Catecholamine responses to histamine

infusion in man
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To evaluate the effects of histamine-induced hypotension on plasma catecholamine levels, eight
normal men, aged 20 to 40 years, were infused with incremental doses of histamine starting at
0.2 pglkg/min at a 30 degree tilt position with monitoring of blood pressure (BP) and heart
rate. Histamine dosage was increased every 5 minutes by 0.1 to 0.2 ug/kg/min until mean BP
fell >15 mm Hg or a dosage of 1.6 uglkg/min was reached. Plasma catecholamine samples
were taken between the fourth and fifth minute of each histamine dosage. Identical
measurements were made during nitroglycerin-induced hypotension in these subjects. Histamine
produced threefold greater increases in heart rate and plasma norepinephrine (NE) levels than
did nitroglycerin for comparable decreases in BP. Although NE levels increased twofold to
fivefold from baseline with histamine infusion, epinephrine levels increased minimally at the
highest doses or not at all. Our data demonstrate that histamine selectively releases NE from
adrenergic nerve terminals without significant adrenal catecholamine release. We suggest that
neural NE release plays an important role in the cardiac effects of histamine. (J ALLERGY CLIN

IMmuNoL 1991,87:499-504.)

The importance of catecholamines in anaphylactic
shock has been emphasized by the increased severity
and resistance to treatment of anaphylaxis in subjects
receiving B-adrenergic antagonists.'’® The severity
and difficulty in clinical management has been due
primarily to cardiovascular manifestations, including
profound systemic hypotension, bradycardia, and
myocardial depression. Although most reported cases
have been in individuals receiving the ;- and B,-
antagonist, propranolol, other cases have been re-
ported with selective B,-antagonists.>” This finding
suggests that a major factor in such cases may be the
blockade of compensatory cardiac 3,-responses, both
chronotropic and inotropic.

Histamine, a major mediator of human anaphylaxis,
has been demonstrated to have positive inotropic and
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Abbreviations used
NE: Norepinephrine
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BP: Blood pressure
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chronotropic cardiac effects in humans''"* and in iso-
lated human heart tissue.'* '* Although the functional
contributions of histamine-receptor subtypes have
been evaluated in vitro and in vivo, '’ studies to date
have not characterized whether these histamine effects
on the intact human heart may be mediated via reflex
or direct activation of sympathetic nerves with the
release of NE stimulating innervated cardiac §3,-
receptors. It is widely accepted that histamine directly
releases catecholamines from the adrenals based on
early animal studies and inferential observations in
some patients with pheochromocytoma. The cardiac
effects of histamine in the isolated hearts of cats and
rats are, indeed, totally explained by direct release of
NE.'

The present study was undertaken, first, to deter-
mine whether histamine selectively released individ-
ual catecholamines (NE versus epinephrine) as indi-
cators of organ-specific effects, and, second, to de-
termine if the tachycardia produced by histamine was
greater than tachycardia caused by baroreceptor stim-
ulation as a response to the hypotension produced. To
evaluate this second goal, we chose to compare the
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effects of comparable degrees of hypotension induced
by NTG with effects of histamine on heart rate and
plasma catecholamine levels.

METHODS
Subjects

Eight normal men, aged 20 to 40 years, with no previous
history of asthma, anaphylaxis, or cardiac or ulcer disease,
were included in the study protocol that was approved by
the Ethics Committees of St. Paul’s Hospital and the Uni-
versity of British Columbia. Informed consent was obtained
from each subject. Subjects were studied in the moming
and refrained from ingestion of caffeine. No subject was
taking medication of any type.

Study protocol

Histamine phosphate (Allen and Hanburys, Vancouver,
British Columbtia) and NTG (Roussel Canada, Inc., Mon-
treal, Quebec) infusions were done on separate occasions.
Subjects were maintained head uppermost on a 30 degree
tilt table. A No. 18 intravenous catheter was placed into the
left antecubital vein to which was connected a three-way
stopcock with a syringe containing heparinized saline on
one port and the sampling syringe on the other port. Drug
was infused through a No. 20 intravenous catheter placed
in the right antecubital vein. Drug infusions were performed
with a Harvard (Harvard Apparatus, South Natick, Mass.)
infusion pump. An automatic vital signs monitor (Dinamap,
Critikon, Inc., Tampa, Fla.) recorded systolic, diastolic,
mean BPs, and HR at 1-minute intervals. A 30-minute
baseline period before drug infusion was used, ensuring
that mean BP and HR had stabilized for 15 minutes (indi-
vidual values not varying >5% for mean BP and 10% for
HR).

Histamine infusion was commenced at 0.2 ug/kg/min
and increased at S5-minute intervals by 0.1 or 0.2
pg/kg/min. The infusion was stopped when the BP fell by
>15 mm Hg or a dosage of 1.6 ng/kg/min was reached.
NTG infusions were performed in an analogous manner
beginning at 0.2 ug/kg/min with incremental dosc in-
creases every S minutes until a fall in mean BP of >15
mm Hg. All drugs were diluted to the desired concentration
with normal saline.

Blood samples collected in heparinized tubes were ob-
tained during the baseline state and between the fourth and
fifth minute of infusion of each drug dosage. Samples were
stored on ice and centrifuged at 4° C. Plasma was stored at
—75° C until assay.

Measurements of catecholamines

Plasma NE and epinephrine levels were quantitated in
subject batches with electrochemical detection (Metrohm
detector, Brinkmann Instruments, Inc., Rexdale, Ontario)
of individual catecholamines eluted from a Hypersil ODS
5 pm reverse-phase column with high-performance liquid
chromatography.'” '* Detection limit was 13 pg/ml for
epinephrine with basal values being =13 pg/ml in four
of 16 samples. The detection limit was the same for
NE with basal values all being >100 pg/ml. The individ-
ual performing these assays was unaware of the drug
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treatment or physiologic response to the infusion adminis-
tered.

Data processing and statistical analysis

For each drug dosage, the mean value of BP and HR
taken during the last 4 minutes of cach S-minute infusion
period was used for data analysis. Correlation of these in-
dices with plasma catecholamine values (means of duplicate
determinations) was performed with Pearson’s regression
analysis.

RESULTS

All subjects were normotensive with baseline
means BP ranging from 69.6 to 93.0 mm Hg and
resting HRs from 55 to 82 beats/min. All subjects
had normal baseline catecholamine levels tor 30 de-
gree tilt with a range of NE from 233 to 455 pg/mil
and a range of epinephrine from <13 (four of 16
samples) to 52 pg/ml. The intra-assay coefficient of
variation for NE determinants was 2.2% for values
approximating 1000 pg/ml and a 4.5% for values
approximating 100 pg/ml. The coefficient of variation
for epinephrine determinations was 6.4% for values
approximating 100 pg/ml. 19.0% for those approxi-
mating 40 pg/ml, and 38.% for those approximating
20 pg/ml. Interassay coefficients of variation were
comparable to intra-assay coefficients of variation.

Two individual subject responses demonstrating the
responses to histamine and NTG are illustrated in Fig.
1. No subject demonstrated a decrease of >5 mm Hg
with the starting dosage. The doses causing a drop in
mean BP of 5, 10. 15, and 20 mm Hg arc presented
in Table I.

As anticipated, HRs increased as BP fell for both
drugs but, for comparable drops in BP, HRs rose more
with histamine than with NTG (Fig. 1). Changes in
HR were closely correlated with changes in BP for
both NTG and histamine infusion (Table I). For com-
parable changes in BP, plasma NE changes were sig-
nificantly greater for histamine infusion than for NTG
infusion (Fig. 2). The slopes of regression lines
(—35.68 for histamine and - 10.71 for NTG) re-
vealed a threefold greater NE response for histamine
than for NTG (p < 0.05).

Changes in HR versus plasma NE for cach dose of
drug in all subjects are illustrated in Fig. 3. Note that
both HR and NE values were greater with histamine
infusion than with NTG and that these two parameters
were better correlated for histamine than for NTG
(correlation coefficients of 0.627 for histamine versus
0.421 for NTG, Table II). The slopes of the regression
lines (19.51 for histamine and 5.91 for NTG) re-
vealed a threefold greater response with histamine
(p < 0.05).

Plasma epinephrine levels demonstrated minimal
increases with infusion of either histamine or NTG in
all subjects. The differential responses in plasma NE
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FIG. 1. Hemodynamic and catecholamine responses to histamine and NTG infusions for two
subjects. Changes in mean BP (A BP, A—4), HR (A HR, 0—0), plasma NE (A NE, »- -m), and
epinephrine (A E, ——n) are plotted for each histamine and NTG dose.
TABLE 1. Reactivity to infused drug
Histamine NTG
Subject
No. PD; PD,, PD;s PD., PD; PD,, PD;s PD,,
1 0.55 0.59 0.78 — 0.47 0.95 3.38 —
2 0.34 0.58 0.97 >1.6 0.22 0.85 0.91 1.0
3 0.25 0.38 0.71 1.0 1.50 2.35 3.06 328
4 0.36 0.47 0.63 0.86 0.69 0.90 1.22 1.68
5 0.20 0.38 0.53 0.71 0.84 1.0 2.52 —
6 0.43 0.70 >1.6 1.10 2.22 2.61 2.75
7 0.42 0.81 0.93 >1.6 0.55 0.73 0.85 0.96
8 0.76 1.52 >1.6 0.28 1.15 1.84 -—

PD, Provocative dose (micrograms per kilogram per minute) producing a decrease in mean BP of 5 mm Hg (PDs), 10 mm Hg (PDy,), 15

mm Hg (PDys), and 20 mm Hg (PDy).

Values are derived by interpolation from the original drug dose-response curves connecting individual data points.

and epinephrine can be observed for individual sub-
jects in Fig. 1 and Table IIL.

In all subjects, the flushing and hypotension with
histamine was very transient, with BP and HR re-
turning to baseline values within 2 minutes. Plasma
NE levels measured 30 minutes after the infusion of
either histamine or NTG had returned to baseline
values.

DISCUSSION

Previous studies have evaluated the hemodynamic
effects of histamine infusion in man.'"**# QOur pro-
tocol differed from these studies in two aspects. One
difference was the maintenance of subjects at 30 de-
gree tilt that produced more pronounced changes in
BP with histamine infusion because of pooling in the
splanchnic bed and limbs,” increased baroreceptor-



502 Schellenberg et al.

1500

1200 L \\

ANE
2

A BP

FIG. 2. Increases in NE {A NE) in picomoles per milliliter
compared with decreases in mean BP (A BP) in millimeters
of mercury for all doses of histamine (n = 65) and NTG
(n = 52) in the eight subjects; 35% confidence intervals
(dashed lines) for each regression line (solid lines) are
illustrated.

mediated changes, and provided additional safety. An-
other difference was the use of multiple incremental
doses of drug that provided dose responses for BP,
HR, and plasma NE. These differences were repro-
ducible when they were evaluated on multiple occa-
sions in two subjects, suggesting the technique would
be more reliable than previous methods for assessment
of pharmacologic intervention. Because of the short
duration of action of histamine with return of BP and
HR to baseline values within 10 minutes and plasma
NE within 30 minutes (not evaluated at earlier times)
of stopping infusion, it should also be possible to
assess the effects of certain pharmacologic agents by
repeating the histamine infusion during the same study
session.

Analysis of the increases in NE versus epinephrine
during histamine infusion suggests that the adrenal
gland is not the source of NE for the doses of histamine
used. Small increases in epinephrine were observed
in some subjects at the highest doses, suggesting the
effect of histamine on adrenal catecholamine release
requires much higher concentrations than concentra-
tions for NE release from adrenergic nerves. The rel-
ative increase in NE versus epinephrine was much
greater than was found for exercise.'® One other study
has suggested histamine selectively increases NE,»
although the changes in NE levels were much less
(<100 pg/ml) than we found, compatible with less
histamine infused and lesser increase in HR. These
results differ from results found by other investigators
in various animal species'® in which there is good
evidence for histamine release of catecholamines from
adrenal glands. Two major differences between our
study and these studies are readily apparent. Humans
are remarkably more sensitive to the cardiovascular
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FIG. 3. Increases in NE (A NE) in picograms per milliliter
compared with increases in HR (A HR) in beats per minute
for all doses of histamine (n = 65) and NTG (n = 52} in
the eight subjects; 95% confidence intervals (dashed
lines) for each regression line (solid lines) are illustrated.

effects of histamine than many animal species. With
a comparable protocol in small pigs, we have recently
found that doses 200 times doses used in humans
were required for comparable hemodynamic changes
(Tsang J, Ohgami M, Schellenberg RR. Unpublished
observation.). In a number of subjects we did get
increases in plasma epinephrine, although increases
were minimal, at the highest histamine doses. These
subjects had comparable increases with NTG. sug-
gesting the changes may be secondary to the hypo-
tension. A second factor that may account for some
of the differences noted is that most of the earlier
animal experimentation was done before the devel-
opment of highly sensitive and specific assays for
plasma catecholamines.

Our findings suggest histamine releases NE by ac-
tivating cardiac sympathetic nerves. That this may be
partially through a direct action is suggested by our
data demonstrating only one third the changes in heart
rate and NE levels when NTG was used to produce
comparable changes in BP. Since NE in the circulation
has minimal activity relative to its actions when it is
released in tissues, release from noncardiac sites
(which is suggested by the differences in A NE/A
HR correlations for histamine and NTG) could not
have produced the changes in HR. Studies with B-
adrenergic blocking agents are required to address this
question directly. It will be of interest to determine if
{3-antagonists inhibit the changes in both chronotropic
and inotropic function caused by histamine infusion
in man.''"** Although our study used no measurement
of inotropy, all subjects reported the sensation that
their hearts were beating more forcefully with hista-
mine infusion. This sensation was not noted for NTG
infusion.
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TABLE Il. Matrix of Pearson’s correlation coefficients

Histamine NTG
{n = 65) {n = 52)
BP HR BP HR
HR —-0.654 —-0.622
NE —-0.602 0.627 -0.718 0.421
BP, Mean (millimeters of mercury); HR, beats per minute; NE, picograms per milliliter of plasma.
TABLE lil. Plasma catecholamine responses to infused drug
Histamine NTG
Subject
No. A BP,. A NE,.. A Ep A BP,.. A NE,.,. AE..
1 18.2 1196 0 19.0 514 0
2 14.6 1033 20 38.5 547 0
3 19.5 1383 29 32.6 513 0
4 20.0 300 0 33.8 129 0
5 22.4 696 0 18.1 254 0
6 12.4 452 55 23.2 128 28
7 16.9 646 102 34.9 353 62
8 12.5 771 117 15.9 313 108

E, Epinephrine, picograms per milliliter; BP, mean (millimeters of mercury); NE, picograms per milliliter of plasma.
All values are expressed as the maximal difference (A.,,) from the baseline preinfusion period.

Recently, increasing evidence has demonstrated that
the severity of anaphylaxis is increased in individuals
taking B-adrenergic antagonists.''° This may be due
to a number of different mechanisms or more likely
a combination of more than one mechanism. B-
Adrenergic blockade may enhance release of me-
diators, including histamine from mast cells and
basophils. Although B-adrenergic antagonists inhibit
the effect of B-adrenergic agonists on mediator re-
lease,>? it is questionable whether B-antagonists ac-
tually enhance antigen-induced mediator release. If
this were the primary mechanism, it would be ex-
pected not only to increase severity of anaphylaxis but
to increase incidence of anaphylaxis in subjects re-
ceiving B-blockers. Although this may be the case,
confirmatory data demonstrating an increased inci-
dence is lacking.

Even if B-blockers do not accentuate histamine re-
lease in vivo, they would prevent therapeutic B-
adrenergic agonists from inhibiting histamine release,
a property well documented in numerous in vitro hu-
man preparations.??® If histamine release is ongoing,

this mechanism would decrease the therapeutic effect
of epinephrine in individuals receiving B-blockers.

The increased severity of anaphylaxis in individuals
receiving B-blockers suggests blockade of compen-
satory physiologic responses to systemic hypoten-
sion. It is obvious that one such factor inhibited by pB-
blockade would be the baroreceptor-mediated cardiac
response. Our study suggests that in addition to this
response to hypotension (demonstrated by the increase
in HR and NE levels after NTG), histamine exerts
cardiac effects via direct adrenergic nerve stimulation.
Therefore, B-adrenergic blockade would inhibit the
positive chronotropic and inotropic effects of hista-
mine, leading to accentuated systemic hypotension
and decreased perfusion.

In summary, our study suggests that histamine-
induced tachycardia is mediated at least partially by
direct activation of cardiac adrenergic nerves with the
release of NE. These results suggest that blocking
cardiac (;-receptors would significantly inhibit the
cardiac responses to histamine, which are compen-
satory for the systemic hypotension produced. Thus,
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we would predict increased severity and worsened
outcome of individuals receiving pB-adrenergic block-
ing agents undergoing anaphylaxis, consistent with
clinical observations.

We thank Rebecca Porter for assisting with subject in-

strumentation, Ruth Graham for performing the plasma cat-
echolamine assays, Joan Dixon for typing the manuscript,
and Joe Comeau and Barry Wiggs for statistical analysis
and graphics.
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