
STEREOSELECTIVE MUSCARINIC ACETYLCHOLINE AND 
OPIATE RECEPTORS IN HUMAN PHAGOCYTIC 

LEUKOCYTES”: 

Blood leukocytes have been fur~etion~~ll~ divided into 
two general categories: the ~~~~~~oc~te~ and the non- 

phagocvtes concerned with cellular and humoral 
immun$f (1). The phagocytic leukocytes, the subject 
of this investigation, can be further subdivided on 

the basis of nuc!ear shape into monocytrs and gran- 
ulocytes. The granulocytes. constitutrng h&M par 

cent of the total leukocyte count. are the mo>t 
numerous of the white blood eellh: the less numt’rou\ 

monocytes make up 3-3 per cent of the total. While 

the granulocytes are compt’i~ed of nt’utrophils. t’os- 

inophils and basctphits. the latter two cell types col- 

icrti~x91; make up less than h per WI: of the gran 

illocyte pop”latiot1 of nomlal hulil~ln I-dOlKi. Tlw 

prewnt studies. cmployin g highly pliriiictt cell prep- 
arations. deal primarily \sith ncutrophilic gxiuI(j- 

cytes and with monocytcs. 

Until quite recently, studies of membrane recep- 
tors in humnn blood cells were largely directed 

toward characterization of specific i~~rn~~n~~l~~~ic~~l 
sites and hormone receptor sites. Using techniques 

devetoped for work with neural tii~lnbr~~~~~s. Ahood 

et trl. 121 and Awnstam H rrl. 131 ~l~rn(~nst~~~t~~l spc- 
cific high-aftinit~ binding &opiates and of tllusc~~rinic 

chohnergic agnts in human ervthrocvte tl~~I7~br~~n~s. 
Previousiy, opiate receptors h&l be& reported sctiell; 

in neural m~mhranes 141. while tnlisc~lrii~ic receptor\ 

had been ~~cnl~~nstr~~t~~i in neural ni~ltibr~ln~s IS]. 

smooth muscle [hi. pancreas 171 and heart IS]. .MUS- 

carinic binding has since been ~ie~i~~~lstr~tt~ti in other 
types of non-innervatrd cells, including nlurine Ivm- 

phocytes [9] and human nrutrophils (IO]. Musc;irinic 
binding of monocytes haa not been reported p-c- 
viously. nor have there been reports of opiate binding 
in either granulocytes or monocvtcs. 

--.--- _____ 

Although the I-isomer of ~“~~uinuclidiii~l henzilate 

(QNB) has been shown to have 20 times the affinity 

of the d-isomer for the muscarinic receptors of the 
central nervous system. stereoselective binding has 

not been demonstrated previously in peripheral mus- 
cnrinic systems ( 111. Opiate binding. on the other 

hand. is usually spccilic for the i-isomer. 

The blood used was freshly obtained from healthy 

donors. Granulocytcs, isolated by counterfiow cen- 
trifugation [ 121. were centrifuged at 35Of: for IO min 

and resuspended in ice-cold 50 mM Tris buffer, pH 

7.5. Monocytes were isolated by counterflow cen- 
trifupation in ;I Beckman JE-h rotor attached to a 

Beckman J-21 centrifuge with a till)~ii~c~lti(~n of the 

procedure described for granuiocytcs [121. Mono- 

rytrs were harvestcci after platelet phoresis of human 
donors with the Ifaetnowtics model 30 tell separator 

by ~~ntrifli~~iti~)f~ of the platclct bags to obtain 

residual large cells ~~~~~l(~~l~~~l~~lr cells were isolated 

from these with Fic(~il~ls~)paq~~c i Pharmacia Fine 
Chemicals. Pisrataway. NJ) xnd monocytes were 

separated from l~rni~h~~c~tcs in the Beckman JE-6 

rotor (S. M. Hunt. F. J. Lionetti and C. K. Valeri. 
~il~iIiuscri~~t in ~~r~~~~ir~lti~~ii). In some cases, the celis 
\WIK sctnicatctf with 211 Wtra4ctnic micro-tip Loni- 

catctr prctbc for I .-3 min at 4 :tnci brictfy l~~)~l~(~~clii~~~l 

pritx tt> ~1st‘ in the hindinp ;iss:tv5. f%istic \vi~rc was 
Wi4 thrc>ttgfiotit to ;twiii ;~ttflL’~i~>~l Of CellS t0 $lilYGS 

siirfxc5. 
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5 per cent. and the overall purity of the cells was at 
least 96 per cent. 

Specific binding of &QNB was determined by the 
filtration assavs described hv Yamamura and Snvdcr 

161. A typical ~~,~ub~*ti~,n medium consisted of 5ttmM 

Tris. pH 7.5. 2 r-zmoles [%I]/-ONB (sp. act. 
43 <‘iimmole). and J X !O” cells (about 0.5 mg pro- 

tein) in a volume of I .O ml. Llnlabcled I-QNB was 

included in some samples to determine specific bind- 

ing and d-QNU in other samples to determine stcreo- 
specific binding. Specific binding was the difference 

in binding in the presence and absence of nonradio- 
active !-QNB. Stcreospecific binding was that 
occurring in the presence of a plven concentration 

of nonradioactive rl-QNB minus that occurring in 

the presence of the same concentration ot I-QNB. 

The concentrations of nonradioactive lipands in the 

various experiments are given in the legends to the 

tables and figures. hut the usual ~o~lcentr~~tioi~ wax 

10~’ M. The rclutive potencies of &QNB and the 
other muscarinic antagonists, atropine. ,Y-methyl-J- 

piperidylisopentynyl glycolate (MPG) and .V-me;hyl- 

7-piperidyl diphenvlisoproprionate (MI?). v,urc 
determined in a sin&- manner. An inhibition con- 

stant for the l~irl~iin~ of ~~x(~tr~tllorine to [l~on(~cvte~ 

was obtained by incubating I .O. 10 or lO(t $U oxo- 

tremorine with or without IO-’ M I-QNR in the I .O 1111 
volumes containing Tria, 2.5 nM [‘HJI-QNB and 
.? x 10” cellh. To correct for I’H]QNB binding to the 

glass fiber fillers. the tiltration assay was perlormcd 

in a similar manner without ceils. 

All samples were ~t~cub~~ted at G-t” for IO min. the 
time needed to reach equilibrium at the lotvcst con- 

centration of QNB used. They were then rapidly 

filtered by suction through small glass liber filters 
(I, 1 cm in diamctcr) to minimize binding of free 

muscarinic &and to the filter. The fitters were rinsed 
twice with h-ml portions of ice-cold 0.05 ill TrI4-(‘1. 

pH 7.5. and transferred to Nalpene haps to which 

2.0 ml of scintillation fluid were added. Radioactivirv 
was measured after IS hr in a Delta 300 liquid scin- 

[‘HI-I-QNB bound q~ccifically to both granulo- 

cytes and monocges. Figure 1 shows 21 Scatchard 
analysis of the data for n(ln-~~)~~ic~~~e~I ~r~~t~ul~)cvtes. 

Specific binding is given as the differencc in hinhing 

of [‘HI/-QNB in the ahse~ux mti prwmx of wla- 

heled I-QNB. Since binding of tree QNB to the glash 

fiber filters reprc\rnts a sipnlicant source of error at 
the higher concentrations neces,ary for these experi- 

ments. each point has hcen corrected for binding to 
the glass fihcr filter. 

The general shape of ihe cur‘i’e is similar for both 

cell types. The downward concavity of the Scatchard 
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plot for granulocytes suggests a positive cooperative 
interaction of the receptors, manifest at concentra- 
tions above 3 nM. A Hill plot, shown in the inset, 
reveals a slope of 2.28 at concentrations between 3 
and 9 nM inclusive. Monocytes exhibit similar hind- 
ing behaviour with a downward concave trend 
beginning at concentrations above 2 nM. 

The downward concavity might also be attribu- 
table to active uptake of the QNB. ~llthou~h the low 
temperatures at which the experiments were per- 
formed would normally inhibit any active uptake 
systems. Nevertheless. in order to preclude this pas- 

sibility, the binding of [%]I-QNB in sonicated cell 
preparations was investigated. While the downward 
concavity of the plot was diminished in sonicated 
preparations. the trend never completeI!; disap- 
peared, suggesting than sonication may, m part. 
disrupt a structural arrangement of the receptors 
which is necessary for a cooperative binding inter- 
action. Scatchard analysis of the binding of 13Hji- 
QNB to sonicated granuiocytes and sonicated mon- 

ocytes is shown in Figs. 2 and 3 respectively. 
Specific binding is reduced by Ii&X) per cent in 

sonicated cells incubated at O--3”. while the ratio of 
specitic to non-specific binding remains approxi- 
mately the same as in non-sonicated cells. The 
decrease may be either due to an alteration in the 
receptor or the result of a loss of cellular uptake 
f(~ilo~~ing disru~ti(~rl of the ceil. If the latter were 
correct. then one must conclude that the uptake also 
requires a specific site and is not energetically driven. 
The fact that similar results were obtained at 37” 
with or without sonication (data not presented) is 
more supportive of the argument that sonication is 
disrupting the receptor. 

On the basis of these studies, the phenomenon of 
positive cooperative muscarinic binding in granulo- 
cytes and monocytes cannot be ruled out. Darfler 
1141 recently reported a similar type of positive 
cooperative behaviour in /3-adrenergic receptors of 
both granulocytes and monocytes. For the granu- 
locytes at least, some evidence exists suggesting that 
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Fig. 2. Scatchard plot of [3HJK)NB binding to sonicated human grnnulocyres. I-QNB (10-’ M) was 
incubated along with [‘HII-QNB and 3 x IO’ granulocytes for JO min. 
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_ . 
within 7 per cent of the mc'an 

i I('~11 = 0.‘) x 10 hM. 

the muscarinic cholinergic receptors and /3-adrencr- 

gic receptors may be functionally linked in ;I recipro- 

cal fashion. Cholinergic agonists and cGMP ha\,s 

been shown to enhance phagocytosih and l~sosom;~l 
enzyme release in granulocytes, while epinephrinc 

and CAMP inhibit these functions [ Itl. IS]. 
The apparent &for the binding of I’H]I-QNB to 

intact human granufocytes. calculated from the latter 
portion of the curve in Fig. I ~ is approximatcl!; lh nM. 

whereas that for the sonicated granulocytes I\ about 

8 nM. The Iattcr k,, is in qxwnwn~ I\ ,111 tlwt 
obtained from intact cells prepared by the proccdurc 
of Boyum f 161 yiciding gr;muiocyte\ which ;II-c per- 
tially damaged cell\. and erythrocytc ~~ici~~l~r~t~~c~ 
could account for a IOM~CI- K.,. 

The apparent K,i for the binding of I-ONB to 

monocytes is approximately 20 nM. and the numhcr 

of binding sites per cell is on the order of 3 x Ill’. 

The number of muscarinic binding sites per granu- 

locyte is appr~~xitll~ltel~ S X IO’. 
With the use of sonicatrd pranulocytrs. live mus- 

carinic antagonist\. at 8 concentr;ition of IO ’ 34. 

were compared for their abilitv to compete with 
2.4 nM [‘HII-QNB (Table I). ,L<tropine. which h;rd 

the lowest binding aftinity. wah among the most 
potent in blocking the ~lcctvlchoiine-inducecl con- 

traction of rabbit ileum and anwnp the lca\i potent 
centrally. The asscssmcnt of ecntml potcnq SW 

determined by ;I cornpoxitc of behavioral mcaxurc- 
mentx in animals which correlated reaxonahl! well 
with the psychotomimetic potency [ 171. The agent 
with the highest binding affinit!,. as well iI\ anti- 

spasmodic and central activity, M’S /-ONH. MP(; 
hxi a relatively high affinity and central activity with 

comparatively le\\ ~tiiti~~~~~sil~odic activity. Tlwr-c WE 

no correlation i)t‘ binding affinity with :~nti~y7~1srnc,ilic 
activity. although, with the exccpGon of tl-QNB. 
there appears to be sonic relationship bctlscen hind- 
ing affinity and central activitv. In the case of rat 

brain. a qood correlation was tihser-\.eci hctween the 
relative l&ding afhnit!- to brain Illet?~br~ines xnd the 
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muscle receptors such as the iris 1111. Muscarinic 
stereoselectivity appeared to be a phenomenon 
unique to the central nervous system, where the I- 
isomer had been shown to be 20 times more effective 
than the d-isomer in displacing f’H]Z-QNB bjnding 
[ll]. and at least 100 times more effective in dis- 
turbing operant behaviour in cats 1181. On the other 
hand, both isomers of QNB are equipotent of smooth 
muscle cholinergic receptors. The unprecedented 
appearance of stereoselective binding in a peripheral 
muscarin~c system raises further questions concern- 
ing the functional and e~lolutionar~ signi~cance of 
these muscarinic receptors in phagocytic leukocytes. 
There is. however, a marked difference in K,,. the 
value for brain receptors being as low as 5 X 
10-l* M [19], compared to a value of 8 X IO-” M for 
granulocytes. Another difference is that both the 
granulocytes and monocytes exhibit a marked nos- 
itive cooperativity, which is entirely absent in the 
brain receptors. Despite this relatively low-affinity 
binding of the muscarinic antagonist, QNB, in vitro 
evidence indicates a possible functional role for the 
muscarinic receptor in granulocytes, as mentioned 
previously. Both acctylchohne and pilocarpine have 
been shown to enhance phagocytosis and lysosomal 
enzvme release in human neutrophils, and several 
studies have demonstrated blockage or carbachol- 
potentiated lysosomal enzyme release by muscarinic 
antagonists [lo, 151. Analogous studies in monocytes 
have not been reported, but in view of the physio- 
logical similarities of the two cell types. a similarity 
in the receptor-mediated mechanisms is a likely pos- 
sib&y. The observation of stereoselectivity in both 
cell receptors would seem to lend further support to 
the idea that the muscarinic binding sites have some 

capacity; the significance of the stereo- 
however. remains unclear. 

functional 
selectivity 

3HM M x 109 

Fig. 5. Binding curve for [‘H]DHM to granulocytes and 
monocytes. Each sample contained 3 X 10 cells and 0.1 FCi 
(3H]DHM. The data are derived from cells of a single donor 
and represent a typical experiment. Key: (0) granulocytes: 

and (a) monocytes. 

Stereospecific opiate binding was demonstrable in 
both granulocytes and monocytes (Fig. 5). A Scat- 
chard plot (not shown) of the data in Fig. 5 yields 
for granulocytes a Kg, of 10 nM and for monocytes, 
8 nM. The number of binding sites is approximately 
3000 per monocyte and 4000 per granulocyte. The 
significance of opiate binding sites in leukocytes. as 
well as erythrocytes [2], is not known, Opioid pep- 
tides, such as p-endorphin, are present in plasma 
and are elevated during stress [ZO]. It has been 
reported that the adenylate cyclase activity of neu- 
roblastoma cultured ceils [ZI], as well as brain tissue 
12.21, is inhibited by opiates. It remains to be seen 
whether endorphins could be another modulator for 
CAMP-dependent enzymic control in the leukocytes. 
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