Cytotoxicity of PVC tubes sterilized in ethylene
oxide after gamma radiation exposure
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RESUMO

Materiais esterilizados em raios gama, ao
serem re-esterilizados em Oxido de etile-
no (EO), formam substancias toxicas? Esta
questdo norteou o objetivo deste estudo,
que foi investigar o potencial efeito citoto-
xico do PVC esterilizado em radiagdo gama
e re-esterilizado em EO pelo método da di-
fusdo em dgar em culturas celulares. Nove
tubos de PVC foram submetidos a esterili-
zacdo em radiagdo gama e re-esterilizados
em EO. Os tubos foram divididos em um
total de 81 unidades de andlise, que foram
testadas de forma a representar as super-
ficies internas, externas e massa de cada
tubo. Concluiu-se que os materiais de PVC
esterilizados em Radiagdo Gama e conse-
cutivamente re-esterilizados em EO ndo
sdo citotoxicos.
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ABSTRACT

Do materials sterilized using gamma rays
become toxic when re-sterilized in ethyl-
ene oxide? This question guided the objec-
tive of this study, which was to investigate
the potential cytotoxic effect of PVC steril-
ized by gamma radiation and re-sterilized
with EO by the agar diffusion method in cell
cultures. Nine PVC tubes were subjected
to gamma radiation sterilization and were
re-sterilized in EO. The tubes were divided
into a total of 81 units of analysis that were
tested so as to represent the internal and
external surfaces and mass of each tube. It
was concluded that the PVC materials ster-
ilized in gamma radiation and re-sterilized
in EO are not cytotoxic.
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RESUMEN

Los materiales esterilizados con rayos
gama, al ser re-esterilizados en dxido de
etileno (EO), ¢forman substancias tdxicas?
Esta pregunta orientd el objetivo del pre-
sente estudio, que fue investigar el poten-
cial efecto citotéxico del PVC esterilizado
en radiacion gamma y re-esterilizado en EO
por el método de difusién en agar en culti-
vos celulares. Nueve tubos de PVC fueron
sometidos a esterilizaciéon por radiacion
gamma y re-esterilizados en EO. Se les apli-
caron en total 81 unidades de analisis, las
cuales fueron testeadas de manera tal de
representar las superficies internas, exter-
nas y la masa de cada tubo. Se concluyé en
que los materiales de PVC esterilizados con
Radiacién Gamma vy, posteriormente, con
EO, no son citotoxicos.

DESCRIPTORES
Esterilizacion

Rayos gamma

Oxido de etileno
Enfermeria

"RN. Doctoral Student. Graduate Program in Adult Health Nursing, School of Nursing, University of Sdo Paulo. Grant holder of Brazilian National Council for Scientific
and Technological Development. Sdo Paulo, SP, Brazil. rafaelgsouza@hotmail.com 2RN. Full Professor. Medical-Surgical Nursing Department, School of Nursing,
University of Sdo Paulo. Sdo Paulo, SP, Brazil. kugrazia@usp.br °Biologist. Scientific Researcher lll. Cell Culture Center of Adolfo Lutz Institute, Sdo Paulo, SP,
Brazil. tichikawa@ial.sp.gov.br *Biologist. Scientific Researcher Il. Cell Culture Center of Adolfo Lutz Institute, Sdo Paulo, SP, Brazil. claudiaregina73@
hotmail.com °Biologist. Scientific Researcher VI. Cell Culture Center of Adolfo Lutz Institute, Sdo Paulo, SP, Brazil. aurcruz@ial.sp.gov.br

Rev Esc Enferm USP
2013; 47(2):484-8
www.ee.usp.br/reeusp/

Received: 05/06/2011
Approved: 10/16/2012

ST Portugués/Inglés
(_;_J_‘g,.[:l-'” = www.scielo.br/reeusp



INTRODUCTION

In routine practice, central sterilization and supply depart-
ments follow the nursing policy of not using ethylene oxide
(EO) to resterilize materials previously sterilized by gamma-
irradiation. This practice dates from the 1967 publication of
a letter warning of ethylene chlorohydrin (ETCH) formation in
polyvinyl chloride (PVC) devices successively sterilized by gam-
ma-irradiation and EOW, Although it did not present experi-
mental data, the letter prompted several studies in the 1970s
and 1990s. Four studies confirmed the incompatibility of the
sterilization methods!** and three refuted the hypothesis®”.

Because of controversies surrounding the compatibility of
these sterilization methods, two publications, one from 1997®
and the other from 2010, reviewed the available data. The
first concluded that the number of studies was insufficient to
answer the question and suggested that additional studies
should be carried out. The second review analyzed the seven
previous studies and concluded that the sensitivity of gas chro-
matography was too low to answer the experimental ques-
tion. The review also concluded the results that
demonstrated incompatibility were weakened
because the studies either used environmental
aeration or did not present the aeration meth-
od in sufficient detail. Environmental aeration
is not accepted by the Association for the Ad-
vancement of Medical Instrumentation (AAMI)
19 it has a lower efficiency than mechanical
aeration, which requires temperature control.
For example, EO sterilization of PVC materials
requires mechanical aeration for 8 to 12 hours
at 50 to 60°C1*Y, whereas the time required for
environmental aeration is 7 days™.

Two studies'®” that showed compatibil-
ity of the two methods employed cytotoxic
tests of cell cultures to evaluate the effec-
tiveness of the aeration method used in the
sterilization process to remove EO residues
and by-products®?. In those methods, the sterilized sam-
ples were tested in living cells under conditions designed
to model the effects that contact with material containing
toxic residues would have in clinical practice. In this way,
cytotoxicity tests may be able to resolve the question of
incompatibility of these two sterilization methods?.

Our initial hypothesis was based on the rationale that
EO and ETCH are removed by the mechanical aeration
process recommended by the AAMI. The absence of cyto-
toxic effects in cell cultures would eliminate the doubts of
compatibility of the sterilizing methods. The objective of
this study was to investigate the cytotoxic effects of PVC
materials sterilized by gamma-irradiation and resterilized
in EO with mechanical aeration.

METHOD

The samples were non-sterile, flexible PVC tubes,
(RWR?®, S3o Bernardo do Campo, S3o Paulo, Brazil) 1.5 m
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long, with 1 cm external diameters and 0.6 cm internal
diameters. The study sample size was calculated assum-
ing a difference between experimental means of 50% of
the standard deviation. A total of 74 analysis units were
required for 95% reliability and 99% power. For safety rea-
sons, we worked with 81 analysis units, making the power
of the sample more than 99%.

The non-sterilized samples were packaged in plastic
pouch and sent to the Institute of Nuclear Energy and Re-
search (IPEN, Sdo Paulo, Brazil) for sterilization by 25-kGy
gamma-irradiation. After radiation, the samples were sent
for EO sterilization using a mixture of 30% EO and 70% CO,
at a concentration of 480-600 mg/| pressure of 0.40 kgf/
cm?, temperature of 50 + 10°C, and relative humidity of 60
t 25%. The chamber was loaded to 80% of maximum ca-
pacity. The initial aeration process took place in the steril-
ization chamber itself by means of three pulses of filtered
air over approximately 30 minutes. After this step, the ma-
terials were transferred to a mechanical aeration cham-
ber where they remained for 10 hours at 50°C with 25 air
exchanges per hour. The equipment used is
inspected annually, and the cycles are moni-
tored with class 5 biological (Attest® 1294,
3M® St. Paul, Minnesota, USA) and chemical
(Browne®, Waterside Road, UK) indicators.

After successive sterilization by gamma-
irradiation and EO, assuming that the cen-
tral, inner portion of the samples were the
most difficult to aerate, 0.5-cm pieces were
aseptically removed from these regions of
each tube and used in the cytotoxicity tests.
The cytotoxicity analysis was performed us-
ing an agar diffusion method that allowed
qualitative evaluation of cytotoxicity™). In
this test, semi-solid agar provided a sub-
strate for cell monolayers and also allowed
diffusion of chemical substances from the
samples of sterile PVC tubing. The tests were performed
in triplicate. The internal surface, external surface, and
mass of each piece of tubing was tested.

To perform the cytotoxicity tests, 5 ml NCTC clone 929
cells were inoculated onto 60 x 15 mm Petri plates for cell
culture (TTP®, Trasadingen, Switzerland) at a concentra-
tion of 3 x 10°cells/ml. The cultures were re-incubated for
48 hours at 37 £ 1°C, in atmosphere containing 5% CO,,.
After this period, the monolayers were evaluated for con-
fluence, and the culture media was replaced with an over-
lay of double-strength Eagle’s media (BD® Franklin Lakes,
New Jersey, USA) with 1.8% of a 0.01% neutral red vital
dye solution. The agar used in this preparation was mixed
(1:1) with Eagle’s medium at 44°C*%, After preparing the
plates, three pieces of PVC tube, one each from the in-
ternal surface, external surface, and mass, were placed
aseptically on the overlay medium. The cultures were in-
cubated at 37 + 1°C in an atmosphere containing 5% CO,
for 24 hours.
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valid if the positive control produced a halo of at least 0.5
cm and the negative control showed no biological reac-
tion. After measuring the extent of any colorless halo in
relation to the sample size, cytotoxicity was scored in ac-
cordance with the ISO 10993-5:2009 criteria for the agar
diffusion test*® as described in Table 1.

Cytotoxicity was microscopically verified by changes in
cell morphology around or under the samples and macro-
scopically by the presence of a colorless halo surrounding
the sample®, Filter paper discs about 0.5 cm in diameter
served as negative controls, and 0.5-cm diameter pieces
of latex were positive controls. The test was considered

Table 1 — ISO 10993-5:20009 criteria for reactivity scoring of the agar diffusion assay

Grade Reactivity Reactivity zone description Cytotoxicity
0 None No detectable zone around or under specimen -
1 Slight Some malformed or degenerated cells under specimen -
2 Mild Zone limited to the area under specimen -
3 Moderate Zone extending specimen size up to 1.0 cm +
4 Severe Zone extending farther than 1.0 cm beyond specimen +
RESULTS

gamma-irradiation and EO. The results of the cytotoxicity
tests are shown in Tables 2, 3, and 4, for the external, in-
ternal, and mass surfaces of the PVC tubing.

Regardless of their original position, the samples did
not cause cytotoxicity after successive sterilization by

Table 2 — Cytotoxicity test results of the external surface of 27 study samples — Sdo Paulo, 2010

Replicate 1 Replicate 2 Replicate 3
T | Halo Diameter | Reactivity Cyto- Halo diameter | Reactivity Cyto- Halo Diameter | Reactivity Cyto-
score toxicity score toxicity score toxicity

A — 0 — 0 — — 0 —

B S 2 - S 2 - S 2 -

C ? ? ? — 0 - S 1 -

D — 0 — — 0 — — 0 —

E — 0 - 0 — - 0 -

F S 2 - — 0 — - 0 -

G S 1 — S 2 — S 1 —

H - 0 - - 0 — S 1 -

1 — 0 — - 0 — - 0 —
—, No halo formation/Negative cytotoxic effect; S, Limited effects under the sample area; ?, Results could not be scored because of irregular cell morphology
Table 3 — Cytotoxicity test results of the internal surface of 27 study samples — Sao Paulo, 2010

Replicate 1 Replicate 2 Replicate 3
T Halo Diameter Reactivity Cy‘t(?- Halo diameter Reactivity C)it(.)- Halo Diameter Reactivity C)ft(.)-
score toxicity score toxicity score toxicity

A — 0 — S 1 — — 0 —

B S 2 — S 2 — — 0 —

C ? ? ? — 0 — S 2 -

D — 0 — — 0 — — 0 —

E — 0 — — 0 — S 2 -

F — 0 - — 0 - - 0 -

G S 2 — S 2 — S 2 —

H S 1 — S 2 - 0 —

1 S 2 — S 1 - - 0 —
—, No halo formation/Negative cytotoxic effect; S, Limited effects under the sample area; ?, Results could not be scored because of irregular cell morphology

Table 4 — Cytotoxicity test results of the mass of 27 study samples — Sdo Paulo 2010
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Replicate 1 Replicate 2 Replicate 3
T | Halo Diameter | REACVItY | CYt- 1y diameter | REACHVIEY | CYE0- by Diameter | Re3CHVity | Cyto-
score toxicity score toxicity score toxicity
A — 0 — — 0 — — 0 -
B - 0 - - 0 - - 0 -
C ? ? ? — 0 — — 0 -
D — 0 — — 0 - - 0 -
E - 0 - - 0 - - 0 -
F — 0 — — 0 — — 0 -
G — 0 - - 0 — — 0 -
H - 0 - - 0 - - 0 -
1 - 0 — — 0 — — 0 -
—, No halo formation/Negative cytotoxic effect; S, Limited effects under the sample area; ?, Results could not be scored because of irregular cell morphology
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DISCUSSION

The results of this study verify the safety of PVC ma-
terials previously sterilized by gamma-irradiation and re-
sterilized in EQ. However, there are three factors that can
limit the practical application of these results. The first
concerns the way in which aeration is conducted during
sterilization by EO service providers. In 2006, a study de-
scribed how aeration was carried out by EO service com-
panies in the Southeastern Region of Brazil. The results re-
vealed that 60% of companies use environmental aeration
despite having equipment able to carry out mechanical
aeration®®. The second factor is concerned with the mate-
rial characteristics of the sterilized objects, including the
variety of raw materials and the shape. The present study
utilized a simple form (tubes), but it can be challenging to
control EO residues and by-products in items with com-
plex shapes and/or large dimensions.

According to the AAMI®) the minimum conditions
recommended for chamber aeration for PVC are 8 hours
at 60°C or 12 hours at 50°C. However, the recommenda-
tion does not consider the necessity of determining the
minimum aeration requirements to confirm the effective-
ness of different systems of mechanical aeration. Some
devices require longer or shorter times of EO exposure
because of their size and complexity. To account for these
variables, additional studies that employ representative
samples of each product to undergo EO sterilization are
recommended to verify method compatibility.

The third factor is concerned with testing to assure the
safety of devices sterilized with EO. Brazilian legislation*”
establishes tolerance limits for residual EO, ETCH, and eth-
ylene glycol (ETG), which are the same values considered
safe by the American Food and Drug Administration (FDA)
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