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Abstract 

Background: Fluoroquinolones are a class of antibiotics that are commonly prescribed to 

patients because of their broad coverage in treating bacterial infections. Although effective for 

many bacterial infections, tendonitis and Achilles tendon ruptures are significant complications 

associated with fluoroquinolones. The goal of this study is to determine how long it takes for 

Achilles tendons to return to normal following treatment with a fluoroquinolone. 

Methods: Rats were treated with the fluoroquinolone ciprofloxacin for 21 days. Achilles tendons 

were harvested at 0 days, 6 weeks, and 12 weeks following completion of antibiotic treatment. 

Tendons were analyzed by histology and mechanical testing. 

Results: Histological changes of the Achilles tendons between the experimental and control rats 

were observed.  

Discussion: The results suggest that tendinopathy associated with fluoroquinolone treatment 

significantly alters tendon structure following completion of a course of ciprofloxacin.  

 

 

 

 

 

 

 



Background 

Fluoroquinolones are a class of antibiotics that are commonly prescribed to patients 

because of their broad coverage and effectiveness in treating bacterial infections. These 

antibiotics have gained popularity since the 1990’s and are used to treat many common illnesses 

such as respiratory infections, urinary tract infections, prostatitis, gastrointestinal infections[1]. 

Fluroquinolone antibiotics include ciprofloxacin (Cipro), Pefloxacin, Gemifloxacin (Factive), 

levofloxacin (Levaquin), moxifloxacin (Avelox), norfloxacin (Noroxin), and ofloxacin 

(Floxin)[2], and they can be administered orally or intravenously.  

Although arthralgias, joint pain, and myalgias, muscle pain, are common side effects of 

fluoroquinolones, tendinitis and in particular Achilles tendon ruptures are known complications 

resulting from use of these antibiotics[3]. An Achilles tendon rupture is a devastating 

complication for patients, requiring surgical repair, and often not regaining pre-injury function. 

Over half of Achilles tendon ruptures associated with fluoroquinolones occur within 2 to 3 weeks 

of beginning the antibiotic[4],[5], however, previous studies have found that Achilles tendon 

ruptures have occurred in patients as early as 2 hours after the first does of a fluoroquinolone and 

as late as 6 months after the antibiotic was discontinued[4]. Of those patients, 50-75% are found 

to have been asymptomatic prior to tendon rupture[6],[7],[8].  

Although numerous studies have proven fluoroquinolones to be a known risk factor for 

tendinopathy and spontaneous tendon rupture, there currently is little evidence and information 

available for doctors to appropriately counsel their patients regarding these effects following 

completion of the antibiotic. Previous studies have demonstrated that the induced adverse effects 

are reversible with discontinuation of the antibiotic, but it often takes a couple of months for the 

patient’s tendon to improve and return to baseline. Those at risk of developing fluoroquinolone 



induced tendinopathy include patients that are male, over the age of 60, live a moderate to active 

lifestyle, have renal failure or a renal transplant, have diabetes mellitus, and use glucocorticoids, 

a type of corticosteroid hormone to suppress the immune system, in conjunction with the 

fluoroquinolone[4],[9].  

Previous studies have demonstrated possible mechanisms for why these detrimental 

mechanical and histological effects occur. One study demonstrated that only a single high-dose 

of fluoroquinolone antibiotics was enough to negatively affect the Achilles tendon of a juvenile 

rat mechanically, showing signs of tendinitis and cyst formation[10]. This same study also 

demonstrated changes histologically with a two- week course of a fluoroquinolone, inducing 

fibrotic changes in the tendons of the rats[10]. Additional previous studies have proposed that 

administration of fluoroquinolones upregulates the expression of matrix metalloproteinases in 

tendon cells at the mRNA and protein levels[11],[12],[13] and downregulates type III collagen[3],[14]. 

The mRNA and protein expressions of type I collagen was found to remain unchanged in one 

study with ciprofloxacin treatment[14], while another study found type I collagen to be degraded 

as a result of the antibiotic[13]. These changes are particularly concerning because the basic 

constituent of a tendon is collagen. Approximately 70% of a tendon is composed of collagen, 

with 90% of this collagen being type I collagen and 10% being type III collagen[13]. One study 

also found that administration of fluoroquinolones increased vascular permeability leading to 

tendon swelling[15], a finding that could explain why tendinopathy can occur within the first few 

days after the medication is started.  

Although multiple studies have investigated the biological and histological relationship 

between fluoroquinolones and tendinopathy, there is little literature describing the biomechanical 

properties of tendons following the administration of fluoroquinolones. One study compared four 



fluoroquinolones (pefloxacin, norfloxacin, ofloxacin, and ciprofloxacin) and their biomechanical 

and histopathological effects on rat Achilles tendons at a single timepoint, and concluded that 

ciprofloxacin and pefloxacin resulted in the highest biomechanical toxicity[16]. To the best of our 

knowledge, there is no literature examining how long it takes for the biomechanical properties of 

a tendon to return to baseline after stopping the antibiotic. The primary purpose of this study is to 

examine histological slides and measure biomechanical properties of rat Achilles tendons at 

different time points following a course of ciprofloxacin treatment in order to identify how long 

it takes a tendon to return to normal after discontinuation of the fluoroquinolone ciprofloxacin. A 

secondary aim of this study is to identify a method of screening patients independent of 

symptoms in order to evaluate their risk of rupture both during and after antibiotic use.  

 

 

 

 

 

 

 

 

 

 



Methods 

Animals 

IACUC approval was obtained prior to beginning the study and all personnel involved 

completed the necessary trainings and certifications. Twenty- four male Sprague Dawley rats 

(Charles River) around 350 grams were used for this study. The rats were housed in the 

University’s Animal Care Facility in groups of three on a 12:12-h lighting schedule with free 

access to food and water. The rats were approximately 10 weeks old upon arrival and were 

approximately 13 weeks old once the study began due to the necessity of additional handling, 

habituating, and training.  

For this study, a three-week (21 day) course of the fluoroquinolone ciprofloxacin was 

administered twice daily by oral gavage. The rats were assigned into one of four groups, with six 

rats in each. Three of the groups were the experimental groups and received ciprofloxacin, while 

the fourth group was the control and received sterile water. 18 gauge stainless steel gavage tubes 

were used to administer the oral suspension of ciprofloxacin to the experimental groups and the 

sterile water to the control group.  

Following the three-week course of ciprofloxacin, the rats were sacrificed at one of three 

time points following completion of the antibiotic course: zero days (the control and one 

experimental group), six weeks, and twelve weeks. At the time of sacrifice, one Achilles tendon 

was harvested to include the triceps surae muscle and the calcaneus. The tendons were sent off 

and processed for histology (see below). The sacrificed rats were then frozen at -80 °C to 

preserve the contralateral tendon for biomechanical testing.  

Drug Preparation and Administration  



Ciprofloxacin 10% oral suspension (10g/100 mL) was used for this study. The rats were 

weighed prior to the drug administration and were given 50mg/ kg of the ciprofloxacin twice 

daily for three weeks. The calculations are shown below: 

50 𝑚𝑔 𝑐𝑖𝑝𝑟𝑜

1 𝑘𝑔 𝑐𝑖𝑝𝑟𝑜
𝑥 350 𝑔 𝑟𝑎𝑡  𝑥

100 𝑚𝐿 𝑐𝑖𝑝𝑟𝑜

10 𝑔 𝑟𝑎𝑡
×

1 𝑘𝑔

1000 𝑔
𝑥

. 001 𝑔

1 𝑚𝑔
= 1.75 𝑚𝐿 𝑐𝑖𝑝𝑟𝑜 

 

Biomechanical Testing 

Prior to testing, the rats will be thawed to room temperature and the remaining Achilles 

tendon will be harvested. All biomechanical testing will be completed on the same day for every 

time point. The tendon will be preloaded to 10 grams prior to the beginning of testing and the 

tendon will continue to be loaded in tension at 10mm/min to failure.  

Ultrasound Elastography 

During the biomechanical testing, ultrasound imaging data will be simultaneously 

collected. The ultrasound probe will be placed near the midportion of the tendon after the tendon 

is preloaded to 10 grams. The probe will remain at this fixed position for the entire test. All 

ultrasound elastography settings will be held constant across all testing to reduce variability and 

standardize imaging across all samples. Using the ultrasound imaging, a cross sectional area will 

be calculated, and imaging will be performed to obtain Young’s modulus data, the ratio of stress 

to strain during an elastic load, from the images[17],[18].  

Histology  

Following the dissection and harvesting of the tendon, the samples were placed in 10% 

formalin at room temperature for 24 hours. These tendons were processed by the TACMASS 



core facility. Specimens were decalcified in Ethylenediaminetetraacetic acid (EDTA), embedded 

in paraffin, and sectioned for slide preparation. The selected section was stained with 

hematoxylin and eosin (H&E). The slides were then qualitatively evaluated and imaged using a 

Nikon Optiphot microscope with the 20X objective, 40X objective, and 100X objective lenses.  

tendons). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Results 

This study was intended to be conducted with 24 rats, however, due to the death of one 

rat in the control group during the acclimation period, the study was completed with the 

remaining 23 rats. Only a portion of the histology slides have been finished and evaluated and 

none of the biomechanical testing has been completed due to the Coronavirus (COVID-19) 

pandemic. 

Administration of the fluoroquinolone ciprofloxacin resulted in significant visual changes 

to the collagen aligned structures of the rat Achilles tendons. H&E staining indicated an increase 

in cellularity as well as disorganization of the extracellular matrix following ciprofloxacin 

treatment. In the control animals the Achilles tendons demonstrate sparse cellularity with a 

smooth, clear and uniform appearance of the extracellular matrix (Figure 1a.). In the 

experimental animals there is increased cellular density throughout the tendons. The cells are 

arranged in linear clusters and the overall tendon has a course, dull and weathered appearance 

(Figure 1b). The extracellular matrix is much waiver and choppier in the experimental group.  

The matrix also contains numerous cyst-like structures, some of which are filled with cell 

clusters, but others that appear empty (Figure 1b.).  

 

 

 

 



Control Experimental Group 1 

a. b. 

Figure 1. Representative Achilles tendon histology images of the control (a) and first experimental group (b) using a 

Nikon Optiphot microscope at 100x objective. H&E staining indicates an increase in the cellular density and 

disrupted organization associated with taking ciprofloxacin.  

 

 

 

 

 

 

 

 

 

 



Discussion 

The relationship between the use of fluoroquinolone antibiotics and Achilles tendon 

complications is well established in the medical literature. The design of this study is based on 

previously published studies investigating the biomechanical changes in tendons following a 

course of fluoroquinolone antibiotics. The duration of treatment, three weeks, and the 

ciprofloxacin dose mimic that of previous studies, allowing for the comparison of our results to 

those previously obtained.  

In this study, mechanical testing, ultrasound elastography, and histological experiments 

were intended to be performed on rat Achilles tendons at varying timepoints following the 

discontinuation of the fluoroquinolone ciprofloxacin. Due to the COVID-19 pandemic, the 

experiment was put on hold and limited data is currently available.  

Preliminary results observe significant biological differences in histological slides 

between the control group and first experimental group. Histological analyses of compromised 

Achilles tendons following overuse or an injury display higher cell density, with disorganized 

collagen arrangements and increased amount of clusters[19], similar to what our ciprofloxacin 

treated tendons exhibited.  

We anticipate seeing a notable relationship between results as we resume our mechanical 

testing and ultrasound elastography imaging. It is expected that the harvested tendons of the 

ciprofloxacin treated rat will be mechanically inferior compared to those of the control group. 

We predict that the tendons from the first experimental group will exhibit the most 

disorganization and cellular clusters and will mechanically fail with the least amount of load. We 

expect that each experimental group thereafter will have histology slides increasingly more 



similar to the control group. We also anticipate that the tendons in each experimental group 

thereafter will fail at a higher mechanical load and will increasingly become more similar to 

those tendons of the control group. With our future investigations, we ultimately hope to find an 

experimental group with tendon histological slides and biomechanical loads that are comparable 

to that of the control group, as this would suggest how long it takes for a tendon to heal from the 

ciprofloxacin induced tendinopathy.  

One limitation to our overall study is the lack of a control group for each time point. 

Ideally, there would be a placebo and drug administration group at each of the set timepoints, but 

due to budget constraints, there is only one control group at time zero.  

Another limitation of this study is that the rats were all young and around the same age. 

Previous studies have demonstrated that young rat’s Achilles tendons can undergo higher loads 

to failure during biomedical testing than older rat’s Achilles tendons[20]. Since the strength of rat 

Achilles tendons are age- dependent similar to human tendons, it is important to note that our 

results might not directly translate to every age group.  

Another limitation of this study is that the ultrasound elastography will be performed 

directly on explanted tendons. Since one overall aim of this study is to use ultrasound 

elastography as a cost effective, non-invasive method of screening patients that have been taking 

fluoroquinolones, it is unknown how well our imaging method will translate to screening 

patients’ tendons through their skin. Although the hope is that this study will determine whether 

ultrasound elastography can detect pathologic changes in tendons, this may need to be 

investigated further. 
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