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Abstract-Adrenaline, noradrenaline, isoprenaline, and to a lesser extent dopamine inhibit the release 
of leukotriene (LT) B4 from calcium ionophore-stimulated human polymorphonuclear leukocytes, while 
the release of prostaglandin (PG) Ez is proportionally elevated. The inactivity of salbutamol, a non- 
catechol adrenergic &-receptor agonist, and the inability of propranolol to antagonize the effects of 
adrenaline, suggest the mediation through Preceptor independent mechanisms. Neither are cu-l- 
receptors involved, as prazosin, a specific antagonist, fails to inhibit the reaction. As the principles for 
biochemical regulation of LT- and PG-production are met by catecholamines in several tissues, the 
mechanism is considered to be of general physiological importance. Catecholamines may function as 
coenzymes/antioxidants which, by altering the redox state of the enzyme iron or heme, decrease the LT/ 
PG ratio thus protecting the organism against tissue anaphylaxis and other LT-related pathophysioiogy. 

Adrenaline, noradrenaline and dopamine stimulate 
biosynthesis of prostaglandins (PGs) acting as poss- 
ible “natural coenzymes” [l]. Caffeic acid, struc- 
turally related to catecholamines, is as active as 
adrenaline [2], and several other phenolic com- 
pounds have the same effect [3,4]. On the other 
hand, some compounds with catechol structure are 
known as potent inhibitors of leukotriene (LT) for- 
mation. These include 6,7-dihydroxycoumarin [S], 
some bioflavonoids [6], nordihydroguaiaretic acid 
[7,8], derivatives of caffeic acid [9] and indirectly 
also isoprenaline [lo]. Compounds with catechol 
structure thus seem to regulate the formation of LTs 
and PGs in diametrically opposite directions. This 
has not been studied previously in the same test 
system, however, and the effect of endogenous cat- 
echolamines on LT formation has not been estab- 
lished. We present evidence that catecholamines 
modify the formation of LTs and the LT/PG ratio, 
and thus possibly some pathophysiological reactions 
as reported preliminarily by us [ 111. 

MATERIALS AND METHODS 

Isolation of polymorphonuclear leukocytes 
(PMNs). Blood samples for PMNs were collected by 
venipuncture from healthy volunteers having 
abstained for at least 1 week from any drugs. PMNs 
were isolated with density gradient centrifugation. 
After isolation, 5 x lo6 PMNs (>98% purity and 
>98% viability) were preincubated in 465 PL of Dul- 
becco’s phosphate-buffered saline (components in 
g/L: CaClz 0.1, KC12 0.2, KH2P04 0.2, MgCl*6H20 
0.1, NaCl 8.0, Na2HP04.7H20 2.16) for 15 min at 
37”, and further 15 min with the test compound. 
The compounds were added in 25 PL of 0.9% NaCl 
solution. The final concentration range was 0.18 nM 

to 1800pM for adrenaline, dopamine, isoprenaline, 
noradrenaline and salbutamol; for caffeic acid 
0.37 nM - 370 ,uM. 

Eicosanoid synthesis. Eicosanoid synthesis was 
triggered by Ca ionophore A23187 added in 10,uL 
of DMSO. The final concentrations of A23187 was 
1 PM, incubation time was 10 min at 37”. 

HPLC apparatus. The HPLC system consisted of 
a dual piston LKB Model 2150 HPLC pump (LKB, 
Bromma, Sweden), a Rheodyne Model 7125 injector 
(Rheodyne, Cotati, CA, U.S.A.) equipped with a 
200 PL sample loop, a C1s column (particle size 
5 ,uM, length 20 cm, i.d. 3 mm; Chrompack, Mid- 
delburg. Netherlands), a Waters model Lambda- 
Max 480 LC Spectrophotometer (Waters Associates, 
Milford, MA, U.S.A) and a Hewlett-Packard Model 
3390A integrator (Hewlett-Packard, Avondale, PA, 
U.S.A.). In the assay of catecholamines a C1s column 
(particle size 5 pm, length 10 cm, i.d. 3 mm; Chrom- 
pack), a Bioanalytical Systems model LC-4 amper- 
ometric detector with glassy carbon electrode 
(Bioanalytical systems Inc., West Lafayette, IN, 
U.S.A.), and a LKB 2210 amplifier were used. For 
catecholamines the mobile phase was (per 1000 mL): 
11.3 g Na-Ac*H*O, 6.8 g NaH2P04.H20, 1.2 g 
C+Na, 0.15 g EDTA, 10 mL 2M HCl, approx. 1 mL 
H2P04 for adjustment of pH to 4.85, and finally 
27.5 mL acetonitrile. 

Determination. After pelleting the cells (10,000 g 
for 60 set), the samples were assayed for PGE;! with 
RIA, having negligible cross reactivity with other 
arachidonic acid metabolites [ 12,131. LTB4, 20-OH- 
LTB4 and 20-COOH-LTB, were assayed with HPLC 
[14,15]. For quantitation of LTB4 tetrahydro- 
furan: methanol: 0.1% aqueous EDTA:acetic acid: 
ammonia (25:20:55: O.l:O.l), pH adjusted to 5.5, 
and for 20-OH-LTB4 and 20-COOH-LTB4 methan- 
ol:water:acetic acid:ammonia (55:45:0.1:0.1) pH 
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adjusted to 4.0, were used as mobile phases. LTB4, 
20-OH-LTB4, 20-COOH-LTB4 and PGBi (internal 
standard) were detected at 280 nm. The intracellular 
catecholamine concentrations in PMNs, incubated 
with adrenaline or noradrenaline, were measured by 
HPLC with electrochemical detection after washing 
the cell pellets, precipitating protein with tri- 
chloroacetic acid (5%), and using aluminium oxide 
for extraction [ 161. 

Drugs and chemicals. Adrenaline, caffeic acid, and 
isoprenaline came from Sigma Chemical CO. (St 
Louis, MO, U.S.A.), and noradrenaline as well as 
dopamine from Fluka AG (Buchs, Switzerland). Ca 
ionophore A23187 was obtained from Calbiochem 
(San Diego, CA, U.S.A.). Propranolol and sal- 
butamol were kindly provided by Huhtamaki Phar- 
maceuticals (Turku, Finland) and prazosin by Orion 
Pharmaceutics (Espoo, Finland). LTB, for stan- 
dards was kindly provided by Dr J. Rokach, Merck 
Frosst Laboratories, Pointe Claire, Dorval, Canada, 
and PGB, from Dr J. E. Pike, Upjohn Co., Kala- 
mazoo, MI, U.S.A. The LT-metabolite standards, 
20-COOH-LTB4 and 20-OH-LTB4, came from Cay- 
man Chemical, (Ann Arbor, MI, U.S.A.). The anti- 
serum was purchased from the Pasteur Institute 
(Paris, France) and [1251]PGE2 from New England 
Nuclear (Boston, MA, U.S.A.). 

RESULTS 

The main findings are summarized in Figs 1 and 2 
and Table 1. Resting PMNs did not produce detect- 
able amounts of LTB,, or PGE*. After exposure of 
the cells to A23187 (1 PM, 10 min, 37”) the LTB4 
concentration measured in the incubate was 
8.1 ? 0.3 ng/106 cells (mean -t SE), and that of 
PGE, 58 * 5 pg/106 cells. All tested compounds with 
catechol structure enhanced the A23187-stimulated 
formation of PGE2 and inhibited the release of 
LTB4. Salbutamol, a non-catechol &agonist, had 
neither of the effects. In stimulating PG-formation 
noradrenaline was the least effective amine, while 
adrenaline, isoprenaline and dopamine were active 
in a wide concentration scale. Also as inhibitors of 
LT synthesis, adrenaline and isoprenaline were the 
most potent compounds, while dopamine was effec- 
tive only at relatively high concentrations. 

The synthesis of PGE2 was augmented dose- 
dependently by adrenaline and isoprenaline (a maxi- 
mally two-fold increase), and considerably more by 
dopamine (a 4.5fold increase). Noradrenaline, even 
at relatively high concentrations, was able to cause 
only a 40% increase in PGE*. Caffeic acid was mod- 
erately active while salbutamol had no effect at all. 
The synthesis of LTB4 was markedly inhibited by 
18-180 PM of adrenaline and isoprenaline. Nor- 
adrenaline and caffeic acid were less effective. Dopa- 
mine was active only at millimolar concentration, 
and salbutamol was inactive (Fig. 1). The con- 
centrations of adrenaline and noradrenaline in 
washed cell pellets after incubation are given in Table 
1. 

The inhibitory effect of adrenaline on TL release 
was not reduced by the adrenergic al-receptor antag- 
onist prazosin (Fig. 2A), nor P-receptor antagonist 
propranolol (Fig. 2B). Salbutamol, a non-catechol 

&agonist, did not inhibit LT release, whereas caffeic 
acid, a non-adrenegic catechol compound, was effec- 
tive 

To test the importance of metabolism, the effect 
of adrenaline on the formation of 20-OH-LTB4 and 
20-COOH-LTB4, metabolites of LTB4, was 
measured in A23187-stimulated PMNs. The basal 
levels of 20-COOH-LTB, was 21 ng/lOh cells and of 
20-COOH-LTB4 4 ng/106 cells. The formation of 
both metabolites declined during adrenaline stimu- 
lation in a dose-dependent manner thus excluding 
the possibility that the decline in LTB4 had been 
caused by increased metabolism. 

DISCUSSION 

Our major finding was a marked and diametrically 
opposite effect of catecholamines on the synthesis of 
PGs and LTs. Although it is known that adrenaline, 
noradrenaline and dopamine stimulated PG-biosyn- 
thesis [l, 4,171, and that various compounds with 
catechol structure inhibit formation of LTs [5-lo], 
the effect of endogenous catecholamines on LT pro- 
duction has not been substantiated. Particularly the 
studies have not been conducted in the same test 
system. Therefore a change in the LT/PG ratio with 
its possible physiological implications has not been 
revealed. On the other hand, the existing abundant 
preliminary evidence with catechol compounds, both 
in PG and LT synthesis, gives our findings in PMNs 
wider biological importance as a kind of model. 

In inhibition of LT synthesis, the potency of 
adrenaline and isoprenaline was comparable to that 
of timegadine [12] and BW 75X [7], which inhibit 
both cycle-oxygenase and lipoxygenase, but much 
less than the potency of specific inhibitors of lipoxy- 
genase [18]. The biological effects of PGs and LTs 
are very different, and any major change in the LT/ 
PG ratio could be related to some specific properties 
of catecholamines. On the other hand, from our data 
it is quite evident that the changes in the LT/PG 
ratio do not represent a mere shift in the metabolism 
of arachidonic acid. PGE2 comprises only a fraction 
(about 1%) of the amount of LTB4, and the same 
enzymes may not produce both PGs and LTs. PGE, 
is a factor that may reduce LT release [lo], but 
even this explanation is not likely as the effects of 
catecholamines were not blocked by indomethacin 
(data not shown). 

Neither LY- nor fi-adrenergic blockade could 
reverse the inhibition of LT formation, and rather a 
chemical interaction with the enzymes is suggested. 
The distinction is important, as non-receptor- 
mediated mechanisms open the possibility that 
endogenous catecholamines, i.e. those inside the 
cell, could regulate intracellular eicosanoid metab- 
olism. The activity of caffeic acid further supports 
chemical interaction, as also the inactivity of sal- 
butamol, a non-catechol Preceptor agonist. A cat- 
echo1 or related phenolic structure is apparently 
required. The somewhat differing activity of dopa- 
mine suggests the importance of side-chain hydroxyl 
as is the case in PG biosynthesis [ 171, in which 
catecholamine may have roles as coenzymes or 
cosubstrates [ 11. 

The key to a chemical interaction could be in 
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Fig. 1. Effects of catechol compounds on A23187-stimulated release of LTB., and PGEr from human 
PMNs (mean f SE, N = 5-9). Baseline values for PGEz 58 p&O* cells, and for LTB, 8.1 n&O6 cells. 
The IC, values, calculated from semi-logarithmic dose-response curves, for LTB, release were as 
follows. Adrenaline 46 t 10, isoprenahne 73 + 73, caffeic acid 370 -+ 100, noradrenaline 419 C 105, and 

dopamine 990 + 95 PM (mean f SE, N = 5-9). Salbutamol had no effect. 

opposite redox ~eq~ire~e~~ of the emynes lipoxy- oxidation states are created with transient radical 
genase and cycle-oxygenase. In active soybean 
lipoxygenase iron is in the ferric (Fe3+) state, and 

intermediates [20]. Phenols, and related compounds 
are oxidized to preserve the enzyme from self-cata- 

the inhibitory action of a catechol compound (nor- 
~hydro~~aretic acid) may be based on reduction 

lysed destruction by the resulting free radicals [21], 

of the iron to ferrous (Fez’) state 181. Ferric iron is 
which in PMNs may be hydroxyl radical [22]. In 
this sense, catecholamines may function as potent 

required also by human platelet 12-lipoxygenase antioxidants that favour a low LT/PG ratio. Deple- 
[19]. On the other hand, in the formation of PGs the tion, oxidation or other elimination of the phenolic 
reductive capacity of catecholamines increases the protection could lead to increased levels of free 
synthetic activity [4]. During PG synthesis, higher radicals, activation lipoxygenases with a resulting 
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Fig. 2. The inability of adrenergic receptor blockade with prazosin (A) or propranolol (B) to alter the 
inhibitory action of adrenaline on LTB3 release from A23187-stimulated human PMNs. Mean t SE, 

N = 4. 

Table 1. 

Concentration of 
the added amine 

(PM, final) 

Intracellular concentration in 
the washed PMN pellet (pmol/ 

10h cells) 
Adrenaline Noradrenaline 

0 0.3 + 0.2 1.2 f 0.6 
1.8 0.5 ? 0.3 16 2 4 

18 2.6 f 1.3 17? 16 
180 475 18 325 5 36 

1800 654 ? 126 1082 & 226 

Adrenaline and noradrenaline concentrations in the 
washed PMN cell pellets after incubation (mean + SE, 
N = 6). 

overproduction of lipid peroxides with increased 
LT/PG ratio. Against a biochemical mechanism is 
the evidence that isoprenaline inhibits LTB4 release 
from PMNs through a P-receptor mediated mech- 
anism [lo]. The coexistence of both receptor-depen- 
dent and intracellular mechanisms only emphasize 
the importance of catecholamines in LT synthesis. 

When the physiological importance of the findings 
is evaluated, the critical question is the tissue con- 
centrations of catecholamines. Their plasma levels 
in man, in rest about l-2 nM 1231, are far too low to 
be effective in the model described. Catecholamine 
levels are, however, markedly higher during stress 
reactions, as well as in some therapeutic uses of 
adrenaline, isoprenaline, dopamine or their pre- 
cursors. Moreover, their concentrations in the tissues 
vary between 1 and 50pM, and even millimolar 
concentrations are detected in specialized cells 
[24,25], thus quite sufficient to affect eicosanoid 
metabolism. 

The possible pathological importance of the cat- 
echolamine-eicosanoid interaction may best be 
evaluated in diseases in which both the LT/PG ratio 
and catecholamines are considered to be of sig- 
nificance. In gastric mucosa endogenous PGs, par- 
ticularly PGE,, have cytoprotective effects [26], 

while LTs may be involved in ulcer formation [27]. 
In the rat, intolerable stress depletes mucosal nor- 
adrenaline inducing the formation of gastric ulcers, 
and healing of ulcers occurs along with a spontaneous 
or augmented restoration of the noradrenaline stores 
[28]. For such a cytoprotective effect of cat- 
echolamines, maintenance of a low LT/PG ratio 
would be of particular importance. In asthma, LTs 
are considered as mediators of bronchial constriction 
[29] while PGEs have mainly bronchodilatory 
activity [30]. In asthmatic patients, about a three- 
fold increase in the LT/PG ratio has been measured 
[31], and the enhanced LT release during attacks is 
markedly inhibited by adrenaline treatment [32]. 
Asthma has been characterized as a disease with 
adrenaline deficiencv [33, 341, a factor which con- 
veivably could explain the increased LT/PG ratio. 
In psoriasis, the skin lesions are often infiltrated with 
PMNs with a marked overproduction of LTB4 (see 
Ref. 29). As also the PGE and PGF levels may be 
low [35], a lowered LT/PG balance can be inferred. 
Catecholamines may reduce mitotic activity in the 
skin [36], and psoriatic patients may improve from 
levodopa, a precursor of catecholamines [37]. 

High intracellular content of catecholamines may 
provide an antioxidant reserve which is lost when 
the amine stores are exhausted e.g. ischemia and 
inflammation. Hypoxia may initiate LTB,-depen- 
dent neutrophil (PMN) sequestration [38], and 
depletion of catecholamines [39], both of which may 
occur in subarachnoidal hemorrhage [40,41]. In 
intolerable pain-stress the noradrenaline contents in 
many tissues decrease to very low levels, in an inverse 
relation to vulnerability of the tissues (421. New 
therapeutic possibilities may be opened, as cat- 
echolamines and their precursors could be used to 
reduce the LT/PG ratio in anaphylactic conditions 
and to restore lowered tissue level. Likewise, a sim- 
ultaneous use of catecholamines and nonsteroidal 
anti-inflammatory drugs (NSAID) could provide 
means to block the formation of both PGs and LTs. 

In conclusion, catecholamines have a marked 
regulatory effect on eicosanoid synthesis in PMNs, 
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particularly on the LT/PG ratio, through a receptor- 
independent chemical mechanism. As the principles 
that regulate biosynthesis of PGs and LTs are met, 
the mechanism could be physiologically valid in tis- 
sues with sufficient concentrations of the amines. 
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