
BEPLS Vol 7 [10] September 2018                     109 | P a g e            ©2018 AELS, INDIA 

Bulletin of Environment, Pharmacology and Life Sciences 
Bull. Env. Pharmacol. Life Sci., Vol 7 [10] September 2018 : 109-119 
©2018 Academy for Environment and Life Sciences, India 
Online ISSN 2277-1808 
Journal’s URL:http://www.bepls.com 
CODEN: BEPLAD 
Global Impact Factor 0.876 
Universal Impact Factor 0.9804 

NAAS Rating 4.95 

ORIGINAL  ARTICLE                                                                                             OPEN ACCESS 
 

Safety and Efficacy Assessment of Different Therapeutic 
Regimens in Experimentally Induced Osteoarthritis Animal 

Model 
 

Muhammad Ijaz-Ul-Haq1*,Muhammad Umair Khalid2,Muhammad Faheem1, Syed Qasim 
Mazhar2,Mohammad Mohsin Khan2

,Syeda Sidra batool1 

1Riphah Institute of Pharmaceutical Sciences, Riphah International University, Islamabad-Pakistan 
2Hajvery University, Lahore-Pakistan 

*Corresponding Author's Email: ijaz2awan@gmail.com 
 

ABSTRACT 
The aim of this study was to determine the efficacy and safety of Steroids,NSAIDs, Calcium + Vitamin D3and NSAIDs + 
steroids in experimentally induced osteoarthritis animal model. Total of 24 male albino rabbits having age 6-8 months 
were included in the study. Osteoarthritis induction was accomplished by the administration of the intra-articular 
injection of L-cysteine and papain in the knee joint on the day first, fourth and seventh. The confirmation of osteoarthritis 
was done with the help of X-rays. Kellgren and Lawrence Grading scale was used to evaluate the knee joint. At the same 
time biochemical tests were performed before and at the end of the treatment to determine the safety of treatment 
procedure. All of the treatment groups were effective in reversing the osteoarthritis. Among all treatment 
Dexamethasone and Piroxicam were more effective and safe to cure the rabbits. This study concludes that different 
therapeutic regimens are effective in rabbit model. However, further studies needed to use all of the drugs in 
combination to observe the synergistic effect to achieve the results in less time. 
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INTRODUCTION 
Osteoarthritis, also called as the degenerative joint disease or degenerative disease of cartilage[1]. 
Osteoarthritis is one of the main causes of older person disability. But the mechanism, that how aging and 
osteoarthritis are related is not understood yet [2]. Osteoarthritis mainly occurs due to injury, aging and 
genetic basis. Alongside these additional causes may contain Alkaptonuria, Hemochromatosis, injury to 
ligaments, joint infection, inflammatory diseases, and diabetes [3] etc. Pathogenesis is thought to involve 
the central mechanism regulating the degradation of cartilage. Diffuse matrix exposure is pathological 
condition either due to injury to chondrocytes or local mediators. Animal studies involving osteoarthritis, 
mainly knee joint is used. Other joints which are used are metacarpophalangeal join (horses), 
tempromandibular joint (mice), discoidon domain receptor 1 DDR1 (mice) [4-6]. Imaging modalities used 
in humans to indicate osteoarthritis include X-ray, CT scan, ultrasound and MRI [7]. Different type of 
classification systems are used to grade the osteoarthritis. They may be Western Ontario and McMaster 
Universities Arthritis Index (WOMAC) score and Kellegren-Lawrence grading system. Various animal 
models i.e. rats, rabbits and mice have been studied by using radiographs [8-10]. Management of disease 
includes decreasing the pain, swelling, preventing the physical disability and improving the function by 
life style modification [11].  Treatment of osteoarthritis includes medication and therapy. Medications 
typically used are NSAIDs [12], steroids and antidepressants [13].  Therapy of osteoarthritis comprises 
physical therapy, occupational therapy, tai chi and yoga [14-17]. Additional methods include the use of 
cortisone injections, lubricating injections [18], and joint realignment surgery [19]. Occasionally 
alternative treatments such as Acupuncture[20], and viscosupplementation (a method for rheological 
restoration of properties of joints) are used. Glucosamine and chondroitin has also been investigated to 
cure osteoarthritis [21]. 
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The objective of current study is to determine the efficacy and safety of NSAIDs, Steroids, Calcium and 
Vitamin D3 in experimentally induced osteoarthritis animal model. 
 
MATERIAL AND METHODS 
Chemicals and Reagents 
Normal Saline, Papain 4% solution, Nsaids tablets, Steroids tablets, Vitamin D3 injection, Calcium tablets. 
Subjects 
Total twenty four male healthy albino rabbits (Oryctolaguscuniculus), aged 6-8 months were selected for 
study. Then rabbits were divided into four groups. The subjects were kept under normal temperature (21 
± 1 0 C) and humidity (65-70 %) with light and dark cycle of 12 hours each. Daucuscarota (carrots), 
Muhlenbergiarigens (deer grass) and water were given as food. 
Tests and Experiments 
The current study was completed in two phases. During Phase I, OA was induced experimentally by 
procedures as specified by Bentley (1971). It was induced via 4% papain solution (0.2ml) and L-cysteine 
HCl (0.1ml) as an activator at first, fourth and seventh days. Afore induction of disease, biochemical tests 
and X-ray analysis were also performed. The development of the disease was further confirmed using X-
ray imaging of anterio-posterior radiographs of knee joint. The evaluation of knee was done according to 
the Kellgren and Lawrence Grading Scale (KL) [22]. Knee with grade 2 or higher defined OA. 
During Phase II, subjects were treated according to dosage schedule.Group A received Dexamethasone (1 
mg/kg), Group B received Piroxicam (0.3 mg/kg), and Group C was administered with Calcium (5ml of 
10%) and Vitamin D3(1000 IU/kg) while Group D received Dexamethasone (1 mg/kg) and Piroxicam (0.3 
mg/kg). These doses were given according to Formulary for laboratory animals[23]. Summary is shown 
in Table 1. 
 
Table 1:Dosage Frequency and Strength 
Group ID Group type Drug Used No. of 

subjects 
Dose per kg PO (BW) 

0 Normal 
group 

No drugs 4 _ 

1 Control 
group 

Water  4 N/S. 

Group A Experimental  Dexamethasone 4 1mg/kg BD 
Group B Experimental Piroxicam 4 0.3mg/kg BD 
Group C Experimental Calcium and Vitamin D 4 5ml (10%) + 1000 IU/kg  

BD 
Group D Experimental Piroxicam and 

Dexamethasone. 
4 0.3 mg/kg + 1 mg/kg  BD 

 
Statistical Analysis 
Data were evaluated using GraphPad Prism version 6.01. 
Ethics 
Research protocol was approved by the Institutional Animal Ethical Committee of Hajvery University, 
Lahore-Pakistan. 
Results 
The X-ray radiographs were examined that had been acquired using a commercially available digital 
detector. Images were evaluated on a medical grade flat screen monitor. Figure 1showing Knee X-ray of 
normal rabbit.  
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Fig 1. Shows Normal Rabbit X-Ray photograph of Right and left knee. 

 
A Radiologist scored each radiographic image for the existence and severity of osteoarthritis by using a 
KL scale.Anterio-posterior radiographs revealed that bilateral osteoarthritis was developed in knees of 
rabbits. After disease induction the radiographic images showed that grade 3 osteoarthritis was 
developed in right knee and grade 4 was developed in left knee. These are shown in Fig 2. 
 

  

Figure 2. Shows Left and right osteoarthritic knee joint of control group. 
Right knee: Osteophyte formation clearly visible; Joint space narrowing; 
Sclerosis and deformity of bone contour. According to KL scale it lies in grade 3 
osteoarthritis. 
Left knee shows large osteophytes, diminish joint space, Severe sclerosis and 
definite deformity of joint space. It lies in grade 4 KL Score. 

 
After six weeks of treatment, radiographs depicted that osteoarthritis was reversed and returned to KL 
score “1” in right knee and to KL score “2” in left knee ofGroup A. While in Group B; disease progression 
was stopped to KL score “1” in right knee and to “1”in left knee. In Group C; disease progression was 
stopped to KL score “1” in right knee and KL score “1” in left knee.In Group D; disease progression was 
stopped to KL score “1” in right knee and KL score “2” in left knee. 
A comparison of left and right knee of all these groups is shown in Fig 3, 4, 5 and 6.  
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Figure 4. Shows Left and right knee joint of Group B after treatment. 
Right knee: Improved joint space, decrease in osteophyte and sclerosis 
appearance and improve in bone texture. It lies in grade 1 KL score. 
Left Knee: joint space still less, decrease in osteophyte and sclerosis 
appearance. Bone texture still needs improvement. It lies in grade 1 KL score. 

 
 
 

  

Figure 3. Shows Left and right knee joint of Group A after treatment. 
Right knee:  Improved joint space, decrease in osteophyte and sclerosis appearance and 

improve in bone texture. It lies in grade 1 KL score. 
Left knee:  Improved joint space, decrease in osteophyte and sclerosis appearance. 

Bone texture still needs improvement. It lies in grade 2 KL score. 
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Figure 5. Shows Left and right knee joint of Group C after treatment. 
Right Knee: Improved joint space, decrease in osteophyte and sclerosis 
appearance. It lies in grade 1 KL score. 
Left Knee:  Improved joint space, decrease in osteophyte and sclerosis 
appearance. Bone texture still needs improvement. It lies in grade 1 KL 
score. 

 

  
Figure 6. Shows Left and right knee joint of Group D after treatment. 
Right Knee: Improved joint space, decrease in osteophyte and sclerosis 
appearance. Bone texture still needs improvement. It lies in grade 1 KL 
score. 
Left Knee: Improved joint space, decrease in osteophyte and sclerosis 
appearance. Bone texture still needs improvement. It lies in grade 2 KL 
score. 

 
Safety Assessment 
To assess the efficacy and safety of treatment protocols, various tests were performed. These biochemical 
tests include liver function tests (LFTs), renal function tests (RFTs) and complete blood count (CBC).  
Liver Function Tests: 
LFTs include serum glutamic-pyruvic transaminase (SGPT), serum bilirubin (S. bilirubin), serum 
glutamic-Oxaloacetic transaminase (SGOT) and alkaline phosphatase. SGPT in normal group was (48.75 ± 
0.25). While in control group it was raised to (58.75 ± 1.70). It was found that Piroxicam reduced the 
SGPT level (43.00 ± 0.913) then compared to Dexamethasone (44.25 ± 1.54), Calcium+ Vitamin D (46.5 ± 
1.55) and Piroxicam+ Dexamethasone (55.25 ± 0.62). S. bilirubin in normal group was (0.575 ± 0.04). 
While in control group it was raised to (0.82 ± 0.02). However Piroxicam+ Dexamethasone reduced the S. 
bilirubin level (0.515 ± 0.063) then compared to Piroxicam (0.775 ± 0.025). It is witness that the 
Dexamethasone and Calcium+ Vitamin D increased S. bilirubin level (0.882 ± 0.064), (0.912 ± 0.059) 
respectively. SGOT in normal group was (49.0 ± 1.47). While in control group it was raised to (51.0 ± 
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1.82). The result of SGOT level in experimental groups shows that Dexamethasone reduced the SGOT level 
(42.25 ± 0.854) as compared to Calcium + Vitamin D (44 ± 1.08) and Piroxicam (44.5 ± 0.957). However 
Piroxicam +Dexamethasone raised the SGOT level (54.25 ± 0.854). Alkaline phosphatase in normal group 
was (88.75 ± 0.479). While in control group it was raised to (297.25 ± 3.083). It is observed that 
Dexamethasone reduced the alkaline phosphatase level (96.50 ± 5.008) as compared to Piroxicam 
(100.75 ± 2.92), Piroxicam +Dexamethasone (190.0 ± 0.40) and Calcium +Vitamin D (194.0 ± 0.40). These 
results are shown in form of graph in Fig 7. 
 
 

 

 
Fig 7.  Shows comparison of LFTs of Normal, Control group and all treatment groups. 

 
Renal Function Tests: 
RFTs include blood urea nitrogen (BUN), blood urea (BU), serum creatinine (SC) and serum uric acid 
(sUA). Blood Urea in normal group was (25.0 ± 0.40). While in control group it was raised to (29.0 ± 0.40).  
It was observed that Blood urea (BU) level was more reduced by Calcium +Vitamin D (12.5 ±1.19) as 
compared to Piroxicam + Dexamethasone (22.25 ± 1.25), Dexamethasone (24.75 ± 1.31) and Piroxicam 
(25.0 ± 1.73). Blood Urea Nitrogen in normal group was (18.5 ± 0.64). While in control group it was 
decreased to (15.75 ± 0.85). It was found that Calcium + Vitamin D reduced (BUN) to (8.0 ± 0.40) as 
compared to Piroxicam (12.25 ± 1.03) and Piroxicam +Vitamin D (13.25 ± 1.88). However BUN was 
increased by Dexamethasone to (17.25 ± 2.49). Serum Creatinine in normal group was (1.0 ± 0.4). While 
in control group it was raised to (1.22 ± 0.18). It was observed that Serum Creatinine level was reduced 
more reduced in Piroxicam (0.55 ± 0.029) as compared to Calcium +Vitamin D (0.70 ± 0.16), 
Dexamethasone (0.825 ± 0.11) and Calcium +Vitamin D (0.92 ± 0.11). Serum Uric acid in normal group 
was (4.0 ± 0.0). While in control group it was raised to (4.35 ± 0.11). It was seen that Piroxicam 
+Dexamethasone mostly reduced serum Uric acid (3.62 ± 0.16) in comparison with Piroxicam (3.77 ± 
0.10), Calcium +Vitamin D (4.22 ± 0.07). At the same time Dexamethasone raised the sUA level (4.52 ± 
0.27). These results are shown in form of graph in Fig. 8. 
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Fig 8.  Shows comparison of RFTs of Normal, Control group and all treatment groups. 

 
Complete Blood Count: 
Complete blood count include White blood cells count (WBCs), Haemoglobin (Hb),Red blood corpuscles 
count (RBCs),  Neutrophil count , Platelet count (PLT),Lymphocyte count, Monocytes count (Mon), 
Eosinophil count (Eosin), Basophil count , Mean corpuscular volume (MCV), Mean corpuscular 
haemoglobin (MCH), and Mean corpuscular haemoglobin concentration (MCHC). MCHC in normal group 
was (35.5 ± 0.28). While in control group it was reduced to (30.7 ± 0.46). The MCHC concentration was 
further lowered by Dexamethasone to (18.40 ± 1.175), byPiroxicam +Dexamethasoneto (18.90 ± 0.372), 
by Piroxicam (19.700 ± 0.358) and by Calcium+VitaminD3 to (19.875 ± 0.642). Lymphocyte in normal 
group was (60.0 ± 0.81). While in control group it was raised to (63.0 ± 1.08). The lymphocyte count was 
less in group Dexamethasone(41.000± 8.70) in comparison with Piroxicam +Dexamethasone(45.250± 
3.27), Calcium +Vitamin D (52.250 ± 2.71) and Piroxicam (55.50 ± 8.68). RBCs in normal group were 
(6.25 ± 0.25). While in control group it was reduced to (5.07 ± 0.35). The RBCs levels were increased by 
Dexamethasone (5.67 ± 0.35) as compared to Calcium+VitaminD3 (5.60 ± 0.217), Piroxicam (5.19 ± 0.07) 
and Piroxicam +Dexamethasone (19.875 ± 0.642).WBCs in normal group were (9.0 ± 0.70). While in 
control group it was reduced to (7.05 ± 0.36). The level of WBCs were increased by Dexamethasone (9.35 
± 0.10) while it was decreased in other groups of treatment Piroxicam (3.47 ± 0.16), Piroxicam 
+Dexamethasone (2.92 ± 0.45) and Calcium +Vitamin D (2.05 ± 0.30).Platelets in normal group were 
(279.5 ± 6.91). While in control group it was reduced to (179.7 ± 7.19). Platelets level was observed to 
increase by Dexamethasone (309.0 ± 152.01) and Piroxicam (233.7 ± 79.75). The other two groups 
showed the decrease in level of platelet count Calcium+VitaminD3 (79.75 ± 5.18) and Piroxicam 
+Dexamethasone (72.0 ± 9.0). Haemoglobin in normal group was (10.0 ± 0.0). While in control group it 
was raised to (10.87 ± 0.31). The Haemoglobin (Hb) level was lowered by Piroxicam +Dexamethasone 
(9.22 ± 0.19), Dexamethasone (10.35 ± 0.18), Piroxicam (10.55 ± 0.15) and Calcium +Vitamin D (10.65 ± 
0.18). Neutrophil in normal group was (35.75 ± 0.47). While in control group it was reduced to (33.25 ± 
0.85).The Neutrophil Count were increased in Dexamethasone (53.00 ± 8.68), Piroxicam to (41.75 ± 6.11), 
Piroxicam +Dexamethasone to (43.50 ± 4.09) and Calcium +Vitamin Dto (38.50 ± 2.02). Monocyte in 
normal group was (2.75 ± 0.47). While in control group it was raised to (3.5 ± 0.28).  The level of 
Monocytes were increased in Calcium +Vitamin D (4.0 ± 0.70) and Piroxicam +Dexamethasone (3.51 ± 
0.50) while it was decreased in Dexamethasone (3.25 ± 0.25) and Piroxicam (3.0 ± 1.0).  MCV in normal 
group was (56.5 ± 0.64). While in control group it was raised to (76.02 ± 0.38). The MCV was decreased in 
Piroxicam +Dexamethasone (54.07 ± 1.98) as compared to Piroxicam (54.92 ± 2.73), Dexamethasone 
(56.34 ± 1.35) and Calcium +Vitamin D (62.67 ± 0.99).Eosinophil in normal group was (1.5 ± 0.28). While 
in control group it was raised to (2.0 ± 0.0). It was seen that eosinophil level was decreased by Piroxicam 
to (1.75 ± 0.75). While in all other groups it was increased. Dexamethasone increased it to (2.0 ± 0.0), by 
Piroxicam + Dexamethasone (2.5 ± 0.5) and by Calcium + Vitamin D to (3.75 ± 0.25). In case of Basophils 
it was not affected at all. MCH in normal group was (56.5 ± 0.64). While in control group it was reduced to 
(26.8 ± 0.27). The MCH value was further decrease by Calcium + Vitamin D to (19.87 ± 0.64), Piroxicam to 
(19.7 ± 0.35), Piroxicam + Dexamethasone to (18.9 ± 0.37), Dexamethasone to (18.4 ± 1.17).These results 
are shown in form of graph in Fig. 9. 
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Fig 9. Shows comparison of CBC test of Normal, Control group and all treatment groups. 

 
DISCUSSION 
Since the start of human civilization, one of the most important threats to humans was the diseases[24]. 
Humans started to discover new drugs to encounter these diseases and one of the diseases was 
osteoarthritis [24-26]. Osteoarthritis is known as the degenerative joint disease with signs and symptoms 
of pain, swelling, stiffness, narrow joint space, osteophyte formation and spurs formation etc. Rabbits 
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were considered animal model for study of osteoarthritis parallel to humans [2, 27, 28]. The main 
objective of this study was to assess the safety and efficacy of Dexamethasone, Piroxicam, Calcium + 
Vitamin D, Piroxicam + Dexamethasone. 
To access the efficacy of treatment X-ray photographs were performed at start of treatment and at end of 
six week treatment. Osteoarthritis score was calculated using the KL grading scale [22]. After six week of 
treatment it was observed that; disease progression was stopped to KL score “1” in right Knee and “2” in 
left knee in group A, disease progression was stopped to KL score “1” in right Knee and “1” in left knee in 
group B, disease progression was stopped to KL score “1” in right Knee and “1” in left knee in group C, 
disease progression was stopped to KL score “1” in right Knee and “2” in left knee in group D while 
disease progression was stopped to KL score “3” in right Knee and “4” in left knee in Control group. These 
photographic results are shown in Fig.  These X-ray findings shows that Group B (Piroxicam), and Group 
C (Calcium + Vitamin D) were good to improve the tone of joint. However in case of group A 
(Dexamethasone) and Group D (Piroxicam + Dexamethasone) reversed the Osteoarthritis in right knee 
but in case of left knee they still need more progress to reverse the osteoarthritis.  
For assessment of safety of treatment protocols, various biochemical tests were performed. In case of 
Liver Function test it was observed that Alkaline Phosphatase level was increased in control group. This 
level was brought to normal range by Group A and Group B. A rise in  Alkaline Phosphatase indicates 
some liver damage [29]. Hence in this test Group A and B were effective. In case of serum Bilirubin control 
group increased the bilirubin level in blood and Group D effectively restored the bilirubin values to 
normal range. Usually low bilirubin level is of no concern but increase in bilirubin level indicates the liver 
is not functioning well [30]. In case of SGPT level, it is low in normal condition and increase in liver 
damage [31]. In this study it was observed that control group increased both SGPT and SGOT levels. 
Group A, B and C reduced the SGOT and SGPT levels. 
In case of Renal Function Tests control group decreased the Blood Urea Nitrogen which indicates liver 
was damaged. The Group A was effective in restoration of BUN to normal range. Similarly increase in 
serum Creatinine level indicates the defect in kidney function [32]. Control group increased the creatinine 
level while all group A, B, C and D decreased the creatinine level. So, all of the treatments were effective to 
decrease the creatinine level. Similarly all treatment groups decreased the serum blood urea level. In case 
of serum Uric acid Group B, C and D were effective to decrease uric acid level. Increase in uric acid is 
related to several clinical abnormalities [33]. 
In case of Complete Blood Count control group shows decrease in Red Blood Cells. The Group A and C 
showed some improvement in RBCs level however, even then the normal level was not achieved by any of 
the group. On the other hand platelets were decreased in control group and only group A and B were 
effective to restore the Platelets. In case of Monocytes, the control group increased monocytes level. 
Increase in monocytes is related to inflammation [34].  The monocytes level was decreased by Group B 
and A. The MCHC level was well restored by Group A as compared to other. While all of the treatment and 
control group showed decrease in MCH level. Haemoglobin level was observed to increase in control 
group while group A and B was well in restoring their level. Disturbance in Haemoglobin level is related 
to anaemia [35]. In case of White blood cells it was seen that control group decreased the WBCs while 
group A restored their level to normal range as compared to other treatment groups which further 
decreased WBCs level. 
By assessment of all above X-ray and Biochemical findings it was observed all treatment groups were 
effective toreverse the osteoarthritis and were safe to kidney and liver. Among all treatment groups the 
progress of Group A and B were highest as compared to other groups i.e. Group C and D. 
 
CONCLUSION 
This study was conducted to evaluate the safety and efficacy of different therapeutic regimens to treat 
osteoarthritis in rabbit model. The outcomes have showed that individual dosing of Piroxicam and 
Dexamethasone are effective as compared to their combined dosing. Similarly Calcium and Vitamin D also 
somehow recovered the osteoarthritis. 
 
FUTURE CONSIDERATIONS 
The result confirms that same treatment protocols can be used in rabbits to cure osteoarthritis. Future 
studies should address to consider all of the four drugs in combination to observe if they have synergistic 
effect to improve and bring early cure. 
 
ACKNOWLEDGMENT 
We are very thankful to Dr Umer Gul for interpreting the X-ray findings. 
 

Ijaz-Ul-Haq et al 



BEPLS Vol 7 [10] September 2018                     118 | P a g e            ©2018 AELS, INDIA 

CONFLICT OF INTEREST 
We declare no conflict of interests. 

 
REFERENCES 
1. Vos, T., et al., Years lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990–2010: a 

systematic analysis for the Global Burden of Disease Study 2010. The lancet, 2012. 380(9859): p. 2163-2196. 
2. Loeser, R.F., (2011). Aging and osteoarthritis. Current opinion in rheumatology, 2011. 23(5): p. 492. 
3. King, K. and A. Rosenthal, (2015). The adverse effects of diabetes on osteoarthritis: update on clinical evidence 

and molecular mechanisms. Osteoarthritis and cartilage,. 23(6): p. 841-850. 
4. McIlwraith, C., et al., (2010). The OARSI histopathology initiative–recommendations for histological assessments 

of osteoarthritis in the horse. Osteoarthritis and Cartilage, 18: p. S93-S105. 
5. Kumagai, K., et al.,(2015). Spontaneously developed osteoarthritis in the temporomandibular joint in STR/ort 

mice. Biomedical reports,  3(4): p. 453-456. 
6. Schminke, B., et al.,(2011). A discoidin domain receptor 1 knock-out mouse as a novel model for osteoarthritis. 

234pp. 
7. Braun, H.J. and G.E. (2012).Gold, Diagnosis of osteoarthritis: imaging. Bone,51(2): p. 278-288. 
8. Hayami, T., et al., (2004). The role of subchondral bone remodeling in osteoarthritis: reduction of cartilage 

degeneration and prevention of osteophyte formation by alendronate in the rat anterior cruciate ligament 
transection model. Arthritis & Rheumatology,  50(4): p. 1193-1206. 

9. Messner, K., et al., (2001). Radiographic joint space narrowing and histologic changes in a rabbit meniscectomy 
model of early knee osteoarthrosis. The American journal of sports medicine,  29(2): p. 151-160. 

10. Gregory, M.H., et al., (2012). A review of translational animal models for knee osteoarthritis. Arthritis, . 
11. Cote, L.G., (2001). Management of osteoarthritis. Journal of the American Association of Nurse Practitioners,  

13(11): p. 495-501. 
12. Milder, T.Y., et al., (2010). Use of NSAIDs for osteoarthritis amongst older-aged primary care patients: 

engagement with information and perceptions of risk. Age and ageing,  40(2): p. 254-259. 
13. Perrot, S., et al., (2006). Guidelines for the use of antidepressants in painful rheumatic conditions. European 

Journal of pain, 10(3): p. 185-185. 
14. Hochberg, M.C., et al., (2012). American College of Rheumatology 2012 recommendations for the use of 

nonpharmacologic and pharmacologic therapies in osteoarthritis of the hand, hip, and knee. Arthritis care & 
research, 64(4): p. 465-474. 

15. Hochberg, M.C., et al., (1995). Guidelines for the medical management of osteoarthritis. Arthritis & 
Rheumatology,  38(11): p. 1535-1540. 

16. Wang, C., et al.,(2009).Tai Chi is effective in treating knee osteoarthritis: a randomized controlled trial. Arthritis 
Care & Research, 61(11): p. 1545-1553. 

17. Kolasinski, S.L., et al., (2005). Iyengar yoga for treating symptoms of osteoarthritis of the knees: a pilot study. 
Journal of Alternative & Complementary Medicine, 11(4): p. 689-693. 

18. Bagga, H., et al., (2006). Longterm effects of intraarticular hyaluronan on synovial fluid in osteoarthritis of the 
knee. The Journal of rheumatology, 33(5): p. 946-950. 

19. Pagenstert, G.I., et al., (2007). Realignment surgery as alternative treatment of varus and valgus ankle 
osteoarthritis. Clinical orthopaedics and related research, . 462: p. 156-168. 

20. Liu, X.-q., (2009).Combined use of collateral puncturing-cupping and acupuncture for treatment of 86 cases of 
knee osteoarthritis. Journal of Acupuncture and Tuina Science, 7(4): p. 237-238. 

21. Neil, K.M., J.P. Caron, and M.W. Orth, (2005). The role of glucosamine and chondroitin sulfate in treatment for and 
prevention of osteoarthritis in animals. Journal of the American Veterinary Medical Association, 226(7): p. 1079-
1088. 

22. Kellgren, J. and J. Lawrence, (1957). Radiological assessment of osteo-arthrosis. Annals of the rheumatic diseases,  
16(4): p. 494. 

23. Hawk, C.T., S.L. Leary, and T.H. Morris, (2005). Formulary for laboratory animals.Blackwell Publishing Ames, IA. 
24. Wolfe, N.D., C.P. Dunavan, and J. Diamond, (2007).Origins of major human infectious diseases. Nature, 

447(7142): p. 279. 
25. Kee, C.C.,(1998). Living with osteoarthritis: Insiders' views. Applied nursing research, 1998. 11(1): p. 19-26. 
26. Gluckman, P.D. and M.A. Hanson, (2004). Living with the past: evolution, development, and patterns of disease. 

Science, 305(5691): p. 1733-1736. 
27. Bendele, A., (2001). Animal models of osteoarthritis. J Musculoskelet Neuronal Interact, 1(4): p. 363-76. 
28. Little, C.B. and M.M. Smith, (2008). Animal models of osteoarthritis. Current Rheumatology Reviews, 4(3): p. 

175-182. 
29. Li-Fern, H. and C. Rajasoorya,(1999). The elevated serum alkaline phosphatase--the chase that led to two 

endocrinopathies and one possible unifying diagnosis. European journal of endocrinology,  140(2): p. 143-147. 
30. Fevery, J., et al., (1972). Bilirubin conjugates in bile of man and rat in the normal state and in liver disease. The 

Journal of clinical investigation, 51(9): p. 2482-2492. 
31. Ghouri, N., D. Preiss, and N. Sattar, (2010). Liver enzymes, nonalcoholic fatty liver disease, and incident 

cardiovascular disease: a narrative review and clinical perspective of prospective data. Hepatology, 52(3): p. 
1156-1161. 

Ijaz-Ul-Haq et al 



BEPLS Vol 7 [10] September 2018                     119 | P a g e            ©2018 AELS, INDIA 

32. Longo, N., C.A. di San Filippo, and M. Pasquali. (2006).Disorders of carnitine transport and the carnitine cycle. in 
American Journal of Medical Genetics Part C: Seminars in Medical Genetics. 6. Wiley Online Library. 

33. Cirillo, P., et al., (2006).Uric acid, the metabolic syndrome, and renal disease. Journal of the American Society of 
Nephrology,. 17(12 suppl 3): p. S165-S168. 

34. Ziegler-Heitbrock, L., (2007).The CD14+ CD16+ blood monocytes: their role in infection and inflammation. 
Journal of leukocyte biology,  81(3): p. 584-592. 

35. Salive, M.E., et al., (1992). Anemia and hemoglobin levels in older persons: relationship with age, gender, and 
health status. Journal of the American Geriatrics Society,. 40(5): p. 489-496. 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
CITATION OF THIS ARTICLE 
Muhammad Ijaz-Ul-Haq, Muhammad Umair Khalid, Muhammad Faheem, Syed Qasim Mazhar, Mohammad Mohsin 
Khan, Syeda Sidra Batool. Safety and Efficacy Assessment of Different Therapeutic Regimens in Experimentally 
Induced Osteoarthritis Animal Model. Bull. Env. Pharmacol. Life Sci., Vol 7 [10] September 2018: 109-119 

Ijaz-Ul-Haq et al 


