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Abstract Objectives The primary aim was to evaluate the prolonged quality characteristics of
methyl diphosphonate (MDP) aliquots during ambient storage over a specified
duration. This study further investigated potential additives that could enhance the
stability of MDP aliquots stored under such conditions.
Materials andMethods This was a laboratory-based experimental study conducted at
the University Teaching Adult Hospital in Lusaka, Zambia. A total of 36 MDP aliquots
stored at ambient conditions and 4 MDP aliquots stored at conventional refrigerated
frozen conditions were labeled with technitium-99m (99mTc) and tested for radiochem-
ical purity (RCP) and other quality characteristics. A comparative analysis of the
stability and quality of MDP aliquots from the two cohorts was then conducted.
Statistical Analysis Stata 14 was used to analyze the data on the RCP of all MDP
aliquots.
Results The RCP of ambient stored MDP aliquots was found to be ranging from 98 to
99%, while that for frozen and refrigerated ones ranged from 99 to 100%. There was
also a 1% increase in RCP for both cohorts with argon gas purging (98 and 99%,
respectively).
Conclusion The RCP of MDP aliquots from both cohorts was much higher than the
required minimum of 90% implying that there was no significant association of their
stability and quality with the mode of storage. However, purging with argon gas
seemed to increase the stability further in both streams. The study findings show
potential for application in resource-constrained environments and centers, especially
in developing countries, where challenges to maintain the cold storage chain of these
important radiopharmaceuticals are likely to be encountered due to power outages.
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Introduction

Radiopharmaceuticals (RPs), consisting of a radioactive iso-
tope combinedwith a pharmaceutical compound, offer excep-
tional precision when it comes to diagnosing and treating
various medical conditions.1 RPs have revolutionized thefield
of medicine, providing precise diagnostic capabilities and
innovative treatments for a wide range of ailments.2,3 RPs
are, therefore, widely used in diagnostic imaging procedures
like single-photon emission computed tomography and posi-
tron emission tomography.4–7 The precision of these imaging
techniques allows healthcare professionals to identify and
evaluate various ailments with accuracy.8

However, while RPs offer remarkable accuracy in diagno-
sis and treatment, several usage challenges exist.9 These
include the short half-lives of certain radioisotopes, limited
availability, and cost considerations.6 Other challenges come
inwhen there are low patient volumes and therefore awhole
multidose vial of a RP kit that can cater for a good number of
patients tends to go to waste.

Further, though the use of RPs is integral for diagnostic and
therapeutic applications,10–13 logistical challenges associated
with their storage and transportation, particularly in resource-
constrained environments of developing countries, often hin-
der the seamless provision of nuclear medicine services.
However, the compound methylene diphosphonate (MDP—
supplied by AEC Armersham, 6 Indianapolis ST, Kyalami Park,
Midland, 1684, South Africa), a RP commonly employed in
bone imaging, holds promise for mitigating these challenges.
While literature holds thatMDP aliquots stored at refrigerated
and frozen conditions remain viable for as long as
9 months,14,15 the effects of ambient conditions on aliquots
in areas with unreliable cold chain backup strategies have not
been studied and, therefore, the viability of MDP aliquots kept
at ambient conditions has not been explored. This research,
therefore, investigated the potential of ambient-stored MDP
RPs to overcome thehurdles associatedwith cold-chainmain-
tenance and storage infrastructure limitations.

It is hoped that the study findings would contribute
valuable insights that could pave way to a more sustainable
and accessible deployment of nuclear medicine technolo-
gies,16–19 thereby improving diagnostic capabilities and
patient outcomes in resource-challenged regions.

Materials and Methods

Preparation of Various Types of Normal Saline
Two streams of different types of normal saline (NS) were
prepared using two 500mL packets of NS. The first packet
(named as NS stream) was left unchanged, while the other
500mL packet (named as NSA stream) was purged with
argon gas.

Preparation of MDP Aliquots
MDP aliquots were prepared by diluting a vial of MDP RP kit
with 4mL of NS drawn from either stream (NS and NSA).
Thereafter, 1mL was withdrawn from each diluted MDP vial
and dispensed into four separate sterile vials. This process

was done on ten vials of MDP RP kit making each stream of
NS yield 20 MDP aliquots.

From each stream of NS, 18 MDP aliquots were stored
under ambient conditions (defined as the room temperature
that existedwithin our laboratory during the research period
and which ranged from 25°C to 35°C) until the 18th day,
while one MDP aliquot was stored refrigerated, and another
one was kept frozen for a duration of 28 days.

Radiochemical Purity Test
Radiochemical purity (RCP) testing was conducted daily on a
total of 36 MDP aliquots stored under ambient conditions
ranging from 1 to 18 days. Additionally, testing was per-
formed on a total of four13 MDP aliquots stored under
refrigerated and frozen conditions on the 28 day. This RCP
test involved labeling the aliquots with 600 to 1,200 MBq of
technetium solution following a fresh elution.20

This was done by dropping 0.05mL of technetium-labeled
MDP aliquots applied to two Whatman chromatographic
paper strips. These were then submerged in two distinct
mobile phases (NS and methyl ethyl ketone [MEK]) to deter-
mine the concentrations of radiochemical impurities and
expected form of the radiochemical compound. Free techne-
tiumpertechnetate (99mTcO4�) and the colloid also known as
hydrolyzed reduced pertechnetate (99mTcO11) in 99mTc
labeled complexes were found as radiochemical impurities.
Poor-quality pictures and an extra dosage of radiation for the
patient come from the presence of high level of radiochemi-
cal contaminants in a RP.

The Whatman paper was employed as the immobile
phase to detect free 99mTcO4�, while MEK and NS were
utilized as the mobile phase. Free 99mTcO4� is soluble in
both NS and MEK; as a result, it migrated with the mobile
phase as the paper got wet until the expected mark and the
reference values were noted. Whatman paper number 1
served as an immobile phase and MEK served as a mobile
phase to determine the colloid, 99mTcO11. Sodium chloride is
insoluble in the colloid (99mTcO11) and required RP. To do
this, a strip of 0.9 cm�8.5 cm Whatman paper was cut,
marked with a pencil to indicate the origin at 1 cm from
the bottom, and marked with a pencil to indicate the solvent
front line at 6.5 cm from the origin.

The two chromatography paper strips were immediately
put in the developing chamber for chromatographywith a lid
containing MEK and NS and allowed to develop once a drop
(0.05mL) of the mixture was detected on the origin line. The
stripwas removed and left to dry when the solvent got to the
solvent front line. The amount of 99mTc-MDP, free 99mTcO4�,
and 99mTcO11 colloidwere typicallymeasured on chromato-
gramsmade from RCP using the dosage calibrator. According
to theWorld Health Organization (WHO), 99mTc-MDP should
only be used if the RCP is at least 90%.

Results

The MDP was reconstituted according to the manufacturer’s
instructions and then subjected to different storage temper-
atures and time period. As indicated in ►Table 1, the storage
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time ranged from 18 to 28 days at room temperature ranging
from 25 to 42°C for ambient stored MDP aliquots and from 2 to
-4°C for MDP aliquots stored at recommended conditions. The
RCP that was our dependent variable showed a reduction of 1 or
2% from the one stored at recommended conditions. The reduc-
tion, however, passed the WHO standards. The RCP findings
comparisonbetweentheNSAandNSstreamisshownin►Fig. 1.

Discussion

The goals of this research were to determine the effect of
storage conditions and additives on the RCP. This section
discusses the outcomes that were achieved.

Radiochemical Purity (RCP) of Aliquots of 99mTc-MDP
►Table 1 provides the RCP findings of 99mTc-MDP aliquots
held at various settings. Both streams of normal saline (NS
and NSA) surpassed the WHO’s recommended criterion of at
least 90% for RCP, despite differences in storage duration and
temperature. The small but statistically significant decrease
is RCP seen across all examined time periods suggests
stability as seen in ►Table 2.

►Fig. 1 clearly exhibits the comparison of RCP results
between different streams, illustrating the constancy in RCP
throughout the streams. ►Figs. 2 and 3 indicate a compari-
son of NS and NSA MDP aliquots with those stored at
recommended conditions. The findings from this research

Fig. 1 Radiochemical purity (RCP) of 99mTc-methylene diphosphonate aliquots reconstituted with normal saline aliquot (NSA) and with normal
saline (NS), only those stored at ambient conditions. The NSA stream is represented by the black color, whereas the NS stream is represented by
the color gray.

Table 1 RCP of 99mTc-MDP aliquots made from the two streams of NS stored at ambient conditions (NS and NSA) and those kept at
recommended conditions

Aliquot stream No of aliquots Aliquot age (days) Storage temp. (°C) RCP (%) WHO (>90)

NS 1 28 �23 (frozen) 100 Passed

1 28 3 (refrigerated) 99 Passed

18 18 27 (ambient) 98 Passed

NSA 1 28 �23 (frozen) 100 Passed

1 28 2 (refrigerated) 99 Passed

18 18 27 (ambient) 99 Passed

Abbreviations: NSA, normal saline aliquot; RCP, radiochemical purity; 99mTc-methylene diphosphonate; WHO, World Health Organization.
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revealed that MDP aliquots stored at room temperature
remained viable for almost a month with RCP of 98 to
100%. Thus, MDP aliquots stored at ambient temperatures
have acceptable quality control results and may be used to
diagnose cancer and infections, especially in low-resource
countries with cold chain concerns.

Thokchom et al studied how MDP kit fractionation affects
RP RCP and biodistribution using vial and syringe storage

methods. The aliquots were kept at �20°C. In their study,
the efficacy and RCP of 99mTc-MDP were comparedwith those
of a traditional process without fractionation.20 Fractionated
99mTc-MDP in the vial and syringe had more than 95% RCP
although by day 8, RCP had dropped to 83.6 and 88%, respec-
tively. Biodistribution studies were assessed in a cohort of 100
patients. Dhingra and colleagues evaluated the Radiochemical
Purity (RCP) of MDP, Di Mercapto Succinic Acid (DMSA), and

Table 2 Statistical inference of NS and NSA streams of MDP aliquots

Argon purged NSA

Normal Saline (NS) RCP (%) Total

0.98 3
0.1

9
0.3

0
1.3

0
0.6

12
2.3

0.99 1
0.0

3
0.0

1
0.4

0
0.3

5
0.7

1.00 0
0.2

0
0.6

1
7.6

0
0.1

1
8.5

NS RCP 0
0.2

0
0.6

0
0.1

1
17.1

1
18.0

Total 4
0.5

12
1.5

2
9.4

1
18.0

19
29.4

Pearson chi2(9) ¼
29.4500

Pr¼ 0.001

Abbreviations: MDP, methyl diphosphonate; NSA, normal saline aliquot; RCP, radiochemical purity.

Fig. 2 Radiochemical purity (RCP) comparison for 99mTc-methylene diphosphonate aliquots made from the normal saline (NS) stream under
different storage conditions: Series 1 (�23°C), Series 2 (2–8°C), and Series 3 (ambient conditions, 25–35°C).

World Journal of Nuclear Medicine © 2024. The Author(s).

Exploring the Use of Ambientally Stored MDP Radiopharmaceutical Aliquots in Solving Challenging Situations in
Developing Countries Zulu et al.



Diethylenetriamine Penta Acetate (DTPA) kits, with average
RCPvaluesof95%, 91%, and95%, respectively.21Theyexamined
90 samples altogether (30 of each) after adding NS and
refrigerating the aliquots in evacuated vials at �20 to �30°C
for 1 to 15 days. Bayomy et al studied Egyptian approaches to
lower MDP kit prices. After 30 days, the RCP was tested upon
which it was discovered that the aliquots were effectively
maintainedwith an average RCP of 98.56% for fractions main-
tained between �20 and �28°C in nonoxygenated vials and
97.15% for fractions maintained between 0 and þ4°C.22 Suc-
cessful biodistribution studies localized in the region of inter-
est were seen in the human subjects.

Consequences and Prospects for the Future
Ambient stored aliquots of 99mTc-MDP RP were studied for
their stability and behavior under various storage circum-
stances. The stable RCP concentrations provide evidence for
the stability of the RP product. To better understand how
ambient stored MDP aliquots, researchers should dig further
into the particular processes patterning to their biodistribu-
tion patterns as this will also help generalize and apply the
findings to a wider context.

Conclusion

In conclusion, this study successfully investigated the stabil-
ity of ambient stored MDP RP aliquots. The RCP results

demonstrated the resilience of MDP aliquots, with both
streams meeting the WHO’s recommended threshold of at
least 90% RCP. Despite minor reductions in RCP levels, well
within an acceptable margin, the RP maintained its integrity
over the tested duration and temperature ranges.

The statistical analysis using Stata version 14 added
robustness to the findings, ensuring a reliable interpretation
of the data. This study adhered to ethical standards and
obtained necessary approvals, further validating the credi-
bility of the results.

These findings contribute to the understanding of ambi-
ent storedMDP aliquots behavior, laying the groundwork for
potential further future research.

As a concluding remark, this research not only provides
insights into the specific context of 99mTc-MDP but also
sets the stage for further investigations into the broader
implications of storage conditions and additives on RP
performance, ultimately advancing the field of nuclear
medicine.

This study evaluated the use of ambiently stored MDP
aliquots, a radiopharmaceutical employed in diagnosing
cancer and infectious diseases. Future research could com-
pare the cost-effectiveness of using fractionated versus
unfractionated MDP. Additionally, further studies could in-
vestigate the stability of ambiently stored MDP aliquots over
periods longer than eighteen days, particularly in hotter
regions of Zambia.

Fig. 3 Radiochemical purity (RCP) comparison for 99mTc-methylene diphosphonate aliquots made from normal saline aliquot (NSA) and stored
under various conditions: Series 1 (�23°C), Series 2 (2–8°C), and Series 3 (ambient, 25–35°C).
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