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Abstract-Adenosine inhibited the release of histamine and leukotriene C4 (LTC,,) from immuno- 
logically-activated basophifs in a dose-dependent manner. Structural congeners of adenosine also 
attenuated the elaboration of these two mediators from stimulated basophils and a rank order of 
potency for the inhibition was observed following the sequence 2-chl~~oaden~s~n~ * N-ethylcarbox- 
am~doadenos~ne (NECA) > adenosine a R-p~enyIisopropyladenos~ne (R-PIA) > S-PIA. These same 
nucleosides modulated the generation of LTC, more potently than the release of histamine. A number 
of methylx~thines, which are antagonists of cell surface adenosine receptors, reversed the inhibition 
by adenosine and its congeners of the release of both histamine and LTC., to varying extents, Dipy- 
ridamole and nitrobenzylthio~nosine (NBTI), agents that block the intra~lluIar uptake of adenosine, 
antagonized the inhibition of histamine release by adenosine (and 2-c~lo~oadenosine) but failed to 
reverse the attenuation of LTC$ generation by the nucleoside. These same uptake blockers were unable 
to antagonize the inhibitory effects of NECA on either histamine or LTC4 release. In purified basophils, 
NECA and R-HA, and in that order of decreasing reactivity, increased total ceil cyclic adenosine 
monophosphate (CAMP) levels and inhibited the stimulated release of mediators. En total, these results 
suggest that the basophil possesses a cell surface adenosine receptor which, on the basis of both 
pharmacological and biochemical criteria, most closely conforms to an AZ/R,-like receptor. However, 
in addition to an interaction at the cell surface, studies with agents that block the intracellular uptake 
of adenosine suggest that the nucleoside may also exert intracellular effects when countering the release 
of histamine (but not LTCd). 

Studies of the effects of adenosine on various bio- 
logical processes have taken some prominence in 
recent years [l]. The interest provoked is warranted 
since the nucleoside exists naturally and has been 
implicated in the pathophysioiogy of a number of 
disease states f2] and as a modulator of the activity 
of various inflammatory cell types [3]. 

Twa cell surface adenosine receptors, namely 
the ArRi and AZ/R, sites, and an intracellular P 
site for adenosine have been described [4-6]. These 
sites are considered to be intimately associated 
with the adenylate cyclase complex, and their 
classification has been established on the grounds 
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of both pharma~logical and biochemical criteria, 
The use of various structurally-modified analogues 
of adenosine has proven useful in this context 
[S-7]. Thus, the modulation of ceI1 function by 
nanomolar concentrations of adenosine and the 
demonstration that modified analogues display an 
order of reactivity following the series R-phenyl- 
isopropyladenosine (R-PIAP) > N-ethylcarboxam- 
idoadenosine (NECA) is suggestive of an 
interaction at an AI/I+ receptor site. Activation of 
an AI/RI receptor is usually associated with a 
reduction in adenylate cyclase activity. In a situa- 
tion where micromol~ concentrations of adenosine 
activate adenylate cyclase and NECA is more 
potent than R-PIA, the presence of an AZ/R, 
receptor is indicated. The ~tagonism of an adeno- 
sine effect by low concentrations of methyl- 
xanthines is indicative of a process mediated at cell 
surface adenosine receptors [SJ. ~nfortunately~ 
subtype-specific cell surface receptor antagonists 
are not currently available. Responses to adenosine 
in the millimolar range, which are attenuated by 
uptake inhibitors such as dipyridamole, imply an 
intracellular interaction [9]. In cases where dideoxy- 
adenosine mimics the adenosine effect and reduces 
adenyfate cyclase activity, then a P-site interaction 
may be operative 141. 

Previous studies have demonstrated that adeno- 
sine inhibits mediator release from human basophils 
IlO--131. Although this inhibitory effect most prob- 
ably involves an A*/R,-like interaction, a more 
recent report indicates that adenasine may also 
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possess intracethAr effects 1131. The present study content after subtracting the spontaneous histamine 
was undertaken to evaluate more closely rhe nature release. All experiments were performed in dupli- 
of the regulation by adenosine of basophil function. cate. 

Buffers. PAG buffer contained: piperazine-N, N’- 
bis 2-ethanesulfonic acid (PIPES), 7.6 g/L; NaCl, 
6.4 g/L; glucose, 1 g/L; KCl, 0.37 g/L; 10 N NaOH, 
4.2 ml/L; and human serum albumin (HSA), 30 mg/ 
L. The pH was adjusted To 7.3. PAGCM is PAG with 
CaC12-2H2U, 0. I4 g/L, and M~~~~,6~~U~ 0.20 g/L. 

Nuclei&&s were incubated at 37” for 15 mire with 
cells before the addition of stimulus unless otherwise 
stated in the text, When either the rnethyl~~ntbi~~s 
or the adenosine uptake blockers were used to inves- 
tigate a potential antagonism of a nucleoside-related 
effect, cells were preincubated for 5 min with either 
class of antagonist prior to coincubation with nucleo- 
side for a further IS min and then challenged. 

PBS buffer contained (g/L): NaCl, 8: Na2HPU.+, 
1.15; KCI, 0.2; KH,PO.+ 0.2; CaC12+2H20, 0.14; 
MgCIz~6H$$ 0.20; glucose, 1; and HSA, 0.03. The 
pH was titrated to 7.3. 

LTC4 as&say. LTC, was determined by radio- 
immunoassay by a method described previously 
[19,20]. 

Basophii ~~~~~~~~~ ~~~~~ri~c~~~~~. Basophifs were 
partial@ purified (3-Q% purity) from the venous 
blood of both atopic and non-atopic individuais 
employing discontinuous Percoll gradients as pre- 
viously described [ 141. This procedure removes neu- 
trophils from the cell preparation. Neutrophils have 
been shown not only to generate adenosine in vitro 
[ 151 but may also influence the stimulated generation 
of leukotriene C4 (LTCJ) from basophils (unpub- 
lished observations). Alternatively, basophils were 
purified (75~92%) from “huffy coat*’ cell packs from 
healthy volunteers undergoing hemapheresis. Puri- 
fication was performed according to a rnod~~~atj~n 
of the method described by De Boer and Roof f16]. 
In brief, white blood cell enriched packs were recon- 
stituted in PAG, and loaded onto a countercurrent 
elutriator (model 32-2 I, Beckman Instruments Inc., 
Fullerton, CA). Several fractions were collected, and 
those fractions containing basaphils in large numbers 
and of improved purity (>S%), as determined by 
alcian blue staining [17], were further purified over 
discontinuous Percoll gradients. 

~~~i~~~n~ release. Histamine release experiments 
were performed in either PAGCM (impure 
basophils) or PBS (purified cells), Histamine release 
was initiated imI~unolog~~ally (anti-&E or ragweed 
antigen E) and secretion was allowed to proceed for 
45 min at 3P after which time the c&s were pelleted 
by centrjfugat~on flOOOg, room temperature, 3 min). 
histamine released into the s~~per~atant fraction was 
determined by the automated ~~~arometric method 
af Siraganian (181 and, when appropriate, an aliquot 
of the supernatant fraction was removed and stored 
frozen for LTC4 analysis. In experiments with di- 
pyridamole, histamine measurements of the super- 
natant fraction could not be performed, since it has 
been shown that dipyridamol~ interferes with the 
~uorometri~ flO] assay. To circumvent this, the 
supernatant fraction was discarded, and residual ceti- 
associated histamine was determined by lysing the 
pellet with 1.6% perchloric acid, Histamine reIe,ase 
into the supernatant fraction could then be caIculated 
by subtracting the residual histamine associated with 
the cell pellet from the total h~starn~n~ content. Total 
histamine content was determined by lysing aliquots 
of the cells with 1.6% perchloric acid. Cells incubated 
in buffer alone served as a measure of spontaneous 
histamine release (<6% in impure basophils, 3-13% 
in purified basophils). Histamine release was thus 
expressed as a percentage of the total histamine 

~~e~~~~~~~~ of ~~~~~~~ jar CAMP ~n~l~s~s. 
Measurements of totaf cyclic adenosine mono- 
phosphate (CAMP) were performed in purified (‘75 
92%) baso~h~I Pre~~ations in PBS buffer and in 
parallel with mediator release deterrni~a~i~~s” In 
brief, samples were processed as follows. Cells (0.X- 
1 x IO5 were incubated at 37” in buffer or in the 
presence of a nucleoside and/or antagonist for the 
appropriate time interval (as indicated in the text) 
in a total volume of 1OOyl. The reaction was ter- 
minated by the addition of ice-cold acidified ethanol, 
and the mixture was vortexed vigorously (briefly) 
and snap frozen in &quid nitrogen (Bay State. 
Hagerstown, MD), After thawing. cellular debris 
was pelleted in a microfuge flS,OOO g, 4”, 3 min) and 
the supernatant fraction was removed and cvap- 
orated to dryness under reduced pressure (Savant 
Instruments Inc., Farmingdale, NY). The dried 
sample was reconstituted in assay buffer and stored 
frozen until the assay was performed. Total cell 
CAMP measurements were performed by a double 
antibody radioimmunoassay with prior acetylation of 
samples as previously described 1211. The competing 
ligand was the iodinated succinyltyrosine methylester 
derivative of cAMP (1Z51.Sc.TME cAMP+ specific 
activity 2200 Ci/mmol). Since adenosine cross-reacts 
(and NECA, very slightly) in the cAMP assay when 
samples are acetyfated, on occasion the standard 
eAMP assay was performed which required approrii- 
mately ten times as many cells <I X IO”) per sample. 
All cAMP determ~nat~ons were performed in dupii- 
cate . 

f~~~~~~~~~, The following items were purchased: 
NECA, R-PIA and S-PTA (Boehringer Mannhcim, 
Indianapolis, IN): HSA (CalBiochem, LaJolla, CA): 
PIPES, theophylline, S-phenyltheophylline (S-PT), 
dipyridamule, nitrobenzylthioinosine (NBTI), di- 
methyl sulfoxide (DMSO), deoxycaformycin, 2- 
chloroa~~~~si~e and adenasine (Sigma, St. Lnuis, 
MO); ‘ZSX.Se.TME cAMP (New England Nuclear, 
Boston, MA); Percntt (Pharmacia, Piscataway, NY ); 
I ,3-diethyI-~-phenyl~anth~ne (DPX) and 8-p-salfo- 
phenylt~e~phylI~~e (S-SFT) (Research Bi~?~h~mi~~~ls 
Inc., N&k, MA). 

The following items were gifts: goat anti~h~~r~~an 
IgE (KgG fraction, Dr. D. W, ~~Glas~~. Jr., 
Johns Wapkins University): LTCj standard (Dr. J. 
Rokach, Merck-Frosst), anti-LTC, (Dr. E, Hayes, 
Merck Institute); and anti-CAMP (Dr. T. Ishizaka. 
Johns Hopkins University). 

Adennsine, 2-chloroadenosine, NECA, theophyl- 
line and 8-SPT were prepared fresh daily by straight 
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Fig. 1. Effect of 2-ChIoroadenosine I’+), NECA (Cl), 
adenosine (m) and R-PIA (0) on the release of histamine 
(a) and LTC, (b) from basophils activated with antigen E 
(0.3 ng/ml). Basophils 5 t 1% purity were preincubated 
for 15 min with nucleosides before challenge. Control 
releases were 54 r 8% for (a) and 70 2 4 ng/106 basophils 

for (b), Values are means 2 SE, N = 4. 

dissolution into buffer as 1 mM solutions (NECA 
with vigorous vortexing). 8-PT (lOmM), dipy- 
ridamole (10 mM), DPX (10 mM), NBTI (100 mM), 
R-PIA (100 mM) and S-PIA (100mM) were dis- 
solved in DMSO and prepared fresh daily. In pre- 
liminary experiments, the concentrations of DMSO 
in working dilutions used experimentally had no 
effect on either histamine release or the LTC4 assay. 

Statistics. The statistical significance of nucleoside- 
related effects was analyzed by comparing control 
and treated cells using Student’s t-test for paired 
data. Values were considered significant at the 
P < 0.05 level. 

RESULTS 

Inhibition by adenosine and analogues of mediator 
release from basophiis. The release of the preformed 
mediator histamine (Fig. la) and the de nouo gen- 
eration of LTC, (Fig. lb) from leukocyte prep- 
arations activated with ragweed antigen E (0.3 ng/ 
ml) were inhibited by adenosine and its analogues 
(10-7-10-4M). The inhibition observed was dose 
dependent, and the nucleosides were rather more 
active in modulating the production of LTC4 than 
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Fig. 2. Effect of incubation time on the inhibition of baso- 
phi1 histamine release by adenosine (lO@fiM, a) and 2- 
chloroadenosine (300 PM, b). The nucieosides were incu- 
bated with leukocytes either before (-) or after (+) 
addition of anti-IgE (0.1 pg/ml) or introduced simul- 
taneously (0) with the stimulus. Control histamine releases 
were 34 2 6% for (a) and 41 2 2% for (b). Statistically 
significant levels of inhibition (P < 0.05 vs control) are indi- 
cated by an asterisk. Values are means rt SE, N = 4 for (a) 

and for (b). 

the release of histamine. The extent to which 
secretion was inhibited by the nucleosides (and by 
adenosine in particular) varied among leukocyte 
preparations and was inversely related to the mag- 
nitude of the control release (data not shown). A 
rank order of potency for the inhibition of mediators 
was evident as determined from approximate 1~25 

(that concentration of nudeoside required to inhibit 
either histamine (HR) or LTC4 release by 25%) 
values following the series: 2-chloroadenosine 
(Ic~a; IC $TA: 1lfiM; 0.9pM) 2 NECA (13; 1.2) 
> adenosine (50; 16) > R-PIA (>lOO; 4). In a simi- 
lar series of experiments (N = 6), in which anti-IgE 
(O.O3,~g/ml) was used as the stimulus instead 
of antigen, the following rank order of potency 
was established (control histamine release was 
33 i 8%): 2-chloroadenosine (tcgR; 14 ,uM) > 
NECA (37) > adenosine(80) > R-PIA (~100) 3 
S-PIA (>lOO). It should be stressed that the esti- 
mations of ICKY values are necessarily approximated 
because, especially in the cases of adenosine, R- 
PIA and S-PIA, maximal inhibition was not attained 
rendering any conclusions concerning rank order of 
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Table 1. Effect of deoxycoformycin {I PM) on adenosine inhibition of histamine 
release* 

- 
% Inhibition of histamine release 

Adenosine (m) 

10 
30 

100 
300 

-Deoxycoformycin 

17 r 4 
25 ?z 2 
26 lr 4 
33 t 7 

+D~oxy~oformycin 

23 + 5 
25 + 4 
29 + 5 
33 14 

* Values are the percent inhibition of the controf histamine release which was 
25 + 4% of total histamine both in the presence and absence of deoxy- 
coformycin. Basophils of 8 t I% purity were incubated with or without deoxy- 
coformycin for 5 min and then for a further 15 min with adenosine prior to 
challenge with anti-IgE (0.03 pg/ml). Values are means 2 SE and are based on 
four experiments. _ 

potency somewhat tenuous. Despite these caveats, 
the data are, as a whole, concordant with the view 
that the basophil possesses an AZ/I&,-like cell surface 
adenosine receptor [5,6]. 

Incubation time and inhibition of secretion. Pro- 
longing the incubation time period (5, 10 or 15 min 
at 37”) of leukocytes with adenosine (1~~M; Fig, 
2a) or Z-chloro~denosine (300 FM; Fig. 2b) prior to 
activation with anti-IgE (0.1 &ml) led to pro- 
gressive increases in the inhibition of histamine 
release that were statistically significant (P < 0.05). 
The simultaneous addition of 2-chloroadenosine or 
adenosine with stimulus or the introduction of either 
nucleoside after the application of the stimulus led 
to modest but not statistically significant levels of 
inhibition (P > 0.05). NECA (30 PM) also displayed 
incubation-dependent characteristics similar to those 
of adenosine and 2-chloroadenosine (data not 
shown, N = 2). 

Effects of llptake blockers and deo~ycoformycj~ 
on the i~bibi~o~ ofsecretion by adenosine araalogues. 
That adenosine and 2-chloroadenosine may be inhi- 
biting histamine release, in part, by intracellular 
mechanisms was revealed by studies with uptake 
blockers. The adenosine uptake blocker dipy- 
ridamole (1 PM) antagonized the inhibition by 
adenosine of histamine release from leukoc tes chal- 
lenged with ragweed antigenE (0.3 ng ml), the r 
antagonism being particularly evident at higher con- 
centrations of adenosine (Fig 3a). Dipyridamole 
failed to reverse the inhibition by adenosine of LTCd 
generation, however (Fig. 3b). Similar results for the 
antagonism by dipyridamole (1 ,uM) of the inhibition 
by 2-chloroadenosine (Fig. 4a) and adenosine (Fig. 
4c) of histamine release induced by anti-IgE (0.1 @g/ 
ml) were observed. In contrast, dipyridamole (data 
not shown, N = 4) and NBTI (Fig. 4d) failed to 
reverse the inhibition by NECA (an agonist not 
known to possess intracellular effects) of either the 
stimulated release of histamine or LTC4 (data not 
shown, N = 3) when. in these same experiments, 
both antagonists were found to reverse the inhibitory 
effects of either adenosine or Schloroadenosine. 
Furthermore, NBTI (1 PM) reversed the inhibition 
by 2-chloroadenosine of anti-IgEinduced histamine 
release (Fig. 4b). Higher concentrations (3 or 10 PM) 
of NBTI failed to improve significantly upon the 

OJ 
lo-6 10” 1 o-4 10.3 

Adenoslne (M) 

Effect of dipyridamole (1 PM) on the adenosine- 
mediated inhibition of the release of histamine (a) and 
LTC4 (b) from basophils activated with antigen E (0.3 ng/ 
ml). Basophils of 5 & 1% purity were incubated with (+) 
or without (c3) dipyridamole for 5 min and then for a 
further 15 min with adenosine before challenge. (a} Control 
histamine releases were (U) 43 + 9%) and (+), 45 .t 9%. 
(b) Control LTC, releases were (0) 22 2 5 ng/fO* baso- 
phils; and (4) 21 2 6ngj10h basophiIs. Those points on 
the dipyridam~le curve that were significantly diFferent 
(P < 0.05) statistically from control inhibition are indicated 

by an asterisk. Vaiues are means c SE, N = 5. 

antagonism observed for I FM NBTI (data not 
shown, N = 4). 

The irreversible inhibitor of adenosine deaminase, 
deoxycoformycin (1 yM), was found not to influence 
significantly the inhibition of histamine release by 
adenosine (Table 1). 
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Fig. 4. Effects of NBTI (1 FM) aad dipy~da~o~e (1 FM) on the nucleaside*med~ated inhibition of 
histamine r&ease from basophifs activated with anti-&E (0.1 &g/ml). Basophils of 5-8s purity were 
incubated with f+) or without (U) either uptake blocker for 5 min and then for a further 15 min with 
a nucleoside before ehallnge. (a) Effect of dipyridamole on the ~~~~bit~on by Z-~~loroadeno~ne. Control 
histamine releases were (IJ) 32 zz 7%; and f+) 30 2 5%. fbf Effect of NBTI on the inhibition by 2- 
chloroadenosine. Control histamine releases were (0) 25 2 10%; and (a) 27 + 10%. (c) Effect of 
dipyridamole on the inhibition by adenosine. Control histamine releases were (0) 36 2 6%; and (+) 
38 + 7%. (d) Effect of NBTI on the inhibition by NECA. Control histamine releases were (0) 45 2 1%; 
and f+) 46 L 3%. Those points on the antagonist curves that were statistically (P < 0.05) different from 
control inhibition are indicated by an asterisk. Values are means 2 SE, N = 4,4, 6 and 3 for (a), fb), 

(c) and (d) respectively, 

effect of ~~~~~u~~~i~es 082 t&e i~it~~~r~n of 
secn&wt by demsine unulug~s. Attempts to 
reverse the nucteoside inhibition of fgE-triggered 
mediator release with cell surface adenosine receptor 
antagonists (methylxanth~n~) met with variable 
rest&s (Table 2). Theophy~~i~e (10.&f) was mod- 
erately more effective as an antagonist of the nucleo- 
side-associated inhibition of antigen-induced hist- 
amine release than secretion initiated by anti-IgE 
(Table 2). Attempts to antagonize further nucieoside 
inhibition by employing higher concentrations of 
theophylfine (30 or 100 PM) were thwarted because 
the methyixan~ine possessed inhibitory properties 
of its own at these higher concentrations (data not 
shown, N = 4). The more specific and potent cell 
surface adenosine antagonists 8-PT and DPX f22] 
were more active than th~op~~iline (Table 2). Thus, 
8-PT antagonized, in a compettt~ve fashion, the inhi- 
bition by 2-~h~oroade~osi~~ of the antigen-driven 
release of both histamine (Fig. 5a) and LTC4 (Fig. 
5b). This was reflected by an approximately 3-fold 
rightward shift of the linear portions of the 2- 
chloroadenosine dose-inhibition plots in the pres- 
ence of 8-PT. The polar and, presumably, exclusively 

ex?rtracellular anta~~nis~~ 8-SPT [7& was also a very 
effective antagonist of the 2-chloroadenosine inhi- 
bition of histamine release (TabIe 2). 

Effects of ~~~~eo~i~~~ ofz to&d cell CAMP Iem&. 
The ~~~~~~~~~ (?OpM) NECA and R-PIA raised 
total cell cAMP levels in purified preparations of 
basophils. Approximately haif-maximal elevations in 
CAMP were observed 1 min after the addition of 
nueleoside and maximal increases were observed at 
5 or 15 min and, in four out of five experiments, these 
increased levels in cyclic nucleotide were maintained 
elevated for up to 30 min (data not shown). 

Elevations in CAMP correlated well with the inhi- 
bition of mediator release. Thus, NECA, which 
induced more pronounced increases in cyclic nucleo- 
tide than R-PIA [Fig. baa), was a more effective 
inhibitor of mediator release (Fig. Gb). In a separate 
series of experiments (N = 4), adenosine (100 PM) 
elevated CAMP (66 +. 10% enhancement over basal 
levels) and inhibited the release of histamine and 
LTCl (32 It 7 and 5J f 8% inhibition respectively) 
in basophils (purity, X2 + 4%) stimulated with anti- 
IgE (0.1 flguglml). 
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Table 2. Effects of methylxanthines on the nucleoside inhibition of histamine release ’ 

IC, values (FM) 

Adenosine/ Adenosinej Adenosine/ NECA/ NECAJ 2-Chloroad/ 2-ChloroadJ 
Theopht Theoph S-PI- Theopht DPX X-PTt II-SPT 

Agonist 10 r 2 113 t 30 100 2 33 11 iz4 14 ? 2 522 I 1 2 3 
Agonist + 

Antagonist 16 r 3 137 2 50 171 + 15 14 +_ 5 40 + 20 16? 1 68 t 7 
P NS NS CO.05 NS NS <0.025 <0.005 
N 5 5 4 4 3 4 4 

* ICKY values (PM) for the inhibition of histamine release are expressed as means 2 SE of the indicated number of 
experiments. Basophils of 4-10% purity were incubated with or without either theophylline (IO fcM), DPX (3 PM), 8 
PT (1 PM) or R-SPT (10 FM) for 5 min and then for a further 1.5 min with nucleosides (0.3 to 300 @I) and theli activated 
with anti-IgE (0.03 or 0.1 ,ug/ml) except in those experiments indicated by a dagger (t) where antigen E (0.3 ng/ml) was 
used. To establish whether the inhibition by a nucleoside in the presence of a methylxanthine was statistically different 
from control, P values were determined (NS means not significant). 
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Fig. 5. Effect of 8-PT (1 PM) on the 2-chloroadenosine- 
mediated inhibition of the release of histamine (a) and 
LTC, (b) from basophils activated with antigen E (0.3 ng/ 
ml). Basophils of 8 f- 2% purity were incubated with (+) 
or without (0) 8-PT for 5 min and then for a further 15 min 
with adenosine before challenge. (a) Control histamine 
releases were (Cl) 37 + 4%; and (+) 34 ” 3%. (b) Control 
LTC, releases were (Cl) 33 rt 12 ng/106 basophils; and (+) 
30 + 10 ng/106 basophils. Those points on the 8-PT curve 
that were statistically (P < 0.05) different from control 
inhibition are indicated by an asterisk. Values are 

Fig. 6. Effect of nucleosides (30 PM) on CAMP levels (a) 
and mediator retease (b) in basophils of 81 i: 2% purity. 
(a) Total cell cAMP levels were measured in basophils 
following a lS-min exposure to either NECA or R-PIA. 
Values reflect the percent enhancement in CAMP over the 
basal CAMP level which was 0.7 -+ 0.2 pmol/iO~ cells. (b) 
Basophils were preincubated with either nucleoside for 
15 min and then activated with anti-IgE (0.1 &ml). Inhi- 
bition of the release of histamine (open bars) and LTC, 
(shaded bars) is shown. Control histamine release was 
35 z? 7% and control LTC, release was 12 it 2 ng/lOh baso- 
phils. Values are means t SE, N = 8 for (a) and 
N = 6 for (b). In two of the eight cell preparations me- 

means ? SE, N = 4. diator release did not occur. 
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1 
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DISCUSSION 

In its more recently defined capacity as an auta- 
coid, adenosine has been variously described as an 
endogenous regulator of a large number of biological 
processes [l, 231. This multifarious activity is, per- 
haps, not surprising since adenosine is distributed 
widely and various metabolic pathways exist for its 
synthesis and degradation [7]. Adenosine has been 
implicated in a number of pathophysiological con- 
ditions, most notably bron~hoconstriction and hyper- 
tension [2] and the nucleoside has also been found 
to modulate the activity of a number of intlammatory 
cell types [3]. 

In accord with previous findings [10-131, adeno- 
sine was found to inhibit, in a dose-dependent man- 
ner, the release of histamine from basophils 
stimulated immunologically. There was, however, 
substantiai variation in the inhibitory activity of 
adenosine among different leukocyte preparations. 
The inhibition was also largely influenced by the 
magnitude of the control release; lower levels of 
secretion were attenuated more effectively by the 
nucleoside. Moreover, histamine release initiated by 
antigen was more susceptible to the inhibitory effects 
of adenosine (and its analogues) than that induced by 
anti-IgE. This enhanced sensitivity of the antigenic 
stimulus to modulation by adenylate cyclase agonists 
has been recognized previously [24] and is consistent 
with the notion that antigen and anti-IgE constitute 
mechanistically similar but distinct stimuli [25]. 
The IgE-mediated generation of LTC4 was also 
attenuated by adenosine. The elaboration of this 
newly-synthesized mediator was more potently 
modulated than that of the pre-formed mediator, 
histamine-a finding that suggests that the bio- 
chemical processes (e.g. activation of phospho- 
lipase AZ, lipoxygenase) leading to the products of 
arachidonate metabolism may be more sensitive to 
regulation by the nucleoside. A series of structur- 
ally-modified analogues of adenosine were also 
active and an approximate rank order of potency 
for the inhibition of the stimulated release of 
mediators was established following the series, 2- 
chloroadenosine Z= NECA > adenosine 2 R-PIA. 
The fact that NECA was at least four times more 
active than R-PIA suggests that the basophil pos- 
sesses an AZ/&-like receptor [5,6]. 

A previous report [ll] has shown that pre- 
incubation of leukocytes with adenosine before chal- 
lenge inhibits mediator release from basophils, 
whereas addition of the nucleoside shortly after 
stimuIation leads to modest levels of potentiation. 
In the present study, no such disparate time-related 
responses with incubations post-challenge were 
observed for adenosine, 2-chloroadenosine or 
NECA. Rather, the nucleosides either inhibited 
slightly or had no effect on mediator release when 
added after challenge. The discrepancy in results 
could possibly be related to experimental design. 
Prolonged incubation of basophils in the presence of 
calcium can decrease the sensitivity of the eel1 to 
subsequent immunological activation. In a series of 
pilot studies, where secretion was initiated with anti- 
IgE either immediately or after a 1.5min incubation 
in the presence of calcium, histamine release was 

found to be 43 ‘-+ 2 and 32 ‘-’ 3% respectively. Thus, 
if the experimental design were such that cells incu- 
bated in each condition did not receive the stimulus 
at approximately the same time, then a small change 
in histamine release in the presence of nucleoside 
could be interpreted as an inhibition or potentiation 
of secretion dependent on which control release was 
employed as the index for change. 

The adenosine uptake blocker, dipyridamole, par- 
tially antagonized the adenosine inhibition of the 
stimulated release of histamine, implying that part 
of the activity of the nucfeoside is mediated at an 
intracellular locus. Similar results have been 
reported by Hughes et al. 1131 although in their study 
a longer incubation (60min) period of adenosine 
with cells was required before an antagonism of the 
inhibition by dipyridamole could be observed. Of all 
the analogues tested, 2-chloroadenosine might be 
expected to mimic the effects of adenosine most 
closely since it too may possess intracellular effects, 
unlike NECA and R-PIA which are considered to 
be exclusively surface receptor agonists [4]. The inhi- 
bition of histamine release by 2-chloroadenosine was 
reversed by both dipyridamole and NBTI whereas 
the inhibitory effects of NECA were not modified 
by either antagonist. That high concentrations of 
NBTI failed to abolish completely the 2-chloro- 
adenosine inhibition suggests that the agonist does 
not impede histamine release via mechanisms that 
are solely intracellular in nature. A finding of con- 
siderable interest is that dipyridamole did not an- 
tagonize the inhibition of LTC,, generation by adeno- 
sine, suggesting that the modulation of pepti- 
doleukotriene release by the nucleoside can be 
accounted for entirely by surface-related interaction. 

As indicated above, the inhibitory activity of 
adenosine was found to vary appreciably from one 
leukocyte preparation to another. This suggested 
that the complicating presence of adenosine deami- 
nase in the incubation medium may influence the 
activity of adenosine. This, however, was not found 
to be the case since the irreversible inhibitor of 
adenosine deaminase, deoxycoformycin, at a con- 
centration expected to inactivate the enzyme com- 
pletely /26], did not modify the adenosine inhibition 
of histamine release. 

In the present study, theophylline was a poor 
antagonist of the inhibitory effects of adenosine ana- 
logues. The apparent lack of activity for theophylline 
may result from the need to use high concentrations 
of adenosine to produce an effective inhibition. This 
notion is supported by the following evidence. When 
the inhibitory effects of adenosine are optimized by 
using sub-optimal concentrations of ragweed antigen 
E and basophil activation is “staged” (see Ref. lo), 
theophylline is a more effective antagonist of adeno- 
sine. In the present study, attempts to demonstrate 
a more pronounced reversal by increasing the con- 
centration of theophylline (>lO PM) were uninter- 
pretable since the methylxanthine possessed 
inhibitory properties of its own at these higher con- 
centrations, presumably resulting from an inhibition 
of phosphodiesterase activity. It should be noted that 
theophylline is not considered a good cell surface 
adenosine receptor antagonist [22], and a number 
of investigators have experienced problems when 
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attempting to antagonize a nucleoside interaction at 
a putative AZ/R, receptor with the methylxanthine 
127,281. When the more potent and specific antag- 
onist 8-PT was employed [26], a compound which is 
thought to be without any significant phospho- 
diesterase activity [29], a more pronounced reversal 
of the inhibition by nucleosides of LTC4 generation 
and histamine release was observed whether anti- 
IgE or antigen was used as the stimulus. The polar 
adenosine antagonist 8-SPT, which is unlikely to 
penetrate the cell membrane and interact with intra- 
cellular phosphodiesterase [‘7]. was also a very effec- 
tive antagonist of the 2-chloro-adenosine inhi- 
bition of histamine secretion. 

Studies with purified cell preparations dem- 
onstrate that nucleosides increase total cell CAMP 
levels in a manner consistent with the basophil pos- 
sessing an AZ/R, receptor. Thus, NECA was more 
effective that R-PIA at both elevating CAMP levels 
and inhibiting the release of LTC4 and histamine. 
Previous studies have shown that the extent to which 
secretion is impeded is related to the ability of an 
adenylate cyclase agonist to increase CAMP and to 
maintain those elevated levels [30]. The mechanism 
by which the parent compound, adenosine, inhibits 
mediator release would appear to be less obvious. 
Adenosine also elevated cAMP levels, a finding con- 
sonant with activation of an AZ/R, receptor. In 
addition to this interaction, studies with the puri- 
nergic transport inhibitors in impure cell prep- 
arations imply that the inhibitory effects of adenosine 
are exerted intracellularly, in part. Since both the 
extracellular and intracellular interactions of adeno- 
sine are inhibitory, the latter interaction is unlikely 
to be at the P-site since this would lead to an inhi- 
bition of adenylate cyclase and counteract the 
activation of adenylate cyclase associated with an 
AZ/R,-directed process. Whether the intracellular 
properties of adenosine are also mediated by 
CAMP, as has been suggested by a recent report 
[13], is not known. Certainly, appropriate exper- 
imental maneuvers, such as an excess of adenosine 
receptor antagonist or uptake inhibitor, may 
allow a more careful evaluation of the intracellular 
or extracellular processes, respectively, that 
mediate the effects of certain adenosine analogues. 

To conclude, adenosine inhibited mediator release 
from stimulated basophils. Whilst a large body of 
evidence suggests that the basophil possesses an AZ/ 
R,-like receptor, the adenosine regulation of baso- 
phi1 function may involve interactions not only at 
this cell surface receptor but at some undetermined 
intracellular locus as well. 
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