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Radioiodinated Tyr-3-octreotide, a somatostatin analogue,
is a useful ligand for the in vitro detection of somatostatin
receptors. In this study, we have investigated the possible
in vivo application of this radioligand in the detection of
somatostatin receptor-bearing tumors by scintigraphy. The
specific somatostatin-like biologic activity of radioiodinated
Tyr-3-octreotide was confirmed in vitro: (a) radioiodinated
Tyr-3-octreotide competes in the nanomolar range with
specific receptor binding of somatostatin to suspended
human meningioma membranes and (b) the secretion of
growth hormone by cultured rat pituitary cells was similarly
inhibited by iodinated Tyr-3-octreotide and somatostatin.
In rats, intravenously injected '?%I-Tyr-3-octreotide is rap-
idly cleared from the circulation mainly by the liver. Al-
though this rapid clearance limits the amount of tracer
available for somatostatin receptor-bearing tumors, the
advantage of this rapid clearance is that the background
level is rapidly reduced in favor of scintigraphic imaging of
these tumors. Pancreatic tumors in rats were localized
by scintigraphy after intravenous injection of '2°|-Tyr-3-
octreotide.

J Nucl Med 1990; 31:1501-1509

Most endocrine active gastrointestinal tumors are
usually slow-growing. They are often very small and
therefore difficult to localize with conventional tech-
niques (/). Hormone secretion by several of these tu-
mors is inhibited by the tetradecapeptide somatostatin
(Fig. 1A), which is endogenously produced, e.g., by the
hypothalamus and pancreas (2). Somatostatin also in-
hibits the growth of some tumors (3). The native hor-
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mone, however, is susceptible to rapid enzymatic deg-
radation (4); therefore, it is not suitable for long-term
therapeutic use. For that reason, synthetic derivatives
with a similar bioactive structure as somatostatin have
been developed, which are not only less susceptible to
biologic degradation but also have a stronger inhibitory
effect on hormone release by the relevant tumors. The
octapeptide octreotide (SMS 201-995 or Sandostatin®;
Fig. 1B) fulfils these criteria (4). After subcutaneous
injection, this peptide has a longer biologic half-life
than somatostatin itself and, hence, prolonged inhibi-
tory effects on normal growth hormone production (5),
hormone release by endocrine pancreatic tumors (6),
and on tumor growth (6-9). Octreotide is currently
used in the treatment of gastroenteropancreatic tumors
and acromegaly (6,10).

Large numbers of high-affinity binding sites for na-
tive somatostatin and synthetic octreotide have been
detected on most endocrine active tumors (//). This
opens the possibility for the scintigraphic localization
of such tumors using a radiolabeled somatostatin deriv-
ative. Since octreotide cannot be radiolabeled easily
with a gamma-emitting radionuclide, a synthetic ana-
logue (Tyr-3-octreotide) has been developed in which
phenylalanine has been replaced by tyrosine, allowing
radioiodination of the molecule (Fig. 1C). This com-
pound has been used successfully as an iodine-125-
('**I) radioligand for in vitro somatostatin receptor stud-
ies (12). Since its application for human scintigraphy
needs methodologic changes (use of ' with different
properties instead of '*’I and omitting toxic substances
during purification), we report here the radiolabeling,
the subsequent purification procedure, and the confir-
mation of the specific biologic activity of radiolabeled
Tyr-3-octreotide. The distribution and metabolism of
the radiolabeled somatostatin derivative have been
studied following its intravenous administration to rats
by gamma camera scintigraphy and measurements of
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radioactivity in isolated organs. Radioiodinated Tyr-3-
octreotide was shown to be an attractive new radio-
pharmaceutical for the in vivo detection of somatostatin
receptors using a rat tumor model.

MATERIALS AND METHODS

Radiopharmaceuticals

Octreotide and Tyr-3-octreotide were obtained from San-
doz (Basel, Switzerland). Radioiodination of Tyr-3-octreotide
was performed on the basis of the '*’I-iodination technique
described by Reubi (/2). Toxic substances were omitted dur-
ing the purification steps in connection with the proposed i.v.
administration. Two iodine isotopes ('°I and '*I) from dif-
ferent manufacturers were used. Radioactivity concentrations
(and specific activities) amounted to 1.85 GBq '*I/ml (0.62
TBq '*I/mg) and 3.7 GBq '*’I/ml (3.7 TBq '*I/mg). To the
solution of radioiodide (in 40 ul 0.01 M NaOH) in the
manufacturer’s vial were added successively 20 ul 0.05 M
phosphate (pH 7.5) and 1.4 ug Tyr-3-octreotide in 20 ul 0.05
M acetic acid. The solution was vortexed. The iodination was
started by adding 1.6 ug chloramine-T (in 20 ul 0.05 M
phosphate), representing only a S-fold excess over peptide in
order to prevent oxidation of the disulfide bridge of the Tyr-
3-octreotide. The mixture was then vortexed for 1 min. The
iodination wa stopped by the addition of 0.1 ml 10% human
serum albumin (Merieux, Lyon, France). After vortexing for
30 sec, 1.85 ml 5 mM ammonium acetate was added. Purifi-
cation was performed by using a SEP-PAK C18 reversed-
phase extraction cartridge (Waters Associates, Milford, MA),
which was prewashed with 5 ml 70% ethanol and subsequently
activated with 5 ml 2-propanol. After application of the sam-
ple, the cartridge was washed successively with 5 ml distilled
water and 5 ml 0.5 M acetic acid. Radioiodinated Tyr-3-
octreotide was eluted with 5 ml 96% ethanol. The solvent was
evaporated at 40 °C under a gentle stream of nitrogen. The
dry residue was dissolved in 2-10 ml 154 mM NaCl and 0.05
M acetic acid (pH 3). After passing through a low protein-
binding 0.22-micron Millex-GV filter (Millipore, Milford,
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MA), the solution was ready for i.v. administration. The
labeling procedure was scaled up at least 30-fold when larger
amounts of radiolabeled peptide were necessary for (human)
scintigraphic purposes. In those cases, 10-fold higher peptide-
and chloramine-T concentrations were used in order to keep
the reaction volume below 1 ml. For labeling with '*I and
1231 1.5- and 30-fold excess of peptide over iodide were used,
respectively.

Quality Control

The radioactivities in the fractions eluted from SEP-PAK
C18 were measured in a dose calibrator (VDC, 202, Veenstra,
Joure, The Netherlands) under similar geometric conditions
(5 ml liquid). Also, the SEP-PAK C18 cartridge itself was
measured after the elutions, taking into account the different
geometric conditions.

The ammonium acetate, water, and acetic acid fractions
eluted from SEP-PAK C18 were examined for low molecular
weight (<1.5 kD) iodine (i.e., free iodide and peptide-bound
radioiodine) and high molecular weight (>1.5 kD) protein-
bound iodine (i.e., radioiodinated human serum albumin)
using Sephadex G-25 gel filtration chromatography (PD-10
column, Pharmacia, Sweden) with 154 mM NaCl as the
eluent. The low molecular weight PD-10 fractions were ana-
lyzed by reversed-phase, high-performance liquid chromatog-
raphy (HPLC), described hereafter.

The acetic acid and ethanol fractions eluted from SEP-PAK
C18 were analyzed by HPLC with a Waters 600 E multi-
solvent delivery system connected to a u-Bondapak-C18
reversed-phase column (300 X 3.9 mm, particle size 10 um).
Elution was carried out at a flow of 1 ml/min with a linear
gradient of 40% to 80% methanol in 154 mM NaCl in 20
min and the latter composition was maintained for another §
min. Eluted radioactivity was monitored on-line using a Nal
probe connected to a Canberra single-channel analyzer with a
recorder. Collected fractions were measured by routine scin-
tillation counting.

The receptor-binding affinity of the radioiodinated Tyr-3-
octreotide was measured using suspensions of human menin-
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gioma membranes, which are reported to contain so-
matostatin receptors (/3). A similar procedure as described
previously (/2) was used. Meningioma membranes (280 ug
protein) were incubated in a total volume of 100 ul (triplicate
tubes) at 20°C for 1 hr with five different concentrations of
'B3L.Tyr-3-octreotide between 0.2 and 8 nM in the absence or
presence of 10 uM somatostatin. The incubation contained
10 mM HEPES buffer (pH 7.6), 0.5% BSA, 5 mM MgCl,,
and bacitracin (20 ug/ml). The incubation was stopped by the
addition of 1 ml ice-cold HEPES buffer followed by centrifu-
gation (2 min at 14,000 rpm in an Eppendorf microcentri-
fuge). The membrane pellet was washed twice with 1 ml ice-
cold HEPES buffer and the final pellet was counted in a LKB-
1282-Compugamma system. Specific receptor binding was
calculated to be the difference between binding in the absence
and in the presence of 10 uM somatostatin. The data were
analyzed using the method of Scatchard (/4), giving the
dissociation constant (K4) and the number of binding sites
(Bmax) for the meningioma preparation.

The biologic activity of HPLC-purified mono-iodinated
1251 Tyr-3-octreotide (i.e., free from unlabeled Tyr-3-octreo-
tide) was assessed by measuring its potency to inhibit the
secretion of rat growth hormone (rGH) by cultured rat pitui-
tary cells as described previously (/5). Iodine-125 was used
instead of '*’I because we were only able to establish the exact
specific radioactivity of the '’I-Tyr-3-octreotide (see Discus-
sion).

Animals and Tumors

A transplantable rat pancreatic tumor model (CA 20948)
with somatostatin receptors, as demonstrated with in vitro
assays (16), was used. Inhibition of the growth of this tumor
by 40%-70% compared to controls under chronic treatment
with the somatostatin analogue octreotide during 6 wk had
been demonstrated previously (/7,18). Eight male Lewis rats
were inoculated with a suspension of pancreatic tumor cells
as described before (17). Two weeks after tumor transplanta-
tion 95% of the rats showed a detectable tumor mass. When
the tumors had reached a solid palpable mass, the animals
were used for the experiments. Nine male Lewis rats without
tumor were used as controls. lodine-123-Tyr-3-octreotide
18.5-37 MBq (1-3 ug), in 0.5-0.8 ml 154 mM NaCl and 0.05
M acetic acid were injected intravenously in tumor-bearing
and control rats. The thyroids of the animals were not blocked.
The radiopharmacon was injected in the dorsal vein of the
penis. Two out of eight tumor-bearing rats received 1 mg
octreotide subcutaneously 30 min before injection of '’I-Tyr-
3-octreotide in order to saturate somatostatin receptors on the
tumors.

Data Acquisition and Analysis

Images were acquired with a large field of view gamma
camera (Counterbalance 37 ZLC, Siemens Gammasonics)
equipped with a 190-keV parallel-hole collimator. The ani-
mals were in a supine position on the collimator in such a
way that overprojection of the tumor and the intestines was
avoided. The analyzer was set to 159 keV with a 20% window.
Data were stored in a dedicated computer (Gamma-11, Nu-
clear Diagnostics). In all animals (9 controls, 6 tumor-bearing
animals without and 2 with octreotide pretreatment), acqui-
sition took place for 40 intervals of 3 sec and 18 intervals of
60 sec (matrix 64 X 64) during the first 20 min of the study.
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After 30 min, static images were made containing S00K counts
for a good quality image. Of four control animals and two
tumor-bearing animals, additional static images (S00K counts)
were made 3 and 5 hr after injection; 24 hr after injection of
the radiopharmacon another static image was made during 15
min. Static images were acquired in a 128%x128 matrix and
on X-ray film. In order to investigate the organ distribution
of radioactivity, animals were killed 30 min (5 control and 2
tumor-bearing animals) and 24 hr (4 control and 2 tumor-
bearing animals) after injection of the radiopharmacon and
the radioactivity in the various tissues was measured with a
GeLi-detector equipped with a multichannel analyzer (Series
40, Canberra). Tissues were not isolated from octreotide-
pretreated animals.

One urine sample, collected from a tumor-bearing animal
30 min after injection, was used to investigate the radiochem-
ical composition by HPLC (after 1:10 dilution in 40% meth-
anol in 154 mAM NaCl). Urine samples obtained 24 hr after
injection from 2 tumor-bearing animals were analyzed on a
SEP-PAK C18 cartridge.

RESULTS

Radiolabeling

In Figure 2, a typical elution pattern is presented of
the purification of '*’I-Tyr-3-octreotide over a SEP-
PAK Cl18 reversed-phase extraction cartridge. The
radioactivity eluted with the ammonium acetate and
water fractions appeared to be free radioiodide. The
acetic acid fraction contained some peptide-bound ra-
dioiodine. The ethanol fraction contained 40%-60% of
the applied radioactivity when '*’I was used for the
labeling and 70%-80% when '?*I was used. Usually the
specific activity of the SEP-PAK C18-purified 'I-Tyr-
3-octreotide reached a value of 30-37 MBq/ug peptide.
Occasionally, labeling yields of 5% were observed after
labeling with '*’[ (see Discussion). With high labeling
yields, the SEP-PAK C18 separations resulted in >99%
peptide-bound radioiodine. HPLC analysis of the ma-
terial in the ethanol fraction is shown in Figure 3A-B.
After labeling with 'I, two major peaks (at 19 and 21
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FIGURE 2
SEP-PAK C18 elution pattern after radioiodination of Tyr-3-
octreotide.
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min) were seen (Fig. 3A), of which the first one repre-
sents the mono-iodinated peptide (/2) and the second
probably the di-iodinated compound (see Discussion).
With '?I, usually over 99% of the labeled product
consisted of mono-iodinated Tyr-3-octreotide (Fig. 3B),
whereas in cases of low labeling yields, mentioned
above, radioactivity was clearly present as di-iodinated
peptide as well (up to 70% of total peptide-bound
activity). For all further experiments, at least 99% radio-
chemically pure mono-iodinated Tyr-3-octreotide was
used.

It was not possible to detect the low peptide mass of
radioiodinated Tyr-3-octreotide along with the radio-
activity in the elution profiles presented in Figure 3
(using either '’I or 'I). Furthermore, “cold” mono-
iodinated '¥I-Tyr-3-octreotide and di-iodinated '?I-
Tyr-3-octreotide were not available. However, a clear
separation between mono-radioiodinated (retention
time 19 min) and unlabeled Tyr-3-octreotide (retention
time 15 min) by HPLC was demonstrated.

In an attempt to increase the labeling efficiency with
1251, a range of higher chloramine-T concentrations was
tested. These radiolabeling procedures led not only to a
substantial lowering of the labeling efficiency but also
to a lower specific biologic somatostatin response meas-
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FIGURE 3
HPLC elution patterns after labeling Tyr-3-octreotide with 251
(A) and Tyr-3-octreotide with '2°| (B).
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ured as inhibition of the growth hormone secretion in
rat pituitary cell cultures (data not shown). This is
probably due to oxidative damage of Tyr-3-octreotide
at high chloramine-T concentrations.

Receptor Binding and Specific Biologic Activity

In Figure 4, the binding characteristics of radiola-
beled Tyr-3-octreotide to human meningioma mem-
branes are illustrated. Scatchard analysis of the data
(inset Fig. 4) showed a dissociation constant K, of 1.50
nM (r = 0.96) and a receptor concentration (B,,,) of
98 fmol/mg of membrane protein, values similar to
those reported for '*’I-Tyr-11-somatostatin (/3).

Radiolabeled Tyr-3-octreotide showed the same bio-
logic activity as octreotide and somatostatin. In Table
1, the secretion of rat growth hormone (rGH) by cul-
tured rat pituitary cells is shown as a function of added
Tyr-3-octreotide, HPLC-purified mono-iodinated '*I-
Tyr-3-octreotide, and somatostatin. The inhibition of
rGH secretion by all three peptides was very similar.
The presence of the radionuclide '#I in the peptide did
not disturb the results of the rGH radioimmunoassay.

Animal Studies

Dynamic scintigraphy of control rats after i.v. admin-
istration of '*’I-Tyr-3-octreotide showed a fast disap-
pearance of the radioactivity from the blood circulation.
Measurements with the gamma camera above the heart
region showed that the time required to reach 50% of
the highest radioactivity in the blood circulation was
less than 2 min. Thirty minutes after injection static
images showed clear appearance of radioactivity in the
liver and intestines. The left kidney was seen as well as
excreted activity in the bladder. The right kidney was
not visible because of overprojection of the intestines.
The accumulation of the radiolabeled Tyr-3-octreotide
in the liver was immediately followed by hepatobiliary
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FIGURE 4

Saturation curve of radiolabeled Tyr-3-octreotide binding to
human meningioma membranes: (@) total binding in absence
of 10 uM somatostatin, (M) nonspecific binding in presence of
10 M somatostatin and (A) specific binding. Points are av-
erage of triplicates. Inset: Scatchard plot.
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TABLE 1 TABLE 2
Biologic Activity of (HPLC-purified) '?I-Tyr-3-octreotide*  Tissue Distribution in Five Rats 30 min after Intravenous
Rat growth Administration of '?%|-Tyr-3-octreotide
()
Concentration hormone Tissue % dose (mean + s.d.) % dose/g (mean + s.d.)
Peptide (nM) (ng/ml = s.d.) (%) Intestines 50+ 10 27+05
, Liver 12+2 13102
"#1-Tyr-3-octreotide 0 296 = 11(100) Kidneys 35+05 15+03
0.05 299+6 (101) Lungs 0.44 £ 0.12 0.37 + 0.07
0.1 207 (74) Spleen 0.10 £ 0.07 0.20 + 0.12
‘1’-3 : gg i g; 2:;; Heart 0.10 + 0.02 0.11 £ 0.01
: : Adrenals 0.06 + 0.01 16+0.3
Tyr-3-octreotide 0 303 + 11 (100) Parotis 0.06 + 0.03 0.1 + 0.04
0.05 28211 (93) Thymus 0.048 + 0.008 0.11 £ 0.02
01 28513 (94) Thyroid 0.004 + 0.006 0.15 £ 0.06
0.5 204 £13 (67) Rest 26+5 0.13 + 0.02
1.0 172 £19 (57)
. Blood 0.24 + 0.05
Somatostatin 0 344 + 18 (100) Urine 16+ 13
0.05 290 + 27 (84)
0.1 267 + 24 (77)
05 185 + 18 (54) . . .
1.0 158 £8 (46) tumor sites had disappeared, which was confirmed by

* Secretion of rat growth hormone from cultured rat pituitary
cells; (n = 4) by radiolabeled Tyr-3-octreotide, Tyr-3-octreotide,
and somatostatin.

excretion. Thirty minutes after injection no further
radioactivity accumulation was seen elsewhere. Two
hours after injection the thyroid was visible. The main
radioactivity at that time was situated in the intestines,
while activity in the bladder was also seen. Five and 24
hr after injection the radioactivity in the thyroid was
further increased. Although after 24 hr, the highest
activity was found in the thyroid, a similar amount was
spread diffusely over the intestines, but little radioactiv-
ity was seen in other tissues at that time.

The tissue radioactivity distributions in control rats,
30 min and 24 hr after i.v. injection of '*I-Tyr-3-
octreotide, were analyzed by radioactivity measure-
ments of the various organs with a GeLi-detector.
Thirty minutes after injection most of the administered
radionuclide was located in the intestines, the liver, and
the kidneys, while the highest radioactivity concentra-
tions (% dose/g tissue) were found in the intestines, the
adrenals, the kidneys and the liver (Table 2). However,
even much higher concentrations of radioactivity were
found in the collected urine specimens 30 min after
injection. Twenty-four hours after injection the highest
activities were measured in the thyroid and the intes-
tines, with the thyroid having the highest concentration
of radioactivity (Table 3). Urine samples were not col-
lected 24 hr after injection.

In tumor-bearing rats, accumulation of the radioio-
dinated Tyr-3-octreotide at tumor sites could be dem-
onstrated with the gamma camera. The scintigrams
demonstrate a clear visualization of tumors at 30 min,
3, and § hr after injection. However, 24 hr after injec-
tion the previously accumulated radioactivity at the

counting the isolated tumors 30 min and 24 hr after
injection (data not shown).

Figure 5 shows a posterior view of a rat with so-
matostatin receptor-positive tumors to the left (320
mm?) and to the right (144 mm?) 30 min after injection,
whereas at the same time point in a rat pretreated with
1 mg octreotide subcutaneously 30 min before injection
of '2I-Tyr-3-octreotide an even larger tumor at the left
(640 mm?) was only visible as vascular tissue radioac-
tivity (Fig. 6).

A significant increase in radioactivity was demon-
strated above nine tumors in six animals immediately
after i.v. injection. Because of different sizes of tumors
(and normal tissues) in various animals, normalization
of data was necessary. The measured radioactivity dur-
ing the first minute after injection was taken as a
reference. Figure 7 shows the radioactivity as a function
of time measured above nine tumors in six animals,
expressed as percentage of the 1-min value. In Figure 7
is also shown that the above tumors in two rats (of
which one is depicted in Fig. 6), which were pretreated
subcutaneously with 1 mg octreotide 30 min before

TABLE 3
Tissue Distribution in Four Rats 24 hr after Intravenous
Administration of °|-Tyr-3-octreotide

Tissue % dose (mean + s.d.) % dose/g (mean + s.d.)
Intestines 9+10 06+0.7
Liver 0.31 +0.03 0.027 + 0.005
Kidneys 0.26 + 0.04 0.10 + 0.01
Lungs 0.040 + 0.011 0.033 + 0.006
Spleen 0.011 +£0.010 0.028 + 0.021
Heart 0.007 + 0.002 0.009 + 0.002
Adrenals 0.0028 + 0.0007 0.07 +0.02
Parotis 0.0045 + 0.0020 0.009 + 0.004
Thymus 0.006 + 0.003 0.016 + 0.007
Thyroid 7+2 180 + 50
Rest 3.0+06 0.016 + 0.004
Blood 0.020 + 0.006

Receptor Scintigraphy with Radioiodinated Somatostatin « Bakker et al
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FIGURE 5

Scintigraphy of a rat with one somatostatin receptor-positive
tumor at the left (surface: 320 mm?) and one at the right (144
mm?), 20 min after i.v. injection of radiolabeled Tyr-3-octreo-
tide. Apart from tumors (T) and bladder (B) activity is seen in
heart, liver, intestines (including right kidney), and the left
kidney.

injection of the radiopharmacon, a decrease of radio-
activity with time was measured similar to control
tissues in eight animals reflecting the decreasing vascu-
lar tissue radioactivity.

Compared to the uptake in the liver the initial in-
crease of radioactivity above the tumors was clearly
higher in six tumors, equal in two tumors, and less in
one tumor.

The tissue radioactivity distribution in tumor-bearing
rats was similar to that in control rats both 30 min and
24 hr after '?’I-Tyr-3-octreotide injection (data not
shown).

The biodistribution of the radiopharmacon in octreo-
tide-pretreated animals showed a similar pattern as in
the animals not pretreated with octreotide (including
the controls), according to gamma camera measure-
ments.

A 30-min urine sample was obtained from one tu-
mor-bearing animal. HPLC-analysis of that sample
showed that 'I-Tyr-3-octreotide was excreted in un-
changed form. Extraction of urine samples obtained 24
hr after injection from two tumor-bearing animals with

1506

FIGURE 6

Scintigraphy of a rat pretreated with 1 mg octreotide with one
somatostatin receptor-positive tumor at the left (surface: 640
mm?) 20 min after i.v. injection of radiolabeled Tyr-3-octreo-
tide. (See also Fig. 5 legend.)

a SEP-PAK C18 cartridge showed that more than 95%
of the radioactivity was free radioiodide.

DISCUSSION

Tyr-3-octreotide is a stable analogue of somatostatin
that can be easily radioiodinated (12). In this study, the
postulate is tested that radioiodinated Tyr-3-octreotide,
which has been used successfully in detecting so-
matostatin receptors in isolated tissues (12,19,20), is
also suitable for in vivo imaging of tumors containing
somatostatin receptors with '?’I as a radiolabel. For this,
we investigated the radiolabeling of Tyr-3-octreotide
("I compared with '*°I), the purification of the radio-
labeled product, its specific biologic characteristics, in
vivo metabolism, and application for imaging so-
matostatin receptor-positive tumors in the rat.

With '#], always consistent labeling yields of 40%-
60% are obtained at a peptide:iodide ratio of 3:2. Be-
cause of the very high specific activity of '?’I, a large
excess of Tyr-3-octreotide over total iodide can be used
while keeping the absolute amount of peptide low
(peptide:iodide = 100:3). In general, very high labeling
yields (70%-80%) with high specific activities are ob-
tained using '2’l. Occasionally, however, very low radi-
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FIGURE 7

Radioactivity as a function of time, expressed as percentage
(£ s.d.) of the 1-min value, measured above nine tumors in
six rats (), two tumors in two rats, which were pretreated
with 1 mg octreotide (A), and control tissues in eight animals
©O).

olabeling yields (below 5%) are observed with 2], These
difficulties are never seen when completely carrier-free
125] (Amersham, England) is used. In the case of '*’I,
other iodine isotopes (e.g., '*°I and stable '*’I) are con-
taminating the '?’I-preparation (maximal seven other
iodine atoms versus one '*[ atom at the time of label-
ing) as a consequence of the radionuclide production
method. The occasionally observed labeling yields be-
low 5% are caused by production problems by which
the product specifications (>3.7 TBq '’I/mg iodine)
are not met (see also below). The best and constant
results are finally obtained with ' obtained from
Medgenix (Fleurus, Belgium).

The high peptide-to-iodide ratio (100:3) favors not
only a high labeling yield but also the formation of
mono-iodinated over di-iodinated Tyr-3-octreotide.
Radioactivity in the first HPLC-eluted peptide peak
representing the mono-iodinated '2’I-compound usu-
ally was more than 99% of the total peptide radioactiv-
ity. This is in contrast to the '’I-labeling (with a much
lower peptide:iodide ratio of 3:2), where the second
HPLC-eluted di-iodinated product always represents
at least 30% of the total peptide-bound radioactivity,
and HPLC is necessary to isolate the mono-iodinated
peptide. A similar separation of radioiodinated Tyr-3-
octreotide in two components has been reported previ-

Receptor Scintigraphy with Radioiodinated Somatostatin * Bakker et al

ously (/2) using '*I as radiolabel and a different HPLC
system. The occasionally low labeling yields with '’
are always associated with formation of relatively much
di-iodinated Tyr-3-octreotide (up to 70% of all peptide-
bound radioactivity) because of the unexpectedly high
amount of stable '7’I in the radionuclide preparation,
which was afterwards confirmed by the manufacturer.
Clearly a large excess of Tyr-3-octreotide compared to
total iodide guarantees a high labeling yield and the
formation of mainly mono-iodinated '2’I-Tyr-3-octreo-
tide, of which high binding to somatostatin receptors
was reported (12). Thus, it appears that the SEP-PAK
C18 separation technique is adequate to prepare high
activities (e.g., more than 2 GBq) of mono-iodinated
'BL.Tyr-3-octreotide.

The specific radioactivity of the '?*I-labeled peptide
isolated on SEP-PAK C18 is proven to be high enough
to demonstrate specific binding to human meningioma
membranes. This suggests that additional HPLC puri-
fication is not necessary for the large amounts of radio-
activity required for routine i.v. administration.

To demonstrate the specific biologic activity of the
radiolabeled compound, the latter has been isolated by
HPLGC; it inhibits growth hormone release to a similar
extent as Tyr-3-octreotide and somatostatin. This indi-
cates that the radiolabeling procedure is not deleterious
to the biologic activity of the peptide. In this case,
mono-iodinated '’I-Tyr-3-octreotide has been isolated,
of which the specific radioactivity can be exactly cal-
culated. This is not possible with '**I because of the
contamination with variable and unknown amounts of
other iodine isotopes (see above).

In vivo disposal of circulating radioiodinated Tyr-3-
octreotide in both control and tumor-bearing rats
occurs predominantly by rapid hepatic clearance and
biliary excretion as demonstrated with the scintigraphic
studies and analyses of radioactivity in isolated tissues.
This finding is in accordance with studies with octreo-
tide itself (2/) and another somatostatin analogue in
the rat model (22).

A second route of clearance via the kidneys is dem-
onstrated at 30 min on the scintigrams (left kidney and
bladder) and organ distributions (Table 2). Note the
very high radioactivity concentration in the urine sam-
ples collected at that time. The identification of urinary
radioactivity in the form of unchanged radioiodinated
Tyr-3-octreotide in a 30-min sample demonstrates that
the compound is cleared intact by the kidneys. Of the
low radioactivity in the 24-hr samples at least 95% is
in the form of free radioiodide. The appearance of
radioiodide in the urine is explained by complete hy-
drolysis of the labeled peptide followed by deiodination
of iodotyrosine. A relatively high amount (7%-11%) of
injected radioiodine is trapped in the thyroid after 24
hr, since the thyroids of the animals were not blocked.

The relatively high adrenal radioactivity concentra-
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tion found 30 min after injection in control and tumor-
bearing animals is in accordance with reported autora-
diographic experiments (20), demonstrating the exist-
ence of somatostatin receptors in the rat adrenal.

The observed rapid decrease in circulating radioactiv-
ity of the radiopharmaceutical may benefit the sensitiv-
ity of the scintigraphic detection technique, especially
as the receptor-bound radioactivity is stable once bind-
ing has taken place. This will result in a higher tumor/
background ratio. For in vivo experiments, radioiodi-
nated Tyr-3-octreotide is injected intravenously in rats
with transplantable rat pancreatic tumors (CA 20948),
which are known to contain somatostatin receptors in
vitro (16-18). The increasing radioactivity measured
above the tumor sites immediately after injection con-
trasts with the decreasing blood-pool radioactivity,
which excludes imaging of the tumors solely on the
basis of blood-pool radioactivity. This increase is usu-
ally more pronounced than that above the liver, which
is an indication of a very rapid binding process. Ob-
viously, the total maximum radioactivity above the liver
is higher due to its greater size.

The specificity of the binding of '2’I-Tyr-3-octreotide
to the tumors is most firmly established by the obser-
vation that pretreatment of the tumor-bearing rats with
a high dose (1 mg) of octreotide (without changing the
biodistribution of the radiopharmacon unchanged as
observed with the gamma camera) results in a complete
inhibition of the binding of label to the tumors. Con-
sequently, immediately after injection decreasing radio-
activity is measured over the blocked tumors, reflecting
the radioactivity in the vascular pool, in contrast to the
increasing radioactivity measured over the unblocked
tumors (Fig. 7).

CONCLUSION

The radioiodination of Tyr-3-octreotide and the de-
scribed purification procedure do not alter the specific
somatostatin characteristics of the original compound,
which means that this radiopharmaceutical is suitable
for scintigraphic imaging of somatostatin receptors in
vivo.

The fast disappearance from plasma of radioiodi-
nated Tyr-3-octreotide after i.v. administration rapidly
reduces the background level in the circulation, en-
hancing the possibility of scintigraphic imaging of
somatostatin receptor-bearing tumors.

Because of the successful scintigraphic demonstration
of somatostatin receptor-bearing tumors in the rat
model using radioiodinated Tyr-3-octreotide, applica-
tion of this new radiopharmaceutical in humans is
promising since it is known that various human tumors
possess large numbers of high-affinity somatostatin
receptors, as demonstrated with '>I-Tyr-3-octreotide in
vitro (11,13).
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SEPTEMBER 1960

The Clinical Importance of
Eryth e and Plasma-Volume
Determinations Before and
After Open-Heart Surgery

Edward A. Carr, Jr., MD, Herbert E.
Sloan, Jr., MD, and Enrique Tovar, MD

A comparison of pre- and postoperative
blood volumes in patients subjected to car-
diotomy may have intrinsic interest to the
physiologist and provide useful infor-
mation for the postoperative management
of the patients.

In the present study, the blood volumes
of 17 patients before and after cardiotomy
with extracorporeal circulation were com-
pared. We determined both erythrocyte
and plasma volumes directly in the major-
ity of instances, making the postoperative
determinations on the day following sur-
gery. We have attempted to answer the fol-
lowing three questions. What are the size
and direction of the changes in red cell and
whole-blood volume observed? Do the
changes observed correlate in any way
with the postoperative course of the pa-
tients? How do the measurements obtained
by the isotope method compare with those
obtained by simple collection and direct
measurement of lost blood?

For the accurate determination of
plasma volume and total erythrocyte vol-
ume, standard isotope dilution methods
were employed. Plasma volume was de-
termined by the use of '*'I-labeled human
serum albumin and total erythrocyte
volume by the use of *'Cr labeling of the
patient’s own erythrocytes.

The postoperative course of each pa-
tient was graded by review of the entire
postoperative record after discharge or
death of the patient.

The answer to the first two questions
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posed were conveniently given together.
The mean total red cell volume was de-
creased postoperatively. The mean change,
as determined by the radioisotope method,
was —799 ml and, as calculated from
“clinical estimation,” —805 ml. The s.d.
of the differences was +733 ml. The t-test
showed that this difference was not signifi-
cant.

The mean whole-blood volume also
decreased postoperatively. The mean
change, as determined by the radioiso-
tope method, was —733 ml, and as
found by “clinical estimation,” —94 mi.
The s.d. of the differences was significant,
+898 ml.

There was a significant correlation
between postoperative course and changes
in whole-blood volume, as determined by
the radioisotope method. There was no
significant correlation between postopera-
tive course and the “clinical estimation”
of changes in whole-blood volume. W

SEPTEMBER 1975
Myocardial Uptake of Labeled
Oleic and Linoleic Acids

William H. Beierwaltes, Rodney D. Ice,
Michael J. Shaw, and U. Yun Ryo

Since Bing et al. demonstrated that the rate
of fatty acid extraction by the myocardium
depends on the concentration of the fatty
acids in the blood, we have tried to increase
the uptake of labeled fatty acids in the myo-

cardium. We were interested in '3'I-OA be-
cause the fatty acids offer the opportunity
to detect biochemical as well as metabolic
defects in the myocardium in addition to
coronary insufficiency.

Forty-five Sprauge-Dawley rats were
given “C-0A, *'U-OA, or *'I-LOA intra-
venously. Three rats in each of these
groups were killed at 5-, 10-, 20-, 30-,
and 50-min intervals. Three aliquots of
each tissue were removed for radioacti-
vity measurements. lodinated fatty acids
were also given intravenously to 12 adult
mongrel dogs and similar procedures were
performed.

Peak concentration of radioactivity in
the blood from '*C-OA and '*'[-OA was
observed at 10 min. The radioactive con-
centration of '“C-OA in the myocardium
was significantly higher than that of the
blood or other background tissues but was
always lower than that in liver except 60
min after the dose when radioactivity in the
myocardium was slightly higher.

Our data exhibit significant differences
in the distribution (and metabolism) be-
tween "*C-OA and '*'[-OA. These differ-
ences suggest that the mechanism of tissue
“uptake” of iodinated oleic acid may be dif-
ferent from unlabeled oleic acid.

The relative tissue distribtuion of 13-
OA radioactivity in the dog at 30 min after
the i.v. dose demonstrated radioactivity in
the ventricular myocardium about three
times higher than that in the liver and four
times higher than in the blood. This con-
centration in the blood was sufficient to ob-
tain distinct images of the heart, using an
Anger camera after i.v. administration of
0.5-1 mCi of '3'I-OA. We believe, however,
that the amount of blood in the ventricular
chamber contains sufficient activity to pre-
vent separate imaging of ventricular myo-
cardial ischemia. L]
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