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Abstract

Background: Several nanosystems are currently being utilized to enhance the targeting efficiency of several
cancer chemotherapeutic agents. This study was designed to improve tumor accumulation of iodine-125 (**°I)-
uridine via incorporation into a nanocubosomal preparation.

Materials and Methods: Nanocubosomes were prepared with the aid of Glycerol mono-oleate and Pluronic F127.
Each prepared nanocubosomal preparation was adequately characterized by testing their particle size, polydis-
persity index (PDI), { potential (ZP), and transmission electron microscopy. The radiolabeling of uridine with '*°I
was attempted using several oxidizing agents to achieve a high radiochemical yield, and the factors affecting the
reaction yield were studied in detail. A comparative biodistribution study of free '*’I-uridine and '**I-uridine
loaded nanocubosomes was performed in normal and tumor bearing mice. The biodistribution was evaluated by
intravenous injection of the sterile test solution, and animals were anesthetized and dissected at different time
intervals Postinjection (p-1.).

Results: '**I-uridine was obtained in a high radiochemical yield (92.5% +0.8%). Afterward, ' uridine was
incorporated in a selected nanocubosome formulation, which showed nanosized cubic particles (178.6 = 0.90 nm)
with PDI (0.301+0.04) and a ZP (34.35+0.4). The biodistribution studies revealed that '*’I-uridine nanocubo-
somes showed higher tumor localization (3.1 +0.4%IA/g at 2h p.i. and a tumor/muscle ratio of 6.2) compared
with the free '*’I-uridine (2.7% +0.4%IA/g at 2h p.i. and a tumor/muscle ratio of 3.3).

Conclusion: The results of this study confirmed that '**I-uridine loaded nanocubosome had better efficiency in
targeting the tumor site, which makes it an adequate targeting agent for tumor imaging.

Keywords: biodistribution, nanocubosomes, radioiodination, tumor targeting, uridine

Introduction

he development of less toxic and targeted therapeutic
agents is of the outmost importance. Advanced nano-
technology has become an efficient tumor targeting modality.
The use of such targeted agents will reduce the systemic
side-effects by redirecting more of the drug dose toward the
malignant sites, thus making anticancer treatment safer than
conventional approaches.'
Self-assembled nanostructured preparations such as bi-
continuous cubic liquid crystalline phases are currently in

the focus for controlling the release of the incorporated
pharmaceutical agents.> Nanocubosomes are nanostructures
composed principally of amphiphilic polar lipid. When this
amphiphilic substance dissolves in water with a concentra-
tion above the critical micelle concentration, it forms mi-
cellar aggregations where the micelles are forced to assume
the cubic structure at higher concentrations.® In addition,
heating is crucial to form that cubic crystalline liquid. As the
polar heads remain intact and strongly bound together with
hydrogen bonds, the hydrocarbon chain attached to them
tends to melt at low temperatures.* In liquid crystalline state
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the carbon—carbon bonds tend to transform from all trans to
gauche conformation.’

In the present study, glycerol mono-oleate (GMO) is a
polar lipid, which is used in the formulation of nanocubo-
somes. GMO has a polar glycerol head and a lipophilic tail
demonstrated in the C18 chain containing single double bond
at C9.° Furthermore, GMO is a nontoxic, biodegradable, and
biocompatible material, classified as generally recognized as
safe (GRAS).” It is insoluble in an aqueous phase with hy-
drophilic-lipophilic balance =3—4. Its solubility in water is
~107° M and it forms a micellar solution with water above its
critical aggregation concentration (4x 107 M).®

Uridine is a ribonucleoside composed of a molecule of
uracil attached to a ribofuranose moiety via a f-N-glycosidic
bond. It contributes in the synthesis of RNA, glycogen, and
biomembrane as it is a pyrimidine nucleoside. Uridine is
crucial for proper brain function throughout the human life
span and a variety of organs such as the reproductive or-
gans, liver, and nervous systems.”'? Due to the high rate of
protein synthesis, elevated levels of uridine base are found
at tumor sites.'’ In addition, high level of uridine phosphor-
ylase enzyme (UPase) was detected in different human solid
tumors in comparison with surrounding normal tissues.'*'?
Thus, UPase can be considered as a potential marker for
cancer diagnosis.14 At the clinical level, uridine contributes
in changing the cytotoxic effects of 5-fluorouracil in both
normal and neoplastic tissues.'

Todine-125 (**°I) emits both y energy and Auger electron.
Because of its low energy (35.5 KeV), it has large applica-
tions in cancer research. It has 60 days half life that permits
the storage of the labeled compound for stability.'®

The present study is the first to investigate the relevance of
nanocubosomal formulation of uridine, containing GMO, as a
novel potential nanosystem for tumor targeting. The aim of
using the nanocubosomes is to improve uridine delivery into
the targeted tumor sites upon intravenous (i.v.) application.
Different variables affecting the nanocubosome characteristics
were examined through the application of a full factorial de-
sign (23 ). The effects of different variables have been studied
through determining the drug content percentage, particle size
(PS) analysis, and { potential (ZP) measurements of the pre-
pared systems. Transmission electron microscopy (TEM) was
used to demonstrate the inherent morphological properties of
the optimal formulation. The tumor targeting efficiency of
uridine from the optimal uridine formulation was tested
through radiolabeling of uridine with '*I and biodistribution
studies in normal and tumor bearing mice.

Materials and Methods
Materials

Uridine was purchased from Delta Pharma (Cairo, Egypt).
GMO, Pluronic F108 (PF108), Pluronic F127 (PF127), meth-
anol (high performance liquid chromatography [HPLC] grade),
Chloramine-T (CAT), Iodogen, and N-Chlorosuccinimide
(NCS) were obtained from Sigma-Aldrich (Germany).
Potassium dihydrogen phosphate and disodium hydrogen
phosphate were purchased from EI-Nasr Pharmaceutical
Chemicals Co. (Cairo, Egypt). All other chemicals and
solvents were of analytical grade and used without a further
purification. '*°I was purchased from the Institute of Isotopes
Co., Ltd. (Budapest, Hungary), as no carrier solution.
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Animals

Female Swiss albino mice weighing 20-25g were ob-
tained from the National Institute of Cancer (Cairo, Egypt).
The animals were kept at constant environmental and nu-
tritional conditions throughout the experimental period and
kept at room temperature (25+2) °C with a 12 h on/off light
schedule. Female mice were used in this study due to their
susceptibility to ehrlich ascites carcinoma (EAC) compared
to males.'” Animals were allowed free access to food and
water all over the experiment.

Preparation of uridine loaded
nanocubosomal dispersions

Preparing nanocubosomal dispersions was based on the
emulsification of monoglyceride/surfactant mixtures in wa-
ter.'® On a hot plate adjusted at 70°C, GMO and the
surfactant (PF108 or PF127) were melted. Afterward, the
molten mixture was added dropwise to the aqueous solution
of uridine maintained at 70°C under mechanical stirring at
1500 rpm.'® Dispersions were maintained under stirring and
were cooled to room temperature up to the solidification of
lipid droplets. A full 2° factorial design was utilized to plan
and analyze the experimental trials to select the optimal
nanocubosomal formulation using Design-Expert® software
(Stat-Ease, Inc., Minneapolis, MN). In this design, the sur-
factant type (X;), surfactant percentage with respect to the
dispersed phase (X5), and the sonication time (X3) were se-
lected as independent variables, whereas PS (Y), polydis-
persity index (PDI) (Y,), and ZP (Y3) were chosen as
dependent variables. The composition of the prepared uri-
dine loaded nanocubosomes is presented in Table 2.

Determination of uridine content in nanocubosomes

One milliliter of uridine loaded nanocubosomal formula-
tion was dissolved in methanol and sonicated for 10 min
to have a clear solution. The concentration of uridine was
measured spectrophotometrically at A, 260nm. The fol-
lowing equation illustrates the calculation of the drug content
percentage19:

Actual yield
D tent=——————x100 1
rug conten Theoritical yield M

The calculated amount of uridine was considered as a
reference of the total amount of drug for further studies.?

Determination of nanocubosomes PS, PDI, and ZP

Zetasizer Nano ZS (Malvern Instruments, Malvern, UK)
according to the dynamic light scattering technology has
been used for identifying the mean hydrodynamic diameter
(z-average) and the PDI of uridine-loaded nanocubosomal
dispersions. This was conducted using a helium-neon laser
with a wavelength of 633 nm at 25°C+2°C. Based on the
electrophoretic light scattering technology, the ZP values of
the dispersions were estimated using a Laser Doppler An-
emometer coupled with the same equipment. The samples
were diluted with deionized water to adapt the signal level,
and then measurements were carried out at room temperature
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(25°C=£0.5°C). The average of triplicate measurements of
three independent samples was calculated.

TEM imaging of nanocubosomal dispersion

Morphology of the optimal nanocubosomal formula was
visualized using TEM (JEM-1400; Jeol, Tokyo, Japan).
One drop of diluted sample was placed on a carbon coated
copper grid. It was stained by 2% w/v phosphotungstic acid
(negative staining technique). The samples were investi-
gated using TEM at 100kV following to being dried at room
temperature.

Radioiodination of uridine

Radioiodination of uridine, as well as the optimization of
different factors affecting the radiochemical yield, was
carried out. At the beginning, uridine solution in distilled
water was prepared at a concentration of 1 mg/mL. The re-
action was performed in tightly closed amber colored vials
to which different amounts of uridine solution (equivalent to
50-300 pg uridine) were added. Then, different amounts of
1 mg/mL oxidizing agent aqueous solution (equivalent to
25-250 1g oxidizing agent) were added. Subsequently,
10 uL of I (3.7 MBq) was added to the reaction mixture
followed by shaking using an electric vortex. The reaction
mixtures’ pH values were adjusted at different values (2, 4, 7,
9, and 11) using different buffer solutions. The mixtures were,
then, incubated at different temperatures (25°C, 40°C, 60°C,
80°C, and 100°C) for different time intervals (5, 15, 30, 45,
and 60min.). After the intended reaction time, 50 uL. of
Na,S,0;3 solution (20 mg/mL) was added to quench the re-
active iodine.?! Each factor was repeated thrice, and the
differences in the values were statistically analyzed using
one-way analysis of variance (ANOVA) with subsequent
Tukey honestly significant difference test using SPSS soft-
ware 19.0 (SPSS, Inc., Chicago, IL). The level of significance
was set at p<0.05.

OH OH |

— NCS NMa* /=§:
d 30 min, pH 2 N o
h/_%(} RT.
Q }—NH o }—NH

o o
Uridine *[-Uridine

Radioiodination process of uridine’

Radiochemical analysis of the "?°|-uridine

Paper chromatography was used as a chromatographic
method for qualitative determination of the radiochemical
yield. Using Whatman paper number 1, 5 uLL of the reac-
tion mixture was placed 2cm away from the paper base.
A mixture of chloroform: methanol (3:1 v/v) was used for
the development. After complete development, the paper
was cut and dried and counted using a well type Na/Tl
scintillation counter.

TABLE 1. FULL FACTORIAL DESIGN (23) USED
FOR THE OPTIMIZATION OF THE URIDINE
NANOCUBOSOMAL FORMULATIONS

Factors (independent variables) Levels
X;: Type of surfactant Pluronic Pluronic
F127 F108
X5: Surfactant percentage with 10 20
respect to dispersed phase (%)
X5: Sonication time (minutes) 10 20

Responses (dependent variables) Desirability constraints

Y,: PS (nm) Minimize
Y,: PDI Minimize
Y5: ZP (mV) Maximize

(as absolute value)

PDI, polydispersity index; PS, particle size; ZP, { potential.

Radiochemical yield was further confirmed by paper
electrophoresis. The separation was done in accordance to
the method reported earlier by Bayoumi et al.*

In addition, HPLC was done for purification using mobile
phase of 0.05mol/L phosphate buffer (potassium dihydro-
gen phosphate, adjusted pH to 3.5 by phosphate: methanol
(98:2, v/v)) at a flow rate of 0.8 mL/min.??

Determination of in vitro stability of "?°I-uridine

The reaction mixtures were prepared at conditions that
provided the maximum radiochemical yield. The experi-
ment was carried out by allowing the HPLC purified com-
pound to stand at ambient temperature and determine the
yield percentage at different interval times (1, 2, 4, and 8 h).

Induction of tumor in mice and biodistribution study

The use of EAC as a model in anticancer research was
proven by many authors to achieve accurate and reliable
results.”* EAC was maintained in female Swiss albino mice
through weekly intraperitoneal transplantation. By needle
aspiration EAC cells were obtained under aseptic condition.
The ascitic fluid was diluted with sterile saline. Then, 0.2 mL
of the diluted solution was injected intraperitoneally to pro-
duce ascites or intramuscularly in the left thigh of the mice to
generate a solid tumor while the right thigh was kept as a
control. Mice were kept for 7 to 10 days in a metabolic cage
until the tumor progress was observed and used for further
studies.”> All experiments were conducted in accordance
with the guidelines provided in the Egyptian Atomic Energy
Authority and were approved by the animal ethics commit-
tee, Labeled Compounds Department, and the protocol of the
studies was approved by the Research Ethics Committee in
the Faculty of Pharmacy, Cairo University (Egypt).

Biodistribution of the '*’I-uridine and the '*I-uridine loa-
ded in the optimal nanocubosomal formula that was previously
prepared as mentioned in Preparation of uridine loaded
nanocubosomal dispersions with replacing of uridine with '*°I-
uridine was performed in both healthy and tumor bearing Al-
bino mice weighing about 25-30 g. Aliquots of 100 uL. con-
taining 3.7 MBq of saline solution of the HPLC purified '*°I-
uridine and '*I-uridine in the optimal nanocubosomal formula
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TABLE 2. EXPERIMENTAL RUNS, INDEPENDENT VARIABLES, AND MEASURED RESPONSES
OF THE 23 FULL FACTORIAL EXPERIMENTAL DESIGN OF URIDINE NANOCUBOSOMAL FORMULATIONS

Dispersions  X;: Type of X3: Sonication Drug Y;: PS? Y;: ZP*
(D) surfactant  X,: Surfactant % time (minutes) content® (nm) Y,: PDI* (mV)
D1 Pluronic F127 10 10 95.22+£0.57 181.90+£4.10 0.291+£0.01 -30.55+0.7
D2 Pluronic F127 10 20 94.63+0.98 245.85+0.63 0.434+0.03 -24.5+0.04
D3 Pluronic F127 20 10 97.84+£0.95 178.6x0.32 0.301+£0.04 -34.35+04
D4 Pluronic F127 20 20 02.4+0.42 421.45+1.18 0.521+0.02 —-28.2+0.77
D5 Pluronic F108 10 10 93.6+0.88 243.45+0.7 0.292%0.12 -26.95%+0.3
D6 Pluronic F108 10 20 92.44+0.65 193.9+0.59 0.215+0.01 -23.75+0.2
D7 Pluronic F108 20 10 96.11£1.01 193.8£0.91 0.3£0.01 -28.8+0.27
D38 Pluronic F108 20 20 92.23+£0.29 194.85+0.28 0.262+0.01 -25.85+0.5

“Data represented as mean * standard deviation (n=3).
PDI, polydispersity index; PS, particle size; ZP, { potential.

were injected i.v. into the tail vein of each mouse. The solution
was sterilized by filtration through a Millipore filter (0.22 pm)
into a sterile sealed vial before injection. Mice were anesthe-
tized by chloroform at 0.5, 1, 2, 4, and 8 h postinjection (p.i.)
after weighing. Blood, bone, and muscles were assumed to be

FIG. 1.

Response three-
dimensional plots for the ef-
fect of type of SAA (A), % of

SAA (B), and Sonication

time (C) on (a) PS, (b) PDI,
and (c¢) ZP of the cubosomal

dispersion formulae. PDI,
polydispersity index; PS,
particle size; SAA, surface

active agent; ZP, { potential.
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7%, 10%, and 40% of the total body weight, respectively.26
Injected activity percentage per gram organ or body fluid
(%I A/g =+ standard deviation) in a population of 3 mice for each
time point was reported. Data were evaluated with one-way
ANOVA test. The level of significance was set at p <0.05.
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Results

Preparation of uridine loaded
nanocubosomal dispersions

For the preparation of nanocubosomal formulation, a full
23 factorial design with statistical analysis through Design-
Expert software was used. Satisfied precision measured the
signal to noise ratio to ensure that the model can be used to
navigate the design space.?’ A ratio >4 (the desirable value)
was observed in all responses. Moreover, the predicted R*
was calculated as a measure of how good the model Eredicts
a response value.”®? The adjusted and predicted R* values
should be within ~0.20 of each other to be in a quite good
agreement, and this was accomplished in the investigated
responses.>’>! Nanocubosomal dispersions had drug con-
tent ranging from 92.23% to 97.84% that were insignifi-
cantly different from the added amount of uridine as shown
in Table 1.

Determination of nanocubosomes PS, PDI, and ZP

The PS values of the prepared dispersions are presented in
Table 2 as z-average diameter, which represents the mean
hydrodynamic diameter of the particles.” It was observed
that the dispersions were in the nanoscale range as their PS
ranged between 178.6+0.32 and 421.45+1.18 nm with a
PDI of <1. From a statistical analysis it was showed that the
type of surfactant (X,) significantly influences the PS and
PDI of the dispersions (p=0.0146 and 0.0101). Moreover,
sonication time (X3) had a significant effect on PS (p <
0.05). The PS of the dispersions increased proportionally
with increasing the sonication time as presented in Figure 1a
and b. In the present investigation, the obtained ZP values
form the prepared dispersions ranging from —23.75+0.2 to
—34.35+0.4mV (Table 2).

TEM imaging of nanocubosomal dispersion

The morphology was examined using TEM to confirm the
formation of cubic structures in the prepared dispersions
(Figure 2). Micrographs revealed that the particles were cubic
in shape and well separated from each other. The TEM showed
that the prepared cubosomes are in the nanosize, which con-
firms the results of particle size measurement.

Radioiodination of uridine

Concerning the radiolabeling of uridine, the radiochemi-
cal purity of the '*’I-uridine was determined using paper
chromatography where the radioiodide (I") remained near
the origin (Ry=0-0.1), while the '**I-uridine moved with the
solvent front (R;=0.8—1). Radiochemical purity was further
confirmed by paper electrophoresis where '*I-uridine re-
mained at the spotting point indicating its neutral charge,
while the free radioiodide (I") moves toward the anode by a
distance from spotting point that equals to 14 cm.

The radioiodination method was optimized by studying the
effect of using different amounts of variable oxidizing agents
and uridine itself, the pH of the reaction, reaction tempera-
ture, and reaction time. The collective results are shown in
Figure 3. As can be deduced from the figure, the use of CAT
and iodogen as oxidizing agents gave low radiochemical

it
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FIG. 2. Transmission electron micrographs of optimal na-
nocubosomal dispersion; the cubosomes are cubic in shape,
nanosized, and well separated from each other.

yield. In contrast, NCS showed better radiochemical yield
(92.5% £ 0.8% at 10 ug) compared to CAT and iodogen.
Varying the amount of uridine added to the reaction had a
significant effect on the radiochemical yield, whereas the
optimum amount was found to be 250 ug of uridine. Any
further increase in uridine amount did not increase the ra-
diochemical yield. The use of alkaline pH medium had a
negative effect on the radiochemical yield, which can be
attributed to the formation of undesired radioiodine species
(hypoiodite and iodate).*> The maximum radiochemical
yield was obtained at pH value of 2. Furthermore, the re-
action showed highest yields at ambient temperature; slight
heating or boiling caused a drastic decrease in the radio-
chemical yield which can be attributed to the thermal de-
composition of the radiolabeled product. In addition, the
reaction yield increased with time and reached its optimum
at 30 min. The yield slightly decreased afterward which can
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FIG.3. Variation of the radiochemical yield of '**I-uridine as a function of (a) type and concentration of oxidizing agents,
(b) uridine amount (ug), (¢) pH of the reaction mixture, (d) reaction mixture temperature (°C), and (e) reaction time

(minutes). CAT, Chloramine-T; NCS, N-Chlorosuccinimide.

be explained by the degradation of uridine due to long ex-
posure to NCS.

The results of the in vitro stability revealed that the
>5L_uridine had an acceptable stability up to 12h post-
labeling as presented in Figure 4.

Radiochemical analysis of the "2°|-uridine

The radiochromatogram of '**I-uridine obtained by HPLC
separation on RP-C18 column at the optimum conditions is
shown in Figure 5. Based on the determination of the radio-
activity, two peaks were detected at R;=2.5 and 5.5 min
corresponding to free iodide and '*’I-uridine, respectively.
Upon injection of the standard uridine, a peak at R;=4 min
was obtained. The collected fractions containing the '*°I-
uridine were evaporated to dryness, dissolved in physiolog-
ical saline, and sterilized by filtration using 0.22 ym Millipore
filter. The purified sterile solution was used for the biodis-
tribution study.

Biodistribution study

The biodistribution of each of free '**I-uridine and its
nanocubosomal formulation was studied in normal and solid
tumor bearing mice following i.v. administration. In normal
mice, '*I-uridine showed rapid blood clearance (9.7 +0.3%
IA/g and 4.6+0.4%IA/g at 0.5 and 2h p.i., respectively),
Figure 6. Elevated levels of activity were observed (14.33
0.1%IA/g at 0.5h p.i.) in the kidneys, which reached a maxi-
mum level of 22.8 +0.3%IA/g at2 h p.i. This was accompanied
by high radioactivity of the collected urine samples.

The thyroids showed minimal uptake, which increased
slightly with time. The biodistribution of '**I-uridine solution
in tumor bearing mice showed similar pattern as in normal

mice (Fig. 7). The tumor uptake of '*’I-uridine increased
gradually with maximum uptake at 2h p.i. (2.7 £0.4%IA/g).

In contrast, biodistribution of '**I-uridine nanocubosome
in normal mice showed high levels in Reticular Endothelial
System (RES), Figure 8. It was observed that it exhibited
relatively higher residence time in blood compared with
'>Luridine solution. Compared with the free drug, '*I-
uridine loaded nanocubosome was shown to have higher
tumor targeting as shown from Figure 9.

Discussion

The factorial designs are used to recognize the variables that
might affect the properties of a new drug delivery system.
These designs analyze the effect of different variables on the
characteristics of the drug delivery system.>* In this article,

—u— ""|_yridine
—#—Free lodide

Radiochemical yield, %

(=]

0'1.2.:’:.i‘!:‘é.?'3'9
Time post labeling (h)

FIG. 4. In vitro stability of '*I-uridine.
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preliminary trials (data not shown) were performed to deter-
mine the probable ranges of the independent variables.
Nanoscale drug delivery systems have shown high ac-
cumulation in solid tumor and improved retention time.>”
The stabilizing effect of PF127 is attributed to the balance
between the hydrophobic domain size of Poly Propylene
Oxide (PPO) that is responsible for the anchoring to lipid
bilayers and the hydrophilic chain length of Poly Ethylene
Oxide (PEO) that is oriented toward the aqueous medium
and acts as a steric barrier to prevent aggregation of na-
noparticles. In contrast, the surfactant ratio (X;) had insig-
nificant effect on average PS and PDI of nanocubosomes
(p<0.05). As illustrated in Table 2, increasing the concen-
tration of surfactant from 10 to 20 led to insignificant decrease
in average PS. The surfactant molecules might be unable to
cover the whole particle surface allowing for the aggregation
of some particles till their surface area is decreased to a point

2 B osn
- . BE

] . 2 n
E=J+n
16 —18n

% LD.'g of organ or body flui

v T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

that the limited surfactant concentration could coat the entire
agglomerate surface and, Consequentlg/, form a stable disper-
sion with relatively larger particles.*® The higher surfactant
concentration, with respect to fixed GMO concentrations,
would allow for the partitioning of more surfactant molecules
into the interfacial domain of the liquid crystalline phase. This
leads to more steric stabilization and lower tendency for ag-
gregation.>’

Generally, the system is considered stable when ZP (the
measure of the overall charges acquired by vesicles) value is
around ¥30mV due to electric repulsion between parti-
cles.®® These values relatively indicate the strong electric
repulsion between particles and the lowered tendency to-
ward aggregation.

Variation in ZP will be discussed in terms of its absolute
value to avoid misperception, as all the formulations in the
current study had negative ZP.** The ANOVA results

FIG. 6. Biodistribution of '*’I-uridine in
normal albino mice at different time inter-
vals postinjection (%ID/g of organ or body
fluid + standard deviation, (n=73).
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FIG. 7. Tumor uptake of '*I-uridine and
1251_uridine loaded in nanocubosome at dif-
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revealed the direct correlations between the ZP values and
surfactant percentage with respect to dispersed phase (%).
This could be due to the ionization of the negatively charged
carboxylic groups of the fatty acid moieties within GMO or
PF127 as presented in Figure lc.

According to the full factorial design, Design-Expert
software was used to select the optimized formulation from
the prepared 8 formulations. The criteria set for the optimum
formulation [achieving maximum value of ZP (absolute
value) and minimum values for PS and PDI] were estab-
lished in formulation D3, which was prepared using 20%
PF127 in the dispersed phase and was sonicated for 10 min.
This formulation revealed a PS of 178.6+0.32 nm, PDI of
0.301£0.04, and ZP of —34.35+0.4mV. The TEM shows
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FIG. 8. Biodistribution of '*’I-uridine o
loaded cubosome in normal albino mice at E, ]
different time intervals postinjection (%ID/g & 10 4
of organ or body fluid + standard deviation, ‘g -
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that the prepared nanocubosomes are in the nanosize, which
confirms the results of particle size measurement (Table 2).

The radioiodination of uridine was conducted using
electrophilic substitution method. Results of radiochemical
yield from the two separation methods (paper chromatog-
raphy and paper electrophoresis) were almost similar and
were confirmed by HPLC.

The in vitro stability study was conducted to determine
the degree of radiolysis on '*’I-uridine and the suitable in-
jection and indicated that '*I-uridine was relatively stable
at ambient temperature.

The biodistribution patterns of free '*’I-uridine showed
rapid blood clearance and primary excretion through the
kidneys.*® Low levels of thyroid uptake showed minimal
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FIG. 9. T/NT of '*I-uridine and
125L_uridine loaded in nanocubosome.
T/NT, tumor/normal tissue ratio.
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in vivo deiodination of '*’I-uridine.*' It was revealed that
!2°I_uridine nanocubosomes showed higher tumor localiza-
tion (3.1+0.4%IA/g at 2h p.i. and a tumor/muscle ratio of
6.2) compared with the free '*’I-uridine (2.7 £0.4%IA/g at
2h p.i. and a tumor/muscle ratio of 3.3).

Using nanocubosomal formulation resulted in higher
tumor targeting and overall slower blood clearance and
excretion. The results of the comparative biodistribution
study provided a compelling evidence that the use of na-
nocubosomes has enhanced the accumulation of uridine at
tumor sites.

Conclusion

Uridine was successfully labeled with '*°I by direct
electrophilic substitution reaction giving radiochemical
yield of 92.5% +0.8%. '*’I-uridine showed a reasonable
in vitro stability. The optimal nanocubosomal dispersion
formula revealed small PS, PDI, and high ZP. Biodis-
tribution analysis in tumor bearing mice revealed that
the maximum tumor/muscle ratio of '**I-uridine loaded in
nanocubosomal dispersions was comparable to the prom-
ising ratio of the '*’I-uridine. Based on these studies,
radioiodination of uridine with iodine and loading in na-
nocubosomes could be of promising value as a novel tumor
targeting agent.
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