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Abstract 
The effects of γ radiation sterilization on chloramphenicol, in both pure powder state and petrolatum eye 

ointment, were investigated with high performance liquid chromatography. The content of chloramphenicol 
decreases by 1.0% in powder state and by 1.2% in eye ointment at the reference radiation dose of 25 kGy. The 
profile of chloramphenicol radiolysis products in powder state differs from that in eye ointment. It was found 
that microenvironment of chloramphenicol molecule is a key factor governing the radiolysis of chloramphenicol 
in powder state. Solvent residues in chloramphenicol powder could change the radiolysis behavior of 
chloramphenicol. The solvents, having good solubility for chloramphenicol, promote radiolytic hydrolysis of 
chloramphenicol, but the converses do not. Inert gas purging or diffusion by exposing in absorbent is efficient 
method to prevent chloramphenicol powder from radiolysis. The influence of the presence of oxygen was 
explored. Oxygen plays a role of scavenger and diminishes radiolysis of chloramphenicol. It was found that N-
actyl-L-cysteine can protection chloramphenicol in eye ointment from radiolysis. Hydrophobic radiolysis 
products of chloramphenicol were observed in eye ointment part. Using scavengers and lower irradiation can be 
strategies to resist radiolyses of chloramphenicol in petrolatum eye ointment. 

 

1. INTRODUCTION 

 
Due to the poor thermal stability, D-(threo)-chloramphenicol (CAP) powder has currently to be 

sterilized by the ethylene oxide method, and CAP eye ointment (CAPEO) is manufactured under 
aseptic conditions. However, the ethylene oxide method is involved in the problems of toxic residues, 
and aseptic process is involved in possibility of second contamination as well as high cast of invest 
and maintenance. Accordingly, there are great scientific and industrial interests to convert the current 
sterilization methods to γ processing. The key factor for a successful γ sterilization is to ensure that the 
radiation treatment does not cause the degradation and the formation of toxic compounds in the target 
products. 

 
The existing reports about gamma sterilization on CAP powder are rather fragmental and 

conflicting. In the 60s-70s, three groups of researchers reported that powder CAP did not decompose 
when exposed at irradiation doses of 25, 50, and 100 kGy. Schulte and Henke found a decomposition 
of 1.5% CAP at 60 kGy. Diding et al. concluded that after 25 kGy irradiation from either a 60Co source 
or a linear electron accelerator, CAP did not meet some of the Nordic Pharmacopoeia quality 
requirements. Altorfer estimated decomposition at these doses at up to 1-2%. Varshney et al. 
concluded that CAP in dry powder form can be sterilized by 60Co or electron beam at 15 kGy. 
However, it was reported that changes could be observed in physical properties like discolouration, 
crystallinity and solubility at sterilization dose of 15 kGy. The colour change decreased in different 
atmospheres, in the order air < N2 < N2O <H2. 

 
The previous investigation concluded that there are no universal testing protocols that would be 

applied to all pharmaceuticals, but rather each compound should be considered individually. 
Therefore, the stability of CAP in eye ointment may be different from that of CAP in powder state 
during gamma irradiation. Among the numerous references to gamma sterilization, there are relatively 
few studies concerning ointment. Hangay et al. reported in 1967 that hydrocortisone eye ointment 
containing two active ingredients (hydrocortisone acetate and CAP) was suited for radiation 
sterilization and the quantitative determinations and assays of the two active ingredients did not show 
changes either as the pure substance or in the ointment.  
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The unpublished data from Gopal in 1978 claimed that gamma irradiation at 25 kGy causes 
principally the formation of p-nitro-benzaldehyde (I) and p-nitro-benzoic acid (II) and a few other 
unknown species as revealed by TLC and HPLC. The content of I and II is about 0.06% each at 25 
kGy and increases to 0.12% at 60 kGy. Furthermore, CAP eye ointment had been approved by 
regulatory authorities for radiation sterilization and decontamination in UK, Norway and India. 
Nevertheless, no reports released the details of performing gamma sterilization on CAP eye ointment 
and chemically validated irradiation dosage. The radiolysis degradation products of CAP in eye 
ointment had never been examined. The factors governing CAP radiolysis and methods protecting 
CAP from radiolysis had rarely explored. 

 
The aims of present work are 1) to clarify the radiolysis degree of CAP both in powder state and 

eye ointment state, 2) to examine the radiolysis products of CAP in eye ointment, and 3) to explore 
protection techniques for eliminating possible radiolysis. 

 

2. EXPERIMENTAL 

Experimental conditions of assay test, impurity analysis, sample preparation and headspace 
analysis were described in references. 

 

3. RESULTS AND DISCUSSION 

3.1. Assay test 

 
The effect of γ-irradiation on the CAP content was determined by HPLC (Fig. 1), which shows 

that γ-irradiation treatment induces CAP degradation both in eye ointment and in powder state. 
Although the degree of degradation in both cases is proportional to the radiation dose, the degree in 
powder state increases high linearly with irradiation dosage (the correlation coefficient is 0.9997), 
while the degree shows nonlinear relationship with the dosage in the case of CAP eye ointment. Thus, 
differences of degradation degree between CAP and CAPEO at 25 kGy and below are negligible, and 
CAP content in CAPEO decreased much more significantly than that in powder state at 50 kGy. This 
indicates that the oily ointment matrix plays a role in the γ induced degradation and CAP molecule 
may undergo deferent degradation pathways in powder state and eye ointment during γ processing. 

 
At the standard dose of 25 kGy, CAP degraded by more than 1% both in powder and in eye 

ointment states. Although it was reported that radiolytical degradation of CAP did not affect its 
biological activity, the degradation fragments are not always harmless and may influence the 
secondary effects by increasing toxic or immunologic side effects. Therefore, a loss of more than 1% 
of the active principle is not acceptable without knowing the toxicity of the radiolytic products and the 
degradation products must be explored. In addition, it is also of great interesting to further explore the 
difference with impurity test in order to well understand degradation pathway and to find possible 
ways to eliminate the irradiation degradation. 

 
Typical HPLC chromatograms of impurity profiles of CAP powder and CAP eye ointment are 

shown in Fig. 2, in which the radiolysis products in CAP powder were assigned according to our 
previous work. The previous work concluded that none of radiolysis products in irradiated CAP 
powder may be unacceptable and threatens the product safety. By comparing the impurity profile of 
irradiated CAP powder and irradiation CAP eye ointment, it is noted that peak 1 is a radiolysis product 
in CAP powder but a trace original impurity in CAPEO. Peak 1, assigned as 2-amino-1-(4-
nitrophenyl)-1,3-propanediol, is a typical hydrolysis product of CAP in thermal and photochemical 
processing. 
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FIG. 1. Effect of γ-irradiation on chloramphenicol (CAP) content determined by HPLC assay test (n = 6 
at each point). 

The non-irradiated samples were set as 100% and the CAP eye ointment and CAP powder 
samples were packed respectively in conical glass flasks for irradiation. 

3.2. Impurity test 

 
It is also observed that the relative intensities of other radiolysis product peaks differs 

significantly between CAP powder and CAP eye ointment samples in Fig. 3. By means of 
simultaneously qualifying and quantifying determination, it was possible to quantitatively compare the 
influence of irradiation conditions (CAP status, matrices) on the degradation products (Table I). Peak 
1, the hydrolysis product, and Peak 2 almost disappeared, and the amounts of Peaks 4, 6, 7 and 9 were 
obviously reduced in CAPEO, while the amounts of radical reduction products Peaks 3 and 5 are 
higher in CAPEO than those in CAP powder.  
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This impurity test result also indicates that the petrolatum ointment base play a role during CAP 

molecular radiolysis and the amounts of the radiolysis products varies with the changes of CAP micro-
surrounding, especially, the radiolysis product of peak 1, which can be eliminated out by changing the 
surrounding of CAP. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 2. Comparison of the radiolysis products of chloramphenicol in powder and in eye ointment. 
irradiated at 50 kGy. CAP and CAPEO mean chloramphenicol powder and its eye ointment, 

respectively 

 

TABLE I. CHROMATOGRAPH PEAK AREAS OF THE RADIOLYSIS PRODUCTS OF 
CHLORAMPHENICOL IN POWDER AND IN EYE OINTMENT 

Reaction In CAP-25 a In CAPEO-25 b CAP-25/CAPEO-25 
Hydrolysis    
Peak 1 166565 2970 56.1 
Peak 2 29905 4099 7.2 
Molecular rupture    
Peak 3 76900 112112 0.68 
Peak 5 48894 67004 0.72 
Oxidation    
Peak 4 61564 47728 1.3 
Peak 6 8029 6982 1.2 
Peak 7 89054 52130 1.7 
Peak 9  14750 7032 2.1 

a, b: chloramphenicol powder and chloramphenicol eye ointment irradiated at 25 kGy, 
respectively 
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CAP molecules in CAPEO are likely to be surrounded by the ointment base, instead of the air 

surrounding conditions in the powder state. The compounds of Peaks 4, 6, 7 and 9 are radiolysis 
products from oxidation reaction, and Peaks 3 and 5 from CAP molecular rupture or reduction 
reaction. The data in Table III suggest that the elimination of the air atmosphere in CAPEO samples 
has certainly reduced the radiolytical hydrolysis and oxidation reactions, while air free condition in 
CAP powder reduces molecular rupture during γ-irradiation. 

 
As the well elucidation of the radiolysis behavior of water molecule and oxygen have been well 

elucidated, whenever moisture presence, the following ionization of water molecule could occur: 
 

H2O H2O

+

+   e

H2O +   e H OH+

H2O H2O+ H3O OH  
 

OH2 H2O2

OHH2O2H + H2O +

OH H2O2+ HO2H2O +  
 
In these reactions, oxidant species (HO•, H2O2, HO2•) are produced, they will unavoidably 

promote the formation of oxidation products during γ process. 
 
Oxygen may play double roles during γ process. It can produce oxidants, and adsorb the radicals 

as a proven electron scavenger, which can inhibit the formation of radiolysis products from molecular 
rupture during γ processing. The chemistry of oxygen during γ can be expressed as following: 

 
O2 + e + M O2 M+ (1)

O2 2O (2)*

O2 + O O3+ (3)O2*

O + 2O2 (4)O3  
 
In reaction (1), oxygen acts as scavenger of electron (M is a third body), and in reactions (2)-

(4), it acts as precursor of oxidants. However, the energy deposited by the gamma ray to a component 
of a mixture, to a first approximation, is proportional to the fraction of molecules of each compound. 
Oxygen concentration is much less than the CAP or the ointment, thus very little energy is deposited 
in the oxygen, and it is not a major source of oxidants. Its main effect will be as a radical scavenger. 
Reactions 2-4 are of no significance in this system.  

 
In the manufacture process, eye ointment base is pretreated at 120°C for two hours under 

vacuum for sterilization and homogenization. Then the base is blended with CAP powder immediately 
after cooling under vacuum. Thus the moisture amount in petrolatum eye ointment base is less than 
that in powder state although the presence of moisture is always unavoidable in eye ointment and CAP 
powder. The presence of oxygen molecules and moisture in the neighborhood of a CAP molecule is 
less possible in CAPEO than in CAP powder. Consequently, the amounts of rupture products of Peak 
3 and 5 in CAP powder are lower than those in CAPEO, while the amounts of oxidation products 
(peaks 4, 6, 7, 9) in CAP powder is higher than those in eye ointment system (as shown in Table I). 
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3.3. Strategies against radiolysis of CAP powder 

 
Both assay test and impurity test results demonstrate that the microenvironment surrounding 

CAP molecules is a key factor for the CAP radiolysis and the amount of radiolysis products, especially 
the compound of peak1, depends on CAP microenvironment. This suggests a way to diminish the 
CAP radiolysis by changing the CAP microenvironment. Accordingly, CAP powder samples were 
pretreated by He and N2 purging for 48 hours, as well as by drying in exsiccator (containing silica gel) 
for 48 hours, respectively. All the pretreated samples were then irradiated and analysed at identical 
conditions for comparison. 

 
The results show that these pretreatment methods effectively reduce the radiolysis of CAP 

powder from 2.1% to ca. 0.8% at 50 kGy, and there is significant difference amongst helium purging, 
nitrogen purging, and drying in exsiccator (Table II). Impurity profiles show that peak 1, 2-amino-1-
(4-nitrophenyl)-1,3-propanediol, was dramatically eliminated by all the three the pretreatment, and the 
case of helium purging is given as an example in Fig. 3. Both the assay and impurity determinations 
demonstrate that purging and drying treatments are efficient methods to relieve CAP radiolysis in 
powder state. 

TABLE II. INFLUENCE OF INERT GASES PURGING AND DRYING IN EXSICCATOR ON 
CHLORAMPHENICOL CONTENT IN CAP POWDER AFTER γ IRRADIATION  

Treatment CAP content a, % RSD%, n = 3 
No pretreatment, 0 kGy 100 0.61 
No pretreatment, 50 kGy 97.9 0.88 
He purge, 48 hours, 50 kGy 99.1 0.50 
N2 purge, 48 hours; 50 kGy 99.2 0.69 
In silica gel exsiccator, 48 hours; 50 kGy 99.3 0.53 

a: results by HPLC assay test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 3. Effect of helium purging on γ induced degradation of chloramphenicol powder.CAP and CAP-
He mean chloramphenicol powder and chloramphenicol powder purged by helium for 48 

hours, respectively 
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It is of interesting to find that presence of solvents, such as chloroform, toluene, 

dichloromethane, and benzene does not influence the radiolytical hydrolysis of CAP. In contrast, 
methanol, ethanol, isopropanol, acetonitrile and 1,4-dioxane strongly enhanced the formation of the 
hydrolysis product, Peak 1 (examples are shown in Fig. 4). It is noted that CAP is well dissoluble in 
the former solvent group, and has poor solubility in later group. The solubility of CAP in these 
solvents is summarized in Table III. 

 
Table III shows a clear relationship between solubility and the formation of Peak 1. It is also 

noted that the solvents with inducing function have are miscible with water, while those solvents 
without inducing function are nonmiscible with water. Although alcohols, dioxin and acetonitrile are 
the solvents with inducing function, their chemical natures are quite different from each other. It is 
unlikely to that the solvent molecule itself or its fragment directly attack the CAP during γ-irradiation. 
Further experiment shows that serious radiolytical hydrolysis will happen when the amount of spiked 
water reaches to 1%. A possible explanation could be that water molecule could be rather difficult to 
approach CAP molecule without a proper medium due to its poor solubility for CAP. The solvents 
with inducing function could play a medium role for the reactions between water and CAP. Thus, the 
solubility of residual solvents is one of important factors for the radiolysis of CAP. 

TABLE III. SOLUBILITY OF CHLORAMPHENICOL IN SOME SOLVENTS POSSIBLY 
EXISTED IN PHARMACEUTICALS 

Solvent Solubility, mg/mL, 28°C Peak 1 inducing 
Water 4.4 No 
Toluene 0.145 No 
Benzene 0.26 No 
Chloroform 1.95 No 
Ethylene chloride 2.3 No 
Methanol > 20 Yes 
Ethanol > 20 Yes 
Isopropanol > 20 Yes 
Dioxane > 20 Yes 
Acetonitrile > 20 Yes 
 
It is also a good explanation for the conflicting reports on CAP powder radiolysis in literature. 

The microenvironment of CAP powder from different manufacturers could be different, the presence 
or absence of the solvents with inducing function can result in different radiolysis behavior. The 
drying in present work functions actually as exposing to get rid of both solvent residuals and moisture. 
The inert gases purging and drying are practical methods to clean the environment of CAP, and to 
protect CAP powder from excessive radiolysis. 

3.4. Radiolysis of CAP in eye ointment 

 
The quantitative determination of the radiolysis products had to be carried out semi-

quantitatively, due to the lack of relative reference compounds. The non-irradiated CAP was used as 
reference compounds for all the radiolysis products to prepare calibration curves. The semi-
quantitative result is shown in Table IV. 

 
It is noted that the assay test results do not match the impurity test results, especially in the case 

of CAPEO at higher irradiation dose (50 kGy). Assay tests show that the degradation amount in CAP 
powder is higher than that in CAPEO, while the sum of all the impurities in the identical samples by 
impurity test are reverse. This strong suggests that some of the radiolysis products in CAPEO have 
escaped from the present HPLC measurement, or from the extraction process during the sample 
preparation. 
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FIG. 4. Influence of typical solvent residues on chloramphenicol radiolysis. 

CAP-MeOH-50, CAP-Water-50, CAP-CHCl3-50 mean the chloramphenicol powder spiked 
respectively with methanol, water, and chloroform after helium purging and before radiation at 50 
kGy, and CAP-He-50 and CAP-50 mean with/without helium purging. 

TABLE IV. HPLC QUANTITATIVE RESULTS OF ASSAY AND IMPURITY TESTS AFTER γ 
STERILIZATION OF CAP POWDER AND CAP EYE OINTMENT. 

 Assay test Sum of impurities a 

 CAP CAPEO CAP CAPEO 
15 kGy 99.4% 99.7% / / 
25 kGy 99.0% 98.8% 0.8% 0.7% 
50 kGy 97.9% 90.5% 1.3% 1.1% 
a: response factors of all impurities were assumed the same as chloramphenicol. 
 
As the part from escaped measurement, the radiolysis products in CAPEO could be: 
 

• Too low concentrations to be detected; 
• No absorbance at the HPLC detector (UV, 278nm);  
• Volatile compounds;  
• Retained at the top of HPLC column;  
• Hydrophobic compounds and left in petrolatum eye ointment base part. 

 
An assay test using UV spectroscopy method at the measurement wavelength (278nm) was 

carried in order to examine the low concentration radiolysis products. In this measurement, all 
impurities having absorbance at 278 nm are taken into account of assay result, no matter what 
concentration levels. The value of this assay test for irradiated CAPEO is 92.4% at 50 kGy (RSD% = 
0.05, n= 6) and it is higher than that using HPLC method in Table IV. Nevertheless, there is still 
disagreement between this assay test and impurity test in Table IV. 
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FIG. 5. TLC chromatograms of irradiated chloramphenicol in powder (CAP-50) and in eye ointment 
(CAPEO-50) at 50 kGy.  

 
Stationary phase: silica gel 60 F254; Mobile phase: chloroform/methanol/glacial acetic acid = 

97:14:7 (v/v/v); Detector wavelength: 278 nm. 
Peak 1 = 2-amino-1-(4-nitrophenyl)-1,3-propanediol; Peak 2 = 4-nitrobenzaldehyde. 
 
Further examination was carried out with thin-layer chromatography (TLC). As shown in Fig. 5, 

no additional sizeable peaks were found in the chromatogram of CAPEO compared to the 
chromatogram of CAP powder. It proves that no new degradation products have stocked on the HPLC 
column during the impurity test. Using universal spray reagents (iodine vapour, vanillin-sulphuric 
acid, and sulphuric acid) had not reviewed any new compounds either, suggesting that no UV 
insensitive compounds had escaped detection. Examination with diode array detector over 200-400 nm 
in the HPLC impurity test detected no new radiolysis products as well. 

 
Volatile radiolysis products may be formed during gamma processing because the radiation 

energy could be strong enough to break CAP molecule into smaller pieces, possibly volatile 
compounds. However, the volatile radiolysis profile of irradiated CAPEO determined using 
Headspace-GC-MS is exactly the same as that irradiated eye ointment base (without CAP), even at 
very high dose of 100 kGy (in our unpublished data). 
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FIG. 6. Influence of γ-irradiation on hydrophobic part of chloramphenicol eye ointment (CAPEO) and 
eye ointment base (EOB, containing no chloramphenicol), irradiated at 50 kGy. 

 
These examination results indicate that some of radiolysis products of CAPEO have escaped 

from the sample preparation process. By the molecular structure of CAP, there is little possibility that 
CAP itself produces non-volatile hydrophobic radiolysis products. Therefore, the only possibility is 
that CAP molecules had reacted with certain ingredients from ointment base during γ-irradiation, and 
remained in the hydrophobic medium. 
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It was observed that after γ-irradiation at 50 kGy, light yellow colour of CAPEO became dark 

yellow, while the colour of eye ointment base did not change. The examination of the hydrophobic 
part was carried out by UV spectroscopy method. The UV spectra of the eye ointment extraction 
(hydrophobic residues in Fig. 6) show that the absorbance of irradiated CAPEO differs from that of 
non-irradiated CAPEO and irradiated eye ointment base (Fig. 6). This indicates the presence of 
radiolysis products concerning CAP in eye ointment part. The details of this finding could be further 
investigated using suitable GC and HPLC methods. 

3.5. Strategies against radiolysis of CAPEO 

 
Radical scavenger 
Because CAPEO degraded more than 1% under the standard γ irradiation dose of 25 kGy and 

hydrophobic part of its radiolysis products is unknown, the gamma sterilization on CAPEO can not be 
performed without protection. The effects of radical scavengers were therefore explored to determine 
ways to prevent excessive radical radiolysis of CAPEO. The selected scavengers are preferably simple 
chemical substances, which are more sensitive to the direct influence of irradiation, or react faster with 
radicals/electrons than CAP molecule. 

TABLE V. INFLUENCE OF RADICAL SCAVENGERS ON CHLORAMPHENICOL CONTENT. 

Treatment a Chloramphenicol content, % RSD%, n = 3 
CAPEO, 0 kGy 100 0.87 
CAPEO, 50 kGy 90.5 0.64 
CAPEO-air, 50 kGy 95.2 1.05 
CAPEO-vitamin E, 50 kGy 95.1 2.57 
CAPEO-glutathione, 50 kGy 97.0 0.42 
CAPEO-β-carotin, 50 kGy 97.8 0.74 
CAPEO-N-actyl-L-cysteine, 50 kGy 99.6 0.63 

a: chloramphenicol eye ointment (CAPEO) was blended with 0.2% of each scavenger by hand in air, 
respectively, and CAPEO-air was prepared by stirring CAPEO in air only. 

 
Vitamin E, N-actyl-L-cysteine, β-carotin, and glutathione were thus tested as radical scavengers 

in the present study. They were blended well with CAPEO before irradiation. Assay test by HPLC 
method shows that N-actyl-L-cysteine exhibits excellence protection function (Table V). CAP 
radiolysis in CAPEO was reduced from 90.5% to 95.2% when CAPEO sample was vigorously stirred 
only in air, again, indicating the scavenging effect of oxygen on CAP molecule. Because all samples 
were prepared in air, vitamin E showed no protection function more, glutathione and β-carotin showed 
only weak protection function. The scavenger function of N-actyl-L-cysteine could be a synergy with 
oxygen. 

 
It is worthwhile to mention that radiolysis degree of manufacturer packed CAPEO (in aluminum 

tube) was higher than the lab packed CAPEO (in conical glass flask) at both 25 and 50 kGy (Table 
VI). The manufacturer packed CAPEO was prepared and packed to its final container (in aluminum 
tube) under vacuum condition. The lab packed CAPEO was packed under atmospherically conditions 
in glass flask. The vacuum operation of manufacturer packed CAPEO obviously diminishes oxygen 
residues in the CAPEO product. The absence of oxygen results in higher degree of CAP radiolysis. 

TABLE VI. COMPARISONS OF CHLORAMPHENICOL CONTENT IN CAPEO AFTER γ-
IRRADIATION IN DIFFERENT PACKAGES. 

n = 6 in aluminum tube  in conical glass flask 
 Assay  RSD%  Assay RSD% 
25 kGy 96.7% 1.32  98.8% 0.45 
50 kGy 89.7% 0.87  90.5% 0.64 
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However, oxygen is unacceptable as scavenger for CAPEO, because it will cause the oxidation 

reaction of petrolatum eye ointment base. This severely harms the quality of petrolatum ointment 
products. Therefore, N-actyl-L-cysteine could be only a good candidate as scavenger. In absence of 
oxygen, the function of N-actyl-L-cysteine should be further investigated. Furthermore, it is necessary 
to clarify the radiolysis behavior and radiolysis products of N-actyl-L-cysteine. 

3.6. Lower radiation dose 

 
The above shows difficulties to find a proper scavenger. In addition, it is noticed that radiation 

treatment at 25 kGy results in two other drawbacks as well. One is formation of gas radiolysis 
products from the petrolatum ointment base, which may cause some swelling of the tube and result in 
ointment leaks as well as spoil the package. The other is the irradiation treatment produces unpleasant 
odor from petrolatum ointment base. N-actyl-L-cysteine shows no relief for the two handicaps. 

 
According to the sterilization selection guideline from The European Agency for The Evaluation 

of Medicinal Products (EMEA), products could be sterilized using a validated lower irradiation dose 
when the product can not withstand the irradiation of 25 kGy, if the Sterility Assurance Level (SAL) of 
the ophthalmic product can be ensure to be ≤ 10-6. In the case of sterilization of CAPEO, lower 
radiation dose tactics could therefore be considered.  

 
The key for the use of lower radiation dose is to have a relative lower bioburden in the object 

product before sterilization. For this reason, petrolatum base can be pre-sterilized using dry heating 
sterilization during homogenizing of base ingredients. The mixture of CAP powder and the pre-
sterilized base will have a low bioburden, which may require a sterilizing dose of 10-15 only. The 
present investigation confirmed that the influence of gamma irradiation at 15 kGy degradation of CAP 
in petrolatum ointment base was insignificant, the content loss of CAP was 0.3% (Table IV). The gas 
formation and the change of the odor are negligible as well. 

 

4. CONCLUSION 

 
Gamma irradiation provokes degradation of CAP both in powder state and in petrolatum eye 

ointment, chloramphenicol degrades more severely in ointment state than that in pure powder state. 
Because the radiolysis degree is more than 1% and hydrophobic part of radiolysis products in 
chloramphenicol eye ointment is unknown, γ sterilization may not be directly applied to 
chloramphenicol eye ointment product under the standard irradiation dose of 25 kGy. 

 
Microenvironments of chloramphenicol molecule during γ processing played a key role in the 

chloramphenicol radiolysis in both powder state and ointment state. Comparing with powder state, the 
radiolysis hydrolysis product, 2-amino-1-(4-nitrophenyl)-1,3-propanediol, almost disappears in 
chloramphenicol eye ointment, and the oxidation products are lower, while the products from 
molecular rupture or reduction are higher.  

 
Solvent residues that have good solubility for chloramphenicol, such as methanol acetonitrile 

and 1,4-dioxane, induce hydrolysis reaction of chloramphenicol in γ process. With inert gas purging or 
diffusion by exposing in absorbent, radiolysis of chloramphenicol in powder can be obviously 
reduced. Presence of oxygen significantly eliminates chloramphenicol radiolysis in both powder state 
and ointment state. 

 
N-actyl-L-cysteine could be a potential radical scavenger against radiolysis in chloramphenicol 

eye ointment. Using a lower irradiation dose, such as 15 kGy, is a practical method to perform γ 
sterilization of chloramphenicol eye ointment.  
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