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An increase in the number of circulating leuco-
cytes in human subjects following the parenteral
administration of epinephrine has long been known
to occur (1-4). Frey (2, 5) provided evidence to
show that the leucocytes which appear in the cir-
culating blood following administration of epineph-
rine are delivered, in part, from the spleen. Frey
and Hagemann (6) and more recently Doan and
Wright (7) have claimed that a significant altera-
tion in the number of circulating formed elements
of the blood from that which normally follows
the injection of epinephrine reflects the activity of
an abnormal spleen.
The test described by Doan and Wright (7) in-

volves the subcutaneous injection of 0.5 to 1.0
mg. of epinephrine hydrochloride. The number
of circulating erythrocytes, leucocytes, and throm-
bocytes, are determined at frequent intervals for
a period of one hour, and the maximal change from
pre-injection levels is noted. Despite the fact that
well-delineated criteria for a positive test are lack-
ing, Doan and Wright (7) and Kracke and Riser
(8) use such response as evidence in favor of the
diagnosis of the "hypersplenic syndrome."
More recently a different "epinephrine test," to

be used in the evaluation of the functional integrity
of the pituitary-adrenocortical system, has been re-
ported (9-11). As described by Recant and as-
sociates (9) a small dose (0.3 mg.) of epinephrine
hydrochloride is injected subcutaneously in the
test subject. The eosinophils are enumerated by
absolute count before the injection and four hours
later. A decrease of 50%o in the number of circu-
lating eosinophils reflects an intact pituitary-
adrenocortical system, and helps to rule out pitui-
tary insufficiency syndromes. the presence of
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a normal pituitary gland, the functional capacity
of the adrenal cortex may be evaluated. Among
the clinical syndromes to which the test may be ap-
plicable are hypopituitary states (9), Addison's
disease (9, 10) and situations in which a low
adrenal reserve may be a threat to the survival of
the patient, as during surgery (11).

In the literature, therefore, two distinctly dif-
ferent "epinephrine tests" are described. The
test, as utilized by Doan, is based on the immediate
response ("primary phase") of the circulating
formed elements to epinephrine, while the late or
"secondary phase" following the injection of epi-
nephrine is commonly used to refer to the activity
of the pituitary-adrenocortical system. Although
the general nature of this biphasic cellular re-
sponse to epinephrine has been recorded (2, 12-
15), detailed observations on the quantitative al-
terations of all components of the white cell series
are not available. The purpose of this paper is to
describe the alterations in the number of circulat-
ing leucocytes during both phases of the response
to epinephrine in normal human subjects, and to
show the relation of the primary phase (the imme-
diate alterations) to the secondary phase (the de-
layed changes). A preliminary report of this
work has appeared (16).

METHODS

Thirty-four subjects were studied. The patients were
reclining, inactive, and fasting throughout the six hour
period of the test. The contents of individual ampules,
containing 1 ml. of a 1: 1000 aqueous solution of epi-
nephrine hydrochloride, were administered intramuscu-
larly.
Venous blood samples were taken immediately before,

and at five, 12, 17, 21 and 30 minutes, and one, two, four
and six hours after the injection. A fresh venipuncture
was made for each sampling and the blood samples were
collected in bottles containing potassium and ammonium
oxalate as anticoagulant (17). Cover-slip smears were
made from the freshly-drawn specimens and stained with
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RESULTS

A biphasic alteration in the number of eircu-
Total Leucocytes lating leucocytes followed the injection of epineph-

rine in all 34 instances (Figure 1). Phase I con-
sisted of a prompt mobilization of all white cell

Neutrophils elements, which appeared within five minutes.
-- - - -~~~~~0The maximal effect occurred at 17 minutes, and

thereafter subsided toward normal. The average
maximal total white cell count was 11,625 per c.
mm., an increase of 75 per cent above the average

Lymphocytes pre-injection count of 6,626 per c. mm. (Table I).
The average maximal neutrophil count at the
height of the epinephrine effect was 5,550 per c.

Eosinophils mm., an increase of 45 per cent above the average
___________*_____ '___ baseline neutrophil count of 3,825 per c. mm. The

Phose U average, lymphocyte count at the maximal point
2 3 4 was 5,175 per c. mm., an increase of 130 per centHours

above the control value of 2,250 per c. mm. The
CHANGE IN THE NUMBER OF average number of circulating eosinophils, at the
IN 20 NORMAL HUMAN SUB_ height of the effect of the stimulus, was 203 per c.

TRAMUSCULAR INJECTION OF 1.0 mm., an increase of 45 per cent above the pre-
ROCHLORIDE (1: 1,000) injection average count of 138 per c. mm. It will

The curves are constructed from the average cell counts
of all cases, the blood samples having been taken at the
same intervals throughout, namely five, 12, 17, 21 and 30
minutes; two, four and six hours after injection.

Wright's stain. The total number of leucocytes was de-
termined in the usual manner from duplicate dilutions.
The absolute number of neutrophils and lymphocytes was
determined by a count of 200-400 cells from the stained
smears. The absolute number of eosinophils was de-
termined in Levy counting chambers by taking the aver-
age count in four dilutions with phloxine propylene gly-
col diluent (18).
The individuals studied were divided into three groups.

Group A consisted of 20 human subjects, including six
active and healthy volunteers and 14 hospitalized pa-
tients in whom no physical or significant mental illness
could be demonstrated. Group B comprised 11 hospital-
ized patients who had been admitted with various ill-
nesses of a purely medical nature, and who, on recovery,
were studied just prior to discharge from the hospital.
Group C included three patients in whom a simple but
significant inflammatory (neutrophilic) leucocytosis ex-
isted at the time of the test. One patient was receiving
penicillin therapy for primary lues, one had sustained
minor surgery 24 hours before the test, and one patient
had an active inflammatory process associated with pyo-
derma. Control studies following the injection of 1 ml.
of water were carried out in three subjects to determine
whether the procedure of injection and ten to 12 venipunc-
tures produces any significant cell changes.

Leucocytes per cu.mm.
12,0

10,000 Epinephrine

8,000t
6,000 _-Distilled_______.- ~water
41)00
2,000

w

Neutrophils per cu.mm.
S1)00r

400
2,0

20a

---- ._ _

ocytes per cu.mm.

I I __I £

I I I I I a

Epinephrine Hcl
LM.-I.OmgW

3
Hours

4 3 b

FIG. 2. THE INFLUENCE OF EPINEPHRINE HYDRo-
CHLORIDE COMPARED WITH DISTITLTL WATE ON CR-
CULATING LEUCOCYTES IN THE SAME THREE NORMAL
HUMAN SUBJECTS

942

--Ir- -- I



LEUCOCYTE CHANGES FOLLOWING EPINEPHRINE INJECTION

TABLE I

The mean leucocyte count at rest in 20 normal human subjects and the change in cell count
following the intramuscular injection of epinephrine (Group A)

Cells Phase Mean count Standard Range Mean change pCells ~~~~~~~perc.mm. error gePer cent

Control 6,625 -250 4,300
8,900

Total I-(17 min.) 11,625 -700 6,420 + 75.5 <0.001
leucocytes 17,000

II-(4 hours) 9,700 -6475 5,820 + 46.4 <0.001
14,825

Control 3,825 -1200 1,975
5,075

Neutrophils | I-(17 min.) 5,550 4425 2,250 + 44.8 <0.001Neutrophils ~~~~~~~~~~~~9,350
II-(4 hours) 7,075 :4:375 4,365 + 84.9 <0.001

10,800

Control 2,250 1 150 1,400
3,350

Lymphocytes I-(17 min.) 5,175 | 375 2,750 +130.0 <0.0018,000

II-(2 hours) 1,925 :1:125 1,150 - 14.9 < .01
3,650

Control 138 :1: 10 47
285

Eosinophils I-(17 min.) 203 + 20 68 + 47.0 <0.001444

II-(4 hours) 80 :1- 5 30 - 42.1 <0.001
153

* P-The probability that the given per cent change is not different from a mean change of zero.
that the change is statistically significant is therefore high in every instance.

be seen in Table I that all changes are highly sig-
nificant, P values being less than 0.01 in all in-
stances.
There was a tendency for the number of circu-

lating lymphocytes to equal the number of neutro-
phils at the height of the effect in Phase I, despite
the fact that normally the absolute number of
lymphocytes is less than two-thirds of the resting
neutrophil count (L-2,250, N-3,825). The de-
gree of change in the lymphocytes was, therefore,
greater than observed in the other white cell ele-
ments. The lymphocytes in Phase I were usually
mobilized at the same time as were neutrophils al-
though, in several instances, the lymphocytosis
preceded the neutrophilia. It is noteworthy that
the eosinophils, although small in absolute num-
bers, were increased significantly in the first phase
following the injection of epinephrine.

The probability

The changes related to Phase II (Figure 1) be-
came apparent within two hours after the adminis-
tration of epinephrine. At this time the lympho-
cytes were observed to be maximally altered from
control levels by a decrease of 15 per cent (Table
I). Changes in the number of circulating neu-
trophils were maximal at four hours, at which time
an increase of 85 per cent above control values was
recorded. It is obvious that the secondary ele-
vation of the neutrophil count is responsible for the
overall 46 per cent increase in the total white cell
count observed at four hours. Eosinophil changes
were characterized by a decrease of 42 per cent be-
low pre-injection values, the maximal effect also
occurring at four hours.
As illustrated in Figure 2 the injection of 1.0 ml.

of distilled water followed by repeated venipunc-
ture failed to cause significant alterations in the
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number of circulating leucocytes throughout a six
hour period of observation. The administration
of epinephrine to the same three individuals was

followed by the characteristic biphasic leucocyte
response.

Eleven patients (Group B) who were hospital-
ized for a variety of medical illnesses (Table II)
were "epinephrine-tested" just prior to discharge
from hospital. The cellular response to epineph-
rine was the same as in Group A except that in
this group the neutrophilia expected during Phase
II was significantly less, an average increase of
54 per cent being recorded as compared with 85
per cent in the normal subjects. A manifestation
of the same phenomenon, but to an even greater de-
gree, was observed in three patients (Group C)
who, at the time of the test, had a leucocytosis as-

sociated with acute inflammation. In all three in-
stances in Group C, (Table II) the number of cir-
culating neutrophils, at the height of the effect in
Phase II, was found to be actually reduced below
pre-injection levels (- 27 per cent) rather than

having reached the expected 85 per cent increase.
The difference between the three groups, in regard
to the secondary neutrophilic response is statisti-
cally highly significant (Table III).

DISCUSSION

In normal human subjects all components of
the circulating white cell series are mobilized in
the "primary phase" (Phase I) of the epinephrine
test. This observation is clinically significant in-
asmuch as a similar change in circulating leucocytes
is implied by some authors (7, 8) to represent the
degree of sequestering activity of the spleen. It
is further implied by those authors that an in-
crease beyond the normal degree of response in the
mobilization of circulating leucocytes following
epinephrine administration would reflect an in-
creased, pathologic sequestering activity of a hy-
peractive spleen.

Admittedly the clinically enlarged spleen does
commonly decrease in size following parenteral ad-
ministration of epinephrine concomitantly with

TABLE II

Maximal per cent change in the number of circulating leucocytes occurring within Phase I and Phase II after the
intramuscular injection of epinephrine in patients hospitalized for various medical illnesses

(Group B) and in patients with injiammatary leucocytosis (Group C)

Group B Total white cell count Neutrophils Lymphocytes Eosinophils
Diagnosis

Phase I II I II I II I II

Case 1 + 24 + 9 + 31 +16's' + 19 -12 + 27 - 6 Acute anxiety
2 + 48 +27 + 25 +36'a + 90 -23 + 42 -38 Acute peptic ulcer
3 + 43 +56 + 30 +96 - + 96 -22 0 -64 Friedreich's ataxia
4 + 84 +46 + 47 +577 +120 +35 + 90 - 3 Epidermophytosis
5 + 90 +30 + 45 +80 +210 -55 + 40 -70 Acute B. dysentery
6 + 34 +20 + 19 +37 +145 -30 + 70 -40 Ess. hypertension
7 + 79 +46 + 71 +76' + 89 -50 + 96 + 2 Ess. hypertension
8 +154 +42 +108 +73 +300 0 +393 -44 Hypertension
86+20+45+23"'+165 6 +105 Nephrectomy9 +86 +20 + 45 +23, +15 -6 10 -7 Chronic congestive

failure
10 + 92 +32 + 57 +45 +245 +10 + 22 -29 Renal hypertension
11 + 84 +44 + 68 +55 +155 -40 + 78 -38 Renal hypertension

Mean + 74 +34 + 50 +54 +150 -23 + 88 -31

Group C Total white cell count Neutrophils Lymphocytes Eosinophils
__Diagnosis

Phase I II I II I II I II

Case 1 +49 -17 +25 -16 +100 -51 +50 -53 Minor surgery
2 +48 -22 +13 -29 +112 - 9 +20 -17 Acute pyoderma
3 +54 -29 +27 -36 +110 -25 +64 -40 Primary chancre

Mean +50 -23 +22 -27 +107 -28 +45 -37
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TABLE III

The mean maximal per cent change in the number of circulating leucocytes occurring within Phase I and Phase II
after the intramuscular injection of epinephrine hydrochloride in hospital patients

Total white count Neutrophils Lymphocytes Eosinophils
Group No. _ .-

Phase I Phase 11 Phase I . Phase 11 Phase I Phase 11 Phase I Phase II

A* 20 +89 +60 +59 +108 +166 -16 +77 -46

Bt 11 +74 +34 +50 + 54 +150 -23 +88 -31

Ct 3 +50 -23 +22 - 27 +107 -28 +45 -37

PB§ <0.01
<0.05

PcII >0.01

* Group A-Normal human subjects.
t Group B-Patients hospitalized for various acute and chronic illnesses.
t Group C-Patients wvit acute inflammatory neutrophilic leucocytosis.
§ PB-The difference in the response of neutrophils of Group B in Phase II as compared with Group A is highly

signficant.
11 PC-The difference in the response of neutrophils of Group C in Phase II as compared with Group B is significant.

Compared with Group A then the difference is highly significant.

the increase in circulating leucocytes (19). It ap-
pears, however, that complex mechanisms other
than splenic contraction are involved in Phase I
leucocyte changes (20).
From these observations concerning Phase I it

may be concluded that the application of the epi-
nephrine test in the recognition of "hypersplenic"
states requires consideration of the degree of re-
sponse in normal human subjects. A comparison
between the response in normal subjects and pa-
tients with hematologic changes characteristic of
the "hypersplenic" syndromes is at present in
preparation.

Michael (13), in an extensive review has re-
cently considered the biphasic alterations in the
circulating leucocytes which follow the adminis-
tration of epinephrine. He has suggested that a
hormonal influence of the pituitary-adrenocortical
system may be involved in the primary changes in
circulating leucocytes which follow the injection
of epinephrine. It is of interest that the adminis-
tration of ACTH 8 to two subjects in this labora-
tory failed to evoke significant primary changes in
either instance.
Hormonal factors do seem concerned, however,

in the leucocyte changes of Phase II. That an in-

sACTH-A single intramuscular injection of ACTH,
equivalent in potency to 25 mg. of the Armour Standard
La-i-A, supplied through the courtesy of Dr. J. R. Mote,
Armour Laboratories, Chicago, Ill.

crease in circulating neutrophils, together with a
decrease in lymphocytes and eosinophils, reflects
an increased adrenal cortical secretion is well docu-
mented (9, 21, 22). Identical changes follow the
injection of ACTH in both animals and man.
These leucocyte changes, therefore, reflect aug-
mented activity of the intact pituitary-adrenocorti-
cal system.

It has been previously demonstrated that the ad-
ministration of epinephrine in normal human sub-
jects also elicits the general leucocyte changes
characteristic of Phase II herein described (9, 12).
In experimental animals the removal of the an-
terior pituitary gland or the adrenal cortex, how-
ever, vitiates the secondary lymphopenia and
eosinopenic response to epinephrine (9). In hu-
man subjects during states of hypoadrenal activity,
the secondary eosinopenic response to epinephrine
has been shown to be absent (11).

Neutrophils, on the other hand, demonstrate
a quite dissimilar behavior. Dougherty and White
(21) clearly demonstrated that despite removal of
the adrenal cortex in experimental animals, an in-
crease in circulating neutrophils nonetheless fol-
lowed the administration of ACTH. In these in-
stances the lymphopenia did not appear. Hills,
Forsham and Finch (23) described a similar al-
though submaximal neutrophilia following the ad-
ministration of ACTH in patients with Addison's
disease. During these tests lymphopenia and
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eosinopenia did not occur. More recently Hunger-
ford (24) has reported that despite simultaneous
hypophysectomy and adrenalectomy in rats, the
injection of adrenalin is followed by a significant
increase in the number of circulating neutrophils
at four hours.

It therefore appears that the presence of the an-
terior pituitary gland or adrenal cortex is not es-
sential for the secondary neutrophilic response to
epinephrine and ACTH, unlike the behavior of
lymphocytes and eosinophils. Factors which in-
fluence the number of circulating neutrophils are
not therefore identical with those responsible for
changes in circulating lymphocytes and eosinophils.
This is in keeping with our observation of an un-
expected decrease in circulating neutrophils in
Phase II despite the normal lymphopenic and
eosinopenic response to epinephrine in the patients
with inflammatory leucocytosis (Group C).
The injection of epinephrine in normal human

subjects is thus characterized by a biphasic altera-
tion in the number of circulating leucocytes. The
primary phase involves a mobilization of at least
neutrophils, lymphocytes and eosinophils. In an
analysis of secondary changes the early primary
alterations may certainly influence the degree of
response in the later phase. It would seem, there-
fore, that frequent sampling of blood is necessary
to delineate the quality and quantity of leucocyte
changes in both phases of the epinephrine test.

SUMMARY

1. Epinephrine (1.0 mg.) was administered in-
tramuscularly to 34 human subjects. A biphasic
alteration in the number of circulating leucocytes
was observed.

2. In Phase I a prompt mobilization of all
white cell elements appeared within five minutes,
the effect became maximal at 17 minutes, and there-
after returned toward normal. The total white
cell count increased 75 per cent, the neutrophils
increased 45 per cent, the lymphocytes 130 per
cent, and the eosinophils 47 per cent at the time
of maximum change.

3. The second phase consisted of a secondary
rise in the total white cell count of 46 per cent, an
85 per cent increase in circulating neutrophils, a
15 per cent reduction in lymphocytes and a 42
per cent decrease in eosinophils. The maximal

effect on the lymphocytes was apparent at two
hours after injection, while the changes in total
white cell count, neutrophils and eosinophils were
maximal at the four hour sampling.

4. In three patients with a neutrophilic leucocy-
tosis associated with acute inflammation there was
a reduction (- 27 per cent) in the number of cir-
culating neutrophils at four hours after the injec-
tion of epinephrine.

5. The mechanisms involved in both phases and
the limitations in the clinical application of the
epinephrine test are discussed briefly.
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