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K E Y W O R D S 

c i r c a d i a n v a r i a t i o n , ß2 -adrenoceptors , p e r i p h e r a l mononuclear l eucocy te s (MNL) , 
noc tu rna l a s t h m a 

I N T R O D U C T I O N 

We r e c e n t l y descr ibed a c i r c a d i a n va r i a t i on in the express ion of ß2~adrenoceptor s i tes 
on peripheral mononuclear l eucocy te s (MNL ) from healthy sub jects (Panger l et a l 1986, Haen 
1 9 8 7 ) . A t night ß2~adrenoceptor density was found to be m in ima l . Th i s co inc ides with 
the t i m e of lowest resp i ratory funct ion in both hea l thy and a s t h m a t i c persons (Re inberg et 
a l 1963, Barnes et a l 1980). In a s t h m a t i c s resp i ratory function dec reases so much at night 
t h a t p a t i e n t s a re most endangered by a t t a c k s at that t ime of day ( "nocturna l a s thma " , 
"nocturnal dip" , H e t z e l & C l a r k 1980). In 1968 Szen t i vany i suggested that the atopic ab 
n o r m a l i t i e s in a s t h m a t i c disease a re re l a ted to a mal funct ion of ß2~adrenoceptors, i.e 
either a dec reased adrenoceptor density or an impa i red sens i t i v i ty of these hormone r e c e p 
tors to ß-adrenergic s t imul i ( S zent i vany i 1968). We there fore studied the c i r c ad i an v a r i a 
t i o n of ß2~adrenoceptor density and funct ion in a s t h m a t i c pat ients with predominant ly 
noc tu rna l compla in t s . 

M A T E R I A L S A N D M E T H O D S 

At I4h00, 18h00, 22h00, 02h00, 06h00, lOhOO, and again at 14h00 venous blood was drawn 
from k male a s t h m a t i c pat ients , 19-27 yea rs of age. Two of them demonstrated normal or low 
no rma l resp i ratory function during day t ime (24h-mean of peak exp i ratory flow + S E : 
597+32.6 1/min and 497+29.4 1/min) w i th a marked nocturna l dip (30.1 and 26.0 % of 
24h-mean, r e spec t i ve ly ) between 02h00 and 06h00. The other two pat ients showed a s imi la r 
nocturnal dip (29.8 and 26.7 % of 24h-mean ) from an overa l l dec reased resp i ra tory funct ion 
( 2 4 h - m e a n of p eak e x p i r a t o r y f l ow + S E : 335+21 .0 1/min and 434+45.8 1/min, 
Fig. 1). A l l four men were without any bronchodi lator therapy before the study. The sub
j e c t s w e r e asked to follow a regular l i f e - s ty l e for the two weeks preceeding the study 
with bed res t between 23h00 and 07h00. On the day of the study the subjects s t ayed in the 
c l i n i c a l pharmaco log ica l r e s ea r ch unit of the hospita l . They cont inued to follow thei r 
normal dai ly routine. Subjects were asked to record mea l t imes , the consumption of a l c o 
h o l a n d C o f f e i n . A l l w e r e non-smokers . 

The blood spec imen were immed ia te ly a s sayed for the number of high a f f in i ty ß-adrenergic 
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binding sites (B -max ) on i n t a c t l ymphocytes , using a receptor binding assay (Anhäupl e t a l 
1988 ) w i t h l ^ i ^ y a n o p i n d o i o i ^ a ß-antagonist. ß2-adrenoceptor coupled adeny la te 
c y c l a s e was s t imu la ted by incubat ing the i n t a c t ce l l s w i th 10"^ mol/1 i soprena l ine 
for 5 minutes at 37°C; the inc rease of i n t r ace l l u l a r c A M P above basal va lues was d e t e r 
m i n e d by r a d i o - i m m u n o a s s a y a f t e r c e l l d isrupt ion. 

D i r e c t l y a f ter venepuncture resp i ra tory funct ion was assessed using a compute r based, 
room-restr icted sp i rometer . Among other var iab les the best of three peak exp i r a to ry flow 
( P E F ) readings was recorded . 

C i r c a d i a n var ia t ions were s t a t i s t i c a l l y va l idated by the single cosinor method (Ha lberg et 
a l 1967 ) and by ana lys is of v a r i ance (anova). S i gn i f i cance l imi t was ρ < 0 .05. 

l/min 

600 

400 

U°° 18°° 22°° 02°° 06' 
time of day (h) 

F i g . 1. Peak exp i ra tory flow of unt reated ma le a s t h m a t i c s (x+SE) . 

R E S U L T S 

When exp res sed as % of the 24h -mean the c i r c a d i a n va r i a t i on in the express ion of ß2~ 
adrenoceptor s i tes on per iphera l M N L from male a s t h m a t i c pat ients was s i gn i f i cant w i th a 
ρ < 0 .05 (anova). The max imum was seen at lOhOO (1575+462 s i t e s/ce l l , x+SE) , the 
minimum at 02h00 (600+101 s i t e s/ce l l , F i g . 2). The c i r c a d i a n range was 59 .1 -155 .2 % of 
t h e 2 4 h - m e a n . Cos inor ana lyses approx imated a c i r c a d i a n mesor of 976+51 s i t e s / c e l l , a 
c i r c a d i a n ampl i tude of 475+197 s i t e s/ce l l (equivalent to 4 8 . 7 % of mesor ) , and a c i r 
c a d i a n a c r o p h a s e of -198+34° e q u i v a l e n t to 1 3 h l 4 + 2 h l 7 (a l l x+SE) . The i n d i v i 
d u a l single cosinor ana lyses did not r each s t a t i s t i c a l s i gn i f i cance . 

F i g . 2. ß2-Adrenoceptor density on per iphera l mononuclear l eucocy tes of hea l thy men 
and of untreated male asthmatic pat ients . 



Expression of ß2-adrenoceptor sites 177 

Basal cAMP content of the ce l l s c lose ly para l le led the c i r c ad i an var ia t ion in the e xp r e s 
s i o n of ß2-adrenoceptor s i t e s . Max ima l va lues were seen between 06h00 and lOhOO 
( 6 . 0 + 1 .12 p m o l / 1 0 6 c e l l s , x + S E ) , m i n i m a l v a l u e s a t 2 2 h 0 0 ( 3 . 5+0 .95 p m o l / 
1 0 6 c e l l s , x + S E ) w i t h a c i r c a d i a n range of 74 .6 -126.7 % of 24h -mean (4.8+0.36 
p m o l / 1 0 6 c e l l s , F i g . 3 ) . 

ß2~adrenoceptor coupled adeny late c y c l a s e could be s t imu la t ed by 10 "? mol/1 i s o -
p r e n a l i n e to 6 . 8+0 .52 p m o l / 1 0 6 c e l l s result ing in a 44+11 % inc r ea se over ba 
s a l c A M P v a l u e s ( 2 4 h - m e a n + S E , F i g . 3). 

pmol /10* cells 
. ο ο basal content 

13- ο- ο after stimulation by 10"7mol/l isoprenaline 

14" I T 2^· I B " Οβ* X T Η · 0 

time of day(h) 

Fig. 3. C y c l i c A M P content of per iphera l mononuclear l eucocy te s from untreated ma le a s t h 
m a t i c p a t i e n t s before and a f te r in v i t ro s t imu la t ion by 10 "? mol/1 isoprenal ine . 

D I S C U S S I O N 

Studies t ry ing to de tec t ß-adrenoceptor ma l funct ion in a s t h m a t i c pat ients a re c o n t r a d i c 
t o r y in the i r resu l ts (Conol ly et a l 1976, Sca r pace et a l 1982, T i t i n c h i e t a l 1984). In 
g e n e r a l a d i f fe rence in the express ion of ß2-adrenoceptor s i tes and in the i r response 
to isoprenal ine could not be c l ea r l y observed between hea l thy and a s t h m a t i c people. These 
studies , however , were not chronobio logica l ly designed and were hampered wi th p r e t r e a t -
m e n t of the subjects or w i th in te r - ind iv idua l d i f f e rences in the pathophysiology of the 
d i s e a s e . 

T h e four pat ients in this study were c l e a r l y unt reated . The seve r i ty of impa i rment of 
their resp i ratory funct ion, however , d i f fered a lot among the individuals ( F i g . 1). A c i r 
c a d i a n var ia t ion in the express ion of ß2~adrenoceptor s i t e s could be observed in these 
patients that co r r e l a t ed we l l w i th the c i r c a d i a n va r i a t ion in peak exp i ra tory flow. N e v e r 
the less , d i f f e rences to our hea l thy cont ro l group (Panger l et a l 1986) a re , i f a t a i l p r e 
s e n t , v e r y sha l low. Most of a l l the marked nocturna l dip in resp i ratory funct ion is not 
p a r a l l e l e d by an equal ly enlarged dec rease in ß2~adrenoceptor density compared to the 
h e a l t h y contro ls ( F i g . 2). There is just a tendency towards an inc reased c i r c a d i a n a m 
p l i t u d e in the expression of ß2-adrenoceptor s i tes among the a s thmat i c s , wh ich might 
stil l be obscured at that stage of our invest igat ion by the sma l l number of unt rea ted sub 
j e c t s and t h e i r large in te r - ind iv idua l d i f f e rences in resp i ratory funct ion . 

T h i s s t u d y suggests that the express ion and funct ion of ß2~adrenoceptors is not c r i t i 
cally l inked to pathologica l abnormal i t i es of peak exp i ra tory flow measurements in noc tu r 
na l a s t h m a . However , the resu l ts a lso ra i se the quest ion of M N L being a useful t i ssue 
model for studies of receptor d is turbances in humans. It is w i th in reason to assume that 
data for receptors obtained from the study of M N L do represent the physio logica l s i tuat ion 
in t h e body; the shielding of c e r t a i n receptor populations from ove ra l l occur ing i n f l u 
e n c e s (e.g. endocr ine e f fects ) cons t i tu tes an ext raord inary and unnecessary bio logi 
c a l e x p e n d i t u r e . The same holds t rue for e f f ec t s of s y s t e m i c a l l y admin i s te red drugs. 
T h e r e s u l t s o f t h i s s t u d y , h o w e v e r , do not p r e c l u d e i s o l a t e d , p a t h o l o g i c a l 
ß2-adrenoceptor disturbances in bronchia l t i ssue of a s t h m a t i c pat ients . 
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