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Muscarinic cholinergic binding sites on rat lymphocytes* 
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Abstract: Receptors for neurotransmitters in blood cells could serve as useful markers for the same receptors in solid tissues. Muscarinic 
receptors have been identified in human, rat and mouse lymphocytes by binding of [3H]quinuclidinyl benzilate (3H-QNB); however, the 
biochemical and pharmacological characterization of such binding sites has not been complete. Spleen lymphocytes were isolated on a 
histopaque gradient and incubated in Hank's buffer with 3H-QNB. Binding of 3H-QNB was linear with increasing protein concentrations 
and was saturable. Binding constants w e r e  B m a  x : Il l  ± 10.5 fmol/106 ceils, and K d = 29.7 ± 3.9 nM (n - 7). An extensive 
pharmacological analysis of these binding sites indicated that several cholinergic muscarinic drugs were capable of inhibiting 3H-QNB 
binding. Muscarinic antagonists were more potent than agonists, and lipophilic drugs were more potent than hydrophilic drugs. Several 
non-cholinergic drugs were also capable of inhibiting 3H-QNB binding; however, they did so also in brain membranes, while a third 
group of non-cholinergic drugs and neurotransmitters were inactive. Similar results were also obtained in circulating lymphocytes and in 
lymphocyte membranes. These results suggest that lymphocytes possess muscarinic receptors which share several, although not all, 
characteristics of the same receptors in brain and other tissues. 
Measurement of these binding sites could be useful to monitor the status of muscarinic receptors in solid tissues. 
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Introduction 

Several non-neuronal, non-innervated cells, such as 
lymphocytes, erythrocytes, platelets and fibroblasts, 
have been shown to possess receptors for drugs, 
neurotransmitters and hormones. The presence of 
these receptors on cells that are easily accessible 
provides opportunity for ethical investigations, di- 
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rectly in human populations, of their biochemical, 
pharmacological and functional characteristics, and 
of their possible modification by genetic, environ- 
mental or disease factors. This approach is already 
being utilized in research on neuropsychiatric dis- 
eases (Stahl, 1985), and could also have various ap- 
plications in occupational and environmental 
health (Costa, 1987a). 

The cholinergic system plays a major role in cen- 
tral and peripheral nervous system functions (Singh 
et al., 1985), and muscarinic receptors have been 
identified in the CNS as well as in several peripheral 
organs (Nathanson, 1987). Alterations of muscarin- 
ic receptors have been associated with several dis- 
eases and neuropsychiatric disorders (Mash et al., 
1985), and with exposure to drugs or toxic chem- 
icals such as metals or pesticides (Nordberg et al., 
1980; Costa and Fox, 1983; Costa et al., 1982). 

There is repeated evidence that lymphocytes re- 
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spond to cholinergic agonists with increased cyclic- 
guanosine monophosphate (GMP) levels, enhanced 
ribonucleic acid and protein synthesis, altered mem- 
brane fluidity, and altered immune functions 
(Strom et al., 1974; Haddock et al., 1975; Masturzo 
et al., 1985). These findings suggested that function- 
al muscarinic cholinergic receptors are present on 
lymphocytes. Indeed, by using radioligand binding 
techniques, several investigations have demonstrat- 
ed the presence of muscarinic binding sites on sple- 
nic or circulating lymphocytes from rats (Maslinski 
et al., 1983; Strom et al., 1981; Shenkman et al., 
1986), mice (Gordon et al., 1978; Atweh et al., 1984; 
Ado et al., 1986) and humans (Zalcman et al., 1981; 
Bidart et al., 1983; Adem et al., 1986; Rabey et al., 
1986; Bering et al., 1987). Muscarinic receptors 
have also been labelled with the alkylating agent 
[aH]propylbenzylcholine mustard in IM-9 lympho- 
cytes (Hootman et al., 1985). Two studies, however, 
failed to identify muscarinic receptors on murine 
(Wazer and Rotrosen, 1984) and human (Malo- 
teaux et al., 1982) lymphocytes. 

If lymphocytes were to be useful as peripheral 
markers for the muscarinic system in nervous tissue, 
the characteristics of muscarinic receptors should 
be similar, if not identical, to those observed in 
brain and other solid tissues. One of the most im- 
portant criteria for identifying and characterizing a 
binding site as a neurotransmitter receptor is the 
detailed pharmacology of the binding (Butt, 1985). 
So far, only a few muscarinic cholinergic drugs have 
been used to characterize receptors in lymphocytes. 
One report (Atweh et al., 1984) also describes a 
muscarinic binding site with mixed muscarinic-nic- 
otinic characteristics. The principal aim of the pre- 
sent study was, therefore, to provide a more com- 
prehensive pharmacological characterization of 
muscarinic cholinergic binding sites in rat lympho- 
cytes. 

M e t h o d s  

Chemicals 

( - )-[3H]Quinuclidinyl benzilate (3H-QNB; 33.1 Ci/ 
mmol) was purchased from New England Nuclear 

(Boston, MA). SafetySolve was obtained from Re- 
search Products International Corporation (Mount 
Prospect, IL). ( - )  and (+)  QNB, (±)  quinuclidi- 
nylxanthene-9-carboxylate (QNX), ( + )-c/s-methyl- 
dioxolane and naloxone hydrochloride were ob- 
tained from Research Biochemicals Incorporation 
(Natick, MA). Gamma-aminobutyric acid (GABA) 
was purchased from Calbiochem (La Jolla, CA). 
The following compounds were generously donat- 
ed: (+)-nicotine bitartrate (Drs. M. Aceto and E.L. 
May, Medical College of Virginia, Richmond, VA); 
mecamylamine hydrochloride and amitriptylinc 
(Merck, Sharp & Dohme, West Point, PA): mor- 
phine sulphate (Dr. G. Rosenfeld, Houston, TX); 
tetrahydroisoxazolo[5,4-c]pyridin-3-ol hydrochlo- 
ride (THIP; Dr. V. Christensen, H. Lundbeck & 
Co., Copenhagen, Denmark); prazosin hydrochlo- 
ride (Pfizer Inc., Groton, CT); pirenzepine hydro- 
chloride (Istituto De Angeli, Milano, Italy); diaze- 
pam (Hoffman-La Roche Inc., Nutley, N J). All 
other compounds were purchased from Sigma 
Chemical Co. (St. Louis, MO). Scrubbed nylon 
wool was purchased from Fenwal Laboratories 
(Morton Grove, IL). 

Anima& 

Male Sprague-Dawley-derived rats (300 400 g; Tyl- 
er Laboratories, Bellevue, WA) were used in this 
study. Animals were killed with carbon dioxide, and 
their spleens were rapidly removed and placed in 32 
ml of Hank's balanced salt solution (without calci- 
um and magnesium). For blood collection rats were 
anesthetized with ether, and blood (5 7 ml) was 
drawn by heart puncture into a heparinized syringe 
and diluted 1:1 (v/v) with Hank's buffer. 

Isolation qf lymphoeTtes 

The spleen was teased apart with forceps and 8 ml 
of the cell suspension were layered on 3 ml of Histo- 
paque (specific gravity 1.083) for separation of lym- 
phocytes according to the method of Boyum (1968). 
After centrifugation at 400 x g for 30 min the layer 
containing lymphocytes was transferred to another 
plastic centrifuge tube, resuspended in 10 ml of 



Hank's buffer, and washed three times by centrifu- 
gation (250 x g for 10 rain) and resuspension in the 
same buffer. Viability was checked by Trypan blue 
exclusion and was at least 90%. Cell concentration 
was usually adjusted to 2 x l 0  6 cells/0.3 ml. Sep- 
aration of lymphocytes from blood was done simi- 
larly, but cells were centrifuged at a lower speed 
(200 x g for 10 rain) to remove platelets. 

3H-QNB binding in lymphocytes 

Binding of 3H-QNB to splenic or circulating lym- 
phocytes was assayed essentially by the method of 
Yamamura and Snyder (1974). Lymphocytes (2 × 
1 0  6 cells, equivalent to 70-90 #g of protein) were 
incubated with 3H-QNB and Hank's buffer (pH 
7.5) in a total volume of  0.5 ml in plastic tubes. 
Following I h incubation at 27°C under gentle 
shaking, the reaction was stopped by addition of 3 
ml of ice-cold phosphate buffered saline (PBS). 
Samples were then filtered through Whatman GF/C 
filters which were washed three times with 3 ml of 
ice-cold PBS. Filters were air-dried and counted for 
radioactivity in 10 ml of SafetySolve in a Packard 
Tricarb Scintillation Spectrometer at an efficiency 
of  40%. Atropine (10 4 M) was added to half of the 
tubes for estimation of specific binding, defined as 
the difference between binding in the absence and in 
the presence of atropine. Specific binding was ap- 
proximately 70 85% of total binding. Each sample 
was assayed in quadruplicate. For saturation bind- 
ing experiments, increasing concentrations of 3H- 
QNB (1 60 nM) were used. Values of  receptor den- 
sity (Bmax) and affinity (defined as the reciprocal of 
the dissociation constant, Kd) were obtained by lin- 
ear regression of Scatchard plots (Bennett and Ya- 
mamura, 1985) with the aid of the Lundon-I com- 
puter program (Lundon Software Inc., Cleveland, 
OH). In the in vitro inhibition studie s , at least six 
concentrations of  the test compound, in quadrupli- 
cate, were used for each ICso determination. Values 
of  IC5 o (concentration of  each compound necessary 
to reduce specific binding by 50%) were estimated 
by log-probit analysis of  the displacement data. 
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3H-QNB binding in brain membranes 

3H-QNB binding in rat brain was performed as pre- 
viously described (Costa et al,, 1982). The forebrain 
(whole brain minus cerebellum and medulla-ports) 
was isolated and homogenized in Na+/K+-phos - 
phate buffer (0.05 M; pH = 7.4) and centrifuged 
three times at 49000 x g for 10 min. Each time the 
supernatant was discarded and resuspended in fresh 
buffer. Binding assays were carried out as described 
for lymphocytes. 

3H-QNB binding to lymphocyte membranes 

Lymphocytes were isolated as described, and ho- 
mogenized with a Polytron homogenizer. After 
three centrifugations at 49000 x g for 10 rain, the 
final pellet was resuspended in Hanks's buffer. An 
aliquot corresponding to approximately 100/~g of 
protein was used in the binding assay, which was 
conducted in Hank's buffer as described for intact 
lymphocytes and brain tissue. 

Separation of B and T lymphocytes" 

Since different and contrasting results have been 
found on 3H-QNB binding in T and B lymphocytes 
(Strom et al., 1981; Atweh et al., 1984) in some ex- 
periments we measured muscarinic receptor bind- 
ing in fractions enriched in T or B cells. These were 
prepared according to the method of Julius et al. 
(1973) with slight modifications. Briefly, 0.7 g of 
nylon wool was placed in a 10 ml syringe and 
washed 4 times with a total of 40 ml of prewarmed 
Hank's medium (Hank's buffer containing 5% fetal 
calf solution, heat-inactivated at 56°C for 30 rain). 
Spleen lymphocytes, isolated on Histopaque as pre- 
viously described, were then added to the wool. The 
T-cell fraction was eluted from the column with 30 
ml of Hank's medium and collected by centrifuga- 
tion at 290 x g for 10 rain. Nylon-wool-adherent B 
cells were removed by compressing the nylon with 
the syringe plunger until most of  the retained medi- 
um was removed. The nylon was then teased with 
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forceps and after addition of Hank ' s  medium the 
column was again compressed. This process was re- 
peated until approx. 40 ml of medium had been col- 
lected (Handwerger and Schwartz, 1974). Cells were 
isolated by centrifugation and resuspended in 
Hank ' s  buffer. Cell concentration was adjusted to 
6.7 x 106/ml. Both T- and B-cell-enriched fractions 
were checked by fluorescence labeling with FITC-  
goat anti-rat Ig as described by Robles and Pollack 
(1986). Briefly, single cell suspensions were fixed in 
50/tl  of 1% paraformaldehyde for 15 rain on ice 
and washed with Hank ' s  buffer containing 10 mM 
HEPES, 0.2% NaN,~ and 2% fetal calf serum. Five 
microliters of  directly conjugated primary antibody 
were added to 106 cells in the modified Hank ' s  buff- 
er. Following 45 rain incubation on ice, cells were 
washed once with modified Hank 's  buffer and twice 
with phosphate-buffered saline and then analysed 
by using a Leitz fluorescent microscope. B cells were 
more than 70% in the B cell-enriched fraction and 
only 8% in the T-cell enriched fraction. 

Results 

3H-QNB binding to intact lymphocytes 

Initial experiments were conducted to assess the lin- 
earity and saturability of SH-QNB binding to rat 
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Fig. I. Effect of  increasing cell concentration on 3H-QN B bind- 
ing to intact splenic lymphocytes. 3H-QNB binding was assayed 

as described in Methods. Each point represents the mean of two 
experiments, each done in quadruplicate. 

spleen lymphocytes. Binding increased linearly be- 
tween 0.5 and 6 x 10 ~' cells (Fig. 1), and 2 × 10 ~ 
cells (equivalent to approx. 70-90 l~g of protein) 
were normally used in binding assays. Binding of 
3H-QNB was saturable: saturation binding data 

transformed by the method of Scatchard (Fig. 2) 
indicated a maximal number of  binding sites (B .... ) 
of 11l ± 10.5 fmol/106 cells (2467 ± 234 fmol/mg 

protein), a dissociation constant, Kd, of 29.7 ± 3.9 
riM, and Hill coefficient, nn, of  0.92 ± 0.02 (values 
represent the mean ± SEM of 7 determinations). 
Binding of 3H-QN B to circulating lymphocytes also 
increased with increasing protein concentration 
(not shown) and saturation binding parameters 
were not significantly different from those obtained 
in splenic lymphocytes: Bm~x was 95 i 8.9 fmol/10 ~ 
cells, and Kd was 32.7 ± 3.1 nM (mean + SEM: n 
= 4). 

All experiments described in the present study 
were performed utilizing a mixed population of 
lymphocytes. However, since two studies indicated 
the presence of higher binding in a population en- 
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Fig. 2. Saturation curve of -~H-QNB binding to intact splenic 
lymphocytes. Saturation binding data were transfornled as de- 
scribed in Methods to obtain the Scatchard plot shown in the 
insct. In this particular experiment, maximal number of binding 
sites. Bm~,~, was 106 fmol/10 ~' ceils and the affinity c o n s t a n l  K d 

was 27.8 nM. 



TABLE I 

Inhibition of 3H-QNB binding in rat splenic and circulating lymphocytes by cholinergic muscarinic compounds 
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IC5o (#M) 

Splenic lymphocytes Circulating lymphocytes 

Cholinergic muscarinic antagonists 
Atropine 0.12 ± 0.05 (7) 
Scopolamine 6.7 + 1.4 (3) 
Pirenzepine 116.2 ± 49.9 (3) 
Methylatropine 215 i 35 (3) 
Methylscopolamine 1100 ± 253 (3) 
QNX 0.15 -k 0.03 (5) 
( - ) - Q N B  0.031 -I: 0.011 (5) 
( + ) - Q N B  0.97 ± 0.36 (5) 

0.29 ± 0.11 (6) 
4.7 ± 1.98 (3) 

504 i 179 (3) 
697 i 241 (3) 

Cholinergic muscarinic agonists 
Oxotremorine 25.7 + 5.5 (8) 25.5 ± 8.7 (4) 
Carbachol 422 ± 39 (4) 480 + 76 (3) 
Acetylcholine 379 :k 77 (3) 589 :1- 131 (3) 
cis-Methyldioxolane > 1000 (2) 
Choline > 1000 (3) 

Binding of 3H-QNB in intact lymphocytes was conducted as described in Methods. Concentration of 3H-QNB was 27-30 nM. Values of 
ICso (concentration of each compound necessary to reduce specific binding by 50%) were estimated by log-probit analysis of the 
displacement data. At least six concentrations of each compound, in quadruplicate, were used for each ICso determination. Results 
represent the mean ( +  SEM) of the number  of experiments indicated in parenthesis. 

riched in T-cells (Strom et al., 1981) or B-cells (At- 
weh et al., 1984), we measured 3H-QNB in both T- 
and B-lymphocytes. Our results agree with those of 
Atweh et al. (1984) in that we found a higher bind- 
ing of 3H-QNB (measured at a concentration of 30 
riM) in B-lymphocytes (57 + 8.2 fmol/106 cells) 
than in T-lymphocytes (37:1:4.4 fmol/106 cells). 

Pharmacological characterization of 3 H-QNB bind- 
ing 

Table I shows the effects of several known musca- 
rinic agonists and antagonists on 3H-QNB binding 
in rat lymphocytes. The most potent inhibitor of 
(-)3H-QNB binding was (-)-QNB, with an ICso 
of 31 nM, similar to the Kd value for the radiola- 
beled ligand. The binding appeared to be stereo- 
specific, since (+)-QNB was 31-fold less potent 
than (-)-QNB. QNX and atropine were almost 
equipotent in inhibiting 3H-QNB binding, while 
scopolamine, and particularly pirenzepine, were 

weak inhibitors. Interestingly, the two methyl deriv- 
atives of atropine and scopolamine were much less 
effective than their corresponding tertiary com- 
pound. Muscarinic agonists were less potent than 
muscarinic antagonists. Among the agonists, ox- 
otremorine was the most potent, with an ICso of 26 
/~M. A number of compounds were also tested in 
circulating lymphocytes and their potency in inhib- 
iting the binding of 3H-QNB was found to be simi- 
lar to splenic cells (Table I). 

Because of the suggestion by Atweh et al. (1984) 
of a mixed muscarinic-nicotinic characteristic of 
3H-QNB binding site in lymphocytes, we also tested 
a number of cholinergic nicotinic drugs, as well as 
several non-cholinergic compounds, for their ability 
to inhibit 3H-QNB binding to lymphocytes (Table 
II). Among the cholinergic nicotinic compounds, d- 
tubocurarine and mecamylamine were capable of 
inhibiting 3H-QNB binding, with ICso values of 6.3 
and 11.0/~M, respectively. Most of the non-choli- 
nergic drugs had no effect, or minimal effect, on 
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T A B L E  I1 

Inh ib i t ion  o f  3 H - Q N B  b i n d i n g  to ra t  splenic  l y m p h o c y t e s  by 

cho l ine rg ic  n ico t in ic  c o m p o u n d s  a n d  n o n - c h o l i n e r g i c  com-  

p o u n d s  

IC~ 0 ( g M )  

Cholinergic nicotinic compounds 
( ) -Nicot ine  503 ± 165 (3) 

( + ) - N i c o t i n e  > 1000 (3) 

Con i i ne  345 (2) 

H e x a m e t h o n i u m  350 (2) 

d - T u b o c u r a r i n e  11.1 + 2.71 (3) 

D e c a m e t h o n i u m  > 1000 (2) 

M e c a m y l a m i n e  10.96 (2) 

Noncholinergic compounds 
M o r p h i n e  18.7 ± 3.1 (3) 

N a l o x o n e  640 ± 89 (3) 

G A B A  > 1000 (2) 

T H I P  > 1000 (1) 

D i a z e p a m  > I000 (I)  

G l u t a m i c  acid  > 1000 ( 1 ) 

N o r e p i n e p h r i n e  > 1000 (2) 

Y o h i m b i n e  2.6 ± 0.8 (3) 

P razos in  4.8:1-  1.6 (3) 

S t rychn ine  40.7 ± I0.0 (3) 

Se ro ton in  > 1000 ( 1 ) 

O u a b a i n  > I000 (2) 

H i s t a m i n e  > 1000 (I) 

D i p h e n y l h y d a n t o i n  > 1000 ( I ) 

Ami t r i p ty l i ne  0.25 ± 0.07 (3) 

l m i p r a m i n e  4.34 + [ .03 (3) 

See T a b l e  I fo r  details .  

3H-QNB binding (Table II). However, the opioid 
morphine, the ~2-adrenergic antagonist yohimbine, 
the glycine antagonist strychnine and the :q-adre- 
nergic antagonist prazosin inhibited aH-QNB bind- 
ing with ICso values ranging from 2.6/~M to 40.7 
#M. In addition, two antidepressant drugs, amitrip- 
tyline and imipramine, known to have antimusca- 
rinic properties (Nomura et al., 1987), were rather 
potent inhibitors of lymphocyte 3H-QNB binding. 

In order to determine whether the effects observ- 
ed with various non--muscarinic drugs were unique 
to 3H-QNB binding sites in lymphocytes, we exam- 
ined their ability to interact with the same radioli- 
gand in brain membranes. The results of these ex- 

T A B L E  111 

Inh ib i t ion  o f  3 H - Q N B  b ind ing  in rat  splenic  l y m p h o c y t e s  a n d  

b ra in  by  n o n - m u s c a r i n i c  c o m p o u n d s  

ICso (M) Ra t io  b ra in  

l y m p h o c y t e s  

L y m p h o c y t e s  Brain 

( - ) - N i c o t i n e  5.0 × 10 a 2.3 × 10 3 4.6 

d - T u b o c u r a r i n c  6.4 x 10 ~" 2.1 × 10 s 3.3 

M e c a m y l a m i n c  1.1 x l0 s 7.2 x 10 "* 65.4 

S t rychn ine  4.1 × 10 s 1.7 x 10 -~ 41.5 

Prazos in  4.8 x I0 '~ I.I × 10 s 2.3 

Y o h i m b i n e  2.6 x 10 ~' 1.0 × I0 5 3.8 

Ami t r i p ty l i ne  2.5 x 10 v 1.9 x 10 r 0.76 

I m i p r a m i n e  4.3 x 10 '1 6.7 × 10 r 0.16 

Values  o f  ICso in in tac t  l y m p h o c y t e s  are  der ived  f rom Tab le  lI. 

Resul ts  represent  an  avc r age  o f  three  d e t e r m i n a t i o n s .  See Tab le  l 

for  detai ls .  

periments are summarized in Table 1II, where the 
values for lymphocyte binding (derived from Table 
II) are also listed for comparison. All compounds 
tested were also capable of inhibiting 3H-QNB in 
brain tissue, although, with the exception of ami- 
triptyline and imipramine, with somewhat lower 
potency. 

T A B L E  IV 

Inhib i t ion  of" 3 H - Q N B  b ind ing  in ra t  in tact  l ymphocy t e s ,  lym- 

p h o c y t e  m e m b r a n e s  a n d  b ra in  by  cho l ine rg ic  m u s c a r i n i c  corn-  

p o u n d s  

IC5o (M) 

In tac t  L y m p h o c y l e  Brain  

l y m p h o c y t e s  m e m b r a n e s  m e m b r a n e s  

A t r o p i n e  1.2 × 10 7 3.4 × l0  7 1.0 x l0 '~ 

S c o p o l a m i n e  6.7 x 10 ~' 1.6 × 10 7 1.2 x l0 ~' 

M e t h y l a t r o p i n e  2.1 x 10 '~ 1.2 × l0 s 0.9 x l0 '~ 

M e t h y l s c o p o l a m i n e  1.1 × 10 3 7.2 x 10 s 0.5 x 1(1 " 

O x o t r e m o r i n e  2.6 x 10 s 5.5 x 10 ~' 1.9 x I0 ~' 

C a r b a c h o l  4.2 × I0 "~ 3.3 x 10 5 5.4 × I0 ~ 

Ace ty l cho l ine  3.9 × 10 a 2.0 × I0 "* !.1 × 10 (' 

Values  o f  1Cso were  o b t a i n e d  as descr ibed  in M e t h o d s .  D a t a  for  

in tac t  l y m p h o c y t e s  are  der ived  f rom Tab le  1. Resul ts  represent  

the mean  o f  three  to eight  de t e rmina t i ons .  



Since a general lower affinity of drugs for musca- 
rinic receptors on lymphocytes had been reported 
by various investigators, we also compared the po- 
tency of muscarinic ligands in lymphocytes and 
brain tissue. The results, shown in Table IV, indi- 
cated that while muscarinic agonists had similar po- 
tency in both tissues, albeit slightly lower in lym- 
phocytes, muscarinic antagonists were less effective 
in lymphocytes by two or more orders of magni- 
tude. 

3H-QNB binding to lymphocyte membranes 

In some experiments, lymphocytes were lysed and 
membranes prepared as described in Methods. 
Binding of 3H-QNB was linear (not shown) and sat- 
urable; maximal number of binding sites, B . . . .  was 
212.3 :t: 28.5 fmol/mg protein and Ko value was 
15.1 + 1.44 nM (mean + SEM;n = 4). Thepo- 
tency of various muscarinic agonists and antag- 
onists in inhibiting the binding of 3H-QNB to lym- 
phocyte membranes is shown in Table IV. No 
major differences were found between intact lym- 
phocytes and membrane preparations, with the ex- 
ception of methylatropine and methylscopolamine, 
which were 17- and 15-fold more potent, respec- 
tively, in inhibiting 3H-QNB binding to membranes 
(Table IV). 

Discussion 

The presence of muscarinic binding sites on lym- 
phocytes has been a matter of some controversy. In 
fact, Maloteaux et al. (1982) observed that the bind- 
ing of the muscarinic antagonist [3H]dexetimide to 
human lymphocytes was not saturable and that 
dexetimide and atropine were 142- and 823-fold less 
potent, respectively, is displacing [3H]dexetimide 
from lymphocytes than from brain tissue. Wazer 
and Rotrosen (1984) found a saturable binding of 
3H-QNB to intact murine lymphocytes (Ka = 25 
nM,) but not on osmotically lyscd cells. Both groups 
of investigators concluded, therefore, that lympho- 
cytes lack defined muscarinic receptors. On the oth- 
er hand, several other investigators have reported 
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the presence of a saturable 3H-QNB binding in lym- 
phocytes from various species with many of the 
characteristics of a muscarinic receptor (Gordon et 
al., 1978; Strom et al., 1981; Zalcman et al., 1981; 
Bidart et al., 1983; Maslinski et al., 1983; Atweh et 
al., 1984; Adem et al., 1986a; Shenkman et al., 1986; 
Bering et al., 1987). Our study confirms and ex- 
pands these latter findings. 

In most studies, values of the affinity constant 
(Ka) for 3H-QNB were found to range between 1 
nM (Gordon et al., 1978) and 67 nM (Zalcman et 
al., 1981) with a mean of 26.6 + 5.8 nM. Only one 
group of investigators found two binding sites for 
3H-QNB with much larger Ko values (480 nM and 
16/~M; Atweh et al., 1984). In general, there were 
no significant differences in affinity among species. 
When binding was measured using lymphocyte 
membrane preparations slightly lower Ko values 
were found: 15.1 nM (this study), 15 nM (Adam et 
al., 1986), 25-40 nM (Bidart et al., 1983). Still, these 
values are much higher than those reported for 3H- 
QNB binding in brain, heart or other tissues (less 
than 0.5 nM). Two exceptions are the rat mast cells 
and human erythrocyte membranes, where Ko val- 
ues of 17 nM and 14.8 nM, respectively, have been 
reported (Masini et al., 1983; Bering and Mueller, 
1987). A larger variability has been found with re- 
gard to the maximal number of binding sites. For 
example, Bma× values vary from 150 receptor/cell 
(Ado et al., 1986) to 50000 receptors/cell (Zalcman 
et al., 1981). In the present and in another study 
(Adem et al., 1986a) direct comparison has been 
made between intact lymphocytes and membrane 
preparations. In both studies, the affinity constant, 
Ko, increased by less than 2-fold, while the Bmax val- 
ue decreased by more than 10-fold when binding 
was assayed in membranes instead of intact cells. 
This raises the possibility that some of the binding 
of 3H-QNB observed in intact lymphocytes might 
be due to trapping of the radioligand within the cell, 
as recently suggested by Gossuin et al. (1984) in 
neuroblastoma cells. To circumvent this potential 
problem, these authors suggested the use of a more 
hydrophilic ligand such as [3H]methylscopolamine 
(3H-MS). We have been unable to detect any specif- 
ic binding of all-MS to rat lymphocytes because of 
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the presence of a specific and saturable binding of 
~H-MS to the glass-fiber filters (Costa, 1987b). Re- 
cently, however, Bering et al. (1987) have detected 
binding of 3H-MS to human intact lymphocytes 
with a Bmax of 15 fmol/106 cells and a K~ of 7 nM. 
While the absolute number of binding sites is lower 
than that found in the present study (111 fmol/106 
cells) or of other studies utilizing 3H-QNB (425 553 
fmol/10 ~' cells; Shenkman et al., 1986; Rabey et al., 
1986), this might be ascribed either to the afore- 
mentioned variability among various laboratories, 
or most probably, to the labeling by 3H-MS of only 
those muscarinic receptors present on the outer 
membrane. The more lipophilic aH-QNB, on the 
other hand, can also label those receptors which are 
embedded in the membrane. Indeed, it is interesting 
to note that even in membrane preparations from 
rat brain 3H-QNB labels more sites than 3H-MS 
(Lee and El-Fakahany, 1985). 

Previously, only a limited number of muscarinic 
agonists and antagonists or other compounds had 
been used to characterize the pharmacological pro- 
file of 3H-QNB binding sites in lymphocytes. In the 
present study, we have found that a large number of 
muscarinic agonists and antagonists are capable of 
inhibiting 3H-QNB binding. Muscarinic agonists 
like carbachol, and particularly oxotremorine, were 
approximately equipotent in intact lymphocytes, 
lymphocyte membranes and brain membranes (Ta- 
bles I and IV). In particular the potency of oxotre- 
morine, which preferentially activates the M2 sub- 
type of muscarinic receptors, suggests that 
muscarinic receptors on lymphocytes might be of 
the M2 type. Additionally, Bering et al. (1987) 
found a strong effect of the GTP analogue guano- 
sine 5'-[fi4'-imido]triphosphate on oxotremorine 
binding, which is seen mainly in tissues rich in Me 

receptors (heart, ileum, brain-stem), and possibly 
represents a specific response of the M2 subclass 
(Vickroy et al., 1983). In addition, stimulation of 
phosphoinositides turnover, which is thought to be 
linked primarily to M~ receptors (Lai et al., 1988), 
could not be seen in human (Masturzo et al., 1985) 
or rat (Costa, Kaylor, Murphy, unpublished obser- 
vation) lymphocytes. However, before any conclu- 
sion can be drawn on the particular subtype ofmus- 

carinic receptor present on lymphocytes, further 
studies should be conducted using, for example, re- 
cently developed muscarinic antagonists such as 
AFDX-116. Use of this compound has shown in 
fact that two subclasses of M 2 muscarinic receptors 
exist, currently identified as the cardiac and the 
glandular subtype (Hammer et al., 1986). Further 
developments in the molecular studies on muscarin- 
ic receptors structures will also shed light on the 
presence of different subtypes in various tissues, in- 
cluding lymphocytes (Peralta et al., 1987). 

Muscarinic antagonists were significantly less po- 
tent in lymphocytes (either intact cells or mem- 
branes) than in brain (Tables I and IV) or in other 
tissues. Wei and Sulakhe (1982) reported that the 
affinity of scopolamine and atropine for muscarinic 
receptors in rat heart membranes was 10-fold lower 
if the binding assay for 3H-QNB was conducted at 
37°C. At this temperature their ICs0 values were 1.5 
x 10 7 M and 5.5 x 10 s M, respectively, not 

dissimilar to those found in the present study in 
lymphocyte membranes (Table IV). However, a 
lower affinity of muscarinic antagonists in lympho- 
cytes than in brain has been a common finding in all 
other studies on lymphocyte muscarinic receptors, 
some of which were conducted at lower incubation 
temperatures. The reason(s) for this lower affinity 
of muscarinic antagonists in lymphocytes is not evi- 
dent; these results are, nevertheless, in agreement 
with the lower affinity (higher Ka value) of 3H- 
QNB. 

Pirenzepine, an M1 selective antagonist (Ham- 
mer and Giachetti, 1982), was a weak inhibitor of 
3H-QNB binding. Together with the evidence dis- 
cussed above, this is suggestive of the presence of an 
M2 subtype of muscarinic receptors on lympho- 
cytes. A surprising finding was that the two qua- 
ternary analogues of atropine and scopolamine 
were very weak inhibitors of 3H-QNB binding. 
Their potency was somewhat higher in lymphocyte 
membranes than in intact lymphocytes (Table IV), 
but still several orders of magnitude lower than in 
brain tissue. Therefore, in addition to the apparent 
low affinity of all muscarinic antagonists for the 
lymphocyte muscarinic receptor, the low potency of 
the two hydrophilic compounds might he due to the 



localization of many such receptors within the lipid 
bilayer. Brown and Goldstein (1986) suggested that 
in intact chick heart cells 3H-QNB binds to a subset 
of receptors which might not participate in physio- 
logical responses, but which have all the character- 
istics of true muscarinic receptors. These low-affin- 
ity sites might be a population of  receptors 
sequestered in a hydrophobic compartment within 
the membrane. Thus, liphophobic compounds, 
such as methylatropine and methylscopolamine, 
would have no access to these sites. The different 
results obtained with 3H-MS and 3H-QNB (see 
above) could be similarly explained. 

One study (Atweh et al., 1984) suggested that 
QNB binding sites on lymphocytes might be of  
mixed muscarinic and nicotinic character. This con- 
clusion was based on the finding that d-tubocura- 
rine, a nicotinic blocker, was capable of inhibiting 
3H-QNB binding to intact lymphocytes as well as to 
membranes. We confirmed that d-tubocurarine and 
also mecamylamine are rather potent inhibitors of 
lymphocyte 3H-QNB binding (Table ll). Both com- 
pounds, however, also inhibited binding of 3H- 
QNB to brain membranes (Table III). Several other 
nicotinic ligands interacted only weakly with the 
QNB binding sites. Among the several noncholi- 
nergic drugs tested to determine the pharmacolog- 
ical specificity of the sites labelled by 3H-QNB in 
lymphocytes, most were inactive, or very weak dis- 
placers. The two antidepressants amitriptyline and 
imipramine were rather potent inhibitors, as expect- 
ed, since both are known to interact with high po- 
tency with muscarinic receptors in the nervous sys- 
tem, particularly the M2 subtype (Nomura et al., 
1987). Other compounds such as the ~2- and ~l- 
adrenoceptor antagonists yohimbine and prazosin 
were also surprisingly potent in inhibiting 3H-QNB 
binding in both lymphocytes and brain tissue. 

In conclusion, our results indicate the presence of 
a binding site for 3H-QNB in rat splenic lympho- 
cytes which has been pharmacologically character- 
ized as a muscarinic cholinergic receptor. The only 
major difference with muscarinic receptors identi- 
fied in other tissues is a lower affinity for muscarinic 
antagonists. The presence of a muscarinic receptor 
on lymphocytes could be exploited for investigating 
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whether alterations of these receptors in other tis- 
sues (e.g. brain, heart, lung) is paralleled by a simi- 
lar alteration in these peripheral cells. Recently, a 
decrease of  3H-QNB binding in circulating lympho- 
cytes has been found in patients with Alzheimer's 
disease (Adem et al., 1986b; Rabey et al., 1986). 
This finding would be in agreement with the de- 
crease in M2 receptors found in brains from Alz- 
heimer's patients (Mash et al., 1985). Other mod- 
ifications of  muscarinic receptors in solid tissues, 
due to genetic factors, disease states or exposure to 
drugs or chemicals, could thus possibly be detected 
by measuring muscarinic receptors on lymphocytes. 
In addition, the possible role that lymphocyte mus- 
carinic receptors might have in the immune re- 
sponse and the possible link between the cholinergic 
nervous and immune systems needs to be explored 
(Jankovic et al., 1987). 
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