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Aronstam et al.(l,2) have shown that zinc and other heavy metals or sulfhydryl 

reagents increase the affinity of [3H]-QNB (quinuclidinyl benzilate) binding sites for 

eholinergic agonists in rat forebrain. These authors suggested that both heavy metals and 

N-ethylmaleimide (NEM) affect agonist binding by a common mechanism, possibly involving 

sulfhydryl groups. In this report, we demonstrate that zinc treatment of rat forebrain 

membranes enhances [3H]-QNB displacement by cholinergic agonists but not cholinergic antag- 

onists. Physiologically, zinc is believed to be important in maintaining neurotransmission 

and axonal  t r a n s p o r t  (3 ,4 ) .  

MATERIALS AND METHODS 

At rop ine ,  oxo t r emor ine ,  a r e c o l i n e ,  p i l o c a r p i n e ,  a c e t y l c h o l i n e ,  physos t i gmine  and z inc  

s u l f a t e  were purchased  from Sigma (St .  Louis ,  MO). Clozapine  and t h i o r i d a z i n e  were ob- 

t a i n e d  from Sandoz (East  Hanover, NJ). A m i t r i p t y l i n e  and b e n z t r o p i n e  were purchased  from 

Merck, Sharp and Dohme (West Po in t ,  PA). Imipramine was o b t a i n e d  from Ciba-Geigy (Summit, 

NJ) and scopolamine  was from Penick (Newark, NJ). [3H] -L-Quinuc l id iny l  b e n z i l a t e ,  

33 .1C i /mmole ,  was purchased  from New England Nuclear  (Boston, t4A). Zinc c h l o r i d e  was 

o b t a i n e d  from M a l l i n c k r o d t  ( P a r i s ,  KY). 

Membranes were p r e p a r e d  from male Wis tar  r a t  b r a i n  t i s s u e  by homogeniza t ion  at  0.009- 

0.010 cm c l e a r a n c e  in  10 vo l .  o f  50 mM sodium-potass ium phospha te  b u f f e r ,  pH 7 .4 ,  o r  50 n~ 

Tr i s  b u f f e r ,  pH 7.4 ,  c o n t a i n i n g  1 mM ZnSO 4 or  ZnC12. The s u p e r n a t a n t  f r a c t i o n  of  a 

lO-minute c e n t r i f u g a t i o n  a t  1,000 g was c e n t r i f u g e d  a t  S0,000 g f o r  1 h r .  The p e l l e t s  were 

r e suspended  and incuba ted  in  the  b u f f e r ,  in  which they  were homogenized. Tris-HC1 b u f f e r  

was used f o r  t he  z i n c - t r e a t m e n t  due to  the  i n s o l u b i l i t y  of  h igh  c o n c e n t r a t i o n s  o f  z inc  in  

phospha te  b u f f e r .  A s e p a r a t e  exper iment  showed t h a t  t r i s  b u f f e r  a lone  had no e f f e c t  on 

3H-QNB b i n d i n g  and p r e p a r a t i o n  of  f o r e b r a i n  membranes in  e i t h e r  1 r~q ZnC12 or  1 ram ZnSO 4 

r e s u l t e d  in  i d e n t i c a l  e f f e c t s .  

The b i n d i n g  of  [3H]-QNB, a s p e c i f i c  and p o t e n t  musca r in i c  a n t a g o n i s t ,  was assayed  

acco rd ing  to  Yamamura and Snyder (S) as modi f i ed  by Aronstam e t  a l . ( 2 ) .  A suspens ion  
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containing O.l mg of membrane protein, a 50 mM concentration of the appropriate pH 7.4 

buffer and [3H]-QNB (l nM), with or without 10 ~M atropine, was incubated for 40 min at 

20 °, filtered by suction through Whatman GF/B filters, and then rinsed with three 5-ml 

washes of appropriate pH 7.4 buffer. The filters were counted in Liquiscint counting solu- 

tion (National Diagnostics) at 33% efficiency. Protein was determined by the Bio-Rad 

method (6). 

Inhibitory constants (Ki) were calculated from the formula 

ICso 
K. - 

1 + [L] 
K D 

as  d e s c r i b e d  by Cheng and  P r u s o f f  ( 7 ) .  The IC50 v a l u e s  were  d e r i v e d  f rom l o g - p r o b i t  

a n a l y s i s  o f  c o m p e t i t i v e  b i n d i n g  a s s a y s  and t h e  d i f f e r e n t  K D v a l u e s  f o r  c o n t r o l  and  z i n c -  

t r e a t e d  g r o u p s  were  d e t e r m i n e d  by S c a t c h a r d  a n a l y s i s  o f  e q u i l i b r i u m  b i n d i n g  o f  [3H]-QNB 

( T a b l e  1) .  

RESULTS 

B i n d i n g  o f  1 nM /3H]-QNB t o  f o r e b r a i n  membranes  s u b s e q u e n t  t o  h o m o g e n i z a t i o n  i n  1 mM 

Zn 2+ showed a s l i g h t  d e c r e a s e  i n  s p e c i f i c a l l y  bound  [3H]-QNB compared  t o  c o n t r o l  (25%, N = l l )  

w i t h  no c h a n g e  i n  n o n s p e c i f i c  b i n d i n g  ( i n  t h e  p r e s e n c e  o f  10 ~M a t r o p i n e ) .  T h i s  d e c r e a s e  

a g r e e s  w i t h  t h a t  r e p o r t e d  by A r o n s t a m  e t  a l .  ( 2 ) ,  u s i n g  1 mM ZnSO 4. T h r e e  s a t u r a t i o n  

e x p e r i m e n t s ,  e m p l o y i n g  12 [3H]-QNB c o n c e n t r a t i o n s  (0 .05  t o  0 . 95  nM) i n  t h e  p r e s e n c e  and  

a b s e n c e  o f  1 ,${ Zn 2+, showed a s m a l l  i n c r e a s e  i n  b i n d i n g  s i t e s  and  a 3-  t o  4 - f o l d  d e c r e a s e  

i n  [3H]-QNB b i n d i n g  a f f i n i t y  i n  z i n c - t r e a t e d  t i s s u e .  H i l l  c o e f f i c i e n t s  o f  a p p r o x i m a t e l y  

one were  o b s e r v e d  i n  b o t h  c o n t r o l  and t r e a t e d  p r e p a r a t i o n s .  

Table i. Effect of zinc on the eNtlilibrium binding parameters for [3H]-QNB 

N K D (nM) Bma x (pmol/g protein) n H 

C o n t r o l  3 0 . 12  ± 0 . 0 3  1 .09  ± 0 . 1 9  1 . 0 0  ± .004  

Z i n c - t r e a t e d  3 0 . 4 4  ± 0 . 1 0 "  1 .35  ± 0 . 2 8  1 . 0 3  ± ..020 

*Different from control (p<0.10), using a two-tailed Student's paired t-test. 

The ability of cholinergic agonists and antagonists to displace 1 nM [3H]-QNB in 

control or zinc-treated forebrain membranes is shown in Table 2. Agonists showed an 

increased affinity for the [311]-QNB labeled receptor in the presence of zinc as demonstrated 

by shifts to tlle left of the binding isotherms and lower K. values. Acetylcholine and 
i 

carbachol, which showed very weak inhibition of binding in the absence of zinc, gave 
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complete inhibition curves in the presence of zinc. There was either no change or a slight 

increase in K. values for antagonists. This suggests a small zinc-induced decrease in the 
I 

affinity for some antagonists, which agrees with the equilibrium binding data. 

Table 2. Displacement of 1 nM [3H]-QNB in control and zinc-treated membranes 

K. 
1 

Compound N Control Zinc-treated Control/Zinc-treated 

Acetylcholine 3 not determined* 1.06 ± 0.48 ~M >i0.00 

Methacholine 3 21.21 ± 3.03 ~M 2.17 ± 0.63 ~M 10.90 

Carbachol 3 not determined* 2.73 i 1.23 ~M > 3.90 

Arecoline 3 5.51 ± 0.69 ~M 1.80 ± 0.15 ~M 3.10 

Pilocarpine 3 5.80 ± 2.45 ~M 1.72 ± 0.80 ~M 3.40 

Oxotremorine 4 0.29 ± 0.04 ~M 0.19 ± 0.05 ~M 1.50 

Atropine 5 0,42 + 0.05 nM 0.51 i 0.03 nM 0.81 

Benztropine 3 0.58 ± 0.03 nM 0.55 ± 0.12 nM 1.00 

Scopolamine 3 0.34 ± 0.09 nM 0.95 ± 0.16 nM 0.36 

Clozapine 3 6.08 ± 2.74 nM 9.91 + 2.16 nM 0.61 

Thioridazine 3 8.32 ± 2.33 nM 14.56 ± 4.27 nM 0.57 

Amitriptyline 3 7.04 ± 2.64 nM 8.10 ± 0.38 nM 0.87 

Imipramine 3 50.58 ± 3.34 nM 64.73 ±12.91 nM 0.78 

*IC50>IO0 ~M 

DISCUSSION 

Preparation and incubation of rat forebrain in 1 mM Zn 2+ enhanced [3H]-QNB displace- 

ment by cholinergic agonists but not by cholinergic antagonists. The weaker agonists, 

areeoline, pilocarpine and carbachol,show more of a shift in the presence of 1 mM Zn 2+ 

than does oxotremorine (see Table 2). It is interesting to note that the former cholinergic 

agonists also enhanced carbachol displacement of [3H]-QNB from NEM-treated tissue, if 

present during NEM treatment (2), but oxotremorine was less effective. 

Zinc ions play important roles in the formation of tubulin transport sheets and 

increasing the number of neurofilaments (8), and enhancing axonal transport in vitro (9). 

Another line of evidence suggests that zinc is important in the maintenance of neurotrans- 

mission, since abnormal decrements in responses to low-frequency stimulation of bippocampal 

mossy fibers occur in zinc~deficient rats (3). The results presented in this report 

describe a selective agonist-enhancing effect of zinc at the muscarinic receptor in vitro. 
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