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Influence of terbutaline on natural killer cell activity
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Studies on the effect of cAMP-inducing agents on NK activity have been contradictory.
The aim of this study was to investigate the acute effects of beta-agonists on NK activity
in vivo in 15 asthmatics and 3 healthy volunteers. Blood samples of NK activity were
taken at regular intervals after placebo and after subcutaneous injection of 7 pg/kg of
terbutaline. NK activity was measured by the standard 4-h Chromium?!' release assay
against the leukemic line K 562 at a 50:1 effector/target cell ratio. Compared with
placebo, terbutaline induced within 30-60 min a significant increase in NK activity
which lasted less than 2 h. Further studies are necessary to investigate the effect of long-
term beta-agonist treatment on NK activity.
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The results of previous studies on the effect of
cAMP-inducing drugs on natural killer (NK)
activity have been contradictory. Katz et al. (6)
showed that agents which cause a rise in intra-
cellular and extracellular cAMP, for instance
isoproteronol, significantly suppressed human
NK activity in vitro. On the other hand, the
stimulation of NK cells by a short exposure to
cAMP-elevating drugs has also been reported
(9, 10). In view of these findings we decided to
study the acute in vivo effect of terbutaline used
in the treatment of asthma on NK cell activity.

PATIENTS AND METHODS

Thirteen men and 2 women, non-smoking, with
mild or moderate asthma participated in the
study. The mean age was 31 years, range 17-52
years. All patients met the criteria of asthma (1)
and showed a variation in the peak expiratory
flow of 20 % or more spontaneously or a fall in
PEF of 20 % or more on routine challenge with
histamine, antigen, or exercise. Their mean
basal FEV, was 4.256 1 BTPS with an SD of =
0.87, this being 91.78 % 11.9% of the predicted

values. Twelve patients showed one or more
positive reactions when skin prick-tested with a
routine panel of allergens. Four patients needed
some daily medication for their asthma. All
patients suffered from seasonal or perennial rhi-
nitis and 8 from atopic eczema.

Two healthy men aged 46 and 36 and one
healthy woman aged 25 participated in experi-
ment 5.

Experiments 1-5 were single blind, in that
the physicians (B.S-A., E.V., K.K.) knew
which drug was tested, but the patients and the
laboratory personnel did not. Informed consent
was given by each patient. The experiments
were approved by the hospital Ethics Commit-
tee and conformed to the Helsinki Declaration
of 1975.

Theophylline was discontinued 24 h and
beta-agonists 12 h prior to collection of first
blood sample, and were not allowed throughout
the study period. Topical steroids, antihista-
mines, and DSCG were stopped 72 h prior to

. the test. None of the patients used any other

medication. The trial was conducted in 5 ses-
sions. Each session included a control day and a
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testing day. The patients arrived for clinical
assessment on the evening before the control
day and stayed in the hospital during the
experiment. The healthy volunteers in experi-
ment 5 were tested in the laboratory. Samples
for baseline NK activity were taken at the
same time of day as the samples on the treat-
ment day. On the treatment day the test drug
was given immediately after the first blood
sample had been taken. The timing of the
blood samples is shown in Fig. 1. The test
drug was terbutaline sulphate 7 pg/kg given
subcutaneously. During the control day phys-
iological saline was given subcutaneously as
placebo.

In the asthmatics peak expiratory flow was
measured with a Wright peak flow meter at the
time of each blood sampling. Three measure-
ments were used each time and the highest
value recorded.

Purification of mononuclear cells, cytotoxic
assay, and morphological analysis of mono-
nuclear cells were performed as previously
described (12). Briefly, peripheral blood mono-
nuclear cells were isolated from heparinized
blood samples by Ficoll-Isopaque density gra-
dient centrifugation and subsequent filtration
through nylon wool columns. Natural killer
activity was measured by the standard 4-h
Chromium?!-release assay against the leukemic
cell line K562 at 50:1 effector/target cell ratio.

The statistical two-tail analysis was per-
formed using a paired t-test (12).

RESULTS

Terbutaline caused an increase in NK cell
activity (Fig. 1), which started within 30 min
and lasted for less than 2 h. This increase was
statistically significant in all experiments except

No. 3. PEF-rates were stable in all patients

Fig. 1. Individual diagrams showing the effect of 7 ng/kg
terbutaline and placebo on NK cell activity. The P-value
shows the statistical significance of the terbutaline-induced
increase in NK activity compared with the control day
values at the corresponding times. The referral number of
experiment is shown in the upper left corner.
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throughout the experiments, with the exception
of 4 patients who showed a bronchodilation
between 15 and 20 % compared with pretreat-
ment values after the injection of terbutaline.
The changes in NK activity did not show sig-
nificant correlations with the changes in peak
flow rates in the patients.

DISCUSSION

The results of this study show that a single dose
of the beta-agonist terbutaline transiently stim-
ulates peripheral blood NK activity in vivo.

Terbutaline has been shown to cause an
increase in plasma cyclic AMP of more than
100 % within 30 min of subcutaneous injection
and after inhalation, both in asthmatics (2) and
in nonasthmatic volunteers (3). The similar
kinetics of the rise in plasma cyclic AMP and
the boost in natural cytotoxicity suggest that the
immunological consequences of terbutaline
injection detected in this work are due to the
clevated levels of cyclic AMP. Our results
therefore support the findings of Rola-Ples-
zczynski and co-workers, who have shown that
a short exposure to theophylline and vasoactive
intestinal peptide (VIP) stimulates NK cells (9,
10), whereas longer exposure times may be
inhibitory to NK activity. In addition to the
exposure time, the inhibition of cytotoxicity
may also be dependent on the dosage of the
modulating drugs. It has been shown, for
example, that the NK-inhibitory concentrations
of VIP are somewhat higher than the stimula-
tory ones (10).

We have previously reported that specific
bronchial challenge with pollen antigens is associ-
ated with an augmentation of NK activity, which
coincides with bronchoconstriction (15). Since
the kinetics of the NK cell stimulation after the
specific broncial challenge and after terbutaline
injection are similar, it is possible that the stim-
ulation of NK activity during antigen exposure is
at least partially due to endogenous adrenaline.
However, other factors, particularly leukotriene
B, may also be involved in the augmentation of
cytotoxicity after specific challenge.

In our investigation, the spontaneous varia-
tion in the degree of bronchial obstruction was

negligible. Only 4 of our patients showed sig-
nificant bronchodilation after the injection of
terbutaline. These patients’ NK activity did not
differ significantly from that of the other
patients.

In a previous study (13) we found increased
NK activity in untreated asthmatics. Since
results from different assays cannot be directly
compared, and since reference samples from
control donors were not included in the present
study, the baseline NK activity of our patients
cannot be classified as being increased or nor-
mal. Also our results do not answer the ques-
tion whether patients with high basal NK
activity react differently to terbutaline than
those with low basal activity.

Beta-agonists are important drugs in the
maintenance treatment of bronchial asthma. It
has been shown that the basal cAMP concentra-
tion in lymphocytes from asthmatics and also
the response to the cAMP-inducing action of
isoproteronol are lower in asthmatics than in
normals (4, 8). This
marked at the time of severe asthma and

alteration was most
returned to normal during clinical remission
(8). The response to beta-agonists also de-
creased with continuous medication (7). On the
basis of the available in vitro data (5, 6, 9, 10,
14) it can be expected that the stimulatory effect
of cAMP-inducing drugs on NK activity be-
comes less pronounced during regular daily
treatment. Further studies need to be done to
shed light on the clinical significance of the
possible fluctuation of NK cell activity during
long-term treatment of asthma.

ACKNOWLEDGEMENT

We thank Ms. Pirkko Kalliomiki for excellent technical

assistance.

REFERENCES

1. American College of Chest Physicians, American Thor-
acic Society: Pulmonary terms and symbols. A report of
the ACCP-ATS Joint Committee on Pulmonary
Nomenclature. Chest 1975, 67, 583-593.

2. Bruynzeel, P. L. B., Hamelink, M. L., Kreukniet, J. &
van den Berg, W.: Changes of cyclic-3,5-adenosine
monophosphate (= cAMP) and cyclic-3,5-guanosine



172

B. STENIUS-AARNIALA ET AL.

monophosphate (= ¢-GMP) levels in normals and asth-
matics with different routes of administration of ter-
butaline. IRCS Med. Sci. 1980, 8, 743.

. Endres, P., Klock, C. & Giinther, R.: Sources of
human plasma cyclic AMP. Examinations before and
after betay,-adrenergic stimulation. J. Int. Med. Res.
1981, 9, 521-525.

. Gillespie, E., Valentine, M. D. & Lichtenstein, L. M.:
Cyclic AMP metabolism in asthma: Studies with leuko-
cytes and lymphocytes. J. Allergy Clin. Immunol. 1974,
53, 27-33.

. Goto, T., Herberman, R. B., Maluish, A. & Strong,
D. M.: Cyclic AMP as a mediator of prostaglandin
E-induced suppression of human natural killer cell
activity. J. Immunol. 1983, 130, 1350-1355.

. Katz, P., Zaytoun, A. & Fauci, A. S.: Mechanisms of
human cell-mediated cytotoxicity. I. Modulation of nat-
ural killer cell activity by cyclic nucleotides. J. Immu-
nol. 1982, 129, 287-296.

. Morris, H. G., Sherman, N. A., Silvers, W. S., Mills,
D. & Shepperdson, F. T.: Timed effects of an oral
adrenergic bronchodilator on pulmonary function and
measurements of plasma and leukocyte cyclic AMP:
divergence in duration of drug action and development
of tolerance. J. Allergy Clin. Immunol. 1983, 71, 266-
276.

. Parker, C. W. & Smith, J. W.: Alterations in cyclic
adenosine monophosphate metabolism in human bron-
chial asthma. I. Leukocyte responsiveness to beta-adre-
nergic agents. J. Clin. Invest. 1973, 52, 48-59.

11.
12.

14.

15.

. Rola-Pleszczynski, M. & Lieu, H.: Concomitant induc-

tion of cytotoxic and suppressor cells: modulation by
theophylline. Cell. Immunol. 1981, 65, 13-19.

. Rola-Pleszczynski, M., Bolduc, D. & St-Pierre, S.: The

effect of vasoactive intestinal peptide on human natural
killer cell function. J. Immunol. 1985, 735, 2569-2573.
Statgraphics No. 2.1.

Timonen, T., Reynolds, C. W., Ortaldo, J. R. &
Herberman, R. B.: Isolation of human and rat natural
killer cells. J. Immunol. Methods 1982, 57, 269-277.

. Timonen, T. & Stenius-Aarniala, B.: Natural killer cell

activity in asthma. Clin. Exp. Immunol. 1985, 59, 85-
90.

Ullberg, M. Jondal, M., Lanefelt, F. & Fredholm, B.
B.: Inhibition of human NK cell cytotoxity by induction
of cyclic AMP depends on impaired target cell recogni-
tion. Scand. J. Immunol. 1983, 17, 365-373.
Vesterinen, E. & Timonen, T.: Natural killer cell
activity in specific and non-specific bronchial challenge.
Ann. Allergy 1985, 55, 356. Abstract No. 520, XII
International Congress of Allergology and Clinical
Immunology.

Address:

Associate Prof. Brita Stenius-Aarniala
Dept. of Pulmonary Medicine
University Central Hospital
00290 Helsinki, Finland



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



