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Abstract. The high-affinity muscarinic antagonist L-[3H]quinuclidinyl benzi- 
late (L-[3H]QNB) was used to label muscarinic acetylcholine receptors in the astro- 
cyte-enriched fraction isolated from rat hippocampus. Analysis of the saturation 
and drug inhibition data showed that [3H]QNB binding in the astroglia fraction 
was saturable, of high affinity (K, = 0.026 nM) and competitively inhibited by 
muscarinic antagonists and agonists. The Ka for L3H]QNB binding sites in the 
astroglia fraction was similar to that found for muscarinic receptors in the hippo- 
campal homogenate and in the hippocampal synaptic plasma membranes. The 
density of [3H]QNB binding sites in the bulk-isolated astroglia fraction (B,,, = 

0.852 pmol/mg protein) was, however, much lower than that in the hippocampal 
synaptic plasma membranes (B,,, equal to about 2 pmol/mg protein). The results 
suggest that hippocampal astrocytes possess specific [3H]QNB binding sites with 
receptor binding characteristics of neuronal muscarinic acetylcholine receptor. 

There is growing evidence suggesting that astroglial cells may be involved in 
the process of synaptic transmission. Astrocytes have been reported to take up and 
metabolize some of the neurotransmitter substances (8, 19). Furthermore, recent 
studies indicate that astrocytes possess receptors for a variety of neurotransmitters 
(6, 11, 16). 

So far, muscarinic acetylcholine receptors have been reported to occur on glial 
cells of the bovine brain (12), human astrocytoma cell lines (15) and cultured astro- 
cytes of the rat cerebral cortex (17, 18) and chicken brain (20). Our previous expe- 
riments suggested their presence on astrocytes of the rat hippocampus (21, 22). 



This result seemed to be of great importance, especially in.the aspect of cholinergic 
transmission taking place it1 the hippocampus and the very recent suggestiorfs 
that astroglial muscarinic receptors may be functional (18). The existence of musca- 
rinic astroglial receptors therefore raises the question of whether they exhibit pro- 
perties similar to those of neuroreceptors. 

In the present paper we report results from studies on the ligand binding pro- 
perties of astroglial muscarinic receptors in the rat hippocampus. For the isolation 
of astrocytes the method, involving tissue dissociation without using trypsin, was 
applied since it was found that trypsin treatment disrupts plasma membrane recep- 
tors (10). L-[3H] quinuclidinyl benzilate (QNB), a very potent muscarinic antagonist, 
has been used for monitoring receptor binding. [3H]QNB binding in the astroglia 
fraction was compared with that in the hippocampal synaptic plasma membrane 
fraction and in the hippocampal homogenate. 

Male Wistar rats weighing 210-240 g were used. Astrocyte - enriched fraction 
was separated from the hippocampi by the method of Henn (10). The integrity 
and purity of the astroglia fraction was verified by phase-contrast microscopy 
on each preparation. Microscopic examination showed that the astroglia fraction 
contained mainly cells with the morphological characteristics of astrocytes although 
the fine processes of astrocytes were often broken. A few neuronal cell bodies and 
vascular fragments were also present. The purity of the astroglia fraction was 
also 'checked by estimating, according to the method of Baxter (2), the activity 
of glutamic acid decarboxylase (GAD) which is understood to reflect approxi- 
mately contamination by neuronal elements (24). On the basis of GAD activity, 
the astroglia fractions were pure in about 7040% similarly to the fractions reported 
by other authors (1, 11). 

Synaptic plasma membranes were isolatd by the method of Jones and Matus 
(13). t3H]QNB binding assays were performed by using L-t3H]QNB (33.1 Cilmmol, 
New England Nuclear). In saturation experiments aliquots of the homogenates 
(10-15 yg of protein) were incubated with increasing cpncentrations of [3H]QNB, 
ranging from 0.015 to 1.2 nM in 50 mM Na/K-phosphate buffer, pH 7.4, in a final 
volume of 1 ml. After 45 min of incubation at 37OC the binding reaction was termi- 
nated by the addition of 5 ml of ice-cold buffer and rapid filtration under vacuum 
through Whatman GF/B filters. Specific binding was defined as total binding minus 
non-specific binding, measured in the presence of 1 pM atropine. In displacement 
experiments the binding was assayed in the presence of 8-12 different concentra- 
tions of drug with a constant concentration (0.2 nM) of L3H]QNB. Each binding 
determination was performed in triplicate. Computer analyses of Scatchard and 
Hill plots data were carried out to determine the apparent dissociation constant 
(Kd, the maximum number of receptor sites (B,,,) and the Hill coefficient (n,). 
Protein was determined by the method of Lowry et al. (14). 

As is illustrated in Fig. 1, the specific binding of [3H]QNB in the astroglia fraction 
saturated with increasing concentrations of radioligand. The non-specific binding 



Fig. 1. Specific binding of L-[3H] QNB to astrocytes as a function of ligand concentration. This 
figure is representative of five independent experiments. Inset, Scatchard plot of the saturation bin- ' 

ding data. O 

represented 30-40% of the total binding at the highest concentrations of [3H]QNB 
used. The Scatchard analysis of saturation binding data (Table 1) demonstrated 
the maximal binding capacity (B,,,) of 0.85210.079 pmol/mg protein, with an 
apparent dissociation constant (KJ of 0.026 f 0.002 nM. The Scatchard plot (Fig. 1, 
inset) was linear, suggesting that [3H]QNB binds, with to a single honlogenous 

Comparison of L-['HI QNB binding to hippocampal astrocytes, synaptlc 
plasma membranes and homogenate. Kd and B,,, values were determined 
by Scatchard plot analysis. Each value is the mean f SEM for the number 

of independent experiments indicated in parentheses 

Hippocampus Hill I I 
Astrocyles (5) / 0.02610.002 / 0.852+0.047* / 0.9340.06 

Homogenate (4) 1 0.026f 0.002 1 0.666f 0.021 1 1.031-0.03 

Synaptic plasma 0.036 
membranes 

* P c 0.02 (Student's t-test compared to homogenate). 

2.037 0.94 
2.008 1 0.90 



population of muscarinic receptors, with no evidence of cooperative interactions, 
as indicated by the Hill coefficient (n, = 0.93f 0.06) not significantly different 
from unity. 

The specific binding of [3H]QNB to the hippocampal synaptic plasma membra- 
nes and the hippocampal homogenate was also saturable (data not shown). The 
equilibrium binding data suggested that only one class of binding sites existed for 
[3H]QNB. There were no significant differences between the K, values obtained 
for the synaptic plasma membrane fraction, the hippocampal homogenate and 
the astroglia fraction (see Table I).- In contrast, a comparison of the B,,, values 
showed differences in receptor concentration. The highest density of [3H]QNB 
binding sites was found in the synaptic plasma membrane fraction (B,,, = 2.023 
pmol/mg protein). The concentration of [3H]QNB binding sites in the synaptic 
plasma membrane fraction was almost 2.5 times as high as that in the astroglia 
fraction. On the other hand, the receptor density in the astroglia fraction was 128% 
(P<0.02) of that measured in the hippocampal homogenate. The Hill plot analy- 
sis of the binding data gave a slope of 0.92 for the synaptosomal plasma membra- 
nes and 1.03 for the hippocampal homogenate (Table 1). 

Muscarinic antagonists : atropine and scopolamine, and muscarinic agonists : 
acetylcholine and o~otremorine inhibited the specific [3H]QNB binding in a dose- 
dependent manner (Fig. 2). A 50% inhibition of [3H]QNB binding (IC,, value) 
was caused by nanomolar concentrations of muscarinic antagonists and by 10 
to 100 micromolar concentrations of muscarinic agonists (Table 11). The compa- 

Fig. 2. Inhibition of specific L-13H] QNB binding to astrocytes by muscarinic receptor antagonists 
and agonists. The tissue was incubated with 0.2 nM [3H] QNB and the concentration of unlabelled 
ligands indicated. For acetylcholine, the astrocytes were preincubated for 15 rnin with 2 pM 
eserine. White triangles, atropine; white circles, scopolamine; black circles, oxotremorine; white 
squares, acetylcholine; crosses, eserine. The data are representative of three independent experi- 

ments with each drug. 



Inhibition of L-[3H]QNB binding to astrocytes by muscarinic antagonists and 
agonists. IC50 is the concentration of drug displacing 50% of the specific binding of 
[3H]QNB. The Ki was determined from the equation: Ki = IC50/(l+S/Kd), where 
S is the concentration of ["IQNB used in the assay (0.2 nM) and K~ = 0.026 nM. 

The data are the mean f SEM of three independent experiments 

rison of Ki values (see Table 11) demonstrated that muscarinic antagonists have 
higher affinity for [3H]QNB binding sites than have agonists. Double reciprocal 
plots of scopolamine data (Fig. 3) yielded straight lines which intersected on the 
ordinate, indicating competitive inhibition of [3H]QNB and scopolamine. Similar 
results were obtained* acetylcholine (not shown). The curves of inhibition of the 

Fig. 3. Competitive inhibition of L-[3H] QNB binding to astrocytes by scopolamine. Specific binding 
of increasing concentrations of L3H] QNB was determined in the absence (black circles) or presence 
of a fixed concentration of scopolamine: black squares, 0.5 nM; black triangles, 5 nM. The binding 
data.are presented as double reciprocal plots. B, I3H] QNB bound; F, free concentration of [3H] 

QNB. Each point represents the mean value of three independent experiments. 

Atropine 
Scopolamine 
Oxotremorine 
Acetylcholine 

3.67*0.17 x LO-' 
3.1750.44 x lo-' 
6.90h0.58 x 
8 . 1 5 h 1 . 8 5 ~ 1 0 - ~  

4 . 0 0 5 0 . 3 2 ~  10-lo 
4.2010.57 x 10-lo 
6.1850.68 x lo-' 
1 . 1 2 5 0 . 2 7 ~  lo-" 

0.9540.04 
1.03f 0.01 
0.83h0.10 
0.5750.02 



[3H]QNB binding were, therefore, interpreted as describing the concentration . 
dependent binding of unlabelled ligands to the muscarinic receptor. The Hill 
coefficients did not differ from unity for the antagonists, implying muscarinic 
receptor homogeneity and the absence of cooperative interactions, whereas the 
corresponding values for agonists were significantly lower suggesting the presence 
of at least two populations of binding sites, differing in their affinity for agonists 
(see Table 11). 

The results obtained in the present study indicate that bulk-isolated hippocampal 
astrocytes have a significant number of specific L-t3H]QNB binding sites, and that 
these binding sites have pharmacological properties similar to those reported for 
neuronal muscarinic receptors in various brain areas and tissues. 

The specific binding of [3H]QNB in the astroglia fraction was characterized 
by its high affinity, saturability, and reversibility by competitive muscarinic drugs. 
The affinity of [3H]QNB for astroglial receptors (K, of 0.026 nM) corresponds 
well with those values reported for muscarinic receptors in rat and guinea-pig brain 
(4), and rat and bovine cerebral vessels (5, 7). The rank order of potency of mus- 
carinic drugs in inhibiting the specific binding of t3H]QNB is 'milar to that obtained 
for muscarinic receptors in the rat hippocampus (4) and h e r  tissues (5, 7). ?he 
Hill coefficient values are consistent with the existence of a single class of non- 
interacting binding sites for classical antagonists and the complex agonist binding 
properties of the muscarinic receptor described previously (3). The Hill coefficient 
of 0.93 found in the present study for the binding of t3H]QNB to astrocytes contra- 
dicts, however, the results obtained by Repke and Maderspach for muscarinic 
receptors on cultured glial cells (20). They found that the t3H]QNB binding to 
glial receptors could be cooperative, as shown by the Hill coefficient of 1.98. It 
is not clear whether these contrasting results are due to species differences or reflect 
the immature state of cultured glial cell. In view of studies suggesting a high degree 
of conservation of the structure of the muscarinic receptor molecule through evo- 
lution (23) and doubts whether cultured nerve cells represent normal differentiated 
cells the latter possibility seems to be more likely. However, it is also possible that 
this discrepancy reflects differences in the functional state of the muscarinic receptors 
located on the intact glial cells under physiological conditions and the receptors on 
membrane fragments (this study). 

Since the astroglia fraction used in our binding experiments was pure only in 
about 70-80% and was contaminated by neurons, obviously a part of the t3H]QNB 
binding in the astroglia fraction reflects binding to neurons. Consequently the 
B,,, value of a theoretically "pure" astroglia fraction would be lower than that 
found for a bulk-isolated astroglia fraction. 

The data obtained through this study do not provide information concerning 
the amout of muscarinic receptors per astrocyte. However, the relatively high 
density of muscarinic receptors measured per mg of protein and their ligand 
binding properties similar to those of muscarinic receptors on the neurons indicates 



a possibility that they may have some functional significance and could contribute 
to some extent to the muscarinic receptor binding measured in homogenates. 
This suggestion is in line with recent findings indicating that muscarinic receptors 
located on human astrocytoma cell lines and primary cultures of rat cortical 
astrocytes are linked to inositol phospholipid metabolism just as neuronal 
receptors (15, 17). Rat glioma cells have also been found to respond, via the 
muscarinic receptor, to an iontophoretic application of acetylcholine (9). What 
is the functional role of hippocampal astrocytic muscarinic receptors, biocliemically 
detected and characterized in the present study, still remains to be established. 

I would like to thank Dr B. Oderfeld-Nowak for drawing my attention to the problem and 
helpful suggestions and criticisms during fhis study and preparation of the manhscript. Mrs B. Dq- 
browska is thanked for excellent technical assistance. Thanks are also due to Dr J. Nedoma for 
his assistance in carrying out some of the experiments. This investigation was supported by Pro- 
ject CPBP 04.01.6.08 of the Polish Academy of Sciences. 

1. ALBRECHT, J., HILGIER, W., ULAS, J. and WYSMYK-CYBULA, U. 1982. Some pro- 
perties of a "crude" fraction of astrocytes prepared with tryspin. Neurochem. Res. 7 :  
51S524. 

2. BAXTER, C. T. 1972. Assay of y-aminobutyric acid and enzymes involed in its metabolism. 
In  R. Fried (ed.), Methods of neurochemistry. M. Dekker, New York, p. 1-61. 

3. BIRDSALL, N. J. M. and HULME, E. C. 1976. Biochemical studies on muscarinic acetylcho- 
line receptors. J. Neurochem. 27 : 7-16. 

4. DAWSON, R. M. and PORETSKI, M. 1983. A comparison of the muscarinic cholinocep- 
tors and benzodiazepines receptors of guinea-pig brain and rat brain. Neurochem. Int. 
5 : 369-374. 

5. ESTRADA, C. and KRAUSE, D. N. 1982. Muscarinic cholinergic receptor sites in cerebral 
blood vessels. J. Pharmacol. Exp. Ther. 221 : 85-90. 

6. FILLION, G., BEAUDOIN, D., ROUSSELLE, J.C. and JACOB, J. 1980. [3H]5-IiT binding 
sites and 5-HT sensitive adenylate cyclase in glial membrane fraction. Brain Res. 198 : 
361-374. 

7. GRAMMAS, P., DIGLIO, C. A., MARKS, B. H., GIACOMELLI, F. and WIENER, J. 
1983. Identification of muscarinic receptors in rat cerebral cortical microvessels. J. Neuro- 
chem. 40 : 645-651. 

8. HANNUNIEMI, R. and OJA, S. S. 1981. Uptake of leucine, lysine, aspartic acid, and glycine 
into isolated neurons and astrocytes. Neurochem. Res. 6 :  873-884. 

9. HAMPREHT, B., KEMPER, W. and AMANO, T. 1976. Electrical response of glioma cells 
to acetylcholine. Brain Res. 101 : 129-135. 

10. HENN, F. A. 1980. Separation of neuronal and glial cells and subcellular constituents. In  S. 
Fedoroff and L. Hertz (ed.), Advances in cellular neurobiology. Vol. 1, Academic Press, 
New York, p. 373403. 

11. HENN, F. A., ANDERSON, D. J. and SELLSTROM, A. 1977. Possible relationship between 
glial cells, dopamine and the effects of antipsychotic drugs. Nature 266: 637-639. 

12. HENN, F., ODERFELD-NOWAK, B., and ROSKOSKI, R. 1979. Receptor binding to astro- 
glia cells : the QNB receptor. Neurosci. Abstr. 5 : 590. 

13. JONES, D. H., and MATUS, A. I. 1974. Isolation of synaptic plasma membrane by combined 
flotation-sedimentation density gradient centrifugation. Biochim. Biophys. Acta 356: 
276-287. 



14. LOWRY, 0. H., ROSENBROUGH, N. J., FARR, A. L. and RANDALL, R. J. 1951. Protein 
measurement with the Folin phenol reagent. J. Biol. Chem. 193: 265-275. 

15. MASTERS, S. B., HARDEN, T .  K. and BROWN, J. H. 1984. Relationship between pho- 
sphoinositide and calcium responses to muscarinic agonists in astrocytoma cells. Mol. 
Pharmacol. 26 : 149-155. 

16. MCCARTHY, K. D. 1983. An autoradiographic analysis of beta adrenergic receptors on im- 
munocytochemically defined astroglia. J. Pharmacol. Exp. Ther. 226: 282-290. 

17. MURPHY, S., PEARCE, B. and MORROW, Ch. 1986. Astrocytes have both Mi and M2 
muscarinic receptor subtypes. Brain Res. 364 : 177-180. 

18. PEARCE, B., CAMBRAY-DEAKIN, M., MORROW, Ch., GRIMBLE, J. and MURPHY, S. 
1985. Activation of muscarinic and of a,-adrenergic receptors on astrocytes results in the 
accumulation of inositol phosphates. J. Neurochem. 45: 1534-1540. 

19. PELTON, E. W., KIMELBERG, H. K., SHIPHERD. S. V. and BOURKE, R. S. 1981. 
Dopamine and norepinephrine uptake and metabolism by astroglial cells in culture. 
Life Sci. 28 : 1655-1663. 

20. REPKE, H. and MADERSPACH, K. 1982. Muscarinic acetylcholine receptors on cultured 
glia cells. Brain Res. 232: 206-211. 

21. ULAS, J., ODERFELD-NOWAK, B., ROSKOSKI, R. and HENN, F. A. 1981. The loca- 
lization of rat hippocampal cholinergic muscarinic receptors : significant contribution 
of glia receptors. Abstracts of Fifth ENA Meeting, s. 358. 

22. ULAS, J., WANG, J.-X., VINCI, R., LADINSKY, H. and NEDOMA, J. 1984. Ligand bin- 
ding properties of muscarinic receptors on astrocytes of the rat hippocamp;s. Abstracts * 

of Fifth ESN Meeting, p. 340. 
23. VENTER, J. C., EDDY, B., HALL, L. M. and FRASER, C. M. 1984. Monoclonal antibo- 

dies detect the conservation of muscarinic cholinergic receptor structure from Droso- 
phila to human brain and detect possible structural homology with a,-adrenergic recep- 
tor. Proc. Natl. Acad. Sci. USA 81 : 272-276. 

24. WOOD, J. G., McLAUGHLlN, B. J. and VAUGHN, J. E. 1976. Immunocytochemical lo- 
calization of GAD in electron-microscopic preparations of rodent CNS. In E. Roberts, 
T. N. Chase, and D. B. Tower (ed.), GABA in Nervous System Function, Raven Press, 
New York, p. 133-147. 

Accepted 15 October 1987 


