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FIG. 9.1A. A, adrenals from normal fetus of 5 
months' gestation; combined weight 0.70 g. B, adrenals 
from normal term fetus; combined weight 9.60 g. C, 
adrenals from premature anencephalic fetus of 5 
months' gestation; weight 0.63 g. D, adrenals from 
anencephalic fetus at term; weight 0.45 g. (From 
Nichols, J., A. M. A. Arch. Path., 62: 312, 1956.) 

tutes the remainder of the gland are larger 
than those of the definitive zone. They stain 
poorly with all techniques, especially H&E. 
The cytoplasm takes a very pale pink stain 
and the nucleus a very light basophilic 
color. Sudan stains reveal that this zone 
has little lipid. Immediately after birth 
the fetal zone contains widely dilated vas-
cular channels which, in most instances, 
are engorged with red blood cells. Within 
a day or so the cells of the fetal zone begin 
to break up with loss of cytoplasm and 
nuclear detail; the vascular engorgement 
becomes more profound and takes on the 
appearance of hemorrhage. Hemosiderin, 
phagocytosis and evidence of regeneration 
are usually absent. Many seemingly normal 
infants succumb during this early post-
natal period without adequate anatomical 
cause being found despite diligent autopsy. 
In many of these infants the prosector re-
ports "hemorrhage of the adrenals" which 

FIG. 9.1 B. In this case from an anencephalic at 
term the pituitary gland at the top consists entirely 
of normal anterior lobe tissue with vascular stasis. It 
weighs 90 mg., being the greatest amount of pituitary 
tissue in anencephaly known to the author. Adreno-
corticotropic hormone assays were not done. The 
adrenal beneath shows atrophy characteristic of 
anencephaly. (Courtesy of Dr. David Jenkins. From 
Nichols, J., An Introduction to Clinical Neuroendo-
crinology, airs Bajusz, editor, S. Karger, 1967.) 

attending physicians accept as an adequate 
explanation for death. Examination of these 
adrenals almost always reveals that the 
"hemorrhage" is restricted to the fetal 
zone, the definitive zone being spared. 
This "hemorrhage" is physiologic and 
therefore not involved in the death pro-
cess. By the 4th month of life the fetal zone 
is 90% atrophic having served no appar-
ently useful function after birth. This con-
cept is supported by the fact that anen-
cephalic infants, without a fetal zone, 
occasionally live 2 and 3 weeks, to die, 
apparently, of respiratory failure and 
malnourishment. It is also well recognized 
that the crisis in the "salt-losing" form of 
congenital adrenocortical hyperplasia is 
usually delayed until 4 to 5 days after birth. 
Presumably by that time the appropriate 
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- c

o
rtis

o
l. 

tria
n
g
u
la

r; th
e
 le

ft is
 m

o
re

 e
lo

n
g
a
te

d
 o

r u
la

ris
 to

 A
C

T
H

. T
h
is

 s
tim

u
lu

s
, in

 th
e
ir 

th zoen
a cerlle stioc-f  

w
ith

 th
e
 h

u
m

a
n
 fe

ta
l zo

n
e
' 	

, th
e
 rig

h
t is

 m
o
re

 th
e
 in

n
e
r z

o
n
a

fasciculata 
 

la
ry inner 	

therebyexposianagd 
la

te
d
 to

 a
n
d
ro

g
e
n
s a

n
d
 is n

o
t b

e
 co

n
fu

se
d
 	

O
f th

e
 tw

o
 

glands, 	
' 

b
e
a
n
-s

h
a
p
e
d
. E

a
c
h
 g

la
n
d
 m

a
y
 b

e
 d

iv
id

e
d
 o

p
in

io
n
, a

c
c
o
u
n
ts

 fo
r th

e
 fo

c
a
l d

e
p
le

tio
n
 

in
to

 th
re

e
 p

a
rts

, 
v
iz

., 
a
 c

e
n
tra

lly
 lo

c
a
te

d
 o

f lip
id

s
 th

a
t p

ro
g
re

s
s
e
s
 fro

m
 th

e
 z

o
n
a
 

h
e
a
d
, b

o
d
y
 a

n
d
 ta

il. T
h
e
 h

e
a
d
 c

o
n
ta

in
s
 re

tic
u
la

ris
 o

u
tw

a
rd

 u
n
d
e
r A

C
T

H
 s

tim
u
la

-
m

o
s
t o

f th
e
 m

e
d
u
lla

, th
e
 c

o
rtic

o
m

e
d
u
lla

ry
 tio

n
. P

a
re

n
th

e
tic

a
lly

 it m
a
y
 b

e
 s

a
id

 th
a
t 

ra
tio

 is
 4

:1
; th

e
 b

o
d
y
 c

o
n
ta

in
s
 a

 s
m

a
ll a

d
re

n
a
l b

lo
o
d
 flo

w
 d

o
e
s
 v

a
ry

 c
o
n
s
id

e
ra

b
ly

 
a
m

o
u
n
t o

f m
e
d
u
lla

, th
e
 c

o
rtic

o
m

e
d
u
lla

ry
 fro

m
 tim

e
 to

 tim
e
 p

re
s
u
m

a
b
ly

 re
g
u
la

te
d
 

ra
tio

 b
e
in

g
 1

5
: I; w

h
ile

 th
e
 ta

il, th
e
 la

te
ra

l b
y
 s

o
m

e
 n

e
u
ro

m
u
s
c
u
la

r m
e
c
h
a
n
is

m
. A

ls
o
 

m
o
s
t p

a
rt o

f th
e
 g

la
n
d
, c

o
n
s
is

ts
 e

n
tire

ly
 o

f A
C

T
H

 w
ill trip

le
 th

e
 b

lo
o
d
 flo

w
 th

ro
u
g
h
 

co
rte

x. T
h
e
 a

n
te

rio
r p

o
rtio

n
 o

f e
a
ch

 g
la

n
d
 	

th
e
 d

o
g
 a

d
re

n
a
l w

ith
in

 1
0
 m

in
u
te

s
 a

fte
r 

in
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c
tio

n
. D

o
b
b
ie

 a
n
d
 S

y
m

in
g
to

n
 a

ls
o
 b

e
-

lie
ve

 th
a
t in

 so
m

e
 a

d
e
n
o
m

a
s th

e
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scu
la

r 
p
a
tte

rn
 is

 n
o
t a

rra
n
g
e
d
 in

 th
e
 u

s
u
a
l fa

s
h
-

io
n
 w

h
ic

h
 m

a
y
 a

c
c
o
u
n
t fo

r th
e
ir n

o
n
fu

n
c
-

tio
n
a
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tu
s in

 v
iv

o
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Y
e
t slice

s fro
m

 th
e
se

 
a
d
e
n
o
m

a
s d

o
 fo

rm
 ste

ro
id

 h
o
rm

o
n
e
s w

h
e
n
 

e
xp

o
se

d
 to

 A
C

T
H

 in
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G
en

eral M
o

rp
h

o
lo

g
y 

T
h
e
 w

e
ig

h
t o

f th
e
 n

o
rm

a
l a

d
u
lt a

d
re

n
a
l 

g
la

n
d
 is

 n
o
t firm

ly
 e

s
ta

b
lis

h
e
d
; c

e
rta

in
ly

 it 
is

 le
s
s
 th

a
n
 th

e
 fig

u
re

 o
f 5

 to
 8

 g
. g

iv
e
n
 in

 
m

a
n
y te

xts. T
h
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e
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u
se
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o
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d
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n
a
ls 

o
b
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e
d
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t a
u
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p
s
y
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 fro

m
 p

a
tie

n
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w

h
o
s
e
 illn

e
s
s
e
s
 h

a
te
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c
tiv

a
te

d
 th

e
 p

itu
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ta
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le
a
s
e
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C
T

H
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e
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 c

a
u
s
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h
y
p
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p
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y
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f th
e
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n
d
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n
ly

 g
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n
d
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t a

n
d
 c

o
n
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s
 a
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h
a
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w
 

a
n
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r 
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m
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e
a
lth

y
 p

e
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o
n
s
 d

y
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g
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u
d
d
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n
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s
 

g
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o
v
e
 

fro
m

 w
h
ic

h
 e

m
e
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e
 th

e
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d
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n
a
l 

fro
m
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c
c
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e
n
t, c

a
n
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e
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s
e
d
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 e
s
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b
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h
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e
in

s
. O

n
 th

e
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o
s
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rio
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u
rfa

c
e
 th

e
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 is
 a
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e
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e
ig

h
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f th
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a
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n
d
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n
o
th

e
r 

c
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s
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g
e
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e
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v
a
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n
 fla

n
k
e
d
 b

y
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c
to
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a
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o
s
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u
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p
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s
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 d

o
n
e
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y
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o
 w
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g
-lik

e
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n
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e
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s
e
c
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o
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a
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p
e
c
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e
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n
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o
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h
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d
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u
c
h
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u
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y
 p
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n
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b
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h
e
n
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o
s
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c
o
v
e
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e
s
e
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d
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n
a
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t c
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n
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n
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e
 c
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u
rfa
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d
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n
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n
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n
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a
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 g
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n
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a
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d
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lt 

w
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ig

h
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 to
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n
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p
o
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d
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m
b
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e
d
 w

e
ig

h
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o
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d
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m
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a
n
d
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 to
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e
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w
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d
 th

a
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 c
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u
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w
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n
d
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e
 M
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1
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u
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a
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n
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d
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 b
e
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d
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f fib
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u
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rra
n
g
e
d
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n
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ckin
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p
a
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ia
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 th
e
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u
m

a
n
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lia
s
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n
d
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a
u
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" d
e
-

s
c
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e
d
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ig
h
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g
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p
e
s
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f c
o
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x
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n
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n
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n
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o
w

n
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a
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d
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n
 

th
e
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rra
n
g
e
m

e
n
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n
d
 fib

ro
u
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m
a
 

o
f th

e
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o
n
a
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m

e
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lo
s
a
. In

 g
e
n
e
ra

l, th
e
 

ce
lls o

f th
e
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n
a
 g

lo
m

e
ru

lo
sa

 
are ro

u
n

d
ed

 
a
n
d
 s

m
a
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r th
a
n
 th

e
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o
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h
e
d
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l c
e
lls

 o
f 

th
e
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o
n
a
 fa

s
c
ic

u
la

ta
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n
d
 h

a
v
e
 le

s
s
 lip

id
 

th
a
n
 th

e
 ce

lls o
f th

e
 zo

n
a
 fa
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la

ta
. T

h
e
 

z
o
n
a
 fa

s
c
ic

u
la

ta
 c

e
lls

 a
re

 p
o
ly

h
e
d
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l w
ith

 
a
 c

e
n
tra

l n
u
c
le

u
s
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n
d
 in

 c
a
s
e
s
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f s
u
d
d
e
n
 

d
e
a
th

 h
a
ve

 a
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a
m

y cyto
p
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 w

ith
 a

b
u
n
d
- 

a
n
t lip

id
. T

h
e
 c

e
lls

 o
f th

e
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o
n
a
 re

tic
u
la

ris
 

a
re

 o
f tw

o
 ty

p
e
s
, a

 lig
h
t ty

p
e
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e
n
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a
l 

w
ith

 th
o
s
e
 in

 th
e
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o
n
a
 fa

s
c
ic

u
la

ta
 a

n
d
 a

 
s
m

a
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a
rk
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e
ll" w
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 d
e
e
p
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 s
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in
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g
 

c
y
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p
la

s
m

. It is
 h

e
ld
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y
 s

o
m

e
 th

a
t th

e
s
e
 

d
a
rk

 c
e
lls

 o
f th

e
 re

tic
u
la

ris
 n

o
rm

a
lly

 m
a
n
-

u
fa

c
tu

re
 c

o
rtis

o
l fro

m
 c

h
o
le

s
te

ro
l p

re
-

cu
rso

rs fo
u
n
d
 in

 th
e
 lig

h
t ce

lls a
n
d
 ce

lls o
f 

th
e
 zo

n
a
 fa

scicu
la

ta
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E
le

c
tro

n
 m

ic
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s
c
o

p
y
 

h
a
s
 re

v
e
a
le

d
 th

a
t 

th
e
 c

o
rd

s
 o

f th
e
 a

d
re

n
a
l a

re
 c

o
n
tin

u
o
u
s
 

fro
m

 th
e
 "c

o
rk

s
c
re

w
" g

lo
m

e
ru

la
r e

n
d
 

th
ro

u
g
h
 a

 s
tra

ig
h
t p

o
rtio

n
 in

 th
e
 fa

s
c
ic

u
-

la
ta

 to
 th

e
 re

tic
u
la

ris
 w

h
e
re

 th
e
 c

o
rd

s
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e
-

co
m

e
 in

d
istin

ct a
s th

e
 m

e
d
u
lla

 is re
a
ch

e
d
." 

E
a
c
h
 c

o
rd

 is
 c

o
m

p
o
s
e
d
 o

f 1
0
 to
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ce

lls 
w

h
ich

 a
re

 su
rro

u
n
d
e
d
 b

y a
 b

a
se

m
e
n
t m

e
m

-
b
ra

n
e
 o

u
ts

id
e
 o

f w
h
ic

h
 is

 a
 n

e
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o
rk

 o
f 

c
a
p
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rie
s
. T

h
e
 c

e
lls

 o
f th

e
 g

lo
m

e
ru

lo
s
a
 

h
a
ve

 m
in

im
a
l lip

id
 a

n
d
 m

ito
ch

o
n
d
ria

 o
f th

e
 

cla
ssica

l typ
e
 w

ith
 crista

e
 w

h
ich

 a
re

 p
la

te
-

lik
e
. In

 th
e
 fa

s
c
ic

u
la

ta
 th

e
re

 is
 a

 la
rg

e
 

a
m

o
u
n
t o

f lip
id

 in
 m

e
m

b
ra

n
e
-b

o
u
n
d
 d

ro
p
-

le
ts a

n
d
 m

ito
ch

o
n
d
ria

 w
h
ich

 co
n
ta

in
 so

m
e
 

p
la

te
-lik

e
 c

ris
ta

e
 a

n
d
 s

o
m

e
 s

m
a
ll v

e
s
ic

le
s
 

w
h
ic

h
 s

e
e
m

 to
 "flo

a
t fre

e
" in

 th
e
 m

ito
-

ch
o
n
d
ria

) m
a
trix. In

 so
m

e
 ca

se
s th

e
 ve

sicle
s 

a
re

 a
c
c
o
m

p
a
n
ie

d
 b

y
 lo

n
g
, ro

u
n
d
e
d
 s

tru
c
-

tu
re

s
 w

h
ic

h
 h

a
v
e
 b

e
e
n
 c

a
lle

d
 "tu

b
u
le

s
." 

In
 th

e
 re

tic
u
la

ris
 th

e
 c

e
lls

 c
o
n
ta

in
 v

a
ria

b
le

 
a
m

o
u
n
ts

 o
f lip

id
 d

e
p
e
n
d
in

g
 o

n
 w

h
e
th

e
r 

th
e
y
 a

re
 d

a
rk

 (c
o
m

p
a
c
t c

e
lls

 w
ith

 m
in

im
a
l 

lip
id

) o
r lig

h
t c

e
lls

 (c
le

a
r c

e
lls

 w
ith

 m
u
c
h
 

lip
id

). T
h
e
 m

ito
c
h
o
n
d
ria

 o
f th

e
 re

tic
u
la

ris
 

a
re

 o
f a

 sp
e
cia

l kin
d
 w

h
ich

 a
re

 fo
u
n
d
 in

 a
ll 

c
e
lls

 c
o
n
c
e
rn

e
d
 w

ith
 th

e
 p

ro
d
u
c
tio

n
 o

f 
ste

ro
id

s. T
h
e
 m

ito
ch

o
n
d
ria

 h
a
ve

 a
 d

o
u
b
le

 

Z
o

n
es o

f C
o

rtex 

T
h
e
 te

rm
s
 z

o
n
a
 g

lo
m

e
ru

lo
s
a
, z

o
n
a
 fa

s
-

c
ic

u
la

ta
 a

n
d
 z

o
n
a
 re

tic
u
la

ris
 w

e
re

 firs
t 

u
s
e
d
 b

y
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rn
o
ld

' in
 1

8
6
6
 a

n
d
 w

e
re

 a
rriv

e
d
 

a
t e

n
tire

ly
 b

y
 o

b
s
e
rv

in
g
 th

e
 p

a
tte

rn
s
 o

f 
s
u
p
p
o
rtin

g
 re

tic
u
lu

m
. D

e
ta

ils
 o

f th
e
 p

a
r-

e
n
c
h
y
m

a
l c

e
lls

 w
e
re

 n
o
t c

o
n
s
id

e
re

d
. T

h
e
 

zo
n
a
 g

lo
m

e
ru

lo
sa

 w
a
s sa

id
 to

 h
a
ve

 b
a
lls o

f 
ce

lls co
n
ta

in
e
d
 in

 sp
h
e
re

s o
f fib

ro
u
s tissu

e
; 

th
e
 z

o
n
a
 fa

s
c
ic

u
la

ta
 w

a
s
 d

e
s
c
rib

e
d
 a

s
 

p
a
ra

lle
l s

h
e
e
ts

 o
f fib

e
rs

 w
h
ic

h
 s

e
p
a
ra

te
 

v
e
rtic

a
l c

o
lu

m
n
s
 o

f c
e
lls

; th
e
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o
n
a
 re

tic
- 

A
b
o
u
t 5

0
 o

r s
o
 a

rte
rie

s
 d

e
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e
d
 fro

m
 

th
e
 a

o
rta

 a
n
d
 th

e
 p

h
re

n
ic a

n
d
 re

n
a
l a

rte
r-

ie
s
 s

u
p
p
ly

 e
a
c
h
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la
n
d
. T

h
e
s
e
 a

rte
rie

s
 

ra
m

ify
 o

v
e
r th

e
 s

u
rfa

c
e
 o

f th
e
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la
n
d
 a

n
d
 

p
e
n
e
tra

te
 th

e
 c

a
p
s
u
le
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rm

in
g
 a

 s
u
b
-

c
a
p
s
u
la

r p
le

x
u
s
 fro

m
 w

h
ic

h
 s

tra
ig

h
t 

c
a
p
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rie
s
 w

ith
 fe

w
 in

te
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o
n
n
e
c
tin

g
 

b
rid

g
e
s
 p

e
n
e
tra

te
 th

e
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o
n
a
 fa

s
c
ic

u
la

ta
 to

 
fo

rm
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h
 p

le
x
u
s
 in

 th
e
 z

o
n
a
 re

tic
u
la

ris
 

a
t th

e
 co

rtico
m

e
d
u
lla

ry ju
n
ctio

n
. T

h
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c
u
la

r p
le

x
u
s
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 d
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in
e
d
 b

y
 re

la
tiv

e
ly

 fe
w

 
c
h
a
n
n
e
ls

 w
h
ic

h
 p

a
s
s
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to
 th

e
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e
d
u
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. 
T

h
e
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t th
e
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m

e
d
u
lla

ry ju
n
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r m
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c
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 p
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 re
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d
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g
 a

n
d
 Jo

n
e
s 

h
a
ve

 re
ce

n
tly p

re
se

n
te

d
 a

 d
e
ta

ile
d
 d

e
scrip

-
tio

n
 o

f th
e
 fin

e
 s

tru
c
tu

re
 o

f th
e
 a

d
re

n
a
l 

c
o
rte

x
 in

 m
a
n
. T

h
e
y
 re

p
o
rt th

a
t th

e
 c

o
rti-

c
a
l c

e
lls

 h
a
v
e
 a

 w
e
ll d

e
v
e
lo

p
e
d
 s

m
o
o
th

-
s
u
rfa

c
e
d
 e

n
d
o
p
la

s
m

ic
 re

tic
u
lu

m
 u

s
u
a
lly

 
ta

k
in

g
 th

e
 fo

rm
 o

f a
 n

e
tw

o
rk

 o
f a

n
a
s
to

-
m

o
se

d
 tu

b
u
le

s. !to
u
g
h
-su

rfa
ce

d
 e

n
d
o
p
la

s-
m

ic
 re

tic
u
lu

m
 is

 n
o
t a

s
 p

ro
m

in
b
n
t a

s
 th

e
 

s
m

o
o
th

 v
a
rie

ty
, b

u
t is

 b
e
tte

r d
e
v
e
lo

p
e
d
 in

 
th

e
 h

u
m

a
n
 a

d
re

n
a
ls th

a
n
 in

 th
e
 a

d
re

n
a
ls o

f 
m

o
s
t o

th
e
r s

p
e
c
ie

s
 e

x
c
e
p
t th

e
 m

o
n
k
e
y
. 

T
h
e
y
 h

a
v
e
 d

e
m

o
n
s
tra

te
d
 th

e
 s

a
m

e
 v

a
ria

-
tio

n
 in

 m
ito

ch
o
n
d
ria

 b
e
tw

e
e
n
 zo

n
e
s w

h
ich

 
w

a
s d

e
scrib

e
d
 a

b
o
ve

, b
u
t e

m
p
h
a
size

d
 th

e
 

p
re

s
e
n
c
e
 o

f m
o
re

 tu
b
u
la

r c
ris

ta
e
 in

 th
e
 

re
ticu

la
ris th

a
n
 a

re
 d

e
m

o
n
stra

te
d
 in

 F
ig

u
re
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, w
h
ic

h
 is

 fro
m

 a
 m

o
n
k
e
y
. T

h
e
y
 d

e
fin

e
 

a
ll o

f th
e
 crista

e
 a

s lo
n
g
 a

n
d
 sh

o
rt tu

b
u
le

s 
b
u
t th

e
ir p

h
o
to

g
ra

p
h
s
 s

u
g
g
e
s
t th

a
t m

a
n
y
 

o
f th

e
m

 a
re

 v
e
s
ic

u
la

r, c
o
n
fo

rm
in

g
 to

 th
e
 

te
rm

in
o
lo

g
y u

tilize
d
 a

b
o
ve

. 
A

d
re

n
a
ls

 a
re

 fre
q
u
e
n
tly

 d
e
s
c
rib

e
d
, o

n
 

c
u
t s

e
c
tio

n
, a

s
 h

a
v
in

g
 "a

b
u
n
d
a
n
t lip

id
," 

s
h
o
w

in
g
 lip

id
 d

e
p
le

tio
n
 o

r s
h
o
w

in
g
 "fo

c
a
l 

A
D

R
E

N
A

L C
O

R
T

E
X

 

c
a
s
e
s
 o

f a
g
e
n
e
s
is

 o
r h

y
p
o
p
la

s
ia

 o
f th

e
 p

i-
tu

ita
ry

." E
c
to

p
ic

 a
d
re

n
a
l tis

s
u
e
 m

a
y
 b

e
 

fo
u
n
d
 in

 th
e
 liv

e
r, a

lo
n
g
s
id

e
 th

e
 m

e
s
e
n
-

te
ry

 a
n
d
 a

o
rta

, in
 th

e
 in

g
u
in

a
l c

a
n
a
l a

n
d
 

in
 th

e
 g

o
n
a
d
s, e

sp
e
cia

lly th
e
 te

sticle
. E

ve
n
 

in
 th

e
s
e
 a

b
e
rra

n
t lo

c
a
tio

n
s
 th

e
 g

la
n
d
 a

p
-

p
a
re

n
tly

 fu
n
c
tio

n
s
 s

o
m

e
w

h
a
t n

o
rm

a
lly

. 
W

ilk
in

s
' m

e
n
tio

n
s
 tw

o
 p

a
tie

n
ts

 w
ith

 
a
d
re

n
o
g
e
n
ita

l s
y
n
d
ro

m
e
 a

ris
in

g
 fro

m
 a

d
-

re
n
a
l tis

s
u
e
 in

 th
e
 s

c
ro

tu
m

 a
n
d
 b

e
s
id

e
 th

e
 

sp
e
rm

a
tic co

rd
. T

h
e
se

 re
g
re

sse
d
 w

ith
 co

r-
tis

o
l a

d
m

in
is

tra
tio

n
. T

h
e
 fo

rm
e
rly

 w
id

e
ly

 
h
e
ld

 id
e
a
 th

a
t c

le
a
r c

e
ll h

y
p
e
rn

e
p
h
ro

m
a
s
 

o
f th

e
 k

id
n
e
y
 a

ro
s
e
 fro

m
 e

c
to

p
ic

 a
d
re

n
a
l 

tissu
e
 h

a
s n

o
w

 la
rg

e
ly b

e
e
n
 a

b
a
n
d
o
n
e
d
, a

l-
th

o
u
g
h
 tru

e
 a

d
re

n
a
l re

s
ts

 a
re

 fo
u
n
d
 in

 th
e
 

k
id

n
e
y
. A

n
 a

d
re

n
a
l g

la
n
d
 h

a
s
 b

e
e
n
 re

-
p
o
rte

d
 in

 th
e
 c

ra
n
ia

l c
a
v
ity

 in
 a

 s
in

g
le

 
in

s
ta

n
c
e
." F

ig
u
re

 9
.3

 
(a

 
a
n
d
 
b
) 

sh
o
w

s a
 

"h
o
rse

sh
o
e
" a

d
re

n
a
l. 

I lip
id

 d
e
p
le

tio
n
." T

h
e
 "lip

id
s
" o

f th
e
 a

d
.to

 th
e
 a

d
re

n
a
l u

s
u
a
lly

 m
e
a
n
s
 th

a
t th

e
 p

a
-

. re
n
a
l c

o
rte

x
 c

o
n
s
is

t m
a
in

ly
 o

f fre
e
 ch

o
le

stie
n
t  h

a
s
 h

a
d
 tra

u
m

a
 o

r a
n
 illn

e
s
s
 w

h
ic

h
 

te
ro

l, 	
c
h
o
le

s
te

ro
l e

s
te

rs
, trig

ly
c
e
rid

e
s
 h

a
s
 s

tim
u
la

te
d
 th

e
 h

y
p
o
th

a
la

m
u
s
 a

n
d
 

p
h
o
s
p
h
o
lip

id
s
, e

tc
.' A

ll a
re

 w
h
ite

 i p
itu

ita
ry

 to
 re

le
a
s
e
 A

C
T

H
, to

 c
a
u
s
e
 e

n
-

th
e
ir p

u
re

 s
ta

te
. T

h
e
 c

o
lo

r o
f th

e
 a

d
re

n
a
l la

rg
e
m

e
n
t o

f th
e
 a

d
re

n
a
l a

n
d
 in

c
re

a
s
e
d
 

 
is

 d
u
e
 to

 lip
o
c
h
ro

m
e
 p

ig
m

e
n
ts

 w
h
ic

h
 a

ls
o
 fo

rm
a
tio

n
 o

f h
o
rm

o
n
e
s
, u

s
u
a
lly

 w
ith

 e
x
-

c
o
lle

c
t in

 o
th

e
r fa

tty
 d

e
p
o
ts

 o
f th

e
 b

o
d
y
 c

re
tio

n
 o

f s
to

ra
g
e
 lip

o
id

. 
O

n
 o

n
e
 h

a
n
d
 th

e
 a

d
re

n
a
l m

a
y
 h

a
v
e
 c

o
n
, A

 d
ic

h
o
to

m
y
 e

x
is

ts
 b

e
tw

e
e
n
 th

e
 fu

n
c
-

s
id

e
ra

b
le

 s
to

re
s
 o

f lip
id

 a
n
d
 little

 lip
o
- lio

n
 o

f th
e
 in

n
e
r a

n
d
 o

u
te

r z
o
n
e
s
 o

f th
e
 

c
h
ro

m
e
 p

ig
m

e
n
ts

 a
n
d
 a

p
p
e
a
r p

a
le

; o
n
 th

e
 c

o
rte

x
. In

 a
n
im

a
ls

 h
is

to
lo

g
ic

 c
h
a
n
g
e
s
 

o
th

e
r h

a
n
d
 th

e
 a

d
re

n
a
l m

a
y
 h

a
v
e
 little

 lim
ite

d
 to

 th
e
 z

o
n
a
 g

lo
m

e
ru

lo
s
a
 a

n
d
 w

ith
 

lip
id

 a
n
d
 la

rg
e
 a

m
o
u
n
ts

 o
f lip

o
c
h
ro

m
e
 c

o
n
c
o
m

ita
n
t c

h
a
n
g
e
s
 in

 th
e
 ju

x
ta

g
lo

m
e
r-

p
ig

m
e
n
t re

s
u
ltin

g
 in

 a
 
d
e
e
p
 

y
e
llo

w
 c

o
lo

r. u
la

r a
p
p
a
ra

tu
s
 h

a
v
e
 b

e
e
n
 re

p
e
a
te

d
ly

 o
b
-

it is
 a

p
p
a
re

n
t, th

e
re

fo
re

, th
a
t th

e
 n

a
k
e
d
 s

e
rv

e
d
 in

 a
n
im

a
ls

 re
c
e
iv

in
g
 h

ig
h
 o

r lo
w

 
e
y
e
 d

e
s
c
rip

tio
n
 o

f th
e
 "lip

o
id

 s
ta

te
" a

 s
o
d
iu

m
 d

ie
t o

r d
e
s
o
x
y
c
o
rtic

o
s
te

ro
n
e
 

p
e
lle

t im
p
la

n
ts

. In
je

c
tio

n
 o

f A
C

T
H

 e
lic

its
 

ch
a
n
g
e
s p

rim
a
rily in

 th
e
 zo

n
a
 fa

scicu
la

ta
 

a
n
d
 re

ticu
la

ris b
u
t th

e
y m

a
y a

lso
 e

xte
n
d
 to

 
th

e
 z

o
n
a
 g

lo
m

e
ru

lo
s
a
. S

im
ila

r c
h
a
n
g
e
s
 

h
a
ve

 b
e
e
n
 o

b
se

rve
d
 in

 h
u
m

a
n
 a

d
re

n
a
ls. T

h
e
 

b
e
s
t e

v
id

e
n
c
e
 th

a
t th

e
 z

o
n
a
 g

lo
m

e
ru

lo
s
a
 

is
 a

lm
o
s
t c

o
m

p
le

te
ly

 in
d
e
p
e
n
d
e
n
t o

f th
e
 

p
itu

ita
ry

 a
n
d
 s

e
c
re

te
s
 a

ld
o
s
te

ro
n
e
 is

 th
e
 

fa
c
t th

a
t a

fte
r h

y
p
o
p
h
y
s
e
c
to

m
y
 th

e
 in

n
e
r 

zo
n
e
s o

f th
e
 co

rte
x a

tro
p
h
y a

n
d
 th

e
 p

a
tie

n
t 

s
h
o
w

s
 a

ll o
f th

e
 e

ffe
c
ts

 o
f c

o
rtis

o
l d

e
fi-

c
ie

n
c
y
. H

o
w

e
v
e
r th

e
 z

o
n
a
 g

lo
m

e
ru

lo
s
a
 

a
tro

p
h
ie

s
 o

n
ly

 s
lig

h
tly

 a
n
d
 a

ld
o
s
te

ro
n
e
 

se
cre

tio
n
 co

n
tin

u
e
s a

p
p
ro

xim
a
te

ly n
o
rm

a
lly 

w
h
ile

 s
e
c
re

tio
n
 o

f c
o
rtis

o
l is

 re
d
u
c
e
d
 a

l-
m

o
s
t to

 th
e
 v

a
n
is

h
in

g
 p

o
in

t. Q
u
ite

 o
b
v
i-

o
u
s
ly

 th
e
re

 is
 n

o
t a

 s
h
a
rp

 "a
ll-o

r-n
o
n
e
" 

se
p
a
ra

tio
n
 o

f fu
n
ctio

n
 o

f th
e
 tw

o
 zo

n
e
s b

u
t 

ra
th

e
r a

 s
lig

h
t o

v
e
rla

p
p
in

g
. M

ic
ro

s
c
o
p
ic

 
e
x
a
m

in
a
tio

n
 fro

m
 a

 h
y
p
o
p
h
y
s
e
c
to

m
iz

e
d
 

p
e
rso

n
's a

d
re

n
a
l so

m
e
tim

e
s su

g
g
e
sts th

a
t 

th
e
 zo

n
a
 g

lo
m

e
ru

lo
sa

 a
n
d
 ca

p
su

le
 a

re
 th

ick-
e
n
e
d
. T

h
is is b

e
ca

u
se

 th
e
 zo

n
a
 g

lo
m

e
ru

-
lo

sa
 a

n
d
 ca

p
su

le
 a

re
 p

e
rip

h
e
ra

l. W
h
e
n
 th

e
 

z
o
n
a
 fa

s
c
ic

u
la

ta
 a

n
d
 z

o
n
a
 re

tic
u
la

ris
 

a
tro

p
h
y
 th

e
 o

u
te

r z
o
n
e
s
 "c

a
v
e
 in

" e
v
e
n
 

w
ith

o
u
t m

u
c
h
 a

tro
p
h
y
. S

in
c
e
 th

e
ir m

a
s
s
 

d
e
c
re

a
s
e
s
 re

la
tiv

e
ly

 little
 a

n
d
 th

e
y
 c

o
v
e
r 

a
 s

m
a
lle

r m
a
s
s
 (m

e
d
u
lla

) th
e
ir a

p
p
a
re

n
t 

thickness increases. 
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th
e
 a

d
re

n
a
l c

o
rte

x
 m

a
y
 b

e
 m

e
a
n
in

g
le

s
s
,  

a
n
d
 h

is
to

lo
g
ic

 e
x
a
m

in
a
tio

n
 m

a
y
 b

e
 re

-
q
u
ire

d
. 

A
 g

a
la

x
y
 o

f e
le

g
a
n
t h

is
to

c
h
e
m

ic
a
l p

ro
-

c
e
d
u
re

s
 h

a
s
 b

e
e
n
 a

p
p
lie

d
 to

 th
e
 a

d
re

n
a
l 

c
o
rte

x
 o

f th
e
 e

x
p
e
rim

e
n
ta

l a
n
im

a
l a

n
d
 

im
p
o
rta

n
t c

o
n
c
lu

s
io

n
s
 re

g
a
rd

in
g
 c

o
rtic

o
s
-

te
ro

id
 fo

rm
a
tio

n
 h

a
v
e
 b

e
e
n
 d

ra
w

n
. H

o
w

-
e
v
e
r, in

v
e
s
tig

a
tio

n
s
 o

f th
e
 h

u
m

a
n
 a

d
re

n
a
l 

h
a
v
e
 b

e
e
n
 la

rg
e
ly

 d
is

a
p
p
o
in

tin
g
. S

im
p
le

 
S

u
d
a
n
 s

ta
in

s
 fo

r to
ta

l lip
id

s
 a

n
d
 th

e
 

S
c
h
u
ltz

 re
a
c
tio

n
 fo

r c
h
o
le

s
te

ro
l re

v
e
a
l 

w
h
e
th

e
r o

r n
o
t th

e
se

 su
b
sta

n
ce

s h
a
ve

 b
e
e
n
 

d
e
p
le

te
d
 o

r a
c
c
u
m

u
la

te
d
 in

 th
e
 v

a
rio

u
s
 

zo
n
e
s a

n
d
 lo

ca
tio

n
s o

f th
e
 g

la
n
d
 in

 re
sp

o
n
se

 
to

 A
C

T
H

 s
tim

u
la

tio
n
 o

r to
 s

tim
u
la

tio
n
 

fro
m

 th
e
 re

n
in

-a
n
g
io

te
n
s
in

 s
y
s
te

m
. It is

 
p
re

s
u
m

e
d
 th

a
t c

h
o
le

s
te

ro
l is

 a
 p

re
c
u
rs

o
r 

o
r s

to
ra

g
e
 fo

rm
 o

f th
e
 v

a
rio

u
s
 c

o
rtic

o
s
-

te
ro

id
 h

o
rm

o
n
e
s
 a

n
d
 th

a
t w

h
e
n
 c

h
o
le

s
-

te
ro

l (a
n
d
/o

r e
s
te

rs
) a

re
 d

e
p
le

te
d
 h

o
r-

m
o
n
e
s h

a
ve

 b
e
e
n
 fo

rm
e
d
 a

n
d
 d

isch
a
rg

e
d
 

in
to

 th
e
 b

lo
o
d
 stre

a
m

. 
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. E
le

ctro
n
 m

icro
g
ra

p
h
 o

f p
a
re

n
ch

ym
a
l 

cell in reticularis of m
onkey adrenal to dem

onstrate 
the vesicular m

itochondria 
(M

). 
A

lso
 p

re
se

n
t a

re
 

p
o
rtio

n
 o

f th
e
 n

u
cle

u
s (N

) a
n
d
 lip

id
 d

ro
p
le

ts 
(L

). 
T

h
is

 is a
 "co

m
p
a
ct" o

r "d
a
rk" ce

ll b
e
ca

u
se

 o
f th

e
 

p
a
u
city o

f lip
id

 a
n
d
 th

e
 large quantity of organdies, 

especially endoplasm
ic reticulum

, in the cytoplasm
. 

8500X
. (C

ourtesy of D
r. A

 M
. B

. B
loodw

orth, Jr.) 
tt. 

F
m

. 9
.3

. A
, "h

o
rse

sh
o
e
 a

d
re

n
a
l" fro

m
 g

irl a
g

e
 5 

m
onths w

ith m
eningom

yelocele and fatal septicem
ia. 

B
o
th

 g
la

n
d
s a

re
 co

n
n
e
cte

d
 b

y a
n
 isth

im
u
s p

a
ssin

g
 

behind the aorta thereby form
ing a groove betw

een. 
th

e
 tw

o
 g

la
n
d
s. (C

o
u
rte

sy o
f D

r. R
o
b
e
rt D

ra
t%

) D
, 

section in the horizontal plane reveals norm
al,  cortex 

on both aides of norm
al m

edulla w
hich connects the 

m
edulla of both glands. N

o m
icroscopic abnorm

alities 
w

ere noted and the pituitary w
as norm

al. i,z. 
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N

S
 

E
m

b
ryo

n
ic 

T
h
e
 g

la
n
d
 h

a
s ra

re
ly b

e
e
n
 re

p
o
rte

d
 a

b
-

s
e
n
t w

ith
o
u
t a

c
c
o
m

p
a
n
y
in

g
 a

b
n
o
rm

a
l-

itie
s
." It h

a
s
 b

e
e
n
 re

p
o
rte

d
 a

tro
p
h
ic

 in
 

P
h
ysio

lo
g
y 

In
 c

o
n
s
id

e
rin

g
 th

e
 a

d
re

n
a
l it is

 q
u
ite

 
fa

s
h
io

n
a
b
le

 to
 s

p
e
a
k
 o

r w
rite

 o
f "s

tre
s
s
." 

In
 th

is
 c

o
n
te

x
t s

tre
s
s
 o

f th
e
 a

d
re

n
a
l p

e
r 

se
 

is
 a

m
b
ig

u
o
u
s
 a

n
d
 w

ith
o
u
t m

e
a
n
in

g
. It 

m
u
s
t b

e
 re

m
e
m

b
e
re

d
 th

a
t o

n
ly

 tw
o
 th

in
g
s
 

c
a
n
 s

tim
u
la

te
 th

e
 a

d
re

n
a
l c

o
rte

x
. T

h
e
 firs

t 
is A

C
T

H
 fro

m
 th

e
 p

itu
ita

ry a
n
d
 th

e
 se

co
n
d
 

is re
n
in

-a
n
g
io

te
n
sin

 fro
m

 th
e
 ju

xta
g
lo

m
e
ru

-
la

r a
p
p
a
ra

tu
s o

f th
e
 kid

n
e
y. In

 th
e
 sh

e
e
p
 it 

h
a
s
 b

e
e
n
 d

e
m

o
n
s
tra

te
d
 th

a
t a

lte
ra

tio
n
 o

f 
th

e
 N

a
:K

 ra
tio

 m
a
y
 a

ffe
c
t th

e
 z

o
n
a
 g

lo
-

m
e
ru

lo
sa

. T
h
e
 w

o
rd

 "stre
ss" w

h
e
n
 a

p
p
lie

d
 



F
m

. 9
.4

. S
e
ctio

n
 o

f a
d
re

n
a
l fro

m
 a

 ca
se

 o
f a

n
e
n
ce

p
h
a
ly sh

o
w

in
g
 th

e
 e

n
tire

 co
rte

x to
 co

n
sist o

f d
e
e
p
ly sta

in
-

in
g
 ce

lls sim
ila

r to
 th

o
se

 w
h
ich

 p
e
rsist to

 fo
rm

 th
e
 d

e
fin

itive
 co

rte
x in

 th
e
 n

o
rm

a
l g

la
n
d
. T

h
e
 in

n
e
r sp

a
ce

 a
d
ja

ce
n
t 

to
 th

e
 m

e
d
u
lla

 is d
e
vo

id
 o

f fe
ta

l co
rte

x a
n
d
 is fo

rm
e
d
 o

f e
d
e
m

a
to

u
s lo

o
se

 m
e
se

n
ch

ym
e
. H

&
E

, 1
9
0
X

. (F
ro

m
 

N
ich

o
ls, e

t a
l. J. C

lin
. E

n
d
o
cr. I&

 4
4
4
, 1

9
5
8
. W

ith
 p

e
rm

issio
n
 o

f th
e
 E

n
d
o
crin

e
 S

o
cie

ty.) 
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A

D
R

E
N

A
L
 C

O
R

T
E

X
 	

2
3
1
 

T
h
e
 m

o
s
t fre

q
u
e
n
t c

o
n
g
e
n
ita

l a
b
n
o
r-

m
a
lity

 is
 th

e
 a

tro
p
h
y
 re

g
u
la

rly
 fo

u
n
d
 in

 
c
a
s
e
s
 o

f a
n
e
n
c
e
p
h
a
ly

, h
y
d
ro

c
e
p
h
a
ly

 a
n
d
 

m
ic

ro
c
e
p
h
a
ly

. A
n
e
n
c
e
p
h
a
ly

, re
c
e
n
tly

 re
-

v
ie

w
e
d
, h

a
s
 a

n
 u

n
u
s
u
a
l g

e
o
g
ra

p
h
ic

 d
is

-
trib

u
tio

n
 w

ith
 a

 re
p
o
rte

d
 in

sta
n
ce

 o
f 1

:6
0
0
 

b
irth

s
 in

 Ire
la

n
d
 a

n
d
 1

:5
0
,0

0
0
 in

 L
y
o
n
s
, 

F
ra

n
ce

. A
p
p
a
re

n
tly a

 g
e
n
e
tic fa

cto
r a

s w
e
ll 

a
s e

n
viro

n
m

e
n
ta

l fa
cto

: a
re

 in
vo

lve
d
 in

 th
e
 

e
tio

lo
g
y
. It is

 s
u
g
g
e
s
te

d
 th

a
t m

in
o
r ill-

n
e
sse

s su
ch

 a
s in

flu
e
n
za

, h
e
rp

e
s, e

tc., m
a
y 

\ 	
b
e
 ca

u
sa

tive
 d

u
rin

g
 th

e
 e

a
rly 	

s w
h
e
n
 

ry
-

firs
t 

in
 a

n
-

r th
e
 P

o
lis

h
 

w
o
rke

rs 	
o
w

n
a
 a

n
d
 W

e
g
rz

y
n
o
w

s
k
i' 

h
a
d
 d

e
scrib

e
d
 th

e
 fe

ta
l zo

n
e
. S

p
e
cu

la
tio

n
 

te
n
d
e
d
 to

 a
scrib

e
 th

e
 A

tro
p
h
y to

 a
b
se

n
ce

 
o
r, a

t le
a
s
t, m

a
lfu

n
c
tio

n
in

g
 o

f th
e
 fe

ta
l 

p
itu

ita
ry

. T
h
e
n
 M

e
y
e
r" in

 1
9
1
2
 re

p
o
rte

d
 

n
o
rm

a
l a

d
re

n
a
ls in

 a
n
 a

n
e
n
ce

p
h
a
lic fe

tu
s 

o
f 5

 m
o
n
th

s g
e
sta

tio
n
. T

h
is su

g
g
e
ste

d
 th

a
t 

th
e
 d

e
fe

c
t is

 o
n
e
 o

f a
tro

p
h
y
 a

fte
r th

e
 5

th
 

m
o
n
th

 a
n
d
 is

 n
o
t a

n
 a

g
e
n
e
s
is

. U
n
fo

rtu
-

n
a
te

ly
, M

e
y
e
r's

 p
a
p
e
r h

a
s
 b

e
e
n
 la

rg
e
ly

 
o
v
e
rlo

o
k
e
d
. A

fte
r e

x
h
a
u
s
tiv

e
ly

 s
e
c
tio

n
in

g
 

th
e
 se

lla
 o

f 2
8
 a

n
e
n
ce

p
h
a
lics A

n
g
e
vin

e
' in

 
1
9
3
8
 fo

u
n
d
 p

itu
ita

ry tissu
e
 in

 a
ll. In

 m
a
n
y 

in
sta

n
ce

s th
e
 tissu

e
 w

a
s in

 ve
ry sm

a
ll sca

t-
te

re
d
 fo

c
i o

f c
e
ll c

lu
s
te

rs
. T

h
is

 w
rite

r h
a
s
 

fo
u
n
d
 A

C
T

H
 p

re
s
e
n
t in

 tis
s
u
e
 fro

m
 th

e
 

se
lla

 in
 a

ll o
f five

 a
n
e
n
ce

p
h
a
lics in

 w
h
ich

 it 
w

a
s
 s

o
u
g
h
t. B

e
c
a
u
s
e
 s

o
m

e
 o

f th
e
 tis

s
u
e
 

w
a
s u

se
d
 fo

r m
icro

sco
p
ic e

xa
m

in
a
tio

n
 a

n
d
 

co
n
sid

e
ra

b
le

 m
e
se

n
ch

yrrie
 w

a
s in

clu
d
e
d
 in

 
th

e
 m

a
te

ria
l e

xtra
cte

d
 fo

r a
ssa

y it w
a
s im

-
p
o
ssib

le
 to

 q
u
a
n
tita

te
 th

e
 a

m
o
u
n
t o

f A
C

T
H

 
p
re

se
n
t. F

ig
u
re

 9
.IB

 slio
w

s th
e
 ch

a
ra

cte
r-

is
tic

 a
tro

p
h
ic

 a
d
re

n
a
ls

 in
 a

 c
a
s
e
 o

f a
n
e
n
-

c
e
p
h
a
ly

 in
 w

h
ic

h
 a

 p
itu

ita
ry

 w
e
ig

h
in

g
 9

0
 

m
g
. w

a
s fo

u
n
d
. T

h
is p

itu
ita

ry w
a
s h

isto
lo

g
i-

ca
lly n

o
rm

a
l a

p
a
rt fro

m
 va

scu
la

r e
n
g
o
rg

e
-

m
e
n
t a

n
d
 is th

e
 la

rg
e
st p

itu
ita

ry a
sso

cia
te

d
 

w
ith

 a
n
e
n
ce

p
h
a
ly kn

o
w

n
:to

 th
e
 w

rite
r. T

h
e
 

p
itu

ita
ry o

f th
e
 n

o
rm

a
l n

e
w

b
o
rn

 w
e
ig

h
s 6

0
 

to
 8

0
 m

g
. It h

a
s b

e
e
n
 su

g
g
e
ste

d
' th

a
t th

e
 

in
ta

c
t h

y
p
o
th

a
la

m
u
s
 e

ith
e
r p

ro
d
u
c
e
s
 a

 
s
p
e
c
ia

l F
Z

A
C

T
H

 "fe
ta

l z
o
n
e
 a

d
re

n
o
c
o
r-

tic
o
tro

p
h
ic

 h
o
rm

o
n
e
" a

fte
r th

e
 5

th
 m

o
n
th

 
o
f g

e
s
ta

tio
n
 to

 d
ire

c
tly

 s
tim

u
la

te
 g

ro
w

th
 

a
n
d
 fu

n
c
tio

n
 o

f th
e
 fe

ta
l z

o
n
e
, o

r th
a
t it 

fo
rm

s
 a

 s
p
e
c
ia

l h
u
m

o
r w

h
ic

h
 s

tim
u
la

te
s
 

th
e
 p

itu
ita

ry
 to

 fo
rm

 a
 s

p
e
c
ia

l F
Z

A
C

T
H

. 
B

e
ca

u
se

 a
tro

p
h
y o

f th
e
 fe

ta
l zo

n
e
 h

a
s b

e
e
n
 

re
p
o
rte

d
 in

 n
e
w

b
o
rn

 in
fa

n
ts

 w
ith

 n
o
rm

a
l 

h
y
p
o
th

a
la

m
i a

n
d
 d

e
fic

ie
n
t p

itu
ita

ry
, it is

 
lik

e
ly

 th
a
t th

e
 fe

ta
l h

y
p
o
th

a
la

m
u
s
 s

tim
u
-

la
te

s
 th

e
 fe

ta
l p

itu
ita

ry
 to

 fo
rm

 th
e
 s

p
e
c
ia

l 
fe

ta
l z

o
n
e
 A

C
T

H
. S

u
c
h
 s

tim
u
li w

o
u
ld

 b
e
 

a
b
s
e
n
t in

 c
a
s
e
s
 o

f a
n
e
n
c
e
p
h
a
ly

 th
e
re

b
y
 

a
llo

w
in

g
 th

e
 fe

ta
l zo

n
e
 to

 a
tro

p
h
y a

fte
r th

e
 

5
th

 m
o
n
th

. In
 F

ig
u
re

 9
.IA

, th
e
 n

a
k
e
d
 e

y
e
 

a
p
p
e
a
ra

n
c
e
 o

f n
o
rm

a
l a

d
re

n
a
ls

 fro
m

 a
n
 

a
b
o
rtio

n
 a

t 5
 m

o
n
th

s o
f g

e
sta

tio
n
 co

m
p
a
re

d
 

w
ith

 n
o
rm

a
l a

d
re

n
a
ls

 o
f a

n
 a

n
e
n
c
e
p
h
a
lic

 
fe

tu
s
 o

f 5
 m

o
n
th

s
' g

e
s
ta

tio
n
 (C

) is
 s

h
o
w

n
. 

T
h
e
 sm

a
ll a

d
re

n
a
ls in

 a
 te

rm
 a

n
e
n
ce

p
h
a
lic 

in
fa

n
t 

(D
) 

m
a
y
 b

e
 c

o
n
tra

s
te

d
 w

ith
 th

e
 

la
rg

e
 a

d
re

n
a
ls o

f a
 n

o
rm

a
l te

rm
 in

fa
n
t (8

). 
N

o
d
u
le

s
 o

n
 th

e
s
e
 fu

ll-te
rm

 a
d
re

n
a
ls

 a
re

 
e
n
tire

ly
 n

o
rm

a
l. F

ig
u
re

 9
.4

 s
h
o
w

s
 a

 h
is

-
to

lo
g
ic se

ctio
n
 o

f a
n
 a

tro
p
h
ic a

d
re

n
a
l. 

T
h
is

 e
x
p
e
rim

e
n
t o

f n
a
tu

re
, a

tro
p
h
ic

 
a
d
re

n
a
ls

 a
n
d
 d

e
fic

ie
n
t p

itu
ita

ry
, p

ro
v
id

e
s
 

a
n
 e

xce
lle

n
t o

p
p
o
rtu

n
ity fo

r a
le

rt o
b
se

rve
rs 

to
 g

a
th

e
r im

p
o
rta

n
t e

n
d
o
c
rin

o
lo

g
ic

 in
fo

r-
m

a
tio

n
. F

o
r e

x
a
m

p
le

, it h
a
s
 b

e
e
n
 fo

u
n
d
 

th
a
t th

e
 3

:1
 m

a
te

rn
a
l:fe

ta
l ra

tio
 o

f c
o
r-

tis
o
l c

h
a
ra

c
te

ris
tic

 o
f n

o
rm

a
l p

re
g
n
a
n
c
y
 

p
re

v
a
ils

 in
 c

a
s
e
s
 o

f a
n
e
n
c
e
p
h
a
ly

." T
h
is

, 
ta

k
e
n
 w

ith
 th

e
 fa

c
t th

a
t th

e
 fe

ta
l z

o
n
e
 is

 
9
9
%

 a
tro

p
h
ic, su

g
g
e
sts th

a
t th

e
 fe

ta
l zo

n
e
 

d
o
e
s
 n

o
t fo

rm
 c

o
rtis

o
l. T

h
e
 fa

c
t th

a
t tw

o
 

a
n
e
n
c
e
p
h
a
lic

 in
fa

n
ts

 s
u
rv

iv
in

g
 3

 a
n
d
 4

 
d
a
y
s
 s

e
c
re

te
d
 c

o
rtis

o
l a

t a
 "lo

w
 n

o
rm

a
l" 

ra
te

 d
e
sp

ite
 9

9
%

 a
tro

p
h
y o

f th
e
 fe

ta
l zo

n
e
 

a
n
d
 a

b
o
u
t 7

5
%

 a
tro

p
h
y
 o

f th
e
 d

e
fin

itiv
e
 

z
o
n
e
 a

tte
s
ts

 to
 th

e
 e

ffic
ie

n
c
y
 o

f th
e
 

re
-

m
a
in

in
g
 definitive c

o
rte

x
." 

T
h
is

 a
tro

p
h
y
 in

 a
n
e
n
c
e
p
h
a
ly

 a
ffo

rd
s
 

a
n
 im

p
o
rta

n
t c

lu
e
 to

 th
e
 fu

n
c
tio

n
 o

f th
e
 

fe
ta

l z
o
n
e
, a

 m
a
tte

r h
ith

e
rto

 e
n
tire

ly
 o

n
e
 

o
f s

p
e
c
u
la

tio
n
. T

e
n
 B

e
rg

e
" a

n
d
 la

te
r 

F
ra

n
se

n
 a

n
d
 S

ta
ke

m
a
n
" fo

u
n
d
 th

a
t w

o
m

e
n
 

p
rio

r to
 d

e
liv

e
ry

 o
f a

n
e
n
c
e
p
h
a
lic

 fe
tu

s
e
s
, 

e
x
c
re

te
 a

n
 a

m
o
u
n
t o

f u
rin

a
ry

 e
s
tro

g
e
n
s
, 

e
s
p
e
c
ia

lly
 e

s
trio

l, o
n
ly

 s
lig

h
tly

 a
b
o
v
e
 th

e
 

n
o
n
p
re

g
n
a
n
t le

v
e
l. T

h
is

 s
u
g
g
e
s
ts

 th
a
t th

e
 

fe
ta

l z
o
n
e
 m

a
y
 fo

rm
 o

r p
a
rtic

ip
a
te

 in
 th

e
 

fo
rm

a
tio

n
 o

f e
stro

g
e
n
s. F

ra
n
se

n
 a

n
d
 S

ta
ke

-
m

a
n
' im

p
la

n
te

d
 m

a
te

ria
l fro

m
 th

e
ra

p
e
u
-

tic
 h

u
m

a
n
 a

b
o
rtio

n
s
 in

to
 th

re
e
 g

ro
u
p
s
 o

f 
im

m
a
tu

re
 s

p
a
y
e
d
 m

ic
e
. O

n
e
 g

ro
u
p
 re

- 

c
e
iv

e
d
 m

in
c
e
d
 fre

s
h
 a

d
re

n
a
l tis

s
u
e
. B

e
-

c
a
u
s
e
 it is

 k
n
o
w

n
 th

a
t th

e
 p

la
c
e
n
ta

 a
ls

o
 

ca
n
 fo

rm
 e

stro
g
e
n
s, th

e
 se

co
n
d
 g

ro
u
p
 w

a
s 

in
je

c
te

d
 w

ith
 m

in
c
e
d
 p

la
c
e
n
ta

 w
h
ile

 
G

ro
u
p
 3

 w
a
s
 in

je
c
te

d
 w

ith
 b

o
th

 a
d
re

n
a
l 

tis
s
u
e
 a

n
d
 p

la
c
e
n
ta

. O
n
ly

 th
e
 g

ro
u
p
 in

-
je

c
te

d
 w

ith
 b

o
th

 p
la

c
e
n
ta

 a
n
d
 a

d
re

n
a
l 

tis
s
u
e
 s

h
o
w

e
d
 e

s
tro

g
e
n
 e

ffe
c
t o

n
 th

e
 v

a
-

g
in

a
. T

h
is

 in
d
ic

a
te

s
 th

a
t th

e
 fe

ta
l a

d
re

n
a
l 

fo
rm

s
 a

 p
re

c
u
rs

o
r w

h
ic

h
 th

e
 p

la
c
e
n
ta

 
c
o
n
v
e
rts

 in
to

 e
s
tro

g
e
n
s
. T

h
is

 p
re

c
u
rs

o
r 

is
 d

e
h
y
d
ro

e
p
ia

n
d
ro

s
te

ro
n
e
, a

 s
u
b
s
ta

n
c
e
 

p
re

vio
u
sly kn

o
w

n
 to

 b
e
 d

e
ficie

n
t in

 p
la

sm
a
 

o
f a

n
e
n
c
e
p
h
a
lic

 in
fa

n
ts

." F
ra

n
s
e
n
 a

n
d
 

ra
in

 is
 

o
lo

g
ic

 fo
ld

in
g
. E

llio
tt a

n
d
 A

rm
o
 

d
e
s
c
rib

e
d
 th

e
 v

e
ry

 s
m

a
ll a

d
re
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S
ta

ke
m

a
n
" u

se
d
 w

h
o
le

 m
in

ce
d
 g

la
n
d
s fo

r 
th

e
ir im

p
la

n
ts

. T
h
e
 e

x
p
e
rim

e
n
t n

e
e
d
s
 to

 
b
e
 re

d
o
n
e
 u

s
in

g
 (I) ta

n
g
e
n
tia

l s
lic

e
s
 o

f 
d
e
fin

itiv
e
 z

o
n
e
 a

n
d
 (2

) ta
n
g
e
n
tia

l s
lic

e
s
 o

f 
fe

ta
l zo

n
e
, b

o
th

 w
ith

 p
la

ce
n
ta

s fro
m

 n
o
rm

a
l 

in
fa

n
ts a

n
d
 w

ith
 p

la
ce

n
ta

s fro
m

 a
n
e
n
ce

p
h
-

a
lic in

fa
n

ts. 
F

ro
m

 th
e

 fo
re

g
o

in
g

 it is
 a

p
p

a
re

n
t th

a
t 

n
o

rm
a

l e
s
tro

g
e

n
 s

e
c
re

tio
n

 in
 p

re
g

n
a

n
c
y
 

is d
e
p
e
n
d
e
n
t u

p
o
n
 b

o
th

 n
o
rm

a
l fe

ta
l a

d
re

-
n
a
ls

 a
n
d
 a

 n
o
rm

a
l p

la
c
e
n
ta

. A
 d

e
fic

ie
n
c
y
 

o
f e

ith
e
r, 

e.g., 
a
tro

p
h
ic

 a
d
re

n
a
ls

, a
s
 in

 
a
n
e
n
c
e
p
h
a
ly

, o
r a

 m
o
rib

u
n
d
 fe

tu
s
 o

r a
n
 

in
fa

rc
te

d
 o

r s
e
p
a
ra

te
d
 p

la
c
e
n
ta

 w
ill re

s
u
lt 

in
 a

 lo
w

 e
s
tro

g
e
n
 s

e
c
re

tio
n
. T

h
is

 is
 th

e
 

b
a
s
is

 fo
r e

s
tro

g
e
n
 s

tu
d
ie

s
 to

 d
e
te

rm
in

e
 

th
e
 v

ia
b
ility

 a
n
d
 s

tra
tu

s
 o

f th
e
 fe

tu
s
. In

 
c
a
s
e
s
 o

f R
h
 in

c
o
m

p
a
ta

b
ility

 it a
p
p
e
a
rs

 
th

a
t th

e
 fe

ta
l a

d
re

n
a
l is

 la
rg

e
 a

n
d
 th

e
re

 
is

 a
n
 e

n
h
a
n
c
e
d
 e

x
c
re

tio
n
 o

f e
s
tro

g
e
n
s
." 

It a
p
p
e
a
rs th

a
t th

e
 h

ig
h
 tite

rs o
f e

stro
g
e
n
s 

in
 th

e
 p

re
g

n
a

n
t w

o
m

a
n

 a
re

 u
n

n
e

ce
ssa

ry b
e

-
c
a
u
s
e
 p

re
g
n
a
n
c
ie

s
 w

ith
 a

n
e
n
c
e
p
h
a
lic

 in
-

fa
n

ts p
ro

g
re

ss n
o

rm
a

lly a
p

a
rt fro

m
 th

e
 h

ig
h

 
in

c
id

e
n
c
e
 o

f p
o
ly

h
y
d
ra

m
n
io

s
. In

 a
n
e
n
-

c
e
p
h
a
lic

 p
re

g
n
a
n
c
ie

s
 th

e
 m

a
te

rn
a
l b

re
a
s
t 

ch
a
n
g
e
s a

re
 n

o
rm

a
l a

n
d
 m

e
ta

b
o
lic p

a
ra

m
-

e
te

rs su
ch

 a
s th

e
 p

ro
te

in
-b

o
u
n
d
 io

d
in

e
 a

n
d
 

th
y
ro

x
in

e
-b

in
d

in
g

 g
lo

b
u

lin
 a

re
 o

f th
e

 
e

x
p

e
c
te

d
 in

c
re

a
s
e

d
 m

a
g

n
itu

d
e

, y
e

t th
e

 
p

a
tie

n
t is

 e
x
c
re

tin
g

 e
s
tro

g
e

n
s
 a

t a
 ra

te
 

v
e

ry
 s

lig
h

tly
 a

b
o

v
e

 th
a

t o
f a

 n
o

n
p

re
g

n
a

n
t 

w
o
m

a
n
. T

h
e
s
e
 c

h
a
n
g
e
s
 w

e
re

 fo
rm

e
rly

 
a
ttrib

u
te

d
 to

 in
c
re

a
s
e
d
 e

s
tro

g
e
n
s
. E

v
e
n
 if 

h
ig

h
 e

stro
g

e
n

 va
lu

e
s a

re
 n

o
t n

e
ce

ssa
ry fo

r 
th

e
 p

ro
g
re

s
s
io

n
 o

f a
. n

o
rm

a
l p

re
g
n
a
n
c
y
 

th
e
y
 d

o
 a

ffo
rd

 a
 c

o
n
v
O

n
ie

n
t in

d
e
x
 fo

r th
e
 

sta
tu

s o
f th

e
 p

la
ce

n
ta

 a
n
d
 th

e
 fe

tu
s a

n
d
 its 

a
d
re

n
a
ls

. O
th

e
r p

o
s
s
ib

le
 e

n
d
o
c
rin

e
 fu

n
c
-

tio
n
s o

f th
e
 d

e
fin

itive
 a

n
d
 fe

ta
l zo

n
e
s o

f th
e
 

a
d

re
n

a
l a

re
 u

n
c
e

rta
ih

 d
e

s
p

ite
 th

e
 v

a
s
t 

lite
ra

tu
re

 o
f p

h
a
rm

a
c
b
lo

g
ic

 e
n
z
y
m

e
 s

tu
d
-

ies done on tissue slices, in vitro. 

C
o

n
g

en
ital H

yp
erp

lasla 
C

o
n
g
e
n
ita

l a
d
re

n
o
c
o
rtic

a
l h

y
p
e
rp

la
s
ia

 
(a

d
re

n
o
g
e
n
ita

l s
y
n
d
ro

m
e
) is

 a
 v

e
ry

 ra
re

 
d
is

o
rd

e
r w

ith
 a

n
 in

c
id

e
n
c
e
 v

a
rio

u
s
ly

 e
s
-

tim
a
te

d
 a

t 1
:1

4
,0

0
0
 to

 1
:4

0
,0

0
0
 b

irth
s
. 

A
d
re

n
a
l g

ro
ss a

n
d
 m

icro
sco

p
ic stu

d
ie

s a
re

 
in

a
d
e
q
u
a
te

 b
u
t th

e
 e

tio
lo

g
y—

a
 b

io
ch

e
m

ica
l 

o
n

e
—

h
a

s
 b

e
e

n
 e

x
h

a
u

s
tiv

e
ly

 s
tu

d
ie

d
." 

N
o

rm
a

l fo
rm

a
tio

n
 o

f c
o

rtis
o

l is
 p

re
v
e

n
te

d
 

P
A

TH
O

LO
G

Y
 

b
y
 a

n
 e

n
z
y
m

a
tic

 d
e
fe

c
t w

h
ic

h
 is

 a
 s

im
p
le

 
a

u
to

so
m

a
l re

ce
ssive

 ch
a

ra
cte

ristic. W
h

e
n

 
e
a
ch

 p
a
re

n
t ca

rrie
s th

e
 tra

it, th
e
 in

cid
e
n
ce

 
a

m
o

n
g

 th
e

 o
ffsp

rin
g

 is th
e

re
fo

re
 I :4

. 
In

 th
e
 la

tte
r h

a
lf o

f p
re

g
n
a
n
c
y
 th

e
 

n
o
rm

a
l fe

ta
l a

d
re

n
a
l b

e
g
in

s
 to

 s
e
c
re

te
 

ste
ro

id
 h

o
rm

o
n
e
s in

clu
d
in

g
 co

rtiso
l a

n
d
 a

n
 

e
a
rly

 fe
e
d
b
a
c
k
 m

e
c
h
a
n
is

m
 is

 e
s
ta

b
lis

h
e
d
 

w
ith

 th
e

 fe
ta

l p
itu

ita
ry

. W
h

e
n

 c
o

rtis
o

l 
p

ro
d

u
c
tio

n
 is

 in
a

d
e

q
u

a
te

 d
u

e
 to

 th
e

 b
io

- 
c
h
e
m

ic
a
l d

e
fe

c
t th

e
 fe

ta
l p

itu
ita

ry
 e

la
b
-

o
ra

te
s
 e

x
c
e
s
s
 A

C
T

H
 to

 s
tim

u
la

te
 th

e
 a

d
- 

re
n
a
l re

s
u
ltin

g
 in

 a
 v

ic
io

u
s
 c

y
c
le

 c
a
u
s
in

g
 

a
d
re

n
a
l h

y
p
e
rtro

p
h
y
, (u

s
u
a
lly

 re
fe

rre
d
 to

 
a
s "co

n
g
e
n
ita

l a
d
re

n
a
l h

yp
e
rp

la
sia

"). W
h
e
n
 

e
x
c
e
s
s
 c

o
rtis

o
l c

ro
s
s
e
s
 th

e
 p

la
c
e
n
ta

 fro
m

 
h
o
rm

o
n
a
l tre

a
tm

e
n
t" o

r C
u
sh

in
g
's d

ise
a
se

 
in

 th
e
 m

o
th

e
r, th

e
 in

fa
n
t w

ill b
e
 b

o
rn

 w
ith

 
a
tro

p
h
ic

 a
d
re

n
a
ls

." T
h
e
 a

d
re

n
a
ls

 o
f n

e
w

-
b
o
rn

 in
fa

n
ts

 w
ith

 th
is

 d
is

o
rd

e
r h

a
d
 b

e
e
n
 

in
a
d
e
q
u
a
te

ly
 s

tu
d
ie

d
 p

rio
r to

 1
9
4
8
-1

9
4
9
 

w
h
e
n
 th

e
 m

e
ch

a
n
ism

 b
e
ca

m
e
 u

n
d
e
rsto

o
d
 

a
n
d
 th

e
ra

p
y
 b

e
c
a
m

e
 a

v
a
ila

b
le

. N
o
w

, n
o
 

in
fa

n
t s

h
o
u
ld

 d
ie

 w
ith

 th
is

 a
b
n
o
rm

a
lity

 
a
n
d
 s

o
 fu

rth
e
r o

p
p
o
rtu

n
itie

s
 fo

r a
n
a
to

m
-

ic
a
l s

tu
d
ie

s
 o

f th
e
 g

la
n
d
 w

ill b
e
c
o
m

e
 

q
u

ite
 ra

re
. 

T
h

e
 g

la
n

d
 o

f th
e

 n
e

w
b

o
rn

 a
ffe

c
te

d
 w

ith
 

c
o
n
g
e
n
ita

l a
d
re

n
a
l h

y
p
e
rp

la
s
ia

 is
 la

rg
e
, 

w
e
ig

h
in

g
 2

0
 to

 4
0
 g

. a
s
 c

o
n
tra

s
te

d
 to

 th
e
 

n
o

rm
a

l w
e

ig
h

t o
f 5

 to
 6

 g
. T

h
e

 c
a

p
s
u

la
r 

s
u
rfa

c
e
 h

a
s
 m

a
n
y
 fo

ld
s
 w

h
ic

h
 re

s
e
m

b
le

 
th

e
 g

yri a
n
d
 su

lci o
f th

e
 b

ra
in

. T
h
is fo

ld
in

g
 

e
n
h
a
n
c
e
s
 th

e
 ra

tio
 o

f o
u
te

r d
e
fin

itiv
e
 c

o
r-

te
x
 to

 th
e
 in

n
e
r fe

ta
l c

o
rte

x
 m

a
n
y
 tim

e
s
. 

H
is

to
lo

g
ic

 s
tu

d
ie

s
 b

y
 p

la
n
o
g
ra

p
h
ic

 m
e
th

-
o
d
s w

h
e
re

b
y th

e
 a

m
o
u
n
ts o

f d
e
fin

itive
 a

n
d
 

fe
ta

l c
o

rte
x
 c

o
u

ld
 b

e
 c

a
lc

u
la

te
d

 h
a

v
e

 n
o

t 
been done. 

C
o
rtic

a
l fo

ld
in

g
 w

a
s
 firs

t re
c
o
rd

e
d
 in

 
B

la
c
k
m

a
n

's
" g

ro
s
s
 d

e
s
c
rip

tio
n

 o
f th

e
 a

d
-

re
n

a
ls

 fro
m

 fo
u

r c
a

s
e

s
 w

ith
 th

e
 d

is
o

rd
e

r. 
T

w
o
 o

f th
e
 c

a
s
e
s
 w

e
re

 u
n
tre

a
te

d
 a

d
u
lts

 
w

h
o
 h

a
d
 b

e
e
n
 a

fflic
te

d
 s

in
c
e
 b

irth
, th

e
 

th
ird

 w
a

s
 a

n
 in

fa
n

t w
h

o
 d

ie
d

 a
t 6

 d
a

y
s
 o

f 
a
g
e
 a

n
d
 th

e
 fo

u
rth

 a
lso

 a
n
 in

fa
n
t w

h
o
 d

ie
d
 

a
t 6

 w
e
e
ks. H

o
w

e
ve

r, in
 a

n
o
th

e
r ca

se
, th

a
t 

o
f a

 b
o
y
 w

h
o
 liv

e
d
 to

 b
e
 3

 /2
 y

e
a
rs

, th
e
 

fo
ld

in
g
 w

a
s
 n

o
t m

e
n
tio

n
e
d
. B

la
c
k
m

a
n
 

p
re

s
e
n
ts

 th
re

e
 o

th
e
r m

a
s
c
u
lin

iz
e
d
 c

a
s
e
s
; 

tw
o
 re

su
lte

d
 fro

m
 a

d
re

n
a
l a

d
e
n
o
m

a
s a

n
d
 

th
e
 th

ird
, fro

m
 a

 b
ra

in
 tu

m
o
r. S

in
c
e
 h

is
 

m
ic

ro
s
c
o

p
ic

 e
x
a

m
in

a
tio

n
 o

f th
e

 a
d

re
n

a
ls

 

A
D

R
E

N
A

L 

o
f a

ll fo
u
r a

d
re

n
o
g
e
n
ita

l ca
se

s re
ve

a
le

d
 a

 
fe

ta
l z

o
n

e
 in

c
re

a
s
e

 in
 th

e
 in

fa
n

ts
 a

n
d

 a
 

re
tic

u
la

r z
o
n
e
 in

c
re

a
s
e
 in

 th
e
 a

d
u
lts

, h
e
 

co
n
clu

d
e
d
 th

a
t th

e
 e

xce
ss h

o
rm

o
n
e
s a

ro
se

 
from

 these zones. 
A

p
p
ly

in
g
 g

e
o
m

e
tric

 p
rin

c
ip

le
s
 p

re
v
i-

o
u

s
ly

 p
u

b
lis

h
e

d
' a

n
d

 ta
k
in

g
 in

to
 a

c
c
o

u
n

t 
th

e
 re

d
u
p
lic

a
te

d
 fo

ld
s
 in

 th
e
 c

o
rte

x
 it c

a
n
 

b
e
 s

h
o
w

n
 th

a
t in

 th
e
 a

d
re

n
o
g
e
n
ita

l s
y
n
-

d
ro

m
e

 in
fa

n
ts

 th
e

 m
a

g
n

itu
d

e
 o

f d
e

fin
itiv

e
 

zo
n
e
 in

cre
a
se

 is a
ctu

a
lly g

re
a
te

r th
a
n
 th

a
t 

o
f th

e
 fe

ta
l z

o
n

e
 b

e
c
a

u
s
e

 it o
c
c
u

p
ie

s
 a

 
p

e
rip

h
e
ra

l p
o
s
itio

n
. M

ic
ro

s
c
o
p
ic

a
lly

, th
e
 

th
ic

k
e

n
e
d
 fe

ta
l a

n
d
 re

tic
u
la

r z
o
n
e
s
 w

e
re

 
c
o
m

p
o
s
e
d
 m

a
in

ly
 o

f la
rg

e
 e

o
s
in

o
p
h
ilic

 
a
n
d
 fu

c
h
s
in

o
p
h
ilic

 c
e
lls

 m
a
n
y
 o

f w
h
ic

h
 

h
a
d
 b

ro
w

n
 p

ig
m

e
n
t. S

o
m

e
 o

f th
e
 ce

lls h
a
d
 

tw
o
 a

n
d
 th

re
e
 h

y
p
e
rc

h
ro

m
a
tic

 n
u
c
le

i. 
N

o
 sta

in
a
b
le

 lip
id

 w
a
s se

e
n
. T

h
e
 d

e
fin

itive
 

c
o
rte

x
 w

a
s
 a

ls
o
 th

ic
k
e
n
e
d
 b

u
t o

th
e
rw

is
e
 

e
sse

n
tia

lly n
o
rm

a
l. 

C
lin

ic
a
lly

, th
e
 a

d
re

n
o
g
e
n
ita

l s
y
n
d
ro

m
e
 

m
a
y
 b

e
 d

iv
id

e
d
 in

to
 th

re
e
 m

a
jo

r ty
p
e
s
, 

v
iz

.: (I) m
a

s
c
u

lin
iz

in
g

, (2
) h

y
p

e
rte

n
s
iv

e
 

a
n
d
 (3

) sa
lt lo

sin
g
. T

h
e
 m

a
scu

lin
izin

g
 fo

rm
 

(F
ig

. 9
.5

) is
 m

o
s
t o

fte
n
 d

u
e
 to

 inefficient 
h
y
d
ro

x
y
la

tio
n
 o

f c
o
rtic

o
s
te

ro
id

s
 a

t th
e
 2

1
 

p
o
s
itio

n
 w

ith
 th

e
 re

s
u
lt th

a
t o

n
ly

 v
e
ry

 
slig

h
t a

m
o

u
n

ts o
f co

rtiso
l a

n
d

 a
ld

o
ste

ro
n

e
 

a
re

 fo
rm

e
d

 a
n

d
 th

e
re

 is
 a

 b
u

ild
-u

p
 o

f a
n

-
d
ro

g
e
n
ic p

re
cu

rso
rs. T

h
e
se

 in
clu

d
e
 d

e
h
y-

d
ro

e
p
ia

n
d
ro

ste
ro

n
e
, a

n
d
ro

ste
ro

n
e
, a

n
d
ro

-
s
te

n
e
d
io

n
e
, a

ll o
f w

h
ic

h
 a

re
 e

x
c
re

te
d
 a

s
 

1
7
-k

e
to

s
te

ro
id

s
 in

 g
re

a
te

r-th
a
n
-n

o
rm

a
l 

a
m

o
u
n
ts

 to
g
e
th

e
r w

ith
 p

re
g
n
a
n
e
trio

l. In
 

C
O

R
TE

X
 	

233 

th
e
 h

y
p
e
rte

n
s
iv

e
 fo

rm
 s

y
n
th

e
s
is

 a
t th

e
 

C
I I p

o
s
itio

n
 is

 b
lo

c
k
e
d
 re

s
u
ltin

g
 in

 fo
rm

a
-

tio
n
 o

f 1
1
-d

e
s
o
x
y
c
o
rtis

o
n
e
 (R

e
ic

h
s
te

in
's

 
"S

") a
n
d
 d

e
s
o
x
y
c
o
rtic

o
s
te

ro
n
e
, a

s
 w

e
ll a

s
 

p
re

g
n
a
n
e
trio

l a
n
d
 th

e
 a

n
d
ro

g
e
n
s
 lis

te
d
 

a
b

o
ve

. A
fte

r a
 p

a
tie

n
t h

a
s live

d
 a

 fe
w

 ye
a

rs 
u
n
d
e
r th

e
s
e
 c

o
n
d
itio

n
s
, h

y
p
e
rte

n
s
io

n
 re

-
s
u

lts
. T

h
e

 s
a

lt-lo
s
in

g
 fo

rm
 is

 d
u

e
 to

 a
 

s
e

v
e

re
, a

lm
o

s
t c

o
m

p
le

te
 b

lo
c
k
 a

t th
e

 C
2

1
 

p
o
s
itio

n
 w

ith
 th

e
 re

s
u
lt th

a
t n

o
 c

o
rtis

o
l a

t 
a
ll is

 fo
rm

e
d
 a

n
d
 th

u
s
 th

e
 m

in
u
te

 a
m

o
u
n
ts

 
n
e
c
e
s
s
a
ry

 fo
r a

ld
o
s
te

ro
n
e
 to

 a
c
t a

re
 n

o
t 

p
re

s
e

n
t." T

h
is

 th
e

n
 a

llo
w

s
 p

ro
g

e
s
te

ro
n

e
 

to
 a

ct u
n
o
p
p
o
se

d
 a

n
d
 p

o
ta

ssiu
m

 is re
ta

in
e
d
. 

A
s
 m

ig
h

t b
e

 e
x
p

e
c
te

d
 th

e
 ju

x
ta

g
lo

m
e

ru
la

r 
c
e

lls
 a

re
 h

y
p

e
rtro

p
h

ie
d

 in
 th

e
 s

a
lt-lo

s
in

g
 

fo
rm

." 
T

h
e
 m

o
s
t ra

re
 ty

p
e
 o

f th
is

 s
y
n
d
ro

m
e
 

o
c
c
u
rs

 w
h
e
n
 th

e
re

 is
 a

 d
e
fic

ie
n
c
y
 o

f 3
- 

b
e
ta

-d
e
h
y
d
ro

g
e
n
a
s
e
 a

n
d
 n

o
 c

o
rtic

a
l h

o
r-

m
o
n
e
s
 a

re
 fo

rm
e
d
. T

h
is

 re
s
u
lts

 in
 a

 b
u
ild

-
u
p
 o

f c
h
o
le

s
te

ro
l w

h
ic

h
 p

ro
d
u
c
e
s
 a

 d
iffu

s
e
 

"lip
o
id

 h
y
p
e
rp

la
s
ia

" in
v
a
d
in

g
 a

ll c
e
lls

 o
f 

a
ll zo

n
e
s in

 th
e
 a

d
re

n
a
l. B

e
ca

u
se

 th
e
re

 a
re

 
n
o
 c

o
rtic

a
l h

o
rm

o
n
e
s
 th

e
 in

fa
n
t (e

v
e
n
 a

 
m

a
le

) w
ill b

e
 b

o
rn

 w
ith

 fe
m

a
le

 c
h

a
ra

c
-

te
ris

tic
s
, in

 p
a

rt d
u

e
 to

 u
n

o
p

p
o

s
e

d
 e

s
tro

-
g
e
n
s fro

m
 its m

o
th

e
r. 

T
h
e
 p

h
y
s
ic

ia
n
 s

h
o
u
ld

 b
e
 a

le
rt if th

e
 

m
o
th

e
r h

a
s
 p

re
v
io

u
s
ly

 h
a
d
 a

n
 a

ffe
c
te

d
 

in
fa

n
t. D

ia
g

n
o

s
is

 o
f th

e
 m

a
s
c
u

lin
iz

in
g

 
fo

rm
 in

 th
e
 n

e
w

b
o
rn

 fe
m

a
le

 is u
su

a
lly e

a
sy, 

h
o

w
e

v
e

r, in
 th

e
 m

a
le

 e
x
c
e

s
s
iv

e
 p

e
n

ile
 

g
ro

w
th

 m
a
y
 n

o
t b

e
 d

e
te

c
te

d
 u

n
til th

e
 c

h
ild

 
is

 a
 fe

w
 y

e
a
rs

 o
ld

. D
ia

g
n
o
s
is

 a
ls

o
 in

 th
e
 

h
y
p
e
rte

n
s
iv

e
 fo

rm
 o

f b
o
th

 s
e
x
e
s
 m

a
y
 n

o
t 

b
e
 a

ch
ie

ve
d
 u

n
til th

e
 ch

ild
 is se

ve
ra

l ye
a
rs 

o
ld

. D
ia

g
n
o
s
is

 is
 a

c
h
ie

v
e
d
 b

y
 c

lin
ic

a
l e

x
-

a
m

in
a

tio
n

 o
f th

e
 e

x
te

rn
a

l g
e

n
ita

lia
 a

n
d

 b
y
 

fin
d

in
g

 a
 h

ig
h

 u
rin

a
ry

 e
x
c
re

tio
n

 o
f I7

-k
e

to
-

s
te

ro
id

s
 a

n
d
 p

re
g
n
a
n
e
trio

l. D
ia

g
n
o
s
is

 
In 

slier° 
h
a
s
 b

e
e
n
 a

c
h
ie

v
e
d
 in

 o
n
e
 in

s
ta

n
c
e
 

b
y
 fin

d
in

g
 h

ig
h
 p

re
g
n
a
n
e
trio

l v
a
lu

e
s
 in

 th
e
 

a
m

n
io

tic flu
id

 d
ra

w
n
 b

e
fo

re
 d

e
live

ry." 
T

h
e
re

 is
 a

 d
is

tin
c
t g

ro
u
p
 o

f c
a
s
e
s
 a

p
a
rt 

fro
m

 th
o
s
e
 m

e
n
tio

n
e
d
 a

b
o
v
e
 in

 w
h
ic

h
 

e
n
z
y
m

e
 d

e
fic

ie
n
c
ie

s
 d

o
 n

o
t b

e
c
o
m

e
 a

p
-

p
a
re

n
t u

n
til la

te
 c

h
ild

h
o
o
d
 o

r e
a
rly

 a
d
u
lt 

life
. H

y
p
e
rtro

p
h
ie

d
 h

y
p
e
rp

la
s
tic

 a
d
re

n
a
ls

 
a
lm

o
s
t n

e
v
e
r b

e
c
o
m

e
 m

a
lig

n
a
n
t. F

ig
u
re

s
 

9
.6

 a
n
d
 9

.7
, h

o
w

e
ve

r, sh
o
w

 a
n
 e

xce
p
tio

n
." 

T
h

e
 p

a
tie

n
t w

a
s
 a

 m
a

le
, 8

 y
e

a
rs

 o
ld

, m
a

s
-

c
u
lin

iz
e
d
 s

in
c
e
 b

irth
, w

h
o
 w

a
s
 c

u
s
h
in

g
o
id

, 

F
ie

. 9
.5

. H
yp

e
rtro

p
h
ie

d
 clito

ris in
 ca

se
 o

f 3
- 

w
eek-okl fem

ale infant w
ith m

asculinizing adieux-
genital syndrom

e. S
uch m

asculinization m
ay be over-

looked in a m
ale infant. 
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F
ix

. 9
.6

. D
ia

g
ra

m
 o

f in
v
a
s
iv

e
 a

d
re

n
o
c
o
rtic

a
l 

ca
rcin

o
m

a
 a

risin
g
 in

 rig
h
t a

d
re

n
a
l in

 a
 ca

se
 o

f a
d
re

n
o
-

g
e
n
ita

l s
y
n
d
ro

m
e
. T

h
e
 d

ra
w

in
g
 s

h
o
w

s
 th

e
 tu

m
o
r 

g
ro

w
in

g
 d

o
w

n
 a

n
 a

b
e

rra
n

t v
e

in
 in

to
 th

e
 rig

h
t re

n
a

l 
ve

in
, w

h
ich

 it a
lm

o
st o

cclu
d

e
s, a

n
d

 tu
rn

in
g

 to
 vo

w
 u

p
 

th
e
 in

fe
rio

r v
a
n
e
 c

a
n
 to

 fill th
e
 rig

h
t a

triu
m

 a
s
 

a
 

p
o

lyp
o

id
 m

a
ss. T

h
e

 tu
m

o
r h

a
s g

ro
w

n
 re

tro
g

ra
d

e
 to

 
fill th

e
 h

e
p
a

tic ve
in

s a
n
d
 in

fa
rct th

e
 live

r. M
icro

sco
p
ic 

e
x
a
m

in
a
tio

n
 re

v
e
a
le

d
, in

 a
d
d
itio

n
 to

 th
e
 e

x
te

n
s
iv

e
 

th
ro

m
b

u
s, th

e
 tu

m
o

r to
 b

e
 in

va
d

in
g

 th
e

 w
a

lls o
f th

e
 

v
e
s
s
e
ls

 in
 w

h
ic

h
 it is

 c
o
n
ta

in
e
d
, in

c
lu

d
in

g
 th

e
 rig

h
t 

a
triu

m
. 

F
tc

. 9
.7

. T
h

e
 p

h
o

to
g

ra
p

h
 s

h
o

w
s
 th

e
 d

e
n

s
e

 h
a

rd
 

tu
m

o
r d

ia
g
ra

m
e

d
 in

 fig
u

re
 9

.6
 w

ith
 m

in
im

a
l a

d
-

h
e
re

n
t b

lo
o
d
 c

lo
t, fillin

g
 th

e
 rig

h
t a

triu
m

 
(a

rro
w

). 
T

h
is is a

 m
o
st u

n
u
su

a
l m

e
th

o
d
 o

f sp
re

a
d
 fo

r a
d
re

n
a
l 

ca
rcin

o
m

a
.  

h
a
d
 h

y
p
e
rte

n
s
io

n
, h

e
p
a
to

m
e
g
a
ly

 a
n
d
 a

s
-

cite
s. A

s ca
n
 b

e
 se

e
n
, th

e
 tu

m
o
r sp

re
a
d
 b

y 
a
 m

o
s
t u

n
u
s
u
a
l c

o
u
rs

e
. M

ic
ro

s
c
o
p
ic

 e
x
-

a
m

in
a
tio

n
 o

f th
e
 tu

m
o
r a

t a
ll site

s re
ve

a
le

d
 

m
a
lig

n
a
n
t c

e
lls

 g
ro

w
in

g
 a

n
d
 a

tta
c
h
e
d
 to

 
v
e
s
s
e
l w

a
lls

 in
 a

d
d
itio

n
 to

 th
e
 p

re
s
e
n
c
e
 

o
f th

ro
m

b
u

s
. H

is
to

lo
g

ic
 s

tu
d

y
 re

v
e

a
le

d
 

th
e
 tu

m
o
r to

 b
e
 co

m
p
o
se

d
 m

a
in

ly o
f h

ig
h
ly 

a
n
a
p
la

s
tic

 c
e
lls

 c
h
a
ra

c
te

riz
e
d
 b

y
 m

a
rk

e
d
 

v
a
ria

tio
n
 in

 s
iz

e
 a

n
d
 s

h
a
p
e
 w

ith
 m

a
n
y
 

b
iz

a
rre

 n
u

c
le

i a
n

d
 fe

w
 m

ito
tic

 fig
u

re
s
. 

M
a
n
y
 m

u
ltin

u
c
le

a
te

d
 g

ia
n
t c

e
lls

 a
n
d
 a

 
fe

w
 "m

o
n

s
te

r" c
e

lls
 w

e
re

 p
re

s
e

n
t. N

e
-

cro
sis w

a
s p

re
va

le
n
t a

n
d
 o

n
ly a

 fe
w

 a
re

a
s 

w
e
re

 p
re

s
e
n
t w

h
ic

h
 c

o
n
ta

in
e
d
 c

e
lls

 th
a
t 

re
s
e
m

b
le

d
 th

e
 p

a
re

n
t g

la
n
d
. T

h
e
 c

o
n
tra

-
la

te
ra

l (le
ft) a

d
re

n
a
l s

h
o
w

e
d
 p

ro
fo

u
n
d
 

a
tro

p
h
y
 o

f th
e
 z

o
n
a
 fa

s
c
ic

u
la

ta
 a

n
d
 re

-
tic

u
la

ris
. T

h
e
 a

s
c
ite

s
 w

a
s
 in

te
n
s
iv

e
ly

 
tre

a
te

d
 w

ith
 s

p
iro

n
o
la

c
to

n
e
, th

e
 e

ffe
c
t o

f 
w

h
ic

h
 c

a
n

 b
e

 s
e

e
n

 a
s
 in

tra
c
y
to

p
la

s
m

ic
 

in
c
lu

s
io

n
 b

o
d

ie
s
 in

 th
e

 z
o

n
a

 g
lo

m
e

ru
lo

s
a

 
o

f th
e

 o
p

p
o

site
 a

d
re

n
a

l (F
ig

s. 9
.8

 a
n

d
 9

.9
). 

T
h
e
 s

is
te

r o
f th

is
 p

a
tie

n
t, th

e
n
 a

g
e
 5

, 
a
ls

o
 h

a
d
 b

e
e
n
 m

a
s
c
u
lin

iz
e
d
 s

in
c
e
 b

irth
. 

S
h

e
, to

o
, h

a
d

 b
e

e
n

 tre
a

te
d

 w
ith

 c
o

rtis
o

l 
a
n
d
 h

a
d
 b

e
co

m
e
 re

fra
cto

ry to
 th

is th
e
ra

p
y. 

E
x
p
lo

ra
tio

n
 re

v
e
a
le

d
 a

 3
-c

m
. s

p
h
e
ric

a
l 

rig
h
t a

d
re

n
o
-c

o
rtic

a
l c

a
rc

in
o
m

a
 h

is
to

lo
g
-

ic
a
lly

 s
im

ila
r to

 th
a
t o

f h
e
r b

ro
th

e
r. T

h
is

 
tu

m
o
r s

h
o
w

e
d
 c

a
p
s
u
la

r in
v
a
s
io

n
. E

x
-

h
a
u
s
tiv

e
 s

e
c
tio

n
in

g
 o

f th
e
 a

tro
p
h
ic

 le
ft 

a
d

re
n

a
l re

v
e

a
le

d
 a

 s
in

g
le

 fo
c
u

s
 o

f m
a

lig
-

n
a

n
t c

e
lls

 o
c
c
u

p
y
in

g
 th

e
 z

o
n

a
 fa

s
c
ic

u
la

ta
. 

(F
ig

. 9
.1

0
). T

h
is

 tu
m

o
r m

e
a

s
u

re
d

 0
.4

 m
m

. 
in

 d
ia

m
e
te

r a
n
d
 is

 th
e
 s

m
a
lle

s
t a

d
re

n
o
-

co
rtica

l ca
rcin

o
m

a
 kn

o
w

n
 to

 th
is w

rite
r. 

A
C

Q
U

IR
E

D
 L

E
S

IO
N

S
 

T
u

m
o

rs an
d

 H
yp

erten
sio

n
 

S
in

ce
 C

o
n

n
's re

p
o

rt" in
 1

9
5

5
 o

f "P
rim

ary 
A

ldosteronism
" 

re
su

ltin
g
 fro

m
 a

n
 a

d
e
n
o
m

a
 

o
f th

e
 a

d
re

n
a
l c

o
rte

x
 th

e
 d

e
s
ig

n
a
tio

n
s
 o

f 
"h

y
p
e
rtro

p
h
y
," "h

y
p
e
rp

la
s
ia

," "a
d
e
n
o
m

a
" 

a
n
d
 "n

o
d
u
le

" h
a
v
e
 b

e
c
o
m

e
 o

f p
a
ra

m
o
u
n
t 

im
p

o
rta

n
c
e

. T
h

e
 in

c
re

a
s
in

g
 m

is
u

s
e

 o
f 

th
e
s
e
 te

rm
s
 in

 th
e
 c

lin
ic

a
l lite

ra
tu

re
 w

a
r-

ra
n

ts
 th

e
ir d

e
fin

itio
n

. 
H

yp
ertro

p
h

y 
is

 th
e
 

in
c
re

a
s
e

 in
 g

la
n

d
 s

iz
e

 d
u

e
 to

 in
c
re

a
s
e

 in
 

ce
ll size

. It is ca
u

se
d

 b
y A

C
T

H
 stim

u
la

tio
n

 
fro

m
 th

e
 p

a
tie

n
t's

 o
w

n
 p

itu
ita

ry
 o

r fro
m

 

F
m

. 9
.8

. P
h

o
to

m
ic

ro
g

ra
p

h
 o

f z
o

n
e

 g
lo

m
e

ru
lo

s
a

 
o
f le

ft a
tro

p
h
ic a

d
re

n
a
l sh

o
w

in
g
 cyto

p
la

sm
ic in

clu
sio

n
 

bodies 
(a

rro
w

s
) 

firs
t d

e
s
c
rib

e
d

 b
y
 J

a
n

ig
a

n
" in

 p
a

-
tie

n
ts tre

a
te

d
 w

ith
 sp

iro
n
o
la

cto
n
e
. T

h
e
se

 b
o
d
ie

s a
re

 
m

a
in

ly p
h
o
sp

h
o
lip

id
 in

 n
a
tu

re
 a

n
d
 m

u
st b

e
 re

su
lt o

f 
th

e
 d

ru
g

 o
n

 th
e

 zo
n

e
 g

lo
m

e
ru

lo
sa

. H
&

E
, 2

8
5

)<
. 

a
n
 A

C
T

H
-p

ro
d
u
c
in

g
 tu

m
o
r 

(e.g
., 

lu
n

g
 

c
a

rc
in

o
m

a
), o

r it m
a

y
 b

e
 ia

tro
g

e
n

ic
. U

s
u

-
a
lly th

e
 zo

n
a
 fa

scicu
la

ta
 a

n
d
 zo

n
a
 re

ticu
-

la
ris h

yp
e
rtro

p
h
y a

n
d
 a

ll th
re

e
 d

im
e
n
sio

n
s 

o
f th

e
 g

la
n
d
 a

re
 in

vo
lve

d
, n

o
t ju

st th
e
 tw

o
 

o
b
se

rve
d
 in

 th
e
 sin

g
le

 p
la

n
e
 o

f th
e
 m

icro
-

sco
p

e
. H

yp
e

rtro
p

h
y o

f th
e

 zo
n

a
 g

lo
m

e
ru

-
lo

sa
 h

a
s b

e
e
n
 d

e
scrib

e
d
 a

s d
u
e
 to

 e
xce

ss 
re

n
in

-a
n
g
io

te
n
sin

 fro
m

 h
yp

e
rp

la
sia

 o
f th

e
 

ju
xta

g
lo

m
e
ru

la
r a

p
p
a
ra

tu
s. 

H
yp

erp
lasia 

is 
th

e
 in

c
re

a
s
e

 in
 n

u
m

b
e

r o
f n

o
rm

a
l c

e
lls

 
co

m
p
o
sin

g
 th

e
 g

la
n
d
. If h

yp
e
rp

la
sia

 is d
if-

fu
s
e
 it m

u
s
t re

s
u
lt fro

m
 a

n
 in

c
re

a
s
e
d
 

a
m

o
u

n
t o

f c
irc

u
la

tin
g

 A
C

T
H

; if h
y
p

e
r-

p
la

s
ia

 is
 lo

c
a
liz

e
d
 th

e
 h

y
p
e
rp

la
s
tic

 c
e
lls

 
a
re

 in
d
e
p
e
n
d
e
n
t o

f A
C

T
H

 a
n
d
 a

re
 fu

n
c
-

tio
n
in

g
 a

u
to

n
o
m

o
u
s
ly

. A
n
 

adenom
a 

is
 a

 
lo

c
a
liz

e
d
 c

irc
u
m

s
c
rib

e
d
 g

ro
u
p
 o

f b
e
n
ig

n
 

ce
lls w

h
ich

 m
a
y b

e
 e

ith
e
r h

yp
e
rtro

p
h
ic o

r 
h
y
p
e
rp

la
s
tic

. T
h
e
s
e
 c

e
lls

 m
a
y
 h

a
v
e
 m

o
r-

p
h

o
lo

g
ic ch

a
ra

cte
ristics d

iffe
re

n
t fro

m
 th

e
 

s
u
rro

u
n
d
in

g
 n

o
rm

a
l c

e
lls

 o
r th

e
y
 m

a
y
 b

e
 

id
e
n
tica

l. T
h
e
 a

d
e
n
o
m

a
 m

a
y b

e
 visib

le
 to

 
th

e
 n

a
k
e
d
 e

y
e
 o

r s
o
 s

m
a
ll th

a
t it c

a
n
 b

e
 

d
e
te

c
te

d
 o

n
ly

 w
ith

 th
e
 m

ic
ro

s
c
o
p
e
 a

fte
r 

h
is

to
lo

g
ic

 p
re

p
a

ra
tio

n
. It fre

q
u

e
n

tly
 h

a
s
 a

 
fib

ro
u
s
 s

e
p

tu
m

 s
e

ttin
g

 it a
p

a
rt fro

m
 th

e
 

n
o
rm

a
l s

u
rro

u
n
d
in

g
 p

a
re

n
c
h
y
m

a
 w

h
ic

h
 

m
a
y b

e
 co

m
p
re

sse
d
 b

y th
e
 a

d
e
n
o
m

a
. S

o
m

e
-

tim
e
s
 th

e
 a

d
e
n
o
m

a
 w

o
u
ld

 e
s
c
a
p
e
 d

e
te

c
-

tio
n
 if s

h
rin

k
a
g
e
 a

n
d
 o

th
e
r a

rtifa
c
ts

 o
f 

F
tc. 9

.9
. P

h
o
to

m
icro

g
ra

p
h
 o

f sa
m

e
 zo

n
e
 g

lo
m

e
r-

u
lo

s
a
 a

s
 in

 F
ig

u
re

 9
.8

 s
h
o
w

in
g
 v

a
ria

tio
n
 in

 s
iz

e
 o

f 
th

e
 d

a
rk

-a
p
p
e
a
rin

g
 b

o
d
ie

s
 a

n
d
 la

m
in

a
tio

n
 o

f th
e
 

la
rg

e
r o

n
e

s. S
u

d
a

n
 b

la
ck sta

in
, fro

ze
n

 se
ctio

n
, 2

8
5

X
. 

h
is

to
lo

g
ic

 p
ro

c
e
s
s
in

g
 d

id
 n

o
t m

a
k
e
 it a

p
-

p
a
re

n
t (F

ig
. 9

.1
1
). A

 s
in

g
le

 d
e
fin

itio
n
 o

f a
 

nodule 
h
a
s
 n

o
t b

e
e
n
 a

c
c
e
p
te

d
. M

a
n
y
 p

e
r-

s
o

n
s
 u

s
e

 th
e

 te
rm

s
 "n

o
d

u
le

" a
n

d
 "a

d
e

-
n

o
m

a
" in

te
rc

h
a

n
g

e
a

b
ly

. T
h

is
 g

iv
e

s
 ris

e
 to

 
c
o

n
fu

s
io

n
. T

h
is

 w
rite

r re
s
e

rv
e

s
 "n

o
d

u
le

" 
fo

r th
e

 s
m

a
ll s

p
h

e
ric

a
l e

x
c
re

s
c
e

n
c
e

s
 o

f 
c
o
rtic

a
l tis

s
u
e
 a

p
p
e
a
rin

g
 o

n
 th

e
 c

a
p
s
u
la

r 
s
u
rfa

c
e
 a

n
d
 p

ro
je

c
tin

g
 in

to
 th

e
 s

u
rro

u
n
d
-

in
g
 fa

t a
s ca

n
 b

e
 se

e
n
 o

n
 th

e
 su

rfa
ce

 o
f th

e
 

g
la

n
d
 in

 F
ig

u
re

 9
.1

b
. S

o
m

e
 n

o
d
u
le

s
 a

re
 

a
tta

c
h
e
d
 to

 th
e
 c

a
p
s
u
le

 b
y
 a

 p
e
d
ic

le
 a

n
d
 

o
th

e
rs

 e
x
is

t a
s
 in

d
e
p
e
n
d
e
n
t is

la
n
d
s
 in

 th
e
 

su
rro

u
n

d
in

g
 fa

t. 
In

 ca
se

s w
h
e
re

 b
o
th

 g
la

n
d
s a

re
 u

n
ifo

rm
ly 

a
n
d
 d

iffu
s
e
ly

 e
n
la

rg
e
d
 fro

m
 h

y
p
e
rp

la
s
ia

 
a

n
d

/o
r h

y
p

e
rtro

p
h

y
, it is

 p
re

s
u

m
e

d
 th

a
t 

th
e
 ca

u
se

 is in
cre

a
se

d
 p

la
sm

a
 A

C
T

H
 fro

m
 

th
e

 p
itu

ita
ry

 o
r fro

m
 a

n
 A

C
T

H
-p

ro
d

u
c
in

g
 

tu
m

o
r o

f n
o
n
e
n
d
o
crin

e
 so

u
rce

. M
icro

sco
p
ic 

e
xa

m
in

a
tio

n
 o

f th
e
 e

n
la

rg
e
d
 a

d
re

n
a
ls m

a
y 

s
h
o
w

 th
e
m

 to
 b

e
 n

o
rm

a
l a

n
d
 th

e
 p

a
tie

n
t 

m
a
y
 o

r m
a
y
 n

o
t h

a
v
e
 c

lin
ic

a
l s

ig
n
s
 o

f b
y
-

p
e
rse

cre
tio

n
. It is im

p
o
ssib

le
, o

n
 g

ro
ss e

x-
a
m

in
a
tio

n
 o

f a
d
re

n
a
ls

, to
 a

s
c
e
rta

in
 th

e
ir 

fu
n
c
tio

n
a
l o

u
tp

u
t; h

o
w

e
v
e
r, if th

e
 g

la
n
d
 is

 
a
tro

p
h
ic o

n
e
 m

a
y su

sp
e
ct th

a
t th

e
 g

la
n
d
 is 

in
 a

 s
ta

te
 o

f h
y
p

o
fu

n
c
tio

n
. D

e
ta

ile
d

 m
i-

c
ro

s
c
o
p
ic

 e
x
a
m

in
a
tio

n
 o

f th
e
 n

u
c
le

i o
f 

g
la

n
d
s
 fro

m
 p

a
tie

n
ts

 w
ith

 C
u
s
h
in

g
's

 s
y
n
-

d
ro

m
e

 o
r A

C
T

H
 a

d
m

in
is

tra
tio

n
 m

a
y
 re

-
ve

a
l th

e
 n

u
cle

i to
 b

e
 la

rg
e
 b

u
t a

fte
r h

yp
o
p
h
-

y
s
e
c
to

m
y
 th

e
y
 w

ill b
e
 s

m
a
ll." If o

n
e
 g

la
n
d
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F
la. 9.11. P

h
o

to
m

icro
g

rap
h

 o
f an

 ad
en

o
m

a, n
o

t ap
p

aren
t o

n
 n

aked
-eye exam

in
atio

n
, o

f a fresh
ly cu

t su
rface 

o
f an

 ad
ren

al co
rtex. T

h
e cells o

f th
e ad

en
o

m
a o

n
 th

e rig
h

t are alm
o

st id
en

tical w
ith

 th
o

se co
m

p
o

sin
g

 th
e zo

n
e 

f asm
eu

lata o
n

 th
e le

ft. O
n

ly th
e cleft p

ro
d

u
ced

 b
y h

isto
lo

g
ic m

an
ip

u
latio

n
 m

akes th
e ad

en
o

m
a ap

p
aren

t. T
h

is 
is d

u
e to

 d
ifferen

t rates o
f sh

rin
kag

e an
d

 ten
sio

n
 in

cid
en

t to
 fixatio

n
, em

b
ed

d
in

g
, cu

ttin
g

, stain
in

g
 an

d
 m

o
u

n
tin

g
 

th
e tissu

e. H
&

E
, 540x. (F

ro
m

 N
ich

o
ls, J., J. C

lin
. E

n
d

o
cr., 26r 550, 1966. W

ith
 p

erm
issio

n
 o

f th
e E

n
d

o
crin

e 
S

ociety.) 
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th
e

 co
rte

x is in
 so

m
e

 w
a

y a
sso

cia
te

d
 w

ith
 

"e
s
s
e
n
tia

l' h
y
p
e
rte

n
s
io

n
, a

t le
a
s
t in

 a
 p

e
r-

m
is

s
iv

e
 ro

le
. P

rio
r to

 C
o

n
n

's
 re

p
o

rt," th
e

 
a

ld
o

ste
ro

n
e

 ca
p

a
city o

f so
m

e
 a

d
e

n
o

m
a

s w
a

s 
n

o
t s

u
s
p

e
c
te

d
. A

d
e

n
o

m
a

s
 a

re
 fo

u
n

d
 w

ith
 

s
u
rp

ris
in

g
 fre

q
u
e
n
c
y
 in

 ro
u
tin

e
 h

o
s
p
ita

l 
a
u
to

p
sie

s b
u
t th

e
 p

ro
se

cto
rs d

o
 n

o
t co

rre
-

la
te

 th
e
m

 w
ith

 C
u

sh
in

g
's syn

d
ro

m
e

, h
e

n
ce

 
th

e
 te

rm
 "in

c
id

e
n
ta

l, n
o
n
fu

n
c
tio

n
in

g
 a

d
re

-
n

a
l c

o
rtic

a
l a

d
e

n
o

m
a

s
." C

o
n

n
"'" ta

k
e

s
 

p
a

th
o

lo
g

is
ts

 to
 ta

s
k
 fo

r th
is

 d
e

s
ig

n
a

tio
n

 
d
e
sp

ite
 th

e
 fa

ct th
a
t p

rio
r to

 1
9
5
5
.p

rim
a

ry 
a

ld
o

s
te

ro
n

is
m

 w
a

s
 u

n
k
n

o
w

n
. B

u
t s

im
u

l-
ta

n
e

o
u

sly h
e

 d
o

e
s q

u
o

te
 tw

o
 e

xce
lle

n
t stu

d
-

ie
s b

y p
a
th

o
lo

g
ists w

h
o
se

 fin
d
in

g
s su

p
p
o
rt 

h
is o

w
n
 th

e
sis. R

u
ssi a

n
d
 a

sso
cia

te
s" a

n
d
 

R
e
in

h
a
rt a

n
d
 a

s
s
o
c
ia

te
s
" re

p
o
rte

d
 a

 s
ta

-
tistica

l co
rre

la
tio

n
 b

e
tw

e
e

n
 a

d
re

n
a

l co
rtica

l 
a
d
e
n
o
m

a
s a

n
d
 h

yp
e
rte

n
sio

n
 p

rio
r to

 id
e
n
ti-

fic
a
tio

n
 o

f a
ld

o
s
te

ro
n
e
 a

n
d
 e

lu
c
id

a
tio

n
 o

f 

its
 ro

le
 in

 p
ro

d
u
c
in

g
 h

y
p
e
rte

n
s
io

n
. N

u
-

m
e

ro
u

s o
th

e
r stu

d
ie

s re
ve

a
le

d
 th

e
 a

d
re

n
a

ls 
o

f "e
s
s
e

n
tia

l h
y
p

e
rte

n
s
iv

e
s
" to

 b
e

 la
rg

e
 

a
n
d
 it h

a
s
 b

e
e
n
 s

u
g
g
e
s
te

d
 th

a
t th

e
 z

o
n
a
 

g
lo

m
e

ru
lo

sa
, site

 o
f a

ld
o

ste
ro

n
e

 p
ro

d
u

ctio
n

, 
is

 d
is

p
ro

p
o
rtio

n
a
lly

 in
c
re

a
s
e
d
 in

 m
a
s
s
 in

 
such cases. 

R
e
ce

n
tly C

o
n
n
 a

n
d
 a

sso
cia

te
s" a

fte
r e

x-
a
m

in
in

g
 1

0
3
 p

a
tie

n
ts

, h
a
v
e
 s

e
t fo

rth
 th

e
ir 

c
rite

ria
 fo

r "p
rim

a
ry

 a
ld

o
s
te

ro
n
is

m
," in

 
p
a
tie

n
ts

 w
ith

o
u
t re

n
a
l d

is
e
a
s
e
 a

n
d
 n

o
t re

-
c
e
n
tly

 tre
a
te

d
 w

ith
 c

h
lo

ro
th

ia
z
id

e
, a

s
 

liste
d

 in
 T

a
b

le
 9

.1
. 

A
 c

u
re

 o
r p

ro
fo

u
n

d
 a

m
e

lio
ra

tio
n

 o
f 

sym
p

to
m

s fo
llo

w
s re

m
o

va
l o

f th
e

 tu
m

o
r, o

r 
a

d
re

n
a

l co
n

ta
in

in
g

 th
e

 tu
m

o
r. In

a
sm

u
ch

 a
s 

th
e

 a
d

e
n

o
m

a
 is se

cre
tin

g
 a

ld
o

ste
ro

n
e

 it is 
lo

g
ic

a
l to

 a
s
s
u

m
e

 th
a

t th
e

 tu
m

o
r a

ris
e

s
 

fro
m

 c
e
lls

 o
f . th

e
 z

o
n
a
 g

lo
m

e
ru

lo
s
a
 a

n
d
, 

a
ls

o
, th

a
t th

e
 u

n
in

v
o
lv

e
d
 p

o
rtio

n
 o

f th
is

 

F
in

. 9.10. P
h

o
to

m
icro

g
rap

h
 o

f tu
m

o
r in

 left ad
ren

al o
f sister o

f p
atien

t d
ep

icted
 in

 F
ig

u
res 9.6 to

 9.9, o
n

e 
5 w

ith
 ad

ren
o

g
cn

ital syn
d

ro
m

e. T
h

e atro
p

h
yin

g
 effects o

f su
b

stitu
tio

n
 th

erap
y o

n
 th

e zo
n

a fasciw
lata can

 b
e 

seen
 in

 th
e lateral m

arg
in

s w
h

ile th
e zo

n
a g

lo
m

eeslo
sa is in

tact. In
 its larg

est m
easu

rem
en

t th
e tu

m
o

r h
ad

 a 
d

iam
eter o

f 0.4 m
m

. T
h

4 p
leo

m
o

rp
h

ic cells o
f th

e zo
n

e fascicu
lata h

ave lo
st th

eir p
o

larity an
d

 are g
ro

w
in

g
 

faster th
an

 th
e n

o
rm

al cells to
 p

ro
d

u
ce a n

o
d

u
le w

ith
o

u
t ap

p
aren

t in
vasio

n
. M

u
ltin

u
cleated

 cells an
d

 cells w
ith

 
g

ian
t n

u
clei are seen

. H
&

P
, 275X

. 

is a
tro

p
h

ic a
n
d
 th

e
 a

lte
rn

a
te

 g
la

n
d
 la

rg
e
 o

r 
n

o
rm

a
l in

 s
iz

e
 th

e
 c

o
n

c
lu

s
io

n
 is

 th
a

t th
e

 
a

lte
rn

a
te

 g
la

n
d

 is
 a

u
to

n
o

m
o

u
s
 a

n
d

 is
 h

y
-

p
e

rs
e

c
re

tin
g

 c
o

rtis
o

f c
a

u
s
in

g
 th

e
 p

itu
ita

ry
 

to
 d

im
in

is
h

 s
e
c
re

tio
n
 o

f A
C

T
H

. T
h
e
 a

lte
r-

n
a
te

, h
y
p
e
rs

e
c
re

tin
g
 g

la
n
d
 m

a
y
 b

e
 "n

o
r-

m
a

l" to
 th

e
 n

a
k
e

d
 e

y
e

 a
n

d
 m

ic
ro

s
c
o

p
ic

 
e
x
a
m

in
a
tio

n
. M

o
s
t o

fte
n
, h

o
w

e
v
e
r, it c

o
n
-

ta
in

s
 a

n
 a

d
e

n
o

m
a

 la
rg

e
 e

n
o

u
g

h
 fo

r th
e

 
su

rg
e

o
n

 to
 re

co
g

n
ize

, in
 w

h
ich

 ca
se

 th
e

 re
-

m
a
in

in
g
 p

a
re

n
ch

ym
a
 o

f th
is g

la
n
d
 m

a
y a

lso
 

b
e

 a
tro

p
h

ic w
ith

 ch
a

ra
cte

ristic th
in

 e
d

g
e

s. 
W

h
e

n
 th

is co
n

d
itio

n
 p

re
va

ils th
e

 a
d

e
n

o
m

a
 

is
 a

u
to

n
o
m

o
u
s
 a

n
d
 p

o
te

n
tia

lly
 m

a
lig

n
a
n
t. 

M
a
n
y
 p

a
tie

n
ts

, c
lin

ic
a
lly

 n
o
rm

a
l, h

a
rb

o
r 

su
rg

ica
lly p

a
lp

a
b

le
 a

d
e

n
o

m
a

s w
h

ich
 h

a
ve

 
n

o
 e

ffe
ct o

n
 th

e
 co

n
tra

la
te

ra
l g

la
n

d
 o

r n
o

r-
m

a
l c

e
lls

 o
f th

e
 ip

s
ila

te
ra

l g
la

n
d

. M
ic

ro
-

s
c
o
p
ic

 e
x
a
m

in
a
tio

n
 m

a
y
 re

v
e
a
l th

e
 a

d
e
-

n
o
m

a
 to

 b
e
 c

o
m

p
o
s
e
d
 o

f n
o
rm

a
l c

o
rtic

a
l 

c
e
lls

, c
e
lls

 w
ith

 o
n
ly

 s
u
b
tle

 c
h
a
n
g
e
s
, o

r 
c
e
lls

 fra
n
k
ly

 d
iffe

re
n
t fro

m
 n

o
rm

a
l. O

f 
co

u
rse

 a
 la

rg
e

 a
lte

rn
a

te
 g

la
n

d
 m

a
y b

e
 m

a
-

lig
n

a
n

t w
ith

 o
r w

ith
o

u
t in

v
a

s
io

n
 a

n
d

/o
r 

m
etastases. 
T

h
e
 a

d
re

n
a
l c

o
rtic

a
l e

tio
lo

g
y
 o

f th
e
 h

y
-

p
e
rte

n
s
io

n
 in

 C
u
s
h
in

g
's

 d
is

e
a
s
e
 is

 a
c
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n
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 m
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p
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 p
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 d
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, C
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h
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p
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c
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n
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e
 e

x
tra

c
a
p
s
u
la

r a
d
ip

o
s
e
 tis

s
u
e
. 

T
h
e
s
e
 c
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b
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p
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 c
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c
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b
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s d

isa
p
p
e
a
re

d
. In

 tra
n
sitio

n
a
l zo

n
e
 (a

rro
w

s
) lym

p
h
o
cytic in

filtra
tio

n
 is p

ro
m

in
e
n
t. P

A
S

-h
e
m

a
to

xylin
, 

1
9

X
. 

. F
IG

. 9
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a
n
ie

d
 b

y a
d
re

n
a
l n

e
cro

sis. T
h
is su

g
g
e
sts 

th
a

t th
e

 p
a

th
o

g
e

n
e

sis o
f th

e
 tw

o
 co

n
d

itio
n

s 
d
iffe

rs. T
h
e
 co

n
d
itio

n
s o

p
e
ra

tive
 h

a
ve

 b
e
e
n
 

o
b
s
c
u
re

 s
in

c
e
 A

d
d
is

o
n
's

 o
rig

in
a
l d

e
s
c
rip

-
tio

n
 in

 1
8

5
5

 o
f a

 s
y
n

d
ro

m
e

 c
o

n
s
is

tin
g

 o
f 

"a
n
e
m

ia
, g

e
n
e
ra

l la
n
g
u
o
r a

n
d
 d

e
b
ility

, 
re

m
a

rk
a

b
le

 fe
e

b
le

n
e

s
s
 o

f th
e

 h
e

a
rt's

 a
c
-

tio
n
, irrita

b
ility

 o
f th

e
 s

to
m

a
c
h
, a

n
d
 p

e
c
u
-

lia
r c

h
a

n
g

e
 o

f c
o

lo
r in

 th
e

 s
k
in

, o
c
c
u

rrin
g

 
w

ith
 a

 d
ise

a
se

d
 co

n
d
itio

n
 o

f th
e
 su

p
ra

re
n
a
l 

ca
p
su

le
s." A

d
d
iso

n
's ca

se
s w

e
re

 m
o
stly a

 
re

s
u

lt o
f tu

b
e

rc
u

lo
s
is

. E
x
p

e
rim

e
n

ta
l in

-
v
e

s
tig

a
tio

n
 o

f th
is

 d
is

e
a

s
e

 h
a

s
 b

e
e

n
 h

in
-

d
e

re
d

 b
e

ca
u

se
 tu

b
e

rcu
lo

sis in
 a

n
im

a
ls ra

re
ly 

if e
ve

r g
ive

s rise
 to

 a
d
re

n
a
l d

e
stru

ctio
n
. 

A
 su

ita
b
le

 m
o
d
e
l b

e
ca

m
e
 a

va
ila

b
le

 d
u
r-

in
g

 th
e

 ce
n

te
n

n
ia

l ye
a

r (1
9

5
5

) o
f A

d
d

iso
n

's 
d

e
s
c
rip

tio
n

 in
 th

e
 fo

rm
 o

f a
 p

ro
to

z
o

a
n

 in
-

fe
c
tio

n
 o

f h
a
m

s
te

r a
d
re

n
a
ls

.' T
h
is

 p
ro

to
-

zoan, B
esnoilia jellisoni, co

n
tin

u
e
s to

 g
ro

w
 

in
 th

e
 a

d
re

n
a
ls w

h
e
n
 im

m
u
n
ity is a

cq
u
ire

d
, 

d
u
rin

g
 th

e
 3

rd
 a

n
d
 4

th
 w

e
e
k
 o

f in
fe

c
tio

n
, 

a
lth

o
u
g
h
 th

e
 le

s
io

n
s
 re

g
re

s
s
 in

 th
e
 o

th
e
r 

o
rg

a
n
s o

f th
e
 h

a
m

ste
r. W

h
e
n
 it w

a
s fo

u
n
d
 

.th
a

t th
e

 in
je

ctio
n

 o
f p

h
a

rm
a

co
lo

g
ic d

o
se

s o
f  

c
o
rtis

o
l in

h
ib

ite
d
 th

e
 a

c
q
u
is

itio
n
 o

f g
e
n
-

e
ra

liz
e

d
 im

m
u

n
ity

, a
n

d
 p

re
v
e

n
te

d
 a

d
re

n
a

l 
in

fe
c
tio

n
 a

t th
e
 s

a
m

e
 tim

e
, it b

e
c
a
m

e
 a

p
-

p
a
re

n
t th

a
t in

 b
o
th

 h
a
m

s
te

rs
 a

n
d
 m

a
n
 e

n
-

d
o

g
e

n
o

u
s
 a

d
re

n
a

l c
o

rtic
o

id
s
 in

te
rfe

re
d

 
w

ith
 th

e
 o

p
e
ra

tio
n
 o

f im
m

u
n
e
 fa

c
to

rs
 

w
ith

in
 th

e
 a

d
re

n
a
ls

. M
a
n
 a

n
d
 h

a
m

s
te

rs
 

s
e
c
re

te
 c

o
rtis

o
l a

s
 th

e
 p

rin
c
ip

a
l a

d
re

n
a
l 

s
e
c
re

to
ry

 p
ro

d
u
c
e
"' in

 c
o
n
tra

s
t to

 m
o
s
t 

ro
d
e
n
ts. H

e
n
ce

 th
e
 m

a
rke

d
 p

ro
life

ra
tio

n
 o

f 
m

ic
ro

b
e

s
 re

s
u

ltin
g

 in
 e

x
te

n
s
iv

e
 a

d
re

n
a

l 
n
e
c
ro

s
is

, th
e
 in

h
ib

itio
n
 o

f g
ra

n
u
lo

m
a
 fo

r-
m

a
tio

n
 in

 th
e

 a
d

re
n

a
l a

n
d

 th
e

 d
e

fe
c
tiv

e
 

fib
ro

s
is

, w
e
re

 a
ttrib

u
te

d
 to

 th
e
 lo

c
a
l h

y
-

p
e
rc

o
rtic

o
id

 s
ta

te
. In

 th
e
 h

a
m

s
te

r a
s
 in

 
m

a
n
, h

e
a
lin

g
 fo

ci o
f a

d
re

n
a
l n

e
cro

sis w
e
re

 
s
e
e
n
 fo

r th
e
 firs

t tim
e
"' 'a  fo

llo
w

in
g
 c

o
rti-

c
o
id

 re
p
la

c
e
m

e
n
t (F

ig
. 9

.1
8
) w

h
ic

h
 w

a
s
 

m
a
d
e
 p

o
s
s
ib

le
 o

n
ly

 a
fte

r th
e
 s

y
n
th

e
s
is

 
m

a
n
u
fa

ctu
re

 o
f co

rtiso
n
e
 a

n
d
 co

n
g
e
n
e
rs in

 
the 1950's. 

S
e
le

c
tiv

e
 d

e
s
tru

c
tio

n
 o

f th
e
 a

d
re

n
a
ls

 
co

u
ld

 be a
ttrib

u
te

d
 to

 fa
ilu

re
 o

f im
m

u
n
ity

 
to

 b
e
 a

c
q
u
ire

d
 lo

c
a
lly

, fo
llo

w
in

g
 d

is
s
e
m

i-
n

a
te

d
 a

c
u

te
 in

fe
c
tio

n
. H

o
w

e
v
e

r, th
e

 ra
re

 
o
c
c
u
rre

n
c
e
 o

f a
d
re

n
a
l in

v
o
lv

e
m

e
n
t h

a
d
 to

 
b

e
 e

x
p

la
in

e
d

 o
th

e
rw

is
e

. O
n

e
 re

a
s
o

n
 a

p
-

p
e
a
rs

 to
 b

e
 th

e
 in

fre
q
u
e
n
t s

e
e
d
in

g
 o

f th
e
 

a
d

re
n

a
ls, w

ith
o

u
t th

e
 d

e
ve

lo
p

m
e

n
t o

f su
ch

 
e
xte

n
sive

 le
sio

n
s in

 o
th

e
r o

rg
a
n
s th

a
t ra

p
id

 
d
e
a
th

 w
o
u
ld

 h
a
v
e
 b

e
e
n
 b

ro
u
g
h
t o

n
 fro

m
 

m
ilia

ry
 tu

b
e
rc

u
lo

s
is

 in
v
o
lv

in
g
 lu

n
g
s
 a

n
d
 

m
e
n
in

g
e
s
. A

n
o
th

e
r is

 th
e
 p

o
o
r s

u
ita

b
ility

 
o

f a
d

re
n

a
ls

 a
s
 a

 s
u

b
s
tra

te
 fo

r tu
b

e
rc

le
 

b
a
c
illi a

n
d
 H

is
to

p
la

s
m

a
, b

o
th

 o
f w

h
ic

h
 

g
ro

w
 m

u
c
h
 b

e
tte

r in
 ly

m
p
h
 n

o
d
e
s
. A

 th
ird

 
is

 th
e
 a

b
ility

 o
f th

e
 a

d
re

n
a
ls

, a
t le

a
s
t if in

-
v
o
lv

e
d
 w

ith
 fu

n
g
a
l in

fe
c
tio

n
, to

 u
n
d
e
rg

o
 

c
o
m

p
e
n
s
a
to

ry
 h

y
p
e
rp

la
s
ia

, s
o
 th

a
t a

 d
e
-

s
tru

c
tiv

e
 le

s
io

n
 w

o
u
ld

 n
o
t n

e
c
e
s
s
a
rily

 re
-

s
u

lt in
 th

e
 s

y
m

p
to

m
s
 o

f A
d

d
is

o
n

's
 d

is
-

e
a
se

 fo
r a

 lo
n
g
 tim

e
." 

In
 tu

b
e
rc

u
lo

u
s
 p

a
tie

n
ts

, a
 d

e
g
re

e
 o

f 
h
y
p
o
th

a
la

m
o
-p

itu
ita

ry
-a

d
re

n
a
l h

y
p
o
fu

n
c
-

tio
n
 is

 p
re

s
e
n
t, a

n
d
 c

o
m

p
e
n
s
a
to

ry
 h

y
p
e
r-

p
la

sia
 is d

e
ficie

n
t in

 th
e
 a

d
re

n
a
ls d

e
stro

ye
d
 

b
y
 tu

b
e
rc

u
lo

s
is

." T
h
is

 is
 n

o
t s

o
 in

 fu
n
g
a
l 

in
fe

c
tio

n
s
, w

h
e
re

 3
0
- to

 4
0
-fo

ld
 e

n
la

rg
e
-

m
e
n
t h

a
s b

e
e
n
 fo

u
n
d
. 

A
n
 u

n
d
e
rs

ta
n
d
in

g
 o

f th
e
 a

d
re

n
a
l in

fe
c
-

tio
n
 n

e
cro

sis m
e
ch

a
n
ism

 su
g
g
e
sts a

 th
e
ra

-
p
e
u
tic m

e
a
su

re
, a

p
p
lica

b
le

 e
sp

e
cia

lly if th
e
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C
 

e
tio

lo
g
y o

f th
e
 le

sio
n
 is o

b
scu

re
. A

m
p
le

 re
-

p
la

c
e
m

e
n
t th

e
ra

p
y
, re

s
u
ltin

g
 in

 fe
e
d
b
a
c
k
 

in
h

ib
itio

n
 o

f th
e

 a
d

re
n

a
ls

, w
ill p

u
t a

n
y
 re

-
m

a
in

in
g
 co

rtico
id

 ce
lls a

t re
st fro

m
 ste

ro
id

-
o

g
e

n
e

is, a
n

d
 b

y d
e

cre
a

sin
g

 th
e

 lo
ca

l tissu
e

 
h
y
p
e
rc

o
rtic

is
m

 w
ill s

u
b
je

c
t th

e
 a

d
re

n
a
l to

 
th

e
 sa

m
e

 im
m

u
n

e
 m

e
ch

a
n

ism
s o

p
e

ra
tive

 
e

ls
e

w
h

e
re

 in
 th

e
 b

o
d

y
. T

h
is

 w
o

u
ld

 p
re

-
se

rve
 re

m
a

in
in

g
 a

d
re

n
a

l ce
lls fo

r re
g

e
n

e
ra

-
tio

n
 a

fte
r th

e
 in

fe
c
tio

n
 is

 c
u

re
d

. S
p

e
c
ific

 
a

n
tim

ic
ro

b
ia

l c
h

e
m

o
th

e
ra

p
y
 s

h
o

u
ld

 o
f 

co
u

rse
 b

e
 sta

rte
d

, if a
va

ila
b

le
, a

s scio
n

 a
s a

n
 

etiologic diagnosis has been m
ade. 

2. A
d

ren
al cyto

lysis o
r "atro

p
h

y." 
In

 a
 

s
e
rie

s
 o

f y
o
u
n
g
 m

ilita
ry

 p
a
tie

n
ts

 w
ith

 A
d
-

d
is

o
n
's

 d
is

e
a
s
e
, F

rie
d
m

a
n
" fo

u
n
d
 6

0
%

 o
f 

p
a
tie

n
ts w

ith
 a

tro
p
h
ic a

d
re

n
a
ls. In

 th
e
 u

s-
u

a
l m

ixe
d

 p
o

p
u

la
tio

n
 th

e
 in

cid
e

n
ce

 o
f th

is 
le

s
io

n
 is

 s
m

a
lle

r. S
lo

p
e
r,se  1

9
5

5
, e

n
co

u
n

-
te

re
d

 o
n

ly
 4

0
%

, w
h

ile
 in

 m
ilita

ry
 p

e
rs

o
n

-
n
e
l th

e
 le

s
io

n
 a

c
c
o
u
n
te

d
 fo

r o
n
ly

 2
2
%

 o
f 

ca
se

s b
e

fo
re

 W
o

rld
 W

a
r II." T

h
e

re
 is little

 
d

o
u

b
t th

a
t th

e
 in

c
re

a
s
e

d
 in

c
id

e
n

c
e

 o
f a

d
-

re
n
a
l a

tro
p
h
y
 is

 d
u
e
, a

t le
a
s
t in

 p
a
rt, to

 
th

e
 d

e
cre

a
se

d
 p

re
va

le
n

ce
 o

f tu
b

e
rcu

lo
sis in

 
th

e
 g

e
n

e
ra

l p
o

p
u

la
tio

n
. 

T
h

e
 a

d
re

n
a

ls
 a

p
p

e
a

r a
tro

p
h

ic
 a

s
 if d

e
-

s
tro

y
e

d
 b

y
 ra

p
id

 c
y
to

ly
tic

 n
e

c
ro

s
is

. T
h

e
ir 

"c
o
n
tra

c
tio

n
" s

c
a
rrin

g
 fre

q
u
e
n
tly

 p
re

-
ve

n
te

d
 e

ffe
ctive

 co
m

p
e

n
sa

to
ry h

yp
e

rp
la

sia
. 

H
is

to
lo

g
ic

a
lly

, fe
w

 c
o
rtic

a
l c

e
lls

 m
a
y
 re

-
m

a
in

, o
r in

d
ivid

u
a

l a
n

d
 n

o
d

u
la

r h
yp

e
rp

la
-

sia
 m

a
y b

e
 se

e
n
. T

h
e
 m

e
d
u
lla

 is ra
re

ly in
-

v
o
lv

e
d
. A

t th
e
 tim

e
 o

f d
e
a
th

, p
re

s
u
m

a
b
ly

 
a

fte
r a

 c
o

u
rs

e
 o

f a
 fe

w
 w

e
e

k
s
 o

r m
o

n
th

s
, 

o
n

ly a
 fe

w
 lym

p
h

o
cyte

s a
re

 p
re

se
n

t in
 th

e
 

a
d

re
n

a
l. F

rie
d

m
a

n
 p

o
s
tu

la
te

d
 v

ira
l d

e
-

s
tru

c
tio

n
 s

im
ila

r to
 th

a
t w

h
ic

h
 o

c
c
u
rs

 in
 

vira
l h

e
p
a
titis. In

 cyto
m

e
g
a
lo

viru
s in

fe
ctio

n
 

o
f m

a
n
 w

h
ic

h
 m

a
y
 s

e
le

c
tiv

e
ly

 (th
o
u
g
h
 

ra
re

ly
) a

ffe
c
t th

e
 a

d
re

n
a
ls

, c
e
llu

la
r d

e
b
ris

 
re

m
a

in
s
." In

 h
e

rp
e

s
 a

n
d

 v
a

ric
e

lla
 in

fe
c
-

tio
n
, d

e
s
tru

c
tio

n
 is

 m
o
re

 ra
p
id

 a
n
d
 c

o
u
ld

 
re

su
lt in

 th
e
 le

sio
n
s o

b
se

rve
d
. H

o
w

e
ve

r to
 

d
a

te
, a

n
 e

tio
lo

g
y h

a
s n

o
t b

e
e

n
 e

sta
b

lish
e

d
. 

A
d
re

n
a
l co

n
tra

ctio
n
 h

a
s a

lso
 b

e
e
n
 fo

u
n
d
  

in
 p

a
tie

n
ts

 w
ith

 fa
m

ilia
l m

u
c
o

c
u

ta
n

e
o

u
s
 

c
a

n
d

id
ia

s
is

 fo
llo

w
e

d
 b

y
 A

d
d

is
o

n
's

 d
is

-
e

a
s
e

." T
h

e
 a

d
re

n
a

ls
 a

re
 n

o
t in

v
o

lv
e

d
 b

y
 

fu
n

g
a

l in
fe

c
tio

n
. H

o
w

e
v
e

r, a
s
 c

a
n

d
id

ia
s
is

 
a
p
p
e
a
rs

 to
 a

lw
a
y
s
 p

re
c
e
d
e
 th

e
 d

e
v
e
lo

p
-

m
e

n
t o

f a
d

re
n

a
l d

y
s
fu

n
c
tio

n
 th

e
 p

re
s
e

n
c
e

 
o

f a
 to

xic fu
n

g
a

l fa
cto

r h
a

s b
e

e
n

 p
o

stu
la

te
d

 
to

 e
x
p
la

in
 a

d
re

n
a
l a

tro
p
h
y
, a

s
 w

e
ll a

s
 th

e
 

h
y
p
o
p
a
ra

th
y
ro

id
is

m
 a

n
d
 s

p
ru

e
-lik

e
 s

y
n
-

d
ro

m
e
 d

e
v
e
lo

p
in

g
 in

 m
a
n
y
 o

f th
e
s
e
 p

a
-

tie
n

ts
. A

n
 e

ffo
rt to

 p
ro

v
e

 th
is

 b
y
 a

 p
ro

-
lo

n
g

e
d

 s
e

rie
s
 o

f in
je

c
tio

n
s
 o

f C
a

n
d

id
a

 in
to

 
h

a
m

ste
rs w

a
s u

n
su

cce
ssfu

l, h
o

w
e

ve
r (F

re
n

-
k
e
l a

n
d
 H

a
v
e
n
h
ill, u

n
p
u
b
lis

h
e
d
 d

a
ta

). T
h
e
 

d
e

m
o

n
stra

tio
n

 o
f a

 ca
n

d
id

a
cid

a
l su

b
sta

n
ce

 
in

 n
o
rm

a
l s

e
ru

m
, a

n
d
 its

 a
b
s
e
n
c
e
 in

 p
a
-

tie
n

ts w
ith

 m
u

co
cu

ta
n

e
o

u
s ca

n
d

id
ia

sis, in
-

c
lu

d
in

g
 th

o
s
e
 w

ith
 A

d
d
is

o
n
's

 d
is

e
a
s
e
, h

a
s
 

p
ro

v
id

e
d

 a
 n

e
w

 a
p

p
ro

a
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ye
d
. H

o
w

e
ve

r, in
 a

 se
rie

s o
f p

a
tie

n
ts, 

p
e
rip

h
e
ra

l b
lo

o
d
 co

rtico
ste

ro
id

 le
ve

ls w
e
re

 
fo

u
n

d
 to

 b
e

 a
b

o
ve

 n
o

rm
a

l, co
n

siste
n

t w
ith

 
p
re

vio
u
s a

d
re

n
a
l h

yp
e
ra

ctivity a
n
d
 in

su
ffi-

c
ie

n
t la

p
s
e
 o

f tim
e
 fo

r d
e
c
a
y
 o

f th
e
 c

o
rti-

e
n
s
te

ro
id

 le
v
e
l." In

 p
a
tie

n
ts

 s
u
rv

iv
in

g
 a

 
c
lin

ic
a
l c

o
u
rs

e
 s

im
ila

r to
 th

a
t w

h
ic

h
 w

a
s
 

fa
ta

l, c
o
m

p
le

te
 re

c
o
v
e
ry

 w
a
s
 th

e
 ru

le
, a

l-
th

o
u
g
h

 s
o
m

e
tim

e
s
 fo

llo
w

in
g
 a

n
 in

te
rv

a
l 

w
ith

 m
a
n
ife

s
ta

tio
n
s
 o

f h
y
p
o
c
o
rtic

is
m

, re
-

lie
v
e
d
 b

y
 re

p
la

c
e
m

e
n
t th

e
ra

p
y
. J

u
d
g
in

g
 

fro
m

 e
vid

e
n
ce

, su
ch

 a
s S

ke
lto

n
's" co

n
ce

rn
-

in
g
 re

g
e
n
e
ra

tio
n
 o

f th
e
 a

d
re

n
a
l a

fte
r re

m
o
va

l 
o
f a

ll b
u
t th

e
 su

b
ca

p
su

la
r ce

lls, re
g
e
n
e
ra

-
tio

n
 a

fte
r su

b
to

ta
l h

e
m

o
rrh

a
g
ic d

e
stru

ctio
n
 

in
 m

a
n
 w

o
u
ld

 n
o
t a

p
p
e
a
r im

p
o
ssib

le
. 

A
n
 im

p
o
rta

n
t a

sso
cia

te
d
 fin

d
in

g
 is pseu-

d
o
tu

b
u
la

r d
e
g
e
n
e
ra

tio
n
, 

p
rin

c
ip

a
lly

 in
 th

e
 

zo
n
a
 g

lo
m

e
ru

lo
sa

, w
h
ich

 m
a
y a

lso
 b

e
 p

re
s-

e
n
t a

s so
le

 fin
d
in

g
 in

 m
e
n
in

g
o
co

cce
m

ia
. It 

is
 a

ls
o
 c

o
m

m
o
n
 in

 a
 v

a
rie

ty
 o

f d
is

e
a
s
e
 

sta
te

s w
h
e
re

 "stre
ss" m

a
y re

a
so

n
a
b
ly b

e
 

e
x
p
e
c
te

d
 to

 h
a
v
e
 o

c
c
u
rre

d
. W

ilb
u
r a

n
d
 

R
ich

" h
a
ve

 sh
o
w

n
 th

a
t in

 ra
ts cyto

lysis re
-

su
lte

d
 in

 p
se

u
d
o
tu

b
u
la

r d
e
g
e
n
e
ra

tio
n
 a

fte
r 

in
te

n
s
e
 s

tim
u
la

tio
n
 w

ith
 A

C
T

H
. In

 fa
ta

l 
d

ip
h

th
e

ria
 o

f m
a

n
, h

u
m

a
n

 p
s
e

u
d

o
tu

b
u

la
r 

d
e
g
e
n
e
ra

tio
n
 is th

e
 ru

le
, so

m
e
tim

e
s a

sso
ci-

a
te

d
 w

ith
 h

e
m

o
rrh

a
g
e
. T

h
is

 le
s
io

n
 h

a
s
 

b
e
e
n
 s

tu
d
ie

d
 e

x
p
e
rim

e
n
ta

lly
 b

y
 T

o
n
u
tti" 

in
 g

u
in

e
a

 p
ig

s
 w

h
o

 fo
u

n
d

 th
a

t it re
s
u

lte
d

 
fro

m
 th

e
 a

c
tio

n
 o

f th
e
 e

x
o
to

x
in

 in
 a

n
 in

-
te

n
se

ly fu
n
ctio

n
a
l a

d
re

n
a
l. 

T
h
e
 ca

u
se

 o
f a

d
re

n
a
l h

e
m

o
rrh

a
g
e
 is still 

b
e
in

g
 d

e
b
a
te

d
. T

h
e
 vie

w
 u

se
d
 to

 b
e
 p

re
va

-
le

n
t th

a
t th

e
 b

a
cte

ria
 o

r e
n
d
o
to

xin
 a

tta
cke

d
 

th
e
 e

n
d
o
th

e
liu

m
 d

ire
ctly; h

o
w

e
ve

r, sp
e
cific 

s
ta

in
in

g
 fo

r b
a
c
te

ria
 d

o
e
s
 n

o
t re

v
e
a
l a

 
g

re
a

te
r co

n
ce

n
tra

tio
n

 o
f o

rg
a

n
ism

s in
 th

e
se

 
a
d
re

n
a
ls

 th
a
n
 e

ls
e
w

h
e
re

 in
 th

e
 s

a
m

e
 p

a
-

tie
n
t. In

 vie
w

 o
f lip

o
id

 d
e
p
le

tio
n
 a

n
d
 p

re
s-

e
n
ce

 o
f p

se
u
d
o
tu

b
u
la

r d
e
g
e
n
e
ra

tio
n
, so

m
e
 

s
u
s
p
e
c
te

d
 th

a
t im

p
a
irm

e
n
t o

f th
e
 s

tru
c
-

tu
ra

l in
te

g
rity o

f th
e
 sin

u
so

id
a
l lin

in
g
 g

a
ve

 
rise

 to
 th

e
 h

e
m

o
rrh

a
g

e
. T

h
is a

p
p

e
a

rs u
n

-
like

ly a
s th

e
 h

e
m

o
rrh

a
g

e
 sta

rts in
 th

e
 re

tie
-

a
la

rm
s, w

h
ile

 p
se

u
d
o
tu

b
u
la

r d
e
g
e
n
e
ra

tio
n
 is 

m
o
st m

a
rke

d
 in

 th
e
 zo

n
a
 g

lo
m

e
ru

lo
sa

. 
T

h
e
 h

yp
o
th

e
sis o

f M
a
rg

a
re

tte
n
 a

n
d
 M

c- 

A
d

a
m

s
" e

q
u

a
tin

g
 a

ll th
e

 h
e

m
o

rrh
a

g
ic

 
p
h
e
n
o
m

e
n
o
n
 o

f m
e
n
in

g
o
co

cce
m

ia
 w

ith
 th

e
 

S
h

w
a

rtzm
a

n
 re

a
ctio

n
 h

a
s b

e
e

n
 m

e
n

tio
n

e
d

 
in

 th
e
 d

is
c
u
s
s
io

n
 o

f in
fa

rc
tio

n
 n

e
c
ro

s
is

. 
A

ls
o
, th

e
 a

d
d
itio

n
a
l p

o
s
tu

la
te

 th
a
t th

e
 a

d
-

re
n

a
l w

a
s u

n
iq

u
e

ly p
re

d
isp

o
se

d
 to

 th
e

 p
re

-
c
ip

ita
tio

n
 o

f th
e
 S

h
w

a
rtz

m
a
n
 fib

rin
 a

g
g
re

-
g
a
te

s o
n
 a

cco
u
n
t o

f its h
ig

h
 co

n
ce

n
tra

tio
n
 

o
f c

o
rtic

o
s
te

ro
id

s
. H

o
w

e
v
e
r, th

e
 in

fre
-

q
u
e
n
c
y
 o

f a
c
tu

a
l d

e
m

o
n
s
tra

tio
n
 o

f fib
rin

 
th

ro
m

b
i in

 th
e
 a

d
re

n
o
c
o
rtic

a
l s

in
u
s
o
id

s
 

ra
is

e
s
 d

o
u
b
t o

n
 th

e
 fre

q
u
e
n
c
y
 w

ith
 w

h
ic

h
 

th
is m

e
ch

a
n
ism

 is o
p
e
ra

tive
. 

R
e
c
e
n
tly

 L
e
v
in

 a
n
d
 C

lu
fl' p

ro
d
u
c
e
d
 a

d
-

re
n
a
l h

e
m

o
rrh

a
g
e
 in

 ra
b
b
its in

je
cte

d
 tw

ice
 

w
ith

 e
n
d
o
to

x
in

, o
r w

ith
 th

o
ro

tra
s
t o

r 
A

C
T

H
, fo

llo
w

e
d
 b

y
 e

n
d
o
to

x
in

 a
t 4

-h
o
u
r 

in
te

rv
a
ls

. T
h
e
 S

h
w

a
rtz

m
a
n
 re

a
c
tio

n
 d

id
 

n
o
t o

ccu
r in

 th
e
 kid

n
e
y till th

e
 in

te
rva

l w
a
s 

in
c
re

a
s
e
d
 to

 1
0
 h

o
u
rs

. T
h
a
t th

e
 a

d
re

n
a
l 

h
e

m
o

rrh
a

g
e

 w
a

s in
d

e
p

e
n

d
e

n
t o

f in
tra

va
s-

c
u
la

r c
lo

ttin
g
 w

a
s
 s

h
o
w

n
 b

y
 th

e
 in

je
c
tio

n
 

o
f h

e
p
a
rin

, w
h
ic

h
 a

lth
o
u
g
h
 m

o
d
ify

in
g
 th

e
 

S
h
w

a
rtz

m
a
n
 re

a
c
tio

n
, d

id
 n

o
t im

p
a
ir th

e
 

o
c
c
u
rre

n
c
e
 o

f a
d
re

n
a
l h

e
m

o
rrh

a
g
e
. T

h
e
 

n
e
e
d
 fo

r a
n
 a

c
tiv

e
 a

d
re

n
a
l w

a
s
 d

e
m

o
n
-

s
tra

te
d
 w

h
e
n
 th

o
ro

tra
s
t o

r A
C

T
H

-p
re

-
tre

a
te

d
 ra

b
b
its w

e
re

 p
re

tre
a
te

d
 fo

r I w
e
e
k 

w
ith

 c
o
rtis

o
n
e
 a

c
e
ta

te
 a

n
d
 c

o
rtis

o
l, w

h
ic

h
 

"m
a
rk

e
d
ly

" s
u
p
p
re

s
s
e
d
 a

d
re

n
a
l h

e
m

o
r-

rh
a
g
e
 a

fte
r e

n
d
o
to

x
in

 w
a
s
 a

d
m

in
is

te
re

d
. 

T
h
e
se

 a
u
th

o
rs fo

u
n
d
 th

a
t n

itro
g
e
n
 m

u
sta

rd
-

in
d
u
ce

d
 g

ra
n
u
lo

cyto
p
e
n
ia

 m
itig

a
te

d
, h

o
w

-
e
v
e
r, b

o
th

 th
e
 e

ffe
c
t o

f e
n
d
o
to

x
in

 o
n
 th

e
 

a
d
re

n
a
l c

o
rte

x
 a

n
d
 th

e
 S

h
w

a
rtz

m
a
n
 p

h
e
-

n
o
m

e
n
o
n
, s

u
g
g
e
s
tin

g
 th

e
 p

a
rtic

ip
a
tio

n
 o

f 
re

le
a
se

d
 lyso

so
m

a
l e

n
zym

e
s in

 b
o
th

 typ
e
s 

o
f tis

s
u
e
 d

a
m

a
g
e
. T

h
e
 c

lo
s
e
 in

te
rv

a
l b

e
-

tw
e
e
n
 s

e
n
s
itiz

in
g
 a

n
d
 p

re
c
ip

ita
tin

g
 in

je
c
-

tio
n
 in

 th
e
 e

x
p
e
rim

e
n
ta

l m
o
d
e
l p

a
ra

lle
ls

 
th

e
 sh

o
rt in

te
rva

l a
fte

r o
n
se

t o
f th

e
 d

ise
a
se

 
a
n
d
 th

e
 fa

ta
l W

a
te

rh
o
u
s
e
-F

rid
e
ric

h
s
e
n
 

syn
d
ro

m
e
, w

h
ich

 d
o
e
s n

o
t u

su
a
lly d

e
ve

lo
p
 

a
fte

r 4
8

 h
o

u
rs fro

m
 th

e
 o

n
se

t o
f d

ise
a

se
." 

A
lth

o
u
g
h
 in

 th
e
s
e
 e

x
p
e
rim

e
n
ta

l m
o
d
e
ls

 
a
d
re

n
a
l le

s
io

n
s
 w

e
re

 n
o
t s

tu
d
ie

d
 fo

r th
e
ir 

d
e
p
e
n
d
e
n
c
e
 o

n
 th

e
 tw

o
 ty

p
e
s
 o

f s
te

ro
id

s
 

(c
o
m

p
o
u
n
d
s
 B

 &
 F

) a
s
 c

o
u
ld

 h
a
v
e
 b

e
e
n
 

d
o
n
e
 b

y
 th

e
 u

s
e
 o

f M
e
ta

p
iro

n
e
. A

lth
o
u
g
h
 

th
e
 d

e
g
re

e
 o

f a
d
re

n
a
l u

n
re

s
p
o
n
s
iv

e
n
e
s
s
 

a
fte

r co
rtico

ste
ro

id
 p

re
tre

a
tm

e
n
t w

a
s in

d
e
-

te
rm

in
a
te

, th
e
s
e
 e

x
p
e
rim

e
n
ts

 p
ro

v
id

e
d
 a
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E
N

D
O

C
R

IN
E

 P
A

T
H

O
L
O

G
Y

 



2
5
0

 
A

D
R

E
N

A
L

 C
O

R
T

E
X

 	
2
5
1
 

n
e
w

 a
p
p
ro

a
c
h
 to

 th
e
 e

x
p
la

n
a
tio

n
 o

f th
is

 
b
a
fflin

g
 p

ro
b
le

m
. 

C
ushing's D

isease 
S

in
ce

 C
u
sh

in
g
's o

rig
in

a
l re

p
o
rt" in

 1
9
3
2
 

th
e
re

 h
a
s
 b

e
e
n
 d

is
p
u
te

 a
b
o
u
t th

e
 e

tio
lo

g
y
 

o
f th

e
 d

is
o
rd

e
r b

e
a
rin

g
 h

is
 n

a
m

e
. H

e
 c

o
n
-

s
id

e
re

d
 a

 s
m

a
ll b

a
s
o
p
h
ilic

 p
itu

ita
ry

 a
d
e
-

n
o

m
a

 to
 b

e
 th

e
 c

a
u

s
e

. T
h

e
 fin

d
in

g
s
 to

d
a

y
 

in
c
lu

d
e
: tru

n
c
a
l o

b
e
s
ity

, re
d
 "m

o
o
n
 fa

c
e
" 

w
ith

 a
c
n
e
, "b

u
fth

lo
 h

u
m

p
" s

h
o
u
ld

e
r fa

t 
p
a
d
s
, a

b
d
o
m

in
a
l s

tria
e
, th

in
 s

k
in

, th
in

 
a
rm

s
 a

n
d
 le

g
s
, e

a
s
y
 b

ru
is

a
b
ility

, m
u
s
c
le

 
w

a
stin

g
, p

o
o
r w

o
u
n
d
 h

e
a
lin

g
, h

yp
e
rte

n
sio

n
, 

h
yp

e
rg

lyce
m

ia
, 

fl-o
lycyth

em
ia, 

o
ste

o
p

o
ro

-
s
is

 a
n
d
 a

n
 in

c
re

a
s
e
d
 e

x
c
re

tio
n
 o

f c
o
rtis

o
l 

a
n
d
 o

th
e
r a

d
re

n
o
c
o
rtic

a
l h

o
rm

o
n
e
 d

e
riv

a
-

tive
s. In

 fe
m

a
le

s ce
ssa

tio
n
 o

f m
e
n
se

s a
n
d
 

h
irsu

tism
 m

a
y b

e
 'a

d
d
e
d
. W

h
e
n
 th

e
se

 fin
d
-

in
g
s
 e

x
is

t in
 th

e
 p

re
s
e
n
c
e
 o

f a
 p

itu
ita

ry
 

a
d
e
n
o
m

a
 s

o
m

e
 c

a
ll it "C

ash
in

g
's d

isease." 
W

ith
 a

v
a
ila

b
ility

 o
f c

o
rtis

o
l th

e
 c

o
m

p
le

te
 

"d
is

e
a
s
e
" h

a
s
 b

e
e
n
 ia

tro
g
e
n
ic

a
lly

 p
ro

-
d

u
ce

d
 b

y h
o

rm
o

n
e

s fro
m

 a
 b

o
ttle

 so
 th

e
re

 
ca

n
 b

e
 n

o
 d

o
u
b
t th

a
t th

e
 n

a
tu

ra
l d

ise
a
se

 is 
m

e
d
ia

te
d
 b

y th
e
,a

d
re

n
a
l co

rte
x. W

h
e
n
 th

e
 

d
is

o
rd

e
r o

c
c
u

rs
 w

ith
o

u
t a

n
a

to
m

ic
a

l fin
d

-
in

g
s
 o

f a
n

 a
d

e
n

o
m

a
 in

 th
e

 p
itu

ita
ry

 s
o

m
e

 
u
se

 th
e
 te

rm
 "C

u
sh

in
g

's syn
d

ro
m

e." 
W

h
e
n
 th

e
re

 is
 e

x
c
e
s
s
 A

C
T

H
 in

 th
e
 

p
la

s
m

a
 th

e
re

 w
ill b

e
 d

iffu
s
e
 u

n
ifo

rm
 h

y
-

p
e
rtro

p
h
y
 a

n
d
/o

r h
y
p
e
rp

la
s
ia

 o
f b

o
th

 a
d
-

re
n

a
ls. C

u
sh

in
g

's d
iso

rd
e

r m
a

y o
r m

a
y n

o
t 

b
e

 p
re

s
e
n

t. It a
p

P
e

a
rs

 th
a

t th
e

re
 m

a
y
 b

e
 

tw
o
 o

r m
o
re

 k
in

d
s
 o

f A
C

T
H

, viz., a
n
 a

d
-

re
n
a
l w

e
ig

h
t-m

a
in

ta
in

in
g
 fa

c
to

r a
n
d
 th

e
 

u
s
u
a
l s

te
ro

id
-fo

rm
in

g
 a

n
d
 s

te
ro

id
-re

le
a
s
-

in
g
 fa

c
to

r. S
u
c
h
 a

 c
o
n
c
e
p
t is

 re
q
u
ire

d
 to

 
e
x
p
la

in
 th

e
 b

ila
te

ra
lly

 la
rg

e
 a

d
re

n
a
ls

 fre
-

q
u
e
n
tly

 fo
u
n
d
 a

t a
u
to

p
s
y
 w

h
e
n
 C

u
s
h
in

g
's

 
d
is

o
rd

e
r is

 n
o

t c
lin

ic
a
lly

 p
re

s
e
n
t. S

u
c
h
 a

d
-

re
n
a
ls

, e
a
c
h
 w

e
ig

h
in

g
 1

0
 to

 1
5
 g

. a
re

 fre
-

q
u
e
n
tly

 fo
u
n
d
 in

 c
a
s
e
s
 o

f lu
n
g
 tu

m
o
rs

." It 
is

 o
b
v
io

u
s
 th

a
t th

e
s
e
 la

rg
e
 a

d
re

n
a
ls

 m
u
s
t 

b
e
 p

a
rtia

lly
 re

fra
c
to

ry
 to

 A
C

T
H

, o
r th

e
 

u
s
u
a
l A

C
T

H
 m

u
s
t b

e
 d

e
c
re

a
s
e
d
 in

 th
e
 

p
la

s
m

a
, o

th
e
rw

is
e
 C

u
s
h
in

g
's

 d
is

o
rd

e
r 

w
o
u
ld

 a
p
p
e
a
r. T

h
a
t is to

 sa
y if a

d
re

n
a
l co

r-
tica

l tissu
e
 co

n
tin

u
e
d
 to

 se
cre

te
 co

rtiso
l a

t 
its

 u
s
u
a

l ra
te

 a
fte

r it h
a
d
 h

y
p
e
rtro

p
h
ie

d
 

to
 tw

ic
e
 th

e
 n

o
rm

a
l m

a
s
s
 th

e
n
 th

e
 g

la
n
d
s
 

w
o
u
ld

 b
e

 s
e

c
re

tin
g
 c

o
rtis

o
l a

t tw
ic

e
 th

e
  

n
o
rm

a
l ra

te
 a

n
d
 C

u
sh

in
g
's d

iso
rd

e
r w

o
u
ld

 
e
n
s
u
e
. S

in
c
e
 s

o
m

e
 p

a
tie

n
ts

 w
ith

 v
e
ry

 
la

rg
e
 a

d
re

n
a
ls d

o
 n

o
t h

a
ve

 C
u
sh

in
g
's d

is-
o
rd

e
r it is

, th
e
re

fo
re

, o
b
v
io

u
s
 th

a
t s

o
m

e
 

la
rg

e
 a

d
re

n
a
ls m

a
y b

e
 in

e
fficie

n
t g

la
n
d
s o

r 
g

la
n

d
s w

o
rkin

g
 a

t a
 lo

w
 b

a
sa

l ra
te

. T
h

e
 la

t-
te

r p
ro

b
a
b
ly

 p
re

v
a
ils

 b
e
c
a
u
s
e
 m

a
n
y
 p

a
-

tie
n
ts w

ith
 ca

rcin
o
m

a
 o

f th
e
 lu

n
g
, b

u
t w

ith
-

o
u
t C

u
s
h
in

g
's

 d
is

o
rd

e
r, h

y
p
e
rre

s
p
o
n
d
 to

 
te

s
t d

o
s
e
s
 o

f A
C

T
H

 a
n
d
 s

u
b
s
e
q
u
e
n
tly

, a
l 

a
u

to
p

s
y
, a

re
 fo

u
n

d
 to

 h
a

v
e

 v
e

ry
 la

rg
e

 a
d

- 
re

n
a
ls

."•" 	
N

o
n
p
itu

ita
ry

 A
C

T
H

-p
ro

d
u
c
- 

in
g
 tu

m
o
rs a

re
 fu

rth
e
r d

iscu
sse

d
 in

 C
h
a
p
-

te
r 1

9
. 

W
ith

 h
y
p

e
rtro

p
h

y
 o

r h
y
p

e
rp

la
s
ia

 o
f 

b
o
th

 g
la

n
d
s th

e
 clin

ica
l e

ffe
cts o

f C
u
sh

in
g
's 

d
iso

rd
e
r m

a
y b

e
 a

m
e
lio

ra
te

d
 b

y co
m

p
le

te
 

re
m

o
v
a
l o

f o
n
e
 g

la
n
d
 a

n
d
 th

e
 m

a
jo

r p
o
r-

tio
n
 o

f th
e
 a

lte
rn

a
te

 g
la

n
d
. H

o
w

e
v
e
r th

e
 

re
m

a
in

in
g
 fra

g
m

e
n
t w

ill re
g
e
n
e
ra

te
 a

n
d
 

th
e
 c

lin
ic

a
l c

o
n
d
itio

n
 u

s
u
a
lly

 re
a
p
p
e
a
rs

. 
W

h
e
n
 b

o
th

 a
d
re

n
a
ls

 a
re

 c
o
m

p
le

te
ly

 re
-

m
o
ve

d
 th

e
 d

ise
a
se

 a
b
a
te

s u
n
le

ss th
e
re

 is 
e
c
to

p
ic

 tis
s
u
e
. In

 a
n
 a

la
rm

in
g
 n

u
m

b
e
r o

f 
p

a
tie

n
ts

 w
ith

 b
ila

te
ra

l a
d

re
n

a
le

c
to

m
y
 a

 
b
a
s
o
p
h
ilic

 o
r c

h
ro

m
o
p
h
o
b
ic

 a
d
e
n
o
m

a
 

a
ris

e
s
 in

 th
e
 p

itu
ita

ry
 a

 fe
w

 y
e
a
rs

 la
te

r. 
T

h
e

se
 p

a
tie

n
ts u

su
a
lly sh

o
w

 p
ro

fo
u
n

d
 p

ig
-

m
e
n
ta

tio
n
 fro

m
 e

xce
ssive

 A
C

T
H

 a
n
d
 m

e
l-

a
n

o
c
y
te

-s
tim

u
la

tin
g

 h
o

rm
o

n
e

 s
e

c
re

tio
n

 o
f 

th
e
 p

itu
ita

ry
 a

n
d
/o

r its
 tu

m
o
r. O

f c
o
u
rs

e
 

th
e
 q

u
e
stio

n
 a

rise
s: "W

e
re

 n
o
t th

e
se

 p
itu

i-
ta

ry
 tu

m
o
rs

 p
re

s
e
n
t in

 th
e
 firs

t in
s
ta

n
c
e
?
" 

If s
o
, th

e
n
 a

d
re

n
a
le

c
to

m
y
 u

n
m

a
s
k
s
 la

te
n
t 

g
ro

w
th

 p
o
te

n
tia

l o
f th

e
s
e
 tu

m
o
rs

 th
e
 

g
ro

w
th

 o
f w

h
ic

h
 m

a
y
 b

e
 in

h
ib

ite
d
 b

y
 c

o
r-

tis
o
l a

n
d
 th

e
 n

o
rm

a
l s

p
e
c
tru

m
 o

f a
d
re

n
a
l 

h
o
rm

o
n
e
s
. A

n
o
th

e
r p

o
s
s
ib

ility
 is

 th
a
t fo

l-
lo

w
in

g
 re

m
o
v
a
l o

f m
o
s
t o

r a
ll o

f th
e
 a

d
-

re
n
a
l tis

s
u
e
, th

e
 p

itu
ita

ry
 c

e
lls

 a
re

 u
n
d
e
r 

e
xce

ssive
 stim

u
lu

s fro
m

 th
e

 h
yp

o
th

a
la

m
u

s 
to

 p
ro

d
u
c
e
 A

C
T

H
 d

e
s
p
ite

 re
p
la

c
e
m

e
n
t 

th
e
ra

p
y
, w

h
ic

h
 m

a
y
 n

o
t b

e
 s

u
ffic

ie
n
t. A

s
 

a
 re

s
u

lt th
e

re
 is

 a
n

 u
ltim

a
te

 b
re

a
k
a

w
a

y
 

fro
m

 n
o
rm

a
l b

o
d
y co

n
tro

l a
n
d
 th

e
 in

itia
tio

n
 

o
f a

 tru
e
 n

e
o
p
la

sm
. 

In
 th

e
 e

ve
n
t o

n
e
 g

la
n
d
 co

n
ta

in
s a

n
 a

d
e
-

n
o
m

a
 it m

a
y
 b

e
 "a

n
 in

c
id

e
n
ta

l n
o
n
fu

n
c
-

tio
n
in

g
 a

d
re

n
o
c
o
rtic

a
l a

d
e
n
o
m

a
" if th

e
 

a
lte

rn
a
te

 g
la

n
d
 is a

p
p
a
re

n
tly n

o
rm

a
l o

r h
y-

p
e
rp

la
s
tic

. H
o
w

e
v
e
r if th

e
 a

lte
rn

a
te

 g
la

n
d
 

a
n
d
 th

e
 u

n
in

vo
lve

d
 p

o
rtio

n
 o

f th
e
 g

la
n
d
 co

n
- 

ta
in

in
g
 th

e
 a

d
e
n
o
m

a
 a

re
 a

tro
p
h
ic w

ith
 sh

a
rp

 
e

d
g

e
s th

e
n

 th
e

 a
d

e
n

o
m

a
 is p

ro
b

a
b

ly fu
n

c-
tio

n
in

g
 a

n
d
 re

m
o
v
a
l m

a
y
 e

ffe
c
t a

 "c
u
re

." 
M

ic
ro

s
c
o
p
ic

 e
x
a
m

in
a
tio

n
 o

f th
e
 a

d
re

n
a
l 

tissu
e
 m

a
y b

e
 u

n
re

w
a
rd

in
g
 a

n
d
 th

e
 h

isto
-

lo
g
ic a

p
p
e
a
ra

n
ce

 m
a
y b

e
 e

n
tire

ly n
o
rm

a
l. 

It se
e
m

s p
o
ssib

le
 a

n
d
 p

ro
b
a
b
le

 th
a
t fu

n
c-

tio
n
in

g
 a

n
d
 n

o
n
fu

n
ctio

n
in

g
 a

d
e
n
o
m

a
s m

a
y 

e
xist sid

e
 b

y sid
e
 in

 th
e
 sa

m
e
 a

n
d
/o

r co
n
-

tra
la

te
ra

l g
la

n
d

s a
n

d
 ye

t m
a

y n
o

t b
e

 id
e

n
ti-

fie
d

 b
y th

e
 u

su
a

l m
icro

sco
p

ic stu
d

y. H
o

w
-

e
v
e
r, if o

n
e
 d

o
e
s
 e

x
h
a
u
s
tiv

e
 n

u
c
le

a
r s

iz
e
 

s
tu

d
ie

s
 a

s
 in

d
ic

a
te

d
 b

y
 H

o
lle

y
" th

e
 c

e
ll 

n
u
c
le

i in
 th

e
 h

y
p
e
rfu

n
c
tio

n
in

g
 tis

s
u
e
 w

ill 
b
e
 fo

u
n
d
 la

rg
e
 a

n
d
 in

 th
e
 h

yp
o
fu

n
ctio

n
in

g
 

tissu
e
 th

e
y w

ill b
e
 sm

a
ll. 

T
h
e
 m

icro
sco

p
ic a

p
p
e
a
ra

n
ce

 o
f b

ila
te

r-
a
lly

 d
iffu

s
e
ly

 e
n
la

rg
e
d
 a

d
re

n
a
ls

 w
h
ic

h
 

ca
u
se

 C
u
sh

in
g
's d

iso
rd

e
r is q

u
ite

 va
ria

b
le

. 
W

ith
in

 th
e
 sa

m
e
 g

la
n
d
 th

e
re

 m
a
y b

e
 fie

ld
s 

o
f n

o
rm

a
l co

rte
x a

lte
rn

a
tin

g
 w

ith
 d

istin
ctly 

a
b
n
o
rm

a
l fie

ld
s co

n
ta

in
in

g
 m

a
rke

d
ly h

yp
e
r-

tro
p
h
ie

d
 c

e
lls

 w
ith

 lip
id

s
, s

im
ila

rly
 e

n
-

la
rg

e
d
 c

e
lls

 w
ith

 h
y
d
ro

p
ic

 c
y
to

p
la

s
m

, a
 

fe
w

 s
c
a
tte

re
d
 d

a
rk

 c
o
m

p
a
c
t c

e
lls

 a
n
d
 a

 
fe

w
 lym

p
h
o
cyte

s. T
h
e
re

 m
a
y b

e
 co

n
sid

e
r-

a
b

le
 va

ria
tio

n
 in

 size
, sh

a
p

e
 a

n
d

 p
o

sitio
n

 o
f 

th
e
 n

u
c
le

i. T
h
e
 re

tic
u
la

r fra
m

e
w

o
rk

 o
f 

th
e
se

 h
yp

e
rp

la
stic fie

ld
s d

o
e
s n

o
t h

a
ve

 th
e
 

re
g
u
la

r p
a
tte

rn
 e

x
p
e
c
te

d
 o

f a
n
y
 n

o
rm

a
l 

zo
n
e
. In

 so
m

e
 p

la
ce

s th
e
 ce

lls m
a
y b

e
 a

r-
ra

n
g
e

d
 in

 a
 h

a
p

h
a

z
a

rd
 fa

s
h

io
n

; in
 o

th
e

r 
a

re
a

s th
e

y m
a

y a
ssu

m
e

 a
n

 a
d

e
n

o
m

a
to

u
s 

p
a
tte

rn
 a

p
p
a
re

n
t o

n
ly b

y e
xa

m
in

a
tio

n
 w

ith
 

th
e
 m

ic
ro

s
c
o
p
e
, a

n
d
 c

h
a
ra

c
te

ris
tic

a
lly

 
e
n
co

m
p
a
sse

d
 b

y a
 d

e
lica

te
 b

a
n
d
 o

f co
m

-
p
re

s
s
e
d
 re

tic
u
la

r tis
s
u
e
. F

re
s
h
 h

e
m

o
r-

rh
a

g
e

 m
a

y
 b

e
 p

re
s
e

n
t in

 a
n

y
 p

la
c
e

 w
h

e
n

 
it is

 a
 s

u
rg

ic
a
l s

p
e
c
im

e
n
. T

h
is

 is
 d

u
e
 to

 
o
p
e
ra

tive
 tra

u
m

a
 a

n
d
 cla

m
p
in

g
 th

e
 ve

n
o
u
s 

d
ra

in
a
g
e
 b

e
fo

re
 a

ll o
f th

e
 a

rte
ria

l s
u
p
p
ly

 
is o

cclu
d
e
d
. W

h
e
n
 n

e
cro

sis is p
re

se
n
t, n

o
 

m
a
tte

r h
o
w

 s
m

a
ll a

n
d
 fo

c
a
l, m

a
lig

n
a
n
c
y
 

m
ust be strongly suspected. 
F

ig
u

re
 9

.2
0

 is fro
m

 a
 d

iffu
se

ly h
yp

e
rtro

-
p
h
ie

d
 a

n
d
 h

y
p
e
rp

la
s
tic

 a
d
re

n
a
l in

 a
 c

a
s
e
 

o
f lu

n
g
 c

a
rc

in
o
m

a
. C

u
s
h
in

g
's

 s
y
n
d
ro

m
e
 

w
a
s o

f su
d
d
e
n
 o

n
se

t w
ith

 p
ro

fo
u
n
d
 h

yp
o
-

ka
le

m
ic a

lka
lo

sis a
n
d
 d

e
a
th

 e
n
su

e
d
 w

ith
in

 
6
 w

e
e
k
s
. A

n
 A

C
T

H
-lik

e
 p

ro
te

in
 w

a
s
 e

x
-

tra
cte

d
 fro

m
 th

e
 p

rim
a

ry tu
m

o
r. T

h
e

 a
lka

-
lo

sis, ra
p

id
 co

u
rse

, a
n

d
 se

ve
re

 in
te

n
sity o

f 

Flu. 9
.2

0
. P

h
o

to
m

ic
ro

g
ra

p
h

 o
f a

d
re

n
a

l c
o

rte
x

 in
 

a
 c

a
s
e
 o

f a
n

a
p

la
s
tic

 a
d

re
n

o
c
o

rtic
o

tro
p

ic
 h

o
rm

o
n

e
-

s
e
c
re

tin
g

 c
a
rc

in
o

m
a
 o

f lu
n

g
. N

o
s
e
 th

e
 p

ro
fo

u
n

d
 e

n
-

larg
em

en
t o

f th
e co

rtical cells th
e cyto

p
lasm

 o
f w

h
ich

 
is

 d
e
v
o

id
 o

f lip
id

s
 a

n
d

 s
ta

in
s
 p

o
o

rly
. T

h
e
 c

lu
s
te

r o
f 

s
m

a
ll, d

a
rk

 a
n

a
p

la
s
tic

 c
e
lls

 a
t th

e
 b

o
tto

m
 o

f th
e
 

fig
u

re
 c

o
m

p
re

s
s
in

g
 th

e
 s

u
rro

u
n

d
in

g
 p

a
re

n
c
h

y
m

a
 is

 
a m

etastasis fro
m

 th
e lu

n
g

 tu
m

o
r. H

A
 E

. 1
1
2
 X

. 

s
y
m

p
to

m
s
 a

re
 c

h
a
ra

c
te

ris
tic

 o
f A

C
T

H
-

p
ro

d
u
c
in

g
 n

o
n
e
n
d
o
c
rin

e
 tu

m
o
rs

. T
h
e
 rig

h
t 

a
d
re

n
a
l w

e
ig

h
e
d
 2

8
 g

. a
n
d
 th

e
 le

ft 3
2
 g

. 
T

h
e

 c
lu

s
te

r o
f s

m
a

ll h
y
p

e
rc

h
ro

m
a

tic
 a

n
a

-
p
la

s
tic

 c
e
lls

, s
e
e
n
 in

 th
e
 fig

u
re

, a
re

 m
e
ta

-
s
ta

tic
 fro

m
 th

e
 lu

n
g
. T

h
e
 m

e
ta

s
ta

tic
 n

o
d
-

u
le

 m
a
y
 h

a
v
e
 s

e
c
re

te
d
 A

C
T

H
 b

u
t d

id
 n

o
t 

se
e
m

 to
 h

a
ve

 a
 lo

ca
l e

ffe
ct. It a

p
p
e
a
re

d
 to

 
b
e
 g

ro
w

in
g
 fa

s
te

r th
a
n
 th

e
 a

d
re

n
a
l p

a
re

n
-

ch
ym

a
 a

n
d
 co

m
p
re

sse
d
 th

e
 a

d
ja

ce
n
t co

rti-
c
a
l c

e
lls

. T
h
e
 c

o
rtic

a
l p

a
re

n
c
h
y
m

a
 c

o
m

-
p

o
s
e

d
 m

a
in

ly
 o

f m
a

rk
e

d
ly

 h
y
p

e
rtro

p
h

ie
d

 
ce

lls d
e
vo

id
 o

f lip
id

 h
a
s a

 cyto
p
la

sm
 w

h
ich

 
s
ta

in
s
 p

o
o
rly

. O
n
ly

 a
 v

e
ry

 fe
w

 lip
id

-c
o
n
-

ta
in

in
g
 c

e
lls

 a
re

 p
re

s
e
n
t a

s
 v

a
c
u
o
le

s
 a

n
d
 

th
e
re

 a
re

 a
 fe

w
 c

o
m

p
a
c
t c

e
lls

. T
h
e
s
e
 m

i-
c
ro

s
c
o

p
ic

 fin
d

in
g

s
 a

re
 u

n
ifo

rm
 in

 a
ll s

e
c
-

tio
n
s o

f b
o
th

 g
la

n
d
s stu

d
ie

d
 a

n
d
 a

lso
 ch

a
r-

a
c
te
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