
and costs, remain and have stimulated researchon radiolabel
ing with many alternative radionuclides, including 90Y and
l6l@ (4) for therapeutic applications; 68Ga (5), @Cu (6), and

â€˜8F(7) for positron imaging; and, in particular, 99mTc.Thus,
99mTc labeling of somatostatin analogues has been exten
sively studied, including attempts at direct labeling after
reduction of the disulfide bridge (8,9) and the use of
bifunctional chelators such as propyleneaminoxime (10),
triamidomonothiols (11), and tetramines (12,13). One ana
logue based on a carbocyclic peptide and a 99mTc@N3S@
chelating moiety (P829) has been studied extensively in
clinical trials (14). Recently, Maecke and Behe (15) de
scribed the use of the hydrazinonicotinyl (HYNIC) core to
prepare @Â°â€˜Tc-labeledoctreotide derivatives with binding
affinity to somatostatin receptors and identified [Tyr3J-
octreotide as a particularly promising analogue. We have
therefore evaluated this labeling approach in some detail
(16,17) using different coligands based on aminocarboxyl
ates (18) and tricine ternary ligand systems (19). In this
article, we describe the preclinical evaluation of 99mTc@
[HYNIC-l'yr3}-octreotide (HYNIC-TOC) labeled through 3
different coligands: tricine, ethylenediaminediaceticacid
(EDDA), and a tricineâ€”nicotinicacid ternary ligand system,
including a comparison of the biodistribution of the @Tc
labeled peptides with that of 1@In-DTPA-octreotide.

MATERIALS AND METHODS

Peptldes
Tyr@-octreotide(TOC) [H-(D)Phe-Cys-Tyr-(D)Trp-Lys-Thr-Cys

Thr(ol)] and Lys5(BOC)-TOC (where BOC is butoxycarbonyl)
werepurchasedfrom BachemLtd., SaffronWalden,UK.

HPLC
A solvent module 125 (Beckman Coulter, Inc., Fullerton, CA)

with a 166-nm ultraviolet detector (Beckman) and radiometric
detection was used for reverse-phase high-performance liquid
chromatography(HPLC) analysisandpreparation.An Ultrasphere
ODS 5-jim system(Beckman),4.6 X 250 mm column, I mL/min
flow rate, and 220-nm ultraviolet detection,was used with the
following solvent systems:method 1â€”acetonitrile(ACN):0.l%
trifluoroacetic acid:water (0â€”3mm, 0% ACN; 3â€”10mm, 0â€”40%
ACN; 10-20 mm, 40% ACN; 20-23 mm, 40-70% ACN; 26-27

In this paper we describe the preclinical evaluation of @Tc
hydrazinonicotinyI-Tyr@-octreotide(HYNIC-TOC)using different
coligandsfor radiolabelingand a comparisonof their in vitro and
in vivo properties with 1111n-diethylenetriaminepentaacetic acid
(DTPA)-octreotide.Methods: HYNIC-TOCwas radiolabeledat
highspecificactivitiesusingtricine,ethylenediaminediaceticacid
(EDDA),andtricineâ€”nicotinicacidascoligandsystems.Receptor
binding was tested usingAR42J rat pancreatictumor cell mem
branes. Internalization and protein binding studies were per
formed,and biodistributionand tumor uptakeweredeterminedin
AR42J tumor-bearing nude mice. Results: All @Tc-labeled
HYNICpeptidesshowedretainedsomatostatin-receptorbinding
affinities(Kd< 2.65 nM). Proteinbindingand internalizationrates
were dependenton the coligandused. Specifictumoruptake
between5.8 and 9.6 percentageinjecteddose per gram (%ID/g)
was foundfor the @Tc-labeIedpeptides,comparedwith 4.3
%ID/g for 1111n-DTPA-octreotide.Tricine as coligand showed
higher activity levels in muscle, blood, and liver, whereas tricine
nicotinicacid producedsignificantlevelsof activity in the gastro
intestinaltract. EDDAshowedthe most promisingoverall biodis
tributlon profile, with tumor-to-liverand tumor-to-gastrointestinal
tract ratios similar to those obtainedwith 1111n-DTPA-octreotide,
lower ratios in blood and muscle, but considerably higher
tumor-to-kidney ratios. Conclusion: TOG can be radiolabeled to
high specific activities using HYNIC as a bifunctional chelator.
The high specific tumor uptake, rapid blood clearance, and
predominantlyrenal excretionmake @â€˜@â€˜Tc-EDDA-HYNIC-TOCa
promising candidate for an alternative to 1111n-DTPA-octreotide
for tumor imaging.
Key Words: somatostatin;octreotide;hydrazinonicotinamide;

@Tc
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ver the last few years, @In-diethylenetiiaminepentaace
tic acid (DTPA)-octreotide has found widespread clinical
applicability, especially in oncology (1â€”3).However, limita
tions, especially concerning availability, imaging properties,

Received Jul. 6, 1999; revision accepted Sep. 23, 1999.
Forcorrespondenceor reprintscontact:StephenJ. Mather,PhD,Nuclear

Medicine Researth Laboratory, St. Bartholomew's Hospital, West Smithfield,
LondonEC17BE,UK.

1114 THEJoui@i. OFNUCLEARMEDICINEâ€¢Vol. 41 â€¢No. 6 â€¢June 2000

99mTCHyNIC [Tyr3]-Octreotide for Imaging
Somatostatin-Receptorâ€”PositiveTumors:
Preclinical Evaluation and Comparison
with@@ 11n-Octreotide
Clemens Decristoforo, Laura Melendez-Alafort, Jane K. Sosabowski, and Stephen J. Mather

Nuclear Medicine Research Laboratory, St. Bartholomew's Hospital, West Smithfield, London, United Kingdom



mm,70â€”100%ACN) or method2â€”ACN:0.OlN phosphatebuffer,
pH 6.2 (0â€”3mm, 0% ACN; 3â€”10rain, 0â€”25%ACN; 10â€”20mm,
25% ACN; 20-23 mm, 25-70% ACN; 26-27 ,nin, 70-100%
ACN).

SPE Purification
For purification of the radiolabeled peptide for stability and

proteinbindingstudies,asolid-phaseextraction(SPE)methodwas
used. The radiolabeling mixtu@ was passed through a preactivated
C18SepPakmini cartridge(Waters,Milford, MA). The cartridge
was washed with 5 mL water, the radiolabeled peptide was eluted
with 80% acetonitrile, and the organic solvent was evaporated
under a vacuum. This method efficiently removed all hydrophilic
impurities (@â€œTcO4, @â€œTc-coligand)and @Tc-colloidto a
concentrationof lessthan2% whentestedby HPLC or thin-layer
chromatography.

Synthesis of HYNIC-TOC
Five micromoles 6-BOC-hydrazinopyridine-3-carboxylicacid

(BOC-HYNIC), 6pmol O-(7-azabenzotriazolyl)-1,1,3,3-tetramethyl
uroniumhexafluorophosphate,and20pmol diisopropylethylamine
in 300 i.ILdimethylformamidewereallowedto reactfor 15mm at
room temperature.Sixty microlitersof this solutionwereaddedto
1 @.imol[Lys5-BOCJ-protectedTOC (Bachem) in a mmxtureof 20 p1
dimethylformamide(DMF):5 pL waterandallowedto reactfor 1h.
The resultingsolution waspurified on a SepPakcolumn, and the
peptide was deprotectedwith trifluoroacetic acid containing 2%
thioanisole and purified on HPLC using method 1.

Radlolabeling of HYNIC-TOC
Tricine as Coligand. In a rubber-sealed vial, 10 pg HYNIC-TOC

were incubatedwith 0.5 mL tricine solution (100 mg/mL in 25
mmol/L succinatebuffer, pH 5.0), 0.5 mL @TcO4solution
(100â€”1000MBq), and 25 piLtin(ll) solution (10 mg SnCl2 . 2H20
in 10 mL nitrogen-purged 0.1 N HC1) for 30 mm at room
temperature.

EDDA as Coligand. Ten micrograms HYNIC-TOC were incu
batedwith 0.5 mL EDDA solution (10 mg/mL, pH 7.0), 0.5 mL

@â€œTcO4solution (100â€”1000MBq), and 5â€”10pL tin(II) solution
(10 mg SnCl2 . 2H20 in 10 mL nitrogen-purged 0.1 N HC1)for 60
mm at roomtemperature.

Tricine and Nicotinic Acid as Coligands (Ternary Coligand
System). Ten micro@@s HYNIC-TOC, 0.4 mL tricine solution
(100 mg/mL in 25 mmol/L succinate buffer, pH 5.0), 0.1 mL
nicotinic acid (20 mg/mL in 25 mmol/L succinatebuffer,pH 5.0),
0.5 mL @â€˜@â€˜TcO4solution (100â€”1000MBq), and 25 pL tin(ll)
solution (10 mg SnCl2. 2H20 in 10 mL nitrogen-purged0.1 N
HC1)were heated for 15 mm at 100Â°C.

â€œIn-DTPA-octreotidewas prepared from a commercial kit
(Octreoscan;Mallinckrodt Medical BV, Petten,The Netherlands).

Plasma Protein Binding
Protein binding of the SepPak-purified @â€˜@â€˜Tc-labeledpeptide

wasdeterminedafter 15mm and 1,2, 3, and4 h of incubationin
human plasma at 37Â°Cusing size exclusion chromatography with
Sephadex G-50 mithcolu@s (Microspin 0-50; Pharmacia Bio
tech,Piscataway,NJ). The columnswereprespunat 2000gfor 1
mm. A 25-j.d plasma sample was added, and the column was
centrifugedagainat 2000gfor 2 mmn.The collectedeluateandthe
column were counted in an Na! scintillation counter, and protein
bound peptidewas calculatedas the percentageeluted from the
column. Controls were studied after incubation in phosphate
buffered saline for 1h at 37Â°C.

Somatostatin Receptor Binding
The binding affinity of peptide conjugates was tested in a

competition assay against â€˜@â€˜I-somatostatin-l4as described previ

ously (20). Rat pancreatictumor cell (AR42J) membraneswere
used as a source for somatostatin receptors, bound radioligand was
separatedfrom free radioligand by filtration through glass fiber
filters (grade GF/C; Whatman, Fairfield, NJ), and inhibitory
concentration ofSO% (IC@o)values were calculated using nonlinear
regressionwith version5.0Origin software(Microcal, Northamp
ton, MA). The specificbinding of the @Tc-labe1edpeptideswas
determined by competition against unmodified TOC in a similar
assay.Kd valuesof carrier-free @â€œTc-labeledpeptideconjugates
(HPLC-purified,method2) weredeterminedin radioligandsatura
tion assaysusing AR42J cell membranesas the receptorsource
with increasingamountsof peptideand 1 pmol/L cold peptideto
determinenonspecificbinding.

Internalization Studies
Studiesof the internalizationof receptor-bound @â€œTc-labeled

peptides were performed by adapting methods described previ
ously (21,22).Live AR42J cells were washedtwice with culture
medium (Roswell Park Memorial Institute 1640/2% bismuth
sulfite agar).Cells equivalentto 0.5 mg proteinwereincubatedin
triplicate with l50,000-cpm carrier-free @Tc-labeledpeptide
(HPLC-purified, method 2) with and without an excess of cold
peptide(1 pmol/L) at37Â°C.After 20,40,60,and90mm,cellswere
separatedby centrifugation and washed with cold culture medium.
Surface-boundactivitywasremovedbyincubationwithacidbuffer
(50 mmol/L glycine-HCI/l00 mmol/L NaCl, pH 2.8) at room
temperature for 20 mm, followed by 2 washing steps. Surface
boundactivity andinternalizedactivity weremeasuredandrelated
to thetotal activity added.

In VIvo Tumor Uptake Studies
Animal experimentswere carried out in compliancewith the

Animals (ScientificProcedures)Act1995,accordingto British law.
AR42J rat pancreatic tumor cells (5â€”10X l0@ cells) were

injected subcutaneouslyinto the flank of nu/nu mice (Imperial
CancerResearchFund, London, UK). Between 10 and 30 days
later, tumors had grown to a size of 0.5â€”1mL. Eight animals were
studied simultaneously, 4 of them with intraperitoneal pretreatment
of 50 pgoctreotide30 mmbeforeinjectionof theradiopharmaceu
tical. The animals were killed 4 h after 1 MBq @Tc-labeled
peptide was injected into the tail vein, and samples of different
organsand the tumor were dissectedand counted.Uptakeof the
radiopharmaceutical in terms of percentage injected dose (%ID)/g
and %ID/organ was calculatedby referenceto standardsprepared
from dilutions of the injected preparation.Specific uptake was
determinedby comparisonofblocked andunblockedanimalsusing
the Student t test.

RESULTS

Radiolabellng, In Vitro Stabllfty, and Protein Binding
Radiolabeling of HYNIC-TOC was performed at specific

activities greater than 37 GBq/pmol. Quantitative labeling
(>98%) was achieved with tricine and tricineâ€”nicotimc acid
as coligand, whereas with EDDA as coligand an average
labeling yield of 63% was observed (Table 1). The resulting

@Â°@Tccomplexes showed a high in vitro stability. Labeling

99MTc@HYNIC@[TYR3J@OcTREoTiDE Decristoforo et al. 1115



KdofIC@
ofcold@Tc

conjugatesLabelingpeptides(nmol/L)Coligandyield
(%)(nmovL)HYNIC-TOC0.65Tricine

Tricineâ€”nicotinic
acid

EDDA98.2
98.7
63.61.14

2.11
2.65TOG0.50â€”â€”â€”

TABLE 1
In Vitro Data for @Tc-IabeIedHYNIC-TOC

and Nonconjugated TOC

and saturation assayswith corresponding Scatchard analysis
for EDDA and tricineâ€”nicotinic acid as coligand.

Receptor binding studies on intact cells showed a rapid
internalization of the 99mTc@labeledpeptides. Figure 3 shows
the internalization of @Tc-HYMC-TOC using EDDA and
tricineâ€”nicotinicacid as coligands.Surface-boundactivity
remained less than 1% per milligram of protein, and
internalized activity rapidly increased over time, with a
faster internalization for EDDA (5% per milligram of
protein after 80 mm) compared with tricineâ€”nicotinic acid as
coligand (2% per milligram of protein after 80 mm). With
tricine alone as coligand, a high nonspecific binding was
observed, and no quantitative comparison could be made.

Biodistribution and Tumor Uptake

Biodistribution data of @Tc-labeledHYNIC-TOC using
different coligands in AR42J tumor-bearing nude mice in
comparison with â€˜@In-DTPA-octreotideare summarized in
Table 2. Significant differences (t test, P < 0.05) in tumor
uptake between blocked and unblocked animals were found

for all compounds tested. A higher specific, but also
nonspecific, tumor uptake was found for all @Tc-labeled
peptides (EDDA as coligand, 9.6 and 1.8 %IDIg,respec
tively; tricine as coligand, 9.6 and 3.0 %ID/g, respectively;
and tricineâ€”nicotinicacid as coligand, 5.8 and 1.0 %ID/g,
respectively)comparedwith @In-DTPA-octreotide(4.3 and
0.8 %ID/g, respectively).

The highest residual activity levels in all organs were
found for tricine as coligand, especially in blood (1.14
%IDIg), muscle (0.92 %ID/g), and liver (2.08 %ID/g).
EDDA and tricineâ€”nicotinicacid as coligands showed
higher activity levels compared with @In-DTPA-octreotide
in blood (>0.26 versus 0.07 %ID/g), liver (>0.75 versus
0.47 %IDIg), and gut (>1.58 versus 0.55 %ID/g) but
considerably lower levels in kidneys (<4.7 versus 22.1
%ID/g). EDDA showed higher levels in muscle, liver, and
spleen compared with tricineâ€”nicotinicacid but lower levels
in gut.

Tumor-to-organ ratios are also shown in Table 2. The
lowest ratios were found for tricine as coligand. â€˜@In-DTPA
octreotide showed the highest ratios, especially for blood
(62.5) and muscle (52.3); tumor-to-liver (9.14) and tumor-to
gastrointestinaltract (7.7) ratios were similar to thosewith
EDDA as coligand (9.11 and 6.11, respectively). Tricine
nicotinic acid showed high tumor-to-muscle ratios (51.14)
but low tumor-to-gastrointestinal tract ratios (1.78). Kidney
uptake was considerably lower for EDDA and tricine
nicotinic acid compared with â€œIn-DTPA-octreotide,with
tumor-to-kidney ratios of 2.05, 1.59, and 0.19, respectively.

DISCUSSION

Our aim was to prepare a @Tc-labeledanalogue that is at
least comparable with @In-DTPA-octreotide in its ability to
image somatostatin receptors in vivo. Such an aim requires
preparationof a @Â°â€˜Tctracerwith good in vitro and in vivo
stability, high affinity for somatostatin receptors, and a
favorable pattern of biodistribution. This last parameter

and stability studieshave been describedin greater detail
elsewhere (16).

Plasma protein binding depended on the coligand used.
Resultsof time-coursestudiesare shownin Figure 1. When
tricine was used as coligand, an increase in protein binding

over time from 12% to greater than 30% was observed.
Using the ternary coligand system tricineâ€”nicotinic acid, a
steady level of protein binding of approximately 17% was
achieved. EDDA showed the lowest level of protein bind
ingâ€”less than 10%â€”with no significant increase over time.

Receptor Binding and Internalization
The resultsof receptorbindingstudiesare summarizedin

Table 1. In displacementstudiesusing @I-somatostatin-14
as the radioligand, an IC50 value for HYNIC-TOC of 0.6
nmol/L, compared with 0.5 nmolfL for unmodified TOC,
was determined. Displacement studies with TOC using the

@Tc-labeledpeptide as radioligand showed specific bind
ing for all preparations independent of the coligand used.
Saturation studies with the @Tc-labeledpeptide HYNIC
conjugates resulted in K@values in the nmol/L range: 1.1
nmol/L for tricine, 2. 1 nmol/L for the tricineâ€”nicotinic acid
ternary complex, and 2.6 nmol/L for EDDA as coligand.
Figure 2 shows binding curves from displacement studies

FIGURE 1. Protein binding versus time
TOC injection.NA= nicotinicacid.
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requires that the compound show a rapid blood clearance
and low uptake in receptor-negative tissues and organs of
excretion. In particular, the radiopharmaceutical should be
excreted predominantly through the renal system to avoid
accumulation in the gastrointestinal tract and the consequent
hindrance of detection of pelvic tumor deposits. In previous
studies, we showed that both the peptide sequence and the
bifunctional chelate system can profoundly influence the
biodistribution pattern and excretory route (17) and that this
in vivo behavior can be predicted somewhat by in vitro
measurementof parameterssuchas stability, lipophilicity,
and protein binding (23). In the studies, HYNIC showed a
number of advantages over @â€œTclabeling approaches using
N3S-based ligands as bifunctional chelators for labeling of
small peptides for tumor imaging (17). In the current
investigation, we have shown that HYNIC-TOC can be
labeled at high specific activities (>37 GBq/jimol), resulting
in stable complexes with retained binding affinity to somato
statin receptors in the nmol/L range. This finding agrees well
with the findings of Maecke and Behe (15), who also
showed that derivatization with spacers between the bifunc

tional chelatorandthepeptidedoesnot improvethe imaging
propertiesof octreotidederivatives. The selectionof coli
gands for use in the labeling is an important part of
preclimcal evaluation. Babich and Fischman (24) first
showed that the nature of the coligand can influence the
biologic properties of the radioconjugate, whereas Liu et al.
(18,19) described an increased complex stability with EDDA
and ternary ligand systems using N-heterocycles compared
with tricine. The current study confirms that complex
stability depends on the coligand used and also verifies our
previous observation that patterns of biodistribution can be
predicted in part by the plasma protein binding behavior.
Thus, the use of tricine as a coligand showed the highest
degree of plasma protein binding, corresponding with high
levels of activity in blood, liver, spleen, and muscle. The 2
other coligands tested in this study showed much lower
levels of protein binding, indicating a higher complex
stability and correlating with considerably lower levels of
activity, especially in blood and muscle. The ternary ligand
system tricineâ€”nicotinic acid showed some advantages in
the labeling process in that it gave quantitative labeling

â€¢Decristoforo et al. 1117



0 20 40 60 80

HYNIG-TOC HYNIG-TOCwith
wfth EDDA tricineâ€”nicotinicacidHYNIG-TOC withtncine1111n-octreotideSite

Unblocked Blocked Unblocked BlockedUnblockedBlockedUnblockedBlockedMean

Â±SDBlOOd
0.28 Â±0.04 0.36 Â±0.06 0.26 Â±0.08 0.28 Â±0.031.14 Â±O.1O@1.31Â±0.090.07 Â±0.010.06 Â±0.03Liver
1.06Â±0.40 0.99Â±0.40 0.75 Â±0.67 0.42 Â±0.192.08 Â±0.40 2.20 Â±0.390.47 Â±0.090.47 Â±0.19Kidney
4.71 Â±1.38 6.67 Â±3.05 3.64Â±0.52 4.40 Â±0.7514.57 Â±3.42 18.15Â±5.3422.12 Â±6.5323.5 Â±14.39Spleen
0.40Â±0.15 0.31 Â±0.12 0.18Â±0.04 0.18 Â±0.061.07 Â±0.16 0.98 Â±0.040.16 Â±0.020.19 Â±0.07Pancreas
0.45 Â±0.23 0.26 Â±0.09 0.25 Â±0.03* 0.11Â±0.021 .66 Â±0.0& 0.80Â±0.130.16 Â±0.07*0.05 Â±0.02Gut
1.58Â±0.39 1.46Â±0.73 3.25Â±0.94 2.37 Â±0.512.32 Â±0.42 2.82 Â±0.860.55 Â±0.150.70 Â±0.50Adrenals
0.86 Â±0.25* 0.43 Â±0.26 0.63Â±0.23* 0.35Â±0.081 .80 Â±0.20* 1.24Â±0.140.24 Â±0.07*0.11 Â±0.08Muscle
0.31 Â±0.28 0.41 Â±0.46 0.11 Â±0.08 0.08 Â±0.020.92 Â±0.14 0.73 Â±0.150.08 Â±0.070.03 Â±0.02Tumor
9.65 Â±2.16* 1.82Â±0.81 5.80 Â±2.31* 1.02Â±0.199.58 Â±0.90 3.04Â±0.754.26 Â±1.00*0.79 Â±0.25RatioTumortoblood

33.9722.678.3862.54Tumorto
liver 9.117.774.619.14Tumorto
gut 6.111.784.137.68Tumor

to muscle 31.29 51.1410.4652.28Tumortokidney
2.051.590.660.19*Significent

difference (P < 0.05) between blocked and unblockedanimals.Values
are%ID/g4 hafterinjectionof @Tc-labeIedpeptide,withblockingwith50pgoctreotide30mmbeforeinjection.

did the tricineâ€”nicotinic acid conjugate (Fig. 3), comparable
with levels observed for â€œIn-labeled octreotide analogs
(22). This increased rate of internalization ofthe radioligand

receptor complex, with subsequent retention of the radionu
clide within the lysosomal compartment, seems likely to be
in some degree responsible for the higher tumor retention 4 h
afterinjection.

The useof EDDA ascoligandproducedthe mostpromis
ing pattern of biodistribution of all the @Â°@Tc-TOCcom
plexes explored, combining the highest degree of specific
tumor uptake with the fastest blood clearance and the lowest
levels of uptake in soft tissue and the gastrointestinal tract.
In comparison with â€œIn-DTPA-octreotide,a higher tumor
uptake was seen, but also higher levels in some receptor
negative tissues, especially blood, muscle, liver, and spleen.
HYNIC-TOC with EDDA thus produced tumor-to-organ
ratios almost identical to those of â€œIn-DTPA-octreotide in
the liver and gastrointestinal tract, approximately half those
of â€œIn-DTPA-octreotide in blood and muscle, but 10-fold
higher than those of â€œIn-DTPA-octreotide in the kidney.

The question of how well HYNIC-TOC with EDDA will
compare with octreotide in clinical studies remains to be
answered, because studies in animal models can only
partially predict the likely pattern of biodistribution in
humans. However, some patient studies recently performed
with @Â°@Tc-tricineâ€”HYNIC-TOC(25) have had promising
results showing its ability to image somatostatin-positive
tumors in humans.The faster clearance and lower soft-tissue
andgastrointestinaluptakeof the EDDA complex in animal
studies raise hopes that its performance in humans will also
be better than that of the tricine complex. The lower renal
accumulation of 99mTc4abeled conjugates may also prove an

--0â€”EDDAsurfac bound
â€”U---EDDAlnternaftmd
â€”0- Tricine/NA .urface bound
â€”.â€” TrIcIn&NA internalbod

C
@8

0.
0@

Imini

FIGURE3. Specificinternalizationandsurfacebindingversus
time, as percentage of @Tc-labeledpeptides per milligram of
protein(intactAR42J cells). NA = nicotinicacid.

yields, whereas EDDA typically gave only a 60% yield and
required a purification step before use. The great improve
ment in complex stability compared with tricine alone
indicates the potential of ternary coligand systems for @Tc
labeling for peptides in general, but the pattern of biodistri
bution for this complex was not ideal, with significant levels
of activity appearing in the gastrointestinal tract. Despite a
comparablein vitro binding affinity, tricineâ€”nicotimcacid
produced a lower tumor uptake (5.8 %IDIg) than did the
other coligand systems (9.6 %ID/g for EDDA and tricine). A
possible reason for the difference may be found in the
relative rates of internalization of these compounds. In in
vitro studies on AR42J cells, HYNIC-TOC with EDDA
showed a significantly higher level of internalization than

TABLE 2
Biodistribution and Tissue Ratios in AR42J Tumor-Bearing Nude Mice
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advantage, because high kidney retention of â€œIn-DTPA
octreotide is a significant problem in imaging this region.

Recently, another @Tc-labeled somatostatin analogue,
P829 (26) (depreotide), has been approved for human use.
Depreotide is basedon the carbocyclic structure of seglitide,
which is known to have a different subtype specificity
compared with octreotide (27). In clinical trials, depreotide
has shown a pattern of tumor specificity different from that
of octreotide, and a high binding affinity to somatostatin
receptor subtype 3 has been found for P829 in a recent study
(28). Depreotide itself cannot, therefore, be considered a
direct substitute for octreotide. Because the amino acid
sequence of 1@yr3-octreotidebears a closer resemblance to
octreotide itself, HYNIC-TOC with EDDA and â€œIn-DTPA
octreotide might be expected to share a common profile of
receptor subtype specificity, but this possibility remains to
beproven.

CONCLUSION

We haveshownthatthehydrazinonicotinamideconjugate
of Tyr3-octreotide can be labeled with @Tcto high specific
activities and somatostatin binding affinity. EDDA was
found to be the most promising of all the coligands tested.

Although the biodistribution of HYNIC-TOC with EDDA
is different from that of â€œIn-DTPA-octreotide, the high

specific tumor uptake, low gastrointestinal activity, and
rapid renal elimination with low renal retention make this
99mTclabeled peptide a promising alternative to â€œIn-DTPA
octreotide for imaging somatostatin receptorâ€”positivetu
mors in humans. Clinical studies to explore this possibility
are under way.
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