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Abstract The aim of this study was to evaluate the effect
of relative humidity on the stability of the *™Tc ethyl
cysteinate dimer radiopharmaceutical. The radiochemical
purity and pH of samples stored under controlled temper-
ature and humidity conditions were assessed and compared
to a negative control. *™Tc-Sestamibi samples were also
analyzed under the same conditions for comparison pur-
poses. The comparative analysis of results by Box and
Whisker plots indicated the influence of high relative
humidity (90 %) in the **™Tc-ECD stability. No significant
changes were observed in the pH of the samples.
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Introduction

The main reason for conducting stability studies of phar-
maceuticals is the concern about the public health, since
the degradation of a pharmaceutical can cause loss of
therapeutic effect or increase toxicity. The widespread use
of compounds labeled with technetium-99m (*®™T¢) in
scintigraphy reveals a clear need of radiopharmaceuticals
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stability evaluation in various conditions, considering
intrinsic and extrinsic factors that may affect the stability
of these products [1].

According to the Brazilian Health Surveillance Agency
(ANVISA) Resolution 01/2005, guide for conducting sta-
bility studies, the stability of pharmaceutical products can
be compromised by environmental factors such as tem-
perature, humidity and light, and intrinsic factors, such as
physical and chemical properties of active substances and
pharmaceutical excipients, pharmaceutical form and com-
position, manufacturing process, type and properties of
packaging materials [1]. The stability lost is mainly char-
acterized by the occurrence of chemical reactions that
induce phenomenon such as hydrolysis and oxidation-re-
duction. Specifically in liquid pharmaceuticals, these
reactions can also cause physical changes such as turbidity,
clarity loss, viscosity, phase separation and discoloration
[2]. Chemical reactions promoted by humidity specially
affect drugs in solid and semi-solid forms as vitamin C [3]
and may occur directly, when water acts as a reactant
promoting the formation of free radicals, and indirectly,
when water is adsorbed and dissolves the product surface,
changing its physical state and reactivity [4]. In the case of
radiopharmaceuticals, specifically, the radiolysis must be
considered as a possible factor for molecule degradation.
This phenomenon is characterized by the dissociation of
water molecules in the presence of ionizing radiation,
triggering the formation of free radicals [5].

Single-photon emission computed tomography (SPECT),
along with the use of radiopharmaceuticals labeled with
technetium-99m (gngC), are important tools in the detec-
tion of a variety of diseases including disorders of the central
nervous system. Neutral lipophilic radiotracers are used for
cerebral perfusion examinations due to its ability to cross the
blood brain barrier and be retained in the brain parenchyma.
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One of these compounds is the **™Tc-ethyl cysteinate dimer
(99mTc-ECD) that has excellent retention and infusion
characteristics [6]. Some factors may compromise the
effectiveness of these drugs during the process of labeling,
such as the quality of the generator eluate, lyophilized
reagent components or procedures improperly performed, in
disagreement with the manufacturer guidelines. These fac-
tors may cause the formation of impurities in which stands
out the pertechnetate (gngcO4_), a consequence of non-
reduction, and the reduced hydrolyzed technetium
(99mTcOz), due to the reduction and non-metal complexa-
tion [7]. Some chromatographic techniques, such as thin
layer chromatography (TLC), are used for quality control in
order to identify and quantify those impurities [8].

According to the the Brazilian sanitary regulations, for
registration purposes, all pharmaceuticals must take a long-
term study of 12 months or an accelerated stability study of
6 months [1]. It is clear that this statement could not be
applied to radiopharmaceuticals due their half-lives. To
overcome this difficulty, the ANVISA Resolution 64/2009,
which refers to the radiopharmaceuticals registration,
requires at least five test points to be made, from time zero
to the end of the experiment. The ANVISA Resolution
considers humidity in stability studies of liquid pharma-
ceuticals, however, no scientific studies proving this
influence were found. The aim of this study is to evaluate
the effect of relative humidity (RH) on the radiolytic sta-
bility of the °°™Tc-ECD radiopharmaceutical through
periodic assessments of radiochemical purity and pH of
samples stored under conditions of controlled temperature
and humidity.

Experimental

Ethyl cysteinate dimer (ECD) samples [9], labeled with
injectable solution of sodium pertechnetate (NagngcO4)
were evaluated. The **™Tc-ECD was prepared according to
the manufacturer’s instructions. An 1.0 ml saline solution
(NaCl 0.9 % sterile) was added to the vial A and 1.0 ml of
the solution to vial B. The contents were stirred to dissolve
the product and then were added from 1.0 to 2.0 ml of
solution of sodium pertechnetate (NagngcO4). To finish
the reaction the solution was stirred again and left at room
temperature for 30 min. The labeling of the **™Tc-Ses-
tamibi was also made according to the pharmaceutical
instructions. After adding from 3 to 6 ml of injectable
solution of sodium pertechnetate, the volume of the vial
was shaken to dissolve the product. Then the solution was
heated on a water bath for 10 min and left at room tem-
perature for more 10 min. Leftover radioactive eluate and
radiopharmaceuticals were used after the withdrawals of
doses for examinations in nuclear medicines services and
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for that reason it was not possible to standardize the
radioactive concentrations utilized. Radioactive concen-
trations were used between 15.4 and 48 mCi and this factor
was not taken into consideration in this study, since the
recommendation of the manufacturers was followed in
order to not use radioactive concentrations higher than
100 mCi (3700 MBq) for the labeling of the **™Tc-ECD
and 400 mCi (14,800 MBq) for the **™Tc-Sestamibi.

After the removal of an aliquot for negative control,
samples were stored in a climatic chamber (Ethik Tech-
nology, 420 CLDTS model) and submitted to a 40 °C
temperature and a minimum relative humidity of 20 % and
maximum of 90 %. Additionally, for comparative pur-
poses, samples of *°™Tc-Sestamibi radiopharmaceutical
were stored under the same conditions mentioned above.
The radiochemical purity of the samples was analyzed by
TLC, using silica gel plates and Whatman paper as sta-
tionary phases. The mobile phases used were 20 % NaCl
and acetone to **™Tc-ECD and methanol and 0.9 % NaCl
to ?*™Tc-Sestamibi. After the chromatographic runs, the
plates were read in radio chromatograph Raytest/Minigita
with gamma detector Raytest/BGO-V, to identify and
quantify possible impurities. The pH of the samples was
also evaluated using pH paper indicator (2.0-9.0) with
scale division of 0.5. Five test points were performed, the
first one after the labeling procedure and the last one, 24 h
after the tracing. In each analysis the sample results were
compared to the negative control.

Results and discussion

Each result shown below corresponds to the arithmetic
mean of measurements performed in triplicate. According
to the data presented in Fig. la, b, samples of **™Tc-Ses-
tamibi with initial radiochemical purity (RCP) above
99.2 %, remained stable for 24 h, presenting results higher
than 97 % at the end of the experiment, for both humidity
values tested. In Fig. 2a, it was compared results of **™Tc-
Sestamibi control and samples submitted to 20 % RH and
in Fig. 2b results of control and samples submitted to 90 %
RH. The intersection between the data groups in the
Box and Whisker plots indicated that there was no signif-
icant difference between control and samples for both
relative humidity values tested.

Samples of *™Tc-ECD subjected to a RH of 20 %
presented RCP of 97.6 % after 24 h and the percentage
decreased to 88.7 % (Fig. 3a). When subjected to a RH of
90 %, the RCP of **™Tc-ECD samples initially decreased
from 98.6 to 88.8 % at the end of the experiment (Fig. 3b).
In the Fig. 4a, the comparison between results of control
and samples submitted to 20 % RH showed similarity
between the date groups. In the Fig. 4b, the date groups
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were located in different positions in the plot indicating
variation between control and samples submitted to 90 %
RH means. In Figs. 5 and 6 the results of RCP and iden-
tified impurities in the initial time and after 24 h of the
experiment were showed.

The chromatograms, in Fig. 7a, b, refer to the 99m
ECD control and samples analysis performed after 24 h.
The two peaks observed in the chromatograms correspond
to the percentage of **™TcO, deducted at the origin of the
chromatographic plate (20 mm; Rf ~0.0) and in the front
of plate the percentage of the compound *’™Tc-ECD

complexed along the possible presence of free **™TcO,~
(60 mm; Rf ~1.0). The pH of the samples remained within
the range specified by manufacturers throughout the
experiment, between 5.0 and 6.0 for 99MTe_Sestamibi and
6.0-8.0 for *™Tc-ECD.

Sanchez et al. tested kits provided by three different
manufacturers of **™Tc-Sestamibi. All samples were pre-
pared in accordance with the manufacturer’s instructions
and RCP was evaluated after 8 and 24 h. All samples
showed a RCP higher than 90 % for activities in the range
of 738-774 mCi. Norenberg et al. evaluated the influence
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Fig. 7 Chromatograms of *™Tc-ECD a control and b samples after 24 h submitted to 40 °C and 90 % RH
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of factors such as the amount of activity added to the
reagent kit, the generator ingrowth time, the generator
manufacturer, the age of the eluate, and the age of the
formulated kit. The mean RCP remained greater than or
equal to 90 % for 6 h at radioactivity levels ranging from
5.550 to 37.000 MBq [10, 11]. These findings are corrob-
orate on the present work, where the RCP of 99mTC_Ses-
tamibi samples were assessed up to 24 h in order to verify
the influence of humidity. The results obtained showed no
evident influence of this parameter on °“™Tc-Sestamibi
stability.

Koslowsky et al. evaluated the stability of **™Tc-ECD
and *™Tc-HMPAO stored in syringes for 8 h. The RCP of
the *™Tc-ECD samples remained above 94 % at all times
of the experiment, regardless the samples were stored in
syringes or in the vial itself. The **™Tc-HMPAO samples
showed higher instability in relation to **™Tc-ECD, the
RCP samples decreased to 81.4 % at the end of the
experiment, stored in vial for sample and decreased further
for samples stored in syringes, resulting in an average of
74.0 % at the end of the experiment [12]. The samples
were not submitted to any stress. Analysis of the results of
9mTc.ECD samples evaluated in this study suggests a
profile of accelerated radiolytic decomposition compared
to the negative control. The chromatograms obtained after
analysis of the 24 h *™Tc-ECD indicated the presence of
reduced hydrolyzed technetium (*®™TcO,) as the main
impurity responsible for the loss of RCP of the radio-
pharmaceutical. The %°™Tc-ECD radiopharmaceutical
remained approved for use for approximately 5 h in both
tested humidity conditions. This period of stability corre-
sponds approximately to the period of validity of the
compound, which is 4 h. After this period, the radio-
chemical purity of the sample loss becomes more
pronounced.

Conclusions

From the results obtained it can be concluded that **™Tc-
ECD seems to be more sensitive to environmental factors
than ?*™Tc-Sestamibi since the pronounced loss of radio-
chemical purity of the samples submitted to 90 % RH
compared to the control shows the influence of high rela-
tive humidity in the compound stability. For a better
understanding of the influence of relative humidity on the
stability of radiopharmaceuticals, the following studies are
suggested:

e Carry out tests with other radiopharmaceuticals used in
clinical routine.

e Test different manufacturers.

e Assess the possible influence of relative humidity in the
successive withdrawals of radiopharmaceutical of mul-
ti-dose vials, simulating the conditions of nuclear
medicine services routine.
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