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DE BLASI, A , M LIPARTITI, S ALGERI, G SACCHETTI, C COSTANTINI, M FRATELLI AND S COTEC- 
CHIA. Stress reduced desenstt~zatton of lymphocyte [3,-adrenoceptors tn young and aged rats. PHARMACOL BIOCHEM 
BEHAV 24(4) 991-998, 1986-  The effects of different times of ~mmoblhzat~on stress on intact lymphocyte 
/3-adrenoceptors and plasma cort~costerone were compared m 3-month and 24-month-old rats. In young animals a_~er 30 
mln restr',unt 3H-dthydroalprenolol specific binding was slgmficantly reduced (6 I% of control value) and plasma cort~coste- 
rone significantly raised (186% of control). The effect on fl-adrenoceptors was due to changes in receptor number (Bmax) 
w~thout any effect on affimty (KD) In aged rats both effects were only seen after 180 mm restraint and were less 
pronounced Isoproterenol treatment m vitro reduced/3-adrenoceptors on lymphocytes Th~s effect was less pronounced m 
lymphocytes from aged rats Cortlcosterone m vitro increased 3H-d~hydroalprenolol specific bmdmg We therefore suggest 
that the decrease of g-adrenoceptors reflects an adaptive response to the stress-induced catecholamme release and that 
cort~costerone could play a role in reversing th~s effect Th~s adaptive response to stress seems to be impaired in aged 
animals 

Stress /3-Adrenoceptor desensltmzat~on Cort~costerone Aging 

STRESS ts a common smtuatlon which reduces several phys- 
iological responses such as activation of the pltmtary- 
adrenocorticai system. Some stress-reduced changes can be 
interpreted as adaptive responses to this powerful stimulus 
For example a decrease in the number of/3-adrenoceptors m 
rat brain after repeated stress has been constdered a form of 
receptor adaptation to prevent some dangerous effects of 
persistent htgh levels of catecholamines [37]. 

Aging has an ~mportant influence on the physiologtcal re- 
sponse to stress For example, the cardiovascular system's 
capacity to adapt to stress [27] and the rat 's abihty to regu- 
late its body heat on exposure to cold stress [1] are impaired 
w~th aging Furthermore old rats lose their abd~ty to cope 
with acute stress, because of a loss of adrenergic respon- 
siveness and ~ncreased "shock"  reaction [6]. The changes ~n 
receptor number [9,10] and the impaired receptor adapt- 
abd~ty [6,17] observed wtth aging may be related to age- 
dependent alterations of stress-induced responses. 

In young and aged rats we investigated the posslbdtty that 
acute adaptation to stress [6,12] m~ght mvolve receptor 
changes. The experimental model of the/3-adrenergic recep- 
tor on intact lymphocytes was chosen for this purpose. In 
contrast with the scant informatton available about short- 
term receptor regulation in internal organs (heart, lung and 
brain) the acute regulation of/~-adrenoceptors by homolog- 
ous and beterologous agents m v~tro has been extensively 
documented on different mtact cell systems [19] including 

~ntact human lymphocytes [11,24] The f'mdtng that cate- 
cholammes and corticosteroids, the hormones which are re- 
leased dunng stress, both modulated/~-adrenergtc receptors 
in these experimental systems [7,8] further sustained the 
present ~nvestlgation. 

METHOD 

Young (3 months) and aged (24 months) male Sprague- 
Dawley CD-COBS rats (Charles River, Italy) maintained m 
standard laboratory conditions were used. Restramt stress 
procedures was induced as follows: 3 or 24-month-old rats 
were ~mmobthzed by wrapping them in flexible wire mesh 
(3×3 ram). In study A young rats were restrained for 0, 15, 
30, 60, 90 and 180 mm (5-6 animals per group). In study B 
young and aged rats were restrained for 0, 30, 90 and 180 mm 
(5-6 ammals per group). In order to mimmtze the influence of 
circadian rhythm, control and stressed young and aged rats 
were killed at random from 10:30 to 12:30 a.m. 

When necessary 0.e., for in r~tro studies or for Scatchard 
analysis) the blood from 7-10 rats was pooled 

lndwelhng Carotid Catheter 

Rats were anesthetized with chloral hydrate (350 mg/kg 
IP) and an 8 cm long cannula (PP50, Portex, England) was 
inserted 2 cm into the left carotid artery and sutured at the 
muscle. Then the cannula was passed through the sub- 
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FIG l Inhlb~l~on of "~H-d~hydroalprcnolol {~H-DHA) b|ndmg by 
(-)-propranolol (C)), (+)-propranolol (~), CGP 12177 (v1), and ~so- 
proterenol (~) Each point is the mean of 3-5 separate experiments 

TABLE 1 

EFFECT OF RESTRAINT STRESS ON INTACT LYMPHOCYTE 
~H-DIHYDROALPRENOLOL SPECIFIC BINDING IN 

3-MONTH-OLD R A T S  

Restrtunt ~H-DHA specific % of 
time b~ndmg basal 
(minutes) n (fmol/cell 10 ") value 

0 10 823 -+ 1 00 100 
15 3 6 63 -+ 1 06 81 
30 11 4 99 --. 0 55* 61 
60 6 903 ± I 02 110 
90 9 876 ± 1 27 106 

180 13 8 35 ± 0 56 101 

Specific b|ndlng was measured as "~H-d~hydroalprenolol (~H-DHA) 
binding mh~blted by 30/zmol/l (_)-propranolol 

Values are mean ± S E M  ofnrats  
*Stgmficantly different from basal value (t~me 0) at p<0 05 (Dun- 

nell's test) 

cutaneous t~ssue In the cervical area and anchored w~th a 
stitch at the skin, 24-36 hours thereafter blood samples 
(about 1 mi) were collected ~nto hepanmzed tubes (on ~ce) 
Samples from 7-8 rats were pooled and processed as de- 
scribed to isolate lymphocytes 

Lymphocytes Isolation 

Rats were kdled by decapitation and trunk blood was col- 
lected into hepanmzed tubes taken on ~ce. Peripheral blood 
lymphocytes were prepared according to Oehler et a! [28] 
with shght modification About 10 ml blood was dduted w~th 
40 ml phosphate-buffered saline (PBS) (Eurob~o), cen- 
trifuged at 200xg for 10 mm and the supernatant d~scarded 
The cells, dduted to 40 ml w~th PBS, were carefully layered 
over I0 ml Ficoil-Hypaque (MSL 2000, Labtek) and cen- 
trifuged at 500×g for 45 m~n The cells layered at the rater- 
face of the F~coll were carefully collected and washed w~th 
PBS To ehm~nate res,dual contaminating platelets the cells 
were centrifuged twice at 200xg for 10 mm and the superna- 
tant was d~scarded. Mononuclear cells were then ,ncubated tn 
RPMI-1640 medium supplemented w~th 20% fetal bovine 
serum (G~bco, B~ocult, Glasgow, Scotland) for 45 mln at 
37°C ~n plastic Petrt d~shes (# 3003, Falcon Plastics, Oxnard, 
C A ) .  Non-adherent cells were collected and washed w~th 
PBS The final cell preparation contained approximately 94% 
lymphocytes, 5% monocytes and <2% polymorphonuclear 
leucocytes. 

3H-Dthydroalprenolol Binding 

Binding experiments on intact lymphocytes were per- 
formed according to Watanabe et a! [41] w~th shght modifi- 
cations The standard reaction m~xture (1 ml) consisted of 50 
mmol/1 Tns-HCI buffer (pH 7 4 at 25°C), 85 mmol/l KCI, 10 
mmol/I MgCI~, 0 4 mmol/l ascorblc acid, 1 mmol/I EDTA, 10 
/xmol/! pargyhne (incubation medium) and 2× 106 ~ntact lym- 
phocytes The qmte h~gh concentration of KCi used to make 
the incubation medmm ~sotomc d~d not affect the aH-DHA 
b~ndmg, as compared w,th aH-DHA binding m PBS or m 
Dulbecco's Modified Eagle Medium (data not presented) 
Incubation (15 mm at 37°C) was stopped by the addition of 4 

ml of ice-chdled Trts buffer followed by rapid filtration 
through Whatman GF/B glass fiber filters under vacuum and 
three additional 4 ml washes in saturation experiments 5-6 
d~fferent concentrations of aH-dihydroalprenolol (S A 51 
and 103 Ct/mmoi, Amersham, England) ranging from 0 75 to 
8 nmol/I were used In experiments where a single concen- 
tration of rad~ohgand was used, 2 nmol/I was chosen and 
assayed at least m tnphcate Non-specific b~ndlng, defined 
as aH-d~hydroalprenolol binding in the presence of 30 ptmol/1 
(+-)-propranolol, was 30% of total blnd|ng at ~H- 
dlhydroalprenolol concentrat,on of 2 nmoi/I 

3H-CGP 12177 Binding 

3H-CGP 12177 [4-(3-tert~arybutylamlno-2-hydroxypro- 
poxy)-benz~m~dazole-2-on-hydrochlonde] b~nd~ng to intact 
lymphocytes was determined as previously described [ ! i] The 
standard reaction m~xture (0 5 ml) consisted of Dulbecco's 
Modified Eagle Medium (pH 7 4 at 20°C) contmntng 20 mmolll 
Hepes and i mg/ml bovine serum albumin (incubation med,um) 
and 2-3 × 106 intact l ymphocytes Incubation (18 hr at 4°C) was 
stopped by the addition of 10 mi cold PBS followed by rap~d 
filtration through Whatman GF/C glass fiber filters under vac- 
uum and one additional I0 ml wash aH-CGP 12177 (S A 43 
C~/mmol, Rad~ochem~cal Centre, Amersham, England) con- 
centratlons ranged from 0 30 to 9 nmol/I Non specific binding, 
defined as 3H-CGP 12177 b~ndlng ~n the presence of 1/,mol/I 
(-)-propranolol, was 20% of total binding at 2 × K,) 

The lymphocytes used m th~s set of experiments were iso- 
lated from whole blood by performing all the steps at 4°C 
(adherence ofmonocytes to plastic was avoided) Th~s modifi- 
cation (which did not change the yield of cells ]1 I]) and the 
binding at low temperature was preferred because ~t gave more 
reliable results when measunng acute changes ~n "sH-CGP 
12177 blndmg to surface iymphocytes/3-adrenoceptors [I I] 
The characteristics of ~H-CGP 12177 to intact lymphocytes are 
described ~n detail elsewhere [I I] 

Effect o f  lsoproterenol In Vitro 

Lymphocytes resuspended at a density of 10-15× 106 
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FIG 2 Effect o f  30 mzn stress on lymphocyte total fl-adrenoceptors 
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ments 3H-dzhydro~ipreno]ol PH-DHA)  specific bmdzng was meas- 
ured as descnbed m Table I *p<0 01, Student's t test 
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FIG 3 Effect of 30 mm stress on lymphocyte surface 
/3-adrenoceptors Representatwe Scatchard plot of young control 
((3) and 30 mtn (e) restramt rats Data are means+-S E M of 3 
separate experiments B,,,~=fmol/10 ~ e,. Kt)=nM *p<0 05, Stu- 
dent's t test 

cells/ml were tncubated without or wtth different concentra- 
tions of  tsoproterenol at 37"C. After 20 min cells were dduted 
with cold Tns buffer, rapidly chdled, washed twice w~th 50 
ml cold Tns buffer and finally resuspended m incubation 
medmm. Isoproterenol was protected from oxidation by 
using 0 01% (w/v) ascorbic acid. 

Effect o f  Corttcosterone In V~tro 

The reaction was started by addmg 0.5 ml of  incubation 
medium containing 2x 106 lymphocytes to 0.5 ml of incuba- 
tion medium contaimng 3H-dthydroalprenolol and different 
concentrations of  cortlcosterone. After 15 m~n ~ncubauon at 
37~C the reaction was stopped by rapid filtration. Corttcoste- 
rone was dissolved m ethanol, which never exceeded I% 
(voi/voi) m the binding sample. The same amount of  solvent 
was added in the control sample. The effect of  the hormone 
was observed on total binding w~thout any change of non- 
specific binding. 

Corttcosterone Determtnation 

In study B blood, collected m ~ced bepanntzed tubes, was 
centrifuged at 500×g for 10 mm at 4°C, then stored at -700C 
for corhcosterone determination. Endogenous plasma cort~- 
costerone levels were determined spectrofluorometncally in 
200/zl of  plasma according to the method of  Guillemm et al 
1181 

R E S U L T S  

F|gure I shows the characteristics of ~H-dihydroalprenolol 
b~ndtng to rat ~ntact lymphocytes.  The binding of  aH- 
dihydroalprenoloi was inh~bited stereospecffically by ( - ) -  
and (+ ) -proprano lo l ,  but the pattern of stereoselectivity was 
unusual (higher at 10-~-10 -~ mmol/l than at 10-~-I0 -5 mmol/l 
[4]). Furthermore ~H-d~hydroalprenolol b~nd~ng was d~s- 

placed non-stereospeclfically at h~gher propranolol concen- 
trations [25]. Only a fraction (~30%) of  3H-d~hydro- 
aiprenolol b~ndmg could be d~splaced by the antagomst CGP 
12177 which, unhke 3H-dihydroalprenolol and propranolol, 
~s hydrophdtc [32,36]. Taken together, these results ~nd~cate 
that 3H-d~hydroalprenolol b~nds to a heterogenous popula- 
tion of sites and that hydrophylic compounds (CGP 12177, 
~soproteneroi) selectwely inhibited a single population of re- 
ceptors. S~nce CGP 12177 probably btnds only external sites 
[36] ~t is hkely that the ~H-d~hydroalprenoiol binding inh~b- 
~ted by CGP 12177 represents surface receptors. A fract|on of 
3H-d~hydroaiprenolol b~nd~ng not mh~b~ted by CGP 12177 was 
stereospecific, although ( - ) -propranolol  was only ---3 times 
more potent than (+)-propranolol.  Because of the major in- 
teractions of hpophthc drugs (such as ~H-dihydro;dprenolol 
and propranolol) w~th the membrane lip~ds, it was difficult to 
clarify the exact nature of  these sites and assess whether 
they are non surface receptors or non-specific s~tes. How- 
ever  the existence in intact cells of  a fraction of  receptors 
sequestered in an environment not accessible to hydrophilic 
ligands has been prevmusly reported [20, 36, 40]. 

Based on the above considerations in the present investi- 
gation fl-adrenoceptors were measured as the 3H- 
d~hydroalprenolol b~nd~ng mh~b~ted by 30 /~mol/I (-+)- 
propranolol (total ~-adrenoceptors) or by l /zmol/I CGP 
12177 (surface/~-adrenoceptors).  

As expected m intact cell systems [22,36] the agomst iso- 
proterenol showed low affimty for fl-adrenoceptors (Fig. 1). 

Total fl-adrenoceptors (see above) were measured on rat 
intact lymphocytes after unmobihzat~on stress The pooled 
findings of  two experiments (studtes A and B) on the effect of 
different tunes of  immobilization stress on young rats are 
shown in Table 1. Because of  the fast coagulation of the 
blood during collection in the 15-m~n restrained group, sam- 
ples from only three animals in this group were available for 
lymphocyte preparation and binding determination. A sigmf- 
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FIG 4 Effect of restraint stress on plasma corlicosterone and aH- 
d~hydroalprenolol 0H-DHA) specific binding m young (~) and aged 
(©) rats Each point is the mean_+S E M of 5-6 animals ~H- 
dihydroalprenolol specific binding was measured as described ~n 
Table l Significant d~fferences at p<0 01 (**) and p<0 05 (*) from 
basal value (time 0) (Dunnett's test) 

leant decrease (39%) tn aH-dthydroalprenolol specific bind- 
ing was seen after 30 rain stress, but after 60-120 rain re- 
straint receptor binding was the same as basal values The 
effect at 30 rain remained statistically significant even when 
each experiment was analyzed separately 

The decrease of  aH-dlhydroalprenolol binding observed 
reflected changes in receptor number. In saturation expert- 
ments the number of/3-adrenoceptors was significantly re- 
duced without any change in KD after 30 rain stress (Fig 2). 

When the surface /3-adrenoceptors were directly meas- 
ured by '~H-CGP 12177 specific binding, the number of  sur- 
face fl-adrenoceptors was markedly decreased ~n restrained 
rats (Fig 3). In this set of experiments we preferred to meas- 
ure surface receptors by aH-CGP 12177 (instead of  aH- 
dlhydroaiprenolol competed by unlabelled CGP 12177) be- 
cause of the higher specific/total binding ratio which enabled 
us to perform reliable saturation experiments 

Study B compared the effect of  stress on lymphocyte 
fl-adrenoceptors in young and old rats (Fig 4) Basal values 
of  aH-dthydroalprenolol specific binding were similar in the 
two age groups However  the decrease of/3-adrenoceptors 
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FIG 5 Effect of pretreatment wRh different concentrations of iso- 
proterenol on lymphocytes from young control rats Shown are sur- 
face (A) and total (B) /3-adrenoceptors and binding of '~H- 
dthydroalprenolol (3H-DHA) alone IC) and in the presence of I 
p~moU1 CGP 12177 (D) or 30 p.mol/1 (-+)-propranolol (E) (n=4) S~g- 
mficant d~fferences at p<0 01 (*) from lymphocytes premcubated 
w~thout isoproterenol (01 tDunnett's test) For detads see the 
Method section and Results section 

after 30 rain restraint tn young rats was not observed tn aged 
animals The 3H-dthydroalprenolol specific binding to lym- 
phocytes of 24-month-old rats was unmodified after 30 and 
90 min and a significant decrease was only seen after 180 mln 
s t r e s s  

Two major physiological events (t e ,  increased catechol- 
amines and cortlcosterone secretion) occurring during stress 
may be related to the observed changes tn fl-adrenoceptors 
The effects of  the fl-adrenerglc agomst lsoproterenol and of 
corttcosterone on both total and surface ~-adrenoceptors 
were therefore investigated m w t r o  

Pre-exposure of  rat hvlng lymphocytes to isoproterenol 
caused a decrease tn ,8-adrenoceptors, apparently due 
mainly to changes m surface receptors In fact '~H- 
dlhydroaiprenolol binding inhibited by CGP 12177 (surface 
receptors) was markedly reduced (from 54 to 29% of control 
value) by all the tsoproterenol concentrations tested (Fig 
5A) A significant decrease of  total ,8-adrenoceptors was 
only seen at the higher dose of  tsoproterenol (100 p.mol/l) 
(Fig 5B) The effect of Isoproterenol was due to a change in 
total binding with little effect on aH-dthydroalprenolol bind- 
ing In the presence of  either CGP 12177 (I ~tmol/l) or pro- 
pranolol (30 p.mol/I) (Fig. 5, C, D, E) This was not because 
of  competition from isoproterenol still present m the binding 
mixture, since very high concentration of  lsoproterenol ts 
needed to inhibit 3H-dlhydroalprenolol binding (see Fig 1), 
and no persistent occupancy of  the receptors by tsopro- 
terenol was found under similar expenmentai conditions [35] 

The ability of  tsoproterenol to reduce surface 
/3-adrenoceptors was impaired tn lymphocytes from aged 
rats (Fig 6). In  v t t ro  prelncubatlon with Isoproterenol in- 
duced a shght (12-15%) decrease of  surface/3-adrenoceptors, 
and this effect reached statistical significance only at high 
drug concentrations 

As shown m Fig 7, the presence of  cortlcosterone con- 
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FIG 6 Effects of pretreatment with different concentrations of 
~soproterenol on lymphocytes from aged rats Shown are surface 
receptors, measured by aH-d~hydroalprenolol binding competed by ! 
#mol/I CGP 12177 (n=3) Slgmficant difference at p<0 05 (*) from 
lymphocytes premcubated w~thout tsoproterenol (0) (Dunnett's 
test) 

centratlons from 0 1 ng/ml to I #g/ml s~gndicantly increased 
total /3-adrenoceptors (by about 25%). When only surface 
fl-adrenoceptors were measured (aH-dihydroalprenolol bind- 
ing inhibited by 1 p.mol/I CGP 12177) the effect of cortlcoste- 
tone (0.5 p.g/ml) was even more pronounced (70% increase 
over control value) 

To obtain reasonable amounts of  blood in the present 
investigation ~t was collected from the decapitated trunk of  
the rats However,  decapitation is associated with a 10-fold 
increase in circulating noreplnephrine and an 80-fold in- 
crease in circulating eplnephnne [30] and the 
/3-adrenoceptors on lymphocytes are therefore exposed to 
these high concentrations of  catecholam~nes. An effect of  
this on surface receptors would be confounding in the in- 
terpretation of  the present results on stress-induced receptor 
changes To exclude this possibility, surface /3- 
adrenoceptors were compared on lymphocytes isolated from 
blood collected from an indwelling catheter (th~s procedure 
alters slightly circulating catecholamlnes [30] and from the 
decapitated trunk (Table 2) Specific aH-dihydroalprenoiol 
binding to the surface fl-adrenoceptors was similar In the two 
experimental groups and it was also the same in a third group 
in which lsoproterenol (10 ~tmol/l final concentration) was 
added just  after blood collection (Table 2, group C). This 
lack of difference is probably due to the experimental proce- 
dure (blood collected on ice, rapidly diluted and washed sev- 
eral times) that did not allow any catecholamme-receptor 
interaction (sufficient to induce receptor changes). 

D I S C U S S I O N  

Using intact lymphocytes as a model to study acute 
/3-adrenoceptor response to stress, we observed a slgntfi- 
cant, transient receptor decrease in young rats after 30 rain 
~mmobihzation The most likely explanation of this is that ~t 
reflects an adaptive response (desensitization) to the in- 
creased catecholam~ne secretion induced by stress. In fact 
forced immobihzation activates the sympatho-adrenal 
medullary system resulting in elevated plasma levels of care- 
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FIG 7 In vitro effect of corhcosterone on lymphocyte total 
//-adrenoceptors (aH-d~hydroalprenolol (3H-DHA) btnding inhibited 
by 30 ~tmoF1 (_+)-propranolol) Each point ~s the mean+-S E M of 5 
experiments S~gnLficant d~fferences at p<0 01 (**) and p<0 05 (*) 
from aH-dihydroalprenolol binding without corticosterone The inset 
shows surface fl-adrenoceptors (aH-dlhydroalprenolol b~ndmg 
inhibited by I ~mol/I CGP 12177) in the absence (C) or presence (H) 
of 0 5 p.g/ml corticosterone *p<0 01 Student's t test (n=4) 

TABLE 2 
E F F E C T  O F  D I F F E R E N T  B L O O D  C O L L E C T I O N  P R O C E D U R E S  ON 

L Y M P H O C Y T E  S U R F A C E / ~ - A D R E N O C E P T O R S  

Group A Group B Group C 
n=3 n=3 n=3 

Decapl- 
Indwell- tat~on + 

]ng Decapl- 10 #.M lsopro- 
catheter tation terenol 

aH-DHA(25nM) 2 9 7 _ 0 8 1  2.94+_0.75 233-+074 
specific btndlng 

Spectfic blndtng to surface receptors was measured as ~H- 
chhydroalprenolol (3H-DHA) inhibited by 1 ~mol/l CGP 12177. 

Values are means _ SEM 

cholamlnes [6,26], and the concentration of/3-adrenoceptors 
ms reciprocally correlated with the ambient level of  catechol- 
amines [14]. According to thts hypothesis the number of  
/3-adrenoceptors was lowered In intact cells after 20-60 mm 
m vt t ro  exposure to/3-adrenergic agonists [11, 15, 19, 24]. 
However  overstimulation of/3-adrenoceptors tn v ivo ,  either 
by increasing endogenous circulating catecholammes or by 
infusing fl-adrenoceptor agonists, gave conflicting results 
f l-Adrenoceptors were reduced in the rat pineal gland after 
30 mln lsoproterenol ~nfus~on [23]. 

In man lymphocyte /~-adrenoceptor number was un- 
changed [13,34] or rinsed [2] alter increasing c~rculatlng cat- 
echolam~nes by postural changes or dynamic exercise. In- 
travenous mfusion of adrenaline or isoprenaline to human 
subjects rinsed the number of / i -adrenoceptors  in membranes 
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from mononuclear leukocytes m 30 mln, while continued 
infusion decreased the number by half m 4 hours [39] S~m~- 
lar b~phas~c changes have been found after acute exercise, 
but w~th a different t~me course (s~gnlficant increase 3ust 
after and decrease 25 m~n after exercise) [3] In contrast, 
during 10-60 mm ~soprenahne infus~on Krall e t  a l  [24] found 
unchanged aH-d~hydroalprenolol specific b~ndlng to Intact 
lymphocytes 

These reports, including the present findings, greatly d~f- 
feted m their methodological protocols, experimental design 
and. most ~mportant, m the degree of stimulation of 
/3-adrenoceptor m ~,~vo Th~s may be ~mportant m explaining 
some of the above conflicting observations [2] The d~screp- 
ancy between In v~tro and ~n v~vo results ~s noteworthy /n 
~'~tro agomst-mduced loss of receptors has been measured on 
intact cell systems while most of the m v~vo studies measured 
receptors on homogemzed membrane preparations It ~s 
hkely that rad~ohgand b~ndmg to intact or broken cells d~d 
not measure exactly the same receptor s~tes In fact a possi- 
ble loss or mact~vat~on of b~ndmg s~tes dunng preparation of 
cell particulate was suggested by the lower number of 
fl-adrenoceptors and isoproterenol-st~mulated cyclase activ- 
ity found m broken cells [22] Therefore an effect of cell 
homogemzat~on procedures on the agomst-~nduced receptor 
change, a rapidly reversible phenomenon [l 1,19]. cannot be 
excluded All these considerations prompted us to use intact 
cells as providing more rehable mformat~on on dynamic 
changes of fl-adrenerg~c receptors [31] 

A recent paper [5] reported that the presence of exoge- 
nous (added In w t r o )  or endogenous (incompletely washed 
during membrane preparation) norepmephnne m the binding 
assay resulted m an apparent reduction of a~ receptor 
number (Bmax) w~thout any change ~n the K~ Th~s effect, 
probably due to pseudo-~rrevers~ble binding of the agomst to 
the h~gh affimty form of the receptor, was abohshed when 
binding was determined m the presence of a h~gh concentra- 
tion of GTP or NaCI (or when the membranes were prepared 
m the presence of these two agents) The poss~bd~ty that 
pseudo-~rrevers~ble binding of endogenous catecholammes 
(raised during stress) to fl-adrenerg~c receptors accounted 
for the observed reduction m lymphocyte receptor number 
must be therefore considered However several reasons 
suggest that th~s ~s h~ghly unhkely (1) In our experimental 
conditions the pseudo-~rrevers~ble b~ndmg of agomst to 
/3-adrenerg~c receptors was not found In several expert- 
ments (m intact human lymphocytes, using 3H-CGP 12177 as 
hgand) we found that ~soproterenol affected the K~, but not 
the Bmax (data not presented), (2) intact lymphocytes phys- 
iologically contain h~gh concentrations of GTP and the brad- 
mg m an intact cell system ~s comparable to that of mem- 
brane ~n t h e  p r e s e n c e  of GTP [22,29] Therefore pseudo- 
Irreversible b~ndmg of the agomst ~s not to be expected, (3) 
The procedure used to ~solate lymphocytes ensures almost 
complete removal of catecholammes, as shown by the s~m~- 
lar receptor number ~n lymphocytes from blood conta~mng 
w~dely d~fferent levels of agomsts (Table 2) 

The m v t t r o  experiments showing the modulatory effect of 
~soproterenol (F~g 5) and cort~costerone (F~g 7) on 
fl-adrenoceptors rinsed several important ~ssues related to 
the Interpretation of data obtained from stress 

In previous studies the effect of tn v t t r o  catecholamme 
treatment on intact cell systems was investigated using 
selective hgands such as aH-dlhydroalprenolol (or other 
hpophdlc hgand) and aH-CGP 12177 for measuring respec- 
tively total and surface/3-adrenerg~c receptors Galant and 

Brltt [ 15] reported that premcubatlon of human leukocytes 
with a h~gh concentration of tsoproterenol 1100 ~mol/I) re- 
duced a large loss (~-80%) of ~soproterenoi-stlmulated adenyl- 
ate cyclase and a less pronounced decrease (~30%) of "~H- 
d~hydroalprenolol specific b~nd~ng Using '~H-CGP 12177 to 
measure surface {3-adrenoceptors, a marked reduction 
t>50cAI of receptor number was seen Jn intact cells exposed to 
1-10 #mol/I ~soproterenol [11. 19. 351 The present result 
confirms and extends these findings, by a new approach 
which g~ves a parallel estimate of total and surface 
fl-adrenoceptors In fact ~n the same experiment aH-dlhy- 
droalprenolol was ~nhlbtted by propranolol (total receptors) 
or CGP 12177 (surface receptors) 

Using th~s method, we found that h~gh-concentrauon 
~soproterenol ( 100 p.mol/I) pretreatment induced a slight de- 
crease (-25cA) of total /3-adrenoceptors (F~g 5B) Surface 
receptors were drastically reduced even by I p.mold ~so- 
proterenol (F~g 5A) Th~s ~nd~cates a preferenual role of sur- 
face receptors m agomst-mduced desenstttzatlon on Intact 
cells Therefore the reduction m '~H-d~hydroalprenolol brad- 
mg after stress probably reflects adapat~ve changes of sur- 
face fl-adrenoceptors to the stress-reduced increase of cate- 
cholamme 

This was d~rectly proved by the reduction of surface 
fl-adrenergtc receptor number (aH-CGP 12177 binding) m 
restrained rats (F~g 3) 

In accordance wtth previous results on human lympho- 
cytes [7], 3H-dthydroalprenoiol specific binding to rat intact 
lymphocytes was s~gmficantly higher m the presence of cor- 
t~costerone (F~g 7) Since thts effect was seen after short 
exposure (15 mm) of lymphocytes to corttcosterone, the m- 
crease m/3-adrenoceptors ~s probably explained by unmask- 
mg of cnpttc receptors (mediated by an effect of cort~coste- 
tone on membrane flmd~ty) rather than receptor neosyn- 
thes~s However, th~s point remains to be clarified 

The efficacy of glucocorttcotds m reversing 
fl-adrenoceptor desens~ttzatton by agomsts has been re- 
peatedly described [21,33]. Therefore the elevation of cort|- 
costerone seen m our experiments could be important for the 
restoration of fl-adrenoceptor basal values after the reduc- 
tton at 30 mm stress 

The present study demonstrated that the receptor change 
induced by stress was modtfied m aged rats (F~g 2) The 
decrease m /3-adrenoceptors m aged ammals was less 
pronounced (-28c~) and occurred much later (180 mm) The 
release of catecholammes m response to tmmobd~zat~on 
stress was reportedly substantially slmdar m 3 and 28- 
month-old F~sher-344 rats [6] Th~s makes ~t unhkely that the 
d~fferent receptor changes m young and aged ammals are due 
to d~fferences m catecholamme release reduced by stress 

An alternative explanatton ~s that the retarded receptor 
response to stress ts due to some age-dependent alteration of 
the intrinsic mechamsms of fl-adrenoceptor regulation Ac- 
cording to this hypothes~s we found that the abdtty of tso- 
proterenol (added in v~tro) to reduce surface B-adrenoceptors 
was less pronounced in lymphocytes from aged rats (F~g 6) 
An altered adaptive receptor-response was suggested by 
existing evidence that/3-adrenoceptors arc less able to de- 
velop supersenstt~v~ty m the pineal gland of aged rats [17,42] 
However the receptor hyposens~t~vtty reduced by chrome 
desmethyl-tm~pram~ne was similar m young and aged rats 
[42] Thus the mechanisms of the altered receptor-regulation 
w~th aging appear to be complex and several aspects such as 
duration of stimulation (acute vs chromc), target organs 
(lymphocytes vs brain) and type of receptor response 
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(hypo-vs .  hype r - sens t t iw ty )  need  fu r the r  :nves t iga t ton  be-  
fore  any  firm conc lus ion  can  be  d rawn .  

To sum up,  immobdiza t~on  s t ress  in young  ra ts  reduced  a 
comp lex  ser ies  o f  shor t  t e r m  even t s ,  inc luding re lease  o f  
c a t e c h o l a m m e s  and  co r t t cos t e rone  and  a dec rease  o f  

/3-adrenoceptors .  The  la t t e r  ef fec t  is p robab ly  due  to the  h igh 
p l a sma  c a t e c h o l a m i n e  levels  whi le  cor tacos te rone  could  be  
tmpor t an t  for  r e c e p t o r  r e c o v e r y  f rom the  desens i t i zed  to 
the i r  basa l  s tate .  Th i s  c o m p l e x  ser ies  o f  adap t ive  r e s p o n s e s  
to s t ress  seems  to be  impai red  m aged animals .  
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