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THE HISTOPATHOLOGY OF THE ADRENAL CORTEX

IN DIABETIC CAPILLARY DISEASE

Diabetes mellitus, a disease in which the normal insulin metabo-
lism of the body is disturbed, is among the most common of human
diseases. There are probably over two million cases in the United
States alone with an add tional large potential reservoir of the
dissase (1). Now that ipsulin can control the hyperglycemia and coma
of diabetes and the antijicrobisl agents can decrease the danger of
infeetions, the most impbrtent problem in elinicel di betes today is
probebly that df vascula disease (2). These vascular changes may
involve the medium-sized arteries of the myocardium, lower limbs, end
brain; the arterioles, especially of the kidney; and the capillaries
of the renal glomeruli and the retinae. It is these latter conditionms,
diabetic retinopathy and intercapillary glomerulosclerosis, which are
receiving an increasing amount of attention from investigators. These
lesions are apparently imcreasing in frequency and are becoming an
ever increasing factor i1 the merbidity and mortality of diabetic
patients (3-7). Physicisns are therefore obligated to try to find the
basic cause or causes of these éomplications so that they might be pre-
vented or at least controlled.

DIABETIC RETINOFPATHY.

The exact nature o diabetic retinapathy was poorly understood

until Ballantyne and Loewensteim (8) described the condition in great



detail in 1943 using special stains on flat preparations of whole
retinae. Since then dimbetic Petinopathy has emerged as a distinct
pathologie entity, and there is rather good agreement among wvarious
workers as to the basic patholegy involved (5, 9-~13). The original
defect is now known to e the development of numerous discrete sac~-
cular aneurysmal dilata jions 3C to 90 micra in diameter arising from
the venous side of the apillary bed in the inner nuclear layer of the
retina, The larger micro-aneurysms can be seen through the ophthal-
moscope as small red spots resembling deep hemorrhages. However the
hemorrhages, which may also be present, tend to be larger, have less
distinct outlines, and are more transient. The aneurysms are usually
thin~walled but may have markedly thickened walls centaining a muco-
polyseccharide material. Often the only findings in the eye are the
aneurysms in the posterior pole of the eye, but as the process prog-
resses, hard white or yellowish exidates with distinct borders begin
to appear. These tend to coalesce into larger masses causing visual
disturbances, especially as the macular region is involved. Sinece
these exudates and hemorthages are often found near the aneurysms, it
is thought that there maj be a weakening of the capillary wall at
that particular peint. is the retinopathy becomes more advamced
there may be distortion cf the capillary and venous pattern with neo-
vascularization which eventually may lead to the more serious retinitis
proliferans and retinal detachmeant.

It is generally considered that this aneuryamal lesion is quite

gpecific for disbetes mellitus. OCapillary aneurysms of the retina



are found in other disease prosesses and even in normal rstinae (14-
16), but they are much fewer in number, tend to be more fusiform in
appearance, involve the arterial side of the capillary, and are found
in demaged areas or at he periphery of the retina. Friedenwald (17)
feels that diabetic retinopathy is a primery vascular disease while
in other diseases the aneurysms are a response to local tissue injury.
Although many diabetics also have hypertension with associated hyper-
tengsive retinopathy, it has been shown that diabetic retincpathy is
independent of hypertendion, arteriosclerosis, or atherosclerosis
since the typicel aneurysms are found in many cases in the absence of
these other conditions.

Attemptis have been made to find similar capillary aneurysms in
other body tissue, but tae oftly othér lesion which occurs to any degree
in diabetics is intercaplllary glomerulosclerosis. These two capil-
laxy oomplications have pany similarities histologieally, histochemi-
cally, and elinically. Both have dilated capillaries with associated
thickened walls which stain similerly as mucopolysaccharides (18, 19),
and clinically they are bften found together. Although some patients
with retinopathy show no glomerular lesions, almost all~wif not all--~
patients with demonstrable kidney lesions have macroscopic or micre-
scopic retinal lesions. OCareful microscopic studies of whole retinae
have shown that all cases of glomerulosclerosis studied also had reti-
nopathy (5, 9). Because of this close similarity the two conditions
are generally considered to be the same pathologic process modified by

their occurrence in diffdrent anatomical structures.



INTERCAFILLARY GLOMTRULQSCLEROSIS.

The capillary changes of the kidney have been the subject of
much discussion and stud since the original deseription by Kimmelsatiel
and Wilson of the so-called intercapillary glomerulosclerosis (20).
There is more disagreemsnt as to the nature of this lesion than is the
case of the retinal lesion. Two types of lesions are described at the
present time (3, 21-25). The typical nodular lesion as originally
described by Kimmelstiel and Wilson is characterized by rounded, focal
collections of hyaline-like material located in the center of a glom-
arular lobule. These masses which vary in size from 20 to 120 micra
ustxlly have assdociated dilated and congested capillaries which tend
to encircle them. The h linerlike material stains as a mucopolysac-
charide and shows typic 1y arranged leminated bands of flbers when
stained with silver stains (19, 22). Many authors believe that this
nodular form is just the end stgge of a diffuse form of hyelinization
of the glomerular capillhries. This diffuse form of the disease is
more diffiecult to evaluate since similar changes may be found in glom-
erulonephritis and in ar.eriolomephrosclerosis. However some authors
state that the diabetic Fform mej be differentiated by the hyalinization
of the afferent and efferent arterioles, the characteristic laminated
bands as shown with silver staims, and the increased amount of lipoid
material within the capi laries (22, 24, 26). The differences in cri-
teria for describing this lesion probably leads to the rather wide
variation in reported incidence of intercapillary glomerulosclerosis

in diabetic patients (22-27).



Although many pat’'ents with typical glomerular lesions demon-
strated at autopsy have no clinical symptoms of kidriey disease, the
characteristic syndroeme is the appearance of alburg;imz.ri&, edema, and
hypertension in patients with diabetes of long duration (24). The
course of the syndrome is relatively slow, and the patient may live
months to years after the syndfome is first recognized. Azotemia with
eventual renal failure is the usual cause of death in the yowng
diabetiec, but the older patient is just as likely to die from cardio-
vascular complications (3). Since this process can only be diagnosed
definitely by mioroscopic examination of the kidneys, it is difficult
to follow the course of 'the disease in living patients. Therefore the
cloaely associated rptinel lesions may be a valuable guide in

following the more serious kidney disease.

ETIOLOGY OF THE CAPILLARY LESIONS.

Many theories as to the cause of the vascular lesions in
dia-betics have been proposed, but as yet none has been definitely
proven. The capillary lesions ar apparently fairly specific to the
diabetic patient, yet something else must be involved since not all
diabetics develop them. Zubrod (27, 28) suggests that patients with
capillary complications probably do not have a aimple insulin
deficiency diabetes since his patients with these lesions rarely had
previous episodes of acidosis even without the use of insulin. He
states that a relative excess of the hyperglycemia-glyesgenalytic
hormone from the islets could explain this phenomsnon. However White
(29) reports that a high percentage of her young diabetics do have

rather frequent



episcdes of acidosis. Heredity hes been suggested as a possible factor,
especially sinc diabetics with capillary lesions tend tohave increased

capillary fragility {30-34). However is such a

de-ficient vascular system caused by a hereditery disturbance or some

other Pagtor related to the digbetic process? More women tend to

have these complications (35, ;6), therefore sex may be a factor, but

the finding of the disease in both sexes does not substantiate this,

At the present time the duration of the diabetic process stands
out as one of the most important factors invelved in the development of
the complication since most of the patients with capillary dis-ease
have had diabetes-longer than 10 years (24, 37-%9). Howeverlong
duration of diabetds dcea not necessarily mean there is no hop# for that
partieular patient. Bell (24) reported 28 of 93 patientswho had

diabetes longer than 20 years had no serious vascular disease, an Whits

(29) states that 8% of her young dimbetic patients avinc the disease

longer than & years showed no evidence of any vascular disease. The
severity of diabetes as based upon the need for taking insulin and not
upon the insulin dosage has been suggestedas a possible factor

especially in the younger diabetic. He usually hms a more severe
diabetes and usually has more severe complications than does the older

diabetic. Yet many patients with very mild diabetes may suffer from
severe capillary lesions while more severediabetics may escape the
disease (2). The degree of control of thediabetic patients has become

one of the biggest arguing points as to



the cause of these vascular complications. Some Investigators have
shown thet there is appajyently very little correlation betwsen the
lesions and the control if diabates (40, 41). Yet others show that
good control markedly decrcases the incidence of the process (42-47).

It is possible that contzol will not prewent the appearance of the

proceas, but it may minid ize the progression of the disease (35).

The concept of lmmdral faetors has recently been supported by
the finding of no glomervlosclerosis in ons kidney of a diabetie who
showed marked capillary disease in the other kidney. The one kidney
without capillary lesions had a thrombus in the renal artery with
resultant decreased circt ation to that particular kidney (48).Since
the lesions have increased mucopolysascharids deposited in
the walls of the vessels there may be a relationship between pro-
longed hyperglycemia or increase in serum polysaccharides and the
deposition of material ir these vessel walls (49~51). Although
lipemia is usually conneeted with atherosclerosis, there may also be
an associated factor in he capillary disease of diabetes. Hartroft
(26) reports that fat emboli in the glomerular capillaries mey cause
stasis in the vessels which eventually results in the thigkening of
the baseament membrane and finally lesions resemblins~ those of
inter-capillary glomeruloscleresis.

ATRENAL OORTICAL H@RMONES. In recent years Becker (11, 52)has

proposed a theory thii the adrenal cortex is inwolved in thisdisease
process, Variou iInvestigators have accumulated considerable

evidence supporting this theory, but mich of it is still rather in-



direct evidence. Various observations indicate that excessive adrenal
cortical activity may be related to the onset and progression of dia-
betic capillary lesions. Diabetic retinopathy has been shown to ap-
pear for the first time or increase in severity in diabetics who are
pregnant (11, 53). Some of these women also showed some regression of
the micro-aneuryems following delivery. These changes mey be

caused by the increased adremal cortical activity during pregnancy,

" but there are also other metabolic and endocrine changes in the preg~
nant woman. Retinal and glomerular lesions similar to those in dia-
betics have been described in nondiabetic patients following treatment
with ecorticotropin (54, 55). The retinal lesions of these patients
were found to disappsar following cessation of the therapy. Diabetics
under good control and with no known complications tend to run normal
or slightly lower than normal steroid levels in their urine (56-60).
However most diabetics in acidosis, with associated hypertension, or
with retinopathy tend ta excrete excessive amounts of free oxysteroids
in their urine (60-62). It has also been shown that many diabetics
fail to show the normal posinopenia of at least 50% follewing the in-
jection of corticotropin but do have a normal response to cortisone
(11, 63). These patients were invariably free from any demonstrable
capillary lesions. Becker (52) has demonstrated that most patients
with retinopathy show a prompt response to the corticotropin injection.
411l of these c¢linical findings tend to suggest that patients with cap-
illary lesions have increased activity of the adrenal cortex as com-

pared with patienis withput these lesions.

10



In recent years it has been found that decreased adrenal ac-
tivity produced accidentally or therapeuntieally mey impreove the
cap-illary disease. Poulsen (64) described the case of a diabetic
woman who develeped panhypopituitarism following pregnancy. Prior to
preg- nancy she showed rather merked reptinopathy, but following the
hemor-rhagic destruction of her pltuitary gland the eye lesions began
to improve until no visible evidence of disease could be seen six
years later. Recently hypophysectamy has been used on several
diabetic patients with severe progressive vascular disease. The

patients who survived the operation slowed improvement in their

vascular disease or at least no progressi n of the process (65, 66).

Adrenalectomy

in similar patiemts has also shown rather favorable results as far as

the capillary disease is cancerned (67-70). Testosterone has been
used in some patients with favorable results (71, 72). Since it can
cause marked atrophy of the hypaphysis with marked lipoid depletion
and atrophy of the zona fasciculata of the adrenal in rats, it is
conceivable that the improvement may be caused by inhibitien of the
adrenal cortical hormone (7%, ~4).

Inereased adrenal cortical activity has also besn shown to
cause experimental lesiohs in snimals. Lukens and Dohan (75) showed
that a dog made diabetic hy injection of anterior pituitary hormone
had lesions in its kidners similar to those found in intercapillary
glamerulosclerosis. Ric (76) and Bloodworth (77) have produced
nodular glomerular lesiois in rabbiis by daily injections of cortisone
but none with corticotropin injections. Becker (11) showed that remal

11



lesions could be produce{ in 30} of nondiabetic rabbits and 7% of

allexan-diabetic rabbits by coriisone injections. A few of the dia-
betic rabbits also showed what appeared to be retinal aneurysms.iAlloxan
diabetes alone failed to produce the glomerular lesions.

Other studies have shown that rabbits made diabetic by alloxan tend to

excrete less steroids in their urine (78). Becker (52) is now

working on experimental inimals to find if nutritional or enzymatic
deficiencies of the adrepal cortex might be a cause of the metabolic
disoprder involving the capillaries.

The phase of study with which this paper is most concerned is the

Pinding of histologi#al differences in the adrenals of diabetics with
capillyry disease and these without capillery disease. Becker

(11, %2) reporte that th: adrensal glands from 22 patients with inter-
capillary glomeruloscler¢sis were 24% heavier than those fram 23
patients free from the disease. He also found that mieroscopie sec-
tions of adrensl glands éhowed ifferences in the degree of lipoid
vacuvlization in the zons fasciculata. Eighty-six per cent of the

adrenals from 64 patients with diabetic nephropathy showed increased

vacuclization while orly 12% of those from 91 patients without any

diabetic renal disease showed increased vaecuolization. The gdrenals

from TR of 91 nondiabetic controls also showed this inoreased amount of
lipoid deposits. This difference in vecuolization in any of the groups
could not be explained on the basis of the cause of death alone.

Patients were divided into thres groups depending on the cause of death:

(1) severe burns, traumetic shock or hemorrhage, or severe

12



infection, (2) chronic d bilitat n= disease, carcinoma, or chronio

infection, and (3) cardiorenal disorders or sudden accidents.
Pa-tients with intercapillaiyy glom rulosclerosis and pstients
without diahetes still showed a uch hisher ineidense of increased

lipoid vacuoclization of the adremals as compered with the diabetics

with-out glomerulosclerosins in all three categories. The
nondiabetic contrals did show less vdcuclization than did the
patients with diabetic nephropathy in troup l. Uremia or acidosis in
these patients @id not seem t0 a fer the percentages {0 any
significantdegree either. These firdings $end to indicate that
there is adifference in the secretpry activity of the zona
fasciculata indiabstics with glomerulo clerosis as compared to those
without any glomerulosclerosis, and the activity of the former is

similar to that of nondiabetic patients. Becker (52} and Russi (79)
also report an increased incida ce of adenomas of the adrenal cortex

amongdiabetics and especially in those with renal lesions.
Such findings point stronsly to the adrenalsasactive com-ponents
in the development of capillery complications indiabetics. However is

this increased adrenal cortical activity a cause of thelesions or
merely an accompanying factor? If this hypothesis istrue, then
patients wit! acromegaly or cushing's syndrome should show an
increased incidence of capillary disease, but in a smallnumber of

cases studied Ricketts (3%) has not found such to be true.Among 16

patients with cromegaly and 10 patients with Cushing'ssyndrome 10
of them shoired evidence of diabetes, amd onlty two showed .

i3



true diabetic retinopathy. Much study is still needed on this sub~

ject before any definite conclusions can be made. It is the purpose of

this paper to further study the histopathology of the adrenal glands
among diabetics and nondidbetics to see if the findings of Becker can
be substantiated.

CASE MATERIAL.

All diabetic patients comidg to autopsy during the past ten
years at University Hospilal were used in this study. This included
40 patisnts of both sexes end of various age groups. Since most of
these patients died from pardioveszular and/or renal disease, 20
nondiabetic patients with similar conditions were picked at random
from the autopsy files as controls. In this manner it was hoped that
relative changes in the adrenal cortices might be shown in the various
complications of diabetes--especially the retinal and remal capillary
diseases.,

The case records or each tatient were studied to correlate the

clinical findings with the pathological findings at autopsy. Special
attention was paid to th duration of diabetes, the blood pressure, the
ophthalmoscopic studies, the nonprotein nitrogen levels, and the cause
of death., The kidneys of each patient were studied microscopi-

cally todetermine the nature of any kidney pathology which might be
present. Particular care was tiaken in determining whether the diabetic
kidneys had intercapillary glomerulosclerosis or not. The nodular and
diffuse lesions classified as glamerulosclerosis are shown in figuresl

and 2. These studies were made on sections stained with Hematoxylin

14



and Eosin stains with a few sections stained for connective tissue or
fat droplets. Microscopic sectiens of the adrenal glands were them
studied without kmowing the nature of the disease process of the pa-
tient from whowm they came. An attempt was made to determine the rela-
tive size of the cortex, but this was not possible because the glends
were not all cut at the smme angle. The relative amounts of lipoid
deposits in the cortex and in particular the zona fasciculata were
classified I through IV. Grade I was defined as glands in which the
cells of the fascisulata contained practically no lipoid deposits
(Figure 3). As shown in the photomicrograph the cells are emall,
compact, and rather homogeneous in appearance. Glands defined as
grade II had spotty areas through the fasciculata which contained
vacuolated cells. The other cells appearsd more like those in grade

I (Figure 4). Those ¢lagsified as grade III showed diffuse lipoid
laden cells in the outer portions of the fasciculata. The inner zones

and the zona retisularis contained little or no lipoid material (Fig-

ure 5). The glands were classified as grade IV when the cortices

were practically a solid mass of lipoid-laden cells extending from

the capsule to the medulla (Figures 6 and 7). Again the sections were
atained with Hematoxylin and Eoain stains. As a result of this stain-
ing techn}que the lipqid material was dissolved from the cells leaving
the vacuclated space formerly occupied by the lipoid material. Sev-
eral sections stained wi'h Sudan IV for fat showed similar patterns

to the other sections. The findings in the varioua diabetic and non-

diabetic patients may be found in Tables I and II.
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TABLE J=~DIABETIC PATIENTS

Pt. Age- Sex B,P,  Dyratjon Retimopathy Nephrgpsthy Adremals NPN  Cause of Death
R.B. 19 F  140/80 " 4 yrs. no none I 27 pneumonia
LH, 22 M 218/140 14 yrs. yes diffuse 111 94 uremia

E,F. 27 F  24,0/140 14 yrs. yes diffuse II1 180 uremia

C.N. 28 M 134/88 19 yrs. yes diffise Iv 82 uremia

H.M. 31 F 132/100 17 yrs. yes nodular 111 76 uremia

K.8. 32 M 90/60 1, yrs. yes ' diffuse 111 187 meningitis
R.P. 33 M 200/98 14 yrs. yes nodular v 165 uremia

W.S. 35 M 218/120 12 yrs. yes nodular 111 295 uremia

D.A. 37 M 174/104 27 yrs. yes nodular 111 114 uremia

H.C. 37 F 200/110 14 yrs. yes none 111 90 pyelonephritis
0.M. 38 F  220/120 18 yrs. yes diffuse II 148 uremia

H.L. 42 F 120/80 6 yrs. no none 1 52 SEE

L.S. Ll M 118/86 15 yrs. yes nodular II 4L,  gangrene-leg
R.D. L7 M 110/60 8 yrs. ? none v ?  coronary
H.D. 50 F 115/75 20 yrs. yes none I 25 pneumonia
E.E. 50 M 172/102 6 yrs. no none II 275 CA of rectum
G.M. 51 F  98/64 12 yrs. yes none I ?  coronary
S.P. 51 F  210/108 5 yrs. ? nodular v 234, uremia

E.M. 53 F 198/122 5 yrs. no none 11 26  coronary
B.A. 54 F 160/90 11 yrs. yes diffuse III 190 uremia



TABLE I-—-DIABETIC PATIENTS (cont.)
Pto Age Sex B.P.  Duration FRetinoppthy Nephropsthy Adremals NPN__Casuse of Desth

J.H. 54, M 102/'72 23 yrs. no none 11 ?  coronary

M.R. 57 M 100/54 6 yrs. no none I ? lung abscess

AsR. 57 F 210/90 10 yrs. yes nodular 1v 223 uremia

G.M, 58 M 132/84 10 yrs. yes nodular II 82 coronary

G.S. 59 F 130/58 5 yrs. no none I ? hepatic cirrhosis
J.V. 61 M 134/88 9 yrs. ? none I 132 peritonitis

L.S. A F  210/140 8 yrs. no none II 54, gangrene-leg
E.S. 64 M 150/76 6 mos. no none I 101 CA of bladder
Ce.T. 65 M 162/88 5 yrs. no none II 36 subdural hematoma
C.B. 65 M 150/70 25 yrs. yes none I 31 CvaA

J.S. 66 M 139/86 L yrs. yes none II 32 coronary

K.N. 70 F 178/84 1 mo., no none I ? CA of sigmoid

Jdo . T2 M 118/54 ? no none Iv ? gangrene-leg

L.W. iR F 176/100 5 yrs. no none IIT 54, CVA

W.G. 7 M 132/80 20 yrs. yes none I 75  ASHD, cardlac. failare
S.P. 75 M 150/80 L mos. rio none II 34 coronary

D.P. 75 F  140/78 8 yrs. no none II ? ASHD

W.L. 76 M 90/60 18 mos. no none II 108 coronary

c.S. 79 M 130/80 4 yrs. ? nodular IIX 57 gangrene-leg

E.C. 80 M 130/80 1 mo. no none I ?  pyelonephritis
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TABLE II--NONDIABETIC PATIENTS
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Adrenals
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I1
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II
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II
III
III

III

II

III
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Caxse of Death
ch. glomerulonephritia
palmsaary dnfarotioas
ch. pyelonephritis
ch. pyelonephritis

ch. glomerulonephritis
ch. glomerulone phritis

ch. glomerulonephritis
nephrosclerosis

nephrosclerosis
ch, glomerulonephritis

congestive failure
congestive failure

congestive failure
coronary

coronary
ASHD, coronary

subac. glomerulonephritis
coronary

ch. pyelonephritis
ac. pyelonephritis



DISCUSSION.

As shown in Tables I and II the patients studied varied in agze
frq@ 16 to 80 years with ‘uite similar distribution in both the die-
betics and the nondiabetics. Those with diabetes had had the disease
from a few weeks to 27 years. Most of these patients--diabetics and
nondiabetics~-had been ill for quite a long period of time and tended
to have a prolonged downhill clinical course to their death. Only
10 of the 60 patients had a terminel episode lasting less than one
week. The adrenmls from hese 1° patients were evenly distributed in
the four described grades of lipoid vacuolization, so the cause of
death probably had very little influence on the lipoid deposits in
thg\adrenal cortex.

When the adrenal cortices of all the patients are graded as to
the relative amount of vacuolization, it can be shown graphically
that there is a similar pattern in the diabetic and nondiabetic pa~
tients. Graph I indicates that the diabetic process itself probably

does not alter the histopathology of the adrenal cortex to any degree.
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Graph I. Comparison of tte degr&de of vacuolization of the adrenals

in diabetic and nondiabetic patients.
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If the hypertensive patients, systolic aboye 16C mm. Hg. and/or
diastolic above 90 mm. Hg., are compared to the nonhypertensive group,
it is seen that the hypertensive group tends to show more vacuoliza~-
tion both in the diabetics.and in the nondiabetics (Graphs IV and V).
This would agree with previous studies showing excessive lipoid de-
posits (80-82) and increased phosphomolybdate reducin- substances in

the urine (60) of hypertensive patients.
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Graph IV. Comparison of the degree of adrenal vacuolization in
hypertensive and nonhypertensive diabetic patients.
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Graph V. Comparison of tie degree of adrenal vacuolization in
hypertensive ani nonhypertensive nondiabetic patients.
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Since the retinal lesions seem to be so closely related to the
kidney lesions, then the adrenals from the patients with diabetic
retinopathy should also show increased vacuolization. This was more
difficult to evaluate éince_the retinopathy was based on clinical
findings which were not always adequately described in charts. Only
two of the patients with glomerulosclerosis were not described as
having diabetic retinopathy, but both of these patients had such
advanced cataracts that the retinae could nof be seen. Of the 19
patients with rather definite diabetic retinopathy, 5 showed no evi-
dence of glomerular cepiliary disease. It can be seen from Graph
IX that there are increased lipoid.depoaits in the patients with
retinopathy, but the difference is not as marked as was found in the

glomerular lesidns.
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Graph IX. Comparison of the degree of adrenal vacuolization in
diabetic patients with and without diabetic retinopathy.

No definite conclusions can be drawn from this study since it

includes such a small nurber of patients. However it does substantiate
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the findings of other authors as discussed earlier in the introductory
remarks. Oapillarylcompl cations tend to be found in diabetics who
have had the disease for a number of years and who were under rather
poor control. Yet other diabetics who had had the disease for long
periods of time under poor control showed no capillary lesions. The
best correlation seemed to.be reflected in the adrenal cortices. The
adrenal glands from patients with eapillary lesions and in particulaf
those with glomerular disease showed the greatest amount of lipoid
deposits in the cortices. The question now arises what this degree
of vacuolization means as far as the activity of the gland is con-
cerned. |

Numerous authors have studied the adrenal glands in correlating
the histopathology with the activity (80-91). All of these studies
come to quite similar conclusions. The lipoid deposits in ¥normal®
adrenal glands removed from a young adult or from rats are mostly
confined to the outer hal® of the zona fasciculate with less in the
zona glomerulosa and stil. less in the inner portion of the fascicu-~
lata and in the zona reticularis. By the use of special staining
techniques the lipoid matasrial has been shown to be mostly cholestrol
end its derivatives. The lipoid of the inner areas also contains some
triglycerides. Since the active hormones themselves cannot be shown
direetly, the activity of the gland then is determined mainly by the
ambunts of cholesterol de-ivatives present. The amount of this ma-
terial and the changes in the cells have been shown to correlate well

with adrenal hormonal act vity.

25



If the adrenal glanc receives a sudden stimulation by sudden
stress, acute infection, or a corticotropin injection, there is a
rapid depletion of the lijoid storase within the cells. Apparently
the active hormones or their precursors within the cells are dis-
charged, thus depleting the storage supply of lipeid. Lipoid storage
slowly returns to normal in the cells after the sudden stimulation
is released. There may be a small increase in the size of the gland
as there is some stimulation to hypertrophy.

If stimulation pers:sts over a prolonged period of time by
repeated injections of corticotropin or by prolonged severe stress,
there is again seen the initial decrease in the vacuolization of the
zona fasciculata. As the animal b;gins to adapt himself to this
stressful situation, the ;land begins to incréaae its supply of
lipoid and continues to do so until there is more than the normal
supply of lipoid within the cells. In Selye's theory of adaptation
this is the stage of resistance (8l1). These animals continue to have
the stressful stimulation which causes increased hormonal release, but
the glands are also able *o produce more lipoid stores than normal.
If this process continues, the gland eventually becomes exhausted
with loss of the lipeid deposits and atrophic changes in the cells
which usually results in ,heldeath of the animal.

If the pituitary gl nd is unable to produce corticotropin to
stimulate the activity of the adrenal gland, thé lipoid again tends
to decrease and becomes inactive. These adrenal glands likewise be-

come atrophic and do not change when subjected to stressful situations.
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In interpreting the adrena:s studied in this paper the normally
active gland would probably be placed between groups II and III. The
adrenals in groups I and II which show decreased vacuolization must
have been under sudden stressful conditions or have been under pro-
longed decrease in corticotropin stimulation. Since very few of
these patients had any history of any sudden terminsl stress, it is
more likely that they had been under very little pituitary stimulation,
Those adrenal glands in groups III and IV where there were increased
amounts of lipoid deposits present must have been under prolonged
pituitary stimulation from some type of stressful situation. If this
is true, the glands in group IV probably wers producing more of the
active hormones than were the other glands.,

Such prolonged corticotropin stimulation might be caused by
long periods of poor centrol. Without the insulin to control the
diabetes well, the patient was placed ;n a stressful situation which
eventually caused the incréased lipoid deposits. This still does
not explain why other patients who were also under similar stress
did not show the increased deposits nor the capillary lesions. There
is a good correlation between the capillary lesions and the increased
vacuolization of the adrenal cortex, but more study is needed before
any definite explanation can be made of this phenomenon.

SUMMARY.

1. The biggest problem in clinical diabetes today is the pre-~

vention and control of the vascular complications. Among the most

important of these are the capillary lesions of the retina and the
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Figure 7.

PLATE IV

This photamicrograph shows an umsual view of the kidney
and adrenal cortex from the 51 yesr old woman with inter-~
oapillary glomerulosclerosis whose lesions were shown in
Figure 1. On the right can be seen the typical nodular
lesion in one of the glomeruli with the grade IV vacu-~
olization of the adrenal cortical cells extending to the

left (X 91).






	Histopathology of the adrenal cortex in diabetic capillary disease
	Recommended Citation

	tmp.1678307403.pdf.PHXMA

