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ABSTRACT. In patients undergoing somatostatin receptor scintigraphy, treatment with octreotide (San- 
dostatinm) is usually discontinued 24 - 48 h b e f ore and after injection with the radioligand “‘In-pentetreotide 

([“‘In-DTPA’]octreotide) (0 t c reoscana) because octreotide competes with radioligand for the same 
receptors. However, D&r et al. and Soresi et al. reported improved visualization of carcinoid and small cell 
lung cancer lesions, respectively, during continued octreotide treatment. We found that intravenous 
administration of unlabeled octreotide to rats inhibited the binding of an optimal dose (0.5 pg) of 

“‘In-pentetreotide to somatostatin receptors in pancreas and adrenals in a mass- and time-dependent way. 
Pretreatment with unlabeled octreotide never increased receptor binding of ” ‘In-pentetreotide. Administra- 
tion of 100 Erg of octreotide decreased receptor-bound radioactivity if given simultaneously with or 10 or 20 
min after injection of the radioligand, but had no effect if given 30 min after the radioligand. These findings 

indicate rapid processing of receptor-bound octreotide and suggest that octreotide treatment of patients 
undergoing 1 ’ ‘In-pentetreotide scintigraphy may be reinitiated as soon as 1 h after radioligand administration. 
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INTRODUCTION 

Regarding the tissue distribution of l1 ‘In-pentetreotide ([’ “In- 

DTPA”]octreotide) (Octreoscan@) in rats, we recently reported that 

the percentage uptake of radioactivity in somatostatin receptor- 

positive tissues is a hell-shaped function of the injected mass of 

pentetreotide, with an optimum between 0.5-5 kg depending on 

the organ (3). In in vitro experiments with somatostatin receptor- 

positive pituitary cells, we found a rapid increase in the internal- 

ization of [“‘I-Tyr’]octreotide by co-incubation with nanomolar 

concentrations of unlabeled octreotide (11). Because membrane 

binding was simultaneously increased, this effect may he related to 

a rapid recruitment of somatostatin receptors to the cell surface. We 

reported that an increase in specific activity of the radioligand did 

not increase the percentage uptake of radioactivity, nor the ratio 

hetwecn the uptake in somatostatin receptor-positive tissues and 

background (3). We found that priming with varying amounts of 

different somatostatin analogues at several time points relative to 

the injection of the radioligand significantly altered the percentage 

uptake of radioactivity in somatostatin receptor-positive tissues in 

rats (3). Since the conditions for peptide receptor scintigraphy or 

radionuclide therapy, resulting in the highest uptake of “‘In- 

pentetreotide in target organs and optimal target to background 

ratios, have not yet fully been explored (2-4, 11, 14), we investi- 

gated the pharmacokinetic aspects of the mode of administration of 

the radio&and. Because in in vitro studies an increase in the number 

of pancreatic somatostatin receptors during incubation with glucose 

has heen reported (7-9, 19) and because octreotide may increase 

*Address correspondence to: W. A. P. Breeman, Ph.D., University Hospital 
‘YXjkzigt,” Departmenr of Nuclear Medicine, Dr. Molewaterplein 40, 3015 
GD Rotter&m, The Netherlands; e-mail: hreeman@nuge.azr.nl. 

Accepted 14 July 1997. 

blood glucose concentration (12), we also studied the effects of 

glucose injection prior to the radioligand on the uptake of radio- 

activity in somatostatin receptor-positive and receptor-negative 

tissues. 

MATERIALS AND METHODS 

Experimental Design 

“‘In-pentetreotide was prepared as previously described (1, 3). 

Pentetreotide ([DTPA’loctreotide) was a gift of Mallinckrodt Med- 

ical, Petten, The Netherlands. Octreotide was a gift of Sandoz 

Pharma Ltd., Preclinical Research, Basel, Switzerland. Male Wistar 

rats (240-260 g) were anaesthetized with ether, and 3 MBq (0.5 

pg) of “‘Inepentetreotide and/or additional peptides in 0.5-l mL 

saline were injected into the dorsal vein of the penis. The rats were 

sacrificed 24 h after administration of radioligand. Blood was 

collected, and the pituitary gland, adrenals, colon, fundus, antrum, 

pancreas, kidneys, spleen, liver and femur muscle were isolated. 

Radioactivity was determined in the injected fluid, tissue and 

blood through the use of a well-type scintillation counter LKB-1282 

Compu-y-system (l-3). The percentage of the injected radioactive 

dose (%ID) per gram of tissue was calculated, as well as its ratio 

versus blood. Where appropriate, the %lD uptake per gram of tissue 

in treated rats was expressed as a percentage of that in control 

animals. The experiments were approved by the Animal Welfare 

Committee (DEC) of Erasmus University. 

EXPERIMENT A. Twelve groups of three rats each were injected 

with 2 or 10 kg of octreotide at - 10, 0, 10 and 20 min or with 100 

p.g of octreotide at 0, 10, 20 and 30 min relative to the injection of 

3 MBq (0.5 kg) of “‘In-pentetreotide. A group of six rats injected 

with radioligand only was used as controls. 
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FIG. 1. Effects of i.v. administration of 2, 10 or 100 pg of 
octreotide at indicated time intervals relative to the injection 
of 3 MBq (0.5 pg) of l1 ‘In-pentetreotide on the 24 h uptake 
of radioactivity in the pancreas. Values are expressed as %ID 

per gram of tissue relative to that in control rats (100%). *p < 
0.05 versus control. Cross-hatched bars, 2 pg of octreotide 
i.v.; open bars, 10 (*g of octreotide i.v.; hatched bars, 100 pg 
of octreotide i.v. 

EXPERIMENT B. Three groups of three rats each were injected with 

10 or 100 pg of octreotide or vehicle (controls) 4 h before the 

injection of 3 MBq (0.5 kg) of “‘In-pentetreotide. 

EXPERIMENT C. Two groups of three rats each were injected with 

0.5 pg of pentetreotide 5 or 10 min before the injection of 3 MBq 

(0.5 f.Lg) of “l In-pentetreotide, whereas a control group of three 

rats was injected with radioligand only. 

EXPERIMENT D. Three groups of three rats each were injected 

once, twice or three times with 3 MBq (0.5 kg) of “‘In- 

pentetreotide at 30-min intervals. The data are presented in 

thousand counts per minute per gram of tissue and as the percentage 

of the single or as the cumulated ID per gram of tissue. 

EXPERIMENT E. Two groups of 3 rats each were injected with 0.5 

mL of saline or a solution of 45 mg of glucose in 0.5 mL of water 30 

min before administration of 3 MBq (0.5 kg) of “‘In-pentetreotide. 

Statistical Analysis 

The data are presented as the means 2 SD. One-way analysis of 

variance (ANOVA) was used for statistical analysis. Means were 

compared using Bonferroni’s t-test or the Newman-Keuls method 

(17). A p value of co.05 was considered significant. 

RESULTS 

The results of experiment A (Figs. 1 and 2) show that administra- 

tion of 100 i.~g of octreotide together with or 10 or 20 min after 

injection of I1 ‘In-pentetreotide resulted in a significant inhibition 

of the %ID uptake in pancreas and adrenals. No effect was observed 

if administration of 100 pg of octreotide was delayed until 30 min 

after injection of radioligand. Administration of 10 p+g of octreotide 

10 min before, together with or 10 min after injection of “‘In- 

pentetreotide also resulted in a significant inhibition of the uptake 

of radioligand in pancreas and adrenals. No effect was observed if 10 

bg of octreotide was administered 20 or 30 min after the radioli- 

gand. Regardless of the time interval, administration of 2 kg of 

unlabeled octreotide did not affect %ID uptake of radioligand in the 

pancreas. Similar results were found in other octreotide receptor- 

positive tissues (pituitary, fundus, antrum and colon; data not 

shown). Under no condition was uptake of radioligand in octreotide 

receptor-negative tissues affected by administration of unlabeled 

octreotide (data not shown). 

In experiment B, rats were pretreated with 100 kg of octreotide 4 h 

before the administration of radioligand. This resulted in a significantly 

lowered %ID uptake in all somatostatin receptor-positive tissues, as 

shown for the adrenals and pancreas in Figure 3. The ratio of %ID 

uptake in these tissues versus blood was also lowered (data not shown). 

Pretreatment with 10 kg of octreotide 4 h prior to the radioligand also 

decreased uptake of “‘I n-pentetreotide in the pancreas, but not in 

adrenals (Fig. 3) or other tissues (data not shown). 

In experiment C, priming with 0.5 pg of pentetreotide 5 or 10 

min prior to the radioligand significantly increased the %ID per 

gram of pancreas from 0.61 ? 0.02 to 0.97 ? 0.06 and 1.10 2 0.07, 

respectively (Fig. 4). No significant alterations were observed in 

other tissues (data not shown). 

In experiment D, multiple injections of 3 MBq (0.5 kg) of 

“‘In-pentetreotide resulted in a proportional increase in the 

absolute uptake of radioactivity in the somatostatin receptor- 

negative and receptor-positive tissues, as shown for the kidney and 

pancreas, respectively (Fig. 5). However, multiple injections of 

radioligand did not change the percent cumulated ID uptake in the 

different tissues compared with a single injection (data not shown). 

In experiment E, injection of 45 mg of glucose 30 min before the 

administration of the radioligand did not change the %lD uptake in 

somatostatin receptor-positive and receptor-negative tissues (Fig. 6). 
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FIG. 2. Effects of i.v. administration of 2, 10 or 100 pg of 

octreotide at indicated time intervals relative to the injection 
of 3 MBq (0.5 pg) of “‘In-pentetreotide on the 24 h uptake 

of radioactivity in the adrenals. Values are expressed as %ID 
per gram of tissue relative to that in control rats (100%). *p < 
0.05 versus control. Cross-hatched bars, 2 pg of octreotide 
i.v.; open bars, 10 pg of octreotide i.v.; hatched bars, 100 pg 
of octreotide i.v. 
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FIG. 3. Effects of i.v. administration of 10 or 100 pg of 

octreotide 4 h before administration of the radioligand on the 
24 h uptake of radioactivity in adrenals and pancreas, ex- 
pressed as the %ID per gram of tissue. *p < 0.05 versus 

control. Open bars, adrenals; hatched bars, pancreas. 

DISCUSSION 

Diirr ct al. (5, 6) and Soresi et al. (18) reported improved 

visualization of tumors in patients with ‘I ‘In-pentetreotide during 

continued octreotide treatment. They showed that the uptake of 

“‘In-pentetreotide in spleen, kidneys and liver is lowered during 

treatment with 200 pg of octreotide subcutaneously (s.c.) three 

times per day, resulting in an increased target-to-background ratio. 
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FIG. 4. Effects of i.v. injection of 0.5 lug of pentetreotide at 5 
or 10 min prior to the administration of l1 ‘In-pentetreotide 

FIG. 6. Effects of pretreatment with 45 mg of glucose 30 min 

on the 24 h uptake of radioactivity in the pancreas, expressed 
before the administration of “‘In-pentetreotide on the 24 h 

as %ID per gram of tissue. *p < 0.05 versus control. 
uptake of radioactivity in the pancreas, expressed as %ID per 
gram of tissue. 
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FIG. 5. Effects of multiple injections of l1 ‘In-pentetreotide 
on the 24 h uptake of radioactivity in the pancreas and the 
kidneys, expressed per gram of tissue. Hatched bars, kidneys; 

open bars, pancreas. 

We have also found a markedly decreased uptake of “‘In-pentet- 

reotide in spleen in patients treated with octreotide (13). However, 

it is unclear whether the improved visualization of tumors by 

‘“In-pentetreotide during continued octreotide treatment is only 

due to reduced background or whether this is also associated with an 

increased accumulation of radioligand in the somatostatin receptor- 

positive tissues (priming). We therefore undertook the present study 

in rats to address this question. 

In experiments A and B, it was shown that the administration of 
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different amounts of octreotide at different timepoints relative to 

the injection of “‘In-pentetreotide may significantly alter the %ID 

of uptake in a mass- and time-dependent way. Administration of 

100 kg of octreotide results in a marked inhibition of the uptake of 

0.5 /kg of “‘In-pentetreotide in the octreotide receptor-positive 

tissues if given between 4 h before and 20 min after injection of 

“‘In-pentetreotide, but not if this is delayed until 30 min after 

radioligand injection. Similar findings were obtained with admin- 

istration of 10 kg of octreotide, although if given 4 h before the 

radioligand, it produced only a significant decrease radioligand 

uptake in the pancreas and was already without effect on uptake of 

radioactivity in any tissue if given 20 min after radioligand. 

Regardless of the time interval, administration of 2 p,g of octreotide 

did not significantly affect tissue distribution of “‘In-pentetreotide. 

Under no condition was uptake of radioligand in any somatostatin 

receptor-positive or receptor-negative tissue significantly stimulated 

by pretreatment with unlabeled octreotide (priming). It should be 

pointed out that the mass of injected radioligand (0.5 pg) has 

previously been shown to result in near-optimal uptake in the 

pancreas and optimal uptake in the other octreotide receptor- 

positive tissues adrenals and pituitary (3). 

In experiment C, priming with 0.5 kg of pentetreotide 5 or 10 

min prior to the radioligand resulted in a higher %ID uptake in the 

pancreas, but not in other tissues. However, it is not excluded that 

administration of 1 pg instead of 0.5 pg of ” ‘In-pentetreotide 

would also have resulted in an increased %ID uptake in the 

pancreas. The results of experiment D, involving multiple-dose 

injections, indicate that priming effects are not observed if the 

interval between the injections of 0.5 kg of “‘In-pentetreotide is 

increased to 30 min. 

In many respects, the experiments performed in the present study 

are not comparable with the situation in patients undergoing 

’ ’ ’ In-pentetreotide scintigraphy while on octreotide therapy. First, 

in contrast with the chronic treatment of these patients with 

octreotide, we have only studied the acute effects of octreotide 

administration on uptake of radioligand, with the longest interval 

only 4 h. Second, octreotide therapy is given to patients by S.C. 

injections, whereas we studied the effects of intravenous (i.v.) 

injections of unlabeled octreotide on tissue uptake of the radioli- 

gand. Third, whereas the success of ’ ” In-pentetreotide scintigraphy 

in the detection of lesions in patients depends on the uptake of 

radioligand in lesions versus surrounding tissues, we concentrated in 

this study on the changes in uptake on octreotide receptor-positive 

tissues versus receptor-negative tissues. Fourth, the present study in 

rats was conducted by administration of a dose (0.5 pg, 3 MBq) of 

’ 1 ‘In-pentetreotide that is optimal for uptake in normal octreotide 

receptor-expressing tissues in rats, whereas the optimal dose of this 

radioligand has not been determined with certainty in patients and 

may actually vary for different lesions. However, preliminary data in 

patients indicate that when a standard dose of 220 MBq of IllIn is 

coupled to less than 5 IJ-g of the ligand [DTPA’loctreotide, this will 

lead to a decreased quality of scintigraphy and that uptake in tumors 

is significantly reduced (14). 

Previous studies have made clear that the interaction of radiola- 

beled octreotide with the octreotide receptor is not a static process 

governed only by the law of mass action, but depends on a variety 

of mostly dynamic factors, including (i) the affinities, association 

and dissociation rates of labeled and unlabeled [DTPA’loctreotide 

for the octreotide receptors (i.e., type 2 and type 5 somatostatin 

receptors); (ii) competition with endogenous somatostatin; (iii) 

competition with residual, circulating octreotide; (iv) different rates 

of internalization of the labeled and unlabeled ligand-receptor 

complex in different tissues/tumors; (v) induction of the internal- 

ization of the octreotide receptor by octreotide pretreatment (down- 

regulation) in some tissues/tumors; (vi) stimulation of cell surface 

exposure of octreotide receptors via recruitment of intracellular 

receptors or increased receptor synthesis by octreotide pretreatment 

(up-regulation) in other tissues/tumors; (vii) residence times of the 

radionuclide in the different tissues/tumors; (viii) accessibility of 

octreotide receptors in different tissues/tumors for circulating la- 

beled and unlabeled octreotide; (ix) pharmacokinetics and metab- 

olism of labeled and unlabeled octreotide, etc. 

It is clear from the above that it is impossible to predict how long 

before administration of the radioligand the treatment of patients 

with octreotide should be stopped. If only the law of mass action 

applies, sufficient time should elapse since the last S.C. injection of 

unlabeled octreotide to allow its disappearance from the circulation 

to levels insufficient for competition with radioligand for the 

octreotide receptor. After S.C. administration to human subjects, 

circulating octreotide shows a half-life of 110 min, an apparent 

distribution volume of 29.4 liters, and metabolic clearance rate of 

172 mL/min (10, 16). A lag time of 4-8 half-lives (7.5-15 h) after 

the last octreotide treatment may then be sufficient to prevent 

interference with receptor binding of injected radioligand. 

However, these considerations completely ignore possibly posi- 

tive effects of octreotide pretreatment on subsequent accumulation 

of labeled octreotide in tumors via stimulation of receptor expres- 

sion or receptor-ligand internalization. The optimal time interval 

between the administration of the last dose of unlabeled octreotide 

and the radioligand, therefore, needs to be determined empirically. 

Our results do indicate, however, that octreotide therapy may be 

reinitiated very soon after administration of the radioligand. Leners 

et al. (15) recently reported no effect on the O/ID uptake in 

somatostatin receptor-positive and receptor-negative targets in 

patients by i.v. administration of 50 pg of octreotide 24 h after the 

radioligand. We have also found that reinitiation of octreotide 

therapy 6 h after administration of radioligand does not affect the 

percentage uptake of radioactivity in tumor lesions (unpublished 

data). Our results in rats suggest that this period may be further 

shortened to 1 h. 

It has been shown that octreotide administration increases the 

blood glucose concentration (12), which in turn may increase the 

expression of somatostatin receptors in the pancreas (7-9, 19). This 

represent a potential indirect mechanism for the homologous 

up-regulation of octreotide receptor expression in the pancreas. We 

found that pretreatment of rats with glucose did not affect the 

uptake of an optimal dose of ’ ’ ’ In-pentetreotide in the pancreas. 

However, much like the effects of pretreatment with unlabeled 

octreotide, it is not excluded that glucose “priming” may stimulate 

the uptake of a s&optimal dose of radioligand. 

In conclusion, priming of rats with different amounts of oct- 

reotide or pentetreotide at different time intervals does not increase 

the %lD uptake of an optimal dose (3 MBq, 0.5 kg) of “‘In- 

pentetreotide in somatostatin receptor-positive tissues, and admin- 

istration of large amounts of octreotide 30 min after the radioligand 

does not influence the %ID uptake of radioligand in somatostatin 

receptor-positive tissues. 

The authors wish to thank Arthur van Gameren, Eric van den Berg and 
Thijs uan Aken for their expert assistance during the experiments. 
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