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ABSTRACT  

In this paper, the effect of gamma radiation on moxifloxacin 

evaluated using Electron Paramagnetic Resonance (EPR) 

spectroscopy through the analysis of changes in signal intensity 

as a function of absorbed dose and time. The results indicate 

that the signal intensity of the EPR line appearing after 

irradiation an increases dependently absorbed dose. 

Distinguishing irradiated moxifloxacin from non-irradiated one 

is possible from the time-dependent changes in the EPR spectra 

within 600 days after gamma irradiation.    
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INTRODUCTION  

Moxifloxacin is a synthetic antibiotic used diabetic foot infections, perinecrotic wound tissue 

healing, penetration of into bone obtained during hip replacement in Plastic Surgery[1-2]. 

There is currently much interest in the use of ionizing radiation to the sterilization of 

pharmaceutical products [3-7]. Sterilization with ionizing radiation (gamma-rays, X-rays, 

electron beam) is a process with the advantage such as environmentally safe, thorough 

material penetration even for high-density products, applicable any temperature, applicable to 

drugs in any pharmaceutical formulations. Additionally, products in a heat-sensitive container 

such as soft gelatin capsules and plastic tubes can only be terminally sterilized by gamma 

radiation.  Besides all these advantages,  the effects of ionizing radiation generally the 

existing of free radicals which can be only evaluated by EPR techniques. Therefore,  the 

irradiation and post-irradiation effects of gamma radiation pharmaceutical materials must be 

investigated in detail study.  Studies on radiation sterilization of drugs are gain interest in the 

literature. The samples on which radiation sterilization studies have been reported include 

vitamins, antibiotics, steroids, bronchodilators, anti-hypertensive, anticancer agents, 

antiprotozoals [8-16]. The main purpose of this study is to examine the feasibility of gamma- 

radiation sterilization for moxifloxacin from based on EPR technique.     

MATERIALS AND METHODS 

Moxifloxacin was obtained from Neutec Drug Company in Turkey. Chemical structure of 

moxifloxacin is depicted in Figure no.1. Almost the same weight of the sample (≈ 30 mg) for 

each irradiation dose was placed in EPR quartz tubes. Powder of moxifloxacin was irradiated 

at different doses up to 20 kGy at room temperature. After the irradiation, the sample was 

kept in plastic bags, and left in the dark at room temperature. EPR measurements of this 

sample were taken 2 days after irradiation to avoid any short-lived paramagnetic species. The 

EPR spectra of both irradiated and non-irradiated powder samples moxifloxacin of were 

recorded at room temperature with a Bruker EMX model spectrometer operating at 

microwave power 0.499 mW, microwave frequency of  9.8 GHz, modulation amplitude 

0.104 mT, magnetic field modulation frequency 86 kHz. The g factors were calibrated by 

comparison with a DPPH sample (g=2.0036). 
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RESULTS AND DİSCUSSİON 

EPR spectra of unirradiated and irradiated powder samples 

EPR measurements were carried out for unirradiated and irradiated moxifloxacin. While 

unirradiated moxifloxacin exhibit no  EPR signal, irradiated powder spectra of moxifloxacin 

has very intense EPR resonance peaks. The intensity of these signal increases with absorbed 

doses and may be saturated and/or decreases afterward. No pattern change occurred with 

increasing absorbed dose in room temperature. 

Spectra Simulation  

Figure no. 2 presents the EPR spectrum of the powder moxifloxacin, ɣ-irradiated at room 

temperature. Gamma irradiated moxifloxacin was observed to exhibit an EPR spectrum of the 

singlet type at the room temperature, having g-value 2.0028. Gamma irradiated moxifloxacin 

at room temperature was observed to exhibit an EPR spectrum consisting of many unresolved 

strong and weak resonance lines. The main strong resonance line seems to be a singlet and 

dominating the EPR spectrum of irradiated moxifloxacin. The hyperfine coupling constants, 

a1
α = 1.56 mT, a2

α = 2.79 mT, aN = 0.4 mT which were used to determine the simulated 

spectrum. The hyperfine splitting of nitrogen atom is not observed in the spectrum, because 

these are the close value to the line width of the spectrum. The ĊH2 radical gave rise to a 

singlet centered at g= 2.0028 with 0.68 mT width. These considerations all lead to the 

conclusion that ĊH2 radical was a formed by abstraction of one of the H atoms bonded to α- 

carbon atom. The radical structure of moxifloxacin was estimated by comparison of the Mc 

Kelvey simulation program results [17]. 

Dose-Response Curve 

We observed no change in the area under the EPR spectra absorption curve, therefore, we 

follow signal intensity as a function of absorbed dose and time. After gamma irradiation of 

the moxifloxacin, there is only an increase in the intensity of the  EPR signal. Evaluations 

were done to determine the dosimetric potential of moxifloxacin. The free radicals number 

(per g at 20 kGy) was estimated by comparison of the second integral from radiosterilized 

moxifloxacin and DPPH standard.  Therefore, the G value 0.13 (the number of radicals per 

100 eV) is estimated [16]. This value is 1 for alanine [19]. From the obtained result of G 

value, we can say moxifloxacin is fairly resistant to gamma radiation. The dependency of the 
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central line on the irradiation dose is presented in Fig. 3. As shown in Fig. 3, up to irradiation 

doses nearly 20kGy the number of free radicals produced by gamma radiation is linear with 

the absorbed dose. 

As concluded from Fig.3, the signal intensities of moxifloxacin have a linear behavior in the 

dose range 2-20 kGy, it's high radiation yields and the results clearly revealed that EPR 

technique easily enables us to distinguish irradiated samples from nonirradiated ones long 

after irradiation make the moxifloxacin potential candidate to dosimetric material. 

Study of  EPR signal decay kinetics 

The decay kinetics of the radiation-induced EPR signal is a very important parameter. This 

may give information about radiation treatment since the concentration of the radiation-

induced free radicals significantly decreases in time. The powder samples of moxifloxacin 

irradiated at a dose of 15 kGy were studied to determine the effect of storage on the signal 

intensity of radiation-induced free radicals. Samples were kept in the dark at room 

temperature over a period of  600 days. The EPR spectra were recorded periodically during 

this storage time and results are shown in Figure 4. Decay kinetics of signal intensities 

calculated separately. The decay kinetics of free radicals simulated with using I(t) = I0 + A.e-

kt  function in which A and k represent the relative weights and decay constants of the 

proposed radical species and t was the storage time in days. The limits of detection of free 

radicals after irradiation at 15 kGy and storage at ambient temperature is 55 days for 

primidone. 

CONCLUSİONS  

The obtained results for gamma irradiated moxifloxacin are reported. From these results, we 

can say that EPR measurements could be safely used to get both qualitative information 

whether moxifloxacin irradiated or not irradiated up to 600 days after irradiation and 

quantitative results; dependence of absorbed dose. The signal intensities of moxifloxacin a 

have a linear behavior in the dose range 2-20 kGy, this high radiation yields and 

distinguishing irradiated moxifloxacin from nonirradiated ones long after irradiation make 

primidone potential candidate to dosimetric material. From the EPR experimental data, one 

can see that for doses up to 20 kGy there is a linear behavior for moxifloxacin drug sample, 

after which a saturation process starts. This value is lower than the dose of 25kGy 
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corresponding to the radiosterilized drug.  Therefore, radiosterilization of moxifloxacin in the 

solid dry state could be technically feasible. 
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Figure and Table Captions 

Figure no. 1: Chemical structure of moxifloxacin  

Figure no. 2: The EPR experimental spectrum of γ-irradiated (a) moxifloxacin  and (b) 

simulated form of the spectrum  

Figure no. 3: Dependence of the number of free radicals with the absorbed dose of irradiated 

moxifloxacin  

Figure no. 4: EPR signal intensity of irradiated moxifloxacin as a function of time after 

irradiation. 
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Figure 3 

 

Figure 4 


