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Abstract
The hypnotic zaleplon displays novel receptor selectivity different from other benzodiazepine receptor ligands in
clinical use. Zaleplon was successfully labeled with iodine-125 via electrophilic substitution reaction producing
125
I-Zaleplon tracer. This reaction proceeds well in acidic pH of value equal to 4, due to the solubility of the
Zaleplon in this acidic pH value. Chloramine-T (CAT) was used as oxidizing agent, at low amount of (CAT)
(25–50g) the radiochemical yield of the labeled compound was low (80%) while at 200 g, an optimum yield
(97%) was obtained.Heating the reaction mixture to 40 C for 15 min was recommended to get a yield more than
97%, but heating for longer time causes a decomposition of the labeled Zaleplon. The in-vitro stability of
125
I-Zaleplon was determined along 24 hours; the data confirms that 125I-Zaleplon tracer was stable along eight
hours without the detection of any by-products in the reaction mixture. The biodistribution data of the labeled
Zaleplon shows rapid blood clearance passes through the blood brain barrier (BBB) and the activity detected in
the brain exceeds 4.4% at 1 h post injection.
Keywords: radioiodination, Iodine-125, Zaleplon, receptor selectivity, brain imaging
1. Introduction
Brain imaging represents a potent tool to characterize biomarkers, biological traits that are pathognomonic for
specific neurological,and neuropsychiatric disorders. Positron emission tomography (PET) and single photon
emission computed tomography (SPECT) are imaging techniques used to identify alterations in the density and
distribution of neurotransmitters, neuroreceptors, and transporters in specific regions of the brains of people with
these disorders (Wong, Gründer, & Brasic, 2007). The interactions between transporters/receptors and
neurotransmitters play a key role in the diagnosis and treatment of neuropsychiatric disorders (Heiss & Herholz,
2006). Radiotracers must fulfill several criteria to be successful for PET or SPECT imaging: including readily
labeled with appropriate radionuclide and the labeled radiotracer being stable in vivo and nontoxic; sufficient
affinity and high selectivity for the specific receptor combined with low nonspecific binding to brain tissue not
containing the receptor of interest; rapid permeation through the blood-brain barrier permitting high access of
tracers to receptors, as well as allowing high initial brain uptake and fast clearance of the activity from the brain
(Shen, Liao, & Tseng, 2012).
Hypnotic drugs are often prescribed in primary care for insomnia (Siriwardena, Apekey, Tilling, Dyas,
Middleton, & Orner, 2010; Ramakrishnan & Scheid, 2007; Barbera & Shapiro, 2005; Dundar, Dodd, Strobl,
Boland, Dickson, & Walley, 2004). Despite a reduction in prescribing of benzodiazepine hypnotics in the past
decade, hypnotic use and costs remain high because of the introduction and increase in use of Z drugs
(Siriwardena, Qureshi, Gibson, Collier, & Latham, 2006), a group of non-benzodiazepine hypnotic drugs
(including eszopiclone, zaleplon, and zolpidem), which act on the γ-aminobutyric acid (GABA) receptor andare
used in the treatment of insomnia (Dooley & Plosker, 2000). These are now the most commonly prescribed
hypnotic agents worldwide. Zaleplon Figure 1 is a pyrrazolo pyrimidine hypnotic drug (Hurst & Noble, 1999;
Noguchi, Kitazumi, Mori, & Shiba, 2004; Patat, Paty, & Hindmarch, 2001). It interacts with GABAA receptor
and also shows some pharmacological properties of benzodiazepines (Damgen & Luddens, 1999). It also
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possesses potent anticoonvulsant actiivity against pentylenetetraazole- and ellectroshock-indduced convulsions
(Dämgen & Luddens, 2000).
2
Zaleploonrecognizes α
α2- and α3-recceptors that aadditionally coontain a βj and
d the
γ3-subunitt. The hypnottic zaleplon ddisplaysanovell receptor sellectivity differrent from othher benzodiaze
epine
receptor ligands in cliniccal use (Waghm
mare, Pore, & Kuchekar, 2008). Other nonnclinical studiees have also sh
hown
that zalepplon binds seelectively to the brain om
mega-1 recepptor situated on the alphha subunit off the
GABAA/chhloride ion chaannel receptor complex (Dam
mgen & Luddeens, 1999).

Fiigure 1. Chem
mical structure oof zaleplon

d
2. Materiaal and Method
Zaleplon, m.wt. = 305.33, and Chloram
mine-T (N-chlooro p-toluene sulphonamidee sodium salt) m.W. 227.65 were
purchased from Aldrichh Chemical Coompany. Radiooactive iodine-125 (Na125I ) was purchaased from Nordion,
Canada.
2.1 Animals
White male Swiss albinno mice, weigghing 30-35 g were used foor experimentss. Mice were obtained from
m the
Institute oof Ophthalmoology (Giza, Egypt). The animals weree kept under suitable laboratory condiitions
throughouut the period off investigation..
2.2 Methodd
2.2.1 Radiioiodination
In a screw
w caped reactioon vial, an apppropriate ethannolic solution of the substratte with the dessired concentration
and a suitaable activity off Na125I (7–15 MBq) were addded, followedd by the additiion of the oxiddizing agent (C
CAT).
The pH value of the reeaction mixturre (pH 2-11) w
was varied usiing different bbuffer systemss.The reaction
n was
allowed too proceed forr a chosen innterval of tim
me at differentt temperaturess, after whichh the reaction was
terminatedd by the additiion of 50 μl off aqueous soluution of Na2S2O5 (20 mg/ml)) to ensure thaat all the unrea
acted
iodine is inn a reduced forrm before chroomatographic analysis.
2.2.2 Deteermination of Radiochemical
R
l Yield
The radioochemical yieeld was deteermined usingg the electroophoresis techhnique (EC 3000P, seriess 90
programm
mable, E-C appparatus corporaation) power uunit and a cham
mber supply uunit using celluulose acetate strips.
The appliccation point waas indicated onn the strip, moistened by bufffer solution (00.02 M phosphhate buffer of pH
p 7)
and puttedd in the electroophoresis cham
mber after sam
mple applicationn. Standing tim
me for one andd half hours att 300
volts, thenn the developeed strips weree dried, cut innto 1cm segmeents and counnted by a welll-type NaI (4%
% Tl)
scintillatioon -counter.
2.2.3 Deteermination of Radiochemical
R
l Purity
The radiocchemical puriity of the 125I--Zaleplon wass determined bby HPLC. Thhe reaction miixture (10 l) was
injected innto the reverseed phase RP-18 column of tthe HPLC systtem. The U.V
V spectrophotom
meter detectorr was
adjusted too the wave lenngth 232 nm. T
The column aafter loading w
was eluted by a mixture of m
methanol and water
w
(70:30) ass developing solvent at flow
w rate 0.5 ml/m
min. The fracttions were colllected and couunted using NaI/Tl
N
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crystal connected to SR.7 gamma counter.
2.2.4 Determination of the Partition Coefficient
The partition coefficient was determined by mixing 125I-Zaleplonwith equal volumes of 1-octanol and phosphate
buffer (0.025 M at pH 7.4) in a centrifuge tube. The mixture was vortexed at room temperature for 1 min and
then centrifuged at 5,000 rpm for 5 min. Subsequently 100 µl samples from the 1-octanol and aqueous layers
were pipetted into other test tubes and counted in a gamma counter. The measurement was repeated for five
times. The partition coefficient value was expressed as log p (Liu, 2004).
3. Result and Discussion
The application of Chloramine-T (CAT) is a way to achieve electrophilic radioiodination of organic molecules
(Al dayel, Al Subybani, &, El-Garhy, 1998; Bolton, 1977). In aqueous solution Chloramine-T is often discussed
to slowly release hypochlorous acid (HOCl), which oxidizes iodide under formation of an iodonium ion (H2OI+).
In the current study, factors affecting the labeling of Zaleplon with iodine-125 were studied to select the
optimum conditions required to give the maximum radiochemical yield of 125I-Zaleplone. The labeled Zaleplon
was biologically evaluated in normal mice, to elucidate its specific binding to the brain receptors.
3.1 Effect of Zaleplon Amounts
Different amounts of Zaleplon were dissolved in ethanol and the radioiodine-125 was added while the pH of the
reaction mixture was kept at 4. Labeling yield was measured at 150 µg CAT as oxidizing agent when the reaction
mixture was heated for 15 min. to 40 oC. The data are summarized in Figure 2. The data illustrate an increase in
the yield of 125I-Zaleplonby increasing the amount of Zaleplon from 50 to 250 µg, with a maximum of (97.4%) at
150 µg Zaleplon. The radiochemical yield is not affected by the amount of Zaleplon higher than 150 µg. This
may be attributed to the fact that 150 µg of Zaleplon is enough to capture all the entire generated iodonium ions
as a result of the oxidation of the radioactive iodide (125I-) at 150 µg CAT (El-Azony, El-Mohty, Killa, Seddik, &
Khater, 2009).
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Figure 2. The radiochemical yield of 125I-Zaleplon as a function of substrate amount
3.2 Effect of Chloramine-T Amount
The effect of chloramine-T amount on the radiochemical yield of 125I-Zaleplonhas been investigated. The amount
of chloramine-T is very important due to its high reactivity. The data presented in Figure 3 clearly reveal that the
yield of 125I-Zaleplon increased by increasing the amount of chloramine-T up to 150 g. Increasing the amount
of chloramine-T to 250 g caused a decrease of the radiochemical yield of 125I-Zaleplon which may be due to the
formation of oxidative side products (Knust, Dutschka, & Machulla, 1999; Petzold & Coenen, 1981). In this
study, 150 g of chloramine-T was found to be the optimum concentration.
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Figure 3. The radiochemical yield of 125I-Zaleplon as a function of chloramine-T amount
3.3 Effect of Temperature
The labeling reaction was done at room temperature (25 ºC) and at higher temperatures by heating the reaction
mixture at 40, 60, 80 and 100 ºC for different intervals of time. The data of this experiment are presented in
Figure 4, that clearly show that the reaction yield was optimum (97%) at 40 ºC after 15 min reaction time. At
room temperature, the labeling reaction was slow and yielded 47% after 15 min. When the reaction temperature
was increased up to 60 and 80 ºC, the radiochemical yields were 79% and 88%, respectively, without an
additional increase even after 60 min reaction time. Nevertheless, when the reaction temperature was increased
to 100 ºC, the labeled Zaleplon was decomposed and reached to 20% after 5 min reaction time. The labeling of
Zaleplon with iodine -125 at 100 ºC was not efficient due to the decomposition of the labeled Zaleplon
(El-Azony, 2004).
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Figure 4. The radiochemical yield of 125I-Zaleplon as a function of reaction time at different temperature
3.4 Effect of Different pH Values
The labeling process was carried out through the electrophilic substitution of H of the benzene ring by iodonium
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ion, I. Different buffering systems were used during this experiment to attain the required pH values.
Citrate/citric acid, mono and di hydrogen phosphate, and bicarbonate were used to obtain the following pH
values, 2 & 4, 7, and 9 & 11, respectively. The labeling reaction proceeds well in acidic pH equal to 2 and 4,
giving a yield of 125I-Zaleplon equal to 97% as shown in Figure 5. This may be due to ease of solubility of the
Zaleplon in acidic medium. In alkaline medium of pH 11 the yield of 125I-Zaleplone was 60% which is attributed
to the partial solubility of the Zaleplon itself in this pH value.
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Figure 5. Effect of pH of the reaction medium on the percent radiochemical yield of 125I-Zaleplon
3.5 Stability of 125I-Zaleplon
The in-vitro stability of the labeled compounds is the backbone for their uses in nuclear medicine. It is very
important for the labeled compounds to be stable for 8 hours or more, the time during which the patients can be
injected safely. The in-vitro stability of 125I-Zaleplon was determined along 24 hours and the data are presented
in Table 1. The data clearly confirm the stability of 125I-Zaleplon tracer along 8 hours without the detection of
any by-products in the reaction mixture. Otherwise, storage of 125I-Zaleplon tracer for long time (24 h) causes a
decomposition and the yield decreased to 75% which is not suitable for application in nuclear medicine.
Table 1. The in-vitro stability of 125I-Zaleplon tracerat optimum labeling conditions (150 g Zaleplon, 150 g
CAT, about 3.7 MBq Na125I, pH 4, at 40 C for 15 min.)
Time post

Labeling yield, %

labeling, h

Mean ± S.D

1

97.0 ± 2.4

2

96.6 ± 1.6

4

96.2 ± 1.3

8

96.3 ± 1.8

24

75.0 ± 2.7

The presumable structure for 125I-Zaleplon via reaction of Zaleplon with Na125I in the presence of CAT as
oxidizing agent is shown in Figure 6; where 125I in the phenyl ring is in para-position.
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Figure 6. The presumable structure for 125I-Zaleplon
3.6 Electrophoresis Analysis
Electrophoresis analysis of the reaction mixture at optimum labeling conditions was indicated that 125I-Zaleplon
is a neutral complex. This is due to the remaining of 125I-Zaleplon complex at the point of spotting. While the
free iodide was moved 11 cm towards the anode, depending on its charge and ionic mobility (Attallah, 2002).
These results are represented in Figure 7.
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Figure 7. Electrophoretic pattern of 125I-Zaleplon complex at optimum labeling conditions (150 g Zaleplon,
150 g CAT, about 3.7 MBq Na125I, pH 4, at 40 C for 15min.). Electrophoresis conditions: solvent: 0.2M
phosphate buffer pH 7, paper type: cellulose acetate; 300 V; running time: 90 minutes
3.7 HPLC Analysis
The reversed phase HPLC and methanol and water (70:30) system could be suitable for separate all the reaction
species. Figure 8 illustrates the U.V. absorbance and the radio chromatogram of the reaction mixture. The species
that were found during the labeling reaction are free iodide, Zaleplon, and labeled Zaleplon. These species were
eluted separately as fractions and their U.V. absorbance showsthat iodide has a retention time (Rt) of 3 min, that
of labeled Zaleplon is 8 min and Zaleplon is 4 min.The eluted fractions containing the labeled compound were
pooled together. These collected fractions were evaporated to dryness. The residue was dissolved in
physiological saline and then sterilized by filtration through 0.22 m Millipore filter, to give a specific activity of
15 MBq/mg of 125I-Zaleplon. The 125I-Zaleplon is then suitable for use in biodistribution studies.
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3.8 Partition Coefficient for 125I- Zaleplon
The partition coefficient value was 1.3 ± 0.2, showing that the
rapid permeation through the blood-brain barrier.

125

I-Zaleplon is a lipophilic complex, so it has a
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Figure 8. High performance liquid chromatography elution profile of Zaleplon, separated on reversed phase
column nucleosil (250 mm x 4.6 mm, 5 mm) at a flow rate of 0.5 mL/min
4. Biodistribution
The iodine-125-Zaleplon was injected into mice via intravenous to estimate its biological distribution. The data
of this study is presented in Table (2), which shows a rapid initial distribution pattern. At 5 minutes post injection,
high brain uptake was noticed (2.5%/organ) indicating the ability of the tracer to penetrate the blood brain barrier
(BBB) as fast as tracer injected. The clearance rate of the brain tissues was slow, referring to that the tracer
bound to specific receptors in the brain. The blood elimination of the tracer was rapid and the time required to
eliminate more than 80 % of the total activity from the blood was 120 minutes. The elimination of the tracer
from the mouse body was attained via two routes; the first one is the kidneys through which the main
radioactivity was eliminated (3.6%, 9.3%, 12.8%, and 4.6% at 5, 30, 60, and 120 minutes, respectively). The
second route of tracer elimination was the liver, the total radioactivities detected in this excretory system were
2.8%, 6.1%, 7.3%, and 2.9% at 5, 30, 60, and 120 minutes, respectively) (Lake, Ball, Kao, Renwick, Price, &
Scatina, 2002). In respect to the radioactivity taken up by the brain and that in the blood per gram tissues (target
to non-target), it is concluded that the ratio increased with time passes and reached to its maximum value of 2.3
at 120 minutes post injection. This was attributed to high clearance of the tracer from the circulation while low
wash out from the brain tissues.
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Table 2. Biodistribution of 125I-Zaleplon in normal mice at different times
Organs & body
fluids

Time post injection, min
5

30

60

120

Blood

29.5 ± 1.2

21.8 ± 0.8

16.0 ± 0.5

5.9 ± 0.2

Bone

4.5 ± 0.2

1.5 ± 0.2

1.6 ± 0.1

1.2 ± 0.1

Muscle

3.8 ± 0.3

2.7 ± 0.4

1.8 ± 0.2

1.0 ± 0.1

Brain

2.5 ± 0.2

3.8 ± 0.1

4.4 ± 0.2

1.9 ± 0.1

Lungs

0.5 ± 0.1

1.7 ± 0.2

0.8 ± 0.2

0.4 ± 0.1

Heart

0.5 ± 0.1

0.7 ± 0.1

0.6 ± 0.1

0.2 ± 0.1

Liver

2.8 ± 0.2

6.1 ± 0.3

7.3 ± 0.3

2.9 ± 0.2

Kidneys

3.6 ± 0.2

9.3 ± 0.4

12.8 ± 0.4

4.6 ± 0.1

Spleen

0.2 ± 0.1

0.9 ± 0.1

0.3 ± 0.1

0.1 ± ----

Stomach

5.7 ± 0.5

10.6 ± 0.4

6.4 ± 0.4

3.3 ± 0.5

Intestine

4.7 ± 0.4

11.3 ± 1.4

8.0 ± 0.9

4.5 ± 0.3

Urine

4.2 ± 0.2

6.7 ± 0.2

18.5 ± 1.2

36.5 ± 2.4

Feces

---

2.6 ± 0.2

8.4 ± 0.5

12.8 ± 0.3

Thyroid gland

0.7 ± 0.1

0.9 ± 0.1

1.1 ± 0.1

1.4± 0.2

Brain*

6.25 ± 0.5

9.5 ± 0.2

11.0 ± 0.4

4.75 ± 0.2

Blood*

10.5 ± 0.6

7.8 ± 0.4

5.7 ± 0.3

2.1 ± 0.1

B/Bl, g

0.6

1.2

1.9

2.3

*Injected dose / g tissue; B: Brain; Bl: Blood.
5. Conclusion
Most of the new radiopharmaceuticals are designed to bind specific neurotransmitter receptor or transporter sites
in the central nervous system.Zaleplon was labeled with iodine-125 using chloramine-T as oxidizing agent
producing a radiochemical yield over 97%. The labeling reaction was carried out in a wide pH range from 2 to
11. The in-vitro stability was investigated along 24 hours and the tracer showed good in-vitro stability during the
first 8 hours. In addition, the in-vivo stability was ensured as the radioactivity taken up by the thyroid gland was
1.4 after 2 hours post injection. The in-vivo distribution of the tracer indicated the ability of the tracer to combine
with specific receptors in the brain with late uptake equal to 4.75% and the B/Bl ratio was 2.3 at 2 hrs.post
injection.
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