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ABSTRACT: Today, the development of PET-based diagnostic radiopharmaceuticals is essential
due to their accessibility by generators such as gallium-68 radioisotope. In this study, due to the distinctive
properties of the bone-seeking agent of DOTA-ZOL, an effort is created to synthesize this valuable
compound and use it in labeling with gallium-68. Further preclinical studies of %Ga-DOTA-ZOL
are performed, and therefore the human absorbed dose after injection of the labeled compound
was estimated based on rat biodistribution data. DOTA-ZOL was synthesized and characterized
by FT-IR, NMR, and MS analyses. A tin-based in-house %Ge /%®Ga generator was used for labeling
studies. To get the simplest labeling condition of DOTA-ZOL, completely different experiments
were performed by variable labeling parameters together with concentration, time, pH, and time.
The radiochemical purity of the radiolabeled complex was examined using RTLC methodology by totally
different solvent systems. The steadiness of the final complex was assessed in PBS and human serum.
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The biodistribution of the radiolabeled complex as well as $GaCls; was evaluated in normal rats up to
120 min post-injection. The human absorbed dose of the complex was estimated using animal
data.%8Ga-DOTA-ZOL was prepared with radiochemical purity of quite 97 at optimized conditions
using synthesized DOTA-ZOL and an in-house generator. The complex was stable in both PBS (4 °C)
and in human blood serum (37 °C). The biodistribution studies in normal rats showed a high
accumulation of ¥Ga-DOTA-ZOL injection with the most uptake at 30 min. The human absorbed
dose estimation of the radiolabeled compound showed the highest absorbed dose was received
by the bone tissue with the equivalent dose of 0.052 mGy/MBq. The results showed the attainable
preparation of a new emerging bone-seeking agent of ®Ga- DOTA-ZOL using an in-house generator.
Also, the radiolabeled compound is considered an approximately safe radiopharmaceutical in terms

of radiation absorbed dose.

KEYWORDS: Gallium-68; Labeling compound; PET, Zoledronic derivative; Bone metastases;

Dosimetry.

INTRODUCTION

According to the World Health Organization's most
current report data, malignant diseases get annually involve
about four million people. Early cancers of the prostate, breast,
lung, bladder, thyroid, lymphoma, and sarcoma are
commonly associated with bone metastases. The metastases
deeply affect the patient's quality of life and therefore,
the treatment of bone abnormalities and the bone pain
palliation of the patients have received much attention [1-5].
Chemists have been aware of bisphosphonates (BPs) since
the mid-nineteenth century, with the first synthesis in 1865
in Germany [6]. Etidronate, the first BP used in humans to
treat Paget's disease[7], was produced over a century ago [8].
In the early 1960s, William Neuman and Herbert Fleisch
[9linvestigated the causes of collagen induced
calcification and discovered that body fluids such as
plasma and urine contained inhibitors. Since it was
discovered in the 1930s that polyphosphate might operate
as water softeners by suppressing the crystallization of
calcium salts such as calcium carbonate, they hypothesized
that compounds of this type could be natural calcifies
under physiological conditions. Fleischet al.[9, 10]
discovered that inorganic pyrophosphate, a natural
polyphosphate and a recognized byproduct of several
metabolic activities in the body, is present in serum and
urine and might inhibit calcification by adhering to freshly
formed hydroxyapatite crystals. As a result, it was hypothesized
that Proton Pump inhibitors (PPi) is the agent that
ordinarily inhibits soft tissue calcification and controls
bone mineralization. It was also hypothesized that various
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pathological disorders, such as kidney stones, may be
associated with PPi metabolic disorders. Hydrolytic
enzymes are thought to control the content of PPi in body
fluids. These chemicals are made up of two groups of
carbon-attached phosphonates which bind them to the
bone's hydroxyapatite [11]. The general structure of these
compounds is illustrated in Fig. 1.

The therapeutic effect of bisphosphonates and bone
tendency in these substances is also due to two
osteoporotic groups, R; and R, [12-15]. Bisphosphonates'
analgesic properties and effectiveness for bone patients
and their rate of excretion from the body are all affected
by their structure, and even small alterations can have
a substantial effect on these features [16, 17].

The US Food and Drug Administration has advised
zoledronic acid to avoid skeletal events in patients with
bone metastases, although several bisphosphonates have
been evaluated in patients with solid tumors [18].
Zoledronic acid (Fig. 2) is a third-generation nitrogen
bisphosphonate that can prevent bone problems in people
with breast and prostate cancer [19]. When comparing
laboratory findings between bisphosphonates, zoledronic
acid had the highest bone resorption and the highest
potential for osteoclasts binding [20, 21]. In fact, attractive
features of zoledronic acid make it a promising option for
new chemicals to detect bone metastases [22, 23].

9¥mTc-MDP and *™Tc-HMDP SPECT imaging agents
have been widely employed as radiopharmaceuticals for
the bone scan. Nowadays, due to the superiority of PET
imaging over SPECT imaging, PET radiopharmaceuticals
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Fig.2: Chemical structure of zoledronic acid composition

are extensively improving. Gallium-68 with excellent
physical properties [T1, = 67.63 min; Eg:max = 1.92 MeV
(89%); E, = 1077 keV (3.22%)] is currently recognized as
one of the best radioisotopes for PET imaging in nuclear
medicine [24]. On the other hand, ®Ga is available in the
form of %Ge /*8Ga generator and due to the long half-life
of the parent’s radioactive nucleus, it is inexpensive and
easy to prepare and access in nuclear medical centers
without the use of a cyclotron [25, 26].

Bisphosphonates, such as zoledronic acid, can be

extensively used to prevent bone abnormalities and reduce
the risk of fractures in malignancies such as prostate,
breast, etc.[27]. The %8Ga3* cation can make high-specific-
activity peptide tracers or other biomolecules connected
to DOTA [26, 28]. Due to the special characteristics
of zoledronic acid, as a bone seeking agent, and DOTA,
as a chelator, DOTA-ZOL has been considered as an excellent
carrier to transmit therapeutic dose to the bone metastases [29]
and different therapeutic agents including ?>>Ac-DOTA-
ZOL,Y"Lu-DOTA-ZOL and *¥Sm-DOTA-ZOL have been
developed for this purpose showed promising clinical
results (Scheme 1) [30-32].
In this study, due to the excellent physical and chemical
properties of %Ga PET radioisotope as well as its
availability in the form of generator and the successful
clinical results of DOTA-ZOL radiolabeled complexes,
DOTA-ZOL bisphosphonate was first synthesized and
evaluated. In order to study the efficiency of the synthesized
DOTA-ZOL in performing diagnostic processes, the
molecule was labeled with %Ga at optimized condition.
After the quality control and stability studies of ®Ga-
zoledronic derivative, the biodistribution of bone seeking
agent was evaluated in normal mice at different intervals.
Finally, the human absorbed dose of the radiolabeled
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complex was estimated using Radiation Absorbed Dose
Assessment Resource (RADAR) and Spark et al.
methods.

EXPERIMENTAL SECTION

All reagents used in this study were purchased from
Merck (Germany) and utilized without further
purification. IR spectra were recorded on VECTOR 22
FT-IR spectrometer. Nuclear Magnetic Resonance (NMR)
spectra was performed on Bruker DRX 300 MHz
Spectrometer. The %Ge/®3Ga generator was obtained from
Pars Isotope Co., Tehran, Iran. Dose calibrator device of
model RAMS-88 (IRAN) was used for measuring the
activity. For reading the paper chromatography and
determination of radiochemical purity, Bioscan AR-2000
device (Bioscan Europe Ltd., France) and for determination
of radionuclide purity, High Purity Germanium (p-type
Coaxial EGPC 80-200-R) were used.

Synthesis of Zoledronic Acid derivative
Synthesis of 1-benzyl acetate-4-ethylamide imidazole
No-acetylhistamine 1g was initially dissolved in dry
DMF (50 ) and cesium carbonate 4.4 g was added
to the reaction mixture at 0°C. Benzylbromoacetate
was added dropwise to the reaction, and the mixture stirred
for another 12 h due to the formation of the yellow
precipitate (Fig. 3). The product was purified and
recrystallized with ethyl acetate.
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Fig.5:  Synthesis of
bisphosphonic acid

4-ethylamino-1-hydroxyethyldidine

Characterization of benzyl acetate-4-ethylamide imidazole

The reaction process was determined by TLC mixture
of petroleum ether: ethyl acetate (PE: EA, 1:1) as the
mobile phase, which produced a result of yellow crystals.
Below are the spectra for this step of the synthesis.

Pale yellow crystals. Yield: 53%, m.p. 142-144 °C.'H-
NMR (CDCls, 300 MHz):6 1.97 (s, 3H, CH3-CO), 2.86 (t,
Ju =6.0 Hz, 2H, CH2-CH2), 3.55 (g, Ju = 6.0 Hz, 2H, CH,-
CHy), 4.80 (s, 2H, N-CH»-CO), 5.22 (s, 2H, Bn-CH,-CO),
6.79 (bs, 1H, NH), 6.84 (d, Ju =1.3 Hz, imidazole-H), 7.38
(m, 5H, benzyl), 7.93 (d, Jy = 1.3 Hz, 1H, imidazole-H).
IR (vmax, €M) 3245.4, 3052.7, 2936.7, 1715.5, 1370.9,
1199.1. ESIMS (+) m/z: calculated 301.34 found 302.15
[M+H]*

Synthesis of 1- acetic acid 4-ethyl acetamide imidazole
(Hydrogenation reaction)

In this step, 1.5 g of synthesized compound in previous
step (compound 2) was dissolved in 100 mL of dry
methanol. Then 2.25 g palladium/carbon was added
into the reaction mixture as a catalyst. The reaction mixture
was exposed to a direct hydrogen gas flow for 24 h to
reduction reaction occurred (Fig. 4). The acid (3) was used
without further purification in the next step.

Characterization of 1-acetic acid 4-ethyl acetamide
imidazole (resulting from hydrogenation)

The result of the second step of synthesis was identified
using infrared and mass spectroscopy, as shown below.

Pale yellow crystals. Yield: 93%, m.p. 216-218 °C. IR
(vmax, €M) 3475.4, 3252.7, 2936.7, 2936.7, 2418.4,
1625.5, 1390.9, 1159.1. ESIMS (+) m/z: calculated 211.22
found 210.48 [M - H] ¥, 212.12 [M + H] *.
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Synthesis  of  4-ethylamino-1-hydroxyethyldidine
bisphosphonic acid

Previous step's product 208 mg and phosphorous
acid164 mg were dissolved in methane sulfonic acid 1.
Then phosphorus trichloride 300 mg was added dropwise
to the mixture at 75°C under argon atmosphere.
The reaction continued for 36 hat room temperature.
2 of distilled water was added to the system. The reaction
mixture is refluxed for 36 h with stirring. After the time
has passed and the reaction stabilized using the TLC
method, activated carbon added and mix for 5 min before
filtering. A white precipitate develops with the addition of
concentrated NaOH after the reaction temperature reached
ambient temperature. After that, the mixture was stored
in a fridge overnight to complete precipitation and filtered,
washed with cold water and recrystallized from boiling
water to obtain a white crystal product (Fig. 5).

Characterization of Ethylamino-1-hydroxyethyldidine
bisphosphonic acid

IR and NMR spectroscopy were used to investigate and
identify the result of this step. The spectra acquired in this
stage are interpreted in the next section.

White crystals, Yield: 30%, m.p. 143-145 °C.!H-NMR
(D,O/NaOD, 300 MHz): & 2.48 (m, 2H, CH,-CH,), 2.69 (m,
2H, CH»-CHy), 3.42 (m, 2H, N-CH,-phosponate), 6.99 (s, 1H,
imidazole-H), 7.92 (s, 1H, imidazole-H). IR (Umax, CM™)
34854, 3052.7, 2976.7, 12209, 1199.1. °*P-NMR
(D20/NaOD, 162.05 MHz): 14.4.

Synthesis of DOTA-ZOL

In this step, 50 mg of the preceding step's result
was dissolved in hydrochloric acid (0.1 M, 0.6) at room
temperature and 0.5 of triethylamine was added dropwise
in to the mixture. Then, 50 mg of DOTA-NHS was dissolved
in 0.4 of distilled water and added to the reaction. The reaction
was agitated for 24 h in an oil bath at 35-40°C. The unreacted
zoledronic was removed by adding ethanol (Fig. 6). In the
second step the crude product was purified further to remove
DOTA impurities by Solid Phase Extraction (SPE).
An agueous solution of the compound was passed over a
silica NH2-phase (Merck LiChroprep NH,). After washing
with water/methanol/water the product was eluted with H,O
+2 % TFA.

DOTA-ZOL final product characterization
IR and NMR spectroscopy were also used to identify
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Fig.6: Synthesis of DOTA-ZOL

the final product.

Yellow crystals. Yield: 45%, m.p. 265-267 °C. IR (Vmax,
cml) 3483.4, 32525, 2876.7, 1627.6, 1424.4, 1129.3. *H-
NMR (D20O/NaOD, 300 MHz): 2.42 (m, 2H, CH,-CH,),
2.61(m, 2H, CH,-CHy), 2.9.3.5 (b, 16H, cyclen-CHy), 3.75
(bs, 8H, -CH»-CO), 4.55 (m, 2H, N-CH,-phosponate), 7.28
(s, 1H, imidazole-H), 8.54 (s, 1H, imidazole-H). 3:PNMR
(D,O/NaOD, 162.05 MHz): 14.3.

Mechanism of Synthesis

Based on the mechanism presented in Fig. Vv, the
foremost necessary step of the reaction is expounded to the
phosphorylation of the acid compound to a bisphosphonate
via the reaction of a carboxylic acid with phosphorus
trichloride in presents of methansolfonic acid (often called
a condensation reaction), which we are going to justify
during this step. The first step, is the reaction of the
carboxylic acid (RCOOH) with phosphorous trichloride,
forming the acid chloride. The reaction continues with
anucleophilic attack to the carbonyl group of acid chloride
by an anhydride intermediate Cl,P-O-SO,Me (formed by
the reaction between MSA and phosphorous trichloride
Scheme). As a result, upon the loss and CI, it is
transformed into the corresponding keto intermediates.
These stable forms can then react with another molecule
of CI,P-O-SO;Me, leading to the formation of the last
intermediate. In the final steps, its hydrolysis allows
to obtain the targeted BP.

Preparation and quality control of gallium-68

An in-house tin oxide-based ®Ge/®Ga generator was
employed for this study. The generator was eluted by 0.1 M
HCl acid (2) and ®®Ga radioisotope was prepared in the form
of ®GaCl;. Chemical, radiochemical and radionuclide
purities of the elution were investigated using ICP-Mass,
Bioscan and HPGe devices, respectively. The radiochemical
purity of ®GaCl; was investigated using thin layer
chromatography in two different solvent systems of DTPA
(10 mM) and 10% ammonium acetate:methanol (1:1) as the
mobile phases and Whatman paper No. 1 as the stationary
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Fig.7: Mechanism of reaction

phase. The radionuclide purity of the radioisotope was assessed
both after elution and after 24 h post elution to detect any
possible eluted germanium-68 [33, 34].

Preparation and quality control of ®Ga-DOTA-ZOL

Various experiments were performed by varying
labeling parameters to label DOTA-ZOL with gallium-68
at optimized conditions. Temperature, acidity, reaction
time, and material concentration were explored as possible
factors impacting the labeling process. The DOTA-ZOL
complex was dissolved in 1 M sodium acetate buffer to
prepare a stock solution (1 mg/). To investigate the effect
of the mentioned parameters; at the first step, identical
quantities of DOTA-ZOL complex and gallium-68 activity
were put into 10 vials. The pH of the reactions was
adjusted from 2 to 6 and the radiochemical purity of the
reactions was assessed at different intervals. At the second
step, different values of the complex were considered with
the same activities for the appropriate ph. The
radiochemical purity of the labeled compound was
evaluated using different solvent systems: 1) Acetyl
acetone: acetone: HCI (37%) (10:10:1); 2) NH,OH,
methanol, and water in ratios (0.2, 2, and 4); 3) Sodium
citrate 0.25 M, pH = 4; 4) Ammonium acetate, methanol
in ratio (50: 50).
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Stability of the complex

The stability of the radiolabeled complex was assessed
in PBS buffer (4°C) for up to 2 h. For this purpose,
a of the sample %Ga-DOTA-ZOL labeled compound
was maintained and the radiochemical purity of the sample
was assessed using the RTLC technique at 15, 30, 60,
and 120 min. In addition, to study the serum stability
of the final compound, fresh serum (500 pL) was added to
a sample of the labeled compound and stored at 37°C for
up to 2 h. The radiochemical purity of the sample was assessed
using the RTLC technique at 15, 30, 60, and 120 min.

Bio-distribution studies of ¥GaClsand %Ga-DOTA-ZOL
in normal rats

The biological distribution of ®GaCl; and %Ga-
DOTA-ZOL was studied in rats weighting 140-160 g and
aged 8-10 weeks. 8GaCls solution (200 pl) and the %Ga-
DOTA-ZOL (200 pl) with approximately 7.4MBq activity
were administered intravenously into the tail vein of the
normal rats (n=4). Syringe activity was measured before
and after injection to calculate total injection activity
in each animal. The animals were sacrificed at 15, 30, 60,
and 120 min after injection and the blood samples were
quickly collected. The tissues including heart, kidneys,
spleen, stomach, intestine, lung, liver, skin, bone,
muscle, thyroid, adrenal glands, salivary glands,
and pancreas were weighed and rinsed with the water.
The activity of each tissue was measured by a p-type
coaxial HPGe detector coupled with a multi-channel

analyzer based on Equation 1.
N

A= Skt @

Where ¢ is the efficiency at photopeak energy, y is the
emission probability of the gamma line corresponding to
the peak energy, ts is the sample spectrum collection live
time in seconds, m is the mass (kg) of the measured sample,
and ki, ko, ks, ks, ks are the correction factors for the nuclide
decay since the time of sample collection for starting the
measurements, the nuclide decay during the counting period,
self-attenuation in the measured sample, N denotes the
adjusted net peak area of the relevant photopeak, which
is computed as follows:

N=N,=N, @)
th

Ns is the sample spectrum's net peak area, N is the

background spectrum'’s corresponding net peak area, and t,

is the background spectrum collection's live time in
seconds. The ID/gr% for each organ is computed using
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following equations:
g% V0 (Bq)Aitl;/ilZ:f \(jv)eight (@) = 100 )
In the above relation, A (t) is the total injection activity,
and tissue weight is the weight of each tissue. In addition,
the activity of each tissue is deducted from the following
equation. The area is the number read by the detector, t is
the counting time in seconds, eff is the detector efficiency,
and Br is the abundance of the gamma-ray counted.

area (4)
t x eff x Br x 37000

activity =

Statistical analysis

The uncertainty in activity measurement was
calculated using the error propagation formula, which is
given below:

N 2
2 _ Zi=1°'x

o === 5)

Where o4 is the degree of uncertainty in each
experiment and N denotes the number of experiments
for each organ, the percentage of the injected dose per
gram (percent ID/g) was computed by dividing the
quantity of activity in each tissue (A) by the decay-
corrected injected activity and the mass of each organ.
At each time period, four rats were sacrificed. The data
were compared using the student's t-test after all values
were represented as mean standard deviation.

Calculation of absorption dose in humans based on
animal data

The most generally utilized approach of determining
the human dosage from animal data is an extrapolation
from the relative mass of the organ. RADAR method is
the mostly used method for internal dose assessment
of the radiopharmaceuticals. The absorbed dose in the target
organ T from the radionuclide in a single source organ S
is obtained from Equation (6).

D(T « 8) =A, xS(T « S) (6)

Equation (7) was used to calculate the accumulated
source activity for each animal source organ, where A (t)
is the activity of each organ at time t;

A = [[ A, (Wdu )

Data points representing the non-decay corrected
percentage of the injected dose were created for this
purpose. Between the two experimental time points, a linear
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Table 1: Investigation of the effect of catalyst content on
hydrogenation reaction efficiency

( Test Catalyst rate(%w) Time(h) Product efficiency%\
1 0 24 25
2 2 24 30
3 5 24 45
4 8 24 52
5 10 24 80
6 15 24 93
7 20 24 92
8 30 24 90
S 9 35 24 89 )

Table 2: Investigation of the effect of temperature changes on
the efficiency of hydrogenation reaction

( Temperature °C 25 35 45 60 70 80 )

L Yield % 93 90 88 76 40 33 J

approximation was used. By fitting the tail of each curve
to a mono-exponential curve with an exponential
coefficient equal to the physical decay constant of %Ga,
the curves were extrapolated to infinity. Using a method
proposed by Sparks et al. (Equation8) and the standard
mean weight of each human organ, the accumulated
activity in animals was calculated [35, 36].

Organ Masshuman/
_ A Body Mass human (8)
— flanimmal organ MassOrgan Massam-mal/
Body Massgnimal

Ahuman organ

RESULTS AND DISCUSSION
Optimization of hydrogenation reaction conditions

The catalyst values were investigated in order to reach
ideal circumstances. The best results were achieved when
15%W of palladium/carbon catalyst was used at 25°C
(Table 1). Due to the generation of by-products, the reaction
efficiency dropped as the catalyst rose.

The reaction was carried out at various temperatures,
ranging from ambient temperature to 80°C, to evaluate
the influence of temperature on hydrogenation efficiency,
as indicated in Table 2. The outcome of the reaction
was assessed using thin-layer chromatography. It shows
that the reaction efficiency at room temperature is 93 %
and that as the temperature rises, the labeling reaction
efficiency drops from 90% to 33%. As a consequence,
increasing the temperature does not only raise but also
reduce the efficiency, and as a result, the temperature
does not influence on reaction efficiency.
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Fig.8: Gamma spectrum obtained from gallium chloride-68 by
HPGe detector

Preparation and quality control of gallium chloride-68

0.1IMHCI acid was used for effective washing of
the generator. The first 0.5 of the cleaning products was
thrown away, and the remaining 2 was utilized to label
the bottles. Tin, zinc, and copper concentrations in %8Ga
eluted from the generator were determined by ICP-OES<
0.1 ppm. The gamma spectroscopy revealed the existence
of two gamma rays with an energy of 511 and 1077 keV
all originating from ®Ga (Fig. 8). The eluted %Ge from
the generator was also less than 0.001% which is
in acceptable level. The radiochemical purity of the
%GaCl; sample assessed using two different solvent
systems was more than 99% (Fig. 9) [34].

Preparation and quality control of labeled compound

Under several circumstances, the labeling procedure
was performed to obtain the optimal DOTA-ZOL labeling
efficiency with Gallium-68. %Ga-DOTA-ZOL was
prepared with radiochemical purity of more than 97 % at
optimized condition. The best labeling conditions was
as follows: 25 pg of DOTA-ZOL ligand was dissolved
in 500 pL of 1M sodium acetate buffer (pH = 4.5) and
mixed with 1.5 of %GaCLs. The reaction solution was stirred
for 30 min at 98°C and the final pH was adjusted to 4.

RTLC chromatography was used to determine the
radiochemical purity of radiolabeled compound. Acetyl
acetone:acetone:HCI (37%) (10:10:1) were considered
as the appropriate mobile phase. In this system, the free
gallium stays at the origin and the labeled compound
migrates to the higher Rss (Fig. 10).

Stability tests in PBS buffer and in human serum

The radiochemical purity of %Ga-DOTA-ZOL in PBS
buffer (4 °C) and in human blood serum was assessed
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Fig.10: RTLC chromatograms of free gallium (left) and ®3Ga-DOTA-ZOL (right) in acetyl acetone:acetone:HCI (37%) (10:10:1)

solvent system

least for 2 h. The radiochemical purity of the radiolabeled
compound was determined to be greater than 98 % even
2 h post preparation.

Biodistribution of%®®GaClsand %Ga-DOTA-ZOL in
normal rats

The biological distribution of ®GaCls in normal rats
has been investigated for control studies of the bio
distribution of labeled compounds. The percentage
of injection dose per gram of the tissues was determined
up to 120 min post injection (Fig. 11). The biodistribution
of the %8Ga-DOTA-ZOL radiolabeled complex was also
studied for 120 min (Fig. 12).

As it can be seen, the major remained activity of the
radiolabeled compound accumulated in the bone tissue and
the maximum activity accumulation occurs in 30 min post
injection. Also, the uptake of the kidneys and the bladder
shows that the urinary track is the main route of excretion
of the bone seeking agent.
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Human absorbed dose estimation of the ®Ga-DOTA-ZOL

The RADAR formulas were used to estimate the
equivalent and effective dose of various human organs
after injection of®Ga-DOTA-ZOL radiopharmaceutical
(Table 3). As expected, the highest absorbed dose
is received by the bone tissue with the equivalent and
effective dose 0f0.052 mGy/MBq and 0.001mSv/MBq,
respectively. The effective dose of total body was
0.005 mSv/MBa.

CONCLUSIONS

In this piece of research work, DOTA-ZOL was
successfully synthesized and was evaluated using IR, NMR,
Mass Spectrometry, etc. The bone seeking agent was labeled
with %8Ga prepared from an in-house ®#Ge/®®Ga generator with
radiochemical purity of greater than 97% at optimized
condition. The final radiolabeled compound was stable
in both PBS (4°C) and in human blood serum (37°C).
The biodistribution studies in normal rats showed high
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Table 3: Equivalent and effective absorbed dose delivered into
human organs after injection of 68Ga-DOTA-ZOL

4 . Effective )
Target Organs Egzg:a(l;rg;/b&o;:;d Wi absorbed dose
(mSv/IMBq)
Adrenals 0.0 02 0.12 0.000
Brain 0.002 0.01 0.000
GB Wall 0.001 0.12 0.000
LLI Wall 0.001 0.12 0.000
Small Int 0.002 0.12 0.000
Stomach Wall 0.001 0.12 0.000
ULI Wall 0.001 0.12 0.000
Heart Wall 0.001 0.12 0.000
Kidneys 0.008 0.12 0.001
Liver 0.002 0.04 0.000
Lungs 0.002 0.12 0.000
Muscle 0.001 0.12 0.000
Pancreas 0.001 0.12 0.000
Red Marrow 0.046 0.12 0.006
Bone Surf 0.052 0.01 0.001
Spleen 0.010 0.12 0.001
Testes 0.001 0.12 0.000
Thymus 0.001 0.12 0.000
Thyroid 0.001 0.04 0.000
UB Wall 0.026 0.04 0.001
\_ Total Body 0.005 0.005 )

GW: Gallbladder Wall; LLI: lower large intestine; Int: Intestine; ULI:
upper large intestine; UB Wall: Urinary Bladder Wall.

aTissue weighting factors according to international commission on
radiological protection, ICRP 103 (2007).

accumulation of the radiolabeled compound in the bone
tissue even after 15 min post injection with the maximum
uptake at 30 min. The human absorbed dose estimation of
%8Ga- DOTA-ZOL demonstrated the highest absorbed
dose is received by the bone tissue with the equivalent dose
of 0.052 mGy/MBq. As the effective dose of total body
was estimated to be 0.005 mSv/MBq, this radiolabeled
compound can be considered as an approximately safe
radiopharmaceutical in terms of radiation dose.
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Fig.12: Percentage of injection dose per gram in healthy rats in
terms of time after ®Ga-DOTA-ZOL injection

List of the abbreviation
PET Positron Emission Tomography

SPECT  Single-Photon Emission Computerized
Tomography

DOTA 2,2,2",2"-(1, 4,7, 10-
Tetraazacyclododecane-1, 4, 7, 10-tetrayl) tetra
acetic acid

FT-IR Fourier Transform Infrared Spectrometer

NMR Nuclear Magnetic Resonance

MS Mass Spectroscopy

RTLC  Radio Thin Layer Chromatographic
PBS Phosphate-Buffered Saline

BPs Bisphosphonates

PPi Proton Pump inhibitors

MDP Methylene Diphosphonate

HMDP  HydroxymethyleneDiphosphonate
RADAR Radiation Absorbed Dose Assessment Resource
DMF Dimethylformamide

PE Petroleum Ether

EA Ethyl Acetate

SPE Solid Phase Extraction
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MSA Methanesulfonic acid
ICP Inductively Coupled Plasma
DTPA  Diethylenetriamine penta acetic acid
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