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That alterations in adrenal cortical structure
and function may accompany diabetes mellitus is
indicated by a number of observations. Untreated
alloxan-diabetic rats, for example, exhibit both
gross (1) and microscopic (2) evidence of
adrenal cortical hypertrophy, suggesting that
adrenal cortical hyperfunction may accompany
diabetes, at least in the absence of insulin therapy.
Diabetic patients, on the other hand, tend to ex-
crete 17-ketosteroids (3) and perhaps cortico-
steroids (4) at a lowered rate, and to react to
surgical trauma with abnormally transient eosino-
penia (5), suggesting that under certain circum-
stances there may be hypofunction, and possibly
partial exhaustion, of the adrenal cortex.

Of the various metabolic abnormalities which
might produce hyperfunction and ultimate attrition
of the adrenal cortex in diabetic patients, instability
in the control of the blood sugar level appeared to
us to merit primary consideration inasmuch as hy-
poglycemia and hyperglycemia, states between
which the diabetic patient oscillates continuously,
are both capable of stimulating the adrenal cortex
(6-16). The present study was designed to de-
termine whether there was any relation between
the degree of control of blood sugar and the level
of adrenal cortical activity. Serial measurements
of the level of the blood sugar, the eosinophil
count, the rate of urinary excretion of cortico-
steroids, and of certain other variables, have been
made on a diabetic patient over 15-day periods
during which crystalline insulin in dosage levels

1 This work was supported by grants from the National
Institutes of Health, Public Health Service; the Com-
mittee on Research in Endocrinology, National Research
Council; the Commonwealth Fund of New York and the
American Cancer Society.

ranging from 25 to 80 units per day was adminis-
tered.

EXPERIMENTALPROCEDURE

The subject of these studies was a physically vigorous
19-year-old male in whom mongolism had been recog-
nized for 18 years and diabetes mellitus for 12 years.
For at least three years prior to these studies asympto-
matic pyelonephritis had been present. White cells were
continuously present in the urine, from which B. pyo-
cyaneus could be cultured, despite repeated courses of
sulfadiazine, streptomycin and aureomycin. However,
no obstruction could be demonstrated in the urinary tract
and the urea clearance test was normal. The renal
threshold for glucose was elevated. Adrenal responsive-
ness was normal, as judged by the ACTH-eosinophil
test.

At the time that these observations were made, the
patient was 57.75 inches (144.4 cm.) tall and weighed 110
pounds (50 Kg.). Except for the short stature and mental
retardation, positive physical findings consisted only of
mongoloid features and hypertrophied tonsils. While he
was at home, the patient's diabetes was reasonably well
controlled on a 2,000 calorie diet by the administration of
40 units of protamine zinc insulin and 16 units of regu-
lar insulin in separate sites before breakfast. Insulin re-
actions had been rare and although he had become mildly
acidotic on a few occasions, he had never been in diabetic
coma.

These studies were conducted on a metabolic ward at
intervals over a period of 12 months. The diet, which
was maintained constant throughout, consisted of carbohy-
drate 193, protein 106, and fat 95 grams and provided
2,056 calories. Five grams of sodium chloride were
added to the diet, making the total intake of sodium 126.1
mEq. per day, chloride 129.1 mEq., potassium 118.5 mEq.,
and nitrogen 16.9 grams per day. Four isocaloric feed-
ings, together with an injection of crystalline insulin,
were given at six-hour intervals. No limitation was
placed upon the fluid intake. During periods when at-
tempts were made to maintain the blood sugar within
normal limits and insulin reactions occurred, 10 gram
packets of glucose were provided for administration at
the first indication of hypoglycemia. It was possible to
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maintain the patient's physical activity relatively con-
stant except during the spring season, when he fre-
quently escaped observation and exercised vigorously out
of doors. He was found several times in a semi-conscious
state and on one occasion the use of intravenous glucose
was required to terminate clonic convulsions. On this
account the period of normoglycemia attempted during
the spring was repeated during the winter when the
amount of exercise taken could be more easily con-
trolled. During the winter period constant surveillance
of the patient was maintained by an attendant employed
solely for this purpose, and light exercise only was per-
mitted. Hypoglycemic reactions, which were few in
number, were arrested promptly at their inception.

To facilitate insulin regulation the urine was collected
in six-hour pools and a rapid quantitative estimation of
the glucose content was made by the Somogyi (17)
method. The dosage of crystalline insulin was so ad-
justed as to achieve as stable a degree of glycosuria (or,
during aglycosuric periods, as stable a level of blood
sugar) as possible during the selected regime of con-

trol. Five insulin dosage levels ranging from 25 to 80
units were employed over periods of 15 days-each. Dos-
age levels were selected which would permit (a) maximal
glycosuria without ketonuria, (b) moderate glycosuria,
(c) aglycosuria with hyperglycemia, and (d) normogly-
cemia. (The normoglycemic regime was undertaken on

two separate occasions for reasons previously explained.)
Intervals of at least three weeks were permitted to elapse
between the 15-day metabolic periods.

Quantitative analyses of the 24-hour urine specimens
were made for creatinine and sugar. Specimens whose
creatinine content indicated them to be complete 2 were

either analyzed individually or, during certain periods,
were combined into three-day pools for determination of

2While difficulty in securing complete collections was

anticipated due to the patient's mental impairment, few
specimens had, in fact, to be discarded.

the rate of excretion of sodium, chloride, potassium, ni-
trogen and corticosteroids. The blood sugar having been
found to be minimal one hour before and maximal one
hour after meals, the range of blood sugar during a given
regime was established by frequent measurements taken
at these times. An eosinophil count was made from ve-

nous blood drawn at 3 p.m. daily.

METHODS

Sodium was determined by the method of Butler and
Tuthill (18), chloride by a modification of the method
of Wilson and Ball (19), potassium by the method of
Fiske and Litarczek (20), nitrogen by the macro-Kjeldahl
method of Peters and Van Slyke (21), and creatinine by
a modification of the method of Bonsnes and Taussky
(22). Blood and urinary glucose were estimated by the
methods of Folin (23, 24). The urinary corticosteroids
were measured by the method of Talbot, Saltzman, Wixon,
and Wolfe (25).

Circulating blood eosinophils were counted in the double-
celled Fuchs-Rosenthal chamber by a modification of the
method of Randolph (26). Two U. S. Bureau of
Standards certified pipettes were employed, and all of the
eosinophils in both cells of four chambers counted.

RESULTS

The effect which the different dosage levels of
insulin exerted upon the blood glucose, urinary
glucose excretion, urine volume, eosinophil count
and urinary corticosteroid excretion is summarized
in Table I; the effect upon the body weight and
the urinary excretion of nitrogen and electrolytes
is summarized in Table II.

During the period of maximal glycosuria the
urine volume increased over that observed during

TABLE I

The effect of various degrees of control upon the blood and urine glucose, the urine volume,
the eosinophil count and the corticosteroid excretion rate of a dusbetic patient

Eosinophil count at
Mean corti-

ofa dos g Range of Mean Uriflary Mean urine (cels/m.3) costeroidRegime eOcrtionbloguce come excretioninuI e xcreti~lUone volu hs rate
(U124 has.) (mgm. %) (gm./24 hr. s.)(gm./4hOrs.)

Maximal glycosuria without ketonuria 25 328-461* 124.3 3,212 190 25.5 0.20
Moderate glycosura 39 270-445 t 58.2 2,721 182 18.8 0.26
Aglycosuria with hyperglycemia 55 244-407. 0 2,780 197 17.5 0.25
Normo I cmia (spring)

(a) Days 1-5 70 0 3,230 2.81
(b) Days 6-10 79 43-214t 0 3,786 - 4.07
(c) Days 11-15 77 0 4,528 - 5.64

Normoglycemia (winter) 8
(a) Days 1-5 85 0 3,553 _0.18(b) Days 6-10 81 33-155t 0 3,635 - 0.34
(c) Days 11-15 74 J 0 4,014 - - 0.54

e Venous. t Capillary.
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TABLE II

The efect of various degrees of control upon the urinary excretion of electrolytes and nitrogen by a diabetic patient

Mean Sodium Chloride Potassium Nitrogen
dosage of (mEq./24 hrs.) (mEq./24 Wrs.) (mEq./24 hrs.) (gm./24 hrs.) Cnge

Regime crystalline weightinsulin (Kg.)(U/24 hrs.) Mean S. D. Mean S. D. Mean S. D. Mean S. D. (Kg)

Maximal glycosuria without ketonuria
(a) Days 1-5 25 135.0 36.7 131.5 29.3 91.3 13.5 17.1 1.6 -1.20
(b) Days 6-10 25 116.8 12.0 122.6 17.1 89.7 3.9 16.8 0.6 -0.32
(c) Days 11-15 25 107.8 7.2 113.5 3.0 88.7 6.6 17.2 1.3 -0.30

Moderate glycosuria 39 114.1 6.9 116.4 5.6 86.0 2.9 15.1 0.3 +0.22
Aglycosuria with hyperglycemia 55 104.7 11.2 117.2 11.0 86.3 6.9 14.4 0.7 +0.67
Normoglycemia (spring) 75 99.5 4.5 110.3 7.9 75.8 2.4 13.5 0.8 +0.32
Normoglycemia (winter) 80 104.5 7.0 109.0 5.3 75.8 7.4 13.0 1.2 +0.78

periods of moderate glycosuria and aglycosuria
with hyperglycemia. Wide fluctuations in daily
glucose excretion occurred despite the precautions
taken to achieve stability. In Table II, the data
for the period of maximal glycosuria have been
broken down into three five-day subdivisions in
order that the progressive changes which took
place in the rate of excretion of sodium and chlo-
ride may be apparent. The sudden initiation of
glycosuria by a reduction in insulin dosage from
42 to 29 units on the day before the period began
was accompanied' by an appreciable loss of uri-
nary sodium and chloride. The rate of salt ex-

cretion declined during the middle third, and be-
came normal during the final third of the period.
The serum sodium and chloride, which remained
essentially stationary during all other regimes, fell
during the regime of maximal glycosuria. Over
the 15 days, the serum sodium declined from
141.6 to 135.5 and the chloride from 100.7 to 97.0
mEq. per liter. Excretion rates for potassium and
nitrogen rose to the highest levels observed dur-
ing the study and remained relatively constant
throughout the three subdivisions of the period.
The nitrogen balance was consistently negative,
whether fecal nitrogen loss was estimated at 10%o
of the nitrogen intake or at 1.283 grams per

24 hours, as suggested by Reifenstein, Albright,
and Wells (27). Body weight declined rapidly
during the first third of the period and more

slowly during the remainder. Since no signifi-
cant changes in the rate of nitrogen excretion
occurred, the precipitous early fall in body weight
was presumably associated with a loss of extra-
cellular fluid. Despite the loss of salt and nitrogen
and the polyuria, the eosinophil count and urinary

corticosteroid excretion rate remained within nor-
mal limits.

The period of moderate glycosuria was associ-
ated with a reduction in the urine volume to the
rather large value which was usual for the pa-
tient. The rate of sodium and chloride excretion
did not differ appreciably from that observed dur-
ing the final third of the period of maximal glyco-
suria or during subsequent periods of more rigor-
ous control. The rate of nitrogen and potassium
excretion decreased, the nitrogen balance became
positive, and a small gain in weight occurred. No
significant alteration was observed in the eosino-
phil count or urinary corticosteroid excretion rate.

During the period of aglycosuria with hypergly-
cemia, the blood sugar occasionally rose to moder-
ately high levels without a loss of sugar in the
urine. The rate of nitrogen excretion decreased
still further and weight was gained more rapidly.
The eosinophil count and corticosteroid excretion
rate remained essentially unchanged.

The two periods of attempted normoglycemia
were accompanied by the excretion of large vol-
umes of urine, in amounts which exceeded even
those observed during the period of maximal gly-
cosuria. The rate of excretion of nitrogen and
potassium declined to the lowest levels observed
during these studies. Despite frequent estimations
of the level of blood sugar and adjustments of in-
sulin dosage, hypoglycemic reactions often oc-
curred, particularly during the spring when the
patient escaped observation. Eosinophil counts
became so erratic that representative values could
no longer be obtained serially, the eosinophils fall-
ing after insulin reactions and subsequently re-
bounding to high levels. The rate of cortico-
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steroid excretion increased progressively during
the normoglycemic regimes, attaining values of
5.64 mgm. and 0.54 mgm. per 24 hours at the con-
clusion of the spring and winter regimes, re-

spectively.
DISCUSSION

(a) Measurements of adrenal cortical activity.
The observation that adrenal cortical activity, as

judged by the eosinophil count and the rate of
corticosteroid excretions did not vary in the
three regimes characterized by consistent hyper-
glycemia is in accord with previous studies.
Thus, when the present patient was subjected to
total insulin deprivation, no indication of adrenal
hyperactivity could be demonstrated until mild
ketosis and acidosis became manifest (28). Simi-
lar findings have been obtained after the with-
drawal of insulin from depancreatized dogs (29).
Although the administration of glucose has oc-

casioned eosinopenia in acute experiments (16),
the induction of a more gradual rise in the blood
sugar apparently need not lead to an increase in the
rate of corticosteroid excretion. The only finding
Which suggests the occurrence of adrenal hyper-
activity during the hyperglycemic regimes is the
striking conservation of urinary sodium and chlo-
ride which was gradually effected during the
period of maximal glycosuria.4 While this econ-

omy may have been achieved through the activa-
tion of an idiorenal mechanism, it is possible that
increased secretion of an adrenocortical "salt"
hormone was responsible.

The finding that adrenal hyperactivity accom-

panied the normoglycemic regimes, with their re-

curring insulin reactions, agrees with many pre-

vious observations concerning the physiological
effects of hypoglycemia. However, the magnitude
of the rise in corticosteroid excretion which oc-

8 Until the intermediary metabolism of steroids has
been more completely clarified, the possibility that corti-
costeroid excretion may be low despite high secretion be-
cause of rapid tissue utilization must, of course, be con-

ceded.
4Had ketonuria been permitted progressive base con-

servation could not, in all probability, have been dem-
onstrated (note the continuous loss of base by Atchley's
and associates' [30] patient W. O'C. during 11 days' total
insulin deprivation).

curred during the spring regime occasioned some
surprise.

The moderate increase in the amount of physi-
cal activity taken by the patient during the spring
regime undoubtedly influencedX adrenal secretary
activity somewhat. However, it seems unlikely
that this factor alone could account for the height-
ened rate of corticosteroid excretion during the
spring, as compared with the winter, regime.
The amount of exercise taken was far less than
that habitually enjoyed by mentally normal boys
of the same age. The fact that no increase in in-
sulin dosage was required to preserve approximate
normoglycemia was unanticipated; it had been ex-
pected that adrenal hyperactivity of the degree
observed would lead to insulin resistance.

(b) General metabolic observations. The loss
of sodium and chloride which occurred during the
early phases of the period of heavy glycosuria was
anticipated from the results of previous acute ex-
periments (31-33). The conservation of salt
which was gradually effected despite continuing
glycosuria was, however, unexpected. The mech-
anism by which such conservation is accomplished
merits investigation.

The large urine volume observed during the pe-
riods of attempted normoglycemia was conceivably
a manifestation of "stress." Both Lloyd (34) and
Corcoran, Dustan, and Page (35) have noted
the existence of a positive coefficient of correla-
tion between urine volume and corticosteroid ex-
cretion rate.

The inverse relationship found to exist between
the rate of urinary nitrogen and potassium excre-
tion and the dose of insulin administered presum-
ably reflects the capacity of insulin to accelerate
the rate of protein synthesis (3642).

In so far as it is permissible to generalize from
studies on a single patient, these short-term de-
scriptive experiments suggest that the rigor of the
therapeutic regimen may exert a significant effect
upon adrenal cortical activity in the diabetic pa-
tient. Strict regimes of control, with their tend-
ency to recurrent insulin reactions, appear to be
accompanied by an accelerated rate of release of
corticosteroids. Lenient regimes appear to be as-
sociated with increased corticosteroid secretion
only when prolonged hyperglycemia has led sec-
ondarily to ketoacidosis. That regimes permitting
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heavy glycosuria may be accompanied by an ac-
celerated rate of release of mineralocorticoids is
suggested, although not proved, by the data pre-
sented.

The long-term effects of therapeutic regimes of
different severity can only be surmised. It is
conceivable that maintenance of a high level of
adrenal cortical function reduces the quantum of
"adaptation energy" (43) available to meet ex-
traneous stresses and predisposes ultimately to
adrenal exhaustion. In this connection, the ob-
servation of Field and Marble (5) that there is
an inverse correlation between the duration of
diabetes and the degree of adrenal cortical re-
sponsiveness to surgical trauma may be pertinent.

The maintenance of a high concentration of
adrenal cortical hormones in the circulation of a
diabetic patient almost certainly exerts widespread
biologic effects; whether the over-all consequences
of these effects are beneficial or harmful to the
diabetic organism remains to be determined by
painstaking investigation.

SUMMARY

Crystalline insulin in dosage levels ranging from
25 to 80 units was administered for periods of 15
days to a patient with mongolism and diabetes
mellitus while he was maintained on a constant
diet and unlimited fluids. Dosage levels were se-
lected which would permit, (a) maximal glyco-
suria without ketonuria, (b) moderate glycosuria,
(c) aglycosuria with hyperglycemia, and (d) nor-
moglycemia. The level of adrenal cortical func-
tion was estimated by means of serial eosinophil
counts and urinary corticosteroid determinations,
and the rates of urinary excretion of nitrogen,
sodium, chloride, and potassium were also meas-
ured.

The dosage of insulin was found to exert a sig-
nificant influence upon the rate of corticosteroid
excretion and the eosinophil count, as well as
upon the rates of excretion of water, electrolytes,
and nitrogen. The administration of large doses
of insulin in attempts to insure continuous normo-
glycemia resulted in the occurrence of frequent
insulin reactions and in measurable increases in
the rate of corticosteroid excretion. The adminis-
tration of small doses which just prevented ke-
tonuria exerted no detectable effect upon the rate

of corticosteroid excretion or the eosinophil count
although a heavy glycosuria ensued. That an
adrenocortical "salt" hormone was perhaps se-
creted during this regime is suggested by the fact
that conservation of sodium and chloride was
gradually effected despite continuing glycosuria.

Urine volumes were greatest during the periods
of attempted normoglycemia when they exceeded
even those observed during the period of maximal
glycosuria. There were no significant alterations
in sodium and chloride excretion rates except
during the initial period of maximal glycosuria.
During the early phases of this period a loss of
salt accompanied that of glucose. The rate of ex-
cretion of potassium and nitrogen varied inversely
with the dose of insulin administered.
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