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The Preparation of Dye-Acrylamide/Itaconic Acid Gel Dosimeters
for Process Validation of Medical Device Sterilization

Tibbi Cihazlarin Sterilizasyonunun Proses Validasyonu icin Hazirlanan
Boya-Akrilamid/itakonik Asit Jel Dozimetresi

@ Betiil TASDELEN, @ Sarkis SOZKES
Tekirdag Namik Kemal University, Corlu Faculty of Engineering, Department of Biomedical Engineering, Tekirdag, Turkey

ABSTRACT

Aim: In this study, a new polymer gel dosimeter (PGD) was prepared using gamma rays for process validation of medical device sterilization. New
polymeric systems were studied, consisting of itaconic acid, acrylamide, gelatin, different dyes [methylene blue, methyl orange and crystal violet
(CV)] and N,N'-methylenebisacrylamide, with ascorbic acid as an oxygen scavenger.

Materials and Methods: The study investigated the effect of the different dyes in the newly prepared PGD dosimeter formulations on the dose
rate constants and radiation chemical yields in the high dosage ranging from 7 to 28 kGy-typical for the sterilization of many medical devices,
pharmaceutical products and biological tissue-by using a ultraviolet-visible spectrophotometer method.

Results: The sample spectrums of the prepared PGD dosimeters underwent a change following gamma irradiation, and bleaching of the blue gel
color increased with the radiation dose. Even at the sterilization dose for medical devices (25kGy), the dark blue color of the non-irradiated CV-
PGD became almost colorless. The response of non-irradiated and irradiated PGD dosimeters remained stable during a storage period of 60 days.

Conclusion: The prepared dye-PGD dosimeters are therefore suitable for use in monitoring various high dose radiation-processing applications,
which can be useful for many medical devices and healthcare products.
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0z
Amagc: Bu calismada tibbi cihazlarin sterilizasyonunun proses validasyonu icin kullanilacak yeni bir polimer jel dozimetre (PGD), gama isinlari

kullanilarak hazirlanmistir. itakonik asit, akrilamid, jelatin, farkli boyalar [metilen mavisi, metil turuncusu ve kristal mor (KM)] ve oksijen tutucu
olarak N, N'-metilenbisakrilamid ve askorbik asitten olusan yeni polimerik sistemler {izerinde calisilmistir.
Gerec ve Yontem: Hazirlanan yeni PGD dozimetre formiilasyonlarindaki farkli boyalarin doz hiz sabitleri ve radyasyon kimyasal verimleri Gizerindeki

etkisi, bircok tibbi cihaz, farmasotik lrilin ve biyolojik dokunun ultraviyole kullanilarak sterilizasyonu icin tipik olan 7-28 kGy yiksek doz aralifinda
spektrofotometre yontemi ile arastiriimistir.

Bulgular: Hazirlanan PGD dozimetrelerinin spektrumu, numunelerin gama isimasi lizerine bir degisiklige ugramasi ve mavi jel renginin agartiimasi,
radyasyon dozu ile artar; tibbi cihazin sterilizasyon dozunda (25 kGy) bile, isinlanmamis KM-PGD'nin koyu mavi rengi neredeyse renksiz olana
donmdistir. Isinlanmamis ve isinlanmis PGD dozimetrelerinin tepkisi, 60 glinliik saklama siiresi boyunca oldukca kararhidir.

Sonuc: Hazirlanan boya-PGD dozimetrelerinin yiiksek doz gerektiren radyasyon proses uygulamalarinda, drnegin; tibbi cihazlar ve saghk bakim
tirlinlerinin sterilizasyonunun proses validasyonunda faydal olacagi kanaatindeyiz.

Anahtar Kelimeler: Dozimetre, gama isini, 1sinlama, sterilizasyon
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INTRODUCTION

In the medical sector, process validation of medical device
sterilization is crucial. Unfortunately, surgical devices are not
properly sterilized in many places across the world. Many
patients die or are diagnosed with various infections after
surgery because of improper sterilization.

Authorities require regular sterilization as a mandatory
process for the most of the medical equipments and devices'.
Sterilization is a process that ensures the medical device is
without bacteria and any microorganisms. Medical devices
are mostly reused for other patients after surgical operations,
where they are contaminated by microorganisms. Therefore,
effective sterilization is necessary in order to reuse such
medical devices again. Ethylene oxide (ETO) sterilization,
autoclaving as steam sterilization, radiation, hydrogen
peroxide sterilization and chlorine dioxide sterilization are
various methods of sterilization™. To sterilize the medical
devices such as syringes, implants, medical dressings, blood-
bags and artificial joints methods such as gamma radiation
from cobalt-60 (®°Co), X-rays or electron beams were used
for many years. Sterilization of homogeneous systems and
heterogeneous systems such as solid materials, gas materials,
liquid materials and also medical devices are done gamma
rays’. Gamma irradiation has physical inhibation effect on
bacterial division by breaking the DNA of bacteria for providing
decontamination to kill bacteria*. Contamination is caused by
the energy of gamma rays passing through the equipments
which disrupts pathogens. The reproduction capability or life
of organisims causing contamination is finished by molecular
changes induced by photons. Irradiation by gamma creates no
radioactivity for medical equipment. Comparing with other
methods of sterilisation gamma irradiation have reasons
for preferance. Comparing with aseptic process method
and filtration method, no excess ETO residues, advantage of
less temperature for processing and easy validation of the
sterilisation can be counted as the advantages of gamma
irradiation®.

Eventhough dose is accepted as sterilisation standard parameter
for validation of the sterilisation of medical equipment,to
measure the dose is not an easy task. If the reponse to the
dose of radiation is known and can be reproducibly achieved,
then small blocks made of plastic, films, pellets or fluids may
be used as dosimeters®.

Polymer gel dosimeters (PGD) are prepared from radiation-
sensitive chemicals. These chemicals polymerize depending on
the absorbed radiation dose’™. These gel dosimeters do not
have recording limitations and maintain distribution in three-
dimensions. They also have specific advantages when compared
to one-dimensional dosimeters, such as ion chambers, and
two-dimensional dosimeters, such as film.

Different PGD compositions and monomers in different types
were studied. The aim was to create dosimetry system with
temporal stability, spatial stability, dose-response exhibition
in an optimal level, dose rate dependency and energy rate
dependency for suitable and easy applications in clinic™-'2,

Tetrakis phosphonium chloride (THPC) or an oxygen inhibiter
like ascorbic acid is homogenously used in these systems as an
agent for crosslinking in an aqueous gel matrix. The changes
in the physical properties of the material is produced by the
reactions of crosslinking agents and monomers to initiate
the polymerization and gel form from water radiolysis the
formation of free radicals which are induced by ionizing
radiation.

In this study, a new polymeric system consisting of itaconic acid
(ITA)“, acrylamide (AAm), gelatin, different dyes [methylene
blue (MB), methyl orange (MO) and crystal violet (CV)] and
N,N'-methylenebisacrylamide (BIS), with ascorbic acid as an
oxygen scavenger was studied. The use of doses from 0 to
1000 Gy have been already studied for hydrogel formation with
the monomers ITA and BIS in an aqueous gelatin solution with
THPC as an oxygen scavenger'. The effects of the different
dyes in the newly prepared PGD dosimeter formulations were
investigated in a high dose range from 7 to 28kGy, typical
for syringe sterilization, using a ultraviolet (UV)-visible
spectrophotometer method.

MATERIALS AND METHODS

Materials

AAm (99%), ITA (99%), BIS, ascorbic acid, MO and CV were
obtained from the Sigma Aldrich Chemical Company. MB was
supplied by Merck (cat no: 1,05045,0100). All the reagents
mentioned above were used as received.

Method

All applicable international and national ethical guidelines
were followed. No animal or human subject requiring ethics
committee approval was included in the study. The optical
absorbency of all irradiated samples was measured by a
Shimadzu UV-visible spectrophotometer (Shimadzu UV-
2401). The absorbencies of the PGDs were determined to be
at wavelengths of 592, 664 and 462 nm before and 24 hours
after their irradiation. These have been given as the ideal
stabilization durationof the polymerization reactions within
a PGD'S. The optical absorbance of the irradiated sample (Ai)
and its sample non-irradiated correspondence(Ao) difference
is defined as Relative absorbance (AA). Then, AA fits to a linear
function of the dose (D), and PGD sensitivity is represented by

the slope(s)'.
AA: Ai - Ao=sD +n Equation (1)
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The pH was measured using a pH meter (WTW pH 315i).
The chemical characteristics of the PGD dosimeters were
characterized using fourier transform infrared spectroscopy
(Bruker VERTEX 70 ATR).

Preparation of the Polymer Gel Dosimeters

AAm-based gels were prepared based on the Venning method'®
using 89% w/w of ultrapure deionized water, 5% wfw of
gelatin, 3% w/w of BIS, 3% w/w of AAm, 1% w/w of ITA, 0.1%
w/w of three different dyes (MB, MO and CV) and 10mM of
ascorbic acid. The gelatin was mixed with 90% of the water in
dosimeters for a duration of ten minutes at room temperature.
Then, the temperature was set to 45 °C and constantly stirred
to obtain the homogeneousity of the solution. Afterwards, BIS
was added to the solution and mixed for 15minutes at 45 °C.
After that, the temperature was decreased to 37 °C and the
AAm, 1A and MB were added. The total solution was mixed at
37 °C for 30 minutes and ascorbic acid was mixed with the
remaining 10% of the water at 35 °C. For two minutes the
solution was kept in same condition. The prepared solutions
were then put into glass tubes with stoppers'. For stabilization
purposes, the dosimeters put in storage at 4 °C for 24 hours
before irradiation. Irradiation of all solutions was performed
with a Nordion-Canada model JS 9600 model gamma irradiator
from Gamma-Pak Ind & Trade Inc under air at 25 °C. The PGD
dosimeters were irradiated up to the maximum 25kGy dose at
a dose rate of 3 kGy/h.

Statistical Analysis

Equation 2 may be used to express the dye removal with
gamma irradiation'. The constant of dose, k, is the natural
logarithm (In) of the slope of the compound concentration
versus the absorbed dose.

In (C/CO) = kD Equation (2)

where C is the concentration after gamma irradiation (M), CO is
the initial concentration (M), k is the dose constant (Gy-1) and
D is the absorbed dose (Gy).

Necessary doses for Degradation percentage 50%, 90% and
99% degradation of CV (D ,, D ,and D, values) constants
were calculated by using equations 3, 4 and 5, respectively'.

D, =In (2)/k Equation (3)

0.

D In (10)/k Equation (4)

09—

Dyeo = In (100)/k Equation (5)

0.9
Table 1 shows the calculated k, and the D, D, and D, values
for the different dye-PGD dosimeters prepared.

Absorbtion of 100eV energy by degraded molecules is the
definition of the G value™.
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RESULTS

The G value was calculated using equation 6.2°

G=6.023x10°AR/6.24x10" D Equation (6)

where D is the absorbed dose (Gy), the dye (M) concentration
change is AR, the factor of conversion from Gy to 100 eV/L is
6.24x10'¢ and the constant of avogadro is 6.023x10%.

Table 2 shows the calculated G values for the different dye-
PGD dosimeters prepared. The G values were observed to be in a
continuously decreasing trend when the absorbed dose increased
from 7000 to 28000 kGy for all different dye-PGD dosimeters.

The decrease in G values may have been related to the situation
as the dye concentration decreases, where the dose absorbed
increases (Figure 1)2'.

DISCUSSION

Gamma irradiation is the most popular form of radiation
sterilization and is used when materials are sensitive to the
high temperature of autoclaving but are compatible with
ionizing radiation®. Exposure is achieved when the packages
are transported around an exposed %°Co source for a defined
period of time.

The European standard (EN 522) for the use of gamma rays
on medical devices at a minimum dose of 25kGy ensures the
sterility assurance level of 10°%. The international and European
standards for the validation and routine control of medical
device sterilization using ionizing radiation requires that a
sterilization dose of 25 kGy should be effective?.

Table 1. The calculated k, Dy 5, Dgg and Dg 99 values for the

different dye-polymer gel dosimeters prepared

CV-PGD MB-PGD MO-PGD
k x108 (Gy-1) 4.00 1.00 4.00
Dys (Gy) 0.173 0.693 0.173
Dos (Gy) 0.576 2.303 0.576
Do.go (Gy) 1.151 4.605 1.151
PGD: Polymer gel dosimeter, CV: Crystal violet, MB: Methylene blue, MO: Methyl
orange

Table 2. The calculated G values for the different dye-polymer

gel dosimeters prepared

Absorbed dose | G values (molecules/100 eV)

(Gy) CV-PGD MB-PGD MO-PGD
7000 1.87 2.26 0.27
14000 1.04 1.24 0.17
21000 0.76 0.92 0.34
28000 0.62 0.74 0.14

PGD: Polymer gel dosimeter, CV: Crystal violet, MB: Methylene blue, MO: Methyl
orange
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PGD dosimeters were irradiated in a range from 7kGy to
28kGy. As shown in Figure 2, as the radiation dose increases,
the color of the various PGD dosimeters is bleached. Even at
a sterilization dose of 25kGy, the dark blue color of the non-
irradiated CV-PGD became almost colorless.

Three different PGD dosimeters containing different dyes
(CV-PGD, MB-PGD and MO-PGD) were analyzed at their own
absorbance peaks of 592, 664 and 462 nm wavelengths by an
UV spectrophotometer. Figure 3 shows the calibration lines for
CV, MB and MO, respectively. According to equation 1, the dose
response of three different PGD dosimeters are summarized in
Table 3 and Figure 4.
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Figure 1. Linear dose response of the three different polimer
jel dosimeters

AA: Relative absorbance, CV: Crystal violet, MB: Methylene blue,
MO: Methyl orange

Study Limitations

The findings of this study should be evaluated considering
some limitations. There is very little prior research on our
specific topic, and we had to develop research typology. Dye-
PGD dosimeters are suitable for use in monitoring various
high dose radiation-processing applications and the usage
in medical devices, pharmaceutical products and biological
tissues should be supported with new studies for further
development in this area.

CONCLUSION

Sterilization of medical devices is very important in medical
sector. Many different health risks arise in the absence of
sterilization for health care products and surgical materials.
To keep patients safe during the surgical process, medical
conditions are extremely important during surgery. Thus
medical sterilization is vitally important. Radiation sterilization
has been widely used worldwide for the sterilization of health
care products.

In this study, a novel PGD based on ITA, AAm, gelatin and different
dyes (MB, MO and CV) was prepared. The sample spectrums of
the prepared PGD dosimeters underwent a change following
gamma irradiation, and bleaching of the blue gel color increased
with the radiation dose. Even at the normal sterilization dose
for medical devices (25kGy), the dark blue color of the non-
irradiated CV-PGD became almost colorless. The response of
non-irradiated and irradiated PGD dosimeters was stable during
a storage period of 60 days. Therefore, the prepared dye-PGD
dosimeters are suitable for use in monitoring various high dose
radiation-processing applications, which can be useful for many
medical devices, pharmaceutical products and biological tissues.

Figure 2. The resulting color change in methylene blue-polymer gel dosimeter following irradiation

Table 3. The dose response of the three different polimer jel dosimeters prepared

Dosimeter name | Ao (non-irradiated) (absorbance) | 7 kGy A; (abs) 14 kGy A; (abs) 21 kGy A; (abs) | 28 kGy A; (abs)
CV-PGD 1.1 0.318 0.226 0.144 0.065
MB-PGD 0.941 0.858 0.850 0.840 0.832
MO-PGD 0.965 0.904 0.886 0.737 0.388

PGD: Polymer gel dosimeter, CV: Crystal violet, MB: Methylene blue, MO: Methyl orange, abs: Absorbance, Ao: Non-irradiated sample, A;: Irradiated sample
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Figure 3. The resulting color change in crystal violet-polymer gel dosimeter following irradiation

Figure 4. The resulting color change in methyl orange-polymer gel dosimeter upon irradiation
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