [27]. The mechanical load promotes the production 
of free oxygen radical in the mitochondria of chondrocytes and a 
decrease in the expression activity of SOD in mitochondria, while 
the mitochondrial dysfunction induced by the superoxide in the 
mitochondria will still lead to degeneration of cartilage [28]. 

Furthermore, the NO in cartilage and synovial fluid is produced 
by iNOS, which mediates the expression of inflammatory factors, 
inhibits the synthesis of collagen and proteoglycan, and induces 
the apoptosis and pain of chondrocytes [29]. The production of NO 
in osteoarthritis cartilage is unusually high because osteoarthritis 
chondrocytes produce high levels of NO. NO regulates the 
expression of cytokines, resulting in oxidative damage and apoptosis 
of chondrocytes, thus promoting the pathogenesis of osteoarthritis 
[30]. In addition, the increase in NO leads to a lesion of cartilage 
by improving the activity of matrix metalloprotein (MMP) and 
by regulating the biosynthesis of proteoglycan and collagen [31]. 
By reacting with oxidants (superoxide anions), NO promotes cell 
lesions and makes chondrocytes vulnerable to apoptosis induced 
by cytokines [32]. It is known that under physiological conditions, 
a restless load for 48 hours can cause oxidation of glutathione in 
cartilage, resulting in a reduction in the protection of glutathione 
against additional oxidative stress [33]. The oral administration 
of the extracts showed an antioxidant activity by increasing SOD, 
CAT activities, GSH level, then reduce MDA and NO levels. 

During the pathogenesis of osteoarthritis, inflammatory cytokines 
are very high thus regulating MMP-9, which amplifies the loss of 
articular cartilage [34]. In the human body, MMPs synthesized by 
chondrocytes and synoviocytes, release growth promoter protein 
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factors, inactive proteinase inhibitors and influence cytokines 
and inflammatory chemokines [35]. The destruction of cartilage 
activate the chondrocytes to produce more MMP, reactive species 
of oxygen (ROS) responsible for the degradation of cartilage 
and the release of microcrystals and osteochondral fragments 
which stimulate the inflamed synovium cells (synoviocytes, 
macrophages, lymphocytes) to secrete cytokins, chemokines 
and lipid mediators, as well as more ROS and MMP, which can 
directly degrade the components of the cartilage matrix thus 
amplifying inflammation, creating a vicious cycle [36]. IL-1β and 
TNF-α secreted by fibroblasts, chondrocytes and immune cells are 
responsible for catabolism and metabolic imbalance by stimulating 
MMP synthesis in osteoarthritis joints [37]. The level of MMP-9 
in the synovial liquid of patients with osteoarthritis is increased 
[38]. MPO is involved in the pathogenesis of several diseases 
generally associated with chronic or high inflammatory states [39]. 
IL-1β is capable of activating several signaling paths which when 
combined, lead to the progression of osteoarthritis [40]. 

Thanks to the signaling of the protein kinase activated by mitogen 
(MAPK), IL-1β induces catabolic events (degradation of cartilage) 
which lead to hypertrophy of chondrocytes, dedifferentiation 
and finally, apoptosis [41]. IL-1β can also activate NF-kB factor 
leading to the inhibition of type II collagen expression, increased 
production of MMP-9, TNF-α and NO [42]. TNF-α blocks the 
synthesis of type II collagen and also leads to a degradation of 
the extracellular matrix and considerably reduces the repair 
of the cartilage [43]. The extracts have reduced the MMP-9, 
MPO, IL-1β and TNF-α levels. Looking at these results, we can 
speculate that this mixture reduces hypersensitivity, inflammation 
and degradation of cartilage in osteoarthritis by inhibiting the 
production of MMP-9, TNF-α and IL-1β in synovial fluid and can 
therefore act as a natural anti-inflammatory agent in osteoarthritis. 
Furthermore, it is known that IL-4 has a notable chondroprotective 
effect, an inhibitor of the secretion of metalloproteinases, an 
inhibitor of the degradation of proteoglycans in articular cartilage, 
an inhibitor of the synthesis of inflammatory cytokines (IL-1β, 
TNF-α), and other inflammatory mediators (PGE-2, PLA2, COX-
2, iNOS) [37,44,45]. IL-10 has chondroprotective, antiapoptotic, 
anti-inflammatory and inhibitory effects of MMP [46]. In 
combination, IL-4 and IL-10 protect against cartilage lesions and 
inhibit the apoptosis of chondrocytes [37,47]. Thus, a substance 
capable of stimulating the production of IL-4 and IL-10 would be 
beneficial in the control of osteoarthritis. The two extracts led to an 
increase in the production of IL-4 and IL-10 in all treated animals. 
These results are supported by the fact that extracts have corrected 
histopathological alterations in treated animals, which showed a 
normal structure of the joint with a junction space, chondrocytes, 
epiphyses, and well-defined articular cartilage. 

5. Conclusion
In this study, the effectiveness of extracts from the mixture 
of Z. officinale rhizomes and the dry fruits of T. tetraptera on 
hypersensitivity, inflammation, anxiety and locomotor anomalies 
induced by MIA has been examined. The results obtained imply 
that these extracts have the capacity to reduce hypersensitivity, 

inflammation, anxiety and correct osteoarthritis damage due to 
their antioxidant and anti-inflammatory activities.
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