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In Silico Study and Preclinical Evaluation of Radioiodinated
Procaterol as a Potential Scintigraphic Agent for Lung Imaging
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PROCATEROL has been labeled using ['?*'T] with chloramine-T (Ch-T) as oxidizing
agent which can be used for lung imaging instead of the commercially available complex
(Macro-aggregated albumin complex,”™Tc-MAA) which is called blood-derived product.
In addition, a comparison between a new radiotracer and other radiotracers such as *™Tc-
DHPM,”"Tc(CO),I , "'*I-IPMPD, '*I-fenoterol ,'*’I-reproterol, '*I-levalbuterol, *"Tc-
levosalbutamol and *"Tc-tricarbonyl levosalbutamol is conducted. Factors such as the amount
of oxidizing agent(100 pg), amount of substrate (100 pg), pH of reaction mixture (4), ambient
temperature and reaction time (15min), have been systematically studied to optimize the
iodination. Additionally, the in-vitro stability of radioiodinated procaterol was studied in two
different media , namely, saline and serum up to 72 hours that indicates its stability upto 12hr.
The labeled compound was separated and purified using thin layer chromatography (TLC),
paper electrophoreses and high performance liquid chromatography (HPLC). Biodistribution
studies indicated the suitability of radioiodinated procaterol as a novel tracer for lungs imaging.
Radioiodinated procaterol could be considered a new radiotracer for lung imaging.

Keywords: Radioiodinated procaterol, Chloramine-T,B,-Adrenoceptor, Molecular Modeling
and Gamma scintigraphy.

Introduction Bajcetal., 2009, Parker etal., 2012, Hofmanetal.,
2011, Akkas ef al., 2011, Yang et al., 2011,Gu et
al.,2011). There were many labeled compounds
and complexes made for lungs imaging and
perfusion detecting, ventilation, infectionand
inflammation process. However, a lot of these
complexes have many drawbackssuch as *™Tc-
MAA which iscalled Macro-aggregated albumin
which complex which is of a wide commercialuse
for lung imaging (Sanad , 2014, Klaus et al.,
2009, Sanad et al.,2014). In this complex, pre-

Lung perfusion and ventilation scansknown
asa lung perfusion scan is a test performedto
indicate how blood flows to the lungs, but the
other types ofscan tend toshow how well air and
blood flow through all areas of the lungs.In the
ventilation phase of the test, a gaseous radionuclide
such as xenon or *"Tc-DTPA in an aerosol form
is inhaled by the patient through a mouthpiece or
mask that covers the nose and mouth. Ventilation
tmaging can also be performed using a te(.:hnegas capillary arterioles of the lungs is trapped by this
machine which produces an aerosol of radioactive radiotracerdue to itsparticles size (~30 microns)
nanoparticles, specifically carbon nanoparticles (Miroslavov et al.,2009, Seute ef al., 2008). In

o .
containing *™Tc. The perfusion phase of the test addition, VCJ, HIV, hepatitis C and hepatitis B

involves the intravenous injection of radioactive . S
M ted albumi lex " To-MAA diseases may cause contamination,whereextracted
acro-aggregated albumin compiex,” =1 ) by human serum albumin. Other radiotracers

A gamma camera acqulrejs images for both phases such as 99 Te-DHPM, 9 Te(CO) I,
of the study. A SPECT image can also be taken 125123]_[PMPD 3
following an injection of Technetium labelled ‘25I—levalbuter£)1 9mTe-levosalbutamol and *™Te-
MAA. SPECT is often skipped if the patient tricarbonyllevo;albutamolgive maximum lung
has pulmonary hypertension (JAMA ,1990

> ’ uptake of 21.4,12.8, 10.12% , 52.0 % , 50.6%,

125]-fenoterol,  '*I-reproterol,
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68.18 % , 25 % and 56 % ID/gm at 15, 60, 2,
15, 30, 30 and 30 minutes p.i., respectively
(Sakr, 2014, Miroslavov et al., 2009, De K et al.,
2010 , Sanad, and Emad, 2015). Radioiodinated
procaterol has been used to avoid the drawbacks
of other radiotracers. In this study, '*'I-procaterol
(due to its higher energy compared toiodine-125)
was used to determine the accumulation of
radioiodinatedprocaterol in lungs of Swiss
Albinomice (25-35g) usinggamma camera
detection.

Materials and Methods

No-carrier-added ~ (NCA)  Na'*I (185
MBq/50 pL) diluted in 0.04M NaOH, pH 9-11
was purchased from the institute of isotopes,
Budapest, Hungary. In addition, sodium ["'T]
iodide (3.8 GBg/ml) diluted in 0.05 M NaOH,
pH 8 to 11 for radiolabeling was a gift from RPF,
Atomic Energy Authority, Egypt. All chemicals
such as procaterol, chloramine-T [N-chloro-p-
toluene sulfonamide salt (Ch-T)], were purchased
from Sigma-Aldrich and were of analytical
or clinical grade,used directly without further
purification unless otherwise stated. Thin layer
chromatography (TLC) aluminum sheets (20 %
25 e¢m) SG-60 F,,, were supplied by Merck and
were detected with a NM UV lamp.Whatman
paper number (PC) 1was supplied by Whatman
International Ltd, Maidstone, Kent, UK. The
development process has been investigated
using a mixture of chloroform: ethanol (9:1
v/v), in which radioiodinated procaterol moved
across the mobile phase (R, = 0.9), on the other
hand,radioiodide (I') remained at (R, = 0-0.1)
close the origin. Then, strips were removed,
dried and cut into one cm segments and assayed
for radioactivity using SR.7 gamma counter.
The percentage of radiotracer was confirmed by
the ratio of the radiotracer activity to the total
activity of all specious multiplied by 100. High
performance liquid chromatography (HPLC)
column using a Shimadzu model detector SpD-
6A the column (RP-C18-250 mm x4.6 mm, Sum,
Li Chrosorb) model which consists of pumps LC-
9A, Rheodyne injector and UV spectrophotometer
detector was utilized. The mobile phase ,phosphate
buffer (pH 3.10) and methanol (70: 30) v/v), was
delivered at 1.0 mL/min. UV 255 nm. HPLC
analysis gave purity for radioiodinatedprocaterol
of 99%. The R values of free iodide, procaterol
and iodoprocaterolwere 4.0, 9.4 and 11 min,
respectively (Fig. 2a & b), and ['*1] iodoprocaterol
co-cluted with unlabellediodoprocaterol.
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Differences in the R iodoprocaterol and
radioiodinatediodoprocaterolmay be due to the
increased hydrophobicity upon incorporation
of iodine into the aromatic ring.A well-type Nal
scintillation y-Counter model Scalar Ratemeter
SR7 (Nuclear Enterprises Ltd., USA) was used
for radioactive measurement.The radiochemical
conversion was further confirmed by paper
electrophoresis (PE) using Whatman paper no
one (2cm width and 47cm length), 2—5ul of the
reaction mixture placed at 12cm from the negative
electrode edge of the paper sheet. Electrophoresis
andcarried out for 1.5 hour at a voltage of 300
using normal saline (0.9% w/v NaCl solution)
or buffer solution pH 7 as electrolytes. On
completion of the development, the paper was
removed, dried, cut into 1cm. wide strips, and the
strip counted in a y-counter.The body distribution
profile in mice was recorded using a gamma
camera with a 5-mm pinhole collimator, window
setting of 190 KeV, and 20% width for gamma-
imaging studies. After intravenous administration
of radioiodinated procaterol (injected dose: 0.1mg
procaterol in 0.5mL phosphate buffer (pH 4),
activity: 0.2 mCi), was animals were anesthetized
by intramuscular injection of xylazine (10.0 mg/
kg) and 0.5 mL of ketamine hydrochloride (100.0
mg/kg) for Smin before imaging. The doses were
given according to Laboratory Animal Sciences
Program in NCI Fredric Center for Cancer
Research, and this anesthetic agent is believed to
have anegligible effect on both blood pressure and
the biodistribution of the radiolabeled samples.
The animals were fixed promptly on a board in
the posterior anterior position and imaging was
performed at different time intervals using a
gamma camera. The images were taken in the two
positions anterior and posterior. Thegammacamera
images were acquired at 5,15, 30, 60, and 120min
after injectionusingSwiss Albino mice weighing
25-35 gm (n =5, 25 mice). The static images were
stored in a 512x 512 matrix size and acquisition
times were 300s. Scintigraphy was the diagnostic
nuclear medicine test used in this study,
where radioiodinatedprocaterolwas administered
intravenously and the emitted gamma radiation
captured by the gamma camera (Philips axis
gamma 2)to form two-dimensional images.
Finally, the uptake of each organ can be calculated
as the percentage of the injected dose per gram (%
ID/gram £SD). The data were estimated with one
way ANOVA test. Results for P were reported and
all the outcomes were given as mean + SD.The
in-vitro stability of radioiodinatedprocaterolwas
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studied in two different media. It was found to
be stable in saline for up to 72 hours. In contrast,
in serum after 24 hours, the purity dropped to
97.0 % then decreased to 85 % at 72 h. using
TLC technique for the determination of the
radiochemical purity of complex and counted in
a well-type y-scintillation counter (Sanad etal.,
2015, Sanad etal., 2017,Sanad etal.,2016; Sanad
etal.,. 2017, Sanad, 2014). The reaction mixture
volume was fixed to ~ 680 pL. [*'T or '*I] Nal
(7.5MBq in 0.1%NaOH) was added totwo necked
round bottomed flask (25ml) fitted with a reflux
condenser and a rubber septum immersed in
a thermostatically controlled water bath and
evaporated to dryness. Accurately weighed 100pg
Ch-T was added to the reaction flask, followed by
procaterol(100pg) dissolved in water (1 mg: ImL).
The reaction mixture was stirred with a magnetic
stirrer at ambient temperature for 15 min. Then
300 pg of (60mg/ml H,O) sodium metabisulphite
was added to decompose the excess of iodine in
order to stop the reaction. The ['*I]iodoprocaterol
was purified by HPLC (Fig.2a&b). Fractions
of a volume 1.0 mL were collected separately
up to a volume of 15 mL and counted with a
y-ray scintillation counter. Inhibition study has
confirmed that the radiotracer is accumulated
specifically with high affinity binding located in
lungs cell by B, receptors. Then cold procaterol
(50 pg/kg of mouse) was injected with variable
concentration at 15 minute before injecting of
radioiodinatedprocaterol(Sanad, 2014).Docking
simulations were performed using the x-ray
crystallographic Structure of B2-adrenergic (PDB
code: 2RH1) bound to (S)-Carazolol ((2S)-1-(9H-
Carbazol-4-yloxy)-3-(isopropyl amino) propan-
2-0l) CAU. The PDB file was retrieved from
Protein Data Bank of the Research Collaboration
for Structural Bioinformatics from (RCSB)
website [www. rcsb. org]. Structure of chain A
was processed using the Structure Preparation
application in Molecular Operating Environment
(MOE), 2008.10. Subsequently, the protonate 3D
application of MOE was used to add the missing
hydrogen and properly assign the ionization
states. The resultant model was further refined
by energy minimization to a gradient of 0.01 kcal
mol A 2 keeping atoms tethered within 0.5 A
from their crystal structure positions. The default
procedure in the MOE Dock application was used
to find the favorable binding configurations of the
studied ligands. Initial placement poses generated
by the Alpha Triangle matcher were rescored and
filtered using the London dG Scoring method

to pick those exhibiting maximal hydrophobic,
ionic, and hydrogen-bond contacts to the protein.
This was followed by a refinement stage.
The generated poses were energy minimized
using the MMFF94x force field. Finally, the
optimized poses were ranked using the GBVI/
WSA DG free-energy estimates as shown in Fig.
7. Docking poses were visually inspected and
interactions with binding pocket residues were
analyzed(Molecular ~ Operating Environment
(MOE), 2008, Paul, 2009,Naim, etal., 2007,
Elgemeieetal.,2017,Dakshayani efal., 2016).

Results and Discussion

Optimization Reaction

The pH of the reaction mixture, amount
of the oxidizing agent (chloramine-T (Ch-
T)), amount of the ligand, and reaction time
of the mixture were optimized at ambient
temperature. Fig. 3a showsthat the conversion
to radioiodinatedprocaterol increased up to a
ceiling of 100 pg of Ch-T giving an optimum
radiochemical conversion of 98.5 +0.12 % , other
reaction parameters were kept constant. Excess
Ch-T may lead to the formation of undesirable
oxidative by-products such as chlorination and
polymerization. Hence 100ug of Ch-T gave
optimum conversion to [*¢]] iodoprocaterol. In
addition, pH is an important factor in radio-
iodination (Fig. 3b) which needs to be controlled,
pH 4 proved to be optimal which may reflect in part
the stability of ['*I] iodoprocaterol. The effect of
changing substrate to iodide ratio is shown in fig.
3c. which reveals that the optimum radiochemical
conversion to radioiodinatedprocaterol (98.5%)
at 100 pg of procaterol and ['*I] Na (7.5MBq)
(Sanad et al., 2015, Sanad et al., 2017,Sanad et
al.,2016; Sanad et al.,. 2017, Sanad, 2014). The
effect of reaction time was also studied giving a
maximum conversion at 15min. (Fig. 3d).

Molecular Modeling Studies

The proposed docking algorithm was validated
by self-docking in the 2-adrenergic (PDB code:
2RH1), by removing the bound ligands from the
complex then docking it back into the binding site
and the main interactions showed that it has four
hydrogen bonds with the key amino acids ASN
312 and ASP 316as shown in Table 2. Furthermore,
the top ranked pose exhibited heavy-atom root-
mean-square deviation (RMSD) value of 0.5487
A from the experimental crystal structure.
This result indicates that Molecular Operating
Environment (MOE) docking can reliably predict
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docking poses for the studied compounds to f2-
adrenergic. The binding affinity of the ligand
and the tested compounds were evaluated with
S- score. The minimum the docking scoreis the
higher the binding affinity to the enzyme complex.
Interactive docking using MOE protocol was
carried out between the predicted structures and
the prepared Ascorbateperoxide se receptor. Each
proposed structure gave 10 possible docked poses.
The ideal pose of each molecule was selected
according to the similarity of its binding mode in
the binding site to that of the ligand CAU. The
results of the docking study including S-score,
interacted amino acids and the length of H-bonds
formed of all the compounds and the reference
ligand are listed in Fig. 7. In general, the top-
ranked poses obtained from MOE docking show
that both procaterol and '**I-procaterol proposed
structure can interact with 2 RH1 as shown in
Table 2 and Fig. 8-10. The docking and binding
affinities were as follows:

1-  Procaterol has S-score of -17.0355 kcal/mol
and exhibited three hydrogen bonds with
ASN 312 of distances (2.36 A°) and ASP
113 of distances (3.06 A°) also TYR316 of
distances (2.62 A°).

2- Radioiodinatedprocaterolproposed structure
has S-score of -15.8179kcal/mol and
exhibited three hydrogen bonds with ASN
312 of distances (2.46 A°) and ASP 113 of
distances (1.58, 1.82 A°).

Conclusively, procaterol and radioiodinated
procater olproposed structures can interact with
the B,-adrenergic (PDB code: 2RH1).

Gamma Scintigraphy Imaging Results

Figure 5 shows that ["'I]iodoprocaterol-
concentrated in its target organ (lungs) with a
maximum at 30 minp.i.

Biodistribution

Table.1 shows the biodistribution of
125]-procaterolin different body organs and fluids.
All radioactivity levels are expressed as average
percentage-injected dose per gram tissue (%ID/
gram +S.D). Low thyroid uptake at all times
indicates that the radioiodinated compound is
stable in vivo.lodoprocaterolis distributed rapidly
in blood, liver, intestine, kidneys and heart at
Smin. post injection (p. i.). The uptake within the
Egypt.J.Rad. Sci. Applic. 39, No.2 (2017)

kidneys increased up to 35.0 +0.19 % at 1hp.i. and
decreased to 7.60 % at 2h. p.i. This indicated that
the tracer is excreted through urinary pathways.
Afterlh, the iodoprocateroluptake notably
decreased in the most organs. The maximum
accumulation of radioiodinatedprocaterolin lungs
significantly increased with time, giving 60%
ID/g at 30min p.i. that was confirmed by gamma
camera analysis (Fig.5). Therefore, '*’I-procaterol
isconsidered more specific as radiotracer for lung
imaging than all the radiotracers mentioned above.
The published % ID/gram +S.D for a number
of common of lung imaging e.g. *"Tc-DHPM,
#"Te(CO)I, ' I-IPMPD, '*I-fenoterol,'”’I-
reproterol, '»I-levalbuterol, *™Tc-levosalbutamol
and  *"Tc-tricarbonyl  levosalbutamolgave
maximum lung uptake of 21.4, 12.8 , 10.12% ,
52.0 % ,50.6%, 68.18 % , 25 % and 56 % ID/
gm at 15, 60, 2, 15, 30,30 and 30 minutes p.i.,
respectively. The results of the present study
indicate that radioiodinatedprocaterolhas a higher
% ID/gram +S.D value than these materials.

Drug inhibition Study

This study investigated the different amounts
of cold procaterol used, 30min before the injection
of iodoprocaterol, which decreased the lungs
uptake ratio from 60 to 7.50% ID/g organ at 30min
p.i. This results confirm that this radiotracer, ['*°I]
iodoprocaterol, has been attached and bind to f3,-
receptor located in lungs (Fig. 4).

Conclusion

An optimized protocol for the synthesis of ['*°T]
iodoprocaterol in a high yield has been developed
by electrophilic substitution mediated by
chloramine-T. From biodistribution studies, it was
concluded that the radioiodinatedprocaterolhas a
high lungs uptake of 60% ID/g at 30min, confirmed
by gamma camera, and remains for up to 2 h.
An improvement over recently discovered agents
such as #"Tc-MAA, *"Tc-DHPM ,*"Tc(CO).I,
B IPMPD, '?’I-fenoterol ,'BI-reproterol,
125]-]evalbuterol, *™Tc-levosalbutamol and *™Tc-
tricarbonyl levosalbutamol has been observed.
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TABLE 1. Biodistribution of '*>I-procaterolin normal mice at different times.

Organs and body % 1.D./ gram at different times post injection, min
fluids

5 15 30 60 120
Blood 8.11+0.15 5.9+0.77 3.4+0.19 1.9+0.01 1.1+£0.01
Bone 1.1£0.01 1.20 +0.002 1.33 £ 0.001 1.44 +£0.001 1.14+ 0.003
Muscle 1.2 +£0.002 1.4+0.001 1.48 £0.002 1.3+£0.002 1.01+ 0.002
Brain 0.55 +0.002 0.49 £ 0.001 0.45 +£0.001 0.41 +£0.002 0.33+0.001
Lungs 50.0+0.17 553+0.18 60.0 £0.15 45.66 +0.15 19.0+£0.19
Heart 6.1+0.22 5.11£0.11 3.5+0.25 3.1+0.55 2.11+0.28
Liver 2.6+0.22 5.95+0.32 7.6+0.42 3.40+0.51 2.85+0.49
Kidneys 14.45+0.19 16.25+0.29 29.0£0.11 35.0+0.33 6.70+ 0.55
Spleen 1.8+£0.001 1.35+0.02 1.20 +£0.002 1.1+ 0.001 1.0+ 0.002
Intestine 2.7+ 0.02 3.11+£0.30 6.25+0.18 7.44+0.15 9.22+0.19
Stomach 1.20+ 0.001 1.10+ 0.002 1.22+0.003 1.28+0.002 0.9+0.001
Thyroid 1.10+ 0.002 1.11£0.002 0.95+ 0.002 1.30+0.001 0.91+ 0.001

Mean £ SD (mean of five experiments).

TABLE 2. Docking results (binding affinity, ligand amino acids interacted with binding site).

Amino acids involved in Amino acids involved in
Compound S- score . .
H-bonds m-interaction
ASN 312 (2.77, 1.88 A°)
LIGAND ( CAU) 17.7732- ASP 113 (1.67, 1.94 A%) NO
ASN 312 (2.36 A°)
procaterol 17.0355- ASP 113 (3.06 A°) NO
TYR 316 (2.62 A°)
ASN 312 (2.46 A°)
1257_ -
I-procaterol 15.8179 ASP 113 (1.58. 1.82 A°%) NO
o,
S OH T
HN N \l/
HO

Fig. 1Radioiodination of procaterol.
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Fig. 6a. Procaterol 2D format and Fig. 6b. 3D after energy minimization.

Fig. 7a. Radioiodinated procaterol 2D format and Fig. 7b. 3D after energy minimization.
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Fig. 8 2D and 3D interaction of Ligand (CAU), procaterol and radioiodinated procaterol with f-
adrenergic receptor respectively.
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Fig. 9. 2D and 3D interaction of procaterol with B,-adrenergic receptor respectively.
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128 M. H. SANAD, et al.

Fig. 10. 2D and 3D interaction of radioiodinated procaterol with B,-adrenergic receptor respectively.
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