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 مقدمه
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4-Villonodular Synovitis 
5-Psoriatic Arthritis 
6-Non-steroidal Anti-Inflammatory Agents 
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 يق داخل صفاقيتزر به وسيلهد ييت روماتويمبتلا به آرتر يها زانو در موش يشده در غضروف مفصل جاديرات اييتغ :1 نمودار

>p . نيانروفلوکساس

90 يدهاييوکلويراد يدست آمده براه وکروماتوگرام بيراد :2 نمودار
Y-HA به عنوان فاز ساکن و نرمال  کيکاغذ واتمن شماره  به وسيله

 به عنوال فاز متحرکدرصد  9/0 نيسال
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90 يدهاييوکلويراد ييايميوشيخلوص راد: 3 نمودار
Y-HA روش  با ساعت 72و  48، 24، 4، 0 يها در زمان يدر سرم انسانTLC  با استفاده از

 فاز متحرک نبه عنوادرصد  9/0 نين و نرمال سالبه عنوان فاز ساک کيکاغذ واتمن شماره 

 

 

 

 

 

 

 

 يق داخل مفصليد دو هفته و دو ماه پس از تزريت روماتوئيمبتلا به آرتر يها موش يرات در غضروف مفصل زانوييتغ :4 نمودار

90 يدهاييوکلويراد
Y-HA 

 ( نسبت به گروه کنترل دو هفته پس از درمان>p 05/0)يدار يمعنسطح  *

 ( نسبت به گروه کنترل دو ماه پس از درمان>p 05/0) يدار يمعنسطح  **
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( Aد)يت روماتوئيمبتلا به آرتر ييصحرا موش يزانو مفصل کروگرافيم ري. تصو1شکل 

B

C

D

90 يدهاييوکلويد پس از درمان با راديت روماتوئيمبتلا به آرتر ييصحرا موش يزانو مفصل کروگرافيم ريتصو :2شکل 
Y-HA .A

B

CD
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90 يدهاييوکلويراد يستيز عيتوزنمودار  : 7 شکل
Y-HA ستق شده ايتزر سالم يها موش يبه مفصل زانو يرت داخل مفصلکه به صو 

90 يق داخل مفصليساعت پس از تزر 24سالم  يها بدن موش يافته در اعضايته تجمع يويواکتيدرصد راد :8شکل 
Y-HA در مفصل زانو 
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2-Adjuvant Arthritis 
3-Complete Freund′s Adjuvant 
 
 

 



 

 591 

DNA

Ca10(PO4)6(OH)2

90
Y

                                                           
1- Radioembolization 
2- Radioimmunotherapy 
 

 
 



 

 592 

90
Y-HA

 

90
Y-HA

90
Y-HA

 

 يريگ جهينت

90
Y-HA

p<



 

 593 

90
Y-HA

 رر و تشکيتقد



 

 594 

REFERENCES
1.Aletaha D, Smolen JS. Diagnosis and Management of Rheumatoid Arthritis A Review. J Am Med 
Assoc 2018; 320(13): 1360–72.  
2.Smolen JS, Aletaha D, Mcinnes IB. Rheumatoid arthritis. Lancet. 2016; 388(10055): 2023–38.  
3.Burska A, Boissinot M, Ponchel F. Cytokines as Biomarkers in Rheumatoid Arthritis. Mediators 
Inflamm 2014; 2014: 1–24.  
4.Buljevic S, Detel D, Mihelic R. Levels of dipeptidyl peptidase IV / CD26 substrates neuropeptide 
Y and vasoactive intestinal peptide in rheumatoid arthritis patients. Rheumatol Int 2013; 33(11): 
2867–74.  
5.Gaffo A, Saag KG, Curtis JR. Treatment of rheumatoid arthritis. Am Soc Heal Pharm 2006; 63: 
2451–65.  
6.Greenstein B, Brook D. Treatment of rheumatoid arthritis and other inflammatory disorders with 
biological drugs. In: Biological Therapeutics; 2011; 89–102.  
7.Wang W, Zhou H, Liu L. Side effects of methotrexate therapy for rheumatoid arthritis: A 
systematic review. Eur J Med Chem 2018; 158: 502–16.  
8.Stephens MB, Beutler AI, O’Connor FG. Musculoskeletal injections: A review of the evidence. Am 
Fam Physician 2008; 78(8): 971–6.  
9.Mackenzie CR, Su EP. Surgical Treatment of Joint Disease. In: Goldman L, Schafer AI(editors). 
Goldman’s Cecil Medicine: Saunders; 2012; 1753–8.  
10.Rivard GE. Chemical synovectomy in haemophilia: status and challenges. Haemophilia 2001; 
7(2): 16–9.  
11.Rodriguez-Merchan EC, Wiedel JD. General principles and indications of synoviorthesis 
(medical synovectomy) in haemophilia. Haemophilia 2001; 7(s2): 6–10.  
12.Lacoeuille F, Arlicot N, Faivre-Chauvet A. Targeted alpha and beta radiotherapy: An overview of 
radiopharmaceutical and clinical aspects. Médecine Nucléaire 2018; 42(1): 32–44.  
13.Liepe K. Efficacy of radiosynovectomy in rheumatoid arthritis. Rheumatol Int 2012; 32(10): 
3219–24.  
14.Knut L. Radiosynovectomy in the Therapeutic Management of Arthritis. World J Nucl Med 2015; 
14(1): 10.  
15.Deckart H, Tamaschke H, Tautz S, Ertl M, Knop G. Radiosynovectomy of the knee joint using 
198Au-colloid, 90Y-ferric hydoride colloid and 186Re-sulfide colloid. Radiobiol Radiother(Berl) 
1979; 20(3): 363–70.  
16.Knapp F, Dash A. Radionuclide Synovectomy: Treatment of Inflammation of the Synovial Joints. 
In: Knapp F, Dash A, editors. Radiopharmaceuticals for Therapy [Internet]. Cham: Springer 
International Publishing; 2016; 265–78. 
17.Mettler FA, Guiberteau MJ. Radioactivity, radionuclides, and radiopharmaceuticals. In: Mettler 
FA, Guiberteau MJ(editors). Essentials of Nuclear Medicine Imaging. 6

th
 ed. 2003-EANM 

Procedure Guidelines for Radiosynovectomy.pdf; 2012; 1–21. 9000019 
18.European Association of Nuclear Medicine. EANM procedure guidelines for radiosynovectomy. 
Eur J Nucl Med 2003; 30(3): BP12–6.  
19.Shinto AS, Kamaleshwaran KK, Chakraborty S, Vyshakh K, Thirumalaisamy SG, Karthik S, et 
al. Radiosynovectomy of Painful Synovitis of Knee Joints Due to Rheumatoid Arthritis by Intra - 
Articular Administration of 177 Lu - Labeled Hydroxyapatite Particulates: First Human Study and 
Initial Indian Experience. World J Nucl Med 2015; 14(2): 81–8.  

20.Kim JM, Kim WS, Pak Y. Treatment response evaluation using yttrium ‑ 90 in patients with 

rheumatoid arthritis of knee joint. World J Nucl Med 2018; 17(1): 3–5.  
21.Ulisses Calegaro Manzzini J, De Podestá Haje D, Machado J, Sayago M, Cicarini De Landa D. 
Synovectomy using Samarium - 153 Hydroxyapatite in the Elbows and Ankles of Patients with 
Hemophilic Arthropathy. World J Nucl Med 2018; 17(1): 6–11.  
22.Francisca dos Santos M, Nely Vilar Furtado R, Monique Sayuri K, Luiz Vieira Castiglioni M, 
Rosa Marchetti R, Pagano Gonçalves Silva C, et al. Effectiveness of radiation synovectomy with 
Yttrium-90 and Samarium-153 particulate hydroxyapatite in rheumatoid arthritis patients with knee 
synovitis: a controlled , randomized , double-blinded trial. Clin Rheumatol 2011; 30: 77–85.  
23.Couto RM, Souza AA De, Herrerias R, Muramoto E, Mengatti J, Barboza MF De, et al. 
Hydroxyapatite labelled with yttrium-90 or lutetium 177 for radiation synovectomy. Atoms Peace an 
Int J 2010; 3(1): 19.  
24.Flecknell P. Laboratory Animal anaesthesia. 4

th
 ed. Boston: Academic Press; 2015; 141–92p.  



 

 595 

25.Callis G, Sterchi D. Decalcification of bone: Literature review and practical study of various 
decalcifying agents. methods, and their effects on bone histology. J Histotechnol 1998; 21(1):               
49–58.  
26.Rutgers M, Van Pelt MJP, Dhert WJA, Creemers LB, Saris DBF. Evaluation of histological 
scoring systems for tissue-engineered, repaired and osteoarthritic cartilage. Osteoarthr Cartil 2010; 
18(1): 12–23.  
27.Pritzker KPH, Gay S, Jimenez SA, Ostergaard K, Pelletier JP, Revell K, et al. Osteoarthritis 
cartilage histopathology: Grading and staging. Osteoarthr Cartil 2006; 14(1): 13–29.  
28.Ponce M, Zorzi A, Miranda J, Amstalden E. Proposal for a New histological scoring system for 
cartilage repair. Clinics 2018; 73(2): 1–7.  
29.Karavida N, Notopoulos A. Radiation synovectomy: An effective alternative treatment for 
inflamed small joints. Hippokratia 2010; 14(1): 22–7.  
30.Liepe K, Zaknun JJ, Padhy A, Barrenechea E, Soroa V, Shrikant S, et al. Radiosynovectomy 
using yttrium-90, phosphorus-32 or rhenium-188 radiocolloids versus corticoid instillation for 
rheumatoid arthritis of the knee. Ann Nucl Med 2011; 25(5): 317–23.  
31.Kuyinu EL, Narayanan G, Nair LS, Laurencin CT. Animal models of osteoarthritis: Classification, 
update, and measurement of outcomes. J Orthop Surg Res. 2016; 11(1): 1–27.  
32.Trouchon T, Lefebvre S. A review of enrofloxacin for veterinary use. Open J Vet Med 2016; 
06(02): 40–58.  
33.Lim S, Hossain MA, Park J, Choi SH, Kim G. The effects of enrofloxacin on canine tendon cells 
and chondrocytes proliferation in vitro. Vet Res Commun 2008; 32(3): 243–53.  
34.Linseman DA, Hampton LA, Branstetter DG. Quinolone-induced arthropathy in the neonatal 
mouse: Morphological analysis of articular lesions produced by pipemidic acid and ciprofloxacin. 
Toxicol Sci 1995; 28(1): 59–64.  
35.Förster C, Kociok K, Shakibaei M, Merker HJ, Vormann J, Günther T, et al. Integrins on joint 
cartilage chondrocytes and alterations by ofloxacin or magnesium deficiency in immature rats. Arch 
Toxicol 1996; 70(5): 261–70.  
36.Machida M, Kusajima H, Aijima H, Maeda A, Ishida R, Uchida H. Toxicokinetic study of 
norfloxacin-induced arthropathy in juvenile animals. Toxicol Appl Pharmacol 1990; 105(3): 403–12.  
37.Stahlmann R, Forster C, Shakibaei M, Vormann J, Gunther T, Merker HJ. Magnesium 
deficiency induces joint cartilage lesions in juvenile rats which are identical to quinolone-induced 
arthropathy. Antimicrob Agents Chemother 1995; 39(9): 2013–8.  
38.Khazaeil K, Mazaheri Y, Hashemitabar M, Najafzadeh H, Morovvati H, Ghadrdan AR. 
Enrofloxacin effect on histomorphologic and histomorphometric structure of lamb articular cartilage. 
Glob Vet 2012; 9(4): 447–53.  
39.Adikwu E, Brambaifa N. Ciprofloxacin induced chondrotoxicity and tendinopathy. Am J 
Pharmacol Toxicol 2012; 7(3): 94–100.  
40.Channa HMA, Ashfaq M, Mastoi SM, Qureshi MA. Effect of ciprofoxacin on growing cartilage in 
albino rat pups. J Ayub Med Coll Abbottabad 2006; 18(3): 50–4.  
41.Haider A, Haider S, Han SS, Kang IK. Recent advances in the synthesis, functionalization and 
biomedical applications of hydroxyapatite: a review. RSC Adv 2017; 7(13): 7442–58.  
42.Molvar C, Lewandowski R. Yttrium-90 Radioembolization of Hepatocellular Carcinoma-
Performance, Technical Advances, and Future Concepts. Semin Intervent Radiol 2015; 32(4): 
388–97.  
43.Gordon LI, Witzig TE, Wiseman GA, Flinn IW, Spies SS, Silverman DH, et al. Yttrium 90 
ibritumomab tiuxetan radioimmunotherapy for relapsed or refractory low-grade non-hodgkin’s 
lymphoma. Semin Oncol 2002; 29(1 SUPPL. 2): 87–92.  

 
 

 



 

 596 

Armaghane-danesh, Yasuj University of                                                                                   Original Article 
Medical Sciences Journal (YUMSJ) 

Histological Evaluation of Radiocolloidal 

Yttrium-90-Hydroxyapatite in 

Enrofloxacin-Induced Rheumatoid 

Arthritis in the Rat Knee Joint 

 

Mazidi SM
1
, Morovvati H 

1
*, Yavari K

2 

1
Department of Veterinary Basic Science, University of Tehran, Tehran, Iran, 

2
Nuclear Science and 

Technology Research Institute, Tehran, Iran. 

Received: 29 April 2019        Accepted: 30 July 2019 

Abstract  
Background & aim: Rheumatoid arthritis is one of the most widespread and disabling diseases in 

the society that causes chronic inflammation of the synovial layer and joint destruction. Numerous 

pharmacological and non-pharmacological therapies are suggested for the treatment of this 

disease, including radiocinectomy as an effective and safe treatment with beta-particle radiolucent 

in patients who do not respond to or receive drug therapy. The aim of this study was to determine 

the histologic evaluation of radionuclide yttrium-90- hydroxyapatite in rheumatoid arthritis induced 

by rheumatoid arthritis in the rat knee joint. 

 

Methods: In the present experimental study, 40 Wistar rats (3 months old) were used by 

intraperitoneal injection of Enrofloxacin (20mg / kg) for the development of an animal model of 

rheumatoid arthritis. Subsequently, a dose of 50 microliters of yttrium-90-hydroxyapatite with 100-

microcurie activities was injected into the left knee joint of the studied animals.Then, the rate of 

leakage of yttrium-90 radiotracer after 24 hours and its therapeutic effects were evaluated by 

histologic findings through specific staining, 2 weeks and 2 months after injection. The collected 

data were analyzed using Shapiro–Wilk method. 

 

Results: Statistically significant changes in parameters such as articular cartilage thickness, 

chondrocyte count, proteoglycan level, calcium deposition, and knee arthroplasty rate two weeks 

after 90Y-HA injection showed cellular damage due to particle irradiation. An increase in the 

thickness of articular cartilage and the number of chondroblasts two months after injection may 

indicate therapeutic effects of yttrium-90 radiocolloids on the knee joint of rats with rheumatoid 

arthritis. 

 

Conclusion: It seems that radiosynovectomy of yttrium-90-hydroxyapatite may be one of the 

effective therapeutic modalities in reducing inflammatory factors and improving rheumatoid arthritis 

induced in rats. 

 

Keywords: Rheumatoid Arthritis, Histology, Enrofloxacin, Radiosynovectomy, Y-90 
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