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Radiation sterilization of polyethylene glycols
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Summary

Polyethylene glycols (PEGs) are used in ophthalmic ointment bases and as
non-aqueous vehicles in injections, which are required to be sterile. The present
study is aimed at investigating the feasibility of sterilizing some PEGs by gamma-
radiation. Physicochemical and pharmacological studies were carried out on samples
sterilized by irradiation at 25 kGy (2.5 Mrad) and the findings were compared with
those of control and heat-sterilized samples to assess the suitability of radiation as a
possible alternative method of sterilization for PEGs.

Polyethylene glycols are widely used as components of water-soluble ointment
bases and as non-aqueous vehicles in injections for subcutaneous and intramuscular
use (Newton et al., 1973 Gupta, 1967; Korttila et al., 1976; Bodin et al., 1955). The
use of PEGs in ophthalmic ointments and injections necessitates their sterilization.
The recommended methods of heat sterilization (B.P.C., XI Edition) are not suitable
when ophthalmic ointments or injections contain heat-sensitive medicaments. Such
preparations are therefore processed under aseptic conditions which are costly and
cumbersome, and there is no certainty that the final product will be sterile.
Gamma-radiation has emerged as a useful, efficient and economic tool for the
sterilization of many drugs in the solid state and in ophthalmic ointments in their
final containers (Gopal, 1978). However, the adoption of this method requires
detailed investigations to ensure that no untoward changes take place, as ionizing
radiation has been reported to cause degradation in some pharmaceuticals (Jacobs,
1976; Hartman, 1975).

The present investigation is aimed at studying the feasibility of sterilizing PEGs
by 25 kGy gamma-radiation, and thereby offer an alternative to the conventional
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dry-heat sterilization. PEG 400, 1500 and 4000 were selected for the study as they
are the most widely used members and serve as representatives of liquid, semisolid
and solid PEGs. The PEGs, in sealed vials and stoppered containers of neutral glass,
were irradiated by gamma-radiation of cobalt-60 to a dose of 25 kGy. A baich of the
PEGs was also sterilized by heating at 150°C for 1 h. The irradiated PEG samples
were tested to detect any changes in physicochemical characteristics like colour, pH,
viscosity, freezing point, hydroxyl value and ethylene glycol and diethylene glycol
content by pharmacopoeial procedures (B.P. 1980; U.S.P. XX). In addition, peroxide
content was determined by iodometry (McKenzie, 1970) and ethylene oxide content
was determined by a titrimetric procedure (Schenck, 1968). The results of these tests
were compared with those obtained on an unsterilized (control) sample and the
heat-sterilized sample.

The results of the physicochemical characteristics indicated that the viscosity,
freezing point, hydroxyl value, average molecular weight and ethylene glycol and
diethylene glycol content of the PEGs were not significantly altered by either
method of sterilization. The irradiated PEG samples showed no change in colour
and complied with the B.P. colour test. The heat-sterilized samples of all three PEGs,
however, showed a slight yellowish tinge and failed in this test. The other character-
istics which showed marked changes are peroxide content, pH and ethylene oxide
content (Table 1). The radiation-induced change in peroxide content was not
significant in PEG 1500; however, a decrease was observed in PEG 400 and 4000. A
significant decrease (nearly half that of the control) was especially observable in
PEG 400. On the other hand, the heat-ster:lized samples of all the three PEGs have
shown a marked increase in the peroxide content. This could be attributed to the
fact that conditions of high temperature increases the formation rate of peroxide-like
impurities in PEGs (McKenzie, 1970; McGinty et al, 1976), which may cause
oxidative changes in some active ingredients incorporated in PEG bases (Coates et
al., 1961; Azaz et al., 1977).

The pH values of irradiated and heat-sterilized PEG 400 and those of irradiated
PEG 1500 and 4000 samples have shown no significant variation. However, tke pH
values of hzat-sterilized samples of PEG 1500 and 4000 have shown a considerable
decrease. This decrease in pH could be an after-effect of the increase in the peroxide
content, as peroxides are generally intermediates in the degradation of glycols to
carboxylic acids (McKenzie, 1970; McGinty et al., 1976). The ethylene oxide content
of the irradiated PEG 400 sample has shown no change, but the heat-sterilized
sample has shown a considerable decrease. Both the heat-sterilized and irradiated
samples of PEG 1500 and 4000, however, showed an increase in the ethylene oxide
content, the increase being greater ' the heat-sterilized samples. No plausible reason
could be attributed to these variations.

Pre-sterilization microbial counts (bioburden) of control samples of the PEGs,
assessed by the colony count method, indicated that they had a very low level of
contamination of less than 500 colony-forming units per gram. Both the irradiated as
well as the heat-sterilized samples of the PEGs complied with the sterility test.

As radiation damage may induce toxicity, it was necessary to assess the safety of
the irradiated PEG samples by pharmacological studies. Control and irradiated
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samples of the PEGs were tested for primary skin irritation by application on the
intact and abraded skin of albino rabbits by patch test technique (Draize et al.,
1944). No signs of irritation like erythema or edema were caused by any of the
irradiated samples.

To assess the acute toxicity of irradiated PEG samples, the LD, values of PEG
400 (oral LD;,) and of PEG 1500 and 4000 (intraperitoneal LD, ) were determined
on albino mice of the Haffkine strain. The LDg, values of control and irradiated
samples of each PEG were calculated (Litchfield et al., 1948) and compared. No
significant variation was observed between the LDy, values of the control and
irradiated samples of the PEGs.

This investigation, within the limits of its experimental design, has not indicated
any harmful effect of radiation on PEG 400, 1500 and 4000, when sterilized at 25
kGy.
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