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Abstract

- Guanquan Wang' - Jing Wang" - Xia Yang' - Hongyuan Wei' - Shunzhong Luo’

TTHMP (triethylene-tetramine-hexamethylene-phosphonic acid) shows good bone-seeking ability in previous studies. In
this research, [**™Tc]Tc-TTHMP was prepared with the radiochemical yield of 98% and the possible application of [**™Tc]
Tc-TTHMP in skeletal system imaging was evaluated. The corresponding TTHMP kits have also been developed. [**™Tc]
Tc-TTHMP is hydrophilic and stable in saline and serum. The biodistribution data show [*™Tc]Tc-TTHMP has a high uptake
in the bone and is excreted rapidly through urinary system. Both micro-SPECT/CT imaging in normal mice and SPECT
imaging in a normal Beagle dog confirm the results. It is suggested that [*™Tc]Tc-TTHMP can be a candidate for skeletal

system imaging.
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Introduction

Phosphonate and multidentate aminophosphonate ligands
have been extensively studied for their bone uptake charac-
teristics. ™ Tc labeled methylene diphosphonate ([**™Tc]
Tc-MDP)[1, 2], !3*Sm labeled ethylene-diamine-tetra-
methylene-phosphonate ([!3*Sm]Sm-EDTMP)[3, 4] and
166H¢ labeled 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetra(methylene phosphonic acid) ([!**Ho]Ho-DOTMP)[5,
6] have already been applied in clinics for skeletal system
imaging, bone metastases or multiple myeloma therapy.
Kanishi’s findings suggest that the accumulation mecha-
nism of [**™Tc]Tc-MDP in bone is by both chemical adsorp-
tion onto the surface of the hydroxyapatite and incorporation
into the crystalline structure of hydroxyapatite[7]. Besides,
it is reported that the affinity of phosphonate complex for
calcium in actively growing bones is considered to be
the factor responsible for their selective localization into
metastatic lesions. And multidentate phosphonates were
considered to be more effective candidates compared with
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diphosphonates[8, 9]. Among the multidentate phospho-
nates ligands, TTHMP (triethylene-tetramine-hexamethyl-
ene-phosphonic acid) has shown high bone-seeking ability
in various biodistribution studies complexed with several
radionuclides, such as '7'Lu[8, 10, 11], ""7™Sn[12, 13],
188Re[10], '33Sm[14, 15], '>Yb[16] and '%*Ho[17, 18]. The
potential application of TTHMP should be further explored.

At present, *™Tc is still the most convenient and most
widely used radionuclide in radiopharmaceutical research
and clinics. In this study, [*™Tc]Tc-TTHMP was prepared
and the possible application of [*™Tc]Tc-TTHMP in skeletal
system imaging was evaluated.

Experimental
General

[*™Tc]NaTcO, was supplied by the First Affiliated Hospital
of Southwest Medical University. TTHMP was prepared in
our laboratory as previously reported[12, 13, 15]. MDP kit
was provided by Chengdu Yunke Pharmaceutical Co., Ltd.
Fetal bovine serum, SnCl, and other chemicals with ana-
lytical purity were purchased from Macklin Inc. Isoflorane
was purchased from Hebei Yipin Pharmaceutical Co., Ltd.
Radioactivity count was performed with an FJ-2021 y radio-
immune counter. Micro-SPECT/CT imaging of normal mice
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was performed on a small animal U-SPECT*/CT (MILABS
Company, Holland). SPECT imaging study of a normal bea-
gle dog was carried out on a GE Infinia Hawkeye4 SPECT
which was provided by the First Affiliated Hospital of South-
west Medical University.

Quality control of [**™Tc]Tc-TTHMP

The radiochemical yield of [®®™Tc]Tc-TTHMP was deter-
mined by paper chromatography. A little portion of [**™Tc]
Tc-TTHMP was aspired on Whatman 1% chromatography
paper. The strips were developed in several agents, viz.,
saline, acetone, pyridine/ethanol/water (1:2:4) and acetic
acid/water (1:4), dried, cut into 1 cm segments and the activ-
ity was measured. When calculating the radiochemical yield,
all data have been corrected for radioactive decay.

Preparation of [**™Tc]Tc-TTHMP and TTHMP kits

Complexation of *™Tc with TTHMP was realized by reduc-
tion of [*™Tc]NaTcO, with SnCl,. Briefly, in a 0.5mL fin-
ger tube, 0.2 mL10 mg/mL TTHMP was added, then 0.02
mL 1 mg/mL SnCl, (dissolved by concentrated HCI, and
protected by 1 mg/mL ascorbic acid) was added. The pH
of the solution was adjusted to 6 with 1 mol/L. NaOH and
HCIL. Finally 0.02 mL [*™Tc]NaTcO, (about 3.7 x 10’ Bq)
eluent was added and the mixture was incubated at room
temperature for about 5 min.

TTHMP kits for *™Tc labeling were prepared accord-
ing to the above optimal labeling conditions. First, 10 mg/
mL TTHMP, 1 mg/mL SnCl, (dissolved in 1 mol/L HCI)
and 1 mg/mL ascorbic acid were prepared, and then the
TTHMP, SnCl, and ascorbic acid were mixed in a volume
ratio of 1:1:1. The pH of the mixed liquid was adjusted to
6 with 1 mol/L NaOH and 1 mol/L HCI, and the volume
was recorded. Proper volume of the solution was added into
each glass ampoule to ensure that the contents of TTHMP,
SnCl, and ascorbic acid in each ampoule are 5 mg, 0.5 mg
and 0.5 mg, respectively. The ampoules were put into the
refrigerator at -78°Cfor 2 h, and then lyophilized in a lyophi-
lizer for 24 h. At last, the ampoules were sealed with rubber
stopper under vacuum to obtain the TTHMP kits.

In vitro property of [**™Tc]Tc-TTHMP

The stability of [*™Tc]Tc-TTHMP was studied in PBS and
serum. Aliquots (0.1 mL) of [*™Tc]Te-TTHMP were incu-
bated in PBS and serum for 24 h at 37°C. The incubated
mixture was analyzed by paper chromatagraphy using the
same systems for quality control. Partition coefficient P,
of [*™Tc]Tc-TTHMP was also tested by the “‘shake-flask™
method as previously reported[19].
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Biodistribution of [**™Tc]Tc-TTHMP in normal mice

Normal Kunming mice (18.0+2.0 g, n=15) were intrave-
nously injected [**™Tc]Tc-TTHMP (0.1 mL, approximate 3.7
MBq) via the tail. At 1 h, 3 h, 6 h, 12 and 24 h post-injection,
the mice were sacrificed, various tissues or organs (blood,
heart, liver, spleen, lung, kidney, muscle, bone, intestine and
brain) of each group were excised, weighed, and counted
for #™Tc activity. Data were corrected for physical decay of
radioactivity. The percent injected dose per gram of tissue
(%ID/g) was calculated for each specimen.

SPECT imaging of [**™Tc]Tc-TTHMP

[**™T¢]Te-TTHMP and [*™Tc]Tc-MDP were prepared by
TTHMP and MDP kits, respectively. Normal Kunming mice
were intravenously injected 0.1 mL (approximate 3.7 MBq)
[*™Tc]Tc-TTHMP or [*™Tc]Tc-MDP vial the tail. Before
micro-SPECT/CT imaging, the mouse was put in an anesthe-
sia induction chamber, and then isoflorane was sprayed into
the chamber. One minute later, the mouse was anesthetized
and transferred to the test. At0.5h. 2h. 3h. 6and24h
post-injection, micro-SPECT/CT imaging of the mice was
performed. A Beagle dog was intravenously injected 0.1 mL
(approximate 1.85x 108 Bq) [**™Tc]Tc-TTHMP via the left
front leg. At 1 h, 2 h, 3 h, 6 and 24 h post-injection, whole-
body SPECT imaging of the dog was performed. Anaes-
thesia of the dog was performed as the previous operation.

Results and discussion
Quality control of [**™Tc]Tc-TTHMP

Because the amount of [**™Tc]Te-TTHMP is very small and
radioactive, directly characterization of [**™Tc]Tc-TTHMP,
especially the chemical structure, is not possible by common
methods. Paper chromatography combined y radio-immune
counter is a simple and effiective way to monitor the labe-
ling reaction. So in this research, the radiochemical yield of
[**™Tc]Tc-TTHMP was determined by paper chromatogra-
phy.The R; values of [**"Tc]TcO,.nH,0, [**™Tc]TcO,” and
[**™Tc]Tc-TTHMP on Whatman 1# chromatography paper
with different developing systems were shown in Table 1.
[**™Tc]TcO,-nH,0 is a kind of colloid, which is a common
species in *™Tc labeling reaction and will not be developed
in the following developing agents. The R; value of [**™Tc]
TcO,-nH,0 can be difined as 0.0. The R, value of [**™Tc]
TcO, was tested using [99mTc]NaTcO4. The remaining peak
in paper chromatography can be recognized as the prod-
uct [*™Tc]Tc-TTHMP. It can be seen that the radioactive
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Table 1 R; values of [*™Tc)

H 99m 99m - 99m
TeO,nH,0, [99mTc]TcO4' and Developing agents ["Tc]TcO,.nH,0 ["Tc]TcO, ["™Tc]Tc-TTHMP
[ Te]Te-TTHMP on Whatman  gajine 0.0 0.7-0.8 1.0
# .

1. chromatography paper with Acetone 0.0 0.9 0.0
different develop systems

pyridine/ethanol/water (1:2:4) 0.0 0.8-0.9 0.3-0.4

acetic acid/water (1:4) 0.0 0.7-0.8 0.3-0.4

Table2 The optimized labeling condition and result of [**™Tc]Tc-
TTHMP

Factors pH SnCl, (ug) Tempera- Reaction Radiochem-

ture time (min) ical yield
[®"Tc]Te- 6.0 50 Room tem- 5 98%
TTHMP perature

components were separated well. In consideration of envi-
ronmental friendliness, saline was selected as the developing
agent in subsequent experiments.

100

Optimization of the labeling condition

The optimized results of labeling conditions are shown in
Table 2. The labeling conditions of TTHMP are mild, and
the radiochemical yield can reach more than 98% at room
temperature in a short time.

The effects of pH, the concentration of TTHMP and the
amount of SnCl, on the formation of the complex were stud-
ied by the independent variable method and the results were
shown in Fig. 1. The experiment was carried out three times
for each condition. It can be seen that pH has a significant
influence on the radiochemical yield. When pH is 5-7, the
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Fig. 1 Influence of pH (a), TTHMP concentration (b) and SnCl, amount (¢) on the radiochemical yield of [*™Tc]Tc-TTHMP
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radiochemical yield is more than 98%. The reason may be
that when the pH is far less than 5, protonation of TTHMP
makes the coordination with *™Tc very difficult; When pH
is alkaline, the reducing ability of SnCl, is greatly decreased.
The radiochemical yield increases with increasing TTHMP
concentration. When the ligand concentration was more than
1 mg/mL, the radiochemical yield was more than 98%, and
remained constant. The radiochemical yield increases with
the increase of SnCl, content. When the amount of stannous
chloride is greater than 50 ug, the radiochemical yield was
more than 98%, and the change was not significant.

In vitro property of [**™Tc]Tc-TTHMP

The radiochemical purities of [**™Tc]Tc-TTHMP are
98% both in PBS and serum, which indicate that [**™Tc]
Tc-TTHMP are stable. Determination of the parti-
tion coefficient in physiological conditions allowed us
to conclude that [*™Tc]Tc-TTHMP was hydrophilic
(P, =(4.61 +0.46)x1073).

o/w

Biodistribution of [*°*™Tc]Tc-TTHMP

The results of biodistribution studies in major organs or tis-
sues in normal Kunming mice were summarized in Fig. 2.
The data presents that [**™Tc]Tc-TTHMP has a very high
and fast bone uptake. The bone uptake reaches 11.5+1.4%/g
at 1 h post-injection and decreses gradually with increasing
time. The results show [*°™Tc]Tc-TTHMP is metabolized
quickly. In addition, very low uptake in other organs or tis-
sues was observed except for bone and kidney, which implies
[**™Tc]Te-TTHMP is excreted through kidney.

blood heart

liver spleen lung kidney muscle bone instetine brain

Fig.2 Biodistribution of [*™Tc]Tc-TTHMP in normal mice (%ID/g;
mean + SD)

@ Springer

SPECT imaging of [99mTc]Tc-TTHMP

The micro-SPECT/CT imaging of [**™Tc]Tc-TTHMP and
[**™Tc]Tc-MDP at different time points post-injection in
normal mice are shown in Fig. 3. Both [®°™Tc]Tc-TTHMP
and [**™Tc]Tc-MDP accumulated in the skeletal system rap-
idly. At 0.5 h post-injection, bone uptake of both [**™Tc]
Tc-TTHMP and [**™Tc]Tc-MDP in mice are very high,
especially in the skull, spine and joints of legs. During 2
to 3 h post-injection, bone contour can be observed in both
subjects administrated with [*™Tc]Tc-TTHMP and [**™Tc]
Tc-MDP. In addition, there are obvious radioactivities in
mice viscera administrated with [**™Tc]Tc-MDP compared
with that administrated with [**™Tc]Tc-TTHMP. A higher
contrast of the skeletal system with [®*™Tc]Tc-TTHMP than
[**™Tc]Te-MDP can be got during this time interval. At 6 h
post-injection, the radio-images of the skeletal system fade
compared to early time and there is only high radioactive
accumulation in the skull, spine and joints. At 24 h post-
injection, [**™Tc]Tc-MDP still existed in the skull, spine
and joints. However, [*™Tc]Tc-TTHMP only existed in the
leg joints and almost could not be observed in other parts.
Besides, the signals of radioactivity in the bladder of both
subjects are very high during the micro-SPECT/CT imaging.
These results indicate that [**™Tc]Tc-TTHMP has a better

JNHLI-OLP L)

daN-2L[ L)

05h 2h 3h 6h 24h

Fig. 3 Micro-SPECT/CT imaging of [*™Tc]Tc-TTHMP and [**™Tc]
Tc-MDP in normal mice
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Fig.4 SPECT imaging of [**Tc]Tc-TTHMP of in a normal Beagle
dog

imaging contrast for the skeletal system during 2 to 3 h post-
injection. [#™T¢] Te-TTHMP was cleared faster than [*™Tc]
Tc-MDP and mainly excreted through urinary system, indi-
cating less radiation dose would be accepted by the patients
if [**™Tc]Tc-TTHMP could be applied in clinics.

The SPECT imaging of [**™Tc]Tc-TTHMP in a nor-
mal Beagle dog are shown in Fig. 4. It can be seen that

[**™Tc]Te-TTHMP displayed excellent bone-seeking prop-
erty. [™Tc]Tc-TTHMP has high uptake in the skull, spine
and joints of legs. The clear uptake in kidney and bladder
demonstrates that [*°™Tc]Tc-TTHMP mainly metabolized
through urinary system. During 1 to 6 h post-injection,
a clear skeletal system could be observed. At 24 h post-
injection, the radioactivity is almost excreted, so very low
radioactivity signal were recorded.

The biodistribution data and micro-SPECT/CT images in
normal mice and SPECT imaging results in a normal Beagle
dog show that [*™Tc]Tc-TTHMP has a good bone-seeking
ability and [*™Tc]Te-TTHMP could be a candidate for for
skeletal system imaging.

Conclusion

In this study, [*™Tc]Tc-TTHMP and the corresponding
TTHMP kits were prepared. The in vitro tests show that
[**™Tc]Tc-TTHMP is stable and hydrophilic. The biodistri-
bution and micro-SPECT/CT studies in normal mice and
SPECT studies in a normal Beagle dog show that [**™Tc]
Tc-TTHMP has a good bone-seeking ability. [*™Tc]Tc-
TTHMP is metabolized faster and has a better imaging con-
trast for the skeletal system during 2 to 3 h post-injection
than [**™Tc]Tc-MDP. The results suggest that [**™Tc]Tc-
TTHMP could be a candidate for skeletal system imaging.
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