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Abstract 
The radiolysis products of chloramphenicol under γ-radiation sterilization were investigated 

systematically in the present study. Eight main radiolysis products were identified and quantified by HPLC-MS 
and HPLC-DAD, including two compounds that have never been reported. The minor radiolysis products were 
quantified, which shows that they are at the concentration levels below the threshold for identification. Carbon-
carbon rupture reaction and oxidation reaction were proposed as the main radiolysis reactions of 
chloramphenicol powder. The applicability of γ-sterilization for chloramphenicol products was quantitatively 
evaluated with qualitative and quantitative data and the data were compared to the threshold requirements of 
international regulations for identification. It was concluded that toxicities of the radiolysis products of 
chloramphenicol produced by γ-radiation sterilization can be neglected, the radiolysis products are safe for 
human health from chemical view. 

 

1. INTRODUCTION 

 
Generally, chloramphenicol (CAP) is chemically stable in solid dosage forms, is subjected to 

thermal and photochemical degradations. CAP in dry state is more stable on γ-irradiation than in 
aqueous media. Fleurette et al. reported no loss in antimicrobial activity of CAP powder at irradiation 
dosage of 50 kGy. Although changes could be observed in physical properties like discolouration, 
crystallinity and solubility, CAP in solid dry powder form can be radiation sterilized using Co-60 or 
electron beam at lower radiation dose of 15 kGy, at which insignificant effects have been observed 
and high chemical purity of irradiated CAP was retained at sterilization dose of 15 kGy. 

 
It is therefore of both scientific and industrial interest to explore the chemical changes of 

chloramphenicol at the reference dose of 25 kGy. A feasibility study is required to ensure that the 
radiation treatment will not change chloramphenicol to become unsafe or unsuitable for medical use. 
Irradiated CAP should not be consider as a new drug, if its physicochemical integrity is established 
using sensitive analytical techniques by experts in the field. To fulfill this requirement, the radiolytic 
products, if any, have to be identified and the toxicity of those degradation products has to be 
evaluated. Furthermore, the mechanisms of these reactions are interesting to be explored in order to 
find possible ways to eliminate irradiation degradation. 

 
Previous investigations only gave fragmentary information of the radiation degradation products 

of chloramphenicol, and there is no report on simultaneously qualitative and quantitative data. Altorfer 
reported that there were at least five radiolysis products of chloramphenicol in solid substance and 
eleven products in 1% aqueous solution in 1974, and separated the main radiolysis products of 
irradiated chloramphenicol using the HPLC method in 1997, but without giving identification data. 
Varshney and Patel irradiated CAP using Co-60 radiation and electron beam at graded radiation doses 
up to 100 kGy and identified the four degradation products: 4-nitro-benzaldehyde, 4-nitro-benzoic 
acid, 4-nitrosobenzoic acid and HCl. 

 
Zeegers et al. distinguished 15 radiolysis products of irradiated chloramphenicol using GC-MS 

and semi-preparative HPLC, but provided no quantitative data. Their GC-MS methods involve 
derivation techniques, which make it difficult to continue to perform quantitative analysis. In addition, 
their HPLC method separated only nine impurities and showed no identification data as well. 
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The consensus is that both qualitative and quantitative data of radiolysis products are essential 
for assessing the feasibility of gamma sterilization for pharmaceutical products, even for such a highly 
radiation-resistant substance as chloramphenicol. Although it was reported that photochemical 
degradation of chloramphenicol involved oxidation, reduction and condensation reactions, no report 
involved radiolysis pathway of chloramphenicol. 

 
The aim of the present study is therefore, to systematically identify and quantify the radiolytic 

degradation products of irradiated chloramphenicol and to achieve qualitative and quantitative analysis 
simultaneously for radiolysis products of chloramphenicol. By the knowledge of the identification and 
quantification, the degradation pathway can be elucidated. This work enables the qualitative 
evaluation of the chemical toxicity of chloramphenicol radiolysis products and gives integrated 
scientific proofs of the feasibility of gamma sterilization for chloramphenicol products. 

 

2. EXPERIMENTAL 

2.1. Sample Preparation 

 
Chloramphenicol powder sample was offered by CIBA Vision Ltd. (Switzerland). The powder 

was packed in conical glass bottles and irradiated by 60Co with 25 kGy (CAP-25) and 50 kGy (CAP-
50), respectively, in a radiation sterilization plant of Studer AG (Switzerland). CAP-0 represents non-
irradiated CAP powder. 

2.2. HPLC-DAD 

 
The HPLC experiments were carried out using a Merck Hitachi La Chrom liquid chromatograph 

equipped with a L-7100 pump, a L-7450 diode array detector (DAD), a L-7200 automatic injector, and 
a D-7000 interface; and managed by a Merck-Hitachi Model D-7000 Chromatography Data System. 
About 10 mg of accurately weighed CAP sample was dissolved in a sample tube containing 2.0 mL 
mobile phase, and 20 µL was injected. 

 
A 250 × 4 mm I.D. column packed with LiChrospher 60 RP select B (particle size 5 µm, Merck) 

was used for the analysis. The mobile phase was a gradient of 20 mM phosphate buffer (pH 2.5) and 
acetonitrile (described in Table I) at a flow rate of 1.00 mL⋅min-1. Chromatograms were recorded at 
278 nm, and UV spectra were recorded in the range of 200-450 nm. 

TABLE I. MOBILE PHASE USED IN HPLC AND HPLC-MS ANALYSIS. 

HPLC method, time (min) Buffer (%) MeCN (%) 
0  80 20 
20  50 50 
30  30 70 
HPLC-MSD method H2O (%) MeCN (%) 
0  80 20 
40  30 70 

 

2.3. HPLC-MSD 

The HPLC experiments were carried out on a Waters liquid chromatograph equipped with a 
quaternary Waters 626 LC pump, a Waters 600S controller with Millennium chromatography manager 
2010, and a Rheodyne manual injector 7725i. A Waters symmetry C18 column (3.5 µm, 2.1 x150 
mm) was used. The mobile phase was a MeCN/H2O gradient (Table I) at a flow rate of 200 µL⋅min-1. 
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ESI-MS:  
Triple stage quadruple instrument (Finnegan TSQ 700) was equipped with a combined 

Finnegan Atmospheric Pressure Ion (API) source, and a quadruple ion trap instrument (Esquire-LC, 
Bruker-Franzen Analytik GmbH) was equipped with a combined Hewlett-Packard API source. 

 
Finnigan TSQ 700: 
The capillary was held at 200°C, sheath gas pressure at 40psi. Argon was used as the collision 

gas for MS-MS experiments at a pressure of 1.8 to 2.5mTorr. The collision voltage varied between -9 
and -35eV. 

 
Bruker Esquire-LC: 
Drying gas at 250°C and 3.8 L⋅min-1, nebulizing gas at 21psi, capillary voltage at 4300V, end 

plate at 3800V, capillary exit at 75V, and Skimmer 1 at 25V. For MS-MS spectra the fragmentation 
amplitude was varied between 0.5 and 1.1 V. 

2.4. Headspace-GC-MS 

 
Headspace-GC-MS analysis was carried out on an instrument of Varian 3400cx Saturn 4D/GC-

MS-MS equipped with a headspace autosampler according our former work. A column of Rtx®-624 
(30m×0.32 I.D., 1.8 µm) was used for analysis on the conditions: 45°C (hold 5 min) to 95°C at 2°C⋅min-

1 (hold 25 min), Helium carrier gas (5.0 grade), and flow rate 1.1 mL⋅min-1. 
 
Mass spectra were obtained at electron impact of 70eV and chemical ionization (with methane 

as reagent gas) at 15eV; chromatograms were recorded by monitoring the total ion current in the range 
of 30-400u., transfer line and ion trap manifold were maintained at 220°C and 170°C, respectively. 

 

3. RESULTS AND DISCUSSION 

3.1. Identification of the degradation products and degradation pathway 

 
Fig. 1 shows a typical HPLC chromatogram of the impurity profile of irradiated 

chloramphenicol powder. By comparing the chromatograms of non-irradiated (CAP-0) and irradiated 
(CAP-50) chloramphenicol samples, it was clear that degradation occurred during gamma processing. 

 
By comparing the HPLC chromatograms, UV and MS spectra with those of reference 

compounds, peak 1 was assigned to 2-amino-1-(4-nitrophenyl)-1,3-propanediol, a hydrolysis product 
of the amide group of chloramphenicol (a typical reaction in the photochemical degradation of CAP). 
Peaks 4 and 6 were assigned to 4-nitrobenzoic acid and 4-nitrobenzaldehyde, respectively. Peak 6 
gives a lower response factor in the current method because of the peak distort, and this makes it 
difficult to judge the absence of peak 6 using the current HPLC-DAD method. The identification and 
quantitative determination of peaks 4 and 6 in irradiated chloramphenicol were confirmed using thin 
layer chromatographic method. 

 
Peaks 2-3, 5, 7 and 8 were identified using HPLC-MSD analysis and assisted by HPLC-DAD 

absorption spectra (Fig. 2). In mass spectra, the isotope pattern provided information on the numbers 
of chlorine in the target compounds, and the species of [M-H2O]+ evidenced the presence of at least 
one hydroxyl group. Molecular weights were calculated using the corresponding [M+H]+ species. As 
an example, MS spectrum of peak 5 was characterized by the [M-H2O]+ peak at m/z 275 (100%) and 
the [M+H]+ peak at m/z 293 (40%). The information for each compound is summarized in Table II. By 
both the molecular structure of chloramphenicol and MS results, the chemical structures of the above 
radiolysis products are determined and listed in Table III. 
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FIG. 1. Determination of degradation profiles of γ irradiated chloramphenicol (CAP-50) and non-
irradiated chloramphenicol (CAP-0) by HPLC-DAD at 278 nm.  

Peak identification:  
 

• 1 = 2-amino -1-(4-nitrophenyl)-1,3-propanediol,  
• 2 = 2-formamide-1-(4-nitrophenyl)-1,3-propanediol, 
• 3 = 2-(2-chloroacetamide)-1-(4-nitrophenyl)-1,3-propanediol,  
• 4 = 4-nitrobenzoic acid,  
• 5 = 2-(2,2-dichloroacetamide)-1-(4-nitrophenyl)-1-ethanol,  
• 6 = 4-nitrobenzaldehyde,  
• 7 = 2-(2,2-dichloroacetamide)-3-hydroxy-4-nitropropiophenone,  
• 8 = 2-(2,2-dichloroacetamide)-4-nitro-acetophenone, and U1-8 = unknown. 

 

TABLE II. MASS FRAGMENT INFORMATION FROM HPLC-MSD ANALYSIS. 

No. tR (HPLC) MW a Fragmentation information m/z, 100% References 
CAP 11.36 322 [M-H2O]+, 2 Cl [M+H]+  
1 3.29 212 [M-H2O]+, without Cl [M+H]+ [7, 8] 
2 4.75 240 [M-H2O]+, without Cl [M+H]+ New finding 
3 7.89 288 [M-H2O]+, 1 Cl [M+H]+ [6] 
4 12.39 - - - [5, 6]. 
5 14.09 292 [M-H2O]+, 2 Cl [M-H2O]+ [6] 
6 14.59 - - - [5, 6] 
7 14.95 320 [M-H2O]+, 2 Cl [M+H]+ New finding 
8 18.14 290 2 Cl, without [M-H2O]+ [M+H]+ [6] 

a molecular weight 
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FIG. 2. HPLC-MS and HPLC-UV spectra of peaks 2, 3, 5, 7, and 8. 
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TABLE III. STRUCTURE AND MEASURED UV λMAX (MAXIMUM ABSORPTION) OF THE 
RADIOLYSIS DEGRADATION PRODUCTS IN IRRADIATED CHLORAMPHENICOL. 

No. λmax, nm Compound Structure  No λmax, nm Compound Structure 
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a: reference compound 
 
Wavelengths of the absorbance maximum of each radiolysis product (λmax) in the present 

HPLC mobile phase, a mixture of acetonitrile and 20 mM phosphate buffer (pH 2.5), are listed in 
Table III. Chloramphenicol and 4-nitrobenzaldehyde were used as references for the molecular 
structure comparison. It was found that UV spectra of the identified radiolysis products perfectly 
overlapped with those of relevant reference compounds (Fig. 2). UV spectra of peaks 2 and 3 showed 
the typical shape of the chloramphenicol UV spectrum (λmax 278.2 nm), evidencing that peaks 2 and 
3 have a molecular structure similar to chloramphenicol. The UV spectra of peaks 7 and 8 coincided 
with the UV spectrum of 4-nitrobenzaldehyde (λmax 266.6 nm), verifying the presence of a carbonyl 
group in peaks 7 and 8. The nitrobenzene ring conjugating with the carbonyl group gives a shorter 
wavelength of UV absorbance (λmax 266.6 nm) than without conjugation (λmax 278.2 nm), as in the 
case of chloramphenicol. 

 
The presence of the compounds of peaks 3, 5, and 7 in the radiolysis products of 

chloramphenicol have been reported by Zeegers et al. using different identification methods, however, 
the quantification data were not available. Peaks 2 and 8 as the radiolysis products of chloramphenicol 
are new findings in the current investigation. 

 
Fig. 3 shows that 2-formamide-1-(4-nitrophenyl)-1,3-propanediol (peak 2) was formed through 

carbon-carbon rupture and by eliminating the dichloromethyl group. Headspace-GC-MS analysis 
showed that dichloromethane was detected in the irradiated chloramphenicol sample, while it was not 
present in the original sample. The concentration of dichloromethane was relevant to that of peak 2 in 
the irradiated CAP sample. This strongly suggests the formation pathway of 2-formamide-1-(4-
nitrophenyl)-1,3-propanediol (peak 2). Similarly, 2-(2-chloroacetamido)-1-(4-nitrophenyl)-1,3-
propanediol (peak 3) forms through rupture of carbon-chlorine bond, or replacement of chlorine atom. 
2-(2,2-dichloroacetamido)-1-(4-nitrophenyl)-1-ethanol (peak 5) involves carbon-carbon bond rupture, 
and 2-amino-1-(4-nitrophenyl)-1,3-propanediol (peak 1) involves nitrogen-carbon bond rupture. 
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FIG. 3. Chromatograms of volatile radiolysis products by headspace-GC-MS. 

 
The presence of moisture also causes unavoidably the formation of radical oxidants iOH, 

HO2i and peroxide in chloramphenicol powder due to water molecule radiolysis during the gamma 
processing. These radical oxidants result in oxidation reaction of chloramphenicol. The identification 
result shows that the oxidation reaction occurs and hydroxyl group is oxidized to a carbonyl group as 
shown in Fig. 3. 

 
2-(2,2-dichloroacetamido)-3-hydroxy-4-nitropropiophenone (peak 7) is the oxidation product of 

the hydroxyl group of chloramphenicol, and 2-(2,2-dichloroacetamido)-4-nitro-acetophenone (peak 8) 
is resulted from combination of an oxidation and carbon-carbon rupture. It is observed that the 
concentration of peak 8 is relatively lower than that of peak 7 (Fig. 1). This observation supports the 
conclusion that peak 8 is the product of two step reactions (carbon-carbon rupture then oxidation, or 
vice versa), while peak 7 is a one step reaction product. In addition, peaks 4 and 6, 4-nitrobenzoic acid 
and 4-nitrobenzaldehyde could be also the products of two step reactions (carbon-carbon rupture then 
oxidation, or vice versa) from chloramphenicol and all of the other radiolysis products. 

3.2. Evaluation of the radiolysis products 

 
In order to confirm that, as appropriate, γ-sterilization does not result in unacceptable radiolysis 

products in the irradiated chloramphenicol, toxicity of the radiolysis products must be estimated. Table 
III shows that molecular structures of those degradation products resemble chloramphenicol. 
Chloramphenicol contains a nitrobenzene ring, an amide bond, and an alcohol function. The presence 
of chloride in biologically produced organic molecules is unusual. Nitrobenzene is the main function 
group of chloramphenicol and the nitrobenzene is relevant because it leads to the formation of 
aromatic amines that may be carcinogenic. The hydrolysis of amide leads to inactivation. The alcohol 
serves as a functional group facilitating the formation of esters that improve chloramphenicol’s water 
solubility. 
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Health hazard data showed that 4-nitrobenzoic acid and 4-nitrobenzaldehyde were safe for 
human health at such trace levels. Accordingly, it could be proposed that the molecular structures of 
these radiolysis products in Table III contain no toxic function groups, and it could be expected that 
the toxicities of those identified radiolysis products were similar with that of chloramphenicol. 
Cytotoxic tests performed before show that no toxic effects induced by irradiated chloramphenicol 
were measured. This strongly supports this conclusion. 

 
It is noted that in irradiated chloramphenicol sample there are still some minor impurities 

(labeled with U1-U8) that have not yet been identified (Fig. 1). Further efforts to identify those 
impurities were difficult to assign with confidence due to their low concentration. According to the 
requirements of EMEA, degradation products should be identified or reported when present at levels 
greater than (>) the required thresholds, which depend on the maximum daily dose. Since the 
maximum daily dose of chloramphenicol is 3.0g, accordingly, the threshold for identification of its 
degradation products is 0.1%, and for reporting is 0.05%. 

 
Quantitative analysis of the impurities in irradiated chloramphenicol was carried out in order to 

clarify the necessity to further identification. Non-irradiated chloramphenicol was used to prepare the 
calibration curves. The results are summarized in Table IV. It shows that at irradiation dose of 25 kGy, 
all of the unidentified impurities are present at levels of not more than (≤) the threshold, but peak U6. 
However, by comparing the impurity profiles in Fig. 1, it is noted that peak U6 is not a radiolysis 
product, but original impurity in the drug substance. The concentration of peak U6 was not augmented 
after γ-irradiation. 

TABLE IV. QUANTITATIVE ANALYSIS OF IMPURITIES IN THE IRRADIATED AND NON-
IRRADIATED CHLORAMPHENICOL.  

Peak Identified Peaks, % (w/w)  Peak Unidentified Peaks, % (w/w)a 
No. CAP-0 CAP-25 CAP-50  No. CAP-0 CAP-25 CAP-50 
1 0.023 0.080 0.155  U1 - 0.017 0.033 
2 0.0002 0.061 0.106  U2 - 0.032 0.056 
3 - 0.098 0.186  U3 - 0.024 0.041 
4 - 0.046 0.085  U4 0.003 0.009 0.018 
5 - 0.058 0.121  U5 0.005 0.029 0.054 
6 - - -  U6 0.100 0.084 0.082 
7 - 0.166 0.322  U7 0.020 0.015 0.021 
8 - 0.015 0.027  U8 0.013 0.019 0.025 

a: weight/weight, pure non-irradiated chloramphenicol was used as a reference to prepare calibration 
curve for the quantitative determination of radiolysis products because the references of these radiolysis products 
are unavailable. 

 
Peak U8 was also present in the non-irradiated chloramphenicol samples as impurity. Unlike 

peak U6, the concentration of peak U8 increased slightly after γ-irradiation, but was still below the 
threshold after γ irradiation at 25 kGy. No further identification is therefore, necessary. It is clear that 
concentrations of all the unidentified radiolysis products are not greater than the thresholds of 
identification and reporting. Their influences on the quality of irradiated CAP can be neglected. 

 
Chloramphenicol contains a nitrobenzene ring, an amide bond, and an alcohol function group. 

Reduction of the nitrobenzene ring could lead to the formation of aromatic amines, which may be 
carcinogenic. To further examine the possible formation of aromatic amines in the degradation 
products, 4-aminobenzoic acid, 4-aminobenzaldehyde, and 4-aminophenol were spiked into the 
irradiated chloramphenicol and examined by HPLC-DAD. Retention times of the three compounds 
were carefully compared with those of all radiolysis products, respectively. UV spectra and peak 
purity check were carried out as well. Signs of the existence of these aromatic amines in the radiolysis 
products were not evidenced.  
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UV spectra of the three compounds were also compared with all the radiolysis products that had 
different retention time from the three, and no coincidence was found. This suggests that presence of 
similar aromatic amines in irradiated chloramphenicol samples were unlikely. 

 

4. CONCLUSION 

 
The present work makes it possible to evaluate the radiolysis of chloramphenicol products 

simultaneously with qualitative and quantitative data. Accordingly, it was found that none of major 
radiolysis products in irradiated chloramphenicol may be unacceptable and threatens the product 
safety, as required by The European Agency for the Evaluation of Medicinal Products (EMEA). 
Quantitative analysis also shows that all the unidentified radiolysis products are present at levels not 
more than (≤) the thresholds of identification and reporting as required by EMEA. In conclusion, the 
gamma radiation treatment does not cause chloramphenicol to become risky or unsuitable for medical 
use. 
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