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Bruce, Christine, Weatherstone, R., Seaton, A., and Taylor, W. H. (1976). Thorax, 31,
724-729. Histamine levels in plasma, blood, and urine in severe asthma, and the effect
of corticosteroid treatment Plasma, whole blood, and urinary histamine levels have been
determined in 64 normal subjects, in 10 patients with severe asthma, and in 10 control
patients with other illnesses. The mean whole blood levels did not differ between the
three groups. The mean plasma level in the asthmatics was significantly greater than
that of the normal subjects but not of the control patients. The urinary histamine
output was lower in the control patients than in the normal subjects but in the asthmatics
did not differ from that of the normals. Corticosteroid therapy caused a marked fall,
often to barely detectable levels, of the whole blood histamine concentration of the
asthmatic patients and restored the plasma levels to normal but did not affect urinary
histamine levels.

The role played by histamine in the production
of asthmatic symptoms remains controversial.
While histamine infusions or inhalations may pro-
voke symptoms more easily in asthmatics than
in normal subjects (Herxheimer, 1951) and hista-
mine is liberated on challenge of asthmatic lung
in vivo (Schild et al., 1951), histamine levels in
blood have only rarely been found to be much
raised in asthmatics (Rose, Rusted, and Fownes,
1950; Duner and Pernow, 1960; Porter and
Mitchell, 1970). In general, blood histamine re-
lates closely to the blood basophil count (Code
and Mitchell, 1957). Urine histamine excretion
relates in normal subjects to blood histamine
levels but seems to become reduced paradoxically
in an acute asthmatic attack (Duner and Pernow,
1958a and b). Corticosteroids in normal man and
in animals reduce the blood and lung histamine
levels, and this relates to their effect on the blood
basophil count also (Code and Mitchell, 1957;
Noah and Brand, 1957; Aviado and Carrillo,
1970). The proportions of histamine to its prin-
cipal metabolites, 1-methyl histamine and 1-
methyl-imidazole-4-acetic acid, do not seem to
vary greatly between normals and asthmatics
(Mitchell, Thom, and Richardson, 1974).

Since most of the blood histamine is found in
cells, whereas much of the substance liberated
during an asthmatic attack is presumably extra-
cellular, it is desirable to measure plasma levels
of histamine in asthmatic subjects and to relate
these to blood and urine levels. Previous attempts,
using sensitive bioassay techniques (Porter and
Mitchell, 1970), have failed to demonstrate hista-
mine in the plasma of asthmatics. We have
chosen to study patients with severe exacerbations
of asthma before and during treatment with cor-
ticosteroids, comparing the results with those
from normal subjects and from a control group
of subjects with other non-allergic respiratory
disorders requiring hospitalization. We have used
a newly developed and sensitive enzymatic isotopic
technique for the estimation of histamine.

SUBJECTS AND METHODS

SUBJECTS The normal subjects were mainly mem-
bers of the laboratory staff at Liverpool. Thirty-
four were male and 30 were female. Their ages
ranged from 20 to 65 years.
The study protocol was approved by the area

ethical committee, and 20 patients gave informed
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consent to taking part. Ten were severe asthmatics
admitted to hospital for urgent treatment. All
were selected on the basis of the following
criteria:

(a) pulse rate of 110 per minute or greater;
(b) Pao2 of 9 3 kPa (70 mmHg) or less;
(c) peak expiratory flow rate of less than 25%

that predicted for a normal subject of the
same height and weight;

(d) previous or subsequent demonstration of
widely variable airways obstruction.

Their mean age was 49 (range 21-81) years. Six
had positive immediate cutaneous reactions to two
or more common allergens. Eight were female.
The 10 control patients were admitted to

hospital over the same period for investigation and
treatment of tuberculosis (4 patients), bronchial
carcinoma (2), emphysema (1), bronchial stenosis
(1), bronchiectasis (1), and pancreatic carcinoma
(1). Their mean age was 52 (range 26-69) years;
eight were female and all were inpatients for, at
least 14 days. None was receiving corticosteroids
and none had a history or ventilatory response to
bronchodilators suggestive of asthma.

EXPERIMENTAL PROCEDURE Twenty millilitres of
venous blood was taken on admission into lithium
heparin bottles precooled to 40C. Ten millilitres
was frozen immediately and 10 ml was spun down
at 1800 g for 10 minutes, the plasma being re-
moved and frozen. Care was taken not to disturb
the buffy coat on removal of the plasma. A 24-
hour urine sample was collected and measured,
and a 10 ml aliquot was frozen. Blood, plasma,
and urine samples were stored at -200. Immedi-
ately after the venepuncture, treatment of the
asthmatics was begun with intra-venous hydrocor-
tisone, 1 g every six hours, aminophylline, and
nebulized salbutamol. The hydrocortisone dose
was reduced over three to four days and predni-
sone was substituted, and by the 14th day this
had usually been reduced to between 15 and 2-5
mg daily, according to the patient's response.
Venous blood and urine samples were obtained
similarly on day 3 and day 14 in both patients and
controls.

DETERMINATION OF HISTAMINE Histamine was
determined by a modification of the method of
Miller et al. (1970) which was, in turn, based
upon that of Snyder, Baldessarini, and Axelrod
(1966), in which histamine is converted to 1-
methyl histamine, in the presence of the enzyme,
imidazole-N-methyl transferase, with S-adenosyl-
methioiiine as the methyl donor. Further modifi-

cations made by Beaven, Jacobsen, and Horikovi
(1971) eliminate the need for the extraction step
of Miller et al. and the use of labelled histamine
as an internal standard by Snyder et al. We have
increased the sensitivity of the method by using
S-adenosylmethionine (3H3-methyl) of high speci-
fic activity (500 mCi/mmol, Radiochemical
Centre, Amersham), by adding human y-globulin
(Sigma Co, London) to our aqueous standards in
order to achieve an approximate quantitative
identity with plasma samples, and by using fresh
pig brain instead of guinea-pig brain as the
enzyme source. Approximately 800 g of brain
from six pigs was homogenized in two volumes of
aqueous 0'25 M sucrose at 40C. The extraction of
the enzyme was then carried out according to the
method of Lorenz et al. (1972). Glassware was
soaked in Decon 90 (May and Baker, Dagenham,
England) before use and washed four times with
glass-distilled water.
For plasma, using glass-stoppered test-tubes, a

mixture of 300 p,l 0-1 M phosphate buffer at pH
7-4 (0-1 M Na2HPO4 and 0-1 M KH2PO4) and 100
pl of the plasma was boiled for two minutes to
destroy any endogenous S-adenosylmethionine.
Standards containing 1-12, 2-25, 4 5, and 9 0 pmol
histamine in 300 IlI of buffer and 100 pl of y-glo-
bulin solution (50 mg ml-" in phosphate buffer)
were set up and treated similarly. After cooling,
50 pI of the enzyme solution (1 mg protein ml[1
in the phosphate buffer) and 1 ,lI of S-adenosyl-
methionine (12 nmol) were added to each tube,
which was then incubated at 370C for 30 minutes.
The reaction was stopped by the addition of 200 ,ul
0 4 M perchloric acid containing 1-methylhistamine
(51 ,umol ml-'). The unlabelled 1-methylhistamine
displaces any labelled compound that is adhering
to glass. Two hundred microlitres 10 M aqueous
NaOH and 5 ml of chloroform were added to
each tube and mixed for 1 minute on a Rota-
mixer (Hook and Tucker, Ltd, London). The
tubes were then centrifuged at 2000 g for 10
minutes and the aqueous layer was discarded. The
chloroform layer was washed with 1 ml 3-3 M
aqueous NaOH and the aqueous layer was again
discarded after mixing and centrifugation. Three
millilitres of the chloroform extract were then
transferred to a scintillation vial and evaporated
to dryness; 10 ml of scintillation fluid (100 g
naphthalene; 1, 4 Di-2(5 phenyl oxazolyl) benzene
(POPOP) 300 mg; 2, 5, Diphenyloxaxole (PPO)
7 g; dissolved in 1 1. of 1, 4 Dioxan) were then
added and the activity was counted.
For whole blood, the standards were 18, 45, 90,

and 180 pmol. Because of the higher histamine
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levels in blood as compared with plasma it was
not necessary to add either 'y-globulin or 1-methyl
histamine in the assay. For urine, the sample
volume was 20 pl, and the standards corresponded
to those for the plasma assay. Again, no 'y-glo-
bulin nor 1-methyl histamine was needed.

SENSITIVITY AND PRECISION OF THE HISTAMINE

ASSAY The lowest limit of detection in plasma
was 018 pmol (002 ng), which gave a plasma
level of 18 nmol 1-I. The sensitivity of the urine
histamine assay was of the same order. For whole
blood histamine, the lowest limit of detection was
1 8 pmol of histamine (0 2 ng), which gave a whole
blood histamine level of 18 nmol l-1.
Recovery experiments were carried out by add-

ing varying amounts of histamine standard to each
biological fluid at the beginning of the assay pro-
cedure. The amounts added were of the same
order as the histamine present in the sample. The
mean percentage recoveries were as follows:
plasma 89-4%, whole blood 116%, and urine
84 5%. The coefficients of variation were plasma
25 9% whole blood 9 9%, and urine 9 1%. In
order to obtain a further measure of the precision
of the plasma assay, eight samples were estimated
on two different occasions (of widely differing
values). The precision was calculated using the

formula of Snedecor (1952) and gave a value of
+426 nmol 1-1.

SUBSTRATE SPECIFICITY Histidine and 5-hydroxy-
tryptamine may both be present in human blood.
It was found experimentally, however, that
neither had any effect upon the assay when added
in final concentrations of 400 ,M for histidine
and up to 1 27 tM for 5-hydroxytryptamine.

RESULTS

The normal values in healthy adults for our tech-
niques are given in Table I. The results in our
patients are given in Table II.
The only significant differences between con-

trols and asthmatics were for blood histamine on

day 3, which was lower in the asthmatics
(P<0 001) and for plasma histamine on day 14,
which was also lower in the asthmatic group

(P<0-05). In the control group, there were no
statistically significant differences in plasma, blood
or urinary histamine between the three days on

which samples were collected. The blood hista-
mine in asthmatics on day 3 was significantly
lower than that on day 1 (P<001) and on day 14
(P<0001). The urinary histamine concentration
did not differ significantly between asthmatics and
control patients, though there was a tendency for

TABLE I
PLASMA, WHOLE BLOOD, AND URINARY HISTAMINE LEVELS OF NORMAL HEALTHY ADULTS

Histamine Concentration
No. of Age Range
Subjects Mean i SD Range

Plasma 29 20-65 4-01 ± 3-4 nmol/l 0-10-8
Blood 32 20-60 647-2 ± 341 6 nmol/l 306-989
Urine 16 20-35 213-5 ± 178-9 nmol/24 hr 34-6-482

TABLE II
PLASMA, WHOLE BLOOD, AND URINARY HISTAMINE LEVELS OF 10 PATIENTS WITH SEVERE

ASTHMA ADMITTED URGENTLY, AND OF 10 CONTROL PATIENTS1

Plasma Whole Blood Urine
(nmol I1) (nmol -1) (nmol/24 hr)

Day

Control Asthmatic Control Asthmatic Control Asthmatic
Patients Patients _ _ Patients Patients p Patients Patients _

I Mean 6-1i 9 0 0 4>P>0 3 607-7 641-0 0-9>P>0-8 36-9 81*8 0 3>P>0-2
SD 3-8 8-9 n=20 338-0 721-9 n = 18 39-6 101*6 n= 18

3 Mean 7 0 4-3 0 3>P>0 2 543 9 21*6 P<0001* 50 3 96-2 0*1 >P>0 05
SD6M-631 7 n= 19261> 6 83 5 n0=P20 3660 731*7 n --P2014 Mean 1064 531 0 05>P>0-02* 648-2 33859 0-1 >P>0 05 6209 100-7 0 3>P>0 2
SD 6-4 4-4 n= 19 489-1 250-8 n= 18 69-2 57-5 n =18

'The effect of treatment at days 3 and 14 is also shown, together with the statistical probability that the two groups are from different populations.
The statistically significant differences are marked with an asterisk.
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TABLE III
PROBABILITY VALUES FOR COMPARISON OF HISTAMINE VALUES IN NORMAL SUBJECTS WITH

THOSE IN (A) CONTROL PATIENTS AND (B) ASTHMATIC PATIENTS

Plasma Whole Blood Urine

Day Controls Asthmatics Controls Asthmatics Controls Asthmatics

1 01>P>005 002>P>001* 08>P>07 P>09 0-01>P>0-001* 0.1 >P>005
3 0O1 >P>0*05 0'5>P>0'4 0 4>P>0'3 p<0'OOP 001>P>0-001* 0'1 >P>005

14 0-01>P>0.001* 03>P>0-2 P>0*9 0.02>P>0.01* i002>P>001* 01 >P>0'05

Statistically significant differences are indicated by an asterisk, using Student's t test for comparison of means.

the values to be higher in asthmatics, especially
on day 3 (0 05<P<0 1), and both groups showed
results usually at the lower end of our range for
healthy adults. Three asthmatics, however, each
showed on a single occasion extremely high
urinary levels of histamine unrelated to clinical
condition or treatment. These high values have
been excluded from the statistical analysis.
A comparison of the asthmatic and control

groups with the normal subjects shows that the
plasma histamine levels of the asthmatics on
day 1 were significantly raised, in contrast to the
whole blood levels, which are remarkably similar
between the three groups. Treatment of asthmatic
patients not only reduced the whole blood levels
very greatly but restored the plasma levels to
within the normal range. The urinary output of
the control group of patients was significantly
lower than that of normal subjects on all three
days of the study; the plasma mean histamine
level of this group rose during the 14 days' study
and was, on day 14, significantly higher than
that of both the normal subjects and the
asthmatics (Table III).

Five of the asthmatic patients had received
small doses of corticosteroids before admission to
hospital. There was no difference between the
histamine results in these and those who had not
been on these drugs. Moreover, no difference was
found in histamine levels between atopic and non-
atopic patients.
Among individual patients, three asthmatics

and one control subject showed initial plasma
levels greater than two standard deviations above
the normal mean. Two asthmatics and one control
showed a similar increase in the initial whole
blood histamine level.

DISCUSSION

Our results show that the plasma histamine levels
of acute asthmatics are raised when compared
with those of normal subjects. By contrast, whole
blood levels are unchanged and urinary levels

are slightly, but not significantly, reduced. Suc-
cessful treatment with corticosteroids is associated
with a sharp fall in whole blood histamine and a
fall to normal of plasma histamine. In assessing
the significance of the initial rise in plasma hista-
mine, we have considered the possibility that
errors of technique may have occurred due to
separation of plasma in two different laboratories.
However, from re-examination of our separative
procedures, we do not feel that the buffy coat
contaminated the samples taken from patients,
and this is borne out by the lower plasma levels
among the controls on day 1 and the asthmatic
patients on days 3 and 14.

Previous workers using sensitive bioassay tech-
niques have failed to demonstrate histamine in
plasma (Porter and Mitchell, 1970). Our results
are consistent with these and those of Adam,
Hardwick, and Spencer (1957) as the levels we
detected were in general below the lower limits
detectable by their techniques. Likewise, our
results for whole blood in the asthmatics on day 1
and in the controls on all three days agreed well
with those of Porter and Mitchell (1970) and of
Duner and Pernow (1958c), who used a chemical
assay.
We chose to include a control group of non-

asthmatic patients with serious respiratory disease
in order to differentiate between changes in hista-
mine related to asthma and those possibly related
to a non-specific effect of illness. This has made
the interpretation of certain of our results more
difficult. Thus the plasma levels of the control
group on day 1 occupied a position between those
of the normal subjects and the asthmatics. There-
after their mean plasma level rose until it was
significantly higher than that of the normal sub-
jects and, on day 14, of the same order as that of
the acutely ill asthmatics. We have no satisfactory
explanation of this, which may represent a non-
specific response to illness or wasting diseases or
possibly to a change-over to hospital diet. Further
investigation of this would be worth while. The
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fact that similarly high plasma histamine levels
are found in the controls on day 14 and in the
asthmatics on day 1 makes for caution in attribut-
ing a pathogenic role to histamine in these
severely ill asthmatics.
Duner and Pernow (1958a and b) have shown

that a fall in urine histamine occurs with the onset
of an acute asthmatic attack. The levels of hista-
mine that we found in our asthmatic patients
were lower (but not significantly lower) than those
of our normals and of the patients of other in-
vestigators (Duner and Pernow 1958a; Mitchell
et al., 1974). Moreover, our control patients also
had significantly low urinary histamine levels,
though these rose pari passu with their rising
plasma levels. Again it may be that the low levels
in asthmatics represent a nonspecific effect of ill-
ness on histamine metabolism, although it should
be noted that the urine collected on day 1 would
have represented in part any effect that may have
occurred as a result of the institution of treat-
ment. It seems unlikely, however, from the low
urinary levels on days 1 and 3 in the asthmatics
that the histamine disappearing from the blood
finds its way unchanged into the urine. While it
may be that its metabolism is altered by steroid
therapy, it is more likely that there is suppression
of the circulation of basophil cells. Previous
workers have suggested that the proportions of
histamine to its metabolites in children are not
altered in acute attacks of asthma or by mainten-
ance steroid therapy (Mitchell et al., 1974).
The difficulties of interpreting the urinary hista-

mine results are increased by the unexpected find-
ing of very high levels on one occasion in three
asthmatics. This may have represented an effect
of steroid therapy, occurring as it did on day 1 in
two subjects and on day 3 in one. It did not relate
to any differences either in those patients' clinical
condition or in their levels of blood histamine. A
similar finding in one patient was recorded by
Mitchell et al. (1954). We have never found such
high levels in our normals nor in our control
patients.
Whole blood histamine levels had partially re-

covered in the asthmatics by day 14 in spite of
oral prednisone therapy in all patients. Previous
workers have shown normal levels in children on
long-term steroids (Porter and Mitchell, 1970)
though a fall, related to blood basophil count
after three days on hydrocortisone in adults (Code
and Mitchell, 1957) and initial falls after adreno-
corticotrophin (deGara, 1951) or oral prednisone
(Noah and Brand, 1957), have been recorded.

Our results therefore indicate that histamine
metabolism in severe asthma differs little from
that in subjects suffering from other respiratory
illnesses. They point to three problems for further
study: (1) the possibility of nonspecific changes
in histamine metabolism due to illness; (2) the
metabolic fate of blood histamine after cortico-
steroid therapy; and (3) the interrelationships of
histamine in arterial and venous blood and in
sputum at the time of an acute attack of asthma,
in order to investigate the role of lung tissue in
the removal and metabolism of histamine in vivo.
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