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Summary. Seven adrenal glands removed from 4 patients suffering from a eentral-type 
Cushing's syndrome after various periods of aminoglutethimide (AGL) treatment were sub- 
jeeted to eonventional morphologieal and histoehemieal, partieularly enzyme histoehemieal, 
studies and to bioehemieal ineubation studies. 

The adrenal glands of the AGL-treated patients showed marked lipoid adrenocortieal 
hyperplasia with an exeessive cholesterot or eholesterol ester aecumulation leading to eholes- 
terol crystallization and foeal dystrophie and necrotie ehanges in the adrenoeortieal peri- 
phery. Histochemieally, the foei of adrenoeortieal tissue so affeeted showed an inerease in 
acid phosphatase reaetion and a severe reduetion of dehydrogenase activity. In ehronieally 
treated cases, the adrenal eortex showed some reduetion in weight and the neerotie foci 
were replaeed by cieatrieose tissue. 

The bioehemieal findings eonfirmed the blockade of eholesterol side ehain eleavage, hut 
the biosynthesis of cortieosteroids from pregnenolone was unaffeeted. 

Aminoglutethimide (Elipten ® Ciba, fur ther  AGL) originally introduced as an 
anticonvulsant ,  has been early reeognized to possess various side effeets, the most  
impor tan t  of whieh were those pertaining to the endoerine system (for reviews 
see Hughes  and Burley, 1970; Motlik et al., 1972). Of these, the most  interesting 
one appeared to be tha t  coneerning the adrenal eortex. Following a long-term 
A G L  administrat ion,  Camacho et al. (1967) observëd adrenoeortieal insufficieney 
in h u m a n  beings, persisting e ren  after the AGL- t r ea tmen t  had been discontinuëd. 
The mechanism of AGL-indueed adrenocortieal  insuffieieney has been later 
elueidated by  demonst ra t ing tha t  A G L  was eapable of bloeking the adreno- 
eortieal C20-C22 lyase, whieh prevents  eholesterol f rom entering the steroid bio- 
synthet ie  pa thway.  Owing to i~s steroid biosynthesis blocking properties, the drug 
has been used as an adrenostat ie  in h u m a n  medieine with eonsiderable suecess 
(ef. e.g. Smilo et al., 1967; tIorkj~ et al., 1968; Marek et al., 1973). 

t Iowever,  morphologieal findings in ~he h u m a n  adrenal glands following A G L  
adminis t rat ion have been seareely mentioned until  reeently. Camaeho et al. (1967) 
examined adrenal glands of ehildren who had  beën reeeiving A G L  for various, 
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usua l ly  r a the r  long per iods  pr ior  to  death .  They  have  been r epor t ed  to  exhib i t  
hype rp l a s i a  of the  ad rena l  eort ices wi th  i n t r aey top l a smic  s torage of ]ipids, which 
has  been regarded  as being in accordance  with  the  theore t ica l  pos tu la tes .  Givens 
et al .  (1968, 1970) examined  the  adrenals  of two females suffering f fom breas t  
cancer  and,  as rar  as we are  aware  of, these  au thors  were the  f irst  ones to r epor t  
also on the  morpho]ogy  of adrena l  glands in one case  of A G L - t r e a t e d  eentral-  
t y p e  Cushing's  syndrome.  The f indings in  these  th ree  eases were essential]y 
simflar  in t h a t  the  adrena l  g lands  showed high degrees of cort ical  hype rp la s i a  
assoc ia ted  with  i n t r acy top l a smie  l ip id  accumula t ion  and,  in one of the  cases, 
wi th  the  d i sappea rance  of a discernible zona glomerulosa.  The au thors  e la imed 
t h a t  th is  eould be cor re la ted  wi th  a reduc t ion  in  a ldos terone  produet ion .  

I n  view oB these  faets,  i t  seemed to be reasonab]e to  presen t  our findings,  
biochemica],  morphologica l  and  his tochemieal ,  as ob ta ined  in a small  group of 
pa t i en t s  suffering f rom the  cen t ra l - type ,  i.e. non tumorous  Cushing's  syndrome,  
who had  been t r e a t ed  wi th  A G L  for var ious  per iods  pr ior  to adrena]ec tomy.  

Material and Method 
The ])resent study has been based on four patients suffering from the so-calledsecondary 

or central-ty])e Cushing's syndrome, the important ])re-treatment clinical data of whom 
have been listed in Table 1, and the relevant biochemical data of whom have been sum- 
marized in Table 2. 

All these ])atients reeeived peroral aminoglutethimide (Elipten® Ciba) in doses varying 
between 1 and 2 g for various ])eriods of time and had a two-stage adrenalectomy (Table 1). 
Save for the left adrenal gland of ease D, all the adrenals were subjected to a thorough mor- 
phological and histoehemieal examination. 

Table 1. Clinical features and scheme of treatment of the ])atients with central-ty])e Cushing's 
syndrome 

Patient Sex Dura- Clinical AGL First AGL Second 
and tion of sym])toms treatment adrenal- treatment adrenal- 
age illness ])rior ectomy prior ectomy 

(yrs) to first to second 
adrenal - adrenal- 
ectomy ectomy 

A 9, 27 1 com])lete a 1.5 g daily right none leß 
(K. L.) 4 weeks (A I) 12 days (AII)  

B 9, 27 2 com])lete a none right 2 g daily left 
(B. I.) (B I) 2 weeks (B II) 

C 9, 33 4 complete a 2 g daily right none left 
(P. J.) 5 months (C I) 4.5 months (C II) 

D ~, 15 3 incom- none left c 1 g daily right 
(D. J.) plete b 6 weeks (D) 

a Complete clinical symptoms included: truncal obesity, cervical rat ])ad, moon face, striae, 
plethora, hy])ertension, hirsutism, ankle oedema, muscular weakness, osteo])orosis, ])rediabetes 
and amenorrhoea. 
b Truncal obesity, cervical fat pad, moon face, ])lethora, striae, slight osteo])orosis and 
prediabetes. 
c Carried out 1 year prior to ])resent admission, material not avialabIe for study. 
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Table 2. Examinat ions  of steroids in the pat ients  with Cushing's syncb'ome 
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Pa t ien t  A (K.L.) B (B.I.) C (P.J . )  D (D.J.)  

Cortisol secretion rate,  mg/24 hrs 61 43 73 52 

Plasma cortisol, fxg/100 ml 
at  8 a.m. 34 27 27 19 
at  8 p .m.  38 23 29 23 

Urinary  cortisol, ~g/24 hrs 387 132 570 270 

Urinary 17-hydroxycor ticoids, 
mg/24 hrs 33 28 25 24 
(range) (26~I7) (22 37) (18-29) (17-33) 

Urinary 17-ketosteroids, mg/24 hrs 35 38 26 26 
(range) (25-47) (28-47) (21-30) (19-30) 

Corticotrophin and  Metopirone tests positivie positive positive positive 

Suppression by  Dexamethasone part ial  part ial  part ial  partial  
a t  16 mg at  8 mg at  8 mg at  8 mg 

In  all the patients,  a two-stage adrenalectomy was earried out  in the usual way under  
combined inhalat ion anaesthesia. After removal, the adrenals were immediately t r immed from 
rat, weighed and cut in parallel t ransverse slices approximately 2 mm thiek, and examined 
macroscopically. Alternat ing slices wert  used for conventional histology, histochemistry,  
electron microscopy and bioehemistry. 

For  bioehemical studies, mineed adrenal tissue (100±2 mg) was suspended in 5 ml of 
Krebs-Ringer phosphate  buffer with  glueose (20 mM/l) and incubated with 1 ~xC of 4-14C- 
cholesterol or 7e-8It pregnenolone a t  37 ° C under  oxygen in a Dubnoff shaker for 60 min. 
After ineubation, 100 ~zg of unlabelled cortisol and cortieosterone were added and the mixture 
pre-extraeted with l ight petroleum. Thereafter,  eortieosterone was extraeted from the  
aqueous phase with te t rachlormethane and  cortisol with  ethyl aeetate. The dry residues were 
chromatographed on W h a t m a n  1 paper to constant  specifie activities of the following solvent 
system: 1) toluene-propylene glycol, 2) benzene:  methanol :  water, 100:50:50 (Bush Bs), 
3) benzene : cyelohexane : methanol :  water, 100:100:100:50. Cortisol and eortieosterone 
wert  visualized in the paper chromatograms by  the  means of UV light at  254 m~x. The steroids 
were extraeted with ethanol and measured by  seleetive light absorption at  240 m~. The 
radioact ivi ty of all samples was determined in SLT mixture  (Spolana, Neratoviee) using an 
ABAC 40 SL In ter technik  GUE liquid scintillation eounter. 

Alternately,  adrenal sliees wert  incubated simultaneously with 4J4C-cholesterol and 
7c~-3H-pregnenolone, 1 [xCi each, and the incubation mixtures were processed as described 
elsewhere (Sulcovä and St£rka, 1971). The ratio of eortieoids and adrenal androgens was 
determined (Table 3). 

Table 3. The ~«C :3H ratio in steroids isolated after incubat ion of adrenal sliees with 
4-14C-eholesterol and 7-SH-pregnenolone (1 ~zCi each) 

Pa t ien t  Trea tment  a Cortisol Cortico- Dehydro- Andro- 
sterone epiandro- stenedione 

sterone 

K.L.  none (A II) 0.15 0.14 0.17 0.16 
AGL t rea tmen t  (A I) 0.03 0.02 0.07 0.09 

B . I .  none (B I) 0.16 0.14 0.16 0.17 
AGL t rea tment  (B II)  0.03 0.02 0.07 0.06 

a Cf. Table 1. 
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The tissues destined for morphological studies were, in part, fixed in neutral formalin 
or in neutralized Baker's fixative. Some tissue slices were quick-frozen on metal cryostat 
blocks in petroleum ether chilled with a mixture of acetone and dry ice, wrapped in a poly- 
ethylene foil and kept on dry ice or in a refrigerator at --22 ° C until further processing. For 
the enzyme studies, they were sectioned on a Pearse-Slee cryostat, usually not later than 
3 days after operation. 

The fixed adrenocortical tissue blocks were either embedded into paraffin (some of them 
after thorough washing and using the rapid vacuum technique for enzyme studies), or, after 
a 6-8 hours' period of fixation, the tissues were washed thoroughly in several changes of cold 
distilled watet and sectioned on a h'eezing microtome for enzyme and lipid studies. 

The conventional staining methods used included haematoxilin and eosin, Masson's 
trichrome stains, occasionally combined with a modified Gomori silver impregnation techni- 
que for reticulin fibres, the PAS method and, oceasionally, Heidenhain's ferric haematoxylin 
and Mallory's phosphotungstic acid haematoxylin. Lipids were demonstrated with the Sudan 
stains as well as by the OTAN method combined with lipid extractions as suggested by 
Elleder and Lojda (1968). 

A number of enzymes were demonstrated in the paraffin-embedded, frozen as well as in 
cryostat sections. The enzymes demonstrated in paraffin sections were the alkaline and acid 
phosphatase and nonspecific esterases, «-naphtyl esterase and naphtol-AS-esterase. The same 
enzymes, plus several substrate-specific phosphatases (IDP, TPP, GTP, ATP), lactate 
dehydrogenase and the NADH and NADPH tetrazolium reductases (diaphorases) were 
demonstrated in frozen sections. A number of other dehydrogenases were demonstrated in 
cryostat seetions, namely the 3/3-hydroxysteroid dehydrogenase, isopropanol dehydrogenase 
(Hardonk, 1965), glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, 
NAD- and NADP-linked isocitrate dehydrogenase, malate dehydrogenase and succinate 
clehydrogenase. The methods used for the demonstration of enzymes listed were those recom- 
menced by Pearse (1960, 1968) modified, in some cases, by Lojda (1970). 

Results 

a) Biochemical Findings 

A G L - t r e a t m e n t  resulted in  a marked impa i rmen t  of the in vitro conversion 
of 4-14C-cholesterol to eortisol and  eorticosterone by  adrenal  s]ices as shown in  
Fig. 1 summariz ing  the data  obta ined  from pat ients  K.L. and  B.I. (cf. Tables 1-3). 
I n  eontrast ,  the eonversion of 7~-3H-As-pregnenolone remained essentially un- 
affected. The results are in  agreement  with those of Dexter  et al. (1967) who 
demons t ra t ed  that ,  in  the rat ,  AGL inhibi ts  adrenal  steroid biosynthesis by  inter- 
fering with the conversion of cholesterol to pregnenolone. 

Similar conelusions can be derived from the experiments  with the s imul taneous 
incuba t ion  of 3H-pregnenolone and  14C-eholesterol both to corticosteroids and  
C19-steroids. The lat ter ,  however, were no t  affeeted to such a degree as eortisol 

and  cortieosterone (Table 3). 

b) Morpholoffical and Histochemical Findings 

The adrenal  glands available for s tudy  could be divided in to  three groups, 
namely  a) un t r ea t ed  cases: one case of the present  series plus 52 adrenal  glands 
obta ined  from pat ients  suffering from the central  type Cushing's syndrome who 
had been subjected to bilateral  adrena]ectomy, serving as controls for the purpose 
oB the present  s tudy  (see footnote to Table 4), b) adrenal  glands from pat ients  
t rea ted  with AGL for various periods of t ime unt i l  the m o m e n t  of operat ion and  
c) adrenal  glands of pat ients  t rea ted  with AGL for various periods of t ime, in 
whom, however, AGL admin is t ra t ion  had been discont inued at  various intervals  



Effects of Aminoglutethimide on Adrenal Glands 15 

% % 
o,s F B F B 

0,4 0,4 
A-G I I  A-G A-G 

0,2 A-6 0,2 

I . I | ~  
CHOLESTEROL-~4C 

F B F B 

0,6 0,6 A-G 

0,4 A-G 0,4 A-G 

PREGNENOLON -3H 
Fig. 1. Effeet of AGL t rea tment  on the in vitro conversion of eholesterol-4-14C and AS-preg- 
nenolone-7u-aH, respectively, to cortisol (F) and corticosterone (B), by adrenal sliees obtained 
from pat ients  A (left) and B (right). White  eolumns no t rea tment ;  black columns = AGL 

t rea tmen t  prior to operation. For  details on t r ea tmen t  see Table 1 

Table 4. Morphologieal findings in adrenal cortiees of AGL treated eases of eentral-type 
Cushing's syndrome as related to durat ion of t r ea tment  

Case AGL Interval  Morphologieal findings 
t r ea tment  between 

eessation adrenal lipoid regressive 
of AGL weight hyper- ehanges of 
t r ea tment  (g) plasia aerenocort. 
and operation cells 

searring 

B I  0 0 9 ( + )  0 0 
B I I  2 weeks 0 17.5 + + + +  + + +  0 
A I  4 weeks 0 13.5 + + + + + + 0 
D 6 weeks 0 10.3 + + +  + + +  0 
CI 5 months  0 13.4 + + + + 0 
A I I  4 weeks 12 days 11 + + + + 0 
CI I  5 months  4.5 month  9 + ( + )  + +  

Bioptic cases of central- type Cushing's syndrome (control group) 

Number  Durat ion Weight  of In terva l  Weight  of 
of cases of illness first adrenat between second adrenal 
(sex) (mean) operations (mean) 

26 0.5-10 years 5.2-11.2 g 2 wks to 11 mos 5.0-14.0 g 
(13 3 + 13 9) (7.49 g) (8.15 g) 
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b 

Fig. 2. a Case BI  (top) and b BI I  (bottom). Difference between gross al0pearance of cross- 
sectioned adrenal prior to (B I) and following (33 II) AGL treatment of two weeks duration 

(confront with Table 4) 

prior to  operation. According to the durat ion of A G L  administrat ion with or 
wi thout  interrupt ion of A G L  t rea tment  before operation, the individual glands 
eould be pur  in a sequential series as shown in Table 4, together  with the organ 
weights and  the essential mieroseopieal findings. 

G r o s s l y ,  the adrenal glands of AGL- t rea ted  individuMs eould be invariably 
denoted as severely hyperplastie,  the degree of hyperplasia  exeeeding the range 
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usuM in untreated cases of the central-type Cushing's syndrome, whieh is obvious 
from the eonfrontation of the cases ineluded in part  1 and part  2, respeetively, 
of Table 4. In orte case the right adrenal (B I) had been removed prior to AGL 
treatment and the left one (BII) following a previous AGL administration of 
two weeks' duration (Fig. 2a, b). The difference between the two was Mmost 
100% of the original weight. In none of the cases of the control series of eentral- 
type Cushing's syndrome where both glands were removed successively (at inter- 
vms ranging between 2 weeks and 11 months) a similar difference eould be ob- 
served. Hence the increase in weight in the AGL-treated eases is most likely to 
be attr ibuted to the influence of the drug. A slight to marked regression in adrenM 
size could be noted after prolonged periods of withdrawal of AGL prior to opera- 
tion (Table 4). 

On cross seetion, the cortex appeared to be markedly widened. I t  usually 
showed a mottled appearanee with intimately intermingling reddish-brown and 
yellow areas, with a prevalenee of ochre yellow eolour indieating the presenee 
of lipid. In most of the specimens (BII,  D, AI,  CI, AII)  there was a conspicuous 
narrow yellow band in the subeapsular region. Small, usually ill-defined intra- 
eortieM mieronodules were observed in some eases, but these might have been 
present before treatment. I t  should be mentioned in advance that  these micro- 
nodules of adrenoeortieal tissue underwent identieal ehanges attributable to 
AGL treatment as the remaining adrenal cortex of the respective cases. 

Microscopically, the changes observed in the adrenal eortex of the patient 
treated with AGL for 14 days (B II) mainly consisted of adrenoeortical hyperplasia 
resulting in a marked widening of the adrenal cortex with a slightly indicated 
mieronodule formation and adrenoeortical eell hypertrophy. Most of the hyper- 
troiohied cells showed a marked lipid aecumulation, thus acquiring the appearance 
of hypertrophie spongioeytes. Their cytoplasm was finely spumoid, but in some 
eells it tended to become coarsely vacuolated. These changes occurred pre- 
dominantly in the outer half of the cortex, affeeting both the zona glomerulosa 
and the external fasciculata. At this early stage the two zones remained distinguish- 
able from one another. In addition, there oecurred dystrophic changes of adreno- 
cortical cells presenting as extremely fine cytoplasmic vacuolation with lipid 
aecumnlation and occasional formation of small, needle-shaped or rhombic 
crysta]s within the eytoplasm believed to be cholesterol or eholesterol esters 
aecording to their morphology and lipid solubility. On oceassion, such eells 
acquired an almost homogeneous, "v i t reous"  appearance in conventional pre- 
parations (Figs. 3 and 4). The nuclei of such cells tended to beeome pycnotic. 
Such regressive changes supposedly terminate in cell necrosis (eytolysis). 

Histochemically, the altered cells were charaeterized by an increase in acid 
hydrolases, partieularly acid phosphatase (Figs. 5 and 6) and by a depression or 
eren loss of aetivity of virtually all the dehydrogenases studied (Figs. 7 and 8). 
No other histoehemical changes were observed. 

The above alterations were most frequent in the peripheral third of the 
adrenal cortex (Figs. 3 and 5), usually beginning at a eertain distance from the 
capsule, so that  a subcapsular band of lipid-rich adrenM cortex remained free 
from the dystrophic changes. Tiny irregular patehes of altered eells occurred in 
the central faseieu]ata, too (Fig. 5). However, they were rar less frequent and 

2 Virchows Arch. Abt.  A Path.  Anat. ,  Vol. 360 
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Fig. 3. Case BII. Outer half of adrenal eortex showing "lipoid" hyperplasia with eoarse 
vaeuolation of the eytoplasm of some adrenoeortieal eells (bottom). Note the eireumseribed 
foeus of dystrophie cells with homogenization of cytoplasm (arrows). Itaematoxylin and eosin, 

magnif. × 130 

their distribution appeared to be less regular. The lesions were not observed in 
the deepest adrenoeortieal layers, where the main findings included eell activa- 
tion and hyper t rophy without any eonsiderable liloid aeeumulation (the so-ealled 
aetive-type hyperplasia). Occassionally, the foei of adrenoeortical eell degenera- 
tion were aecompanied by  slight round-eell cellulization eomprising lympho- 
eytes, plasmacytes and histiocytic eells. The last ones exeeptionally turned into 
phagoeytes ineorporating eell debris, loresumably originating from destroyed 
adrenoeortieal eells. None of the dystrophie lesions and only negligible focal 
round-eell inIiltrations, a milder degree of hyperplasia and eell hyper t rophy 
assoeiated with a very low degree of fa t ty  iniiltration were observed in the 
contralateral adrenal gland (BI) removed from the same patient  prior to AGL 
administration. 
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Fig. 4. Case AII. Area of adrenal cortex showing hyperplasia with presence of groups of 
eompact eells (left) and a cluster of dystrophie adrenoeortieal eells showing nuelear pycnosis 
and homogenization of eytoplasm (right half of field). I-Iaematoxylin and eosin, magnif. × 210 

The adrenal eortices of the remaining cases (D, AI,  CI, AII )  were very 
similar to that  of B II .  In all of them there was a high degree of lipoid hyper- 
plasia associated with the dystrophic changes of adrenocortieal cells as deseribed 
above. In  eases of ehronie AGL administration, there was an inereasing tendeney 
towards a loss of adrenoeortieal zonation, affeeting not only the inner cortieal 
areas hut also the subeapsular region. After 6 months of AGL administration 
(CI) as well as after an 8 weeks' treatment Iollowed by a loeriod of 12 days without 
treatment prior to operation (AII), there was a milder degree of lipoid hyperplasia 
and the dystrophie eellular ehanges were less Irequent and less extensive. No 
erystal formation was found in CI  and AI I ,  but otherwise the morphologieal 
and histoehemieM pattern was identi•al with that  deseribed in BI I .  

No dystrophie eellnlar ehanges were found in the adrenal gland removed at 
4.5 months after the interruption oB ehronie AGL treatment (CII). In eontrast, 
this gland eontained multiple tiny irregnlar foei of fibrosis whieh eould be eor- 
related with the previous areas of degeneration er neerobiosis as regards theh" 
shape, extent and loealization. 

All the eases subjeeted to AGL treatment oeeasionally develolaed eortieal 
mieronodules as well as intra- er extraeapsular proliIerations of adrenoeortieM 
eells. Sinee however, such formations are ffequently found in adrenal glands of 
untreated Cushing's syndrome, they eammt be regarded as a result of drug 
administration. Irrespeetive of whether they were well er ill defined, the miero- 
nodules as well as the intra- and extraeapsular proliferations of adrenoeortieal 

2* 
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Fig. 5. Case BII. Areas of adrenocortical cell dystrophy as visualized by the acid phospha- 
rase method. Note distribution of lesion (dark) occupying, in partieular, the outer third of 
the adrenal cortex. Paraffin seetion, azo-coupling method for aeid phosphatase, Light Green 

counterstain. 1V[agnif. approx. × 40 

cells displayed essentially the same degenerative and necrobiotic changes as the 
remaining cortex. This indicates that  both the mieronodules and the intra- or 
cxtracapsular proliferations react to AGL administration in the same way as the 
cortex proper. 

Discussion 

The main adrenoeortieal lesion in AGL-treated patients suffering from central- 
type Cushing's syndrome can be denoted as lipoid hyperplasia. Its pathogenesis 
seems to be quite clear today owing to the theoretical studies of Kahnt  and Neher 
(1966), Fishman et al .  (1967), Dexter et al .  (1967) and Cohen (1968) who demon- 
strated that  the blocking action of AGL upon the C20-C2~ lyase effeetive in the 
cholesterol side ehain eleavage was primarily responsible for the adrenocortical 
ehanges. Under such conditions, the negative feedback mechanism results in an 
inerease in ACTH-secretion leading, as usual, to the typical diffuse adrenocortical 
hyperplasia. The accumulation of lipids which may attain such a degree as to 
result in the development of lipid (cholesterol or cholesterol ester) crystals is 
another consequenee of the AGL-indueed block of steroid biosynthesis, reflecting 
the storage of non-utilized natural steroid preeursors. I t  is interesting to note 
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Fig. 6. Case C I. Area of adrenoeortical eell dystrophy with an inerease in aeid phosphatase 
aetivity in the eytoplasm of dystrophie eells. Note predominantly eorpuseular enzyme 

aetivity. Aeid phosphatase teehnique as in Fig. 5, magnif. × 535 

tha t  the whole meehanism resußing in lipoid hyperplasia also operates in in- 
dividuals suffering from the seeondary-type Cushing's syndrome, where the 
adrenal glands already show signs o5 adrenoeortieal stimulation ineluding hyper- 
plasia. This has been doeumented by eomparing the glands B I  and B II ,  the 
former removed from a patient  with an untreated Cushing's syndrome, the latter 
from the same patient  after a short period of AGL treatment.  The differenee in 
weight as well as in the mieroseopieal pat tern  of the two glands exeeeds the fange 
o5 differenees observed in the series of patients with the eentral-type Cushing's 
syndrome treated by a two-stage total  adrenaleetomy, as observed previously. 

The AGL-treated adrenal glands of the present series show some obliteration 
of adrenoeortieal zonation. In  all the eases the inner zones (faseieulata and retie- 
ularis) were shown to fuse, whereas some loss of zonation in the eortieal peri- 
phery aeeompanied by  the absenee of a morphologieally diseernible zona glome- 
rulosa eould be noted in the ehronieally treated eases only. I t  taust be realized, 
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Fig. 7. Case CI. Focal adrenocortical cell dystrophy presenting as negative, "moth-eaten" 
areas in the cortical periphery showing a strong enzyme activity. Confront the localization 
of the lesions with that shown in Fig. 5. Method for 3 fi-hydroxysteroid dehydrogenase, 

DHEA as substrate, magnif, approx. × 40 

however, that a definite loss of zonation oeeurs in all marked seeondary adreno- 
eortical hyperp]asias and is also frequent]y seen in the secondary-type Cushing's 
syndrome. Therefore it is hardly possib]e to draw any conelusions eoncerning 
ehanges in the secretion of adrenocortical hormones in AGL-treated eases from 
the disturbanees in adrenocortieal zonation as c]aimed, e.g., by Givens et al. 

(1970). 
Of the natural  h u m a n  adrenocort ical  disorders the one most  closely resembling 

the AGL-induced  adrenocort ical  changes is the so-cal]ed congcnital lipoid adreno- 
cortical hypcrplasia  of Siebenmann (1957). This disease resemb]es the state induced 
by  A G L  t r ea tmen t  not  only morphological]y, but  also pathogenetically.  Even  in 
congenital adrenocort ica] ]ipoid hyperp]asia there seems to be a block affecting 
the early stages of steroid biosynthesis resulting, on the one hand, in the accumu- 
lation of cholesterol (or its esters) and, on the other hand, in a depression of 
steroid biosynthesis with an  impai rment  of the adrenocortical-•ituitary feedback 
mechanism leading to an  increase in A C T H  release and a more-or-less diffuse 
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Fig. 8. Case BII. Areas of eell dystrophy showing reduetion or virtual absenee of enzyme 
ae~ivity. Method for glueose-6-phosphate dehydrogenase, magnif, approx. × 130 

adrenoeortieal hyperplasia. In eongrast to the AGL-indueed changes as presented 
in this paper, those of eongenital lipoid adrenoeortieal hyperplasia are usually 
morë advaneed and more uniform. The degree of adrenoeortieal ehanges may 
deioend on the duration and the eompleteness of the block. I t  should be borne 
in mind that  the blocking aetion of AGL is a eompetitive one and ean be over- 
eome by inereased ACTH levels as shown by the relatively lower adrenal weights 
of the chronieally treated eases. In  eontrast, it is questionable whether such a 
eompensation is possible in the ease of Prader-Siebenmann's disease. The relative 
lack of uniformity as observed in out AGL-indueed ehanges may depend on the 
appearaneë of the adrenal eortex prior to AGL administration, and it should be 
reealled that in many eases of the seeondary-type Cushing's syndroms the adrenal 
cortex shows a rather polymorph pattern. The effeet of AGL upon adrenoeortieal 
eells possibly depends on their funetional stare, and it must be rëalized that  the 
funetional stare (and, eonseqnently, the morphology) of adrenoeortieal eells in 
the diffuse or diIfuse-mieronodular hyperplasia of the seeondary-tyloe Cushing's 
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syndrome may vary eonsiderably in various areas of the hyperplastic adrenal eortex 
(ttradec and Motlik, 1970). 

The human adrenoeortieal ehanges Iollowing AGL administration elosely 
resemble those induced in various animMs, espeeially in rats, by the same drug 
(Stärka and Motlik, 1971; Motlik and Stärka, 1972; Motlik et al. ,  1972, see also 
for further referenees). E ren  in animals the AGL-indueed adrenoeortical lesions 
eould be designated as lipoid hyperplasia, and eholesterol plus eholesterol esters 
were shown to be responsible for the lipid aceumulation. In addition, they in- 
eluded dystrophic cellular lcsions, necrobiosis or cven necrosis of adrenoeortical 
eells, inIlammatory eell aggregates oeeurring in assoeiation with adrenoeortieal 
eell damage, and, later, absorption of the neerotie areas of adrenoeortieal tissue, 
condensation of their iibrovaseular stroma resulting in the formation ~f a fibrous 
medullary eapsule and assoeiated with regeneration of adrenoeortieal tissue in 
the subcapsular and the peripheral region of the eortex. 

Similar lesions eould be prodneed by amphenone (tIertz et al. ,  1955; Kracht,  
1961), A«-eholestene-3-one (Kracht, 1961 ; Frederiekson et al , ,  1958) and, reecntly, 
by aniline (Koväes et al. ,  1971). All these lesions obviously share an essentiMly 
eommon pathogenesis though there seem to be some differenees eoneerning the 
aetual nature and position of the block. Thus, e.g. a long-term administration 
of amphenone (Kracht, 1961) and aminoglutethimide (Motllk and Stärka, 1972; 
Motlik et al . ,  1972) led to a regression oB the originally extreme adrenoeortical 
lipoid hyperplasia. 

The dystrophie and, sometimes, eren  the neerobiotie ehanges of adreno- 
eortieal eells may result in neerosis as shown by the morphological and histo- 
ehemieal findings presented hefe. In partieular, the inerease in aeid phosphatase 
and the depression of the aetivity of all the dehydrogenases observed appeared 
to be a good and reliable marker of the regressive ehanges. There is some nn- 
eertainty as regards the meehanism proper of the eell death. First, the lethal 
effeet of AGL may beeome realized through mitochonch-ial damage as demon- 
strated in animal experimcnts by Raeela et al. (1969) and Marek et al. (1970a, b). 
No differenee was found, however, in the reduetion of mitoehondrial and extra- 
mitoehondrial dehydrogenases in the eases studied here. A finding of a preferential 
reduetion in mitoehondrial enzyme activities, whieh might have indieated a role 
of mitoehondrial damage in the proeess of eell necrobiosis due to AGL eonid 
have possibly oeeurred at an earlier stage of AGL treatment.  The other possible 
lethal faetor might have been eholesterol overload as such whieh, in some eases, 
is really exeessive. A eombination of the two faetors mentioned eannot be ruled 
out either, and perhaps other meehanisms leading to cell deatb should be also 
taken into aeeount. 

The rate of the neerobiotie and neerotie eells cannot be always traeed with 
eertainty. In some eases, nuclear pyenosis and a gradual loss of stainable baso- 
philie substanee indieates eytolysis. Oeeasionally, eell debris can be found in 
aggregates of round inflammatory eells, whieh obviously represent a mesenehymal 
reaetion to the adrenoeortieal cell death, but  whose signifieanee is not fnlly under- 
stood. The presenee of histioeytoid eells may represent an immediate reaetion 
to the presenee of eell depris, but  the aeeumnlation of the so-ealled immuno- 
competent eells is rather unelear. I t  should be mentioned that  similar inflamma- 
~ory eell aggregates also oeeur in adrenal glands from untrea~ed cases of Cushing's 
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synd rome  as well as in the  m a j o r i t y  of ad rena l  g lands  ob ta ined  f rom adu l t s  sub- 
jee ted  to  rou t ine  autops ies  (of. Motllk,  1964). Their  a lmos t  s table  re la t ion  to  
areas  of adrenoeor t ica l  hype rp l a s i a  has  led to  the  suspicion t h a t  the  occurrence 
of such foci migh t  represent  one of the  morphologiea l  mani fes ta t ions  of regression 
of the  hyperp las t i e  cortex.  Mueh larger  aggregates  of the  same type  have  beën 
found in the  adrena l  g lands  of out  expc r imen ta l  an imals  (Motllk and  S tä rka ,  
1972; Mot l ik  et al., 1972). 

The quest ion whe ther  the  i n f l a m m a t o r y  cell aggregates  represent  a manifes ta-  
t ion of an  a u t o i m m u n e  reae t ion  ( remember  the  dense inf i l t ra t ions  in cases of 
a u t o i m m u n e  adrenal i t is ,  expe r imen ta l  as well as spontaneous)  cannot  be solved 
on the  basis of the  prcsent  mater ia l .  I t  should be stressed t h a t  the  inf i l t ra t ions  
undergo g radua l  c iea t r iza t ion  resul t ing  in i r regu!ar  foci of cicatr ieial  eonnect ive 
t issue wi th in  the  cor tex  as observed in oase CI I .  Such scars reloresent a p e r m a n e n t  
adrenocor t i ca l  lesion whieh, if ve ry  extensive ,  migh t  have  a bear ing uioon adreno-  
eort ical  funet ion.  

The b ioehemical  f indings eonf i rmed the  b lockade  of eholesterol  side chain 
e leavage b y  ACL t r ea tmen t .  The b iosynthes is  of eor t ieosteroids  f rom ioregnenolone 
as a d i ree t  precursor  of C21-steroids in the  adrena l  was unaffeeted.  The resul ts  
suggest  t h a t  the  compensa to ry  mechanisms  opera te  besides ACTI-I s t imula t ion  
in the  AGL- in f luenced  adrenal ,  as shown b y  the  d ive rgen t  values  of r a d i o a c t i v i t y  
incorpora t ion  into  eor t ieosteroids  and  C19-steroids. 

I n  conelusion, i t  should be s t ressed t h a t  A G L  a d m i n i s t r a t i o n  m a y  produee  
severe a l t e ra t ions  in h u m a n  adrena ls  e r e n  with  normal  the rapeu t i e  doses of 
1-2 g pro die. I f  ex tens ive  enough, the  necrobio t ie  and  necrot ic  lesions might  
become func t iona l ly  mani fes t  and  migh t  p r e s u m a b l y  eause adrenocor t i ca l  in- 
sufficieney even tua l ly  pers is t ing  a f te r  d i scon t inua t ion  of A G L  admin i s t ra t ion .  
May  be t h a t  such severe lesions oecur  in exeep t iona l ly  sensi t ive ind iv idua l s  only,  
because such repor t s  are  r a the r  ra re  in the  l i te ra ture .  
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