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STELLINGEN

I. Bij het syndroom van Cushing is bijnierscintigrafie met

gemerkt cholesterol aangewezen v66r een eventuele

metopiron-test, de hoge dosis dexamethason suppressie

test en radiologisch onderzoek.

II. Ook met meting van de opname van gemerkt cholesterol

door de bijnieren geeft bijnierscintigrafie onvoldoende

gegevens om de diagnose ziekte van Cushing te stellen.

III. Bij primair hyperaldosteronisme is bijnierscintigrafie

met gemerkt cholesterol, onder gelijktijdige onderdrukking

van de ACTH-secretie met dexamethason, op theoretische

gronden verdedigbaar, maar in de praktijk niet nood-

zakelijk.

IV. De ziekte van Cushing behoort in eerste aanleg behandeld

te worden door trans-sphenoidale exploratie van de

hypophyse.

V. Voor het ontstaan van waterige diarrhee bij het "watery

diarrhoea syndrome" is niet alleen V.I.P. erg belangrijk.

VI. Bij acute pancreatitis is cimetidine niet aangewezen.

VII. De indicaties voor het verrichten van tonsillectomiëen

bij kinderen zijn onvoldoende omschreven.

VIII. Cij mediastinoscopie ter beoordeling van de o.-erabiliteit

van het longcarcinoom wegen de kosten niet teger. de baten

op, bij lokalisatie van de tumor buiten het centrale

gebied en het afweziy zijn van röntgenologisch aantoonbare

lymfklierzwellingen in het mediastinum en een intacce

nervus recurrens.



IX. Het resultaat van onderzoek naar de neiging tot

aggregatie van zijn thrombocyten benoort voor de patient

met "Transient Ischaemic Attacks" geen consequenties

te hebben.

X. Uitvoerige ( chirurgische ) stagering van het ovarium-

carcinoor' is noodzakelijk voor het bepalen van therapie

en therapeutisch resultaat.

XI. De bescheiden rol van de vrouwelijke arts in de westerse

geneeskunde is een gevolg van maatschappelijke en

collegiale discriminatie.

XII. In het "Kenmerkenprofiel van de basisarts" worden

hulpverleners-aspecten sterker benadrukt dan medische

deskundigheid. Dit onderschat de primaire raak van het

merendeel der medische beroepsbeoefenaars.

( Rapport Cie. Herprogrammering, Med. Fac. V.U., 1977 )

XIII. Inspraak is opiuin voor het volk.

Stellingen behorende bij :

E.A.van der Veen, Adrenal Seintigraphy, an experimental

study and clinical application.

Amsterdam, 13 juni 1978.
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INTRODUCTION.

The diagnosis of abnormalities in adrenocortical function has

become easier during the last two decades as a result of

enormous development of steroid chemistry. Assays for the major

steroids secreted by the adrenal cortex ( and or gonads ) in the

blood as well as in the urine are widely available. The diag-

nosis of " hypercorticism " resulting in Cushing's syndrome or

Conn's syndrome can be made earlier when suspicion is aroused.

Hypercortisolism is either caused by an overproduction of ACTH,

or not dependent on ACTH ; by adrenal tumors. Tests aimed at

distinguishing between these two mechanisms are popular.

In every textbook one can find descriptions of suppression

tests using dexamethasone and stimulation tests using ACTH or

metyrapone. More recently the determination of plasma ACTH

by radioimmunoassay became a tool in the differential diagnosis

of Cushing's syndrome.

Whenever the diagnosis of an adrenal tumor ( adenoma or carci-

noma ) is made or suspected the problem of locating such an

abnormality is present. Due to the small size of a great deal

of the tumors simple radiological techniques are insufficient,

i.e. intravenous pyelography including tomography of the supra-

renal region. In other radiological procedures such as retro-

peritoneal air insufflation, arteriography, phlebography, with

or without venous sampling, complications and failures are often

reported. The major disadvantage of all these methods is however



the need for experienced investigators with regard to the prac-

tical handwork as well as the interpretation of the results.

Echography has advantages especially for the patient, because

of its harmless nature. Small adrenal tumors will however be

very difficult to locate by this technique which does not easi-

ly discriminate between the adrenal tissue and the perirenal/

periadrenal fat. The same is true for computerized tomography,

which, like echography, is not available in most hospitals.

All the procedures and techniques mentioned above have one

serious disadvantage in common : they only diagnose anatomical

abnormalities regardless of their functional status.

When a reliable scintigraphic technique using a tracer only

concentrated in functioning adrenal tissue can be found this

will be a great step forward. For the adrenal cortex, labeled

cholesterol seems to be a useful tracer, notwithstanding the

fact, that only a very small part of the administered dose

reaches the target organ. Several experimental and clinical

studies using I-19-cholesterol have been published. More

recently several other iodinated " cholesterols " were inves-

tigated for their possible usefulness as radiopharmaceuticals,

of which one of the most promising is 6-B-iodomethyl-nor-cho-

lesterol.

The purpose of our investigations was firstly to confirm the

reported results on using these tracers in rats. The outcome

is reported in Chapter I.

The small percentage of the administered dose reaching the adre-

nal prompted us, secondly, to investigate possible techniques

to increase this percentage. For this purpose we used the

enzyme-blocking drug aminoglutethimide in combination with the

administered tracer. Results of animal studies are reported in

chapter II.

In chapter III results obtained in 37 patients are reported.

For adrenal scintigraphy, in the majority of these patients a

protocol using 6-6-iodomethyl-nor-cholesterol and aminoglute-

thimide was followed.

The present status of adrenal scintiscanning is discussed in

chapter IV.
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CHAPTER I

THE UPTAKE OF 131I-19-CHOLESTEROL AND 6-g-IODOMETHYL-NOR-

CHOLESTEROL IN RAT TISSUES.

1-1. PRELUDE

As we got interested in the use of 6-B-iodomethyl-nor-choles-

terol for adrenal scanning we were confronted with the enthou-

siastic reports concerning experimental work with animals

(Kojima et al., 1975, Sarkar et al., 1975, Nitta et al., 1976).

Comparison of the reported results proved however to be diffi-

cult. Either rats, dogs, or rabbits were used, or females

instead of males or the animals were sacrificed at different

times after administration of the tracer.It is also doubtful

to what extent the radiopharmaceuticals used are comparable

due to differences in structure and purity.The same remarks

apply to older data concerning the uptake of I-19-iodo-

cholesterol in rat-, dog-, and rabbit-tissues

(Counsell et al., 1970, Blair et al., 1971, Nagai et al.,1968).

We therefore decided to compare again the uptake of 1-19-

iodocholesterol and 6-6-iodomethyl-nor-cholesterol in rat.

tissues in a standardized situation using larger series of

rats. We also found it necessary to study separately female

and male rats. Another reason for the reinvestigation of these

radiopharmaceuticals in rats was to obtain data about the

uptake, especially in the adrenals. These reference-values

were needed for comparison with uptake data obtained in our

later experiments.

1-2. MATERIALS AND METHODS.

t'S

1-2-1. Radiopharmaceuticals.

The radiopharmaceutical ' 31-I-19-iodocholesterol" was purchas-

ed from Sorin™Italy, and delivered by INCO, Tiel, the Nether-

lands.



The analysis of this material by thin layer chromatography

(TLC) revealed the presence of two main components : iden-

tified as 131I-19-iodocholesterol (Fig.l-1) and 6-B-iodomethyl-

nor-cholesterol (Fig.1-2) with minor amounts of unidentified

components (as mentioned by Scott et al., 1976), and a variable

amount of non running material (Fig.1-3). The ratio 6-0-iodo-

methyl-nor-cholesterol / I-19-iodocholesterol was always

close to 0.3, as reported before (Haeda et al.. 1975).

f'S'I
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Fig.I-I :
331

I-19-iodocholesterol.

Fig.1-2:

6- (5-iodome thy 1-nor-choles terol

1i 2 i3 4 5
Fig.1-3:

Lower part:Radiochromatogram of " I-19-iodocholesterol".
,131I) . 2.Unidentified components.1 .Non-running material (

3. I-19-iodocholesterol.4.6-0-iodomethyl-nor-cholesterol.

5.Front: unidentified components of low polarity.

Upper part:Radiochromatogram of 6-(5-iodome thy 1-nor-cholesterol

after purification.1.Small amount of non-running I.

2.6-3-iodomethyl-nor-cholesterol.



The components needed for our experiments were isolated from

the purchased product, which, at our request, was delivered

in an alcoholic solution containing 5 mCi " l-19-iodocholes-

terol " per ml. Purification was performed by TLC on silica

sheets (DC-Alufolien, Kieselgel 60-F 254, Merck art. 5554)

using chloroform as eluent. The whole purification sequence

was performed in a glove-box provided with coal-filters on

the in- and outlets to prevent escape of I. In order to

diminish the radiation risk during the manipulation of these

amounts ol" radioactive materials (5-10 mCi at a time) we de-

veloped a simple method suitable for "hand-tools". On the sili-

ca sheet 4 cm from the bottom a faint pencil line was drawn.

Below this line the rough material was spread at random,in

portions of about 0.5 ml,avoiding contact with the edges of

the sheet. When the solvent from the first portion was eva-

porated by a stream of dry nitrogen, the next portion was

applied and this procedure was repeated untill all the material

had been applied. In this way a fairly homogenous spreading

of the material was achieved. The dried sheet was then placed

upright in the slit of a specially made glass money-box con-

taining chloroform. (Fig.1-4).

__ y Chloroform

Fig.1-4.

Transverse section of the glass

money-box in which the silica

sheet,containing " I-19-iodo-

cholesterol", is placed upright

in chloroform.Near the opening

the chloroform evaporates;leaving

the organic material as a sharp

line.



The chloroform soluble material then rises to the opening where

the chloroform evaporates, leaving the organic material as a

sharp line. This procedure takes about half an hour.

The sheet is then placed in the developing chamber and eluted

with chloroform until the liquid front reaches the top of the

sheet. A better separation of the two main components, I-

19-iodocholesterol and 6-B-iodomethyl-nor-cholesterol could be

achieved by leaving a narrow slit (0.5cm) on the lid of the

developing chamber. In this way the chloroform evaporates near

the front and the cholesterols can run over a larger distance

from the starting line.

The bands were detected under short-wave U.V.-light, carefully

outlined, scratched from the sheet and subsequently poured into

a small column (internal diameter 0.5cm). The active materials

were eluted twice with 0.5ml ethanol 96%.From the total amount

of radioactive material on the silica sheet 60 - 90% was re-

covered as I-19-iodocholesterol and 6-8- iodomethyl-nor-

cholesterol together. This percentage varied from batch to

batch and was inversely related to the time between receipt and

purification.The purified materials were diluted directly be-

fore use with 1.6% Tween 80 in saline 0.9% to a final concen-

tration of 8% ethanol. The clear solution was passed through

a filter with a diameter of 13 mm, and a pore size of 0.22

micron (Millipore® ) .

Analysis of the purified I-19-iodocholesterol fraction by

TLC confirms the reported instability of this product (Hotte

et al., 1974, Nitta et al., 1976, Nelson et al., 1975).

The radiochromatogram (Fig.1-5) showed one spot and "tailing"

to the application point, indicating chemical instability.

The 6-B-iodomethyl-nor-cholesterol fraction obtained by this

procedure proved to be rather stable under TLC conditions. The

radiochromatogram showed a smooth spot of radiochemically pure

material; the purity being better than 95% and the I-19-io-

docholesterol content was less than 1% (Fig.1-5 and 1-6).

The specific activity of the purified compounds was not

investigated by us. The original material contained from



1.5 to 3.5 mg/mCi depending on the batch as indicated by the

manufacturer.

F i g . I - 5 . R a d i o c h r o m a t o g r a m of purified
1 Jl

I-1'l-iodocholesterol .

A "tp.il" cf no n - r u n n i n g
1 3!

I is v i s a b l c , c a u s e d by the chemical

in;?! abi li tv of
1 31

I- 19-iodocholesLorol.See also Hig.I-6.

Fig.1-6.Radiochromatocjram of purified 6-K-iodomothy1-nor-choles-

terol. 1. " I. 2. I - 10-iodocholcsterol still present after

puri f .1 cat ion . 3 . 6-,'J-iodome thy 1-nor-choles ttrol .

1-2-2. Rats.

Male and female Wistar rats weighing 160-200 g , on a regular

diet, were provided by the Laboratory of Experimental Medicine

of our faculty. Not more than ± 24 animals could be handled

simultaneously, and the required numbers of the right sex and

weight wore not always at hand at the moment we had our tracers

available. Therefore the whole experiment had to be performed

in several sessions, all of which were strictly uniform in set-

up and procedure. The rats were grouped six by six and kept

in these groups during the whole experiment. The cages were

placed in a room with a regulated climate. Lights were on from

7 a.m. to 9 p.m., food and water were given ad libitum.



1-2-3. Procedures.

131
All rats received the I-19-cholesterol or 6-6- iodomethyl-

nor-cholesterol within 2 hours after its purification,between 4

and 5 pni.An amount of 2-lOyCi I in a volume of 0.4 - 0.7 ml

was administered via a tail vein under ether anaesthesia.

The administered dose was estimated by weighing the syringe

before and after the injection. No attempts were made to block

thyroidal uptake of I by using iodine or perchlorate.

After 6, 24, 48, 72 and 112 hours (the latter only for 6-6-

iodomethyl-nor-cholesterol-nts) a group of 6 rats were killed

by deep ether anaesthesia, during which a blood sample was

taken by heart puncture. By dissection of the rats the follow-

ing organs were removed and cleaned of the surrounding tissues

and blood : spleen, kidneys, liver and adrenals.

These organs were not thoroughly exsanguinated. We considered

this not worthwile because especially for the adrenal the

contribution of activity from blood left in the organs to the

total-organ activity is small (Dexter et al., 1970).

A second reason is that in the in vivo situation the organs

also contain blood.

After weighing, the organs were placed in plastic counting tu-

bes. From the liver, being too large for the vials, a large piece

was cut off after weighing the whole organ. This piece, weighed

separately, was subsequently placed in a vial and processed

further.

1-2-4. Measurements.

The I content of the tissue samples was counted in an

automatic v-well counter (LKB-ultroyamma 700).

A measuring time of 60 seconds was sufficient to collect more

than 500 counts which reduced the probable error of counting

to less than 5% (1SD). No corrections were made for isotope

decay during the counting procedure,the relativily long half

life of 131I, the brief counting time and the limited number

of vials per procedure (up to 120) making this unnecessary.

To every series of tubes a standard solution of 131I-



cholesterol was added, consisting of a weighed amount of the

solution administered to the rats in that particular experiment.

1-3. RESULTS.

The results are expressed as a percentage of the administered

dose taken up per organ or organ system (both kidneys, both

adrenals), and as a percentage per gram of the different tis-

sues. For the blood only the percentage uptake per gram was

calculated. One gram of blood corresponds to approximately 10%

of the total blood volume in the rats used. The ratio counts

per mg adrenal tissue / counts per mg other tissue was also

calculated.

This ratio provides the target -/non-target tissue ratio and

gives an indication for potential use of a radiopharmaceutical

for in vivo imaging procedures.

All figures in the following tables represent the mean and

standard error of the mean of 6 animals unless otherwise

stated. Some groups consisted of 5 rats others of 7. Some

groups consisted only of 5 animals because during the procedure

of intra venously injecting the activity we had some failures

(i.e. subcutaneous .injection) and no more rats were available.

When we took 7 rats so as to have a spare of course all went

well leaving us with some groups of 7.

Tables 1-1 to 1-4 show the results concerning the percentage

uptake of I-19-iodocholesterol and 6-6-iodomethyl-nor-

cholesterol in the organ system of male and female rats, the

percentage uptake per gram in the different tissues and the

target -/non-target ratios, at different times after administra-

tion. In the figures 1-7 — 1-12 the results are shown dia-

gramatically.



131I-19-IODOCHOLESTEROL-FEMALE RATS

A: Percentage administered dose per organ.

Time after dose 6 24 48
Adrenals
Spleen
Kidneys
Liver

0.67 - 0.05
1.47 - 0.06
1.47 - 0.05

26.50 - 0.78

0.56 - 0.04
0.26 - 0.02
0.34 - 0.01

0.52 - 0.05
0.10 - 0.01
0.26 - 0.02
2.12 - 0.12

B: Percentage administered dose per gram tissue.

Time after dose 6 24 48

72 hrs.

0.46 - 0.05
0.03 -<0.005
0.10 - 0.01
0.85 - 0.04

72 hrs.

Adrenal
Blood
Spleen
Kidney
Liver

11.05 - 0.48
1.76 - 0.09
3.71 - 0.29
0.79 - 0.04
2.77 - 0.17

9.59 - 0.88
0.27 - 0.03
0.64 - 0.06
0.21 - 0.01
0.39 - 0.02

8.70 -
0.19 -
0.24 -
0.15 -
0.28 -

0.98
0.02
0.02
0.01
0.02

7.98 - 0.71
0.05 -<0.005
0.08 - 0.01
0.06 - 0.01
0.09 - 0.01

>
to
MR
H
1

C: Target-/Non-Target-Tissue concentration.

Time after dose 6 24 48 72 hrs.

Adr./Blood 6.4 - 0.4 37.8 - 5.3 44.9 - 2.8
Adr./Spleen 3.1 - 0.2 15.4 - 1.5 36.3 - 2.4
Adr./Kidney 14.1 - 0.8 46.2 - 4.2 55.8 - 3.7
Adr./Liver 2.0 - 0.1 7.7 - 0.4 30.6 - 2.3

173.5 - 25.3
105.6 - 13.1
140.3 - 20.3
94.7 - 10.4

Table I-l:Tissue distribution of
131

131.

of

I ,6,24,48 and 72 hours after the i.v. administration

I-19-iodocholesterol to female rats.The figures represent mean and s.e.m , n=6.



131I-19-IODOCHOLESTEROL-MALE RATS

A: Percentage administered dose per organ.

Time after dose 24 48' 72 hrs.

Adrenals
Spleen
Kidneys
Liver

0.09 - 0.01
0.62 - 0.03
0.91 - 0.07
12.75 - 0.57

0.07 - 0.01
0.13 - 0.01
0.31 - 0.01
2.73 - 0.07

0.05 -<0.005
0.02 -<0.005
0.15 - 0.01
0.95 - 0.04

0.03 -<0.005
0.01 -<0.005
0.11 - 0.01
0.64 - 0.03

B: Percentage administered dose per gram tissue.

Time after dose 24 48' 72 hrs.

Adrenal
Blood
Spleen
Kidney
Liver

3.33 -
1.18 -
2.10 -
0.54 -
1.70 -

0.10
0.03
0.04
0.02
0.09

2.67
0.27
0.47
0.20
0.35

- 0.21
- 0.01
- 0.03
- 0.01
- 0.02

1.51 -
0.08 -•
0.08 -<
0.09 -•
0.12 -•

0.15
cO.005
cO.005
«0.005
< 0 V. '">

1.04
0.08
0.03
0.07
0.08

-0.19
-<0.005
-<0.005
-<0.005
-<0.00S

C: Target-/Non-Target-Tissue concentration.

Time after dose 24 48 72 hrs.

Adr./Blood 2.8 - 0.1 8.7 - 1.2 17.7 - 1.3 21.7 - 3.8
Adr./Spleen 1.6 - <0.05 5.6 - 0.2 18.5 - 1.5 33.8 - 6.7
Adr./Kidney 6.2 - 0.2 13.5 - 0.7 16.7 - 1.7 15.9 - 2.9
Adr./Liver 2.0 - 0.1 7.7 - 0.4 12.5 - 1.0 13.0 - 2.5

3

Table I-2:Tissue distribution of
e 131of

131. >,24,48 and 72 hours after the i.v. administration

I-iodocholesterol to male rats.The figures represent mean and s.e.m.,n = 6, 'T'n =



6-6-IODOMETHYL-NOR-CHOLESTEROL-FEMALE RATS

A: Percentage administered dose per organ.

B:

Time after

Adrenals
Spleen
Kidneys
Liver

Percentage

Time after

dose

1.93
3.03
1.25

25.92

6

-

0.16
0.39
0.05
1.02

administered dose

dose 6 *

4.06
1.05
1.19
9.27

24*

- 0.11
- 0.04
- 0.02
- 0.20

per gram tissue

24»

4.60
0.53
0.94
5.05

•

48

-0.14
- 0.03
-• 0.03
- 0.26

48

5
0
0
3

.97

.38

.78

.83

72

- 0
- 0
- 0
- 0

72

.21

.05

.02

.19

6.28
0.15
0.69
2.52

112 hrs.

- 0,21
- 0.01
- 0.02
- 0.11

112 hrs.

Adrenal
Blood
Spleen
Kidney
Liver

28.20 - 2.04
1.56 - 0.06
7.23 - 0.96
0.62 - 0.03
2.67 - 0.13

72.70 - 1.46
0.87 - 0.02
3.25 - 0.12
0.76 - 0.01
1.51 - 0.04

93.47 -
0.39 -
1.54 -
0.61 -
0.75 -

2.67
0.02
0.08
0.03
0.03

90.51 -
0.22 -
0.91 -
0.42 -
0.41 -

6.16
0.01
0.07
0.02
0.01

121.93 -
0.20 -
0.58 -
0.56 -
0.45 -

5.20
0.01
0.03
0.01
0.02

C: Target-/Non-Target-Tissue concentration.

Time after dose 24J 48 72 112 hrs.

Adr./Blood 18.2 - 1.5 83.8 - 2.8 230.7 - 4.9
Adr./Spleen 4.3 - 0.6 22.6 - 1.0 67.7 - 6.2
Adr./Kidney 46.1 - 4.7 96.1 - 2.4 155.8 - 6.5
Adr./Liver 10.8 - 1.0 48.7 - 1.5 125.2 - 2.2

416.5 - 33.0
98.9 - 5.5

216.8 - 6.6
219.0 - 13.3

608.3 - 24.4
206.9 - 7.5
214.5 - 8.3
264.9 - 10.8

Table I-3:Tissue distribution of I ,6,24,48,72 and 112 hours after the i.v. administration

of 6-g-iodomethyl-nor-cholesterol to female rats.

The figures represent mean and s.e.m. ,n=6 ,*n=7.



6-6-IODOMETHYL-NOR-CHOLESTEROL-MALE RATS

A: Percentage administered dose per organ.

Time after dose 6 24 48 72 112*hrs.

Adrenals
Spleen
Kidneys
Liver

0.68 - 0.05
3.03 - 0.27
1.08 - 0.04

22.70 - 0.47

1.74 - 0.15
0.66 - 0.02
1.11 - 0.03
12.01 - 0.48

2.17 - 0.06
0.35 - 0.02
0.98 - 0.02
5.98 - 0.14

2.16 - 0.04
0.22 - 0.01
0.86 - 0.11
4.10 - 0.17

1.21 - 0.07
0.09 -<0.005
0.56 - 0.01
1.53 - 0.05

B: Percentage administered dose per gram tissue.

Time after dose 6* 24 48 72 112*hrs.

Adrenal
Blood
Spleen
Kidney
Liver

22.74
1.41
8.05
0.65
2.64

- 1.45
-0.10
- 0.69
- 0.03
- 0.08

55.
0.
2.
0.
1.

21
71
01
55
28

- 4
- 0
- 0
- 0
- 0

.81

.03

.13

.04

.10

Target-/Non-Target-Tissue concentration.

Time after dose

Adr./Blood
Adr./Spleen
Adr./Kidney
Adr./Liver

16.4
3.0
34.6
8.5

6*

- 1.1
- 0.3
- 1.7
- 0.5

77
27
101
43

.4

.5

.1

.4

24

-
-
-

6.5
1.9
5.9
2.9

82.
0.
1.
0.
0.

204
71
152
111

53
40
16
55
75

.1

.7

.2

.5

- 5
- 0
- 0
- 0
- 0

48
_
-
-
-

.99

.02

.09

.05

.06

9.4
3.3
6.8
3.1

70.
0.
0.
0.
0.

297
101
158
144

91
24
73
46
50

.6

.4

.6

.7

- 3.91
- 0.01
- 0.04
- 0.04
- 0.04

72

- 18.0
- 2.3
-10.3
- 9.4

43.
0.
0.
0.
0.

402
146
115
210

78
11
30
38
21

.7

.1

.8

.5

- 2.22
- 0.01
- 0.01 I
- 0.02
- 0.01

112*hrs.

- 21.4
- 6.9
- 3.6
- 10.8

Table I-4:Tissue distribution of I ,6,24,48,72 and 112 hours after the i.v. administration

of 6-B-iodomethy1-nor-cholesterol to male rats.

The figures represent mean and s.e.m. ,n=6 , *n=7.
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Fig.1-7.Adrenal content of 1 31
I (Percentage administered dose)

in female rats,o,24,48,72 and 112 hrs after i.v. administration

of 131.
I-iodocholesterol or 6-3 -iodomethyl-nor-cnoiesterol.
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Fig.1-8.Adrenal content of
131 I (percentage administered dose)

in male rats,6,24,48,72 and 112 hours after i.v. administration

of I-iodocholesterol or 6-0-iodomethyl-nor-cholesterol.

(Mean and ixSD)
1-4. DISCUSSION.

From this part of our study the following general conclusions

can be drawn :

1. The uptake of 6-6-iodomethyl-nor-cholesterol in the rat

adrenals as measured by their 1 3 I-content, is substantial-

ly larger than the uptake of l-19-iodocholesterol.

2. The adrenals of female rats contain a larger percentage

of the administered dose of both iodinated cholesterols,

compared to the adrenals of male rats.

3. In general our findings are in agreement with reported data,

but differ in details.
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Fig.1-9.Adrenal content of
131

72 hrs

I (Percentage administered dose)

in male and female rats,6,24,40 and 12 hours after the admini-
131.

stration of

6-

2-

I-19-iodocholesterol. (Mean and lxSD)

X

f~] female rals

pU male rats

72

131.
Fig.I-10.Adrenal content of *"* I (Percentage administered dose)

in male and female rats,6,24,48,72 and 112 hrs after the admi-

nistration of 6-3-iodomethyl-nor-cholesterol.(Mean and lxSD)

1-4-1. On the difference between the two tracers.

As can be seen in figures 1-7 and 1-9 the highest uptake of
131I-19-iodoc"nolestarol in female rats was found at the first

measuring point, 6 hours after administration of the tracer.

The following figures show a gradual decrease of the adrenal
131I-content. For 6-e-iodomethyl-nor-cholesterol a different

pattern was established (Fig.1-7 and 1-10). The adrenal up-

take of this tracer increases until at least 72 hours after

intravenous administration. At 112 hours no substantial

further increase was found in the female rats. This finding is

explainable when we realise that after 72 hours only 10% of

the administered dose is left in the rat outside the adrenals.

15
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I 1

1
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Fig.I-11 and 12.Target-/nontarget-tissue ratio's in female rats.

The ratio counts per mg adrenal/counts per rag blood,liver,spleen

and kidney is shown.These ratio's are calculated from the tissue

concentrations of 1,6,24,48 and 72 hrs after the i.v. admini-

stration of -iodocholesterol or 6-g-iodomethy1-nor-cholesterol.

(Mean and lxSD)
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Even if this extra-adrenal labeled cholesterol should become

available for adrenal uptake by recirculation of the tracer,

within another 72 hours the adrenal uptake could only increase

by ^ 0.6%. Male rats differ somewhat, but up to 48 hours an

increase is found (Fig.1-8 and 1-10). The target / non-target

ratio's for 6-B-iodomethyl-nor-cholesterol are superior to the

ratios for 131I-19-iodocholesterol (Fig.I-11 and 1-12). The

effect of the higher concentrations of 6-6-iodomethyl-nor-

cholesterol in the extra-adrenal tissues is more than compensa-

ted for by the adrenal uptake. Roughly a doubling of the target

non-target ratios was found in female rats at 72 hours after

administration of the dose for the organs under investigation ,

except for the adrenal/spleen ratio.

In male rats the difference was even greater; the ratio adrenal/

blood, adrenal/kidney and adrenal/liver being ten times that

for l-19-iodocholesterol.

The following factors may be responsible for these differences

between the 2 iodinated cholesterols :

- Chemical instability.

- Transport in the blood.

- Affinity to cell surface receptors.

Adrenal handling of the bound tracer.

The in-vitro chemical instability of both tracers was investi-

gated by Nitta et al. ( Nitta et al., 1976 ). They found 1 3 1 I -

19-iodocholesterol to be unstable. At 20°C, in 5 days only 40%

of the iodine ted cholesterol was left. From 6-6-iodomethyl-nor-

cholesterol kept under the same circumstances more than 90% was

present in its original form. At 37°C the difference was even

greater. Hotte et al., 1974, found a 47% thermal decomposition

for 1-19-jodocholesterol at 45°C after 22 hours, but unfor-

tunately the material they investigated was most probable impu-

re i.e. contaminated with 6-B-iodomethyl-nor-cholesterol. This

marked instability of l-19-iodocholesterol alone will cause a

substantial decrease of traceable uptake in the adrenals and else-

where. From our data it is not possible to calculate the relati-

ve contribution of this instability-factor. With 131I-19-

iodocholesterol it is tempting to assume that the gradual decrea-
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se of the I-content of the adrenal is the result of 2 opposing

processes; a further uptake of labeled cholesterol on one side,

and the disappearance of I from the adrenal, after intra-adre-

nal de-iodination of the tracer, on the other.

14Injected C-cholesterol is partly esterified and incorporated

in the different lipoproteins. It appears firstly in the Low

Density Lipoprotein (L.D.L.), then in the Very Low Density Lipo-

protein and finally in the High Density Lipoprotein (Goodman, 1964,

Weizel, 1976). Theoretically the possibility exists that chole-

sterol labeled with a relatively large iodine-atom, when injected

into the bloodstream, is handled differently by the organism

than the naturally occurring cholesterol. The location of this

iodine-atom might be of influence also. Because of the role play-

ed by the different lipoproteir.s in the cellular uptake of cho-

lesterol ( see below ), the fate of iodinated cholesterol seems

of importance also. No data are available yet.

In animal and tissue-culture cells, especially Low Density Lipo-

protein supplies cholesterol to the tissues, were cellular upta-

ke seems to take place by the binding of L.D.L. to a membrane

receptor on the cell-surface ( Review by Small, 1977 ). For the

adrenal cholesterol uptake, however, H.D.L. seems to be the pre-

ferred substrate ( Gwynne et al., 1976 ). So differences in es-

terification and/or incorporation in the lipoprotein fractions

depending on the kind of tracer used can be responsible for a

different availability for adrenal uptake of the tracers.

Not only lipoprotein-bound cholesterol enters the adrenal but

also"free"cholesterol. This is proved by many investigations
14

using adrenal cells in-vitro which, when C-cholesterol is
14added to the medium, produce C-steroids ( Carballeira et al.,

1974 ). In what form cholesterol enters the adrenal cell in vivo,

or if both do so, and in what proportion is unknown.

If the presence of an Iodine-atom,attached to the cholesterol,

molecule«would have consequences for its adrenal uptake,the

place where it is situated might be of importance also.

A suggestion that factors as mentioned above may be relevant,

came from an experiment we conducted in rabbits. Four

18



ORGAN RABBIT-Nr
131

I-19-CHOL. C-4-CH0L. 6-B-IODO.

Adrenal

Liver

Kidney

Fat

Muscle

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

0.3552
0.5002 0.

0.0953 4.2436
0.0614 2.4740
-0.2106

,2531
0.0053 0.0764
0.0058 0.0721

0.0060 0.0121
0.0 06 5 0.0098

0.0036 0 .0541
0.0033 0.0514

0.005 1 0.0084
0.00b4 0.0090

0.001 7 0.0258
0.0019 0.0273

0.0038 0.0022
0.0065 0.0027

0.0008 0.006 9
0.0010 0.0083

0.0018 0.0023
0.0012 0.0020

I and C in female rabbits.

72 lirs after i.v. administration of
14

Table 1-5.Tissue distribution of
1 -i i

I-iodoeholesterol,6-g-iodo-

C-cholesterol.Figures represent themethyl-nor-cholesterol and

percentage I or C per g tissue.See text for details.

14
female rabbits were injected with C-cholesterol, at the same

time 2 of them were given 6-B-iodomethyl-nor-cholesterol and the

other 2 I-19-cholesterol. The object of this experiment was
14

to compare simultaneously the uptake of C-cholesterol and the

iodinated cholesterols in the same animal. Apart from the abso-

lute differences in uptake of these 3 labeled cholesterols an-

other phenomenon was noted. In the rabbits injected with 6-6-
14iodomethyl-nor-cholesterol and C-cholesterol the relative

14uptake of C-cholesterol was lower as compared to the rabbits

who received I-19-iodocholesterol and C-cholesterol. This

not only applies to the adrenal tissue but to all other tested

tissues (Table 1-5). The very small scale of this experiment

can only lead to a hypothesis, that 6-6-iodomethyl-nor-choles-

terol might, perhaps have a higher affinity for some of the lipo-

proteins or for the cholesterol cell surface receptor, and that

binding of this iodinated cholesterol prevents the binding of
14 14
C-cholesterol. The c-uptake found in the different organs

19



of the rabbits to whom simultaneously C- and i-cholesterol

was administered is very similar to data concerning 'C-choles-

terol uptake given by Counsell ( Counsell et al., 1970 ). Further

investigations are necessary to confirm this hypothesis. The

figures in table 1-5 show the differences in adrenal uptake of
14

C-cholesterol on the one hand and the 2 iodinated cholesterols

on the other. Both iodinated cholesterols are found in a consi-

derably higher amount in the adrenal tissue. The ratio adrenal131, 14,uptake of "'llI-19-iodocholesterol / C-cholesterol was almost 2,
14

the ratio 6-Biodomethyl-nor-cholesterol / C-cholesterol was

even 40 in the rabbits used in this experiment. The amount of 6-

B-iodomethyl-nor-cholesterol per gram tissue also exceeded the

amount of c-cholesterol in other tissues. The amount of I-

19-iodocholestci ui in the extra-adrenal tissues was on the con-
14

trary lower than the amount of C-cholesterol with the excep-

tion of fat. If, however, we bear in mind the marked instabili-

ty of the former it is more than probable that the amount of

this iodinated cholesterol which is found in the other tissues

represents a larger percentage of the available intact tracer.

In fat a lower rate of de-iodination may be present. These fin-

dings might again indicate a high affinity for the iodinated-

cholesterols on the cell-surface-receptors.

Finally the handling of the iodinated cholesterols by the adre-

nal cells may be different. If in the case of I-19-iodocho-

lesterol de-iodination takes place before it can enter the cell

a low uptake should be found. The same could happen if intracel-

lular differences in de-iodination or utilisation occurred. There

are very few existing data on this subject.

So far the only phenomenon which has been observed is that no

iodinated steroids are found in the urine when iodinated-choles-

terol is given. So 2 possibilities exist : iodinated-choleste-

rol can not be used by the adrenal cells for steroid production

or it is de-iodinated during this process. A difference in intra- '

cellular de-iodination rates for the 2 iodinated-cholesterols is

possible, and this may be another cause for the measured diffe-

rences in the uptake of these tracers.
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1-4-2. The differences in uptake between the sexes.

To our knowledge sex difference in the uptake of one or both

iodinated cholesterols is not mentioned by other authors.

These differences may in fact explain a part of the difference

in adrenal uptake of these tracers reported by others. The

uptake of 6-e-iodomethyl-nor-cholesterol by the adrenals as

a whole is different for both sexes, but this difference large-

ly disappears when the uptake per gram adrenal tissue is com-

pared. The adrenals of female rats are larger, so this seems to

be the explanation. Weight differences however can not explain

the great difference in adrenal content of I-19-iodocholes-

terol between the sexes. In male rats the adrenal uptake is only

% 10% of the uptake found in female rat adrenals; on a weight

basis t 25%. When we follow the ratio female / male for the

adrenal uptake of I-19-iodocholesterol for a period of 6 to

72 hours we see that this ratio increases, whereas for 6-6-

iodomethyl-nor-cholesterol it does not. This phenomenon could

be caused by faster de-iodination or instability of 131I-19-

iodocholesterol in male rats.

1-4-3. Comparison with reported data { Table 1-6 ).

Kojima found in a small number of male Wistar rats an uptake of

9.7% per gram adrenal tissue at 7 days for I-19-iodocholes-

terol ( Kojima et al., 1975 ). For 6-6-iodoraethyl-nor-choleste-

rol they found an uptake of 136% per gram adrenal tissue.

From the diagrams in their article we concluded that at 3 days

the values were *> 10 and 100 % per gram.

In another report from the same Japanese group more details are

given { Nitta et al., 1976 ). The uptake of I-19-iodocholes-

terol was 20.60 * 7.05% per gram adrenal tissue, the uptake of

6-e-iodomethyl-nor-cholesterol 163 ±20% per gram adrenal tissue,

both 3 days after intravenous administration of the tracers.

It is not clear whether these figures are the results of the

same study.

Our data for 6-B-iodometbyl-nor-cholesterol are comparable ;
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for I-19-iodocholesterol we found a much lower uptake in

male rats.

Couch et al., {1977) also used male rats, but much heavier

ones : 400 - 450 gram Sprague-Dawley's. Using I-19-iodo-

cholesterol they found an uptake per gram adrenal tissue of

1.3% at 1 day and 0.88% at 3 days. Using 6-£-iodomethyl-nor-

cholesterol in the same strain of rats they found 23% at 1 day

and 45% at 3 days. Table 6 summarises these data in comparison

to ours.

TABLE 1-6

MALE RATS -• % UPTAKE PER GRAM ADRENAL TISSUE

Nitta et al. Couch et al. Our data.

131
I-19-chol.

1 day

3 days

17.30
±0.77

20.60
±7.05

6-P-iodomethyl

(2)

(3)

1 day

3 days

141
±17

163
±20

(2)

(3)

1.31 range 2.67 • 0.21 (6)
0.9 - 1.9 (3)

0.88 range 1.04 ±0.19 (6)
0.6 - 1.2 (3)

23 range 55.21± 4.81 (6)
17 - 29 (3)

45 range 70.91* 3.91 (6)
42 - 48 (3)

{ ) = Number of rats

Table 1-6. Data from other investigations ir. comparison with

our data.By calculating the percentage uptake

per gram adrenal tissue,this percentage can rise

over 100,because the adrenal weight is far less

than 1 gram.This form of expression is used in

order to keep in line with other reports.
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Sarkar et al.,(1975) introduced the expression of the

results in % kg dose per gram to reduce the factor weight as

a variable parameter.

This "unit" is calculated as follows:

uCi in organ/1 x kg bodyweight x 100? x k9
i in admiuCi in administered dose.

To compare our data and the data of this group we calculated

these "units" also for the uptake at 24 hours. In female rats,

weighing 210 - 260 gm, Sarkar et al., found for 6-e-iodomethyl-

nor-cholesterol an adrenal uptake of 10.1289 ± 0.8670 % kg

dose/g . We found in our female rats at that moment 14.04 ±

0.15 % kg dose/g. For i-19-iodocholesterol we found

2.69 • 0.25 at the same moment, where Sarkar et al., found

2.3470 i 0.1306 % kf> dose/g.

In conclusion : Although the reported results differ between

authors, all data show the same trend: a much higher concen-

tration 6-e-iodomethyl-nor-cholesterol in the adrenal tissue

of rats ,in comparison to the I-19-iodocholesterol concentration.

There may be several reasons for the differences in the

reported data and ours. Sex, weight and strain of the rats

used differed. The male rats we used weighed about the same

as the rats used by Nitta et al.,and those of Couch et al..

Our data (see table 1-6) are in between the two. High body-

weight could be responsible for lower uptake. Since, in these

rats, weight depends on age, the data obtained could be age-

dependent too. Young male rats would thus behave more like

female rats. The preliminary results we obtained in prepuber-

tal rats support this hypothesis. As Couch et al.,stated,

the discrepancies may also be a result of differences in

purity of the radiopharmaceuticals used.

As far as the data with 6-6- iodomethyl-nor-cholesterol are

concerned this cannot be the explanation for the observed

differences. Even when up to 10% of I-19-iodocholesterol

is present in 6-6-iodomethyl-nor-cholesterol a minor in-

fluence on the uptake would result.
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It is not likely that differences in the specific activity

of the tracers can be held responsible for the discrepancies.

The amount of administered "cholesterol" is too small to be of

influence on the cholesterol metabolism.Unknown is the effect

of the timing of injection during the day. The well known

circadian rhythm in ACTH secretion might effect the adrenal

uptake of cholesterol.

We always administered the tracers in the late afternoon,

others may have done so,but don't give details.

Finally the anaesthetic used to sedate the rats during the

period of intravenous injection may have some influence.

Intra peritoneal sodiumpentobarbital as used by Couch et al.,

would cause a faster a faster excretion of the tracer if

this proceciure activates the liverenzymes sufficiently.

In summary, at least six reasons are discernable which may

cause the reported differences : sex, weight, anaesthesia,

time of administration, specific activity and different

radiochemical purity.

24



CHAPTER II

THE EFFECT OF THE ENZYME BLOCKING AGENT AMINOGLUTETHIMIDE ON

THE ADRENAL UPTAKE OF 6-6-IODOMETHYL-NOR-CHOLESTERGL.

II-l. INTRODUCTION.

An old adage in medicine is "primum nil nocere". For diagnos-

tic methods this "firstly do no harm" is of even more impor-

tance. Apart from other possible side effects, radiopharmaceuti-

cals might primarily harm by their radiation. When a radiophar-

maceutical is used to visualise an organ, the radiation dose

can be lowered in different ways. The quality of a radiophar-

maceutical as an organ tracer might be improved by manipulating

its structure or preparation, allowing lower amounts of the

radiopharmaceutical to be administered. A highly sensitive

detection system can be used,which allows a lower dose to

be administered.Labeling with short lived isotopes can

also diminish the radiation dose. When, however, for a certain

radiopharmaceutical the uptake in the target-organ is low, an

increase of this uptake might be achieved by the use of other

Pharmaceuticals. Although this procedure may increase the radia-

tion to the target-organ, the overall radiation dose will de-

crease if, by doing so, lesser amounts of the radiopharmaceutical

can be administered. Applying these considerations to adrenal

imaging with 6-B-iodomethyl-nor-cholesterol, an increase of its

adrenal uptake and the use of the short lived I as a radio-

active label are the methods most likely to diminish the radia-

tion dose.

The application of adrenal scintigraphyusing ' I-labeled 6-6-

iodomethyl-nor-cholesterol will be discussed in chapter IV.

The results of our investigations in which we tried to increase

the adrenal uptake of 6-B-iodomethyl-nor-cholesterol are re-

ported in this chapter.

Assuming that 6-B-iodomethyl-nor-cholesterol is more or less

handled by the adrenal cells as cholesterol, it seems logical

to use methods known to increase the cholesterol uptake by the

adrenals.
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The adrenal steroid producing cells use cholesterol as the main

substrate for the synthesis of steroids. Although cholesterol

can be synthesised from acetate by the adrenal cells, ample

evidence has accumulated from experimental work in animals and

man that most of the cholesterol needed originates from the

blood.(Borkowski et al., 1967, Dexter et al., 1970). Desmosterol

can also be converted to steroid hormones, but normally its

concentration in the blood is too low to be of any importance

(Bolté et al., 1974).

The mechanism which is responsible for the uptake of cholesterol

from the blood by the adrenal cell is not fully understood, but

ACTH plays an important role. From the work of Dexter et al.,

(1970), Garren et al., (1971), Schulster (1974) and Mahaffee

et al., (1974) the mechanism of action of ACTH on the steroid

secretion and synthesis became more clear. A review was given

recently by Falke (1977). In the adrenal cell, ACTH, by its

mediator c-AMP, causes a flow from the, mostly esterified,

cholesterol stored in the lipid droplets, to the mitochondria.

In the mitochondria cholesterol is present in its free form.

So ACTH firstly activates cholesterol esterase and secondly

stimulates the transport of free cholesterol to the mitochondria

probably by a protein intermediate. For the conversion of this

intra-mitochondrial non-esterified cholesterol to pregnenolone

no further stimulation by ACTH is needed.

From these studies the conclusion was drawn that side-chain-

cleavage, which converts cholesterol to pregnenolone by means

of several enzymes, is ACTH independent. The principal effect

of ACTH thus seems to be the stimulation of the inflow of free

cholesterol into the mitochondria. The rate limiting factor for

the steroid secretion and biosynthesis thus is the amount of

free cholesterol in the mitochondria.

An outline of the mechanisms involved is given in Fig.Il-i.
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Fig.II-1. The mechanism of action of ACTH.

Prolonged stimulation by ACTH is followed by a flow of non-

esterified cholesterol to the mitochondria. The lipid droplets

form first a small "stand by" pool of cholesterol, but most of

it has to be derived from the blood. If we wish to produce

an increase in the uptake of cholesterol by the adrenal from

the blood, the solution seems simple : stimulation by ACTH.

When, however, the adrenal is stimulated by ACTH not only is

the cholesterol uptake increased, but also its conversion

to steroid hormones. These steroid hormones then rapidly leave

the adrenal. In short term experiments (hours), the stimulation

of the adrenals by ACTH did not increase, but rather decreased

the adrenal cholesterol content (Mahaffee et al., 1974).

Prolonged stimulation by ACTH tended to increase the adrenal

H-cholesterol content in rats (Dexter et al., 1970) but in
14

dogs no increase in the adrenal content of C-cholesterol was
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found (Blair et al., 1971).

We did not find an increase in adrenal content of I in rats

administered 6-B-iodomethyl-nor-cholesterol under ACTH stimula-

tion for two days (see below). It has, however, been demonstra-

ted that an increase of the cholesterol content of the adrenal

is seen when stimulation of the uptake of cholesterol is com-

bined with an inhibition of the conversion of cholesterol to

steroid hormones (Dexter et al., 1967).

There are several drugs available which inhibit the biosynthe-

sis of steroid hormones at some point between cholesterol and

the end-products cortiso?. or corticosterone, For example amino-

glutethimide, originally marketed as an anticonvulsant, was

found to cause adrenal hyperplasia and lipid storage (Camacho

et al., 1966). Following this observation, the inhibition of

the side-chain-cleavage enzyme system was discovered as the

site of action of aminoglutethimide (Cash et al., 1967, Dexter

et al., 1967). When administered to hypophysectomised rats,

aminoglutethimide causes no increase in adrenal weight or

cholesterol content. If the experiment is performed in the pre-

sence of endogenous or exogenous ACTH, a marked increase in

weight and cholesterol content is found (Dexter et al., 1967 ).

This implies that aminoglutethimide does not stimulate the

cholesterol uptake by itself, but rather that the increased

cholesterol uptake is a result of concomitant ACTH secretion.

A decreased secretion of steroids, caused by the inhibition of

their biosynthesis, results in an increase of ACTH secretion.

This increase of ACTH secretion, as a consequence of interrupted

negative feed back, further enhances the cholesterol uptake

by the adrenal.

These reported data on the effect of aminoglutethimide on the

adrenal cholesterol content brought us to the investigation

of its influence on the adrenal uptake of 6-6-iodomethyl-nor-

cholestercl. The results of this investigation are presented

in this chapter.

Another drug used to block steroid synthesis is metyrapone.

This drug is used in diagnostic procedures and therapeutic

regimens.
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Metyrapone acts mainly on 11-8-hydroxylase, the last enzyme in

the metabolic pathway from cholesterol to cortisol ( in man )or

corticosterone ( in rats ). Although in the experiments of

Malendowicz et al., ( 1973 ) the administration of metyrapone

was not followed by an increase in the cholesterol content

of the adrenal, the finding of Carballeira et al., ( 1974 ) that

metyrapone might have some inhibitory effect on the side-chain-

cleavage of cholesterol, suggests a possible use of a combina-

tion of metyrapone and aminoglutethimide to increase the adrenal

content of cholesterol or 6-8-iodomethyl-nor-cholesterol. If

these drugs would act synergistically a lower dose of amino-

glutethimide might be possible.

An effect on the cholesterol cleavage system is known of 3 other

substances, resulting in increased cholesterol content of the

adrenal : amphenone B ( Temple et al., 1970 ), the oestrogen

derivate triparanol ( Bricaire et al., 1975 ) and cholestone,

an oxidation product of cholesterol ( McMahon, 1974 ). The first

2 are not used clinically because of their side effects and from

the last only few data were available to us. We therefore deci-

ded to exclude these substances from our investigations.

For a better understanding of the procedure followed by us, some

remarks on the route of administration, the dose of aminoglute-

thimide and the use of exogenous ACTH have to be made.

To test the effects of aminoglutethimide on the uptake of 6-8-

iodomethyl-nor-cholesterol by rat adrenal, we originally chose

for subcutaneous administration of this drug. Because the effec-

tiveness of 20 mg aminoglutethimide, subcutaneously administered

twice a day, on the cholesterol uptake was reported ( Dexter et

al., 1967, Dexter et al., 1970, Malendowicz, 1973 ), our rats

were treated this way. They received in addition 0.05 mg
®Synacthen i.m.once a day for 2 days, this to be independent

of their endogenous ACTH secretion. As mentioned before, when

aminoglutethimide is given to rats, a rise in endogenous ACTH is

to be expected. By the administration of a supraphysiological

dose of exogenous ACTH, we tried to provoke an earlier and more

uniform stimulation of the 6-6-iodomethyl-nor-cholesterol up-

take. Another argument for the administration of the exoge-
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nous ACTH was given by the fact, that in clinical application

of a protocol using aminoglutethimide, the possibility that

exogenous ACTH could be necessary was foreseen. Indeed it is

well known that in patients with hypercortisolism caused by

an adrenal tumor, the endogenous ACTH secretion is suppressed

and will not recover during short term administration of a

steroid-synthesis inhibitor.

When we tried to perform experiments using female rats of

160 - 200 gram dosed twice a day with 20 mg aminoglutethimide

s.c, we were confronted with a rather disastrous outcome.

Several rats died during this experiment, others looked very

intoxicated. In our opinion this was due to an overdose of

aminoglutethimide. The repeatedly given short ether anaesthesia,

necessary to administer the aminoglutethimide s.c. and synacthen®

i.m., may have worked additively . When we reduced the dose

of aminoglutethimide to 5 or 10 mg twice a day no deaths occur-

red, but the measured uptake of 6-B-iodomethyl-nor-cholesterol

in the adrenals varied widely. Six rats who received 5 mg

aminoglutethimide twice a day for two days, and 6-B-iodomethyl-

nor-cholesterol i.v. in the afternoon of day one, were killed

48 hours later. In these rats we found a mean adrenal uptake

of 12.05% of the administered dose. The range however was 6.59%-

16.76%. Applying the same procedure but using 10 mg amino-

glutethimide s.c. twice a day, we found a mean uptake of 13.9%

of the administered dose (range from 6.81% - 18.64%).

These experiments revealed the following facts : firstly that

aminoglutethimide did increase the adreral content of 131I,

secondly that a lower dose of aminoglutethimide might be suf-

ficient to increase the adrenal content of I, and finally

that our procedure was not sufficient to result in a reasonable

stable outcome of our experiments.

We thus decided to change our technique and use continuous

intravenous administration of the drugs. An intravenous catheter

offers also the advantage of an easier and more accurate admi-

nistration of the radiopharmaceutical. The department of experi-

mental medicine of our faculty has for some years experience

in the technique of continuous infusion in rats for other kinds
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of investigations. The methods used are described in detail

(Sindram, 1973, Roding, 1977 and Schouwenburg, 1978).

Fiqure II-2 illustrates this method.

Fig.II-2.The six-compartment-cage and inCusionpump used for

the experiments described in this chapter.

For our experiments an external jugular vein was used as infu-

sion site. The infusion rate of the administered saline or sali-

ne in which aminoglutethimide and/or ACTH were dissolved, was 3

ml per 24 hrs. throughout the whole experiment.

II-2. MATERIALS AND METHODS.

II-2-1.Infusionprotocol.

On day one, between 9 and 12 a.m., the rats were provided with

an intravenous catheter through which saline was adminis-

tered until 1 p.m., at which time the infusion fluid was switch-

ed to saline containing the drugs used in that particular ex-

periment. At 5 p.m. the 6-6-iodomethyl-nor-cholesterol, in a

volume of 0.4 - 0.7 ml (see chapter 1-2-3), was administered

as a bolus injection by the intravenous line. The saline/drug
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infusion was continued for a total of 48 hrs., whereafter only

saline was administered for another 68 hours { see Fig. II-3 ),

The rats were anaesthetised by i.v. pentothal, at 112 hours

after the administration of the 6-B-iodomethyl-nor-cholesterol.

t
-A 0 + 44

SALINE/DRUGS SALINE

+ 112 hrs

SALINE

Fig.II-3.Infusion-protocol.

The infusion of saline (with or without drugs) started 4 hours

before the administration of the tracer (-4).At o hours (arrow)

the radioactive material «as administered i .v..From -4 to +44

hours,saline (control experiment) or saline containing amino-

glutethimide and/or 1-24 ACTH was infused.In all experiments

before -4,and after +44 hrs saline was infused.At +112 hrs all

rats were sacrified.

After a blood sample was taken by heart puncture, the rats were

killed and dissected as described in chapter I.

II-2-2. Measurements.

The I-content of the tissue samples was estimated as des-

cribed in chapter 1-2-4.

II-2-3. Rats.

For practical reasons, in these experiments female rats were

used, strain and weight as described in chapter 1-2-2. For eve-

ry dose tested a group of 6 rats was infused simultaneously. In

the majority of our experiments one rat had to be killed during

the experiment because of technical problems, such as disruption

of the intravenous catheter resulting in subcutaneous infusion,

or when obstruction occurred by clotformation or incorrect posi-

tioning of the tip. In all experiments at least five animals
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could be processed further. In one experiment we used male rats

of the same weight as the female, and in another ovariectomised

rats were used. The ovariectomy was done two weeks before this

experiment.

II-2-4. Radiopharmaceuticals.

For this experiment only 6-B-iodomethyl-nor-cholesterol was used,

purified and formulated as described in chapter 1-2-1.

II-2-5. Drugs.

Aminoglutethimide was a generous gift of Ciba-Geigy B.V., Arnhem,

The Netherlands, delivered as aminoglutethimidephosphate (Batch

72 SR-1088). It was dissolved immediately before use in saline

0.9% to a final concentration of 0.83, 1.67, 2.5, 3.33 or 5 mg

per ml. These concentrations, and the fixed infusion rate of

3 ml per 24 hrs., resulted in an administered dose cf 2.5, 5,

7,5, 10 and 15 mg aminoglutethimide per 24 hrs.

Commercially available synthetic 1 - 2 4 ACTK was used,(Synacthen®)

in ampoules of 0.25 mg per ml. It was diluted immediately be-

fore use in saline 0.9% to a final concentration of 0.0167 mg

per ml. Given the infusion rate of 3 ml per 24 hrs., this resul-

ted in an administered dose of 0.05 mg per 24 hrs.

II-3 RESULTS.

The results are expressed as a percentage of the administered

dose taken up per organ or organ system. For the blood only the

percentage uptake per gram was calculated because the whole

blood volume was not exactly measured (see chapter 1-3).

For the experiments described in this chapter the percentage

uptake per gram tissue is not given. Aminoglutethimide not only

leads to an increase in the I content of the adrenal, but al-

so increases the weight of this organ. The results obtained by

a calculation of the percentage of the administered dose taken

up per gram adrenal tissue would underestimate the effect of

aminoglutethimide on the uptake by the whole adrenal. The ratio:

counts per mg adrenal tissue / counts per mg other tissue
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(target-/non-target-tissue) was also calculated. These ratio's

in comparison to the ratio's in our earlier experiments, en-

abled us to compare the overall benefit of aminoglutethimide

for the final aim : in-vivo imagine'.

In table II-l the percentage uptake in the organs is given for

the different doses of aminoglutethimide used in female rats.

The diagram in figure II-4 shows the percentage uptake in the

adrenals. Table II-2 gives the target/non-target-tissue ratio's

found in these experiments, figure II-5 shows the same data

for different doses of aminoglutethimide used.

20-

10-

5-

O 25 5 75 10 15 mgAGIuteth ffl
005 005 005 005 005 005mg Synactlven

Fig.II-4.The adrenal content of I as =i percentage of the

administered dose (mean and lxSD) in female rats,112 hours

after the administration of 6- (3-iodomethyl-nor-cholesterol.

The rats were infused for 48 hrs with saline,with or without

1-24 ACTH and/or aminoglutethimide in a dose per 24 hrs as

indicated at the bottom of each bar.For the number of rats in

each group see table 11-^.
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Fig.II-S:Target-/non-target tissue ratio's of 1,112 hours

after the i.v. administration of 6-p-iodomethy1-nor-cholesterol,

For four groups of rats,infused with 0.05 mg 1-24 ACTH and

aminoglutethimide in a dose as indicated at the bottom of each

bar.For the number of rats in each group s-ee Table II-2.

Results are expressed as mean and 1 x S.D..

In a group of 6 rats, ovariectomised two weeks prior to the

experiments and given 15 mg aminoglutethimide and 0.05 mg

1 - 2 4 ACT12 a day, following the procedure described above, we

found a mean adrenal content of 1312 of 13.51% s 2.09 (S.E.M.).

The content of I of the other tissues was comparable to that

found in other series of rats.

A group of 5 male rats, who received the same dose as the

ovariectomised rats, showed a much lower adrenal content of
131I : 5.45% ± 0.59 (S.E.M.). In these male rats the concen-

tration of I in the other organs was almost the same as

in the female rats.
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PERCENTAGE ADMINISTERED DOSE PER ORGAN-:?EHALE RATS

Aminoglutothimidc 0
1 - 2 4 ACTil 0

Adrenals

Blood
(por q )

Spleen

Kidneys

Liver

Number of rats

9.42
0.52

O.U
0.12

0.17
0.01

0.66
0.03

2.49
0.11

5

0
0.05

8.93
0.81

0.17
0.03

0.24
0.02

0.67
0.01

2.72
0.2»

5

2.5
0.05

14.44
0.92

a.is
0.01

0.28
0.01

0.76
0.05

2.76
0.17

6

0

16
1

0
0

0
0

0
0

2
0

5
.05

.56

.30

.13

.02

.17

.02

.63

.04

.50

.07

5

7.5
l). 05

18.08
2.41

0.14
0.02

0.17
0.02

0.60
0.03

2.54
0.20

6

10
0.05

70.52
0.42

0.14
0.02

&.19
0.03

0.60
0.03

2.63
0.22

5

15
0.05

18.45
1.S3

0.15
0.01

0.22
o.ai

0.71
0.03

3.29
0.21

5

15
0

15.15
1.02

0.15
0.02

0.34
0.04

0.73
0.03

3.67
0.20

6

Table II-J:Tissue distribution of I M
I in female rats, ! 12 Urs

after the i.v. administration of 6- '.- -iodomo thy 1-nor-cholestcrol .

In each column the percentage of the administered dose of I

is given (mean and S.E.M.J.On top of the columns the dose of

ami noglutethimide and 1-24 ACTII is given in nig per 2 4 hours.

For details on the administration of these drugs,see Fig.II-3.

TARGET-/MON-TARGET-T1SSUE CONCEHTHATION-PEMALE RATS

Aminoglutethimido
1 - 2 4 ACTIi

Adr./Blood

Adr./Spleen

Adr./Kidney

Adr./Liver

Number of rats

0
0

1415
200

330
29

383
32

464
48

5

0
0.05

816
170

194
76

262
29

303
43

5

2.5
0.05

1205
66

335
15

515
47

584
36

6

5
0.05

1445
178

410
65

463
63

592
76

5

7.5
0.05

1481
305

422
75

471
62

604
107

6

10
0.05

1607
153

392
42

533
S3

595
50

5

15
0.05

1654
225

384
36

535
63

549
70

5

15
0

1530
132

354
24

455
10

543
34

6

Table II-2:Target-/non-target tissue ratio's calculated from the

tissue concentrations of I in female rats,112 hours after the

i.v. administration of 6-13 -iodome thyl-nor-cholesterol (mean anJ

S.E.M.J.On top of each column the dose of aminog]utethitnide and

1-24 ACTH is given in mg per 24 hours.For details on the admini-

stration of these drugs,see Fig.II-3.
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II-4. DISCUSSION.

Fr>m the results reported in this chapter the following con-

clusions can be drawn :

1. The methods used in the experiments described in this

chapter (i.e. continuous infusion) do increase the adrenal

content of I, as measured 112 hours after the i.v. admi-

nistration of 6-B-iodomethyl-nor-cholesterol.

2. Intravenous infusion of 0.05 mg 1 - 24 ACTH / 24 hrs. for

48 hrs., starting 4 hrs. before the administration of 6-6-

iodomethyl-nor-cholesterol does not alter the adrenal con-

tent of I 112 hrs. after the administration of this

radiopharmaceutical.

3. Amincglutethimide in a dose of 5 - 7.5 mg and more per 24

hrs., added to this i.v. infusion, doubles the I content

of the adrenals, 112 hrs. after the administration of the

tracer.

4. In rats the ratio target-/non-target-tissue concentration

of I, 112 hrs. after the administration of 6-B-iodomethyl-

nor-cholesterol is grossly unaltered by aminoglutethimide

combined with 1 - 2 4 ACTH.

5. Using the same procedures, the adrenal content of 1 3 1j in

male rats seems to increase to a similar extent as in female

rats.

6. Ovariectomy, two weeks prior to the administration of 6-B-

iodomethyl-nor-cholesterol does not alter the adrenal uptake

of this tracer.

No simple explanation could be found for the observed differen-

ce in the adrenal uptake of 6-B-iodomethyl-nor-cholesterol as

measured by their I content by the rats in this experiment

and by the rats in our first series of experiments who were

only administered the 6-B-iodomethyl-nor-cholesterol i.v. by

a tail-vein. An obvious difference between the two experiments

is the site of administration of the tracer. In these experi-

ments the tracer was injected in the external jugular vein,

* " < •
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instead of a tail-vein as used in the earlier experiments.

It might be possible that the dilution of the tracer in the

whole blood volume before its reaches the liver differs depen-

ding on the injection site. This difference in dilution per-

haps alters the speed of esterification of the injected free

cholesterol by the liver. This might be of influence on the

adrenal uptake. This explanation however is not satisfying and

highly speculative.

The continuous stress, caused by the infusion method, might

also be of influence. An increase in ACTH secretion by stress

will however not enhance the adrenal content of I after

the administration of 6-B-iodomethyl-nor-cholesterol, as

discussed before, and shown in our experiment too. Sttcss

however also causes an increase in the secretion of other hor-

mones, i.e. catecholamines and glucagon. Both of these hormones

have an influence on the colesterol-mctabolism. The ultimate

outcome of stress on the adrenal uptake and content of choles-

terol or 6-6-iodomethyl-nor-cholestiDrol can however only he

guessed.

V.hcn 6 rats are placed in one cage, as we did in our earlier

experiments, they sleep grouped together. In our infusion-

experiments each rat is put in a separate compartment of the

caye used. It is quite possible that the difference between

these two situations causes metabolic differences,e.g. in the

cholesterol-metabolism.

As expected from the results of Dexter et al., (1970) no in-

crease in the adrenal content of 6-B-iodomethyl-nor-cholesterol

was found after stimulation with 1-24 ACTH only.The mean

weight of the rat-adrenals,however,increased from 55 nig when

only saline was infused,to 75 mg when the rats had been in-

fused with saline containing 1-24 ACTll. This increase in

adrenal weight,and the almost similar 6-p,-iodomethyl-nor-

cholesterol content of the adrenals,result in a lower number

of counts per mg in the adrenal tissue.The lower target-/non-
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target ratio's illustrate, more than the percentage of the

tracer taken up per adrenal alone, the uselessness of ACTH

stimulation to improve the uptake and thereby in-vivo imaging.

The increase in adrenal weight in these rats illustrates the

effectiveness of the chosen dose of 1 - 24 ACTH.

From the figures in table II-l, dealing with the percentage

uptake by the adrenals when different doses of aminoglutethi-

mide were used, we concluded that doses over 7.5 mg per 24 hrs.

during 2 days do not result in a further increase in the adre-

nal uptake of 6-B-iodomethyl-nor-cholesterol.

A more complete dose response curve could have been presented,

had doses as low as 1 mg per 24 hrs. been infused. But instead

of a complete dose response curve we sought for the optimal

dose range. For the rats we used ,a'dose o£ 5 nig per 24 hrs cor-

responds to approximately 25 - 30 mg/kg body weight. In man,

aminoglutethimide is given in doses up to 2500 mg per 24 hrs.

Fox a standard man of "- 60 kg this would correspond to "v 40

mg/kg t>ody weight. A dose causing an effect in rats, does not

of course necessarily have the same effect in man.

The data on the uptake of the tracer in other organs, show no

obvious differences, whatever dosage of aminoglutethimide was

infused. There is also no difference between these data and

the results ot our e>arlier experiments. The target-/non-target

ratio's are rather uniform for all doses of aminoglutethimide

used and slightly higher as compared to the ratio's found

without the use of aminoglutethimide. The reason why these

ratio's are not much better is given by the fact that the adre-

nal weight increased considerably during these infusions, re-

sulting in a relatively lower count per mg adrenal.

It is not easy to discuss our findings in male rats adminis-

tered 15 mg aminoglutethimide and 0.05 mg 1 - 24 ACTH per 24

hrs. for two days, because we have not as yet performed a con-

trol experiment in male rats. There is however,in these expe-

riments also an obvious difference in the adrenal uptake in

male rats as compared to the adrenal uptake in female rats.

For male rats we found in our earlier experiments, 112 hrs.

after the administration of the tracer an adrenal content of
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6-B-riodomethyl-nor-cholesterol of 1.53%. If we assume that the

effect of the other set-up of this experiment alone would in-

crease this percentage in the same way as in female rats,

(by "v 30%) we would have found for saline only,an adrenal up-

take of % 2%. In the male rats infused with 15 mg aminoglu-

tethimide and 0.05 mg 1 - 24 ACT» per 24 hrs. for two days,

we found,however, an adrenal uptake of 6-B-iodomethyl-nor-

cholesterol of 5.45% of the administered dose. In our opinion

it seems justified to assume, that in male rats the adrenal

uptake of 6-B-iodomethyl-nor-cholesterol can also be increased

by the use of aninoglutethimide.

We have discussed already in chapter I the difference in adre-

nal uptake of 6-6-iodomethyl-nor-cholesterol by male and fe-

male rats. The possible role of oestrogens was investigated

in this series of experiments using ovariectomised rats.

The adrenal uptake of 6-B-iodomethyl-nor-cholesterol did not

differ betwê r- «•wariectomised and intact female rats.

Although ovariectomy was performed only 2 weeks prior to this

experiment, we would have expected some difference if oestro-

gens were of influence on the adrenal uptake of 6-B-iodomethyl-

nor-cholesterol. The effect of the other sex hormone - testo-

sterone - has also to be considered. If, however, testosterone

were to be of influence on the adrenal uptake of 6-6-iodomethyl-

nor-cholesterol, it ought to decrease the uptake. The effect

of exogenous androgens on the uptake of cholesterol and / or

6-6-iodomethyl-nor-cholesterol still has to be investigated.

From the work of Daniels-Severs et al., ( 1973 ) the fast mode

of action ( ̂  15 minutes ) and the duration of the effect

( > 2 hrs. ) of an intravenous bolus of aminoglutethimide in

rats are known. In our experiments the 6-6-iodomethyl-nor-

cholesterol was administered 4 hours after the start of a

continuous infusion of aminoglutethimide, to enable this drug

to start its effect on the biosynthesis of the steroids.

On reconsideration of our method we would in future prefer

to initiate the effect of aminoglutethimide by a bolus injec-

tion of 5 - 10 mg of aminoglutethimide and to sustain its ef-

fect by a continuous infusion. The 6-6-iodomethyl-nor-choles-
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terol could then be given 15 minutes after the bolus injection

of aminoglutethimide. Such an approach would provide us with

cholesterol-hungry adrenals, right from the start, perhaps

resulting in an even higher adrenal content of the tracer.

The set-up used, however, mimics procedures possible in man more

closely.

In summary, aminoglutethimide, combined with 1 - 2 4 ACTH, does

increase the adrenal uptake of 6-8-iodomethyl-nor-cholesterol

in male and female rats. The dose per kg/body weight of amino-

glutethimide, which provokes this effect, can be administered

to man. In our opinion, the outcome of our animal experiments

in rats justifies a clinical trial using aminoglutethimide as

an adjuvant during adrenal scintigraphy.

We are aware of the fact that our series of experiments is

not complete. At this moment, however, results of studies

on the effect of aminogluteyhimide alone, the effect of

doses of aminoglutethimide other than 15 mg in combination

with 1-24 ACTII in male rats, and the effect of androgens

on the adrenal uptake of 6-B-iodomethyl-nor-cholesterol

arc not available. For practical reasons these studies had

to be postponed.



CHAPTER III

ADRENAL SCINTIGRAPHY - CLINICAL STUDIES.

III-l. INTRODUCTION.

Since Beierwaltes and his collaborators in 1971 introduced

"I-19-iodocholesterol" as a radiopharmaceutical to visualize

functioning adrenocortical tissue, many reports on the use of

this tracer in the evaluation of adrenal diseases have been

written. Most of the series published consist of small numbers

of patients and represent a population heterogenous in the na-

ture of their adrenal diseases. The relative rarity of adrenal

diseases and the lack of availability of the tracer used can

be credited for this. Those authors who have had the opportuni-

ty to investigate groups of patients large enough to warrant a

fair judgment , are rather positive about the results obtained

with this radiopharmaceutical ( Beierwaltes et al., 1971,

Lieberman et al., 1971,Anderson et al., 1974, Beyer et al., 1974,

1974, Dige-Petersen et al., 1975, Helber et al., 1975, Jtfrgensen

et al., 1975, Lacourcière et al., 1975, Charbonnel et al., 1976,

Conn et al., 1976, Hoefnagels et al.,1976, Hogan et al., 1976,

Kehlet et al., 1976, Muller et al., 1976, Seabold et al., 1976,

Piers et al., 1977, Rossi, 1977, Strathman et al., 1977, Wahner

et al., 1977 ).

Due to several factors, such as small number of patients and

lack of prospective, comparative studies, it is not possible to

provide exact data on the reliability of adrenal scintigraphy

using " I-19-iodocholesterol". The first reports gave the

impression that the reliability of adrenal scintigraphy in

patients with Cushing's syndrome or Conn's syndrome at least

equals that of radiological procedures such as arteriography

and phlebography. It is we 11 known, however,that even the re-

liability of radiologie procedures is not easily measured as

it depends heavily on the experience of the radiologist.

The recent development of 6-B-iodomethyl-nor-cholesterol, which

concentrates much better in the adrenocortical tissue, makes a

42



t'«

discussion on the reliability of " I-19-iodocholesterol" scin-

tigraphy less relevant. As a matter of fact the presence of

unknown amounts of 6-6-iodomethyl-nor-cholesterol in the " I-

19-iodocholesterol" used for patient studies, would anyway have

an unmeasurable effect on the outcone of these studies. A report

on the evaluation of 6-8-iodomethyl-nor-cholesterol in man

appeared recently ( Sarkar et al., 1977 ). As was to be expected

from the animal-studies,for adrenal imaging in man this tracer

was superior to I-19-iodocholesterol also.

The positive effect of the administration of aminoglutethimide

combined with ACTH on the uptake of 6-g-iodomethyl-nor-choles-

terol in the rat-adrenal is reported in chapter II. We used

these drugs as an adjuvant to the adrenal scintigraphy proce-

dure in 22 patients. Due to an increased adrenal uptake of the

administered tracer, a lower tracer dose could be given to the

patients without a deterioration in quality of the adrenal ima-

ges. The benefit of doing so would be a lower radiation dose

to the patient. When, however, the radiation dose is less

of a problem ( older people ) and/or a low uptake of the tracer

is to be expected, better images can be obtained if an increased

percentage of the administered tracer reaches the target organ.

This is especially valuable when a small lesion is to be visua-

lized, i.e. a small adenoma or a pheochromocytoma.

For reasons discussed below, no attempts were made to "prove"

the effect of aminoglutethimide and ACTH on the uptake of the

tracer in our patients, although, within certain limits, it

seems possible to measure its uptake in-vivo ( Morita et al.,

1972, Croisier et al., 1974, Moses et al., 1974, Muller et al.,

1976 ) .

Analogous to the I-thyroid-uptake measurements, Morita et al.

( 1972 ) developea an external measurement-method to obtain the

adrenal uptake of iodinated cholesterol, as a percentage of the

administered dose. To use the uptake so measured,to determine

adrenal function is unpractical. Many other, more accurate

and especially much simpler methods are available for this pur-

pose ( cortisol secretion rate, excretion of steroid metaboli-

tes etc. ). For this reason we did not apply this " in-vivo up-
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take measurement" routinely to our patients. These measurements

might have been used to prove the effect of aminoglutethimide

and 1 - 2 4 ACTH on the adrenal uptake of 6-B-iodomethyl-nor-

cholesterol in man. Wide variations however, expected from the

published data, have deterred us from this approach.

Only the investigation of two rather large groups of patients,

or a cross-over type of trial could eventually prove an effect

of drugs on this uptake, if any.

Considering these two possibilities, the practical problems

involved are such that it was preferred not to try to "prove"

the effect of aminoglutethimide and 1 - 2 4 ACTH in man, but to

limit our efforts to the gathering of eventually existing cir-

cumstantial evidence for it.

III-2. MATERIAL AND METHODS.

III-2-1. Patients.

A total of 37 patients were investigated by adrenal scintigraphy

( see table III-l ).

In 14 patients no abnormalities in the adrenal function were

present at the time of the investigation. In 11 patients of

this group hypertension was present, diagnosed as essential.

Abnormalities in the adrenal region were suggested by other in-

vestigations ( echography, intravenous pyelography ) in 3 pa-

tients. All 14 were ultimately considered as "controls",

because no abnormalities were found on the urogram, and renal

function, excretion of aldosteron, 17-ketogenic-steroids and

cathecholamines were all normal.

In 9 patients "Cushing's syndrome" was diagnosed by elevated

plasma cortisol levels, increased excretion of cortisol-meta-

bolites and insufficient suppression of the adrenal steroid-

production by dexamethasone.

The histopathological confirmation of this diagnose was

present in 8 of these patients.
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In one patient the cortisol production decreased to high-normal

after the removal of a simultaneously present parathyroid-adenoma.

For this reason treatment directed to the adrenals was postponed.

Primary hyperaldosteronism was diagnosed in 6 patients by sup-

pressed renin activity, and elevated aldosteronesecretion rate.

In 4 patients an adenoma was found at operation, in another

nodular hyperplasia was present. In this patient adrenal imaging

was performed after unilateral adrenalectomy. In a sixth patient

no histological proof for the diagnosis was obtained; bilateral

nodular hyperplasia was suspected, and no operation was performed.

In 4 patients the histopathological diagnosis of an adrenal car-

cinoma was made.

In only one of these patients clinical symptoms of excessive

secretion of steroids were present. The indication for adrenal

scintigraphy in the other 3 patients was the finding of u supra-

renal mass, seen on an intravenous pyelography or angiography.

A phaeochromocytoma was present in one patient, a ganglioneu-

roma in another. The phaeochromocytoma was diagnosed pre-ope-

ratively by elevated urinary excretion of catecholamine meta-

bolites.

One patient had an inoperable carcinoma of the lung. When back-

pain occurred in the left renal region, but no evidence of metas-

tases was found in the skeleton by X-ray and bone scintigraphy,

an adrenal scintigraphy was performed. The reason for doing so

was the wellknown fact that this type of cancer spreads preferen-

tially into the adrenals. Histological evidence for such an

event in this patient is lacking however.

Finally a patient was investigated in whom doubt existed about

the nature of a tumorous mass found in his right kidney, right

adrenal and left adrenal by angiography. At operation a renal

carcinoma was found. The I-content of this tumor was inves-
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tigated in-vitro because it was visualized by 6-6-iodomethyl-nor-

cholesterol.

III-2-2. Radiopharmaceuticals.

The first two patients were given the impure " I-19-iodocho-

lesterol" ( see chapter 1-2-1 ). The administered dose was 0.9

and 1.0 mci 1 3 1 l .

The 6-B-iodomethyl-nor-cholesterol, purified and formulated

as described in chapter I, was given to the next 29 patients.

It was administered by a slow intravenous injection, always

between 4 and 6 p.m. The mean dose was 450 uCi with a range

from 186 to 989 pCi. Most lower doses were yiven to the pa-

tients more recently investigated.

Two teenagers received 186 and 216 uCi. The amount of tracer

administered to the majority of our patients was the result

of several factors including : the expected uptake ( if high,

a lower dose was administered ) , and last but not least the

amount of tracer available.

Another 5 patients received 6-B-iodomethyl-nor-cholesterol as

marketed by Byk-Mallinckrodt ( Adosterol®) . The quality of this

material was chequed by thin layer-chromatography as described

in chapter I. We found only trace amounts of other compounds,

and less then 5 % free I.

In only one patient purified I-19-iodocholesterol was given.

This happened to be the only material at hand when this patient

was available for investigation. A dose of 1 mCi was adminis-

tered. He is perhaps one of the very few patients reported who

actually received I-19-iodocholesterol.

When there was some need to visualize the organs surrounding

the adrenals, specific radiopharmaceuticals were used, such as
mTc-dimercapto-succinic acid ( D.M.S.A. ) for kidney imaging,

and Tc-sulfur-colloid for liver and spleen imaging.
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III-2-3. Procedures.

131,
The accumulation of unbound I in the thyroid gland was mi-

nimized by the administration of 400 mg. potassium perchlorate

twice a day for 5 days. ( Barbarino ct al., 19^5 ). The first

dose was given at least half an hour before the administration

of the tracer. The effectiveness o£ this procedure was testod

by measuring the thyroid uptake oC I in 2 patients.

No laxatives were given routinely. When occasionally, 4 days

after the administration of the tracer, the amount of radio-

activity present in the bowels impaired the image-quality,

a mild laxative was given for the 3 days between the first

and second scintigram.

In 13 patients apart from perchlorate and the tracer, no other

drugs were given.

In 22 patients the following protocol was used, which included

the administration of aminoglutethimide and Synacthen Depot®in

an attempt to increase the adrenal uptake of 6-6-iodomethyl-

nor-cholesterol :

Aminoglutethimide 375 mg. p.o. 4 dd. day 1 and 2

Synacthen Depot® 1 nig. i.m.±8 a.m.day 1

Potassium perchlorate 400 mg. p.o. 2 dd. day 1—5

6-B-iodomethyl-nor-chol. 200-900 yCi i.v. 4 - 6 p.m. day 1

Aminoglutethimide was given in what was supposed to be the

maximal well tolerated dose. The inhibitory effect of this

dose on the steroid synthesis is documented ( Fishman et al.,

1967 ). Aminoglutethimide v/as administered for only 2 days,

because prolonged administration might increase the incidence

of side effects ( esp. rashes ) , and offer only a small bene-

fit ; the larger part of 6-B-iodomethyl-nor-cholesterol beeing

already taken up after 2 - 3 days.

Aminoglutethimide was a generous gift of Ciba-Geigy B.V.,

Arnhem,The Netherlands and given as Eliptenphosphate tablets

of 250 mg. In another 2 patients the same procedure was fol-

lowed, except for the administration of Synacthen Depot™
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At the time of investigation in these two patients a phoo-

chromocytoma was suspected. Administration of ACTII to these

patients might have been harmful ( Critchley et al., 1974 ).

III-2-4. Adrenal Imaging.

In all patients scintigraphy was performed 4 days after the

administration of the dose and in most patients repeated three

days later. In some patients we obtained additional scinti-

grams, before 4 days, between 4 and 7 days, or later. These

additional scintigrams were made to satisfy our curiosity, and

not because at 4 and/or 7 days no good images were obtained.

To locate the kidneys a kidneyscan, using mTc-D.M.S.A. was

only performed incidentally. Especially the spatial relation-

ship between kidneys and adrenals could be clarified in this

way. In 7 patients a liver scintigram was made during the

same session, mostly 4 days after the administration of the

tracer, because the amount of radioactivity present in the

liver impaired the adrenal imaging.

It was useful to know the exact outline of the liver, especial-

ly in the beginning of our investigations when no experience

existed yet with the method of background subtraction.

All patients were seated with their back leaning to the camera.

In 10 - 30 minutes 50.000 - 100.000 counts were accumulated

{ or > 200 counts per cm ) over the adrenal area.

The radioactivity was detected with a Picker Dynacamera 4,

using a 1000 hole, medium energy collimator, 20 % window and

a peak centered over 364 KeV. Analogue scintigrams were ob-

tained on Polaroid®-or 70 mm-film from a scope. A PDP - 11 -

12K on line computer ( Digital-equipment ) was used to store

the images and to obtain digital displays.

III-2-5. Right/left Ratio.

To calculate the ratio : counts over right/left adrenal, a

method was followed which in our opinion gives a fair estimate

of this ratio. This ratio is influenced firstly by the dis-
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tance between collimator and adrenal, and secondly by the

background.

We assume that the differences in depth between both adrenals

can be neglected, so that this was not taken into account for

the calculation of this ratio. The contribution of the back-

ground activity, especially by the liver, is not easily mea-

sured. In trying to solve this problem a horizontal slice

through the adrenal region on the digital display was made

{ Moses et al., 1974 ).

The number of counts in the cells of that particular slice

can be given in a diagram ( Profile-scanning - Fig.III-and 2 )
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In this diagram the contribution of the activity accumulated

in an adrenal is visible as a peak on a hill of liver activi-

ty. The slope of this hill represents largely the uptake of

radioactivity by liver tissue, its mass, and configuration.

By calculating the area under the right and left "peak", their

ratio can be calculated. In this way symmetry or a-symmetry

of adrenal uptake can be expressed as a figure.

III-2-6. The adrenal uptake of 6-8-iodomethyl-nor-cholesterol

as a percentage of the administered dose.

To calculate the adrenal uptake of I in-vivo, the efficien-

cy of countrate detection has to be established at different

collimator-source distances for the equipment used.
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This was done as described by Morita ( 1972 ) , by the use of an

adrenal phantom filled with a known amount of I. This phan-

tom, with a volume of 10 ml was placed in a waterbath, at dif-

ferent distances from the collimator. The waterbath was placed

close to the collimator. Water was chosen as a convenient and

"close to reality" tissue-equivalent. When the center of the

phantom was placed 6 cm from the collimator, for every uCi 63

counts were collected per minute in the area of interest marked

on the digital display. When a standard curve of this dose/

countrate-relationship for the different distances is obtained,

and the distance between the adrenals in-vivo and the collima-

tor are known, the content of

calculated.

131I of both adrenals can be

III-2-7. Excretion of 131I by urine and faeces.

In 10 patients the urinary excretion of radioactivity was fol-

lowed for 4 days. One of these patients was given the original

Sorin-product " I-19-iodocholesterol", the others all re-

ceived 6-6-iodomethy1-nor-cholesterol.

In 3 patients the excretion of radioactivity by the faecal

route was studied also, by gathering 24 hour faecal specimens

for the first 4 days after the administration of 6-8-iodo-

methyl-nor-cholesteirol. This study was done using purified

6-8-iodomethy1-nor-cholesterol in very small amounts, adminis-

tered to patients in whom no adrenal imaging was done. The

thyroid was blocked as in the other patients by potassium per-

chlorate 400 mg twice a day.

III-3. RESULTS.

III-3-1. General.

Adverse effects in. the form of flushes, immediately following

the i.v. injection of 6-8-iodomethyl-nor-cholesterol, were no-

ticed in 3 patients. The flushes subsided within 10 minutes.

One of these patients had also complaints of shortness of
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breath, but she was known to hyperventilate frequently. No

other adverse effects attributable to the tracer were seen in

our patients. Two patients felt a slight dizziness on the se-

cond day of the administration of aminoglutethimide. Erythema,

a known adverse effect of aminoglutethimide, did not occur.

The short period of administration of this drug probably preven-

ted its development.

Clinical Number of
Diagnosis Patients

Controls

dishing's
Syndrome

Prim. Hyper-
Aldosteronism

14

9

6

Adronocortical- 4
Carcinoma

Medullary
Tumors

Other

Total

2

2

37

(2)

(1)

(3)

TABLE III-l
Stimulation b y
Aminoy ] ute thimicio
and 1-24 ACTH.

')

6

0

4

1

2

22

I 111 A Cj

Good

14

8

5

2

2

31

equali ty:
I-'ai

1

1

4

6

r

( 1 )

(1)

(2)

Table III-l : Patient-subgroups. Between ( ) the number of

patients to whom " 1 31I- 19-iodocholesterol " was administered.

I1I-3-2. Results in patients with normal adrenal function.

To all 14"controls"of this group 6-B-iodomethyl-nor-cholesterol

was administered. In 9 of them the protocol using aminoglute-

thimide and ACTH as described in III-2-3 was followed.

Both adrenals could be easily visualized in all patients, even

when a dose as low as 250 MCi was administered. Four days after

the administration of the tracer a rather annoying amount of

radioactivity was present in the liver of some patients. Twice

<:he activity present in the gut impaired the image. Examples of
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adrenal seintigra;iis 4 and 7 days after administration of the

tracer are shown in Fig. III-3 and III-4. Both scintigrams were

obtained from the same patient, who received aniinoglutethimide

and ACTH.
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We calculated a right/left ratio ( corrected for background-

activity as described in III-2-5 ) in 11 patients of this

group, 4 days after the administration of 6-6-iodomethyl-nor-

cholesteroi. The mean ratio was 1.02, range 0.7 8 to 1.35.

In 6 of these 11 patients a ratio was calculated also after

7 days. The mean ratio after 7 days was 1.05, range 0.54 to

1.46, as compared to 1.04 after 4 days for this group.

Remarkable is the lac); of difference between the ratio's

obtained at 4 and at 7 days.This could be used to illustrate

the reliability of this method of background subtraction.

In 13 of the 14 patients the number of counts accumulated in

the adrenal area was available to make an estimation on the

adrenal content of I after the administration of 6-6-iodo-

methyl-nor-cholesterol. In 9 of these 13 patients the amino-

glutethimide - ACTH - protocol was followed. Assuming that in

all patients the distance between the center of their adrenals

and the collimator was 6 cm. the adrenal content o£ I could

be calculated, knowing the dose / countrate-relationship.

t •«
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The distance between the center of the adrenals and the colli-

mator was not measured ; in most patients this distance will be

6 cm or more. As stated under III-2-6, a source of 1 uCi I,

at a distance of 6 cm from the collimator, produced 63 counts

per minute in the area of interest. The 9 "protocol-patients"

revealed a mean adrenal content of 1.0 2 % of the administered

dose ( range 0.62 to 1.96 ). The remaining 4 patients, in whom

no attempts were made to stimulate the adrenal uptake ol 6-B-

iodomethyl-nor-cholesterol, showed a mean adrenal content of

0.48 % ( range 0.32 to 0.6 4 ).

These figures were found 4 days after the administration of the

tracer. In a few patients the adrenal content of I was cal-

culated for different days : no obvious differences were found

from 4 to 8 days after the administration of the tracer.

III-3-3. Hypercorticism - Cushing's syndrome.

Nine patients were investigated. One patient in which a Cushing's

syndrome was caused by an adrenal carcinoma, is described un-

der the adreno-cortical carcinoma's. Two of these 9 patients

received the original " I-19-iodocholesterol".

These patients were in fact the first in which we performed

an adrenal scintigraphy. In both patients sampling of blood

from one or both adrenal veins, and measurements of the levels

of cortisol in these samples, led to the diagnosis of unilate-

ral hypersecretion e.g. adrenal adenoma. The figures III-5 and

III-6 show imaging results in one of these patients. At opera-

tion a big adenoma ( diameter 8 cm ) was removed.

In the second patient the diagnosis of Cushing's syndrome was

clinically obvious, but the endocrine tests did not point uni-

formly to an adenoma or bilateral hyperplasia. Adrenal imaging

revealed only one functioning adrenal. It took, however, 5 days

before the adrenal could be distinguished, and it took 38 minu-

tes to collect sufficient counts. After 11 days the same pictu-

re was still seen ( Fig. III-7 and III-8 ).

The reason why this adrenal adenoma, which was indeed found at

operation on the right side, accumulated so little of the tra-
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eer, is probably the cyclic way in which this adenoma produced

steroids .

From summit to summit a cycle of 11 days was documented in this

patient. We administered by chance the tracer in a period of

low steroid production. The cyclic steroid secretion, documen-

ted in a few other patients ( Bailey, 1971, Brown et al., 1073,

Peillon et al., 1974, Burmeister et al., 1975, Green et al.,

1975 ) made the interpretation of the endocrine tests uifficult.
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In the next 4 patients 6-6-iodomethyl-nor-cholesterol was ad-

ministered and the ai'iinoglutethimide - ACTI1 protocol followed.

All 4 patients showed bilateral uptake of the tracer. In the

figures III-9 to 111-12 the scintigrams obtained 4 days after

the administration of the tracer are shown. The figures 111-13

and 111-14 show the more detailed image of the adrenals of 2 of

these patients, obtained with a pinhole collimator. In these 2

patients a dose of 6-B-iodomethyl-nor-cholesterol as low as

313 and 186 yCi was administered. We chose for such a low dose

in these patients, because of the expected high uptake, and,

especially in the last patient, the age and sex. ( a 14 year

old girl ). The radiation dose administered to the gonads was

to be kept as low as possible.

Kia.III-9. Tig.111-10.

Fir,. Ill-] 1 . Fig .111-12
Fig . II1-9-12.Adrenal scintigrams of 4 patients with Pituitary
Dependant Cushing's Syndrome,4-7 days after the administration
of 6-.--iodomothyl-nor-cholesterol.All four patients received
1-24 ACTIi and aminog1utethimide to increase the uptake of the
tracer by the adrenals.

•".(
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The scintigram of the next patient ( Fig. 111-15 ) is of poor

quality, not withstanding the fact that a relatively high dose

of 6-B-iodomethyl-nor-cholesterol ( 526 pCi )was given, and a

very high steroid production was present in this patient.

The daily excretion of 17-oxogenic steroids was almost 200

ymoles/24 hrs. The difference in the adrenal uptake in this

patient, compared to the uptake in the other " Cushing's ",

might be explained by the fact that in this patient the amino-

glutethimide protocol was not followed.

Fig.III-13 and 14. Adrenal imagos obtained with a pinhole-

collimator in two patients (See also fig.III-10 and 9).Noto

the difference in form between right and left adrenal.

Fig.III-15.

In these last 5 patients the uptake was symmetrical, with a

mean right/left ratio after 4 days of 1.29 ,(range 0.86 to

1.49 ).

The adrenal content of I could be calculated also in these

5 patients ; again assuming that the distance between collima-

tor and adrenals was 6 cm. In the 4 patients where the amino-
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glutethimide protocol was used the adrenal I-content was

found to be 1.02, 1.28, 1.78, and 5.59 % of the administered

dose. In the patient where the protocol was not followed the

I-content was 0.55 % of the administered dose.

Finally 2 patients with Cushing's syndrome were investigated

who continued to produce above normal amounts of cortisol

after unilateral adrenalectomy . This unilateral adrenalectomy

was done as a first step in the treatment of their Cushing's

disease ( van Seters et al., 1974, Lamberts et al., 1977 ).

The reason for adrenal imaging was to control the completeness

of the adrenalectomy . In both patients, outside the remaining

adrenal no accumulation of I was seen.

III-3-4. Primary Aldosteronism.

Six patients with primary aldosteronism ( Conn's syndrome )

were studied, all received 6-6-iodomethyl-nor-cholesterol. In

4 patients an adrenal adenoma was removed after the scinti-

graphy, one patient was not operated upon and in one patient

an unilateral adrenalectomy was performed prior to the inves-

tigation. The histopathologic diagnosis in the last patient

was nodular hyperplasia of the adrenocortical tissue. We were

asked to look for possible adrenal rests on the operated side,

or evidence for nodular hyperplasia of the contralateral side.

In the last 2 patients spironolactone-therapy was continued

during the procedure. Spironolactone most probably has no

effect on the production of aldosterone by the adrenal cortex

( Ross, 1975 ), and hence on the uptake of cholesterol or

iodinated cholesterol, so interruption of the treatment in

these 2 patients was omitted.

Except for this, and potassium perchlorate to block the thyroid

gland, no other medication was given to any patient in this

group.

We deliberately did not use dexamethasone to suppress the cor-

tisol production in the normal adrenal cortex during the pro-

cedure of adrenal scintigraphy ( see discussion ).

In the 4 patients where an adenoma was present, an asymmetrical
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uptake was found. The right/left ratio was 3.20, 0,27, 2,16

and 7.00. Based on these figures an adenoma was likely in

three, but dubious in the fourth.In this patient an adenoma on

the right side would be possible, but the total uptake was

very low, and the right/left ratio not very abnormal : 2.16.

At operation however, an adenoma was found in all 4 patients

on the side as indicated by the adrenal scintigram. The rea-

son why one of these adenoma's was so difficult to visualize

was apparent when all data on this patient were available.

For diagnostic reasons dexamethasone was given to this patient

until the day before administration of 6-8-iodomethyl-nor-

cholesterol. The aldosteroneproduction of the adenoma of this

patient proved to be easily suppressed by dexamethasone. So in

this patient adrenal imaging was troublesome due to the rare

occurrence of a dexamethasone suppressable primary aldostero-

nism ( Wenting et al., 1978 ). In the figures 111-16-19 the

adrenal images of these 4 patients are shown.

Fig.111-16.
Poor visualization of an
aldosteronoma of the right
adrenal by accidental dexa-
methasone suppression.Image
obtained after 4 days.
Dose 387 yCi of 6-3- etc.

Fig.111-17
Aldosteronoma of the right
adrenal.Image obtained 7
days after the administration
of 385 ]jCi 6-|3-iodomethy 1-nor-
cholesterol.
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Fig . 111-18.Aldostoronoma of

the left adrenal.Image obtained

7 days after the administration

of 545 pCi 6-iJ-i odome thyl-nor-

cholesterol.

Fi q . I 11 - 1 'i . Aldostoronoma of

tliO riylit jfjrena 1 . I luaqe ob-

tained 7 days after the admi-

nistration of 475 i.Ci 6-i--etc.

In the fifth patient a symmetrical uptake was found, the right/

left ratio 1.34 ( Fig. 111-20 and 21 ). She was considered as a

poor surgical risk, and because her hypertension was easily

managed by spironolactone, she was not operated upon. Based

on the normal right/left ratio,bilateral hyperplasia was the

most probable diagnosis.

Fig.III-20 shows symmetrical adrenal images,7 days after the

administration of 6- B-iodomethy 1-nor-cholesterol to a patient

with primary hyperaldosteronism.In Fig.III-21 the activity

profile shows an equal uptake in both adrenals.
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In the last patient an unilateral adrenalectomy was performed

before we investigated her. An adenoma was suspected, but not

found by the surgeon. The histopathologic diagnosis of the re-

moved left adrenal was nodular hyperplasia. We could visualize

the remaining right adrenal easily; there was a homogeneous

accumulation of I in this adrenal, and no accumulation was

seen on the ot>ar side. So adrenal rests, left by the surgeon,

could be ruled out.

III-3-5. Adrenocortical carcinoma.

In 4 patients an adrenocortical carcinoma was found at opera-

tion. In one of them clinical symptoms of an abnormal steroid

secretion were present : a Cushing's syndrome with marked

hirsutism. In 2 other patients an excessive excretion of dehy-

droepiandrosterone ( D.H.E.A. ) was found, without clinical

manifestations.

No abnormalities were detected in the adrenal function of the

last patient. In the last 3 patients the diagnosis of an adre-

nal tumor was made by various other investigations. Three pa-

tients received 6-6-iodomethyl-nor-cholesterol and one patient

received purified I-19-iodocholesterol ( see III-2-2 ).

Visualization of the normal adrenal was fair in the last pa-

tient, good in the other 3. No accumulation of the tracer was

seen in any of these adrenocortical carcinoma's, whatever their

functional activity. In fact, in one of the two patients pro-

ducing dehydroepiandrosterone the steroid production was exces-

sive : 200 mmol per 24 hrs.

Extensive liver metastases in one of the patients were not

visualized by 6-B-iodomethyl-nor-cholesterol. A metastasis in

the lung of another patient however, was visualized. In this

case uptake of I in the metastases was very low, and would

certainly not have been discovered if we were not aware of its

presence. In figure 111-22 the scintigram of one of these pa-

tients is shown, in the other cases a very similar picture was

seen.
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III-3-6. Medullary tumors.

Combined kidney- and adrenal imaging revealed the presence of

a mass between kidney and adrenocortical tissue on the right

side in the first patient. The excretion of cathecholamine

metabolites was increased, and at operation a piieociiromocytoma

was found ( Fig. 111-23 and 24 ).

Fig.III-23. Fig.III-24,

In fig.III-23 the rigt adrenal is situated higher than the left

adrenal,and shows peculiar "roots",processing downwards on the

medial and lateral cide of the adrenal.In fig.III-24 the kidney-

scintigram is superposed on the adrenal scintigram (both digital

displays).An abnormal wide space is present on the right side.
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In the second patient, a 12 year old boy, no accumulation of

I was seen on the right side. The kidney image here seemed

to be pushed downwards. At operation a ganglioneuroraa was found.

III-3-7. Other.

In one patient, with a known lung carcinoma, a metastasis in

the adrenal was suspected when no other cause for a persisting

pain in the left suprarenal region was found. In this patient

the left adrenal could not be visualized by 6-g-iodomethyl-nor-

cholesterol. This was considered compatible with an adrenal

metastasis. Histopathological proof is lacking however.

Interesting is the observation we made in the next patient .

Aortography and selective arteriography of both renal arteries

disclosed a tumor in the right kidney and tumormasses in both

adrenals ( Fig. 111-25 ).

Fig.II1-25. Aortography (A.P. (Subtraction ).A large tumorous

mass is present in the right kidney,.and in both ailrunal regions

pathological vessels are seen.

An adrt tal scintigram showed uptake of 6-e-iodomethyl-nor-cho-

lesterol in the tumormass of the right kidney and the left

adrenal. The exact kidney localization of this uptake was con-

firmed by D.M.S.A.-scintigraphy ( Fig. Ill 26 and 27 ).
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At operation the right kidney and the suprarenal mass were re-

moved. The histopathological diagnosis was a renal carcinoma.

In the tumortissue of this kidney we found the i-content

per gram tissue to be ten times that of the normal surrounding

kidney tissue. In the metastasis to the adrenal, a lower con-

centration of radioactivity was found ( half that of the pri-

mary tumor ). A small rim of normal adrenal tissue could be

distinguished, the concentration of radioactivity here reached

its highest level : three times that of the concentration in

the kidney tumor.

Our data are in sharp contrast to those of Gonzalez et al.,

( 1977 ). They reported the absence of any accumulation of

I-19-iodocholesterol in a renal carcinoma. Their conclusion

that the origin of the intracellular cholesterol in renal can-

cer " seems to be endogenous ", at least is not true in all

tumors of this kind.

III-3-8. Uptake of 131I in the thyroid.

The uptake of I in the thyroid was only checked in 2 patients,

four days after the administration of 6-6-iodomethyl-noi:-choles-

terol, and found to be less then 1 % of the administered dose.

We considered further measurements unnecessary due to the ef-
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fectiveness of potassium perchlorate to block the thyroid for

iodine uptake and the small amount of free I available for

thyroid uptake, when 6-6-iodomethyl-nor-cholesterol is adminis-

tered .

III-3-9. Excretion of radioactivity by urine and faeces.

In one of our patients, who received " I-19-iodocholesterol",

we estimated the excretion of radioactivity by the urine, and

found it to be 80 % in the first 4 days. The excretion of radio-

activity by the urine after the administration of 6-6-iodome-

thyl-nor-cholesterol was measured in 9 patients with normal

adrenal function. Here we found, in the first 4 days, a mean

excretion of 17 % ( range 8 - 24 % ). The faecal excretion was

measured in only 3 patients, who accidently showed different

bowel habits. The first patient had only 2 defaecations in 4

days, and excreted only 6.5 % of the administered dose in this

period. The second patient had 3 defaecations and excreted

25 %, the last patient had 6 defaecations and excreted 36 % of

the administered radioactivity in his stool.

III-4. DISCUSSION.

The procedure for adrenal scintigraphy, as described above, was

well tolerated by all our patients. It offered little discom-

fort, and was easily performed.

Normal- and non-malignant hyper-functioning adreno-cortical

tissue, when present, was visualized by 6-6-iodomethyl-nor-

cholesterol in all patients.

In patients with a normal adrenal function, both adrenals were

visualized. Anatomical variations of the adrenals are reflected

on the scintigram in height and image-quality. So will the

adrenal nearest to the camera best be visualized, due to a les-

ser attenuation of the I-y-rays by the overlying tissue.

The image-quality reflects also variations in adrenal function.

Although these intra-individual variations cause differences

in the number of counts detected over the left and right adre-
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nal region, when the mean ratio counts over right/left adrenal

was calculated for a group of 10 "normals", no difference was

found. This ratio varied from 0.78 to 1.35, 4 days after the

administration of the tracer. In most published series, when

the uptake is said to be "symmetrical", no criteria for sym-

metry or asymmetry are given. From the data obtained in our

10 patients the limits of symmetry for normal functioning

adrenals are given by a right/left ratio of 1.02 ± 0.42

( mean ± 2 x SD ). These figures are only valid when back-

ground subtraction is applied as described, and the measure-

ments are made 4 days after the administration of 6-g-iodo-

methyl-nor-cholesterol. If the distance between each adrenal

and the camera is taken in account, a smaller range can be

found ( Freitas et al., 1977 ).

Symmetrical uptake in Cushing's syndrome, indicates bilateral

hyperplasia, no exception to this rule was seen in our series.

When, however, Cushing's syndrome was diagnosed, and an asym-

metrical uptake of radioactivity was found, different types of

imaging were seen. Both adenomas in our series were visualized.

The contralateral adrenal showed no uptake of radioactivity in

these cases, its cholesterol uptake being absent by the sup-

pression of ACT11 .These results are in good accordance with the

literature.

In a case of adrenocortical carcinoma, manifesting itself

as a Cushing's syndrome, only the contralateral (healthy) adre-

nal was visualized. The uptake was, however, low.

In some reports increased uptake in adrenocortical carcinoma

is mentioned, but seems to be very rare. In conclusion, in

documented, previously untreated Cushing's syndrome, unilateral

high uptake of radiolabeled cholesterol is most probably caused

by an adenoma; unilateral low uptake suggests a contralateral

carcinoma.

correct lateralisations of aldosteronomas was increased from

71 to 88 % when dexamethasone was used to suppress cort.'sol

production, we performed adrenal scintigraphy in primary aldo-

steronism without this suppression.

The relatively small increase in the number of correctly diag-
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nosed adenoma's,the possible suppressive effect of dexametha-

sone on the aldosterone production of adenoma's , the improved

quality of the 6-P-iodomethyl-nor-cholesterol for adrenal scin-

tigraphy and the more complicated procedure, were factors which

deterred us from using the "dexamethasone modified-adrenal-

scintiscan" as the starting procedure.

We consider it necessary to repeat the procedure under dexa-

methasone suppression, when, in primary aldosteronism, the

adrenal sc.iritigram is ambiguous. Comparing the aldosterone se-

cretion rate of an aldosteronoma ( e.g. 1 mg/day ) to the cor-

tisol secretion rate of a normal adrenal ( at least 5 mg/day ),

the visualization of aldosteronoma's by radiolabeled choleste-

rol is still difficult to explain. The adenoma in fact adds

little to the adrenal steroid production. Anyway, the choleste-

rol inflow must be increased to explain the fact that so many

aldosteronoma's are correctly diagnosed by this method.

In our series the typical carcinoma picture was characterized

by a low uptake in the healthy, and absent uptake in the tumo-

rous adrenal. Two possible explanations can be given why

steroidprodacing adrenocortical carcinomas could not be

visualized by 6-B-iodomethyl-nor-cholesterol in our patients.

Firstly, and frequently mentioned in the literature, this might

be a question of the concentration of the radiopharmaceutical

in the tumor. A quite normal, or even increased amount of the

tracer, would be taken up by the tumor, but per gram tumor tis-

sue less radioactivity would be present,deteriorating the image-

quality. This theory is substantiated by the presence of

small amounts of radioactivity in malignant adrenocortical tu-

mor tissue, as described by Seabold et al., { 1977 ). A second

possibility is the production of cholesterol by the tumor cells

themselves. This would better explain the fact that images of

some of these tumors show even less activity than the surroun-

ding background. This could even be seen in the presence of ex-

cessive steroid production by these tumors. Only once was a

metastasis vaguely visualized, but only because we knew it had

to be there. So scintigraphy using 6-fS-iodomethyl-nor-choles-

terol» for the detection of metastases of an adrenalcortical

t "S
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tumor seems unreliable.

As was to be expected, medullary tumors did not concentrate the

tracer. Adrenal scanning was useful, however, in one patient,

for the detection of a suprarenal mass, localized between kid-

ney and adrenal.

The unilateral absence of adrenal radioactivity in one patient

with lungcancer, probably caused by a metastasis, illustrates

another possible use of 6-B-iodomethyl-nor-cholesterol. This

indication needs, however, further study.

Surprisingly we found uptake of i$-B-iodomethyl-nor-cholesterol

in a renal carcinoma. It has long been known, that these tumors

have a particularv high cholesterol content. From the finding

that 6-8-iodomefchyl-nor-cholesterol was present in the tumor

tissue of our patient it seems reasonable to assume, that the

cholesterol in renal carcinoma's is at least in part derived

from the blood. In our patient the metastases of the tumor con-

centrated the tracer to a smaller extent. Further studies have

to be done in this field.

We only estimated the percentual adrenal uptake of 6-B-iodo-

methyl-nor-cholesterol in man. This uptake seems to be under 1%

of the administered dose in normal adrenals. The much lower

adrenal uptake in man is obvious, when we compare the results

obtained in our rat-experiments with the results from our

clinical studies. When 6-B-iodomethyl-nor-cholesterol is ad-

ministered, it is esterified by the liver, and built into the

various lipoproteins. Gwynne et al., ( 1976 ) reported the pro-

minent role of HDL as the preferred substrate for adrenal cho-

lesterol uptake. When in the rat 60 % of the circulating choles-

terol is found in High Density Lipoprotein, as compared to 30 %

in man, and intravenously administered cholesterol is firstly

incorporated in this lipoproteinfraction, this might provide

an acceptable explanation for at least part of the difference

in adrenal uptake found.

The estimated adrenal uptake varied widely in our Cushing-

patients { in an unstimulated patient 0.55 %, and 1.02 - 5.59 %

in stimulated patients ), showing an overlap with normals.

This makes the external uptake measurements useless for diag-

nostic purposes in these patients.
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As stated before, we did not try to "prove" the stimulatory ef-

fect of the combined administration of aminoglutethimide and

1 - 2 4 ACTH on the uptake and/or adrenal content of 6-B-iodo-

methyl-nor-cholesterol in man. The small number of normals

present in the un-stimulated group withheld us from doing so.

The sharp difference seen between the stimulated and un-stimu-

lated group ( a mean of 1.02 % vs. a mean of 0.48 % ) indicates,

however, that it is justified to continue our research.

The use of aminoglutethimide and 1 - 2 4 ACTH decreases the ra-

diation dose given to the patient, by allowing the administra-

tion of a lower tracerdose. Aminoglutethimide inhibits steroid-

synthesis in the gonads also. If aminoglutethimide were to en-

hance the gonadal uptake of cholesterol to the same extent as

it does the adrenal uptake of cholesterol, there would be no

advantage in its use, considering the radiation dose to the

gonads. On the uptake of cholesterol by the gonads under amino-

glutethimide treatment, only few experimental data could be

found in the literature. In male rats the inhibitory fact of

aminoglutethimide on the testosterone secretion is documented

( Niiesch et al., 1973, El Safoury et al., 1974 ). Using high

doses of aminoglutethimide ( 60 mg/100 gr.bodyweight/day ) in

experiments lasting for 12 days,no testicular accumulation of

cholesterol was found by Niiesch. In the experiments of El

Safoury the subcutaneous administration of 15 mg. aminoglute-

thimide twice daily for 3% days caused a small increase in the

concentration of esterified cholesterol in the testes ( from

0.03 to 0.10 ug/mg. testis weight ).

The concentration of free cholesterol was not significantly

changed ( 1.03 vs. 0.97 pg/mg. ). As can be seen, the total

cholesterol content hardly varied. Because an increased choles-

terol content of the Leydig-cells of the testes was found when

aminoglutethimide and human chorionic gonadotropin were admi-

nistered simultaneously, Nüesch postulates a much slower reac-

tion of the hypothalamic-pituitary system to a decreased andro-

gen level as compared to the quick reaction to a decreased corti-

costerone level.

In females the problem of the cholesterol uptake by the ovaries
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is made more difficult by the various phases of the menstrual

cycle. We could only find data on the luteal phase. In this

phase the amount of cholesterol needed for steroid synthesis is

maximal, because of the increased synthesis of progesterone.

Progesterone is quantitatively the most important ovarian ste-

roid in all phases of the menstrual cycle. In the luteal phase

the production of progesterone on a molar base, is almost 20

times that of the oestrogens. Flint et al., ( 1973 ) report

an increase by ^ 40 % in cholesterol content of luteinized rat

ovaries, 5.5 hrs- after the administration of a single dose of

30 mg. aminoglutethimide subcutaneously. Comparable data are

given by Wilks et al., ( 1970 ) for rabbit ovaries. This impres-

sive increase however, was seen in luteinized, thus stimulated

ovaries. The fact that simultaneously given luteinizing hormone

( LH ) did not result in a further increase in cholesterol con-

tent of the ovaries confirms this.

Cash et al., ( 1969 ) reported a case of ovarian dysfunction

in a 19 year old girl. This patient used aminoglutethimide in

a dose of 1000 mg/day for 6 years. Histology of ovarian biopsies

revealed numerous corpora lutea, in which hypertrophy of the

luteal cells was noted. The cholesterol content of the corpora

lutea seemed increased also.

In conclusion, the effect of aminoglutethimide on the choleste-

rol uptake and cholesterol content of human gonads is unknown.

In short term experiments this effect seems to be limited,

especially in men, and in the preovulatory phase of the men-

strual cycle in women.

A positive side effect of aminoglutethimide in our patient-stu-

dies is its ability to block the uptake of 131I by thyroid

( Pittman et al., 1966 ).

Lieberman et al., ( 1971 ) reported the excretion of radioacti-

vity in urine and stools in 11 patients after the administra-

tion of "131I-19-iodocholesterol". In the first 4 days they

found a urinary excretion of almost 40 %, and an excretion via

the stools of 11.5 %. For "131I-iodocholesterol" we found, in

only one patient, a urinary excretion of 80 %. This difference

was probably caused by the fact that the material we used was
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older,and as a consequence contained more free iodine.

The urinary excretion of radioactivity after the administration

of 6-g-iodomethyl-nor-cholesterol was much lower: 8 - 24 %.

Excretion by the faecal route seems, on the contrary,to be in-

creased. We found in the first 4 days up to 36 %. The wellknown

problems around good urinary and faecal collection, and the re-

latively small number of patients studied, are the mean reasons

why it is difficult to collect more precise data. In order to

minimize the radiation dose, and to obtain better images, it

might be useful to give laxatives to the patients.

The radiation dose absorbed in various tissues of the dog, after

a single dose of I-19-iodocholesterol, was calculated by

Kirschner et al., ( 1973 ). From the figures obtained in dogs,

estimates were made for the radiation dose in man. These estima-

tes were revised by the same authors in a reply to criticism

on the methods used ( Kirschner et al., 1975, Blau 1975 ).

The revised estimates were based on tissue data from man.

except for the liver where an extrapolation was made from the

figures obtained in dogs. The estimated absorbed dose per mCi

of I from a single i.v.-dose of I-19-iodocholesterol for

the total body was 0.94 Rad., for the adrenals 30 Rad., the

testes 2 Rad., the ovaries 2.88 Rad., and the liver 2 Rad. In

the calculations of these estimates 2 assumptions were made :

firstly an instantaneous uptake of the maximum concentration

observed, and secondly an adrenal uptake of 0.4 % of the admi-

nistered dose. As a consequence of these assumptions the radia-

tion dose is overestimated ( deliberately?). Ice et al., ( 1976 )

provided data on the radiation dose after the administration

of 6-6-iodomethyl-nor-cholesterol in man. Their data seem to

be based on excretion studies and extrapolations from animal

data. From these data the authors concluded the radiation dose

of 6-6-iodomethyl-nor-cholcsterol per mCi to be identical to

that of I-19-iodocholesterol, except for the adrenals, where

it was increased five-fold. To our knowledge no human tissue data

to confirm these estimates are available yet. Especially the

whole body retention of the tracer is important for the calcu-

lation of the total body dose. After the administration of
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I-19-iodocholesterol the major part of the radioactivity is

excreted in the urine and only a small part is detected in the

stools. About 50 % of the administered radioactivity is excre-

ted by these routes 4 days after the administration of the tra-

cer ( Lieberman et al., 1971 ). For 6-e-iodomethyl-nor-choles-

terol this pattern was reversed : the majority of the radioac-

tivity being excreted in the stools. We observed, in the first

4 days, an excretion by the stools and urine together of ± 40 %

( Ice et al., 1976 : 50 % ). This somewhat lower excretion re-

flects in our opinion the slower passage of the excreted radio-

activity through the bowels. The first step in the excretion

of the radioactivity after the administration of 6-6-iodome-

thyl-nor-cholesterol, the excretion by the liver with the bile,

might not be different from the first step in the excretion of

the radioactivity after the administration of I-19-iodocho-

lesterol, the excretion by the kidneys. Thus, especially when

laxatives are given, the total body dose for 6-e-iodomethyl-

nor-cholesterol seems comparable to that for I-19-iodocho-

lesterol : ± 1 mRad./mCi. The adrenal uptake of 6-B-iodomethyl-

nor-cholesterol in dogs is reported to be 5 times that of I-

19-iodocholesterol. In man approximately the same difference

seems to exist.

We estimated the uptake of 6-6-iodomethyl-nor-cholesterol by

normal adrenals to be + 0.5 % of the administered dose, 4 days

after the administration of the tracer. This figure applies to

unstimulated adrenals, when no 1 - 24 ACTH and aminoglute-

thimide were used. For I-19-iodocholesterol figures of

0.13 to 0.32 % are mentioned by Morita et al., ( 1972 ),

0.15 to 0.30 % by Croisier et al., ( 1974 ), and 0.20 to 0.50 %

by Muller et al., ( 1975 ). Bearing in mind that our method

for the in-vivo measurement of adrenal uptake,by assuming a

fixed adrenal depth of 6 cm,tends to underestimate the actual

adrenal uptake, for the purpose of radiation dose estimates it

seems safe to assume that the adrenal uptake of 6-B-iodomethyl-

nor-cholesterol in man might be up to 5 times that of 1-19-

iodocholesterol, so ± 150 Rad./mCi.

Because of the fact that the mechanisms by which cholesterol is
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taken up by the gonads or adrenals will be very similar, and

because 6-6-iodomethyl-nor-cholesterol is taken up by the adre-

nals up to 5 times more avidly than I-19-iodocholesterol,it

is not likely that t'.ie perc?ntual gonadal uptake of 6-B-iodo-

methyl-nor-cholesterol and I-19-iodocholesterol are identical.

Up until this moment data on the uptake by human gonadal tissues

are lacking. It seems therefore safer to assume that the gonadal

uptake in man increases to the same extent as does the

adrenal uptake. Based on the data of Kirschner for 1-19-

iodocholesterol obtained in human tissue, our estimations for

the radiation dose administered to the ovaries by 6-6-iodomethyl-

nor-cholesterol would be 15 Rad./mCi(= 5 times the dose of I-

19-iodocholestero] ),and to the testes up to 10 Rad./mCi.

The radiation dose for the ovaries will be greatly influenced

by the moment of administration. In the late luteal phase, when

ovarian steroid production is maximal, the radiation dose will

be maximal also. Because the gonadal uptake is related to gona-

dal function, the radiation dose administered to the gonads in

children will be considerably lower, and resemble the whole

body dose. When a dose of 500 yCi 6-B-iodomethyl-nor-choleste-

rol is used for adrenal scintigraphy, this results in the fol-

lowing estimated radiation dose : for the total body dose 0.5

Rad., for the adrenals 75 Rad., for the ovaries 7.5 Rad., and

for the testes 5 Rad. In patients with Cushing's syndrome, and

young women,the dose of 6-e-iodomethyl-nor-cholesterol can be

reduced to 200 yCi, resulting in an even lower radiation dose.

In comparison to the radiation dose administered to patients

in radiologie procedures often used in the investigation for

adrenal diseases,these radiation doses are acceptable. For an

intravenous pyelography the administered whole body dose is

•v. 0.7 Rad. and to the ovaries ^ 0.9 Rad.

The figures for a selective angiography are 5 - 1 0 times that

of an intravenous pyelography in radiologie procedures. Here

the radiation dose administered to the patient depends heavily

on the experience of the radiologist, technical problems pre-

sented by anatomical variations in the patients, and the equip-

ment used.

?•«=
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In adrenal scintigraphy using 6-B-iodomethyl-nor-cholesterol

only the amount of the administered dose, the percentage uptake

by the organs and the speed of excretion by the patients are

of importance. The last factor might be influenced positively by

laxatives.
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CHAPTER IV

THE PRESENT STATE OF ADRENAL SCINTIGRAPHY

IV-1. Introduction - other techniques.

To diagnose abnormalities in the morphology of the adrenal

gland, as caused by hyperplasia, adenomas or carcinomas, several

invasive and non-invasive techniques can be considered.

Invasive : Non-invasive :

Retroperitoneal air insufflation Urography ( + tomography )

Arteriography Computerised Axial Tomography

Phlebography Ultrasound ( echography )

Scintigraphy

To better evaluate adrenal scintigraphy, the other techniques

are briefly discussed here.

Urography can reveal the presence of adrenal pathology, when

displacement of the kidneys is present. About half of all adre-

nal tumors, especially the bigger ones, are visible, when uro-

graphy is combined with tomography of the suprarenal region.

Hyperplasia is difficult to detect with this method, whilst

small adrenal tumors, not extending beyond the normal adrenal

contours, are not visible. Most adrenocortical adenomas, e-

aoecially the aldosteronomas are small. Carcinomas, when detec-

ted, usually show a much larger diameter. It is not clear in

what percentage of adrenal pathology urography and tomography

of the adrenal region provide sufficient morphological infor-

mation for the individual work-up. In a recent review by Sutton

( 1975 ) no figures are given. One can seldovn expect more in-

formation than " space occupying lesion ". Calcifications in

the adrenal region in childhood are seen in neuroblastomas and

posthemorrhagic cysts.

In adulthood carcinoma is the most common cause of calcifications.

Bilateral calcifications suggest tuberculosis.

More invasive radiological techniques, such as arteriography,

phlebography and retroperitoneal air insufflation, are widely
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used to further diagnose adrenal disorders. Especially in

Cushing's syndrome and Conn's syndrome, when the cause is a

unilateral tumor in the minority and majority of cases respec-

tively, these techniques are used to locate the affected

side.

Retroperitoneal air insufflation is not longer used in our, and

most other hospitals. It is judged by some as having a poor

yield ( McLachlan et al., 1971 ). Others report it to be of

" diagnostic value, especially for the surveillance of the

therapeutic effect of synthetic anti-cortisols " ( Butez et

al., 1975 ).

The technique of adrenal phlebography has now been known for

20 years,and especially improved by the use of catheters deve-

loped for this purpose. Some factors, inherent to this type

of investigation, reduce its value. It is a problem for all

radiologists to locate the orifice of the right adrenal vein

during the catheterisation procedure, and the risk of causing

intra-adrenal contrast-extravasation, adrenal hemorrhage or

infarction exists ; the last eventually resulting in adrenal

insufficiency ( Taylor et al., 1976 ).

Most radiologists, however, do not have sufficient experience

with this technique, and they are confronted with problems

concerning the interpretation of the results.

The relative rarity of adrenal disorders prevents the build-up

of sufficient experience outside larger hospitals. An impor-

tant advantage of adrenal phlebography is the possibility of

obtaining blood samples fr ->m different points in the venous

system. Even when phlebography provides insufficient information,

measurement of the hormone concentrations in the adrenal veins

can be very helpful in the localization of hormone secreting

tumors. When high levels of cortisol or aldosterone are present

on one side, and low levels are found on the other, the diagno-

sis is simple. When only the more easily accessable left adrenal

vein can be catheterized and sampled, the hormone concentration

of this sample, compared with a peripheral sample can offer the

information needed. Indeed when the hormone level in this left

adrenal vein sample equals the level of the peripheral vein
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sample, the source of the hormone production will be the other

adrenal. The accuracy of adrenal phlebography in predicting

the nature of hypercorticism ar.il localizing adenomas, is not

given by Sutton ( 1975 ) nor Lecky et al., ( 1976 ) in their

review articles on the radiological diagnosis of adrenal dis-

orders. The accuracy will certainly vary with the experience

of the radiologist. So could Davidsoi. ( 1975 ) correctly pre-

dict the affected side in 11 of 14 aldosteronoma patients by

phlebography and venous sampling. In one patient a tumor was

predicted, but not present at exploration. Mitty et al.,( 1977 )

studied 43 patients with Cushing's syndrome using the tech-

nique of adrenal phlebography. He detected 11 of 12 tumors in

this series by this method. From the reports mentioned above

and several others we can conclude that adrenal phlebography,

combined with venous sanpling, when performed by experienced

radiologists correctly predicts the affected side in unilate-

ral hypercorticism in approximately 80 % of the patients

( Mikaelsson 1971, Joffre et al., 1971, Nicolis et al.- '972,

Georgi et al., 1975, Seabold et al., 1976, Conn et al., 1976 ).

The presence of several, mostly three, small adrenal arteries,

in comparison to only one central adrenal vein, makes selec-

tive adrenal arteriography impossible. Aortography is inferior

to phlebography in the diagnosis of the small and poorly vas-

cularised adrenal adenomas, but it certainly might give use-

ful information in the evaluation of the extent of bigger adre-

nocortical carcinomas ( Lecky et al., 1976 ) and the locali-

sation of the more vascular phaeochromocytomas.

To our knowledge, no systematic study of the usefulness of com-

puterized tomography in the diagnosis of adrenal disorders

exists at this time. In some of our carcinoma patients C.T.-

scanning has been helpful in the diagnosis of a suprarenal mass.

In all cases, however, it was already an extensive one. The

newer generation of total-body scanners might be able to de-

tect small alterations in adrenal morphology. The recent and

limited availability of this type of investigation so far, and

the relatively rare occurence of adrenal disorders, seem to

have prevented more extensive research in this field.
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There is no doubt that some progress will be madd in the use

of tiiis technique in the near future.

Computerized tomography, however, will always share one charac-

teristic with other radiolojic imaging procedures: it does not

discriminate between functioning and non-functioning tissue.

Ultrasound is becoming more and more popular in medicine. Few

reports exist on its use in the investigation of adrenal le-

sions.

Two studies compare ultrasound and other techniques. Davidson

et al., ( 1974 ) could only identify 2 out of 12 surgically

proven aldosteronomas. The diamet.cn of these adenomas were 3

and 3.1 cm , a 3.5 cm adenona was not defined by ultrasound.

The same authors correctly diagnosed an aldosteronoma in 11 of

14 patients using phlebography. Kehlet et al., ( 1976 ) investi-

gated 27 patients v/ith hormone producing adrenal disorders

using ultrasound, aortography, and I-19-iodocholesterol

adrenal scintigraphy. Although extensive experience with ihe

ultrasound technique was available "it was not considered pos-

sible to visualize the normal adrenals ". In 15 patients with

surgically proven adrenal tumors, this diagnosis was accurately

predicted in 12, and missed in 3. In one patient a tumor

( 4 x 4 cm. ) was predicted by ultrasound, but at surgery

adrenocortical hyperplasia was found ( this case is incorrectly

listed as a correct prediction in the report on this study ). In

8 patients with pituitary dependent Cushing's disease, ultra-

sound and scintigraphy were correct, from the 5 patients with

cortisol producing adrenocortical adenomas, 4 were correctly

diagnosed by ultrasound, and all 5 by scintigraphy. The adeno-

ma missed by ultrasound measured 3 x 3 cm. Morley ( 1976 ) as

well as Marchal et al., { 1976 ) give illustrations of the use-

fulness of ultrasound, especially in phaeochromocytomas. In our

opinion, the growing experience and better technology in this

field might very well make this very elegant and non-invasive

method of investigation more important in the diagnosis of adre-

nal diseases in the future. As a first screening method it is

already very useful, and can make other and more invasive me-

thods unnecessary.
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IV-2. THE VALUE OF ADRENAL SCINTIGRAPHY USING I-19-IODOCHOLES-
TEROL OR 6-S-IODOMETHYL-NOR-CHOLESTEROL IN THE EXPLORATION OF
PATIENTS WITH VARIOUS ADRENAL DISORDERS.

IV-2-1. General.

131,Many reports on the results obtained using I-19-iodocholeste-

rol as adrenal imaging agent are available : the most important

are listed on page 42. From the work by Sarkar et al., ( 1977 ),

that reports the first results obtained with 6-e-iodomethyl-

nor-cholesterol, the conclusion can be drawn that this radio-

pharmaceutical has certain advantages as compared to 1-19-

iodocholesterol(such as a more rapid and intense adrenal uptake),

but has the same principal characteristic : it is concentrated

in functioning adrenocortical tissvie. Our clinical experience

with 6-8-iodoinethyl-nor-cholesterol leads to the same conclusion.

The major advantage of 6-6-iodomethyl-nor-cholesterol over

I-19-iodocholesterol, however, is in our opinion the fact

that a lower dose of the first drug, results in equal or even

better imaging of the adrenal glands. Reported results together

with our data, dealing with various adrenal disorders, will be

reviewed in the following paragraphs.

IV-2-2. Adrenal scintigraphy in Cushing's syndrome.

In the pituitary dependent form of Cushing's syndrome, caused

by either a pituitary adenoma or an excessive hypothalamic sti-

mulation of the pituitary, bilateral adrenal hyperplasi<t is pre-

sent. After the administration of iodinated cholesterols bilate-

ral adrenal uptake is sufficient to visualize both adrenals in

almost all patients. Only in a few cases has a negative outcome

been reported. Thus is the absence of any detectable adrenal accu-

mulation of I in one patient mentioned by Wanner et al.,

( 1977 ) and in another by Lacourcière et al., ( 1975 ).

Strathman et al., ( 1977 ) report 4 non-conclusive scintigrams

in a series of 16. The other reports mention the presence of

normal or excessive bilateral uptake of the I, in all cases

of bilateral hyperplasia, as in all our hyperplasia patients.
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It is not clear v/hy some of the hyperfunctioning adrenals re-

ported in the literature did not show any uptake. It is possi-

ble that the radiopharniaceutical used in that particular patient

was of poor quality, or that an abnormal cholesterol metabolism

was present i.e. intra-adrenal synthesis of all or most of the

cholesterol needed for steroid synthesis.

The size of the adrenals in bilateral hyperplasia as seen on

scintigraphy is reported to be normal or enlarjed. Because a

normal adrenal size on the scintiyram does not discriminate

between normal and hyperplastic c.q. hyperfunctioning glands,

in our opinion no special attention has to be paid to the aspect

size in these cases.

It is possible to measure the adrenal uptake of I, and to

express it as a percentage of the administered dose. The values

so obtained by others ( Morita et al., 1972, Muller et al., 1976 )

and by us show, however, a significient overlap between normal

and hyperfunctioning adrenal glands. In our opinion these uptake

measurements have no value for clinical routine.

If Cushing's syndrome is caused by an adrenal adenoma, unilate-

ral uptake of I is found. We encountered no exceptions to

this rule in the literature. In most cases the adenoma is visua-

lized easily, because it accumulates a higher than normal per-

centage of the administered dose. V.hen an adenoma was present,

the uptake in the contra-lateral gland was nil. Even short time

treatment with ACTH did not result in the visualization of the

suppressed contralateral adrenal in a case described by Charbonnel

et al., ( 1976 ).

In adrenocortical carcinoma, presenting as Cushing's syndrome,

the tumor is almost invariably characterised by a very low up-

take of the administered tracer. The uptake in the other adre-

nal is reported to be low or absent. { See also IV-2-4 ).

In summary on an adrenal scintigram in the presence of Cushing's

syndrome the following patterns can be encountered :
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Side Compatible with :

±/o

o

±/o

Symmetrical uptake •* Pit. dept. Cushing

Unilateral uptake -• Adrenal Adenoma

Asymmetrical low •+ Adrenal Carcinoma

uptake

In our patients with a pituitary dependent Cushing's syndrome,

a dose of approximately 200 uCi of I-6-B-iodomethyl-nor-

cholesterol was sufficient to obtain good images of the adrenal

glands, and provided a reliable contribution in differentiating

tumor from hyperplasia. A larger dose shortens the imaging pro-

cedure, but is unnecessary to demonstrate bilateral uptake. We

think that the use of aminoglutethimide and 1 - 2 4 ACTH was at

least partially responsible for the fact that such low doses

could be used.

IV-2-3. Primary aldosteronism ( Conn's syndrome ).

Conn et al„, ( 1971 ) were the first to report a successful

imaging of an aldosterone producing adenoma, 1.5 cm. in diameter.

Several authors have reported on the use of adrenal scintigraphy

in the dicignosis of aldosteronomas since.

Hogan et al., ( 1976 ) published a rather large series. They

performed adrenal scintigraphy in 12 patients in whom a diagnosis

of primary hyperaldosteronism was made based on biochemical data .

An adenoma was suggested by the severity of the biochemical ab-

normalities, and the absence of an increase in plasma aldosterone

levels after 4 hours upright activity in all patients. In 10 of

these 12 patients an adrenal scintigram revealed localization of

tracer uptake in one adrenal,wich proved to contain the aldoste-

rone producing adenoma at subsequent operation in 8.The other

4 were not operated upon because of " excellent control of blood

pressure " with spironolactone. In the same study 13 other cases

with low renin hypertension or with bilateral hyperplasia, are
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presented.

The latter diagnosis was suspected when an elevated urinary al-

dosterone excretion was present in combination with an increase

in plasma aldosterone level with upright posture. In 9 of these

13 patients symmetrical uptake was found after the administration

of I-19-iodocholesterol. In 3 the image obtained was judged

inadequate and in 1 " minor asymmetry " was noted. No histo-

pathological proof of the diagnosis is present in these 13 pa-

tients. From this study one can conclude that, based on surgi-

cal results, adrenal scintigraphy predicted the localization

of an adenoma correctly in at least 8 of 10 patients, whereas

perhaps in one of 13 patients a false positive result was ob-

tained, for which, however, no surgical proof is available.

In an attempt to improve the results of adrenal scintigraphy

for the localization of aldosteronomas, Conn et al., ( 1972 )

introduced the use of dexamethasone to prevent tracer uptake

by the normal, cortisol producing adrenal cortex. The idea was

that suppression of the ACTH secretion, and consequently the

abolishment of the ACTH dependent cholesterol uptake by the

cortisol producing cells, would load to a more prominent uptake

of the tracer in the non - ACTH dependent aldosterone producing

cells. Seabold et al., ( 1976 ) as well as Conn et al., ( 1976 )

report the results obtained by a group of the University of

Michigan in patients with primary c\ldosteronism.

Although not mentioned by the authors, some data indicate that

both reports deal partly with the same patients. The effect of

dexamethasone suppression on the outcome of adrenal scintigraphy

is discussed in both articles. In this procedure the patients

are pre-treated for 2 days with either 2 mg or 8 mg of dexame-

thasone daily. This treatment is continued until adrenal imaging

was completed ( up to 14 days ).

Seabold et al., describe only patients in whom histopathological

confirmation of the diagnosis is present. In 18 of 27 patients

a unilateral aldosterone producing adenoma was correctly loca-

lized on a standard scintigram, whereas localization was cor-

rect in 15 of 20 patients by a dexamethasone suppression scin-

tigram.
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This implies 67 % correct results without, versus 75 'i correct

results, with dexamethasone, a difference which in our opinion

does not justify the advice to perform " suppression scans "

routinely as the method of choice. Looking more closely into

this study it can furthermore be seen that in 15 adenoma patients

both types of scintigrams were performed. In 12 of these 15

patients both procedures lead to the same conclusion. In one pa-

tient the suppression scan correctly lateralized the adenoma

where a standard scintigram did not. However, in 2 cases the

standard scintigram was correct, and the suppression scinti-

gram not. One of these 2 cases can be identified in the article

of Conn et al. , ( 1976 ). This case, which is includeid in the

adenoma group of Seabolds article, is called ( macronodular )

hyperplasia in Conn's report. This illustrates the difficulty

in discriminating these 2 entities. The final classification

of aldosteronism due to tumor was made by Seabold et al."On the

basis of response to the removal of the tumor and its adjacent

tissue, i.e., presence of prompt reversal of hypokalemia, rapid

onset of aldosteronopenia and reversal of renin suppression".

This ultimate clcissification, originated by Conn ( '. ) , is use-

ful.

Conn et al., report on approximately the same group of patients,

but the criterion in this study was the presence of a dexametha-

sone suppression scintigram. In 16 cases the histopabhological

diagnosis was adenoma; 15 of these correctly localized by a

dexamethasone suppression scintigram. No uptake was seen in one

case, which was found to be a small adenoma, and in 8 of 9 cases

of bilateral hyperplasia, within 5 to 6 days.( 2 of these last

cases are called adenomas by Seabold ). In one case of bilateral

hyperplasia " equal ( small ) " uptake is mentioned.

In this article by Conn et al., a very positive score for the

" dexamethasone-modified-adrenal scintiscan " is given : 94 %

of the adenomas correctly diagnosed. For standard scintigraphy

76 £ positive results are given. One of the reasons why this

score is better than the score calculated from Seabolds report,

is the transfer of 2 patients from the adenoma group to the

hyperplasia group.
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Wahner et al., ( 1977 ) could localize correctly all 11 surgical-

ly proven aldosterone producing adenomas by standard scintigra-

phy. In 5 patients with presumed adrenocortical hyperplasia sym-

metrical uptake was found in 4, and no uptake in the 5th, using

the standard method.in 2 of these 5 patients no uptake at all

was seen under dexamethasone.

It is impossible to comment on the results reported by Strathman

et al., ( 1977 ). Although of 32 scans, 28 appear to confirm or

rule out correctly primary hyperaldosteronism, details are not

provided in the expanded summary of the clinical report on

adrenoscan, as handed out on the 24th annual meeting of the

Society of Nuclear Medicine, June 1977, Chicago, U.S.A.

Equal bilateral accumulation of I, even after suppression by

dexamethasone was observed by Dige-Petersen et al., ( 1975 ) in

a case of a surgically proven, small, aldosterone producing

adenoma.

Sarkar et al., ( 1977 ) are the first to report scintigraphic

results on patients using 6-e-iodomethyl-nor-cholesterol. In 12

patients with primary hyperaldosteronism this tracer was used

to perform dexamethasone suppression scintigraphy. Asymmetrical

uptake was seen in 7 patients, in 4 of whom histopathological

proof of an adenoma existed at the time of publication. The other

5 showed symmetrical tracer uptake and bilateral hyperplasia was

supposed to be present, but documented in only one.

Apart from these reports, dealing with relatively large patient

groups, several authors mention results obtained with standard

and / or dexamethasone suppression scintigraphy in smaller series

of patients ( JjiSrgensen et al. , 1975, Hoefnagels et al. , 1976,

Fukuchi et al., 1974 and Helber et al., 1975 ).

As could be expected on theoretical grounds, a benign desoxycor-

ticosterone producing adrenal tumor was visualized also ( Kondo

et al., 1976 ).

In our 4 patients with histopathologically proven adenomas, one

patient showed suppression of the uptake of 6-6-iodomethyl-nor-

cholesterol by dexamethasone which was administered until the

day before administration of the tracer. In the other 3 patients

the adenomas were easily localized without the suppression pro-
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cedure.

In summary, adrenal scintigraphy using iodinated cholesterol

correctly localizes aldosterone producing adenomas in at least

80 % of all cases. Whether suppression of the normal adrenal

cortex by dexamethasone increases this percentage significantly,

is still unproven. It seems advisable to repeat the procedure

with dexamethasone only if a standard scintigram shows symmetri-

cal uptake and an adenoma is strongly suggested on other grounds.

The best alternative here being a phlebography with adrenal

vein sampling.

IV-2-4. Adrenocortical carcinomas.

In most cases of adrenocortical carcinoma,independent on amount

or hormonal activity of the steroids produced,the uptake of

cholesterol by the tumor is too low to give a positive image.

The other adrenal is generally poorly, or not at all visualized.

Several authors reported on 1 to 4 patients ( Anderson et al.,

1974, Dige-Petersen et al., 1975, Helber et al., 1975, J^rgensen

et al., 1975, Charbonnel et al., 1976, Hogan et al., 1976,

Muller et al., 1976, Seabold et al., 1976, Kasner et al., 1977,

Piers et al., 1977, Sarkar et al., 1977, Strathman et al., 1977

and Wahner et al., 1977 ).

In 2 patients with adrenocortical carcinimas the uptake of

labeled cholesterol was documented.The fist patient is described

by Chatal et al. (1976).(In French : Chatal et al. 1975 ).

The uptake in this case can, however, hardly be called impressi-

ve, with a ratio of adrenal net counts to background of 1.43,

which is very small. The analoyue picture did not visualize the

tumor unequivocally, a digital display was needed to show some

activity on the side of the tumor. The fact that the tumor could

be visualized by putting the specimen under the gamma-camera

after removal, proves only that it contained some I, but the

actual i content per gram would have been a better proof for

a substantial accumulation of the tracer used. A second case of

positive imaging of an adrenocortical carcinoma was reported by

Oxley et al., ( 1977 ). There is no doubt that in this case a
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very positive image was obtained, and the description of the

histopathological findings strongly suggest a malignant tumor.

We are puzzled, however, by the preserved circadian rhythm of the

cortisol production, and the relatively low excretion of steroids.

Several authors observed positive imaging of metastases from

adrenocortical carcinomas ( Forman et al., 1974, Dige-Petersen

et al., 1975, Helber et al., 1975, Chatal et al. , 1976, Wata-

nabe et al., 1976, and Seabold et al., 1977 ). In some cases

a metastasis was visualized while the primary tumor was not.

The same phenomenon was encountered in one of our patients.

To summarize, adrenocortical carcinomas are characterized by a

very low or absent uptake of iodinated cholesterol. In most

cases the contra1ateral adrenal is not or very poorly visualized.

The accumulation of the tracer in metastases is variable.

A scintigram is advised in all patients suspected of having a

adrenocortical carcinoma, because a positive outcome can be

helpful in the final diagnosis and treatment. When, however,

no accumulation of activity is found, the presence of metas-

tases can not be excluded. Gallium scanning might sometimes give

extra information when adrenocortical carcinoma is present.

( Seabold et al., 1977 ).

t "i

IV-2-5. Medullary tumors.

Neither cholesterol, nor iodinated cholesterol is selectively

taken up by the adrenal medulla ( Blair et al., 1971 ). Medul-

lary tumors, such as pheochromocytomas and neuroblastomas may,

however, alter the adrenal morphology.

Adrenal scintigraphy, using iodinated cholesterol selectively

accumulated in the adrenal cortex, can visualize abnormalities

in the adrenal morphology caused by medullary tumors. The affec-

ted adrenal gland may then show abnormalities in size, position

or tracer-uptake.

The first patient with this, pathology was described by L4eberman

et al., { 1971 ). Sturman et al., ( 1974 ) described the results

obtained with adrenal scintigraphy in 6 patients with pheochromo-

cytomas. All were investigated after the diagnosis was established
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by the determination of the catecholamine excretion. In all 6

patients the affected adrenal was correctly localized pre-ope-

ratively by absent or decreased activity.

Several other successful localizations of medullary tumors are

reported ( Fukuchi et al., 1974, Ilelber et al., 1975, J^rgensen

et al., 1975, Lacourcière et al., 1975, Kehlet et al., 1976,

Piers et al. , 1977, Sarkar et al., 1977, K'jhner et al., 1977 ).

Our findings in 2 patients with medullary tumors are in good

agreement with the reported cases.

It is, however, reasonable to assume that small medullary tumors

will hardly be visualized, and extra-adrenal phcochromocytomas

not at all. For this purpose a tracer which accumulates selec-

tively in the adrenal medulla and related tissues is necessary.

IV-2-6. Other

Metastases in the adrenal gland are frequently encountered,

especially in lung cancer. Their detection, however, is almost

always a necropsy finding. Seldom the adrenal function is

impaired by their presence during life.Our experience in one

patient suggests that adrenal metastases can be detected by

adrenal scintigraphy. The clinical usefulness of this finding

is however, very limited.

In all cases published in the literature where adrenal insuffi-

ciency was present, the adrenal glands, as is to be expected,

were not visualized by iodinated cholesterol. Keogh et al.,

( 1976 ) described the results of adrenal scintigraphy in pa-

tients on long-term alternate-day steroid therapy. Theoretical-

ly the results of this investigation should reflect the functio-

nal status of the adrenals, which in fact it did. In our opinion

it is more accurate and more simple to get this information by

the determination of steroid excretion in urine, or blood levels,

with or without some kind of stimulus.

Rare adrenal disorders, such as cysts or unilateral loss of

function or (a)functional nodules ( Beierwaltes et al., 1974 ),

can eventually be detected by the adrenal scintigraphy also.
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IV-3 CHOLESTEROL LABELED WITH ISOTOPES OTHER THAN l3lI .

IV-3-1. 75Selenium.
r %

The longer half-life resulting in increased product shelf-life,

and the fact that it is not necessary to block thyroidal uptake

are advantages of Selenium over Iodine.

Sarkar et al., ( 1976 ) investigated the possibility of using

Selenium-75-19-methylselenocholesterol. This analogue differs

from l-19-iodocholesterol not only in the Selenium atom, but

also in an extra methyl-group. Surprisingly this radiopharma-

ceutical concentrated to a higher extent in the adrenal medulla

than in the adrenal cortex. A serious draw-back of this agent

is, however, its high background activity in blood and liver

during the first week after administration. According to the

authors this might be caused by binding of the compound to

plasma proteins.

The Selenium sister of 6-6-iodomethyl-nor-chol :sterol gave

very good results according to Riley (1977 ). It is marketed

now as Scintadren by the Radiochemical Center Ltd., Amersham,

England. If the recommended dose of 200 uCi is used, the whole

body dose is said to be 1.7 Rads, the dose to the liver 2.7 Rads,

adrenals up to 20 Rads, ovaries 1.9 Rads and the thyroid 0. When

500 uCi of 6-b-iodomethyl-nor-cholesterol is used, a dose suf-

ficient to visualize the adrenals in all patients, the whole

body dose is approximately 0.5 Rads. Even if one assumes 6-8-

iodomethyl-nor-cholesterol and its Selenium sister to be equal

in their quality to visualize the adrenal cortex, the only ad-

vantage of the Selenium labelled compound is its longer shelf-

life. The longer " shelf-life " of the excreta of the patients,

however, is the most serious disadvantage.

IV-3-2. 123I and 77Br.

It would be ideal if the short lived 123I could be used for ad-
123renal scintigraphy.Problems in the production of

124
I contamination,and the low target-/non-target ratios

I,without
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obtained with iodinated cholesterol during the first days, have

prevented its practical ure so far.

A method for labelling 6-B-iodomethyl-nor-cholesterol quickly,

and the first results obtained in animals, are mentioned by von

Schuching et al., ( 1977 ). Two and 3 days after the administra-

tion of this tracer in dogs, " scintimages were obtained, satis-

factorily demonstrating the adrenals ".

Early visualization of the adrenal glands can be facilitated by

the subtraction technique described by Britton et al., ( 1976 )
123and could be applied to I-scintigraphy.

The limited availability of I, the subtraction technique

needed, but most of all the time needed to build up tracer con-
123centration in the adrenal, make the use of I for the purpose

of adrenal scintigraphy in our opinion less feasable.

Kojima et al., ( 1977 ) are working on Br as a label for

cholesterol. It is to early to comment on this agent at the

moment.

IV-4 RADIOPUARMACEUTICALS OTHER THAN CHOLESTEROL.

IV-4-1. Radiopharmaceuticals meant to visualize adrenocortical

tissue.

Ascorbic acid ( Mishkin et al., 1967, Colombetti et al., 1975)

stiginasterol ( Nagai et al., 1968 ) dichloroethane and its deri-

vatives ( DiGiulio et al., 1968, Skromme-Kadlubik et al., 1975),

radiolabeled enzyme inhibitors ( Beierwaltes et al., 197 6 ) , and

radiolabeled estradiol ( Sturman et al., 1975 ) are accumulated

to some extent in the adrenal cortex. Difficulties in the label-

ling for in-vivo use, or the inferiority in comparison to iodi-

nated cholesterols prevented or stopped their use.
75

In an experimental stage are Se-sitosterol ( Cox et al.,1976 )

3-B-iodocholesterols ( ïu et al., 1977 ) and Tellurium - 1 2 3 m

3abeled-24 nor-23-(isopropyl Tellura)-5-a-cholan-3-B-ol ( Knapp

et al., 1977 ).
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IV-4-2 Radiopharmaceuticals meant to accumulate in the adrenal

medulla.

14The uptake by the adrenal medulla of C-labeled epinephrine

and some of its precursors was tested by Morales et al., ( 1967 ).

Dopamine was the most promising candidate for use in adrenal

scintigraphy. Dopamine reached an adrenal-medulla/plasma ratio
14

of 740, 6 hours after i.v. administration. The C-dopamine

concentration of pheochromocytomas in 2 patients was reported

by Anderson et al., ( 1973 ), which again stressed its possible

usefulness.

Ice et al., reported in 1975 the continuing efforts in the

search for agents suitable for visualization of the adrenal

medulla. The tissue distribution of 7 labeled .ulfonanilide ana-

logues of dopamine was determined in rats. One of the compounds,

S-methanesulfonanilide was considered to be a potentially use-

ful agent for the visualization of the adrenal medulla, but human

data are not reported. The same is true for a radio-iodinated

bretylium analog, investigated by Korn et al., ( 1977 ).

Monoiodotyrosine was used by Delorme et al., ( 1976 ). Three

of 5 surgically proved epinefrine producing tumors were detected

by this tracer. The false-negatives were ascribed to the poor

quality of the radiopharmaceutical. In fact tyrosine showed the

lowest activity concentrations in the adrenal medulla of all

compounds tested already by Morales in 1967.

So the search for a suitable radiopharmaceutical to visualize

the adrenal medulla, related tissues and their tumors is still

going on.

IV-5. CONCLUDING REMARKS ON THE INDICATIONS FOR ADRENAL SCINTI-
GRAPHY AND ITS PLACE IN THE INVESTIGATIONAL PROTOCOL OF SOME
ADRENAL DISORDERS.

Good indications for adrenal scintigraphy are Cushing's syndrome

and primary hyperaldosteronism. Adrenal rests left by surgery,

being easily detected by adrenal scintigraphy, can be an indica-

tion also. Adrenal scintigraphy is of limited use in the detec-

tion or localization of medullary tumors. There might be an in-
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dication for the use of labeled cholesterol in viriUsing syn-

dromes where it could eventually be able to discriminate between

adrenal and ovarian causes.

The place of adrenal scintigraphy in the clinical work up for

some diseases is outlined below :

Secondly perform

If Cushing's syndrome is suspected :

Firstly confirm this diagnosis biochemically.

an adrenal scintigram. If this shows :

a - Bilateral normal or increased uptake, adrenal adenoma or

carcinoma are ruled out. Combined with insuppressable

steroid production, ectopic ACTH production is the most

probable cause. Combined with some suppression of the

steroid secretion, bilateral hyperplasia / pituitary de-

pendent Cushing is present. If necessary, ACTH determina-

tions can differentiate between the two, also.

b - Unilateral normal or increased uptake suggests adenoma

and localizes it.

c - Bilateral low or almost absent uptake strongly suggests

carcinoma. If necessary progress to arteriography and

Gallium scintigraphy to outline the extent of the primary

tumor and to eventually localize possible metastases.

If primary hyperaldosteronism is suspected :

Firstly confirm this diagnosis biochemically. Secondly perform

an adrenal scintigram, without dexamethasone suppression. If

this shows :

a - Unequivocal, asymmetrical uptake, an adenoma is present.

b - Symmetrical uptake or little asymmetry, repeat scintigraphy

under dexamethasone or perform phlebography combined with

venous sampling.

Note :If the aldosterone secretion is known not to rise with up-

right posture, try hard to find an adenoma.lt may be better to

withhold further diagnostic procedures, and treat the patient

medically, if the aldosterone levels do not rise with upright

posture.
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If a medullary tumor / pheochromocytoma is suspected :

Firstly confirm this diagnosis biochemically. Secondly screen

renal and suprarenal region with ultrasound. If clearly posi-

tive stop. If ultrasound is not available, or the screening ne-

gative, proceed with adrenal scintigraphy. When absent uptake

or displacement of one of both adrenals is seen stop. If both

screening methods are unsuccessful in detecting a tumor proceed

to aurtography.
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SUMMARY

The visualization of functioning adrenocortical tissue by

scintigraphy became possible with the introduction of radio-

iodinated cholesterolderivatives. According to the literature,

there is evidence that one of these iodinated cholesterols,

6-8-iodomethyl-nor-cholesterol, concentrates in the adrenal

cortex to a much greater extent than l-19-iodocholesterol.

In chapter I our results comparing both radiopharmaceuticals

are described. In rats, the adrenal uptake of 6-B-iodomethyl-

nor-cholesterol was substantially higher than the uptake of

I-19-iodocholesterol. The difference in uptake between

both compounds might be due to a different chemical instability,

a different transport in blood, a different affinity to cell-

surface receptors, and a different adrenal handling of these

tracers. A difference in uptake between the sexes was found

for both radiopharmaceuticals; the uptake being greater in the

female. Our data show quantitative differences with those

reported by others. This could be explained by differences in

sex and weight of the rats used, the anaesthetic procedures,

the time of administration and the specific activity or radio-

chemical purity of the compounds used. However, even the "better"

iodinated cholesterol, 6-B-iodomethyl-nor-cholesterol, still

concentrates poorly in the adrenal cortex.

We therefore investigated, as described in chapter II, the

possibility of increasing the uptake of iodinated cholesterol

using simultaneous ACTH and the "cholesterol side-chain cleavage

enzymeblocker" : arainoglutethimide. We continuously infused rats

for this purpose during 2 days using different doses of these

drugs. By doing so, it was possible to double the adrenal

uptake of 6-B-iodomethyl-nor-cholesterol. Again, a different

uptake was found between male and female rats. This difference

seems estrogen-independent, since ovariectomy did not change

the results.

The results of adrenal scintigraphy, performed in 37 patients

are described in chapter III. In 14 patients normal adrenal

function was present, 9 patients presented with Cushing's
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syndrome, 6 with primary hyperaldosteronism, 4 with an adreno-

cortical carcinoma, and 2 with a medullary tumor.

In 22 patients a protocol, including aminoglutethimide and ACTH,

was used. Although it cannot be proven to what extent this

method, as described in the protocol, increases the adrenal

uptake of 6-B-iodomethyl-nor-cholesterol in man, circumstantial

evidence indicates the usefulness of this approach.

The different types of uptake encountered, the utility of uptake

measurements, and the radiation dose to the patient are discussed.

Surprising was the finding of the accumulation of 6-f3-iodomethyl-

nor-cholesterol in a renal carcinoma.

Finally, in chapter IV, the literature on adrenal scintigraphy

is reviewed, and results reported in various studies are compared

with ours. The conclusion is drawn, that adrenal scintigraphy,

using 6-6-iodomethyl-nor-cholesterol gives a reliable image of

the functional morphology of the adrenal cortex and is a valuable

tool in the differential diagnosis of Cushing's syndrome and

primary hyperaldosteronism.

It can further add useful information in cases of adrenocortical

carcinoma, and medullary tumors.

The place of adrenal scintigraphy in the clinical work-up of

patients with some adrenal disorders is given.
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Door de ontwikkeling van radioaktief gemerkte cholesterolderivaten

is het mogelijk geworden functionerend bijnierschorsweefsel door

middel van scintigrafie zichtbaar to maken.

Volgens literatuurgegevens zou van deze met jodium gelabelde

"cholesterolen", het 6-S-iodomethyl-nor-cholesterol meer in de

bijnier geconcentreerd v/orden als het I-19-iodocholesterol.

In hoofdstuk I worden de resultaten van een vergelijkend onderzoek

naar beide radiopharmaca beschreven. Bij de rat was de opname van

6-B-iodomethyl-nor-cholesterol in de bijnier aanzienlijk groter

dan de opname van I-19-iodocholesterol. Het verschil tussen

beide stoffen is mogelijk een gevolg van het verschil in chemische

stabiliteit, verschil in transport in het bloed, verschil in

affiniteit voor receptoren in de celmenibraan, en verschil in de

verwerking van de tracers door de bijniercel. Voor beide radio-

pharmaca werd een verschil in opname tussen de sexen gevonden, in

het voordeel van het vrouwelijk geslacht. Er bestaan kwantitatieve

verschillen tussen onze uitkomsten en de door anderen vermelde

resultaten. Deze verschillen zijn mogelijk een gevolg van

verschillen in geslacht en gewicht van de gebruikte ratten,

verdovingstechnieken, het tijdstip van toediening, en de specifieke

aktiviteit en radiochemische zuiverheid van de gebruikte stoffen.

Zelfs het "betere" radiopharmacon, 6-6-iodomethyl-nor-cholesterol,

v/ordt echter slechts in geringe mate in de bijnierschors geconcen-

treerd.

In hoofdstuk II beschrijven wij door ons verricht onderzoek naar

het vergroten van de opname van 6-6-iodomethyl-nor-cholesterol

door tegelijkertijd ACTH en het "cholesterol ?ide-chain cleavage

enzym" remmende aminoglutethimide toe te dienen. Bij dit onderzoek

werden ratten 2 dagen lang geinfundeerd met verschillende doseringen

van deze pharmaca. Het bleek daarbij mogelijk de concentratie van

6-g-iodomethyl-nor-cholesterol in de bijnier te verdubbelen.

Opnieuw werd een verschil gevonden tussen mannetjes en vrouwtjes

ratten. Omdat ovariectomie de resultaten niet veranderde, lijkt

dit verschil niet veroorzaakt door oestrogenen.
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In hoofdstuk III worden da resultaten van de bijnierscintigrafie

bij 37 patiënten beschreven.

Bij 14 patiënten was een normale bijnierschorsfunctie aanwezig,

bij 9 patiënten bestond het syndroom van Cushing, bij 6 patiënten

primair hyperaldosteronisme en bij 4 patiënten een bijnierschors-

carcinoom, Bij 2 patiënten was een tumor van het bijniormerg

aanwezig. Aan 22 van onze patiënten werd volgens een protocol

aminoglutethimide en ACTH gegeven. Hoewel bewijs voor het

beoogde effect, een toename van de opname van 6-8-iodoriethyl-

nor-cholesterol niet kan worden geleverd, bestaan er wel

aanwijzingen voor een effect van deze pharmaca in de gewenste

richting. Verrassend was de opname van het 6-B-iodomethyl-nor-

cholesterol gevonden in een niercarcinoom. Vervolgens worden

o.a. de verschillende typen opname, het nut van het meten van

de opname, en de stralenbelasting voor de patiënt besproken.

In hoofdstuk IV volgt tenslotte een literatuuroverzicht over

bijnierscintigrafie, en worden de gepubliceerde resultaten

vergeleken met de onze. Op grond van de literatuurgegevens en

eigen ervaring concluderen wij dat bijnierscintigrafie met

6-g-iodomethyl-nor-cholesterol een betrouwbaar beeld geeft

van de functionele morfologie van de bijnierschors, en een

waardevol instrument is bij de differentiaal diagnostiek

binnen het syndroom van Cushing en het primaire hyperaldostero-

nisme.

Bijnierscintigrafie kan verder nuttige informatie opleveren bij

patiënten met bijnierschorscarcinomen en bijniermergtumoren.

Voor enkele indicaties wordt de plaats van de bijnierscintigrafie

bij het onderzoek aangegeven.
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