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Non-specific, time-dependent desensitization of the vas
deferens and anococcygeus preparations of the rat to
«,-adrenoceptor antagonists and atropine

Igor Onnen

Laboratoire de Physiologie, Faculté de Médecine (Université Paris-Nord), Bobigny, France

1 Rat vas deferens preparations became desensitized to the a;-adrenoceptor antagonist thymox-
amine: after 6 h in vitro, the f value (time to attain half the occupancy of receptors occupied at
equilibrium) of the response to this drug was 1.50 fold greater in control strips (strips exposed to
thymoxamine at 6 h) than in test strips (strips exposed to thymoxamine at 1 h).

2 The rate of action of the a;-adrenoceptor antagonist AR-C239 on the rat anococcygeus
preparation was correlated with the rate of action of atropine. There was also a significant
correlation between the 4 ratios (1.37 and 1.30 for AR-C 239 and atropine respectively) observed in
the control muscles at 6 h. The in vitro slowing is thus due to some change in the longitudinal muscle
and not to a change in the receptors.

3 The in vitro slowing occured when either phenylephrine or methoxamine was the o-
adrenoceptor agonist used.

4 The most likely mechanism of desensitization is a non-specific slowing of the access of drugs to

receptors.

Introduction

Isolated tissues are known to develop desensitization
to a variety of drugs. Desensitization is usually
synonymous with tolerance (Paton, 1957; Huibobro-
Toro & Foree, 1980) and is seen as decreased re-
sponsiveness to a drug resulting from a previous
contact. Some cases of desensitization, such as the
guinea-pig ileum’s desensitization to atropine
(Onnen & Olive, 1981) and antihistamine agents
(Onnen & Olive, 1983), have the characteristics of a
slowed (instead of decreased) responsiveness, result-
ing from the time spent by the preparation in vitro (as
opposed to a previous contact with a drug).

The present experiments extended the study of in
vitro desensitization to the interaction between the
competitive antagonist, thymoxamine (Roquebert et
al., 1981) and the a;-adrenoceptors of the rat vas
deferens stimulated with phenylephrine. Compari-
son was made between the inhibition of phenylep-
hrine by thymoxamine after 1h (on test prepara-
tions) and after 6 h (on paired control strips, tissues,
which were exposed to phenylephrine only in the first
6h.

Additional experiments were carried out on the rat
anococcygeus muscle, a tissue consisting almost en-

tirely of longitudinal muscle (Gillespie, 1972) with
the competitive «;-adrenoceptor antagonist, AR-
C239  (2-[2-[4(O-methoxyphenyl)-piperazine-1-
Yl1]-ethyl]4, 4-dimethyl-1,3(2H-4H) iso-
quinolinedione; Mouillé et al., 1980; Huchet, André-
jack & Schmitt, unpublished observations) and with
atropine (Arunlakshana & Schild, 1959; Doggrell,
1981). Control muscles of these experiments re-
ceived their first dose of agonist at the Sthh.

Methods

Variation in the affinity constants of thymoxamine on
the vas deferens stimulated with phenylephrine

In each of 16 experiments, vasa deferentia were
obtained from an adult Wistar rat (300-500 g) and
their epidydimal segments were immediately
mounted in two separate organ baths containing S ml
of Krebs-Henseleit solution (composition in
mmoll~!: NaCl118, KCl14.7, CaCl,, 2H,O 1.9,
MgSO,, 7H,01.1, glucose 11, NaHCO324,
NaH,P0O4 1.7) at 37°C, gassed by 5% CO; in 95%
O, and containing cocaine (4 umoll1~') to block the
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neuronal uptake of PE, and propranolol
(2.6 umol17!) to block B-adrenoceptors. One strip
served as the test strip, the other as the control.
Contractions were measured isotonically.

The experiment started (zero time), and 40 min
later phenylephrine (PE) was added cumulatively so
that its concentration-response curve could be con-
structed. Thereafter, the ECsq value of PE was meas-
ured on each strip on sequential concentration-
response curves in which PE was added to the baths
every 3.5 min in concentrations of alternately 0.5, 1,
and 2 umol1~1. The responses to PE were measured
as the peaks of isotonic contractions, which reached
25-75% of the maximum response.

Affinity constants (Kbe, t; and 2-min Kb) of the test
strip at the initial (0—2.5h) period Kbe and t, were
measured at 1 h. Once sensitivity to PE was stable,
the test strip was exposed to thymoxamine
100 nmol 17! for 20-30 min. The progressive inhibi-
tion by thymoxamine of responses to PE was expres-
sed as (1) dose-ratio DR (= ratio of equiactive con-
centrations of PE after and before thymoxamine) and
(2) receptor occupancy o (=100 (DR-1)/DR))
(Paton & Rang, 1965). The series of increasing inhib-
itions measured at times of exposure of 2 min (DR
2 min; 0 2min), Smin (DR 5 min; 0 5min), etc...,
and at equilibrium (DRe; oe) were used to calculate
Kbe and ¢ (see below for definition and method of
calculation). DRe was obtained in 5—20 min.

The 2-min Kb value was measured on the effects of
2min exposure to thymoxamine 100, 200 and
400nmoll1~! in the following way. After DRe had
been obtained, thymoxamine was washed out; the
test strip was then exposed to thymoxamine
200nmol1~! for 2min, and after washout of this
second concentration of thymoxamine, to thymox-
amine 400 nmol1~! for 20—30 min. The washout of
antagonist was very effective (see Results).

To calculate the 2-min Kb value, the effects of
2min exposure to thymoxamine 100, 200 and
400 nmol 1-! were plotted on a graph of log (DR—1)
versus log concentrations of thymoxamine. The 2 min
Kb value, i.e. the concentration of thymoxamine
producing a dose-ratio of two after 2 min exposure,
was solved for y = log (2-1) = zero (Arunlakshana &
Schild, 1959).

Affinity constants (Kbe, t; and 2-min Kb) of thymox-
amine on the test and control strips at the (6—9h)
period At 6 h, the test strip for the second time and
the control strip previously treated with PE only for
the first time were exposed to thymoxamine
100 nmol~! for 20-30 min in order to measure Kbe
and 4 values. After washout of thymoxamine, the
strips were exposed to thymoxamine 200 nmol 1! for
2 min and 400nmol 1! for 20-30 min (to calculate
the 2-min Kb value).

Variations in the affinity constants of the
(phenylephrine-AR-C 239) and (carbachol-atropine)
antagonisms on the anococcygeus muscle

In each of 18 experiments, anococcygeus muscles
were taken from between the paravertebral muscles
and the rectum of an adult Wistar rat. The test muscle
received its first dose of PE at zero time, the control
muscle not before the Sth h. Cocaine (4 umol1~!) and
propranolol (2.6 umol17!) were added to the Krebs-
Henseleit solution only at the time the effects of PE
and AR-C 239 were measured: 0—1.5h for the test
muscle and 5-7 h for the control muscle.

Affinity constants Kbe and t; values of AR-C239 and
atropine on the test muscle at the initial (0-2.5h)
period At 1h, once sensitivity to PE was stable, the
test muscle was exposed to AR-C 23920 nmol 1! for
40-60 min (to measure Kbe and f values). DRe was
obtained at 20—30 min. Thereafter, at 2 h, the ECsy
values of carbachol was measured and the test strip
was exposed to atropine 6 nmol 1! for 20—40 min, to
measure Kbe and 4. Dre was obtained at 20— 30 min.

Affinity constants Kbe and t; of AR-C239 and at-
ropine on the control muscle at the (6—8 h) period At
Sh, the control muscle, hitherto merely kept in
Krebs-Henseleit solution at 37°C and regularly
washed, received its first dose of PE. The affinity
constants of AR-C 239 and atropine were measured
at 6 and 7.5 h respectively, as had been done on the
test muscle at the initial (0-2.5 h) period.

Variation in the affinity constants of thymoxamine on
the anococcygeus muscle stimulated with methox-
amine

In each of 10 experiments, a test anococcygeus mus-
cle received its first dose of methoxamine (MA) at
zero time and was exposed to thymoxamine
100 nmol1~! for 30 min at 1 h, once sensitivity to MA
was stable. Similarly, the control muscle received its
first dose of MA at 5h and was exposed to thymox-
amine 100nmoll~! for 30 min at 6 h. Propranolol
(0.5 pmol1~1) was added to the Krebs-Henseleit sol-
ution at the time the effects of MA and thymoxamine
were measured.

Definition and calculation of Kbe and t; values

Kbe is the concentration of antagonist producing at
equilibrium a dose-ratio of two, i.e. a receptor occu-
pancy (oe) of 50% :0e = 100 ((2—1)/2). The interac-
tion between a competitive antagonist such as
thymoxamine, AR-C 239 or atropine and its receptor
corresponds to the equation:

log (DRe—1) =nlog A —log Kbe (Arunlakshana &
Schild, 1959).
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where A is the concentration of antagonist (thy-
moxamine = 100 nmol1~!; AR-C239 =20 nmoll~!;
atropine = 6 nmol17!) and n a constant which equals
unity when the antagonist is competitive. If n equals
unity, the equation becomes

log Kbe =log A —log (DRe —1) or

Kbe = A/(DRe —-1).

No correction (Furchgott, 1967) was made for
spontaneous (i.e. not due to the antagonists) changes
in sensitivity of the tissue to agonists because these
changes were so small, viz 3-15% perh, as to be
negligible over a 10—30 min period, which was the
range of times requested to attain DR e.

4 is the time to attain one-half of the equilibrium
receptor occupancy. If oe and ot are the occupancies
at equilibrium (oe) and at any given time of the
exposure to an antagonist (ot), the (oe —ot) values
represent the % of receptors which remain to be
occupied before reaching equilibrium, in other words
the % of receptors still available for the antagonist
(Paton & Rang, 1965). When plotted on a log scale
against time, the (oe—ot) values form two successive
straight lines. The first line, formed between 0, 2 and
5 min declines very rapidly with a slope K which is
converted into # =0.693/K; the second line, after
5 min, declines slowly. In some cases, ¢ could not be
calculated between 0, 2 and 5 min because it ex-
ceeded by at least a conventional 20% the ¢ value
calculated between 0 and 2 min, thus indicating non-
linearity between 0, 2 and 5 min. In such cases (4, 6
and 5 experiments of Tables 1, 2 and 3 respectively),
t, was calculated between 0 and 2 min.

Statistical analysis

Affinity constants measured at 6—9 h were compared
to the values of the test strips at 0—2.5 h by means of
the Wilcoxon paired ¢ test. Desensitization was re-
vealed by increased 2-min Kb or g values and was
expressed in each experiment as f4 ratio, i.e. the ratio

of f; values at 6 h (control or test strip) and at 1 h (test
strip). The values were expressed as meanst
s.e.mean. P values <0.05 were considered to be sig-
nificant. The concentrations of drugs refer to the
base.

Solutions were made up just before use.

Results

Variation in the affinity constants of thymoxamine on
the vas deferens stimulated with phenylephrine

In the (0-2.5h) period, the Kbe value for thymox-
amine was 33 nmoll~! (Table 1) and the 2-min Kb
value 61 nmol1~1.

The (PE-thymoxamine) antagonism developed
more slowly at 6h in both test and control strips
(Figure 1, Table 1). Firstly, although the Kbe values
remained unchanged, the ¢ values were greater than
at the initial (0-2.5h) periods (test strips P=0.01,
n=16; control strips P<<0.01, n= 16); the 4 ratios of
test and control strips were correlated (r=0.5,
n=16, P=0.05). The 2-min Kb values were greater
(test strips P=0.01; control strips P<<0.01, n=16)
than in the initial (0-2.5 h) periods.

Variations in the affinity constants for the
(phenylephrine— AR-C239) and (carbachol—-
atropine) antagonisms on the anococcygeus muscle

Anococcygeus muscles were much more sensitive to
PE (mean ECsy=60nmoll~!, Table 2) than vasa
deferentia (mean ECso= 1.2 umol1~!, Table 1).

In the (0-2.5h) period, the Kbe value of AR-
C239 was 0.80 nmol1~! (Table 2), which shows that
this drug is much more potent than thymoxamine
(Kbe =30nmol1~!, Table 1). The Kbe value of at-
ropine was 0.54 nmol1~! (Table 2), a value already
reported in this tissue (Doggrell, 1981). The ¢ values

Table 1 Variation in the Kbe, 4 and 2-min Kb values for thymoxamine, and in the ECsg value and maximum
response to phenylephrine (PE) on the vas deferens (16 experiments)

0-2.5h
Kbe value (nmol) 33+19
4 value (s) 56+13
4 ratio unity
2-min Kb value (nmol) 61+t10
ECsg value of PE (umol1-1) 1.201+0.22
Max. response to PE (cm) 0.58+0.1

Test strips

Control strips

6-9h 6-9h

304 30+4

76 +17 80t15
1.38+0.17 1.50+0.23

92+15 91+16
1.70+0.44 2.10+0.52*
0.48+0.90 0.47+0.90**

Kbe is 100 nmol 1! (DRe—1). Affinity constants for thymoxamine were obtained from data of Figure 1.

*1.62+£0.34 umol at 1 h.
**0.60+ 0.1 cm at zero time.
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Figure 1 Variation in the effects of thymoxamine on the rat vas deferens stimulated with phenylephrine. (a) (1)
Equilibrium effects (DRe) of 100 nmol1-! thymoxamine (O = test strips at 1 h and at 6 h; B = control strips at 6 h).
Kbe values 100 nmol1-!/(DRe—1) are given in Table 1. (2) Concentration-effect curves (2-min exposure) of the test
strips at 0-2.5h (O) and at 6-9h (V) and of the control strips at 6—9h (@®). The 2-min Kb values (intercepts with
y = zero) are given in Table 1. The mean slope * s.e.mean (the slope was in each experiment Ay/Ax) was 1.2+0.1
(n=16) at the (0-2.5 h) period. (3) In addition are shown (a) the effects of 2 min exposure to 200 nmol on the test
strips at 4h and at Sh (A: the smaller effect was at 5 h) and (b) the equilibrium effects of 400 nmol thymoxamine
(O =test strips at 2.5h and at 9 h; B = control strips at 9 h); the slope between the equilibrium effects of 100 and
400 nmol1-! were 0.9+ 0.1 at 1 h (test strips) and 1.05 + 0.1 at 6 h (control strips). (b) Graphs plotting the % (atalog
scale) of aj-adrenoceptors available for thymoxamine against time (O = control strips at 1 h; ¥V =test stripsat 6 h;
@ = control strips at 6 h) by 100 nmol thymoxamine. Mean ¢ values are given in Table 1. 4 was measured in each
experiment, at 1 h on the test strip and at 6 h on both the test and control strips, and was expressed as 0.693/K where
K was the slope of the graph between 0, 2 and 5 min (in 4 experiments between 0 and 2 min).

Table 2 Variations in the Kbe and 4 values for AR-C 239 and atropine and in the ECsq values and maximum
responses to phenylephrine and carbachol on the rat anococcygeus muscle (18 experiments)

AR-C239 Atropine
Test muscles Control muscles Test muscles Control muscles
(1sth) (6thh) (2ndh) 7thh)
Kbe value (nmol) 0.78+0.12 0.70+0.14 0.55+0.07 0.55+0.05
t value (s) 73+13 93+12 60+ 10 74+13
4 ratio unity 1.37+£0.20 unity 1.30+0.25
ECs value of agonist (umol) 0.06+0.01 0.09+0.015 0.15+0.04 0.28+0.09
Max. response to agonist (cm) 0.80+0.12 0.73£0.10 0.78£0.10* 0.73+£0.10**

Kbe for AR-C 239 is 20 nmol1-!/DRe—1). Kbe for atropine is 6 nmol1-!/(DRe—1).
*measured at 3h.
**measured at 8 h.
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Figure 2 Correlation between the rates of action of AR-C 239 and atropine and between the slowing of these rates
of action on the anococcygeus muscle. (a) 4 values of AR-C 239 and atropine at the initial (0—2.5 h) period. Mean 4
values are given in Table 2. (b) 4 ratios of AR-C239 and atropine. The 4 ratio of an antagonist was in each
experiment the ratio of g values of the control strip (measured at 6—8 h) and of the test strip (measured at0—2.5 h).
Mean 4 ratios are given in Table 2. In (a) and (b), open symbols (O) represent experiments where the

aj-adrenoceptor agonist was methoxamine.

of AR-C239 and atropine showed a significant
(P=0.01, n=18) correlation (Figure 2a): in other
words, a muscle which rapidly responds to AR-C 239
is expected to respond rapidly to atropine.

The rate of development of antagonism in the
(6—-8h) period is shown in Table 2: # values were
greater than in the (0-2.5h) period (AR-C239:
P=0.01, n=18; atropine: P=0.05, n=18), while
Kbe values remained unchanged. In most cases, the
slowing of the response of the tissue to AR-C239
(Figure 2b) was associated with a comparable slow-
ing of the response to atropine (P=0.001, r=0.70,
n= 18), indicating that the phenomenon did not de-
pend upon the drug per se, but was more a charac-
teristic of the preparation.

Histological studies were performed in four exper-
iments where the 4 ratios of AR-C239 were 0.84,
1.5, 1.8 and 1.9. These studies showed that each test
and control muscle was a bundle of muscle cells which
was surrounded by serous cells on half of its surface
only.

Variation in the affinity constants of thymoxamine on
the anococcygeus muscle stimulated with methox-
amine

At 1h, the Kbe value (33nmoll~!, Table 3) was
similar to that of the vas deferens (Table 1) and the ¢

value (27 s, n=10) was smaller than in the vas defe-
rens (56s, Table 1).

Table 3 Variation in the Kbe and ¢ values for thymoxamine and in the ECsg value and maximum response to

methoxamine on the rat anococcygeus muscle (10 experiments)

Test muscles Control muscles
(1sth) (6thh)
Kbe value (nmol) 33+6 29+5
f value (s) 277 37+9
4 ratio unity 1.47%0.35
ECsg value of MA (umoll-') 0.47+0.2 0.62+0.32
Max. response to MA (cm) 0.93+0.15 0.74+£0.20

Kbe is 100 nmol 1-!/(DRe—1).
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A slowing of the effects of thymoxamine occurred
at 6 h in that there was a 1.47 fold increase in 4 value,
with no change in Kbe value.

Discussion

The present study shows that after 6 h in vitro the
a;-adrenoceptor agonist-antagonist reaction was
slowed in its onset (4 and 2-min Kb values were
increased) but kept the same equilibrium state (Kbe
values remained unchanged). This in vitro slowing
has four main characteristics. Firstly, it seems to be a
general effect since it occurs with at least four types of
receptors in two animal species, the 2-min Kb ratio
(ratio of 2-min Kb values at 6-9h and at 0—2.5h)
being 1.52 in the rat vas deferens (Table 1), 1.4 in the
muscarinic (Onnen & Olive, 1981) and 1.7 in the
histamine H; (Onnen & Olive, 1983) receptors of the
guinea-pig ileum, and 1.4 in the 5-HT receptors of
the rat uterus (Onnen, unpublished results). Second-
ly, the in vitro slowing is not specific for one drug or
receptor type. Thirdly: the slowing is due to some
change within the longitudinal muscle since it is
exerted in the vas deferens, a complex four-layer
structure (serous layer, longitudinal and circular
muscles, and mucous layer), as well as in the anococ-
cygeus muscle, a simple structure consisting almost
entirely of longitudinal muscle (Gillespie, 1972).
Fourthly: the desensitization to antagonists is entire-
ly due to effects in the 5—6 h of in vitro life, and is not
due to previous contact with agonists.

Two properties of the anococcygeus preparation
were apparent in this study: the tissue was much
more sensitive to PE and responded more rapidly to
thymoxamine than did the vas deferens. The sensitiv-
ity to PE suggests that anoccygeus muscle either hasa
high density of aj-adrenoceptors (the greater the
sensitivity to an agonist, the greater the density of
receptors: Land et al., 1977) or is very sensitive to
cocaine (the concentration of cocaine required to
block 50% of noradrenaline neuronal uptake is
0.92 umol in this tissue (Doggrell & Woodruff, 1977)
instead of 2.8 pmol in the vas deferens (Drew et al.,
1978)). The great sensitivity to PE might also be due
to the absence of extraneuronal uptake (Gibson &
Pollock, 1973). The suggestion of a high density of
ay-adrenoceptors seems to be valid in that 5 of the 10
anococcygeus muscles in Table 3 were taken from the
same animals that provided vasa deferentia for sepa-
rate experiments (Onnen, unpublished result). In
these experiments, the ECsg value of MA, an agonist
not influenced by cocaine (Leighton, 1982), was
much smaller (P=0.02, n=5) in the anococcygeus
muscle (0.47 £ 0.22 umol 17?) than in the paired vasa
deferentia (3+1.3 umol1~'). On the other hand, in
these 5 experiments, # values of thymoxamine were

not much smaller in anococcygeus muscles (27t 5s
at 1 h; 39+ 8s at 6 h) than in the paired vasa deferen-
tia (33 Ss at 1h; 45+ 65 at 6 h): this result refutes
the possibility that thymoxamine acts much faster on
the anococcygeus muscle than on the vas deferens.

The mechanism of desensitization of the tissues to
o -adrenoceptor antagonists and atropine is non-
specific. After 6 h in vitro there is a change in one of
the factors that influence the rate of the reaction
between an antagonist and its specific receptors. One
factor is rate of the access of the antagonist from the
bath fluid to the receptors; a second factor is the rate
of binding between an antagonist and its specific
receptors, whilst a third factor is the number of
acceptors, i.e. sites which are not specific for a given
antagonist: the greater the number of acceptors, the
slower the effect and the greater the residual effect of
the antagonist after washout (Salazar et al., 1976).

In the first suggested mechanism, the number of
acceptors might increase after 6 h in vitro, resulting in
a slower effect and in a greater residual effect of the
antagonist. This mechanism is unlikely, because
putative acceptors for antagonists were blocked or
unavailable in that (a) the -adrenoceptors of the rat
vas deferens would be occupied by propranolol, and
(b) B-receptor mediated effects are not important in
the rat anococcygeus muscle (Gillespie, 1972).
Furthermore, thymoxamine (Leighton et al., 1979)
and AR-C 239 (Huchet, Andréjak and Schmitt, un-
published observation ) share with MA and PE
(Drew, 1977; Leighton et al., 1979) a 100—1000 fold
greater activity on oj-adrenoceptors than on ay-
adrenoceptors; whereas, carbachol (Doggrell, 1981),
thymoxamine at 400 nmol 1~! (Drew etal., 1978) and
MA (Leighton, 1982) have no affinity for neuronal
uptake sites. The drugs used in the study, carbachol,
(McGrath & Olverman, 1977; Burnstock et al.,
1978) MA (Doggrell & Woodruff, 1978) and pre-
sumably thymoxamine do not release noradrenaline
or acetylcholine. The second piece of evidence
against an ‘acceptor’ mechanism of desensitization is
that the residual effect of thymoxamine was not
greater at 6h (1.20+0.15, n=16) than at 1h
(1.22+0.15). The residual effect of thymoxamine
was in each experiment of Table 1 the ratio of ECsg
values of PE after the end of washout and just before
the exposure to thymoxamine 100 nmol1-1.

In the second possible mechanism of desensitisa-
tion, receptors might have changed their functional
state after 6 h in vitro, resulting in a slower binding
with antagonists. Changes in receptors are suggested
by the decreased sensitivity to PE after 6 h (Table 1).
However this mechanism of desensitization is unlike-
ly for two reasons. First, desensitization to thymox-
amine occurred in control vasa deferentia (Table 1)
even though they retained the same sensitivity to PE
between 1 h and 6 h: this lack of variation of sensitivi-
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ty to an agonist suggests a stable functional state of
the receptors and cannot be explained by the exis-
tence of spare receptors as there is no spare a;-
adrenoceptor reserve in the rat vas deferens (Moran
etal., 1969). Furthermore, the rate of access of drugs
to receptors and not the rate of interaction, is the
rate-limiting step for the interaction between an an-
tagonist and receptors. For example, atropine is
known to act about ten fold faster when itis placed in
close contact with the receptors by micro-
ionotophoresis as opposed to simple addition to the
bath (Bolton, 1977). If the interaction between drugs
and receptors was rate-limiting, one would expect
from the work of Roberts & Stephenson, (1976) that
the ‘offset’ ¢4 values for thymoxamine 100 and
400 nmol I~! would be equivalent, and that the ratio
of ‘offset’ and ‘onset’ # values for thymoxamine
100 nmol 1-! would equal DRe. Neither prediction
was fulfilled. The offset # value for thymoxamine
400 nmol 1-! was 950 + 180 s which was greater than
that for thymoxamine 100nmoll~! (650* 180s5s)
(P=0.05, n=7). The ratio of ‘offset’ (610% 1505s)
and ‘onset’ (56 £ 13 s) 4 values was 12 + 4, which was
significantly greater than DRe (4% 1) (P=0.01,
n=7).

Since none of the mechanisms discussed above is
satisfactory, the most likely explanation of desensit-
ization is a slowed access of drugs to receptors. The
rate of action of AR-C 239 was correlated with that
of atropine, as was the time-dependent slowings of
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