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Abstract

The aim of our studies was to formulate a system that delivers the required radiation dose to the tu-
mor site and minimize the harm to other organs or tissues. The poly (lactic-co-glycolic acid, 75:25;
50:50) microspheric radiation delivery system was fabricated using double emulsion solvent evapo-
ration technique for the encapsulation of technetium-99m(V)dimercaptosuccinic acid (**™Tc(V)DM-
SA). Microspheres of different sizes (0.2-20.0 um) were prepared. The initial burst in microspheres
with 10% and 1% poly vinyl alcohol (PVA) in the presence of poly ethylene glucol (PEG) was as 30%
and 16% respectively, however the initial burst in microspheres without the PEG was 9% and 1.2%
respectively. The results indicated that smaller microspheres had higher encapsulation (68%) of
99mT¢(V)DMSA than larger microspheres (15%). The stirring rate changed the surface of the mi-
crospheres from smooth spherical, to spherical, porous. The ratio of co-polymers (75:25,/50:50) af-
fected the release kinetics. In conclusion, our studies with varied surfactant concentrations, co-poly-
mer concentrations and speed of solvent evaporation, on the morphology and release kinetics of
99mT(V)DMSA from the microspheres, may be applied for the fabrication of targeted radiothera-
peutic microspheres by substituting 2?™Tc(V)DMSA with rhenium-188 (V) DMSA (188Re(V)DMSA).
188Re(V)DMSA is a therapeutic analogue of 2°™Tc(V)DMSA and both share similar radiopharma-
ceutical properties.
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Introduction

ing the growth and spread of the tumor. Chemotherapy and radiotherapy from external

sources are restricted due to the harm they impose on normal cells, either near or distant
the tumor. Controlled release systems are of great interest for the treatment of cancer where
site-specific administration improved treatment efficacy and reduced adverse side effects
are of main concern [1, 2]. The biodegradable polymeric delivery systems are capable of pro-
viding a sufficient localized radiation dose from radiotherapeutic drug loaded microspheres to
the tumor site and can also be used as an alternative to external beam radiotherapy (3, 4].

Drug delivery systems through microspheres, of lactic acid and glycolic acid (poly-lactic-gly-
colic acid-PLGA) have been extensively investigated due to their versatility, biocompatibility,
commercial availability, and hydrolytic degradation into resorbable harmless products [5, 6].
Drug release property from PLGA microspheres, mainly depends on the composition of the
co-polymer. Increasing number of glycolic acid (GA) units’ increases hydrophilicity, which en-
hances release of the drug. Comptothecin and taxol have been successfully incorporated in-
to PLGA microspheres [7, 8]. Intra-arterial embolization with radioactive biodegradable mi-
crospheres of unresectable tumors and of metastases is considered an effective targeted treat-
ment modality [9]. Two of the most important parameters for the in-vivo use of radiophar-
maceuticals are their stability and target specificity. The target specificity can be improved by
using more specific chelators. Dimercaptosuccinic acid (DMSA) is a very good metal chelator
and pentavalent DMSA has high affinity for tumors [10]. Technetium-99m(V)dimercapto-

I n tumor therapeutics it is important to limit the damage of normal tissues while eliminat-
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succinic acid (?*™Tc(V)DMSA) has been demonstrated to re-
main stable in saline and biological fluids [11].

99mT(V)DMSA has been extensively used for the detec-
tion of neurogenic /neuroendocrine tumors [12-14]. Rhenium
186/188R¢(V)DMSA is a potential therapeutic analogue of
99mT¢(V)DMSA which forms a small complex as [MO(DM-
SA),l', in which the M (Tc, Re) is coordinated square-pyra-
midically by the four thiolates and by an apical oxo-ligand and
consists of mixtures of three stereo isomers of the square pyra-
midal mononuclear complex, as shown in Figure 1 [15, 16].
Biodistribution studies of 133Re(V)DMSA have shown that its
general pharmacokinetic properties are similar to those of
99mT(V)DMSA [17]. The biodegradable PLGA microspheres
delivery system encapsulated with °™Tc(V)DMSA has been
synthesized and characterized by physico-chemical analysis
for the delivery of radiation to the tumor site [18].

The objective of the present studies was to determine the
effects of various parameters such as of surfactant concentra-
tion, co-polymer concentration and the speed of solvent
evaporation, on the morphology and release kinetics of
99mT¢(V)DMSA as released from the microspheres. Since
99mTc is an imaging analogue of therapeutic 1%%Re, these
studies may be a valuable reference for the fabrication of tar-
geted therapeutic 188Re(V)DMSA microspheres.

Materials and methods

Materials

DMSA, PLGA (75:25) and PLGA (50:50) (PLGA, MW =
90,000-126,000 g/mol and 40,000-75,000 g/mol), poly(vinyl
alcohol) (PVA, MW=30,000-70,000 g/mol) and poly ethylene
glycol (PEG, MW= 5000) were used, purchased from Sigma-
Aldrich, USA. A molybdenum-99/ technetium-99m (°*Mo-
99mTc) generator from Amersham, U.K. was used to provide the
99mTc source. Dichloromethane (DCM) and other reagents were
of analytical grade, from BDH chemicals, India.

Preparation of radiolabelled DMSA

Technetium-99m pertechnetate (™ TcO, ) was freshly eluted
in normal saline from a *Mo-??™Tc generator. *°Mo as sodi-
um molybdate was immobilized on a column of alumina
(Al,Os4) due to its high affinity for alumina.

One gram of DMSA was dissolved in sodium bicarbonate
solution. Three hundred milligrams of ascorbic acid and 450
mg SnCl, dissolved in 0.1N HCl, were added in the DMSA
solution and lyophilized. Sodium pertechnetate (1850 MBq
in 0.1ml) was added in the lyophilized DMSA powder (con-
taining 50 mg DMSA). The pH of the solution was adjusted
t0 9.0. The efficiency of radiolabeling of *°™Tc(V)DMSA was
assessed using instant thin-layer chromatography (ITLC). To
calculate free and bound pertechnetate, ITLC silica gel strips
were developed in n-butanol: acetic acid: water (3:2:3) and in
saline, separately [19] for different intervals of time (10 min,
12 h and 24 h) after preparation. The radiochemical purity
was calculated as the percentage of 2°™Tc(V)DMSA relative
to total activity.

Figure 1. The chemical small structure of **mTc(V)DMSA

Preparation and characterization of microspheres

Labeled and unlabeled DMSA encapsulated microspheres
were prepared using double emulsion solvent evaporation
technique as earlier described by us [18,20]. The amount of
PLGA, of DMSA, and the temperature were kept constant
while PVA (surfactant) concentrations used for the prepara-
tion of microspheres, varied. The oil phase (o) was prepared by
dissolving 50 mg PLGA (75:25) or PLGA (50:50) in 3 ml
DCM. Polyethylene glycol, (PEG) (5% w/w) was then added to
this oil phase. By mixing the oil phase with an aqueous DMSA
solution (w1)7 (unlabeled DMSA and 2°™Tc¢(V)DMSA 1,850
Bg), followed by homogenization at 10,000 rpm for 3 min, the
primary emulsion (w;/0) was formed. To the primary emul-
sion, 10 ml of varying concentrations of aqueous solutions of
PVA (14%, 10%, 7%, 4%, 1%, 0.1%, and 0.4% w/w) were
added (ws,) and homogenized for 4 min at 10,000 rpm to form
the secondary emulsion (w;/0/w,). Emulsion was then stirred
using a magnetic stirrer at room temperature for 3 h, to evap-
orate DCM. The effect of the solvent evaporation speed on the
microspheres was studied by using two different speeds of stir-
ring (400 or 1000 rpm). Microspheres were collected by cen-
trifugation at 12,000 rpm for 30 min and were washed thrice
with water. Microspheres characterization was done by scan-
ning electron microscope (LEO 435 VP, Cambridge, U.K.).
The size determination and counting was done using Lieca Q-
win (Cambridge, U.K.) software. Thermal stability of the mi-
crospheres was studied by dynamic thermogravimetry in ni-
trogen atmosphere using a TA 3300 thermal analyzer having
a 951 TG module (U.S.A.). Thermogravimetry analysis (TGA)
measures the mass loss as a function of temperature under
controlled rate of heating. In our experiments heating rate of
10 °C/min and a sample weight of 10+2 mg, were used.

In vitro drug release studies

The in vitro drug release of microspheres was monitored by a
UV-160 A, (Shimadzu spectrophotometer, Germany) [16].
99mT(V)DMSA microspheres of different samples, 5mg/ml
each, were suspended in water for injection (pH-7). The sam-
ples were fixed horizontally with constant and slow stirring
(400 rpm) at 37°C. Supernatants were analyzed by spec-
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trophotometer for 2°™T¢(V)DMSA at 410 nm after centrifu-
gation at 8000-10000 rpm for 10 min, and replaced by fresh
water. The optical densities were recorded hourly for initial
burst, after 12 h and after every 24 h up to 22 days to study
the release characteristics of the microspheres.

A ‘ready to use’ stock of DMSA was prepared and
lyophilized. Labeled and unlabeled DMSA microspheres were
prepared using different polymers: PLGA(50:50) and PL-
GA(75:25), and varied surfactant PVA, concentrations.

Results

Morphology and characterization of the microspheres

The radiochemical vield of °™Tc(V)DMSA was more than
98% as assessed by ITLC. The radiopharmaceutical was sta-
ble up to 24 h. The size of the microspheres observed under
scanning microscope ranged between 0.2 um to 20.0 um.
The microspheres were spherical in shape with smooth sur-
faces without any aggregation or adhesion but heteroge-
neous in size (Fig. 2). The concentrations of labeled and un-
labeled DMSA, of PLGA, the amount of DCM, and the tem-
perature, remained constant. The size-distribution of the mi-
crospheres prepared with different PVA concentrations, is
shown in Figure 3.

Thermal characterization

Thermogravimetric analysis (TGA) of PLGA indicated that it
was stable up to 250 °C and above this temperature it looses
the mass (18). The initial decomposition temperature (IDT)
of maximum rate of mass loss (T,,,.,), final decomposition tem-
perature (T;) and residual weight (char vield) at 400 0C (%)
from TG traces of various samples analysed were recorded.
The char yield was 0.57% in PLGA and 8.26% in DMSA.
The DMSA loaded PLGA microspheres had the char yield of
1.76%- 5.77% (Table 1). The percent loading of DMSA in the
microspheres was calculated on the basis of residual weight at
400°C by applying the following formula:

Char yield of microsphere = 8.26 x + 0.57(1-x)

Where x is the weight fraction of DMSA while (1-x) is the
weight fraction of PLGA in the microsphere formulation.
The highest incorporation of DMSA (68%) was achieved
by the microspheres sized between 0.2-1.5 ym and the lowest
encapsulation (15%) by the microspheres of 8.0-16.0 um in

Figure 2. SEM micrograph of micros-
pheres prepared with (a) 10% PVA
concentration and (b) 1% PVA con-
centration

(b)

size. These results indicated that small DMSA microspheres
had higher encapsulation than larger microspheres.

In vitro drug release studies

For drug release studies, 2?™Tc(V)DMSA was replaced by DM-
SA. The ?°™Tc(V)DMSA release occurred in two phases. An
initial burst release in which a significant amount of
99mT(V)DMSA was released within 12 h, followed by a sus-
tained release phase. Release kinetics of mircospheres for-
mulations are shown in Table 2.

Effect of PLGA composition on release kinetics sizes

Microspheres of PLGA (50:50) prepared with PEG showed a
35% initial burst and the release reached up to 50% in 12 h
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Figure 3. Size distribution of microspheres prepared with different con-
centrations of PVA (bars show +SD)

Table 1. Percent encapsulation of DMSA in different formu-

lations
Recognition PVA  Size-range Char yield DMSA
(%) (m) (%) (TGA)  encapsulation (%)
DMSA - - 8.26 -
PLGA (75:25) - - 0.57 -
A 14 0.2-1.5 5.77 67.6
B 10 0.3-2.0 5.29 61.4
C 7 0.4-5.0 4.61 52.5
D 4 1.0-8.0 3.9 43.3
E 1 3.0-13.0 3.24 344
F 0.4 8.0-16.0 1.76 15.6

www.nuclmed.gr

Hellenic Journal of Nuclear Medicine e January - April 2007 m



Original Article

o]
o

70+
60
50+
40+
30
20
10

0

Cumulative release (%)

0 50 100 150 200 250 300 350 400 450 500 550
Time (h)
(@)

Cumulative release (%)
N
o

0 50 100 150 200 250 300 350 400 450 500 550
Time (h)

(b)
Figure 4. a) Release kinetics of microspheres prepared with PLGA
(75:25). Bars represent values lying between 95% of confidence interval.
b) Release kinetics of microspheres prepared with PLGA (50:50). Bars
represent values lying between 95% of confidence interval

time. Microspheres of PLGA (75:25) prepared with PEG
showed up to 23% initial burst which reached up to 32% in 12
h time. The amount of cumulated ?°™Tc(V)DMSA release
from PLGA (50:50) and from PLGA (75:25) microspheres
over 21 days, was approximately 88% and 70%, respectively
(Fig. 4a and 4b).

Effect of stirring rate

In our studies the microspheres were spherical and smooth,
when solvent evaporation took place at low speed (400 rpm),
as was also demonstrated by Babay et al (1988) [21]. We ob-
served that when the stirring rate was stepped up from 400
rpm to 1000 rpm, the size of microspheres was reduced. How-
ever, microspheres fabricated at higher stirring speed (1000
rpm) were spherical but with several pores on their surface as
observed under the standard error of the mean (SEM) (Fig. 5).

Discussion

VA molecules being an amphiphilic surfactant, align them-
selves at the droplet surface stabilize droplets by lowering the
free energy at the interface between the two phases and thus
resist coalescence and flocculation of the microspheres [22)].
The size of the microspheres decreased with the increase
in PVA concentrations. The possible explanation is that the
high PVA concentrations attributed to the increase in the vis-
cosity of the internal phase, which consequently reduced the
diameter of micro emulsion droplets. At low PVA concentra-
tions, the droplets were poorly stabilized, tended to coalesce

Table 2. Release kinetics of microsphere formulations

Initial burst

Formulations
Day 1 (mean %) Day 2 (mean %)

PEG-+42% DMSA (<0.2um) 30 23
42% DMSA (0.2um) 9 3

PEG-+50% DMSA (3-9um) 16 12
50% DMSA (3-9um) 12 0.3

Figure 5. A SEM picture showing the effect of solvent evaporation at high
speed

and therefore formed larger particles. The effect of PVA con-
centrations, on the particle size distribution of microspheres,
is in accord, agrees with the previous findings of Arshady
(1990) [23].

After 12 h, 2°™T¢(V)DMSA release profiles displayed sus-
tained but slow release. PEG plays an important role in mod-
ifying surface morphology and drug release of the micros-
pheres. PEG coating prevents microspheres from opsoniza-
tion. However PEG being water soluble, when suspended in
an aqueous medium created small holes on the microspheres.
This in turn increased the initial bursts and the net release of
the 22mT¢(V)DMSA.

According to our experiments, microspheres of PLGA
(75:25) showed less initial burst and a relatively slower release
property as compared to microspheres of PLGA (50:50) un-
der the same experimental conditions (10% PVA) and there-
fore we found PLGA (75:25) a better choice for targeted ra-
diation treatment.

The pores on the surface of microspheres were consid-
ered to be due to the rapid evaporation of DCM. During the
solvent evaporation process at high speed, crusts were formed
on the surface of the droplet which rendered the evaporation
of the solvent entrapped within the droplets, difficult and as a
result a vapor pressure was built up. With the continuation of
the drying process the solvent’s partial pressure inside the
droplets increased rapidly, while its build-up rate was much
faster than the solvent permeation rate outside of the crust. As
aresult, small eruption openings were created and pores were

m Hellenic Journal of Nuclear Medicine e January - April 2007

www.nuclmed.gr



Original Article

formed. The water soluble DMSA migrated towards the aque-
ous dissolution medium, which subsequently concentrated at
the surface of the microspheres and led to its increased release
from the microspheres [24].

As already mentioned before, our aim was to formulate a
system that delivers the required radiation dose to the tumor
site with minimal leakage so that harm to other organs or tis-
sues would be negligible. However, total leak proof systems
are impossible to formulate. *°™Tc(V)DMSA, an imaging ana-
log of therapeutic 183Re(V)DMSA, was used in our studies be-
cause it has a tendency to accumulate within the tumor. Re-
sults of our earlier studies have shown that 2™ T¢(V)DMSA re-
mained intact inside the microspheres the tumor due to en-
hanced permeability and retention property of the tumor [25].
The radiation leakaged (1®8Re(V)DMSA) from the micros-
pheres will also be localized in the tumor due to tumor-tropic
nature of this radiopharmaceutical [12-14]. In conclusion, the
present study indicated that radiolabeled pentavalent DMSA
microspheres of a desired size, could be fabricated and their
release rate of the radiopharmaceutical could be manipulated
by changing PLGA co-polymer concentration, surfactant con-
centration and PEG adsorption on the microspheres surface.
These studies may play an important role in the development
of a targeted radiation delivery system for the treatment of
neurogenic/ neuroendocrine tumors.
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