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Abstract-_(‘hronlc ;IdmInistr;ltion 01 diisoprop! Inuoropho~ph~lte to rats at a dose regimen lxoducing 
70 per cent inhibition of ilcal cholinesterase ~‘11s accompanied by a decrease in the sensitivity of the 
isolated ileum to oxotrcmorinc and carbachol. The Same treatment produced an increase in the sensitivity 
of the ileum to acetylcholine during the first ten days of anticholinesterase treatment. hut after ten days 
of treatment the sensitivitv of the ileum to acetylcholine was reduced. When [“Hjquinuclidinpl benzilate 

binding was measured in -ilcal longitudinal muscle homogenates from anticholinesterase-treated rats. 
a decrease m binding was obscr\cd M hlch was due prirnarlly to an increase m the dlx,oclatlun constant 
of [%]quinuclidinyl benzilatc. Chronic diisopropylfluorophosphate treatment also increased the K, of 
various cholinerpic ligands a\ determined by competitive displacement of [3H]quinuclidinyl benzilatc 
binding. Scatchard analysis of agonist displacement 01 [ ‘Hlquinuclldinyl benzllate binding revealed 
two agonist binding sites which were present in approximately equal concentrations. Chronic diisopro- 
pylfluorophosphate treatment caused an increase in the dissociation constant of the high affinity site 
but produced only small effects on the dissociation constant of the low affinity site and on the relative 
concentration of the two sites. These results indicate that the tolerance to chronic anticholinestcrase 
treatment is. in part. a receptor-mcdiatcd phenomenon. 

The development of tolerance after chronic admin- 
istration of an organophosphorus cholinesterase 
(ChE) inhibitor was first described by Rider ef al. 
[l]. Subsequently, several investigators demon- 
strated that chronic ChE inhibition causes postjunc- 
tional subsensitivity in various muscarinic cholinerg- 
ically innervated tissues [2-71. Since these latter 
studies showed that postjunctional mechanisms are 
involved in the development of tolerance to anti- 
ChE agents, decreases in acetylcholine receptor 
affinity [8, Y] and density [ 101 have been postulated 
as possible mechanisms of tolerance. In a study of 
the specific binding of the labelled cholinergic antag- 
onist [‘Hlquinuclidinyl benzilate (QNB) to rat brain 
(striatal) preparations. we have now shown [ 1 l] that 
chronic treatment of the rats with diisopropylfluo- 
rophosphate (DFP) produces a decrease in the con- 
centration of [‘HJQNB binding sites, together with 
a decrease in the affinity of these muscarinic recep- 
tors for various cholinergic ligands. In that studv we 
also showed that. following DFP treatment, str:atal 
muscarinic receptors displayed a greater decrease in 
affinity to muscarinic agonists than to antagonists. 
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Further, Scatchard analyses of oxotremorine inhi- 
bition of [‘HIQNB binding showed that DFP treat- 
ment produced a decrease in affinity of the high 
affinity site but not of the low affinity site. Thus. the 
tolerance to chronic DFP treatment is seen from 
these striatal experiments to be, at least in part, a 
receptor-mediated phenomenon. 

Relatively little is known of the effects of chronic 
anti-ChE treatment on peripheral neuroreceptors, 
although Chang rr ul. 1121 obtained direct evidence 
for receptor-mediated subsensitivity in peripheral 
nicotinic cholinergic receptors, as shown by a 
decrease in the concentration of cu-bungaro toxin 
binding sites in the rat diaphragm following chronic 
ChE inhibition with neostigmine. The present report 
describes the effects of chronic DFP treatment on 
the binding of cholinergic ligands to the longitudinal 
muscle of the ileum. this tissue being utilized since 
both contractility and receptor radiolignnd binding 
can be assayed, permitting direct comparison o’f 
changes in contractile responsiveness and muscarinic 
receptor parameters. Our results indicate that chro- 
nic ChE inhibition causes changes in the affinity and 
number of peripheral muscarinic receptors. which 
generally parallel those changes produced in the 
central nervous system, and establish that the tol- 
erance in the periphery to chronic ChE inhibition 
is, in part. mediated via changes in the muscarinic 
receptors. 

METHODS 

DFP treatment. Male albino Sprague-Dawley rats. 
weighing 20&2SOg, were housed two or three per 
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cage in the laboratofy, with frcz access to food and 
water. Sustained inhibition of ChE was produced by 
subcutaneous injections of DFP dissolved in peanut 
oil. Two mgikg DFP were administered initially. 
followed by maintenance doses of 1 mgikg DFP on 
alternate days after day two, At various times DFP- 
treated rafs were decapitated and the ileum was 

removed. Unlessstated otherwise. all ratswerc killed 
24 hr after the last injection of DFP. All c[~[~~~~~~ris~?ns 
were made with untreated controls since it \v;ts found 

in prelinlin~irv experiments that the ~tiiministr;ltiotl 

of peanut oil -alone had no effects on ileal C‘hf:. 

~~~~~~~~ester(~~~~~ atYivir\ /i2f'fi.s1ireillf'llts. For 
measurement of ChE a&&y, a 2 cm section ofil~~um 
was washed in saline. blotted on filter paper, 
weighed, and minced with scissors. The tissue has 
homogenized in SO vol. of ice-cold 0. I hi1 Na’-K” 
phosphate buffer. pH 8.0, in ;I Potter--Elvehjem 

homogenizer and rehornogei~~~c~~ on the Polptron at 
setting 5 for 15 set to a final concentration of 20 mp 
wet M/ml buffer. C‘hE activity was determined by 

the method of Elhnan CI rtl. [ 1.31 within -i hr after the 
animals were killed. The acti\&! of f‘hii \v;~s 

expressed as ~~~wlcs acct”lthiochoiinc hqdroivzcd 
min..’ mg ’ protein. Protein ~42s dctcrmined b$ the 

method of Lower! 6~ 4. [I-t] using hosinc drum 
~Il~~lirnin as a standard. 

fsolufed ilel4nl e,4y~f+rzvIXs. ‘The muscarinic activity 
of acetylcholine. oxtSremorinr and carhachol Was 
studied on 2 cm sections of ileum mounted in an 
organ bath containin, 0 acrnted Tyrode’s \c?lution at 
37”. Isometric contractions were measur~~i with a 

force displacement transducer and polygraph. The 
resting tension of the ileum was adjusted to ;I load 
of 0.S g, and a 31) min equilibr~~~i(~li period proceded 
the d~)se-c~~iltr~~ctile response rne~~s~ire~i~~~~ts. The 
Ensit values agonists Were dcrivcd from log-dose 
response plots covering at least five drug concentra- 
tions. Atropine ~~Ilta~onisn~ of ~?x~~trerii(~ri~ie- 
induced contractions was esamincd in ilca from con- 
trol and DFP-treated rats. After dose-response 

measurements were obtained for oxoWmorine in 

the absence of atropine, the ileum was allowed to 

equilibrate for .70 min in the presence of 10 nM atro- 
pine. Following equilibration, dose-response 
measurements were repeated at higher conocntra- 
tions of osotremorine. The dose ratio of atropine 
was calculated as the ratio of the TWO 01 osotrc- 
morine in the presence of atropinc ctivitlrcl by L.IIW 

in the absence of atropinc. The sipniiioancc of the 
difference berween the agonist ~I)W values in control 

and DFP-treated rats was Jctermined hl; Student’s 
f-test on t[)~~~r~thln~c transformntion of the data. 

~~~~~~~~~~~~ reci;otclr t~j?~~f~~z~~ assiiys. Spccifc 
[‘H]QNB binding to the longitudinal muscle of the 

ileum was determined according to the procedure 
of Yamamura and Syder [IS]. Only the longitudinal 
muscle layer was ut~ltzed since \vc ohscrved that YO 

per cent of the specifically bound [‘f 1 IONH in the 
whole ileum wi14 distributed in rhc longituJin;ll mus- 
cle. Similar results were oht~~iiioii by Yam;tmur;1 and 
Snyder [ 15) in the guinea pig ileum. Rat trqitutiinal 
muscle was obtained by supporting the whole ileum 
on a Z-ml pipet and eentlv r~~l~~~illg ;iw;iv thr outer 
l~?ngitudin~~l muscle l&r with a cotttm swish. This 

layer was then minced with scissors. t~l?tll~?g~ili~~~~ 

where B is the c(~nccritr~~ti~)ii of hound /‘~{~QNB. 

N is the c(?ncentr~~t~~~ll of biil~~~n~ site>. K 1, the 

dissociation constant of [‘HJQNB and II is the num- 
ber of classes of binding sites. AI discussed beiow, 

tz = 1 for muscarinic antagonists and 2 for agonists. 
For measurement of the competitive dispiacemcnt 

of [%lQNB binding by nonlabelcd lipands, 11 ih the 

percentage of (‘H]QNB dispiilced by ;I given con- 
centration, X, of nonlabelcd drug and K i\ the 

apparent dissociation constant of the nonl;~heled 
drug. The least squares fit to equa;ion ( 1 ) wm dcter- 

mined by the Gauss Newton method 1161. 

The dissociation constants of il(~tll~lt3c~ed ligantfc 
were derived from the apparent dissociatittn con- 
stants as follows: 

where K is the dissociation constant of the nonia- 
beled l&and. K.1 is the apparent dissociation constant 

derived from the least squares fit to equation ‘. 

{[‘H]QNB) is the concentration of /‘f i]QNB used 
in the experiment and Kohrt is the dis%)ciation con- 
stant for [‘HjQNB determined from separate cxpcri- 

ments on control and DFP-treated rats. The K, viilucs 
of nonlabeled ligands were calculated in :L similat 

manner: 

where IC’W is the col~ccntr~lt~~~ri of ~i~~nl~lbei~l~ drug 

that caused half-rn~~xinl~il displ~~ccii~cnt t~f [ ‘H]QNB 

binding. 
Statistical tests of the sigrriticancc t>f the difference 

between the ligand binding par;mlrtcrs of c<mtroi 

and DFP-treated rats were made using Student’s I- 
test on logarithmic transformations of the I( >I, UIULY 
and apparent dissociation constants. 

Drq~ anal cht~icals. [‘I 1IQuinuclictiny1 bcn/ilate 

( 16 Ci/mmote) WilS obtained from the 
~~rnersham/Se~lrle Corp.. Arlington I icights. II,. and 
its ra~i~ochemic~~i purity was chocked by thin-layer 
chromatography in two solvent sytems (eth~l~l(~l,.- 
acetic acid-water. 60 : 31 : 10: ri-hiiturlctl.-w;~tei’- 
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acetic acid. 60 : 20 : 10). DFP was obtained from 
the Aldrich Chemical Co.. Milwaukee, WI; acetyl- 
choline, acetylthiocholine, atropine, carbachol. 
dithiobisnitrobenzoic acid and physostigmine, from 
the Sigma Chemical Co., St. Louis. MO.; oxotre- 
morine was provided by Dr. Donald Jenden. UCLA. 

HESt_‘I.TS 

The initial injection of 2 mgikg DFP produced 
signs of marked cholinergic stjmulat~on characterized 
by diarrhea. tremor, salivation and lacrimation. Sim- 
ilar effects of reduced intensity were produced by 
injection of the maintenance dose of 1 mg/kg DFP 
on days 3 and 5. However, few or no signs of choi- 
inergic stimulation were seen on days 7-9, indicating 
that tolerance had developed to DFP. ‘This dose 
regimen of DFP produced a constant 70 per cent 
inhibition of iteal ChE activity as determined 24 hr 
after injection on days 1.4. IO, 14, 20 and 26 of chro- 
nic DFP treatment. 

The results of the dose-response experiments on 
the isolated ilea of control and DFP-treated rats are 
shown in Fig. 1 The ET):+, of acetylcholine at 2 hr was 

significantly less than the controls, showing that DFP 
produced an acute supersensitivity to acetylcholine. 
At 24 hr the ED~CI of acetyicholine was greater than 
the EDw at 2 hr but still less than controls. The 
disappearance of supersensitivity and the return of 
normal sensitivity to acetylcholine was observed dur- 
ing days 4-10. Treatment with DFP for longer 
periods resulted in subsensitivity to acetylcholine as 
shown by the increase in EDW on days 14-32. 

A 

ci acefylcholine 

DAYS OF DFP TREATMENT 
B 

0 oxo~remof~ne f4 

DAYS OF DFP TREATMENT 

Fig. 1. Effects of DFP treatment on the sensitivity 01 
isolated ilea to muscarinic agents. Panel A: E~XO values of 
ACh; panel 8: tn~ values of oxotrrmorine and carhachol. 
Except for the EU~IIW~U~S determined 2 hr after the first 
injection of DFP. all E~NI’Z values were determined 24 hr 
after the previous injection of DFP as described in Methods. 
Mean values + S.E. are shown. and the number of rats in 

each group is indicated in parentheses. 

OXOTREMORINE (hi) 

Fig. 2. Effects of DFP treatment on art-opine anta~~~nism 
of oxotremor~n~-induced contractions of the ileum The 
dose-ratio of atropine was determined in ilea from control 
and 10&y DFP-treated rats as described in Methods. The 
concentration of atropine used in this experiment was 

10YK M. Mean values for tension 2 S.E. are shown. 

In contrast, the ilea of EFP-treated rats did not 
show supersensitivity to oxotremorine or carbachol. 
Figure 1B shows that the EDVI value of oxotremorine 
and carbachol were similar to controls at 2 hr and 
were increased moderately at 24 hr. The subsensi- 
tivity to oxotremorine or carbachol with the present 
DFP regimen attained a maximum on day 4. A 
comparison of ~o~~~vatue shows no significant dif- 
ferences in the sensitivitv of the ileum to oxotre- 
morine on days 4-32. Similar results were obtained 
with carbachol. 

Atropine antagonism of oxotremorine-induced 
contraction of the ileum was determined in control 
and IO-day DFP-treated rats (Fig. 2) as described 
in Methods. At a concentration of 10-s M. atropine 
caused a greater shift in the oxotremorine dose- 
response curve of control rats than of DFP-treated 
rats, as indicated by a decrease in the atropine dose 
ratio from a control value of 1-l -t 1.2 to a value of 
6.9 + 1.6 in DFP-treated rats. The reduction in the 
atropine dose ratio suggests that DFP treatment 
decreased the affinity of muscarir~ic receptors in the 

ileum. 
The effect of DFP treatment (IO-14 days) on the 

specific binding of (“HJQNB to the i~)ngitudin~~i mus- 
cle of the ileum is shown in Fig 3. Specific ~~~i]QNB 
binding was measured at six different concentrations 
of [‘HJQNB, ranging from ().I to 3.2 nM. in ilea 
from control and DFP-treated rats. [ ‘H]QNB bind- 
ing obeyed mass action kinetics for a single class of 
independent receptors as indicated by the presence 
of linearity of Scatchard analysis of the binding data. 
Chronic DFP treatment (10-13 days) caused a sig- 
nificant reduction (P <C).f)5) in the mean specigc 
binding values determined at concentrations of 
0.2, 0.4, 0.8 and 1.6 nM [‘H]QNB. This reduction in 
[“H]QNB binding was primarily due to a decrease 
in the affinity oi muscarinic receptors in the ileum. 
The mean K,, for ]‘H]QNB was 0.33 -+ 0.06 nM in 
DFP-treated ratsand0.25 1 (I.02 nMincontrols(P < 
0.03). In addition. the Scatchard plot shows that the 
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C‘ontrol IIFP-rrc;ctLxl 
_~~... 

K, (Fhl) 
Q_;- 

k: (/.lhlI N“ 

Acetylcholine o.l).i -I ‘.(I .4 
(0.06.3-I. If>) I I 7~-1 4) 

Carbachol 2.0 h 5 5.;. II 
(1.62.5) (4.1-7.2) 

Oxotremorine 0.w 0 ( ) ,3 i .j ‘) 
(1).077-O. 17) (0.1~~0.12) 

Atropine 0.005 5 0 (112 4 
(0.0037-0.00s) ((I oos-o.ol7) 

* Ninety-five per cent conlidencc intervals are indicated in pal-cnthc\c\ henc;~rh e;lch 

K, value. 
t Number of experiments done on individual rat\. 
$ Significantly different from control. P < 0.05. 

O control (9) 
. DFP treated (9) 

from 0.29 t 0.01 pmoles:‘mg protein in the controls 
to 0.25 I 0.008 pmolcimg protein in the IO to IJ-da) 
DFP-treated rats (P <0.003). Since no decreases of 
[jH]QNB binding were measured when longitudinal 
muscle homogenates of control rats were incubated 
with 10 ’ and IO ’ M DFP at 250” for 15 min. it is 
unlikely that the reduced [ ‘H]QNB binding observed 
in DFP-treated rats was due to a direct effect of DFP 
on muscarinic receptors. DFP at IO 1 and 10 ’ hl 
produced 80 and 100 per cent inhibition of CM;_. 

I 

0 [<]ONB (nM) ’ 

. DFP treated 

04 w? 0.3 04 

MQNB BOUND (pmol/mg) 

Fig. 3. Effects of DFP treatment on the specific hindiq of 
[-‘H]QNB to the longitudinal muscle of the ileum. Panel 
A: [ ‘HJQNB binding was measured at various conccntra- 

Cons in control (0). and IO to Id-day DEP-treated (0) 
rats. Mean binding values +- S.E. arc sho\vn. and the nun- 
ber of rats in each group is indicated in parcnthesca. ‘l‘hc 
theoretical curve represents the least squares fit detcrmincd 
by nonlinear regression analysis. Panel B: Scatchard analy- 

sis of the mean hinding values shown in panel A. 

mean number of receptors in the ilea of DFP-treated 
rats was less than in the controls although the dif- 
ference was not statistically significant. 

Additional measurements of specitic [ ‘H]QNB 
binding were done on ileal homogcnatca of thirty 
control and thirty DFP-treated rats to conlit-m the 
decrease in [‘HIQNB binding shown in Fig. 3. 
;J%jzUI: binding was measured with 0.S nhl 

. ;L concentration at which binding ix near- 
maximal and the ratio of specific to nonspecific hind- 
ing is high (10 : I). DFP treatment produced a small 
but highly significant decrease in [‘HIQNB binding 

Lspectively 

A 

0 control (9) 
. DFP treated (9) 

OXOTREMORINE (M) 

0 control 
. DFP treated 

50 100 

pH]QNB DISPLACED (%I 
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Table 2. Effects of DFP treatment on the ilcal binding parameters of agonists’ 

Agonists Treatment N”t 
K/l 

(!-M) 
;v,/ 
(‘;) 

,2’/ 
CC/) KL!’ KH 

Acetylcholine 

Oxotremorine 

Carbachol 

Control 

DFP 

Control 

DFP 

Control 

DFP 

* Ninety-five per cent confdencc interval\ are indicated in parcnthcse\ beneath each parameter 

estimate. 
t Number oi’ exoeriments done on individual rata. 

$ Significantly different from control. P Cc ().(I3 

After l&14 days of DFP treatment, an increase 
in the K, of various nonlabeled cholinergic ligands 
was observed (Table I), reflecting a decreased aflin- 
ity of the muscarinic receptor for these drugs. Atro- 
pine displacement of [‘H]QNB binding was consist- 
ent with the law of mass action for a single binding 
site since Hill plots of the atropine/[‘H]QNB com- 
petition curves had slopes not significantly different 
from 1. Further analysis of the displacement of 
[‘H]QNB binding by oxotremorine in the ilea of 
control and 10 to 14day DFP-treated rats is shcnvn 
in Fig. 4. Scatchard plots revealed the presence of 
both high and low affinity agonist binding sites and 
that the concentrations of the high (N/r) and loa 
(NL) affinity sites are approximately equal. To deter- 
mine the binding parameters of oxotremorine for 
the two binding sites, the competitive inhibition data 
were fitted to a two site binding equation by nonlin- 
ear regression analysis. Following. DFP treatment, 
the dissociation constants of the hlph (KM) and Ion 
(KL) affinity sites increased from 0.0086 and I .U PM 
in controls to 0.0293 and 1.8 PM in DFP-treated 
rats, indicating that the affinities of both agonist 
binding sites had decreased. The increase in Kf was 
less than that of KH. such that the ratio K//K/I 
decreased from 116 k 19 in controls to 60 -t IO in 
DEP-treated rats (P <O.Ol). This decrease in KflKtr 
causes a steepening of the binding isotherm for 
oxotremorine and decreases the concavitv of the 
Scatchard plot. Such a change would also.increa\e 
the Hill coefficient for oxotremorine. The relatkc 
concentrations of the two agonist binding sites 
(NLINH) did not change significantly following DFP 
treatment. Similar results presented in Table 2 were 
obtained for acetylcholine and carbachol. 

The results reported here are in general agreement 
with our recent observations [ll] concerning the 
effects of chronic DFP treatment on the binding of 
cholinergic ligands to rat striatal muscarinic recep- 
tors. The reduction in [“HJQNB binding obscrvcd 
in both studies supports the propos;tl that the 

acquired tolerance to chronic ChE inhibition by 
organophosphorus compounds involves adaptive 
changes of cholinergic receptors [S-lo]. 

The results of our isolated ileum experiments are 
consistent with the findings of previous investigators 
[3, 5, 171 and illustrate how ChE activity and tissue 
sensitivity affect the EDW of acetylcholine for pro- 
ducing contractions. The initial supersensitivity to 
acetylcholine observed 2 hr after DFP can be attri- 
buted to potentiation of the effects of acetylcholine 
by ChE inhibition. This conclusion has been 
expressed by others [1X] and is consistent with the 
observation that ileal sensitivity to the ChE resistant 
oxotremorine and carbachol was normal 2 hr after 
the first dose of DFP. During days 1-4 of DFP 
treatment, the loss of supersensitivity to acetylcho- 
line, as shown by the increase in the EDX of acetvl- 
choline to normal values, paralleled the decrease’in 
sensitivity to oxotremorine and carbachol. which 
attained a maximum on dav 4 of DFP treatment. 
The normal sensitivity to ac&ylcholine cm days LCIO 
of DFP treatment most likely represents a balance 
between the potentiating effects of ChE inhibition 
and postjunctional subsensitivitv. There is no 
adequate ‘explanation. however. for the additional 
decrease in the sensitivity of the ileum to acetylcho- 
line, observed after IO days of DFP treatment. with- 
out concomitant decreases in sensitivitv to oxotre- 
morine and carbachol. 

Our binding experiments showed that the antag- 
onists [‘HIQNB and atropine obeyed the law of mash 
action for a single class of receptors. In contrast. 
agonist displacement of [ ‘HJQNB binding deviated 
from mass action kinetics as indicated by the flat 
binding isotherm\ which had Hill coefficients of less 
than I. This observation has been reported in several 
studieh 1 IY-211. TV account for the complex nature 
of agonist bindin_c. Birdsall and Irulme [22] have 
proposed the existence of high and low affinity 
agonist sites which have equal affinity for antagon- 
ists. The rrccnt finding\ of Birdsall C/ trl. [2_1j and 
Arons~ani r’r u/. [ZJ] and the present tindinss al-c‘ 
cOll4l\tent \vith this niodcl. 
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nit DFP treatment caused a greater reduction in the 
affinity of the high affinity agonist site. Conse- 
quently, there was H reduction in the ratio K,/K,, 

and a slight steepening of the oxotremorine binding 
isotherm. These results arc similar to those of Young 

[251 who reported an increase in the Hill coefficient 
of carhachol inhibition of propylhenzilylcholine ITILIS- 

tard binding to the guinea pig ileum following desen- 
sitization. The decrease in K,/K,, may indicate that 

agonist efficacv was decreased by DFP treatment 

since :I correla;ion between cflicacy and the ratio of 

the two agonist affinity constant\ has been reported 
(23.161. 

Although the relationship between the r oilI for 
smooth muscle contraction and the binding par- 

ameters of muscarinic cholinergic agonists is not fully 

understood 122. 26. 271, our results strongly suggest 

that muscarinic receptor subsensitivity is at least 

partially responsible for tolerance to chronic ChE 
inhibition. This hypothesis is supported by the 

observation that the K, values of oxotremorine and 
carbachol increased 3-fold with DFP treatment which 
correlated with a 2 to S-fold increase in the tr)5,i values 

of these agonists for eliciting contraction. Similarly. 

the 2-fold increase in the K, of the antagonist atropine 

correlated with a decrease in the dose-ratio of atro- 
pine. Because of the complexities of agonist binding, 
however. it is not certain whether the subsensitivitl 

of the ileum of DFP-treated rats is primarilv due to 

a change in one or both agonist binding sites. 

The present finding that DFP treatment decreased 

the dose-ratio atropine in the ileum appear\ to con- 
flict with the report of Perrine and McPhillips 12.81 

that chronic C‘hE inhibition with tli\ulfoton reduced 
the sensitivity of the rat atrium to carbachol without 

changing the pA: of atropine. Since potent antag- 
onists such as atropine bind to accessory sites adja- 

cent to the muscarinic receptor [29. 301. it is possible 
that agonist affinity can decrease without a change 
in antagonist affimty in the atrium of disulfoton- 
treated rats, In this regard. selective alteration by 
N-ethylmaleimide of agonist binding but not of 
antagonist binding to neural membranes has been 
reported by Aronstam et trl. [‘_-I]. However. the 
increase in the Koof [‘H]QNB and the K,of atropine 
and the decrease of the atropinc dose-ratio found 
in the present study show that the affinity of mus- 

carinic receptors for both antagonists and agonists 
was altered by DFP treatment. 

The subsensitivity to cholinom~~~~etics occurring 
with DFP treatment doe\ not appear to bc attribu- 
table to a direct effect ot’ DFP on muscarinic I-eccp- 
tars since no inhibition of [‘HIQNB binding M’~S 

detected when longitudinal muscle homogenatcz 
were incubated with IO ’ M DFP. a concentration 
which abolished C’hE activit!,. Although it is possible 
that DFP treatment caused pustjunctionul sukn- 

slti\ity by ;I mechanism independent of ChE inh- 
bition. the results of scvcral investigations \uggcst 
that organophosph~~tc-induced sub\cnsitivity in mus- 
carinic cholinergic inner\~ated tissues is LILK to C‘hE 
inhibition and the subsequent accumulation of XC- 
tvtcholinc. In this regard. Bito and Dawson ( l(l\ have 
&monstrated that DFP-induced subsensitivity of the 
iri\ ih blocked bv decentralizati[)n and hemicholiniun~ 
treatment. Org;lnophosph;Ite-induced huknsitivit!; 

in the guinea pig ileum has been shown to be blocked 
by concomitant administration of a reversible ChE 
inhibitor [31, 321. Presumably. reversible ChE 
inhibitors protect ChE from irreversible phosphorvl- 
ation by temporarily binding to the enzyme while 
the organophosphate is inactivated and eliminated. 
Recently, we demonstrated that chronic DFP trcat- 
ment causes a reduction in striatal muscarinic rccep- 
tor density which was prevented by concomitant 
physostigmine treatment and by chronic atropine 
treatment [I I]. Interestingly. organophosph~ites 
have been shown to produce neuropathies in skeletal 
muscle by a mechanism independent of ChE inhi- 
bition 13.1. 331: however. the evidence cited ;~hove 

suggests that. in muscarinic cholincrgic innervated 
tissues. organophosphate-induced subsensitivity i\ 
caused by ChE inhibition. Thus. the result\ of this 
study suggest that muscarinic receptor subsensitlvity, 
is part of the adaptation to the accumulation ot 
acetylchotine at cholinergic receptor sites ;I$ ;I r’esult 

of ChE inhibition. Although it is possible that other 
pre- and postjunctional changes may underlie DFP- 
induced subsensitivity [IX]. the present findings 
establish a role for muscarinic receptor subsen\itivity 
in the development of tolerance to the effects of 
organophosphorus ChE inhibitors. 
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