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STUDIES OF 17-HYDROXYCORTICOSTEROIDS. V. RESPONSES
OF 17-HYDROXYCORTICOSTEROIDS,EOSINOPHILS, AND

GLUCOSETO ACTHANDEPINEPHRINE'
By ROBERTS. ELY, PATRICK F. BRAY,2 RICHARD B. RAILE,. AND

VINCENT C. KELLEY
(From the Lockhart Memorial Laboratory, Department of Pediatrics, University of Utah

College of Medicine, Salt Lake City, Utah)

(Submitted for publication June 29, 1954; accepted July 29, 1954)

The belief has been rather widespread, because
of the similarities between the responses elicited
by epinephrine and ACTH, that these agents pro-
duce many of their responses by similar mecha-
nisms. There is considerable evidence which
tends to support this viewpoint: 1) Both are con-
sidered to be essential agents for adequate re-
sponse of the organism to stressful situations
(1-5); 2) both produce eosinopenia, lympho-
penia, and depletion of adrenal ascorbic acid and
cholesterol (5-10); 3) several authors have pre-
sented data indicating that epinephrine stimulation
of the anterior pituitary results in release of
ACTH (11-13). On the other hand, certain dif-
ferences between effects of epinephrine and ACTH
have been demonstrated clearly: 1) The hypergly-
cemic responses to these two stimulating agents
are produced by different mechanisms (14, 15);
2) recent publications have suggested that this is
true also of the eosinopenic response (6, 16-18);
3) the administration of epinephrine produces no
increased release of 17-OH-corticosteroid hor-
mones from the adrenal cortex such as that pro-
duced by the administration of ACTH (6, 19-21 ).

The apparent discrepancies among published
data concerning the mechanisms of responses to
these two stimulating agents have prompted fur-
ther study of this problem. In the present report
data are presented comparing the responses of
eosinophils, blood glucose, and plasma 17-OH-
corticosteroids to ACTHand to epinephrine.

1 This work was supported in part by grants from the
Life Insurance Medical Research Fund and the Helen Hay
Whitney Foundation.

2Present address: Capt. P. F. Bray, 427 Waskow,
Killeen, Texas.

8 Present address: Department of Pediatrics, University
of Minnesota, Minneapolis.

MATERIALSANDMETHODS

The subjects employed in this study were 40 normal
children and 116 children with the following disorders:
6 with congenital adrenal hyperplasia; 25 with rheumatic
disease (pre- or post-hormone therapy); 29 with mental
retardation excluding mongolism and convulsive dis-
orders; and 56 with convulsive disorders both treated
and non-treated. Responses of eosinophils, glucose,
and plasma 17-OH-corticosteroids to the subcutaneous
injection of 0.01 mgm. epinephrine-HCl per Kg. or the in-
tramuscular injection of 25 I.U. ACTH' were studied.
Eosinophils were determined by the method of Randolph
(22), glucose by the method of Nelson (23), and plasma
17-OH-corticosteroids by the method of Nelson and
Samuels (24). Total eosinophil counts and blood glu-
cose levels were determined at 0, 1, 2, and 4 hours.
These responses are expressed as maximum per cent
decrease in the eosinophil count and maximum per cent
increase in glucose concentration. The 17-OH-corti-
costeroid values were measured at 0 and 2 hours (21).

OBSERVATIONS

Control values in the different groups

In Table I are shown the mean fasting morning
values for eosinophils, glucose, and 17-OH-corti-
costeroids in each of the five groups of children.
As shown by these data, the children with con-
genital adrenal hyperplasia had significantly
higher eosinophil counts and lower glucose and
17-OH-corticosteroid concentrations than normal
children. In patients with rheumatic disease the
eosinophil counts were apparently less than nor-
mal although this difference was not significant
at the 2 per cent level; their glucose and 17-OH-
corticosteroid concentrations did not differ from
normal. In the patients with simple mental re-
tardation, although the mean eosinophil counts
and 17-OH-corticosteroid concentrations were

4ACTHAR furnished through the courtesy of the
Armour Laboratories.
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TABLE I

Initial fasting cosinophil counts and concentrations of glucose and 17-OH-corticosteroiis in different groups of patients

Eosinophlls Glucose 17-OH-cortlcosteroids
Group - - -- -

No. M SM P (vs. No. M EM P (vs. No. P (is.
tess MeanSEMt Normal) tests Mean SM Normal) tests Me SEM Normal)

Normal 56 187 415.6 55 76 12.6 _ 40 12.0 4-1.29

Congenital
adrenal 70 265 4119.8 <.01 48 63 4-2.2 <.01 18 2.7 -10.82 <.01
hyperplasia

Rheumatic 59 138 4-15.1 <.05 58 71 1:1.9 >.05 62 14.5 142.56 >.05
disease >.02

Mental
retardation 29 190 1423.4 >.05 29 90 412.2 <.01 29 8.8 =11.02 >.05

Convulsive
disorder 57 188 + 19.1 >.05 59 80 =11.5 >.05 52 11.1 1:1.28 >.05

TABLE II
Comparison of responses of cosinophils, glucose, and 17-OH-corticosteroids to ACTHand epinephrine

Eosinophils Glucose 17-OH corticosteroids

Response Response Response
Group (% decreas) (% inxcre) (inrease 0g. %)

No. No. No. No. No. No.
pts. tests pta. tests pts. tests

MI|MS (vs. Me SEM P (vs. Mea SEM P (is.
____________ I j~~~~~~~Normal) Normal) jNormal)

Response to ACTH

Normal 40 40 52 4-6.6 - 40 40 12| --2.4 - 40 40 17.8 a1:1.76

Congenital adrenal
hyperplasia 6 46 25 -:4.5 <.01 6 32 14 :1:3.2 >.05 6 18 0 140.37 <.01

Rheumatic disease 17 36 49 :4:7.5 >.05 15 35 14 1-3.3 >.05 17 35 22.7 1:4.19 >.05

Mental 24 24 62 4-6.3 >05 24 24 5 -1-2.3 <.05 25 25 8.6 :1:1.63 <.01
retardation >02

Convulsive 46 46 55 1:10.9 >05 46 46 8 :1: 3.9 >.05 42 42 9.7 4:2.80 <.02
disorder > 01

Response to epinephrine

Normal 20 20 54 4-6.4 - 22 22 55 :1:6.7 - 20 20 -0.3 :11.83 -

Congenital adrenal 6 24 57 4-4.6 >.05 6 16 86 :1:11.8 <.05 6 12 -0.7 -4i0.74 >.05
hyperplasia __ >02 __

Rheumatic disease 15 26 41 1:11.8 >.0S 15 26 50 1 7.6>6051 15 27 0.5 246 >05
Mental 5 5 64 :1:23.5 >.05 5 5 66 1 49.8 >05 ---

retardation

Convulsive 10 10 58 :1+10.0 l>05 10 10 53 | -7.6 >.0S 10 10 1.2 :1.76 >05
disorder
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normal, the blood glucose concentrations were

significantly higher than normal. The groups of
patients with convulsive disorders did not differ
from the normal group with respect to any of the
variables studied.

Table II shows the responses of eosinophils,
glucose, and 17-OH-corticosteroids to ACTHand
to epinephrine in the various groups of subjects.
Eosinophil responses to ACTH did not differ
significantly from those of the controls in any group

except that of congenital adrenal hyperplasia. In
patients with this condition the eosinopenia induced
by ACTHwas significantly less than normal (25
per cent vs. 52 per cent depletion). On the other
hand, the eosinopenic response to epinephrine did
not differ significantly in any of the groups stud-
ied. In the congenital adrenal hyperplasia group,
statistical comparison demonstrates a significant
difference in the same individuals between the
eosinopenic responses to ACTHand to epineph-
rine (ACIH: - 25 4.5 per cent; epinephrine:
-57 +4.6percent;p= < .01).

The magnitude of the hyperglycemic response

to a single injection of ACTHwas small as com-
pared with that to epinephrine. Among the
groups studied only that with mental retardation
had an hyperglycemic response to ACTHsignifi-
cantly less than that of the control group. In
contrast, the hyperglycemic response to epineph-
rine was normal in this group as it was in all
other groups except that with congenital adrenal
hyperplasia; in the latter, this response was sig-
nificantly greater than normal.

The 17-OH-corticosteroid responses to ACTH
were abnormal in three of the study groups: con-
genital adrenal hyperplasia, mental retardation,
and convulsive disorder. In the congenital adrenal
hyperplasia group the initial plasma steroid levels
were very low and no elevation occurred in re-
sponse to ACTH. In contrast, the mental re-
tardation and convulsive disorder groups had nor-
mal initial steroid levels but their responses to
ACTH were intermediate between those of the
normal and the congenital adrenal hyperplasia
groups, indicating impaired but not absent adrenal
cortical function. In no group was there any
steroid response to epinephrine.

Figure 1 illustrates graphically the data of
Table II. In the normal group eosinopenic re-
sponses to ACTH and to epinephrine were es-
sentially the same; hyperglycemic response to
epinephrine was considerably greater than that to

TABLE III

Comparison of hyperglycemic and 17-OH-corticosteroid
responses to 25 I. U. ACTHvs. 100 1!T]. ACTH

Glucose 17-OH-corticosteroid
(% increase) (pg. %increase)

ACTH ACTH

Pt. 25 I.U. 100L.U. 25 I.U. 10 I.U.

T. G. 40 38 16.3 19.9
V. M. 4 9 2.4 27.6
L. W. 4 28 18.4 12.5
Z. G. 40 74 14.0 37.2
P. C. 24 18 39.2 66.1
C. B. 29 14 30.0 33.1
D.S. 37 14 37.0 66.4
T. G. 48 40 19.2 22.8
L. H. 8 11 18.4 26.7
R.S. 33 37 -11.5 27.1
C. E. 3 3 1.3 13.9

Mean 25 26 16.8 32.1
SEM L5.1 46.0 -44.62 5.55
P (25 vs. >0.05 <0.05
100 ACTH) >0.02
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To ACTH

ACTH; and steroid response to ACTH was of
considerable magnitude whereas there was no

steroid response to epinephrine. In the congeni-
tal adrenal hyperplasia group the pattern of these
responses differed in that the eosinophil response
to ACTHwas less, the glucose response to epi-
nephrine was greater and there was no steroid re-

sponse to ACTH. Responses in the rheumatic
group were comparable to those in the control
group. The mental retardation group showed de-
creased glucose and steroid responses to ACTH
in comparison with the normal group. In the
convulsive disorder group the decreased steroid
response to ACTHwas the only response which
differed from normal. Throughout all groups the
glucose response to epinephrine was considerably
greater than that to ACTH.

Table III compares the individual responses of
glucose and of 17-OH-corticosteroids to 25 I.U.
and to 100 I.U. ACTH in 11 patients. Whereas
100 I.U. ACTHproduced a greater magnitude of
steroid response than did 25 I.U. ACTH (32.1
vs. 16.8 pg. per cent) it did not produce any
greater hyperglycemic response. Furthermore,
there was no apparent correlation between the
magnitudes of steroid and glucose responses to
ACTH.

Figure 2 shows as a scattergram the compari-
son of simultaneous eosinopenic and steroid re-

sponses to ACTH in 128 individuals from all
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groups except congenital adrenal hyperplasia.
For each subject the change in steroid concentra-
tion (pg. per cent) observed two hours after the
administration of ACTHwas plotted against the
maximum per cent decrease in eosinophil count
in a four-hour period. The correlation coefficient
(XV = + 0.124) indicates that no significant cor-
relation existed.

Figure 3 compares in a similar manner the
simultaneous eosinopenic and hyperglycemic re-
sponses to epinephrine in 61 children. In this
figure the maximum per cent decrease in eosino-
phil count was plotted against the maximum per
cent increase in glucose concentration observed
in each subject. Again, the "r" value (+ 0.174)
indicates no significant correlation between these
two variables.

Comparison of the ACTH-glucose response
with the other responses to ACTHwas not made
because of the small magnitude of this response.
Since no steroid response to epinephrine oc-
curred, no comparison was made with the other
responses to epinephrine.

DISCUSSION

It appears clear that the total circulating eo-
sinophil count is influenced by adrenal cortical
hormone. Eosinopenia is seen in patients with
Cushing's disease (25) and in patients treated
with ACTH or adrenal steroids. Eosinophilia
generally exists in the adrenalectomized animal
and in patients with Addison's disease (26, 27).
Also, as shown here, eosinophilia of mild degree
exists in children with congenital adrenal hyper-
plasia. These patients have a "segmental" adrenal
insufficiency as shown by their inability to produce
appreciable quantities of 17-OH-corticosteroids,
the principal adrenal cortical hormones, even in
response to large doses of ACTH.

The responses of eosinophils to epinephrine
and to ACTH have been used clinically as cri-
teria of adrenal cortical function. However, there
now is considerable evidence to support the be-
lief that the epinephrine-eosinophil response is
not a valid criterion of this function (6, 7, 16, 17,
20, 28). Likewise, it has been suggested (6)
that the ACTH-eosinophil response need not be
mediated by an increased production of adrenal
steroids. These points both are well substanti-

ated by data presented here which show that: 1)
There is no steroid response to epinephrine in
any group of patients despite adequate eosinophil
responses in all groups; 2) in patients with con-
genital adrenal hyperplasia there is some, albeit
inadequate, eosinopenic response to ACTHwith-
out any concurrent steroid response; and 3) there
is no significant correlation between the magnitude
of eosinophil and of steroid responses to either
ACTHor epinephrine. Thus, it seems that the
eosinopenia produced by either epinephrine or
ACTH is not related quantitatively to 17-OH-
corticosteroid release by the adrenal cortex. This
eosinopenia may be associated with the release of
some other adrenal steroid. In addition, epi-
nephrine induced eosinopenia may be related to
some function of epinephrine other than pitui-
tary adrenal cortical stimulation. There is evi-
dence to suggest that it may be the result of a
synergistic action between epinephrine and adrenal
cortical hormones (18).

A direct relationship between the adrenal cor-
tex and carbohydrate metabolism is known to
exist. In patients with Addison's disease and in
adrenalectomized dogs, episodes of hypoglycemia
occur frequently. Conversely, patients with Cush-
ing's disease often have hyperglycemia and diabetic
glucose tolerance curves. Furthermore, "steroid
diabetes" has been produced in animals (15) and
in human subjects (29). Information such as
this has led to attempts to evaluate the status of
adrenal cortical function on the basis of the altera-
tions in blood glucose concentration resulting from
the administration of ACTH. Evaluation of
adrenal cortical function by the hyperglycemic
response to ACTHhas been made: 1) In patients
with hypoglycemosis (30, 31); 2) with continued
ACTH administration (29, 32, 33) and; 3) in
terms of the effect of ACTHon the glucose toler-
ance curve (29, 30). Little mention has been
made of the hyperglycemic response to a single
injection of ACTH. The studies reported here
show that normally only a small response occurs
and suggest that this test is of no practical value.
The significance of the poor hyperglycemic re-
sponse to ACTH seen in the group of patients
with mental retardation is unknown.

It has been suggested (34) that adrenal corti-
cal hormones participate in the alterations of

1591
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carbohydrate metabolism following the injection
of epinephrine. The adequate hyperglycemic re-
sponse to epinephrine without any 17-OH-corti-
costeroid response, observed in all the groups
studied, neither supports nor refutes this concept.
Even though the hyperglycemic response to epi-
nephrine is not mediated by an increased plasma
17-OH-corticosteroid level the possibility exists
that these steroids may act synergistically with
the administered epinephrine in producing this
hyperglycemic response in a manner similar to
that postulated for the eosinopenic response to
epinephrine (18). The consideration that iden-
tical synergistic mechanisms are involved has little
support, since no correlation exists between the
eosinopenic and hyperglycemic responses to epi-
nephrine (Figure 3). Although the concept of an
epinephrine-17-OH-corticosteroid synergism is
weakened somewhat by the observations of ample
hyperglycemic and eosinopenic responses to epi-
nephrine despite very low plasma 17-OH-corti-
costeroid concentrations in the congenital adrenal
hyperplasia group, it is not invalidated by these
observations.

Responses of glucose, eosinophils and 17-OH-
corticosteroids all have been used as criteria of
adrenal cortical function. Since there is no sig-
nificant correlation among the three responses and
since the 17-OH-corticosteroid response meas-
ures adrenal cortical secretory function in terms
of the major steroids produced, the latter test ap-
pears to be the one of preference. However, the
clinical application of this steroid response test
has certain limitations (19) and the other re-
sponse tests, particularly the ACTH-eosinophil
response, still have clinical values-at least as
screening tests.

SUMMARY

1. Fasting levels of eosinophils, glucose and
17-OH-corticosteroids, and their responses to
ACTHand to epinephrine were compared in dif-
ferent groups of children. Certain differences
were noted among the groups studied.

2. No correlation was found between the mag-
nitude of: 1) Eosinopenic and 17-OH-cortico-
steroid responses to ACTH or ; 2) eosinopenic
and hyperglycemic responses to epinephrine.

3. The hyperglycemic response to ACTHwas
slight.

4. No 17-OH-corticosteroid response to epi-
nephrine was found.

5. The 17-OH-corticosteroid response to
ACTH is considered the most valid of the tests
compared.
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