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ABSTRACT

Background: Radiolabeling process has a very important role in prediction of in-vivo
biodistribution. Moreover, biodistribution is considered the backbone of the recent
discovery of anti-cancer drugs.Technetium-99m has been the most utilized
radionuclide in nuclear medicine due to its optimal physical characteristics. Materials
and Methods: Oseltamivir(Osel) was radiolabeled by technetium-99m under reductive
conditions directly.1.5 mg of Osel was followed by 25 ug of SnCl, H20, 200 ul buffer
pH 4 at 60°C reaction temperature, and the reaction time was 30 minutes. In-vivo
biodistribution of **™Tc-Oseltamivir (*°™Tc-Osel) tracer was studied using
tumor-bearing Albino mice compared to control. The radiochemical purity percentage
was calculated using the ascending paper chromatography technique and also,
confirmed by paper electrophoresis before the in-vivo biodistribution in mice.*™Tc-
Osel tracer was further analyzed utilizing high performance liquid chromatography
analysis .Spartan software for molecular modeling is used for optimizing the different
complex patterns of Osel with *"Tc where energy was minimized using the
semi-empirical method with a PM3 basis set. Result: **Tc-Osel tracer was synthesized
with a good vyield of 98.7+0.34% at the optimized conditions and the preparation
exhibited in-vitro stability up to 3 h. In vivo biodistribution studies showed high uptake
in tumor cells with the target to the non-target ratio of 4.55+0.2 after 3 h. post-

injection. Conclusion:
percentage appropriate to use

INTRODUCTION

Oseltamivir (Tamiflu) with a chemical structure as
shown in figure 1, is an anti-influenza drug which
becomes widely used since the widespread of HIN1
(1. It is ingested as a tablet consists of Osel phosphate
as in active form, which changes over the hepatic
esterase into the active form Osel carboxylate (2.
Cancer is the main reason for death worldwide due to
its being highly aggressive and associated with a poor
prognosis, resistance to drug therapy in some cases,
along with high rates of metastasis, as well as it
contributes to the decrease survival rates in patients
(3,

Since the 1970s, it has been approved as a
chemotherapeutic agent. It is considered a novel
anti-cancer agent by its mechanism as a Neul
inhibitor that acts on the cell surface through a
receptor level signaling pathway to modulate a
number of glycosylated receptors(¥. Osel phosphate
offers a possible therapeutic diagnosis for pancreatic

9Mrc-Osel tracer focuses on the tumor site with a high
9mTc-Osel as a useful tool for tumor imaging.

and breast cancer ().

However, most of chemotherapeutics lack good
therapeutic index, selectivity and multi-drug
resistance (¢8), [t is clear that limitations of the
chemotherapeutics are the main rational to generate
new and more effective anticancer agents.

Studies of the biodistribution are the key
components of the modern process of anticancer
drug discovery and play a significant role in drug
development (). Radiolabeling process is one of the
tools, which is used to predict in-vivo biodistribution
of the new drugs.

Recently, there are many radiopharmaceuticals
based on, such as radioiodine (123/125]), florin (18F),
and technetium-99m (m Tc) as a new model of
tumor imaging-agents (10-12),

Technetium-99m has been the most utilized
radionuclide in nuclear medicine due to its optimal
physical characteristics (half-life time of 6 h, low
emitting gamma scintillation energy of 140 keV, and
minimal doses to the patients), convenient
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availability from the 9 Mo / 99m Tc generator (13-14),
The labeled process with 2mTc depends on the
quantity of reducing agent, chiefly as stannous
chloride, which is generally utilized for this purpose
(15-16),

In the current work, the benefits of radiolabeling
in anticancer drugs discovery and development was
utilized. Tamiflu was radiolabeled with one of the
diagnostic  isotopes, 9mTc, to evaluate its
biodistribution and confirm its tumor localization in
order to investigate its diagnostic ability.

O o _—

“NH,H3zPO,
NHAC

Figure 1. Structure of Oseltamivir phosphate.

MATERIALS AND METHODS

All chemical materials and solvents were
purchased from commercial companies and used
directly without additional purification. Oseltamivir
phosphate, Stannous chloride dihydrate (SnCl,.2H20),
and Sodium pertechnetate (Na 9mTcO4) were
obtained from commercial %Mo/ 9°mTc generator
(Radioisotope Production Facility, Egyptian Atomic
Energy Authority). For sterility filtration, 22- pm
diameter Millipore filter was wused. Paper
electrophoresis (PE) instrument was provided by E.C.
Apparatus Corporation, power supply (300 V) and
chamber unit, USA. An HPLC instrument with UV
spectrophotometer detector model SpD-6A, Reversed
phase Lischorosorb (RP-C18) column ( 25 cm x 4.6
mm, 5 pl) associated with a y-beam scintillation
counter model Scalar Ratemeter SR 7 model,
(Nuclear Enterprises Ltd., USA).

Labeling procedure

Oseltamivir was labeled by technetium-99m
under reductive conditions using stannous chloride
dihydrate directly (7).The reaction mixture was
performed in an evacuated penicillin vial to assess
the optimal condition for labeling. Different values of
Osel (0.5-3 mg) were diluted in 0.5 ml of
purged-nitrogen distilled water, followed by (5-200
pg) stannous chloride solution, 0.2 ml of different
reaction medium pH solutions (2-11) were added.
Finally, about 0.1 ml of 9°mTc-pertechnetate freshly
eluted from the molybdenum generator producing
7.2 MBq was added to each vial, vortex thoroughly
and the reaction mixture was incubated for 5-60 min
at temperatures 25-100 2C.

Quality control of **Tc-Oseltamivir

The reaction mixture was analyzed after labeling
of Osel with 9“mTc by TLC, Electrophoresis, and
reverse-phase HPLC before in-vivo biodistribution in
mice (18-19),

TLC was performed on silica gel using two mobile
phase, acetone and the mixture solution was obtained
from ammonium hydroxide: ethanol: water: (1:2:5
v:v:iv). A sample from the reaction mixture was
spotted on the TLC strip, then free 99mTcO4 was
determined using acetone as a mobile phase. In this
case, free 9°"TcO4 moved to the solvent front (Rf= 1),
whereas 99mTc-Osel and colloid remained at the point
of spotting. The colloid amount (reduced hydrolyzed
technetium) was estimated utilizing a mixture
solution. In this case, reduced hydrolyzed technetium
remains at the start point (Rf = 0), whereas other
species migrated to the top solvent front (Rf= 1).
After complete development, the strips were dried
and cut into 1 cm pieces, and measured by y-counter.
The radiochemical yield percentage was calculated by
subtracting the total amount of reduced hydrolyzed
technetium and free pertechnetate from 100% (20.21),

In electrophoresis analysis

The radiochemical purity yield of 99mTc-Osel was
assessed using cellulose acetate strips to confirm the
TLC result. These strips were moistened with 0.9
NaCl solution then, introduced into the chamber. A
solution of 99mTc-Osel was filtrated through a 0.22 um
Millipore filter for eliminating the colloidal
impurities, if present, and then, 5 pl of each sample
was applied at a distance of 6 cm from the cathode.
The samples were kept for 1.5 h at 300 volts. The
strips were removed, and cut into 1 cm segments,
then counted with gamma counter. The
radiochemical yield percentage was calculated as the
quantity of the radioactivity of the labeled product at
segment zero after subtracting the quantity of the
radioactivity of the free technetium at segment 10 to
the total radioactivity multiplied by 100 (22.23),

In HPLC analysis

An amount of about 20 pL of reaction sample was
injected on a RP-18 column using a gradient of
mobile phase A (aqueous solution of 50 mM
potassium dihydrogen orthophosphate at pH=3.5)
and mobile phase B (acetonitrile), (50:50 v/v) at a
flow rate of 1ml/min at ambient temperature and
wave length = 254 nm .. Each 0.5 mL fraction was
collected using a fraction collector and counted in a
well type gamma-counter (24),

In-vitro stability

Stability of the labeled compound was evaluated
in fresh serum and phosphate buffer saline (PBS) at
various time intervals: 0.5, 1, 2, 3, 4, and 24 hours. A
volume of 100 pl (200 pci) of*9mTc-oseltamivir tracer
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was incubated at 372C with 1ml of fresh human
serum and (PBS), pH=7.4. Afterword, 5 pl of this
mixture was taken at different time intervals up to 24
h for analysis by TLC method (25).

Animal studies

Animal experiments were performed in
compliance with the guidelines established by Animal
ethics committee, Labeled Compounds Department,
Egyptian Atomic Energy Authority (Ethical approval
EAEA/2019/188). It was also in agreement with the
rules of the British Animal Protection (BAP). Swiss
albino female mice approximately 8-10 weeks of age
and weighing 20-30 g, were obtained from the
Animal House, Biology Department, EAEA, in Cairo,
Egypt. The animals were kept upping at consistent
nourishing conditions, all through the trial time and
kept at room temperature (22 * 2 °C) with a 12 h on/
off light schedule. Female mice were utilized due to
their tendency to Ehrlich ascites carcinoma risen
above that of the male mice. The mice were bred in a
cage with a free diet and water (26),

Induction of solid tumor

Ehrlich Ascites Carcinoma (EAC) derived from a
murine mammary carcinoma was brought to induce
solid tumor. EAC tumor line was brought from the
National Cancer Institute, Cairo, Egypt. The EAC
parent tumor line was diluted with a biological
solution that was sterile. 200 puL (~12.5x106 cells/ml)
of EAC solution was intramuscular injections into the
right thigh of female Albino mice for the induction of
a solid tumor and left to grow for a week (27).

In-vivo evaluation studies

In-vivo, evaluation studies were performed using
two groups of animals, one group of normal and the
other of solid tumors bearing mice, n=7. The mice
were injected with 0.1 ml (50-100 MBq) of
99mTc-oseltamivir tracer mixture into its tail vein
after purification with 0.22 pm Millipore filter to
eliminate colloidal impurities (28). The mice were
anesthetized with chloroform and sacrificed after
(0.5, 1, 2 and 3 hours) post-injection. Various organs
and tissues were dissected, washed with saline, dried,
weighed, and counted for radioactivity. Blood, bone,
and muscle samples of mice were determined based
on their percentage of the total weight of mice 7, 10
and 40, respectively (29.30), A correction was made for
the background radiation and physical decay during
the experiment (1. Data were expressed as the
percentage of injection dose per gram of tissue
(% ID/g). The final results were expressed as the
mean * one standard error (32),

Statistical analysis

Graph Pad Prism version 6.0 software was used to
do all the statistical analysis. Statistical analysis was
conducted using one-way analysis of variance

(ANOVA). The results showed that P < 0.05 which is
considered statistically significant and all the
outcomes were given as mean * SD.

RESULTS

The formation of 99mTc-Osel tracer depended on
the amount of the substrate content, stannous
chloride dihydrate content, pH, reaction temperature,
and reaction time to provide a high radiochemical
purity value. The maximum radiochemical
percentage of 98.7+0.34% was obtained from 1.5 mg
Osel and 25 pg stannous chloride. The reaction was
achieved at 60 2C for 30 min at a pH of 4 (figures 2-6).

Influence of Osel content is shows in figure 2. A
low radiochemical yield was obtained ( 89+1.2 % ) at
0.5 mg Osel while by increasing the amount of Osel to
1.5 mg, the optimum radiochemical yield (94.5%1.1
%) was obtained.

Influence of stannous chloride dihydrate content
(SnCl2.2H20) is illustrated in figure 3. At a low
amount of SnCl2.2H20 (5 pg), the radiochemical yield
of 9mTc-oseltamivir was 78.3+x1.3%. Further
increasing of the amount of the stannous chloride
dihydrate to 25 pg, led to obtaining the optimum
radiochemical yield (95.5%£1.1%). When adding an
excess stannous chloride dihydrate, the yield was
decreased (60+1.3% at 200 pg), and the colloid
amount increased to reach 38.5+0.8%.

Influence of pH is shown in figure 4. The 99mTc-
Osel radiolabeling yield was studied at a pH from 2 to
11. As the results revealed, the radiolabeling yield of
99mTc-oseltamivir was equal to 90.2+0.8 % at pH
value of 2. The optimum radiochemical yield was
obtained at 95.2+0.7% at pH value of 4. Further
increasing the pH value led to decreasing the
radiochemical yield to 35.5£0.8% at a pH value of 11.

The influence of reaction time on the
radiolabeling yield of 99mTc- Osel is illustrated in
figure 5. The radiochemical yield increases with time
till reaching 95.5+1.0% at 30 min. Further increase in
the reaction time above 30 min., the radiochemical
yield remains constant. The influence of reaction
temperature on the radiolabeling yield of 99mTc- Osel
is illustrated in figur 6. The reaction was performed
at 25 °C, 40, 60, 80, and 100 °C. The radiolabeling
yield of 9mTc- Osel tracer was increased by
increasing temperature until reaching the optimum
value (98.7+0.8%) at 60 °C then; remained constant.

In vitro stability of 9°mTc- Osel in human serum
and phosphate-buffered saline (PBS) are revealed in
figure 7. The stability decreased in serum from
93.5+0.5 to 91.5+0.6 % (~2%), while in the case of
PBS, the stability decreased from 91+0.4% to 88+0.3
% (~3%) after 3 hours. The stability of 99mTc-Osel
reached 87.1+x0.4%, 76.5%+0.6%, respectively, in
serum and PBS at 24 h.
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Quality control of 9mTc- Osel is illustrated in
figure 8 which presents the electrophoresis pattern
(about 97.5£1.1%), and in the HPLC technique (about
98.7+1.0%).

Spartan software for molecular modeling is used
for optimizing the different complex patterns of Osel
with 99mTc where energy was minimized using the
semi-empirical method with a PM3 basis set as
shown in figure (10). Complexes A-E represent
coordination manner between two molecules of Osel
with one atom of technetium, while complex F
represents coordination manner between one
molecule of Osel with one atom of technetium.

In vivo bioevaluation study of 9°mTc- Osel in
normal mice is shown in table 1. The results showed
that 99mTc-oseltamivir tracer was distributed rapidly
in the blood to reach 8.57+0.06% at 0.5 h. post
injection (p.i) and cleared easily until reaching
1.9+0.01% after 3 h. post injection (p.i.) as shown in
figure 13. The data also showed that 9°mTc-Osel was
easily distributed in the liver, kidney, stomach and
intestine at 0.5 h post-injection. After 1 h post-
injection, a high concentration of 9mTc-osel tracer
has been found in the liver stomach, intestine and
kidney to reach 2.4+0.05 %, 8.97+0.17%, 5.33+0.2%
and 40.1+1.2%, respectively.

In vivo evaluation study of 9mTc- Osel in solid
tumor bearing mice is shown in table 2. The results
showed that 99mTc-osel tracer was distributed rapidly
in the blood to reach 7.120.09% at 0.5 h. p.i and
cleared easily until reaching1.18+0.06 % after 3 h. p.i.
as shown in figure 11. Studying the bioevaluation of
99mTc-osel tracer revealed that 9mTc-osel tracer was
accumulated rapidly in the liver, kidney, stomach and
intestine at 1 h. p.i. to reach 3.74+0.12%, 22.8+0.5%,
5.45+0.27% and 4.47+0.3%, respectively, and
decreased with time. The uptake of 99mTc- Osel tracer
in the solid tumor tissue right thigh target (T)
inoculated with EAC into normal tissue left thigh non
target (NT) and reached ratio of 4.55 at 3 h. p.i.
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Table 1. Bio-distribution of **™Tc-Oseltamivir in normal mice
as %ID/g tissue. Values are expressed as mean +SD, n = 7.

ID/g tissue (%)
Time post injection (h.)
0.5 h. 1h. 2h. 3h.

Organs/
Tissues

Blood | 8.57+0.06 | 3.47+0.04 | 2.1+0.02 1.940.01

Bone 3.46+0.05 | 3.76+0.07 | 3.23#0.04 | 1.2+0.04

Muscles | 1.28+0.03 | 1.77+0.04 | 0.98+0.06 | 0.39+0.02

Brain 0.27+0.06 | 0.25+0.07 | 0.24+0.04 | 0.22+0.02

Stomach | 1.88+0.9 | 8.97+0.17 | 1.56+0.08 | 1.37+0.03

Intestine | 1.46+£0.09 | 5.33#0.2 | 3.15+0.11 | 3.1+0.09

Kidney | 23.840.7 | 40.1#1.2 12.1+0.9 9.89+0.9

Liver 2.1+0.04 | 2.4+0.05 | 1.75+0.04 | 1.39+0.03

Spleen | 1.75+0.08 | 1.14+0.09 | 0.94+0.06 | 0.79+0.05

Lung 4.75+0.1 | 1.47+0.09 | 1.32+0.09 | 0.76+0.07

Heart 5.27+0.08 | 1.81+0.07 | 1.11+0.05 | 0.57+0.04

Urine 17.6+1.1 | 51.3%#1.5 46+1.3 61.5+1.6

Table 2. Bio-distribution of 99mTc-Oseltamivir in solid tumor
bearing mice as %ID/g tissue. Values are expressed as mean *

SD,n=7.
ID/g tissue (%)
Organs/Tissues Time post injection (h.)
0.5 h. 1h. 2 h. 3 h.

Blood 7.1+0.09 [2.95 +0.07|1.48+0.05|1.18+0.06
Bone 2.5940.06(3.11+0.07{2.48+0.05|0.731£0.04
M“SC'E(SN(TC)°””°') 1.1240.02|1.34+0.03 [1.29+0.03(0.8240.01
Muscles (Tumor) (T)|1.48+0.02|2.11+0.03 [4.47+0.04(3.73+0.05
Brain 0.38+0.02|0.31+0.02|0.28+0.01/0.21+0.01

Stomach 2.18+0.12|5.45+0.27|3.3+0.18 | 0.98+0.1

Intestine 2.37+0.28| 4.47+0.3 |1.34+0.25| 0.49+0.1

Kidney 10.6+0.4 | 22.8+0.5 | 12.1+0.3|11.1+0.3
Liver 2.7940.14|3.74+0.122.57+0.11| 1.98+0.1
Spleen 2.4+0.11 | 1.334#0.1 | 1.1£0.09 |0.91+0.05
Lung 4.3+0.12 {1.61+0.11|1.57+0.1 [1.39+0.09
Heart 3.3740.15|1.59+0.12|1.39+0.11| 1.1+0.07
Urine 6.3+0.32 | 65+0.58 | 18+0.26 |29.6+0.37
T/NT 1.32 1.57 3.46 4.55

—v— Blood clearance in normal mice
—u— Blood clearance in tumor bearing mice

%ID/g Blood

[ X3 10 15 20 25 3.0

Time, hour
Figure 11. Blood clearance of ®™Tc-Osel tracer in normal and
tumor mice verses time.
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Figure 12. Ratio of target (T) / non target (NT) muscle by
9mTc.Osel tracer verses time.

DISCUSSION

The radiochemical yield of the complex strongly
depend on the amount of the ligand. The optimum
radiochemical yield was obtained at 1.5 mg Osel.
Below this amount, the radiochemical yield
decreased because the Osel amount was insufficient
to form the complex with the whole amount of the
reduced technetium. Further increasing in the ligand
amount did not change the labeling yield noticeably.

A low amount of SnClz. 2H:0, gives a low
radiochemical yield probably because these amounts
were insufficient for reducing the whole amount of
pertechnetate. A higher amount of SnClz. 2H,0 over
25 pg also led to a decrease in the radiochemical yield
of the complex with increasing the colloidal stannic
oxide species. This may be due to the fact that the
Osel became conjugated with technetium-99m Thus,
in the absence of Osel, free pertechnetate was
reduced to non-soluble technetium TcO2-xH20
(colloid) 33-5),

The pH of the reaction medium was considered a
very critical point in the percentage of the labeling
yield. The optimum radiochemical yield was obtained
at pH value of 4. A further increase in the pH value
results in decreasing the radiochemical yield. This
may be attributed to the fact that stannous chloride
dihydrate promptly precipitates the formation of free
99mTcO4 and non-soluble reduced 2°mTc colloid in an
alkaline medium (36.37),

The radiochemical yield increases with time till
reaching 30 min. By continuous increasing of the
reaction time (above 30 min.) the radiochemical yield
remains constant. This means that 29mTc-Osel tracer
is stable at the higher temperature.

In vitro stability of °mTc-Osel was higher in
human serum than in phosphate-buffered saline
(PBS) as shown in figure 7. Consequently, 9°mTc- Osel
tracer has a good stability in serum and in PBS3839),

The electrophoresis pattern of 99mTc-Osel
revealed that ?mTc-Oseltracer remains close to the
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spotting point (about 97.5+1.1%) which confirmed
the TLC result. while free pertechnetate pushes
toward the anode to separate at 10 cm from the
spotting point.

99mTc- Osel tracer was further analyzed by high
performance liquid chromatography analysis as
shown in figure 9. The most energetically favored
proposed complex was D because it has the lowest
energy value (E =-2802.63 k] /mol).

The results of in-vivo bioevaluation studies showed
that 99mTc-Oseltracer was distributed rapidly in the
blood at 0.5 h. (p.i) and significantly decreased at 3 h.
p.i. The data showed that?*mTc-Osel easily distributed
in the liver, kidney, stomach and intestine at 0.5 h
post-injection. After 1 h post-injection, a high
concentration of 9°mTc-Osel tracer has been founded
in the liver stomach, intestine and kidney,
respectively.

The rapid presence of 99mTc-Osel tracer in the
liver may be due to the extensive conversion of Osel
to active metabolite Osel carboxylate by the hepatic
esterase located in the liver. This study indicates that
99mTc-Osel showed significant hydrophilic
characteristics due to its being rapidly cleared by
glomerular filtration tubules in the kidney after 1 h of
injection. The most likely excretion route for
99mTc- Osel and its metabolites were through the kid-
neys and bladder (49).The results revealed that the
distribution of 9°mTc- Osel in the brain is generally
limited during all time intervals. The majority of
organs, tissues showed a significant decrease in the
99mTc-Osel tracer uptake with time. In vivo
localization of 99mTc-Osel tracer showed that the
target-to-non-target muscle ratio increased over time
to reach a ratio of 4.55 after 3 h post injection, as
shown in figure 12.

The present study indicates that 99mTc-Osel
showed a significant hydrophilic characteristics. It
quickly reached the target area and was rapidly
cleared by glomerular filtration tubules in the kidney
after 1 h of injection. The newly synthesized 9°mTc-
Osel complex showed higher uptake in solid tumor
cells (about 3.46, 4.55, respectively, at 2h, 3h. p.i.)
based on target to non-target ratio more than the
recently published SPECT tracers such as, 2°mTc (CO)
3-labeled chlorambucil analog (3.2 at 3 h. 99mTc-
DMSAme (2.49 at 2 h), 99mTc-sunitinib (3 at 1 h), and
99mTc-Luteolin (0.94 at 3 h) (4144, According to the
results of the in-vivo bioevaluation studies, the synthe-
sized 99mTc-Osel complex showed a high tumor sites
uptake with a good retention time suitable for tumor
imaging. These promising characteristics make ?9mTc-
Oselcomplex as a suitable candidate for diagnosis of
solid tumors. The 9mTc-Osel complex affords a
beneficial radiopharmaceutical of high tumor uptake
and good retention time sufficient for imaging the
tumor.

CONCLUSION

A newly synthesized 2°mTc-Osel complex was per-
fectly prepared via direct labeling technique with a
maximum yield of 98.7£0.34% at optimum condition
and in-vitro stability up to 7 h. The biological evalua-
tion of 9°mTc-Osel complex showed a high accumula-
tion ratio of 99mTc-Osel complex in solid tumor target
(T) compared to non-target (NT) (about 4.55 at 3 h.
p.i.). Thus, it may be concluded that 99mTc-Osel tracer
can be used as a useful tumor imaging diagnostic
agent for preclinical studies.
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