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ABSRACT

Ciprofloxacin is one of the fluoroquinolones withaéde clinical acceptability. Rescently there ameréasing
reports on Ciprofloxacin induce Chondrotoxicity arehdinopathy in Animal experiment and clinical esipnce
which is of great clinical concern. A comprehensiuevey and review of literaure on reported cijrcdicin
induced Chondrotoxicity and Tendinopathy in Humamsl Animals was performed. It was observd that
ciprofloxacin is a potential inducer of Chrondratity and Tendinopathy which could be potentiated b
coadministration with corticosteroids.This condiSovere reported to be characterised by cartilgier, matrix
swelling, inhibition of chondrocytes proliferatiosecretion of soluble proteoglycan, modification tbe
metabolism and integrity of extracellular proteidecrease in epiphyseal growth plate, humerusemdrfThe
mechanism behind this phenomenon is said to béfawctdral. Ciprofloxacin induced Chrondrotoxicignd
Tendinopathy in growing animals is attributed tadave stress (lipid peroxidation, Deoxyribonucléicid
(DNA) oxidative stress). Ciprofloxacin induced dage damage may also be attributed to formation of
Ciprofloxacin chelates and complexes which possetis® potential to induce a deficiency of functlipna
available divalent ions resulting in cytoskelethbnges. Animal studies showed that oxidative danmag
metabolism of tissues was also found suggestinmtiadvement of a reactive oxygen species. Admiaitn of
magnesium, zinc chloride and vitamin &técopherol) were found to prevent or reverse dipxacin induced
Chrondrotoxicity and Tendinopathy. Through excemsnétion of collagen, increase osteoblastic agtivit
increase bone growth, inhibition of free oxidati@dlicals’ formation thereby preventing DNA oxidatiand
oxidative stress. Zinc also directly stimulates Ddifathesis either by enzyme stimulation or alterihg binding

of f1 and f3 histones to DNA so as to affect RNAthgsis. Patient medical history should be consdibefore
Ciprofloxacin recommendation. Coadministration wibrticosteroid should be done with caution. Furthe
evaluation of antioxidants effect in Ciprofloxadimuce Chonrotoxicity, Tendinopathy in humans cduddof
clinical importance as observed in Animal studies.
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1. INTRODUCTION including some gram-positive and most grain-negativ
organism (Hooper and Wolfson, 1985). It is usedain
The first Quinolone, nalidixic acid was first iatéd variety of human clinical infections (Sub and Lari995).
as a byproduct of the synthesis of chloroquinearye Ciprofloxacin exerts its action by blocking baéér
1960s (Hallet al., 2011) Later in the 1980s fluorinated DNA synthesis through inhibition of bacterial
derivatives e.g., ciprofloxacin were synthesized topoisomerase ii (DNA gyrase) and topoisomerase iv.
(Stahlmann, 2002). Ciprofloxacin is a second getfera Inhibition of DNA gyrase prevents the relaxation of

. ‘ o positively super coiled DNA that is required forrmal
fluoroquinolone with a broad spectrum of antibaeter transcription and replication (Lica and Zhao, 1997:

activ_ity. It_ has a good bioavailability after_ oral  Alovero et al., 2000; Hooper, 2000). Inhibition of
administration, good to excellent tissue penetraiod  topoisomerase iv interferes with separation oficapéd
relative safe (Ball and Tillotson, 1995; Papich98P It chromosomal DNA into respective daughter cells ryiri
is very active against wide variety of pathogeracteria  cell division (Mitscher and Mao, 2003).
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Ciprofloxacin is generally well tolerated and also affected the mean length of humora and femora
remains one of the safest of all antibiotics with leading to reduction in Limb length of rat pulps
remarkably few reactions (Hooper and Wolfson, 1985;(Channa et al., 2008). The above reports could be

Ball, 1986). These reactions include gastrointabtin
tract, central nervous system and hematologicaesys
(Petri, 2001; Lodet al., 1998).

Despite its safe profile there are reported cades
Ciprofloxacin induced chrondrotoxicity, Tendinopwath

and tendon rupture in animals and humans (Khaliq

and Zhanel 2003; Chanreh al., 2008). It was reported
that Ciprofloxacin decreased thickness of the aléic
cartilage of the femoral condyle, inhibit proliféi@n

consistent with the study of Stahlmaetral. (2000) who

reported that 200 mg Kyof Ciprofloxacin administered

to immature Beagles induced cleft formation andiero

of joint cartilage. Male wistar rats exposed to §0kg*

of Ciprofloxacin for 21 days inhibit fracture headi with

decreased cartilage cellullarity and fibrous pestfion

and matrix degeneration (Huddlestiral., 2000).
Furthermore, 30 and 90 mg kgoral doses of

Ciprofloxacin was found to induce a characteristic

of cultivated chondrocytes and secretion of soluble arthropathy (blister and erosions) in Juvenile leeagth
proteoglycans in a concentration and time dependanpersisted lesions after five (5) months treatmess period

manner (Li et al., 2004). Ciprofloxacin induced
damage of the articular and epiphysical growth eplat
cartilage of knee joint, tendinopathy and tendon
rupture (Halawa, 2010; Kim, 2010).

The pathogenesis of Ciprofloxacin induced
chrondrotoxicity, tendinopathy and tendon ruptwei
multifactoral event (Halawa, 2010). Previous
studies attributed cartilage damage in growing ahém
to oxidative stress, lipid peroxidation and DNA

(Keutz et al., 2004). Ciprofloxacin in a 2 weeks study
induced cartilage blisters when 100 and 200 nig were
administered to Juvenile dogs. In another studstjlage
alterations in Knee joints were seen after 30-16kgt of
Ciprofloxacin was administered for 3 weeks (Schuter
1987). Several cartilage lesions marked by matrgllzg
and loss of chondrocytes were observed when 4@0a80
1200 mg kg of Ciprofloxacin was administered to 4

oxidative damage of the chondrocytes and collagenweek-old rats for 7 days consecutively. The thiclenef

(Simoninet al., 1999; Liet al., 2004).

Other authors’ referred to Ciprofloxacin induced
tendinopathy to their inhibitory effects on DNA lle@en
and proteoglycan synthesis (Maslardtaal., 2004). As
of July 2008, the United State Food and Drug
Administration mandated that Ciprofloxacin product
should have a black-box warning indicating an insesl
risk in adverse events including tendon ruptureniKi
2010). This study reviews reported Ciprofloxacin
induced Chrondrotoxicity, Tendinopathy and tendon
rupture in humans and animals due to rising trend.

1.1. Animal Studies

the femoral condyle was significantly decreased ana

to the control. Proliferation of chondrocytes and
secretion of soluble proteoglycans were also imddbi
(Li et al., 2004; Pfisteet al., 2007).

Other authors found that single high oral doses an
multiple low doses of Ciprofloxacin were chondrdtox
in Juvenile rats. Ciprofloxacin induced scars and
erosions of the joint surface as well as chondexyt
clusters with non Cellular areas of the articulaatrin
(Fosteret al., 1997; Stahlmann, 2003). The study oét.al.
(2004) is in support of the above report. He regabtthat
Ciprofloxacin inhibited chondrocytes proliferationa dose

Experiments with animals have reported cases ofdependant and time dependant manner. 10-80 thgflL

Ciprofloxacin induced chrondrotoxicity, tendinopatmd
tendon rupture (Lét al.,1990; Stahlmann, 2003; Tsaial.,
2008). It was observed that Ciprofloxacin at a desel

Ciprofloxacin decreased secretion of soluble pgiteans
after incubation with chondrocytes for 5 days.
Subcutaneous injection of 600 mg “kgof

of 20 mg kg" day administered to rats for 15 days induced Ciprofloxacin administered to 34-day old wistar srat

articular damage, cavity Formation wide clefts and
decrease in both articular and epiphyseal grow#iepl
(Halawa, 2010). This report is in resonance withréport

of Channaet al. (2008) who administered 20 mg kgf
Ciprofloxacin to wistar albino pulps. He observed
decrease in the width of epiphyseal growth platélage,
humerus and femur as compared to the control.

In another study where Ciprofloxacin was
administered to newly born rat-litters intraperiaty.
Ciprofloxacin induced growth plate retardation by
inhibiting mitosis in the proliferative zone. Ciffilaxacin

////A Science Publications 95

induced cartilage lesion in 11 of 12 (92%) rats
(Stahlmannet al., 1999; Pfisteret al., 2007). Ultra
structural changes were observed in Achilles tetescy
of Ciprofloxacin treated Spraque Dawley rats (Stenin,
2002; Baeet al., 2006). These reports are at variance with
the study of Kashida and Kato (1997), who obsetheat!
200mg and 900 m kY of Ciprofloxacin administered to
rats did not induce Achilles tendon toxicity.

Some researchers observed that Ciprofloxacin
induced cartilage damage in experimental animalsnwh
administered during certain developmental stages vi
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changes of cytoskeleton morphology (Wadeal., 1998; variance with a study where no cases of Achilleside
Egerbacheet al., 2000). Ciprofloxacin at a dose level of rupture were found in 2, 122 Ciprofloxacin treatedients
50 mg kg* administered to rats for 3 weeks revealed (Shinoharaet al., 1997). In France Pierfittet al. (2000)
significant deterioration of Biochemical parameters reviewed 421 cases of Fluoroquinolones associated

hyaline degeneration and fibre disarrangement i th
tendon of rats (Olcagt al., 2011).

Findings showed that Ciprofloxacin exerts a
negative impact on migration and proliferation adl\as
the collagen metabolism of tenocytes (Melataal.,
2004; Tsaiet al., 2011). Pauzauet al. (2004) reported
that Ciprofloxacin showed moderate Cytotoxicityeaft
28 hours and more severe significant toxicity aftér
hours on tendon cells. This agrees with the stublichv
observed that Ciprofloxacin inhibits tendon cell
proliferation and cause cell cycle arrest in ratsa(et al.,
2008). It was reported that cell proliferation iorée and
dog chondrocytes decreased in Ciprofloxacin cuktigta
groups (Egerbachet al., 2001).

Incubation of Achilles tendon, Achilles paratenon
and shoulder capsule fibroblast with Ciprofloxacin
hydrochloride (5-50 pg mt) significantly decreased
cell proliferation, collagen synthesis and protgogh
synthesis in fibroblast cell line (Williamet al., 2000).
Degenerative changes in tenocytes due to swellimty a
dilatation of cell organelles, densified nuclei and
clumped chromatin cell detachment from extracallula
matrix, decrease in fibril diameter and increasgadce
between collagenous fibrils were induced by Clprafcin
in immature wistar rats (Shakibasal., 2000).

1.2. Human Studies

There is increasing trend of Ciprofloxacin induced
tendinopathy and tendon rapture in human (McEwah an
Davey, 1988; Movinet al., 1997; Shortet al., 2006).
There is a reported case of Ciprofloxacin assatiate
Achilles tendon diseases. Microscopic evaluaticeaéed
irregular collagen fibre arrangement, hypercelltyaand
increase interfibrillar glycosaminoglycan (West aadw,
1998; Pantaloneet al., 2011). Ciprofloxacin induced
Achilles tendon rupture characterized by degenerati
changes in left Achilles tendon, cystic change viatal
necrosis (Hugo-Persson, 1996; Jagageal., 1996;
Petersen and Lapress, 1998).

tendinopathy. They reported that only 5% of
Fluoroquinolones associated tendinopathy was atéth
to Ciprofloxacin.

In a critical literature review of fluoroquinolose
associated tendinopathy in humans. It was obsehesd
Ciprofloxacin is one of the agents associated with
tendinopathy (Khalig and Zhanel, 2003; Mirovgityal.,
1995; Braveet al., 1996; Carrascet al., 1997). In a case
study, 98 cases of fluoroquinolones induced tendon
injury were reported. It was observed that the mecoost
commonly implicated fluoroquinolone associated with
tendon injury was Ciprofloxacin (25.5% of all cgsesth
total daily doses ranging from 500-200 mg for a mea
duration of 24+29.3 days (Khaliq and Zhanel, 2003).

In an observed cohort study of fluoroquinoloned an
other antibiotics induced tendon disorder. It wepsorted
that Ciprofloxacin is also associated with tend@otier
but with effects lesser than that of Ofloxacin (éfilet al.,
1996). In 1795 case report forms for children reiog
Ciprofloxacin which were collected up to the end of
1994 by Bayer cooperation Germany (Chysdtyal.,
1991; Hampekt al., 1997) shows that Ciprofloxacin is
safe for children, adolescents and do not havetivega
effects on the linear growth children. This is atiance
with what was observed in animal studies (Kato,8)00

The confirmation of the safety of Ciprofloxacin
especially in relation to the skeletal system ngdascale
clinical studies has led to it being approved fee un
pediatric patients with cystic fibrosis (Kato, 2008 his
report could be at variance with the report of Aulefet al.
(2011). Who stated that a total of 16184 pedigtatients
who were exposed to Ciprofloxacin and 1065 reported
cases of musculoskeletal adverse effects werewauser

Furthermore, monolayers of human tenocytes were
incubated with Ciprofloxacin. Ciprofloxacin sigmifintly
decreased type 1 collagen, beta (1)-integrin recgpt
cytoskeletal and signaling proteins. It increasedtrim
metalloproteinases as well as the apoptosis madtisated

Khazad and Schwenk (2005) reported a case of noRagnase 3 effects are intensified at higher corateamts and

traumatic rupture of Achilles tendon in a patientow
received oral Ciprofloxacin 500 mg twice orally for
urinary tract infection. This agrees with the repof

longer incubation periods (Corgsal., 2005; Sendzikt al.,
2005; 2010).

other authors (Lee and Collins, 1992; Poon and].3, Pathogeness

Sundaram, 1997; Caspirighal., 2000).
In a case study, 32 patents (76%) had tendinitis a

10 patents (24%) had tendon rupture. 13 (31%) wergnduced chrondrotoxicity,

attributed to Ciprofloxacin (Lindeet al., 2001). This is at
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The pathogenesis of fluoroquinolones (Ciprofloxacin
tendinopathy and tendon
rupture has not been fully established (Khaliq Zhdnel
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2003). Although a number of suggestions have been 2. REFERENCES
made, previous studies attributed articular cagéla

damage in growing animals to oxidative stress lipid Adefurin, A., H. Sammon, E. Aigrain and |. Choonara

peroxidation and DNA oxidative damage of 2011. Ciprofloxacin safety in paediatrics: A

chondrocytes and collagen. Those factors collelgtive systematic review. Arch. Dis. Child., 96: 874-880.

resulted in modification of the metabolism and gty DOI: 10.1136/adc.2010.208843

of extracellular proteins (Simoninet al., 1999; Alovero, F.L., X.S. Pan, J.E. Morris, R.H. Manzodan

Maslankaet al., 2004; Liet al., 2010). L.M. Fisher, 2000. Engineering the specificity of
Ciprofloxacin induced chrondrotoxicity was also antibacterial fluoroquinolones: Benzenesulfonamide

explain on the basis that Ciprofloxacin chelates modifications at C-7 of ciprofloxacin change its
magnesium ions or divalent ions resulting in change primary target in Streptococcus pneumoniae from
function of chondrocytes surface integrin receptors  topoisomerase IV to gyrase. Antimicrob. Agent

(Stahlmanret al., 1995; Shakibagst al., 2000; Lozoet al., Chemother., 44: 320-325. PMID: 10639357

2004). This report is supported by the ability of Bae, C.S., D.M. Oh, J.G. Bae, J.C. Kim and SH &im..,
magnesium to reverse or inhibit Ciprofloxacin ineldc 2006. Ultrastructural changes of the gemifloxagin o
chrondrotoxicity (Stahimanret al., 1999; Stahlmann, Achilles tendon in immature rats: Comparison with

those of ciproxacin and ofloxacin. Basic. Clin.

2002). This shows that patients with latent magresi Pharmacol. Toxicol., 98: 406-410. PMID: 16623866

Q(Zl‘|0|enc:ty ngd ge atjan |r|13c]:et<51;te rllsk ozfog;prmn::n Ball, P. and G. Tillotson, 1995. Tolerability of
Induce tendon —disorder. S al. ( ), also fluoroquinolone antibiotics. Past, present andriitu
supported this view when he demonstrated that Drug Saf., 13: 345-358. PMID: 8652079

Ciprofloxacin induced cartilage lesions was reverse Ball, P., 198é. Ciprofloxacin: An overview of adser

animals treated with vitamin Ea(tocopherol) and experiences. J. Antimicrob. Chemother., 18: 187-

magnesium or both. This also agrees with otheriesud 193. PMID: 3542945

(Stahlmanret al., 1999). Brava, S., M. Hume and J. Leppilahki, 1996. Bilater
It was also reported that Zinc chloride minimized Achilles tendon rupture: A report on two cases.

epiphyseal cartilage damaged induced by Ciprofimxac Scand J. Med. Sci. Sports, 6: 309-312. DOL

in wistar albino rats. This agrees with other obatons 10.1111/;.1600-0838.1996.tb00476.x

; Carrasco, J.M., B. Garcia, C. Andujar, F. Garratel a
(Channaet al., 2008). Hickoryet al. (1979) reported that ' ' ' o A9 X .
zinc helps in excess formation of collagen, inceeas Z‘Dr(')f‘lléj);ncﬁt il\'n’nlgghgrggggéﬂg'rs Salls.sggga_tlegownh
osteoblastic activity and increase rate of longitad b A ' R :

S . . Caspirian, J.M., M. Luchi, R.E. Moffat ari?l Hinthorn,
growth and bone remodeling in experimental ratecZi 2000. Quinolones and tendon ruptures. Med. J., 93

also directly stimulates DNA synthesis either byyene 488-491. PMID: 10832946
stimulation or altering the binding of &nd § histones to  channa, H.M., M. Ashfag, R. Bangash, A. Abbaj and
DNA so as to affect RNA synthesis (Prasad, 1991). M.A. Qureshi, 2008. Preventive role of zinc chlerid

Animal studies showed that oxidative damage or  against toxicity of ciprofloxacin on the growing
metabolism of tissues was also found suggesting the  cartilage of Wistar albino rat litter. J. Ayub. Med
involvement of a reactive oxygen species (Thuong-  Coll. Abbottabad, 20: 77-81. PMID: 19999211
Guyot et al., 1994; Hayemet al., 1996; Khalig and  Chysky, V., K. Kapila, R. Hullmann, G. Arcieri and

Zhanel, 2003). P. Schactet al., 1991. Safety of ciprofloxacin in

Corticosteroid may precipitate Ciprofloxacin induc children: Worldwide clinical experience based on
rupture of Achilles tendon. The exact mechanism by compassionate use. Emphasis on joint evaluation.
which corticosteroids cause tendon damage is eat.clt Infection, 19: 289-296. PMID: 1917049

is said that steroids have the ability to alter ¢héagen Corps, AN., R.L. Harrall, V.A. Curry, B.L. Hazlema
structure of tendons by contributing to dysplasia o and G.P. Riley, 2005. Contrasting effects of

collagen fibrils, thus reducing the tensile stréngf the fluoroquinolone antibiotics on the expression of th
tendon (Kelly et al., 2004). Corticosteroids can also collagenases, Matrix Metalloproteinases (MMP)-1
interfere with collagen fibre cross-linking whichrclead and -13, in human tendon-derived cells.
to disruption in the normal healing process of tidredon Rheumatology, 44 1574-1517. DOI:
(Oravaet al., 1996; Kotnist al., 1999; Kellyet al., 2004). 10.1093/rheumatology/kei087
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