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The conception that peripheral vascular irrita-
bility may be an important factor in the mech-
anism of production of hypertension has led to a
search for vascular or vasomotor stimuli that
would further knowledge both of the physiology
of hypertension and of the state of individual pa-
tients from time to time. Large numbers of
agents, both physical and chemical, have been
tried. Of the various chemical stimuli for test-
ing peripheral vasomotor irritability in hyper-
tensive disease, epinephrine has been frequently
chosen. In spite of this, there has been lack of
agreement concerning the nature of the reactions
in hypertension. Jensen (1) reviewed literature
and carried out -experiments with subcutaneous
epinephrine. He found that repetition of tests
regularly produced a sharp pressor response, and
that the response to the first test was the chief
variable. In the normal there was usually a slow
systolic rise; in the hypertensives some had little
response and others a very strong response on the
first test.

About ten years ago a considerable amount of
work, reported chiefly in the German literature,
was done with injection of epinephrine intra-
venously. Csepai, Fornet and Toth (2), and
Hetenyi and Sumegi (3) reported frequent but
not constant increased sensitivity to epinephrine
in hypertension as judged by the absolute increase
in blood pressure following standard doses of
epinephrine hydrochloride, usually 0.01 mgm.
Jansen (4), using doses of from 0.005 to 0.02
mgm., reported diminished sensitivity in about
half the hypertensives, as judged by the amount
of elevation of systolic pressure expressed as a
percentage of the base systolic pressure. All
these investigators observed depressor responses
at times in hypertension. Deicke and Hiilse (5)
judged the type of response rather than its magni-
tude; in a small series they observed a depressor
response in the normal, diphasic response in ne-

phritis and in hypertension with severe kidney
damage, and no change in blood pressure in un-
complicated essential hypertension following injec-
tions of 0.005 mgm. They regarded pressor re-
sponse to this dose as indicative of heightened
sensitivity to epinephrine and believed it charac-
teristic of patients with renal damage. Hess (6)
chose as a criterion the minimal active dose of
epinephrine, which gave as a rule negative or
diphasic blood pressure curves; she reports lower
minimal doses in hypertension, although there was
considerable overlap into the normal minimal dose
range. She considered as normal sensitivity
0.000005 to 0.000010 mgm. per kgm. body weight
for the minimal active dose; in a 60 kgm. subject
this would mean doses of 0.0003 to 0.0006 mgm.
Her sensitive individuals reacted at times to doses
as low as 0.0000025 mgm. per kgm. Szondi (7)
also pointed out the difficulty in drawing conclu-
sions from the direction of the blood pressure
change following the injection of a single dose
of epinephrine, and observed that in most sub-
jects a depressor response was obtained if the
dose was made low enough. He agreed with
Hess in the use of minimal depressor doses as a
measure of sensitivity to epinephrine.

The various criteria for judging blood pressure
reactions to intravenous epinephrine may be
summed up under the following heads: (1) type
of response; (2) size of dose required to produce
any effect or to produce stated effects; and (3)
magnitude of response.

We have carried out 102 experiments on 63
subjects in which we have attempted to observe
the response to intravenous epinephrine hydro-
chloride from all three standpoints. Histamine
dihydrochloride also was administered in 86 ex-
periments in the same fashion. Of the 63 sub-
jects 25 had primary hypertension, 9 had glomer-
ulonephritis, 16 were normal, 7 had normal blood
pressures at the time of the examinations but
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were known to have hypertension at times, 3 had
arteriosclerosis, and 3 had hyperthyroidism.

METHOD

The subject lay at ease on a couch, and a needle
connected with a syringe containing salt solution
was inserted into a vein in the antecubital fossa.
The blood pressure was observed every 30 seconds
in the opposite arm by the auscultatory method,
throughout the experiment. When the blood
pressure had reached a constant level, usually
after 15 to 25 minutes, a measured dose of
epinephrine hydrochloride in saline solution was
injected at such a speed as to require as nearly as
possible 30 seconds for the injection. A base line
was generally reached again after 4 to 8 minutes
so that another dose could be administered through
the same needle. The epinephrine solutions were
freshly prepared either from solid tablets or from
1: 1000 solution in dilutions of 1: 10,000 to 1: 1,-
000,000. It was ascertained on three subjects
that the reactions were the same whether the
tablet or the commercial solution were the source
of the epinephrine. The doses regularly used
were 0.0010, 0.0015, 0.0025, 0.0040, 0.0060,
0.0100, and 0.0150 mgm.; larger and smaller doses
were used when necessary to determine minimal
and maximal depressor doses. The order in
which various doses were given was varied in
some experiments; it did not appear to affect the
results. We found it convenient, as a rule, to
work from small to large doses, because of psy-
chic stimulation from palpitation after the larger
doses. The histamine was used at times before
and at times after epinephrine. It was prepared
from 1:1000 solution of the dihydrochloride in
the same dilutions as epinephrine.

RESULTS

In evaluating the blood pressure results some
arbitrary standards were set up for the sake of
uniformity. Changes of 2 mm. were regularly
disregarded. Changes of 4 mm. were counted if
they were confirmed by repetition or if a slightly
greater dose produced a slightly greater change
in the same direction, provided the base line were
satisfactory. Changes of 4 mm. were also
counted as significant when they represented the
short arm of a diphasic response. Otherwise

changes of 6 mm. or more only were held to be
significant.

Type of response. The type of reaction fol-
lowed the same general pattern in all groups.
With few exceptions the least effective dose pro-
duced a fall in both systolic and diastolic pres-
sures. As the dose was increased a pressor phase
appeared following the depressor phase. With
further increase in dosage the depressor phase
grew less in magnitude until it was no longer
found, while the pressor reaction increased. De-
pressor reactions were found at some dosage in 89
of 102 experiments. They were transitory and
occurred 30 seconds after the cessation of injec-
tion. Usually the pressure was at the base line
or higher at the end of another 30 seconds. The
pressor phase began 30 to 60 seconds after the
cessation of injection, sooner with large than with
medium doses. It was usually at its highest 60
or 90 seconds after the injection, and the base
line was reached in 1 to 5, usually about 2%,
minutes. The diastolic pressure generally fol-
lowed the direction of the systolic, except that
where a pressor response was obtained the dias-
tolic usually rose and fell about 30 seconds before
the systolic. This was true even when the sys-
tolic rise was preceded by a fall.

The 13 experiments in which depressor re-
sponse was not found were distributed as fol-
lows: primary hypertension, 7 of 41 experiments;
nephritis, 5 of 26; transitory hypertension, 1 of 8;
normals and others, none of 27. It is possible
that depressor reactions were present at times and
not observed because of their transitory character.

Size of dose. The dosage level at which the
various phases of the response were obtained va-
ried within wide limits. Figure 1 gives frequency
curves for two groups, those in whom the base
systolic pressure is below 150 mm., and those in
whom it is 150 mm. or more. The minimal ef-
fective dose was found at 0.0010 or less, 0.0015,
and 0.0025 mgm. with practically equal fre-
quency; in 15 experiments it exceeded those fig-
ures. The hypertensive group included a slightly
greater spread at each end, but presented no sig-
nificant difference in general trend. The spread
is still more apparent in the curve for minimal
depressor doses, as 11 of the 13 experiments in
which the minimal dose was pressor were among
the hypertensive group. There was no significant
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difference between the miiinimiial pressor doses of
the two groups. In the curves of mnaximal doses
at whiclh depressor response was observed, there
is a miiode at 0.0040 miigmi. in the lower and a miiode
at 0.0025 in the hiigher pressure group. The lat-
ter group, however, contains also more experi-
ments in which the miiaximiial depressor doses were
uniiusually higlh, anid these tend to couniterbalance
the (lifference in modes.

depressor doses did niot appear to vary signiifi-
cantly from group to group. The distribtition of
the dosages in the transitory hypertension experi-
ments appears to be well within the normiial range
for each of the effects.

There was a conisiderable degree of variation
in the responises of a single individual oni different
davs for nio demonstrable reason. In one stub-
ject, a man suffering from acute glomerulonieph-
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FIG. 1. FREQUENCYWITH WHICH MINIMAL ACTIVE, MINIMAi DEPRESSOR, MINIM.-AL PRESSOR,
AND MAXI-MAL DEPRESSORDoSES OF EPINEPHRINE HYDROCHLORIDEWNEREFoUNI) AT V ARIOUS LEVELS
IN SUBJECTS CLASSIFIED ACCORDING TO SYSTOLIC PRESSURE.

Similar frequency curves for the diagnostic
classifications are shown in Figure 2. The milm-
imal activity dose was found miiore frequently in
primary hypertension at lower, and in nephritis at
higher, levels than in the normal. In some sub-
jects with primary hypertension, however, there
were also very large minimilal doses. The minimiial
depressor doses varied in the same way as mim-
imal active doses. The minimal pressor doses
tended to be slightly higlher in primiiary hyper-
tenision than in the other groups. The miiaximal

ritis with subsi(ling hypertension, there was a
dlistinct tendency for (le pressor responses to be
more pronounced when the systolic pressure was
higher, but in no other subject was this relation
seen.

Magiiititde of r-esponlse. When blood pressures
are observed at intervals, rather than continuously,
any conclusions witlh regard to magnitude of
chanige depend on the assumption that the peaks
of the blood pressure curves are as likely to be
observed in one subject as in another, since it is
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FiG. 2. FREQUENCYWITH WHICH MINIMAL ACTIVE, MINIMAL DEPRESSOR, MININMAL PRESSOR,

AkNI) MAXI-MAL DEPRESSORDoSES OF EPINEPHRINE HYl)R(O(HRlO)E \WERE lOUND) AT VARIoUS LEVELS
IN SUBJECTS CLASSIFIED: ACCORDINGTO I)IAGNOSIS.

7Trai. lII pc;r. retfers to transitory hlypertension.

Magnitude of changes in systolic
TABLE

pressure observed after intravenous administration of epinephrine hydrochloride

Initial Frequtency Mean initial Frequency Mean initial
Dose systolic of falling systolic Mean fall Mean fall of rising systolic Mean rise Mean rise

pressure pressure pressure pressure pressure

mgm. mm. Hg experiments mm. Hg mmn. Hg per cent experiments mm. Hg mm. Hg per cent
0.0015 100-139 21 123 6.9 5.6 6 128 7.0 5.5

140-179 15 160 8.3 5.2 3 151 6.7 4.4
180-230 17 205 14.6 7.1 7 203 9.7 4.8

0.0025 100-139 25 123 7.7 6.3 17 124 5.9 4.8
140-179 18 156 8.6 5.5 16 157 6.8 4.3
180-230 21 201 10.2 5.1 17 201 9.0 4.5

0.0040 100-139 17 120 9.4 7.7 26 123 7.2 5.9
140-179 18 159 9.3 5.9 18 159 7.3 4.6
180-230 16 206 13.0 6.3 22 203 11.7 5.9
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ol)vious that they cannot be observed consistently.
In spite of this qualification it is possible to judge
the mlagniitude of response in a general way.

The series of responses to each single dose was

divided inlto tlhree groups according to base-line
systolic pressure, the divisions being mlade at 140
and 180 mnm. The averages of all pressor re-

sponses and of all depressor responses within
these groups were comlpared both in absolute mag-

nitude and as fractions of the mean systolic pres-

sures witlhin the groups. The figures indicated
in Table I for 0.0015, 0.0025, and 0.0040 mgm.

are typical. It will be seen that while the average

rise or fall is greater from the higher base line,
its miiagnitude, expressed as a percentage of sys-
tolic pressure, is practically the same in hyper-

tensives as in those with normal blood pressure.

Histaminie. \NVhen a sufficient dose of hista-
iminle dihvdrochloride was given the systolic and
diastolic pressures fell. Frequently a sharp fall
was followed by a transieint rebound to 4 or 6 mm.

above the previous base line. The depressor re-

sponse, when present, was found 30 seconds after
the cessation of the injection, and had disappeared
in another 30 seconds. It was regularly accom-

paniied by a flush; doses just inisufficient to cause

(lemiionistrable fall in b)lood pressure were also,
as a rule, lproductive of flushing.

ct

0-

155.

FIG. 3. FREQUENCYWITH WHICH THE MINIMAL DE-

PRESSOR D)osE OF HISTAMINE DIHYDROCHLORIDE \NAS
FOUNDAT \ARIOUS LEVELS IN SUBJECTS CLASSIFIFI) Ac-

CORIDING TO SYSTOLIC PRESSIURF.

The least dose at wlhiclh significant dlepression
of the systolic pressure was observed varied from
0.0010 mgm. to 0.0150 mlgm. The frequency
witlh which the subjects reacted to the various
doses is indicated in Figure 3. It is evident that
on the average histamine produces a fall in blood
pressure at slightly smaller dosage wlveni the bloo10
pressure is high than when it is low. The over-
lap between the hypertensive and non-lhper-
tensive minimal dose ranges is extensive.

Scatter graphs, in wliclh the minimlial (lepressor
(lose of epinephrine was plotted againist the minl-
imal (lepressor dose of histamine for the same
subject at the same sitting, showed Ino apparent
relationship. Wehave not attempted to form any
conclusions from the magnitude of response to
histamine because of the extreme rapidity of the
changes and the mlarked variation of the miagnii-
tude of change on even immediate repetition.

DIUSCUSSION

The differences that we have noted between
h1l)ertensive and normiial individluals in their re-
sponse to epinephrinie and to histamiinie have in
nlo case been striking. For both substances the
tvpe of response is the same in the one group as
in the other. The (loses at w\hich v-arious re-
sponses to epinephrine were obtained show only
slighlt differences. A slightly miiore (lefinite dif-
ference as regard usual size of dose was ob-
served in the histamiiine experimlents, but there
was Ino clear-cut separation of groups on the basis
of dose required. Differences in miiagnitude of
response appear to be insignificant. It is thus
evident that neither epinephrine nor histamine, in
the way we have usedl themii, is the i(leal vasomotor
stimulus for the study of hypertensive anid " pre-
h1wpertensive " states.

The observed similarity admits of several inter-
pretations. It is possil)le that the effects of both
are so complicated bv cardiac, peripheral vascular.
pulmonic vascular, and( nervous factors as to make
the blood pressure chaniges they pro(luced value-
less as measures either of vasomotor irritabilityr or
of vascular tonus. It may be that the method is
too gross to detect small differences in irritability
or tonus. Furthermore, it is possible that the
nmechanism of blood pressure chaniges after such
stimulation is different from the mechanism of
1)lood0 pressure regulation un(ler ordinary condi-
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tions. Finally, it is possible that the vasomotor
irritability is actually measured in a rough way,
but that the irritability of the hNypertensive indi-
vidual is essentially the same as that of the nor-
mal. Lacking adequate evidenice as to the mecha-
nism of the blood pressure changes, particularlv
of the depressor responses to epinephrine, we have
not attempted to decide the cause of the major re-
semblances and minor differenices in the reactions
of normals and of hypertensives.

SUMMARY

The blood pressure changes were observed in
normal and in hypertensive subjects following the
intravenous inijection of varying (loses of epi-
nephrine and of histamine. Hypertensive sub-
jects reacted to these substances in the same gen-
eral way as did those with normal blood pressure.
With minor variations the doses of epinephrine
required to produce effects in the normals were
about the same as those required to produce the
same effects in hypertensives. The blood pres-
sure changes after epinephrine injection were ap-
proximately equal when expressed as a l)ercent-
age of systolic pressure. Hypertensives reacted

on the whole to slightly smaller doses of histaminie
th,an normals.

BIBLIOGRAPHY

1. Jensen, J., The adrenalin test in hypertension. Am.
Heart J., 1930, 5, 763.

2. Csepai, K., Fornet, B., and Toth, K., Uber die
klinisclhe Bedeutung der Bestimmung der Ad-
renalinempfindliclhkeit. Wien Arch. f. inn. Med.,
1923, 6, 383.

3. Hetenyi, S., and Siimegi, S., Uber die wirkliche
Adrenalinempfindlichkeit der Hypertoniker. Klin.
Wchnschr., 1924, 3, 188.

Die Adrenalinblutdruckkurven der essentiellen Hy-
pertoniker. Klim. Wrchnschr., 1925, 4, 2298.

4. Janseni, W. H.. Blutdruckstudien. 111. Adrenalin-
versuche bei normaleni Blutdruck unid arteriellem
Hochdruck. Deutsches Arch. f. klim. Med., 1925,
147, 339.

5. Deicke, E., and Hiilse, W., Adrenaliniversuche bei
Hypertonien. Deutsches Arch. f. klin. Med.,
1924, 145, 360.

6. Hess, O., Neue Iintersuchunigetn fiber die Adrenalini-
empfindlichkeit beim Menscheni. Nerhandl. d.
deutsch. Gesellsch. f. inn. Med., 1924, 36, 262.

7. Szondi, L., Beitrage zur Klinik und Theorie der
Negativeni oder paradoxen Adrenaliniempfindliclh-
keit. Klii. Wchnsclhr., 1925, 4, 1349.

372


