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Introduction: [*™Tc]Tc-MAG3 is one of the routine renal radiopharmaceuticals
being used in nuclear medicine centers, throughout the world. This study
investigated the synthesis and *™Tc-labeling of MAG3, as well as the synthesis of
the S-acetyl-MAG3-NHS complexing agent, which was used for labeling bovine
serum albumin (BSA) as a protein model using technetium-99m.

Methods: S-acetyl-MAG3 was prepared by the reaction of S-acetyl thioglycolic
acid and triglycine. It was also activated to its N-hydroxysuccinimide counterpart
which was used for preparation of biomolecule conjugates. All compounds and
intermediates were characterized by 1H NMR and LC/Mass spectroscopy.
Labeling of MAG3 with 99m-technetium was also well performed. The
radiochemical purity and stability of labeled products was done by thin-layer
chromatography. Also, biodistribution studies in mice was performed.

Results: The spectroscopic results confirmed the structure of compounds. The
stability of [®™Tc]Tc-MAG3 and [®™Tc]Tc-MAG3-BSA was determined over 24h
.It was found to drop from 90% to 60% and 99% to 80%, respectively. There was
no difference between serum and buffer results. Biodistribution studies for
[**™Tc]Tc-MAG3 confirmed renal excretion with injected dose per gram (%ID/g)
kidney of 41.28 + 4.70 , 45.63 + 6.36 and 12.22 + 2.83 after 1, 4 and 24h
respectively.

Conclusion: In this work, the rigorous purification processes were simplified
through adjustment of molar ratios of reactants and the crude product obtained
with higher yield was directly used for ®™Tc labeling. The prepared labeled
biomolecules conjugates showed acceptable radiochemical purity and stability.
MAG3 was applicable for renal imaging according to biodistribution results.
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INTRODUCTION secretion and evaluate renal function [2-5]. The N3S
structure of this complex creates a stable complex
with technetium. Due to the presence of a sulfur
group and the possible formation of disulfide bonds
in this complex, the protective substance S-benzoyl
is used on the sulfur group. This protective group is
removed by heating at 100 °C for 10 minutes, after
which the agent is ready to form a stable complex
with technetium (Figure 1). S-benzoyl-MAG3 is sold
under the brand name Betiatide [6-8]. One of the
advantages of labeling with this complex is that it
does not require separation and purification [9].

Technetium-99m is used annually in tens of millions
of medical diagnostic methods, making it the most
commonly used medical isotope in the world. ®°™Tc
emits detectable gamma rays with a photon energy
of 140 kV (these photons have about the same
wavelength as those emitted by conventional X-ray
diagnostic equipment) and has a half-life of six hours
for gamma emission. In mid-1985, Fritzberg et al.
introduced mercaptoacetyl triglycine (MAG3) [1].
MAGS3, or mertiatide, is a stable complexing agent
with technetium activity that is used to scan renal
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Fig 1. Preparation of [*™Tc]Tc-MAG3 from S-benzoyl or benzyl MAG3

To prevent the alkaline environment and boiling milder conditions, including normal pH [10]. This
water bath for separating the benzoyl protecting evolved S-acetyl-MAG3-NHS can potentially be used
group, a new compound, S-acetyl-MAG3 NHS ester, to label thermosensitive  amine-containing
was synthesized, with the acetyl replacing the aptamers, oligonucleosides [11, 12], and proteins or
benzoyl group. The acetyl group, as a good peptides with ®™Tc [13, 14] (Figure 2).
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Fig 2. Conjugation S-Acetyl-NHS-MAGS3 ester with biomolecules and labeling with *™Tc

The steps of binding the MAG3-NHS complex to METHODS
biomolecules to tag 99m-technetium activity was
discussed in detail [15, 16].

This study investigated the synthesis and *™Tc-
labeling of MAG3, which is superior to compounds
of all classes in general for evaluating kidney
function. Previously reported procedures for
preparation of MAG3 required time-consuming
and yield-lowering purification methods which was
simplified in current study [9, 17]. It was also used
to prepare S-acetyl-MAG3-NHS for labeling

Materials

Reagents including triglycine, NHS-activated S-acetyl
thioglycolic acid (SATA), N-hydroxysuccinimide (NHS),
and dicyclohexyl carbodiimide (DCC) were purchase
from Sigma-Aldrich, USA. All other necessary
solvents, dimethyl formamide (DMF), N-
methylpyrrolidone (NMP), thin-layer-
chromatography (TLC) strips and silica gel G60 were
purchased from Merck, Germany.

proteins that might bind to the NH2 group of Synthesis of S-acetyl-MAG3 in water
biomolecules and was labeled in milder conditions S-Acetyl-MAG3 was synthesized according to Wang's
relative to S-benzolyl-MAG3-NHS. study [9], with some modifications. Briefly, 72 mg
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triglycine (0.378 mmol) was placed into a 10 ml flask,
and 4ml of deionized water was added. To improve
solubility and create an alkaline environment, 32 mg
of sodium bicarbonate was added to the flask, which
was then warmed to 60 °C. After the solution cleared,
it was passed through a 0.45 syringe filter. Then 100
mg (0.436 mmol) of SATA was added to it in three
steps, allowing 15 minutes between each step. The
pH of the solution was controlled to be between 7
and 8 during the steps through the gradual addition
of a maximum 65 mg sodium bicarbonate. After SATA
addition, the transparent solution was acidified with
the addition of a few drops of 6 M hydrochloric acid.
After overnight in 5°C, the crude yellow precipitate
was used directly in the next steps. TLC study with
acetonitrile / acetic acid (20:1, v/v) confirmed S-
acetyl-MAG3 as the major spot, NHS and traces of
unreacted SATA and hydrolyzed SATA. For
identification the residue was further purified ona 1 x
20 cm silica gel column eluted with acetonitrile.

Synthesis of S-acetyl-MAG3-NHS in NMP

To 61 mg (0.20 mmol) of the crude product of the
previous step were added 1ml of anhydrous NMP.
37mg (0.180 mmol) of DCC at 100ul anhydrous NMP
was dissolved and quickly added to the solution at -20
°C. The reaction mixture was stirred at this
temperature for4 h, and then at overnight at4 °C. The
dicyclohexyl urea (DCU) precipitate was removed by
centrifugation at 350 rpm for 15 min. 5 ml of
anhydrous diethyl ether were added to the reaction.
We vortexed the tubes tightly to make the ethereal
layer transparent. After removing the ethereal layer a
further 5 ml of diethyl ether was added. This was
repeated three times. After the ether layer was
removed, the crude S-acetyl-MAG3-NHS precipitate
was dried. The crude residue was used directly. TLC
study with acetonitrile/ triethylamine (50:1. v/v)
showed S-acetyl-MAG3-NHS as the main spot, and
traces of impurities. For identification purposes, the
residue was further purified over a 1 x 20 cm silica gel
column (Silica Gel 60, 0.2-0.5 mm particle size) eluted
with acetonitrile/methanol (80:20, v/v).

Synthesis of S-Acetyl-MAG3 in DMF

S-Acetyl-MAG3 was synthesized as previously
reported by Winnard et al. with some modifications
[17]. In this method, 1 ml of NaOH (0.2M) was mixed
with 50 mg triglycine (0.264 mmol) and 10 pl of
freshly prepared ethylene diamine tetra-actate
(EDTA) 50 mM, then passed through a 0.45y filter. In
another flask, 90 mg (0.390 mmol) of SATA was mixed
with 1 ml of dry DMF and added dropwise to the
solution prepared in the previous step. At first, the
solution became slightly cloudy, but after 15 minutes
it became clear. After 15 minutes at ambient
temperature, the pH of the reaction was reduced
from 8.9 to 2.7 using 6 M hydrochloric acid. A pH 8.9
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was used for triglycine deprotonation. The SATA
acetyl group might be hydrolyzed if the pH was not
controlled; thus the pH needed to be reduced
immediately. After overnight at 5°C, the crude yellow
precipitate was used directly in the next steps. TLC
study with acetonitrile/acetic acid (20:1, v/v) showed
S-acetyl-MAGS3 as the major spot, NHS and traces of
unreacted SATA and hydrolyzed SATA.

For identification, the residue was further purified on
a 1x 20 cm silica gel column with acetonitrile.

Synthesis of S-Acetyl-MAG3-NHS in DMF

The crude S-acetyl-MAG3 88.5mg (0.290mmol)
prepared above was added to 60 mg (0.290 mmol)
DCC and mixed with 3.6 ml of dry DMF. The reaction
solution was cloudy due to dicyclohexyl urea (DCU)
precipitation. It was stirred at room temperature for
3 hours, placed at -20 °C for 1 h, and centrifuged at 4
°C for 15 minutes at 350 rpm. This operation was
repeated three times to completely remove the DCU
deposits. We reduced the reaction mixture volume
using a rotary. The concentrated DMF solution of S-
acetyl-MAG3-NHS was stored at -20 °C until it was
used. TLC study with acetonitrile/triethylamine (50:1,
v/v) showed S-acetyl-MAG3-NHS as the main spot
with traces of impurities.

For identification purposes, the residue was further
purified over a 1 x 20 cm silica gel column (Silica Gel
60, 0.2-0.5 mm particle size) eluted with
acetonitrile/methanol (80/20, v/v).

Synthesis of MAG3-protein conjugate

BSA 20 mg (0.289umol) was dissolved in 400 pl of
phosphate buffer, and 100 pl of S-acetyl-MAG3-NHS
DMF solution (1mg/ml) containing MAG3-NHS 0.1mg
(0.248 pmol) was added to this solution. It became a
bit cloudy. After one hour, the solution was
transferred to a dialysis bag to remove any possible
unreacted S-acetyl-MAG3-NHS.

The solution that was removed from the dialysis bag
contained MAG3-BSA. The final product was freeze-
dried. The total volume of the solution before freezing
was 500 pl.

Preparation of [°™Tc]Tc-MAG3-BSA

A 1 mg/ml solution of MAG3-BSA in acetonitrile and
water (50:50) was prepared. A mixture of 100 pl of
this solution, 100 pl of citrate buffer (0.1 M), 300 ul of
disodium tartrate solution (40 mg/ml aqueous
solution), and 100 pl of SnCl, (4 mg/mlin hydrochloric
acid 0.05 N) was poured into a microtube. About 1
mCi **™TcO4 (in normal saline) was added to the
microtube, which was then placed in a water bath at
50 °C for 10 minutes.

Quality control of [°™Tc]Tc-MAG3

The potential radiochemical impurities in the
preparation of [*MTc]Tc-MAGS3 are free pertechnetate
®mTcO4), colloidal technetium [*™Tc](TcOy)n, and
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[®*"Tc]Tc-tartrate (precursor) [11]. To control the
quality of the complex by the TLC paper. Two solvent
systems were used. The first system was composed of
40% methyl ethyl ketone and 60% ethyl acetate. The
second was 90% ethanol and 10% water. We prepared
10 cm papers with a width of 1 cm. The sample (5 pl)
was loaded at the one-centimeter distance of the
lower part of the TLC.

After the solvent rose to 1 cm from the top edge of the
paper, we took the paper out of the solvent, dried it,
and cut it in half. The amount of activity in each area of
the paper was measured with a gamma counter
device. Radiochemical purity (RCP) was measured as
follow:

Activity top part

— X 100=
Activity top+bottom part

% impurities strip 1 =
99mTCO4

Activity bottom part

o e . _
impurities strip 2 =
% p p Activity top+bottom part

100 = (*"TcO,) n + [®MTc]Tc-Tartrate

RCP (%) = 100% - (%impurities strip 1 + % impurities
strip 2)

Preparation of [°"Tc]Tc-MAG3

For the MAG3 kit, we prepared [*™Tc]Tc-MAG3 as
before. We diluted 5 pl of this sample with the same
amount of acetonitrile / water (50:50) and performed
the rest of the preparation method as described above.

Stability of [°™Tc]Tc -MAG3 and its conjugate by TLC
We prepared two separate samples in human serum
and phosphate buffer for the [*™Tc]Tc-MAG3 and
[®®™Tc]Tc-MAG3-BSA kits. For each sample, we
evaluated TLC quality at 0, 1, 2, 3, and 24h.

Purifiction of [P"Tc]Tc -MAG3 with Sephadex
column

We prepared the [®™Tc]Tc-MAG3 kit and the
[®®"Tc]Tc-MAG3-BSA kit and performed the
following procedure for each one separately: the
sample was added to the column, eluted by the
phosphate buffer. The contents of the column
were milked into 25 tubes, with 2ml in each tube,
and the amount of activity in each tube and column
was measured with a dose calibrator.

Biodistribution study

The biodistribution of the synthesized material was
examined to confirm renal secretion. Nine mice
were prepared in the laboratory. Each was injected
with 100 pCi (for 1, 4h studies) and 300uCi (for 24h
study) [*®°™Tc]Tc MAG3 activity through the tail
vein. The organs (intestine, heart, lung, spleen,
kidney, liver, tail) were separated after 1, 4 and 24h
(n=3), and then each placed in a gamma counter
tube. The weight of each isolated limb was
recorded and the activity of each organ in the
gamma counter tube was measured.

RESULTS

Synthesis of S-acetyl-MAG3 and its NHS ester

In general, reaction of triglycine with SATA in the
absence of moisture resulted in the intermediate
formation of S-acetyl-MAG3. The MAG3
carboxylate group was activated in NMP or DMF
with DCC in the presence of NHS to obtain the
active form of S-acetyl-MAG3-NHS (Figure 3).
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Fig 3. Steps for synthesis of S-Acetyl-NHS-MAG3

TLC study was performed to follow progress of
reaction and purity of product. The crude S-acetyl-
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MAG3 and NHS-adduct were almost pure and were
used directly without further purification.
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To confirm the synthesis of the crude compounds of
S-acetyl-MAG3 and its NHS ester, a small amount of
crude sample was purified and characterized using
NMR and LC/Ms spectrum.

The *H-NMR analyses were performed in D,0 at 300
MHz (Bruker-300). The chemical shifts for S-acetyl-
MAG3 were 2.36 ppm (s, 3H, SCOCH3) and 3.66-3.78
ppm (m, 8H, COCH2). The chemical shifts for S-
acetyl-MAG3-NHS were 2.38 ppm (s, 3H, SCOCH3);
2.80 ppm (s, 4H, succinimidyl); and 3.68-3.80 ppm
(m, 8H, COCH2).

The liquid chromatography system, Shimadzu UFLC
LC-AD20 system (Shimadzu, Japan) was equipped
with DGU-20As; Degasser, a Binary pump (LC-20AD),
an auto sampler (SIL-20AC HT), and a column oven
(CTO-20 AC). Analyte were separated with a SUPELCO
analytical Discovery HS C18 column (150mmx4.6

mm, 3um, PA, USA). The mobile phase were 0.1 %
formic acid in methanol. The flow rate and injection
volume were 0.25mL/min and 5 L, respectively. The
experiment was carried out at 30°C temperature. The
chromatogram was shown in Figure 4 confirmed the
purity of S-acetyl-MAG3-NHS which was eluted as a
single peak at 5.28 min. Mass analysis was performed
using 3200 QTRAP mass spectrometer instrument
(AB Sciex, MA,USA) operated in positive (ESI*)
electrospray  ionization mode.  Analysis was
performed with nitrogen using the following setting:
gas supply was set at pressure of 10 psi, ion source gas
1 with a pressure of 40 psi and ion source gas 2 with a
pressure of 40 psi. The source temperature and ion
spray voltage (IS) were set at 400°C and 4.5kV,
respectively. The molecular weight for CisH;sN4OsS
was determined to be 403.7(M*+1).
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Fig 4. Chromatogram of S-acetyl-MAG3-NHS eluted with acetonitrile and formic acid 1% by LC-MS

Stability of [P°™Tc]Tc -MAG3 and its conjugate as
measured by TLC

According to the data obtained from the TLC test in
solvent systems one and two, the stability of the
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labeled compound [*™Tc]Tc-MAG3 in serum and
buffer up to 3 h were significant (Table 1). In the first
solvent system, ®°™TcO; free technetium impurities
were located at the top of the paper. In the second
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solvent system, colloidal technetium impurities
[*®™Tc](TcO,)n and [*®™Tc] Tc-tartrate were located

at the bottom of the paper (Figure 5).

Table 1. Stability of [**™Tc]Tc-MAG3 and [®™Tc]Tc-MAG3-BSA complex in serum and phosphate buffer

Incubation 0 1h 2h 3h 24h
[**™Tc]Tc-MAG3 serum 90.85 75.73 76.90 75.90 61.40
[**™Tc]Tc-MAG3 buffer 90.85 79.00 76.76 75.41 51.00

[®°™Tc]Tc-MAG3-BSA buffer 99.87 98.86 97.52 96.70 80.00
[®™Tc]Tc-MAG3-BSA serum 99.87 99.81 99.80 98.68 79.00
99m TcO4

4_

—» | 99m TeOy

(99mTeO2) n

e
TcTartrate

— | T MAG3

System two

System one

Fig 5. Location of the complex on TLC paper in systems one (40% methyl ethyl ketone and 60% ethyl acetate) and two (90% ethanol and 10%

water)

According to the data obtained from the TLC test in
solvent system one, the stability of the labeled
compound [*™Tc]Tc-MAG3-BSA in serum and buffer
were 79 and 80% at 24h (Table 1).

The [*™Tc]Tc-MAG3-BSA  showed a better
radiochemical purity versus [*™Tc]Tc-MAG3 (99.8%
versus 90%) . The stability of the *™Tc-MAG3-
labeled complex in serum and buffer was over 90%
at the beginning of a 24h period, and dropped to
60% and 50% in buffer and serum, respectively after
24h. The stability of [*®™Tc]Tc-MAG3-BSA in serum
and buffer was approximately the same. The
stability of [®™Tc]Tc-MAG3-BSA was acceptable
even after 24h, dropped from 99.87% to 80%.

Purity as measured by sephadex column

BSA protein contains 583 amino acids with MW of
69 kDa. Due to the fact that the **™Tc-MAG3-BSA
was larger in size than the impurities, it was milked
from the column sooner than other compounds, in
tube numbers 7, 8, and 9. Other tubes’ activity was
related to impurities. Column activity included the
free form, which was smaller in size than the other
compounds. The radiochemical purity of [*™Tc]Tc-
MAG3-BSA was calculated to be 96% (Figure 6).

The [*™Tc]Tc-MAG3 was expected to be milked later
(tubes 8,9, and10) than the [*™Tc]Tc-MAG3-BSA
(tubes 7, 8, and 9) under similar conditions because
of its smaller size. The purity of [*™Tc]Tc-MAG3 was
calculated to be 76.59% (Figure 7).
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Fig 6. Activity values obtained from [*™Tc]Tc-MAG3-BSA complex. Column activity: 370uCi; free form percentage: 3.6%; purity based on

sephadex column peak (tubes 7, 8, and 9): 96%
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Fig 7. Activity values obtained from [*™Tc]Tc-MAG3 complex. Column activity: 377 uCi; free form percentage: 17%; purity based on sephadex

column peak (tubes 8,9, and 10): 76.59%

Biodistribution study

In this study we used nine mice. [*™Tc]Tc-MAG3
(100 uCit 1,4 hand 24 h 300 pCi) was injected into
each mouse’s tail. The results of the percentage of
the injected dose (ID) per gram of organ weight
(intestine, heart, lung, spleen, kidney, liver, tail)
were calculated after 1, 4 and 24h, n=3 for each time

(Table 2). The results confirmed the specific
excretion of [*™Tc]Tc-MAG3 in kidneys with %ID/g
of 41.28 +4.70,45.63 + 6.36 and 12.2+ 2.83 after 1,
4 and 24h respectively ; hence, the prepared
[**"Tc]Tc-MAG3 can be used in renal imaging, as
expected.

Table 2. Tissue distribution of [*™Tc]Tc-MAG3 in mice (%ID/g, n = 3) at 1, 4 and 24 hours after injection [*™Tc]Tc-MAG3

% ID/g of [*™Tc]Tc-MAG3

Organ 1h 4h 24h
Muscle 0.76 + 0.08 1.09 +0.09 1.77 £1.60
Intestine 0.56 + 0.30 1.61£1.23 0.97 +0.12
Heart 0.34+0.15 1.49+1.10 0.74 £0.18
Lungs 0.51+0.03 1.74+1.51 1.01+0.63
Spleen 0.28 +0.20 1.37+£1.42 1.80 £ 0.60
Kidneys 41.28 £4.70 45.63 £ 6.36 12.20+2.83
Liver 1.32+0.09 7.6+2.08 418 +1.17
Tail 0.10 £0.03 0.41 +0.06 3.19+1.52

*|D/g the injected dose (ID) per organ gram weight

DISCUSSION

Due to the lack of S-acetyllMAG3’s market
availability (in contrast to S-benzolyl-MAG3) and the
very high cost of S-acetyl-MAG3-NHS (about
USDS$1,080 for 50mg of S-acetyl-MAG3-NHS), in this
study we aimed to modify the synthesis protocol for
easier and more cost-effective outcome.

In mid-1985, Fritzberg and colleagues introduced
MAGS3 [1].The first experiments performed on mice
with [*®™Tc]Tc-MAG3 showed complete renal
removal due to their rapid excretion and high
excretion quality compared to traditional ortho-
iodohippuric acid or [**4]I-OIH [18]. The [*™Tc]Tc-
MAG3 was marketed by Fritzberg et al. [1, 19].

76

[*®™Tc]Tc-diethylene-triamine-pentaacetate or
[®®™Tc]Tc-DTPA is also used to diagnose kidney
problems. Image quality with [®™Tc]Tc-MAG3 is
higher than that with [*"Tc]Tc-DTPA in the
presence of decreased renal function [20-24].
[P°"Tc]Tc-MAG3 is excreted due to tubular
extraction, in contrast to DTPA which are mostly
filtered [25].

Wang et al. reported on the synthesis of S-acetyl-
MAG3-NHS esters to label different types of
oligonucleosides in various studies [9]. The synthesis
of this set can be done using the method mentioned
in the Winnard study [26]. Shabani et al. reported
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synthesis of S-benzoyl-MAG3 which is available in
the market [27].

The  [*™Tc]Tc-succinimidyl-6-hydrazinonicotinate
hydrochloride (SHNH) has also been used to bind to
DNA [28, 29]. High performance liquid
chromatography (HPLC) showed that the SHNH-
DNA complex was rapidly and non-specifically
bound to serum proteins, but in the case of MAG3-
DNA, binding to serum proteins was very low even
after 24h, and it showed significant stability in
binding to the desired biomolecule [10].

The synthesis of the S-acetyl-MAG3 was
accomplished with a few excess of SATA to ensure
that all triglycine had been consumed. The reaction
monitoring by TLC showed that S-acetyl-MAG3 was
almost pure with trace amount of unreacted SATA.
In the synthesis of NHS-ester intermediate
equimolar amounts of reactant was used and DCC
was filtered out. Hence we expected almost pure
product as it was determined by TLC which showed
S-acetyl-MAG3-NHS as one spot with traces of
impurities.

In order to confirm the synthesis of the of S-acetyl-
MAG3 and its NHS ester, a small amount of crude
sample was purified and characterized using NMR
and LC/Ms spectrum; then the crude product was
complexed with ®™Tc, and its purity and stability
determined according to TLC and Sephadex column
tests. The [*™Tc]Tc-MAG3-BSA showed a high
percentage of purity (96 versus 76.59%). This might
be due to application of excess BSA and application
of dialysis bag in purification process which caused
all S-acetyl-MAG3 to be consumed and any
unreacted small molecule was separated out.
Radiochemical purity would not have been
influenced by contamination of unlabeled BSA.

In stability study determined by TLC the observed
lowering of radiochemical activity for [*°™Tc]Tc-
MAG3- BSA during study 0 to 24h in serum or buffer
(dropping from 99.87 to 79 or 80%) was higher than
[**™Tc]Tc-MAG3 (dropping from 90.85 to 61.4 or
51%). This might be due to BSA conjugation which
increased stability. There was found no difference
between serum and buffer and hence serum
constituents did not cause instability.

According to biodistribution studies, the prepared
[**™Tc]Tc-MAG3 kit can be used for quantitative
renal function studies. Our results for organ
distribution in mice was comparable to previous
study [25].

CONCLUSION

The ratio of reactants was adjusted so that S-acetyl-
MAGS3 and its intermediate NHS ester were almost
pure and hence the troublesome purification
processes was simplified and the crude product was
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used directly. The purification procedure lowered
the yield and wasted time. After ™Tc labeling, the
radiochemical purity of labeled products was
determined and they were above 90%. We also did
biodistribution studies on mice and renal excretion
was acceptable. Hence we could prepare **™Tc-
labeled MAG3 without rigorous purification
processes. We also used acetyl-S-MAG3 for
preparation of acetyl-S-MAG3-NHS ester which was
used for conjugating proteins. Furthermore,
because of simplified cheaper and less time
consuming synthesis method, it might be possible to
prepare the NHS-ester with relative and apply this
modification for future labeling of different
biomolecules.

Acknowledgement

This work was supported by Mashhad University of
Medical Sciences with grant number 991191.

REFERENCES

1. Fritzberg AR, Kasina S, Eshima D, Johnson DL. Synthesis and
biological evaluation of technetium-99m MAGS3 as a hippuran
replacement. J Nucl Med. 1986 Jan 1;27(1):111-6.

2. Abram U, Alberto R. Technetium and rhenium: coordination
chemistry and nuclear medical applications. J Braz Chem Soc.
2006;17:1486-500.

3. Mirahmadi N, Babaei MH, Vali AM, Daha FJ, Kobarfard F,
Dadashzadeh S. 99mTc-HMPAO-labeled liposomes: an
investigation into the effects of some formulation factors on
labeling efficiency and in vitro stability. Nucl Med Biol. 2008
Apr 1;35(3):387-92.

4. Ram S, Buchsbaum DJ. A peptide-based bifunctional chelating
agent for 99mtc-and 186re-labeling of monoclonal
antibodies. Cancer. 1994 Feb 1;73(S3):769-73.

5. Lim HJ, Choi SH. Assessment of Individual Renal Function
Using  99mTc-MAG3 Renography. In Vivo. 2022 Jan
1;36(1):206-11.

6. Bryson N, Lister-Jlames J, Jones AG, Davis WM, Davison A.
Protecting groups in the preparation of thiolate complexes of
technetium. Inorg Chem. 1990 Aug;29(16):2948-51.

7. Hnatowich DJ, Winnard P, Virzi F, Fogarasi M, Sano T, Smith
CL, Cantor CR, Rusckowski M. Technetium-99m labeling of
DNA oligonucleotides. J Nucl Med. 1995 Dec 1;36(12):2306-
14.

8. ShiD, zhangY, XuZ,SiZ, ChengY, Cheng D, Liu G. Noninvasive
Evaluation of EGFR Expression of Digestive Tumors Using
99mTc-MAG3-Cet-F (ab) 2-Based SPECT/CT Imaging. Mol
Imaging. 2022 Jun 24;2022.

9. WangY, Liu G, Hnatowich DJ. Methods for MAG3 conjugation
and 99mTc radiolabeling of biomolecules. Nat Protoc. 2006
Aug;1(3):1477-80.

10. Duncan RJ, Weston PD, Wrigglesworth R. A new reagent
which may be used to introduce sulfhydryl groups into
proteins, and its use in the preparation of conjugates for
immunoassay. Anal Biochem. 1983 Jul 1;132(1):68-73.

11. de Sousa Lacerda CM, Ferreira IM, Dos Santos SR, de Barros
AL, Fernandes SO, Cardoso VN, de Andrade AS. (1-> 3)-B-D-
glucan aptamers labeled with technetium-99 m:
Biodistribution and imaging in experimental models of
bacterial and fungal infection. Nucl Med Bio. 2017 Mar
1;46:19-24.

12. WuX, LiangH, TanY, Yuan C, Li S, Li X, Li G, Shi Y, Zhang X. Cell-
SELEX aptamer for highly specific radionuclide molecular



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Iran J Nucl Med. 2023;31(1):70-78

imaging of glioblastoma in vivo. PLoS One. 2014 Mar
6;9(3):€90752.

Liu Y, Liu G, Hnatowich DJ. A brief review of chelators for
radiolabeling oligomers. Mater. 2010 May 14;3(5):3204-17.
DuY, ChenZ, DuanX, Yan P, Zhang C, Kang L, Wang R. 99mTc-
labeled peptide targeting interleukin 13 receptor a 2 for
tumor imaging in a cervical cancer mouse model. Ann Nucl
Med. 2022 Apr;36(4):360-72.

Bormans G, Cleynhens B, Perdieus D, De Roo M, Verbruggen
A. Comparison of benzyl, benzoyl and benzamidomethyl as
protective groups for mercaptoacetyltriglycine (MAG3).
J Label Compd Radiopharm. 1989 Jan;26(1-12):50-2.
Hassanzadeh L, Chen S, Veedu RN. Radiolabeling of nucleic
acid aptamers for highly sensitive disease-specific molecular
imaging. Pharm. 2018 Oct 15;11(4):106.

Winnard Jr P, Chang F, Rusckowski M, Mardirossian G,
Hnatowich DJ. Preparation and use of NHS-MAG3 for
technetium-99m labeling of DNA. Nucl Med Biol. 1997 Jul
1;24(5):425-32.

Bubeck B, Brandau W, Weber E, Kélble T, Parekh N, Georgi P.
Pharmacokinetics of technetium-99m-MAG3 in humans. J
Nucl Med. 1990 Aug 1;31(8):1285-93.

Sanad MH, Rizvi SF, Farag AB. Design of novel radiotracer
99mTcN-tetrathiocarbamate as SPECT imaging agent: a
preclinical study for GFR renal function. Chem Pap. 2022
Feb;76(2):1253-63.

Itoh K. 99mTc-MAG3: review of pharmacokinetics, clinical
application to renal diseases and quantification of renal
function. Ann Nucl Med. 2001 Jun;15(3):179-90.

Cao X, Xu X, Treves ST, Drubach LA, Kwatra N, Zhang M, Fahey
FH, Diamond DA, Voss SD. Development and autoregulation
of kidney function in children: a retrospective study using
99mTc-MAG3 renography. Pediatr Nephrol. 2022 Jan 28:1-0.
Sadre Momtaz A, Safarnejad F. Effective Dose to Adult
Patients Undergoing Renal Scans With 99MTC (DMSA, DTPA,

78

23.

24.

25.

26.

27.

28.

29.

EC and MAG3). Dosim.
22;198(16):1244-57.

Jaswal AP, Hazari PP, Prakash S, Sethi P, Kaushik A, Roy BG,
Kathait S, Singh B, Mishra AK. [99mTc] Tc-DTPA-Bis
(cholineethylamine) as an Oncologic Tracer for the Detection
of Choline Transporter (ChT) and Choline Kinase (ChK)
Expression in Cancer. ACS Omega. 2022 Apr 8;7(15):12509-
23.

PiY, Zhao Z, Yang P, ChengJ, Jiang L, Wei J, Chen X, Cai H, Yi Z.
Deep regression using 99mTc-DTPA dynamic renal imaging
for automatic calculation of the glomerular filtration rate. Eur
Radiol. 2022 Jul 7:1-9.

Roberts J, Chen B, Curtis LM, Agarwal A, Sanders PW, Zinn KR.
Detection of early changes in renal function using 99mTc-
MAG3 imaging in @ murine model of ischemia-reperfusion
injury. Am J Physiol-Ren. 2007 Oct;293(4):F1408-12.

Winnard Jr P, Chang F, Rusckowski M, Mardirossian G,
Hnatowich DJ. Preparation and use of NHS-MAG3 for
technetium-99m labeling of DNA. Nucl Med Biol. 1997 Jul
1;24(5):425-32.

Shabani G, Hadizad T, Najafi R. Synthesis, formulation and
quality control of 99mTc-MAGS3, as a renal tubular 99mTc-
radiopharmaceutical kit [Persian]. Iran J Nucl Med. 2002 Nov
1;10(1):43-9.

Brandau W, Bubeck B, Eisenhut M, Taylor DM. Technetium-
99m labeled renal function and imaging agents: lIl. Synthesis
of 99mTc-MAG3 and biodistribution of by-products.
International Journal of Radiation Applications and
Instrumentation. Part A. Appl Radiat. 1988 Jan 1;39(2):121-9.
dos Santos SR, Corréa CR, de Barros AL, Serakides R,
Fernandes SO, Cardoso VN, de Andrade AS. Identification of
Staphylococcus aureus infection by aptamers directly
radiolabeled with technetium-99m. Nucl Med Biol. 2015 Mar
1,42(3):292-8.

Radiat Prot 2022 Sep



