INVESTIGATION OF THE RATES OF INTERACTION
BETWEEN ADRENOLYTICS AND o¢-ADRENERGIC
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Velocity constants of occupation and liberation of adrenergic receptors of the smooth muscles
of the rat vas deferens were determined for phentolamine and dihydroergotoxine. Under an~
oxic conditions and, in particular, after preliminary exposure for 15 min to the action of nor-
adrenalin (1 x 1075 g/ml) the constant of the direct reaction, but not of the reverse reaction,
was reduced. It is concluded that energy is expended in the formation of the antagonist—re-
ceptor complex, but the breakdown of this complex does not require the expenditure ofenergy.

The interaction of agonists and antagonists with specific receptors is accompanied by conformational
changes in the latter [3, 5]. I has been shown, in particular, that interaction between noradrenalin and the
a-adrenergic receptors of smooth muscles causes conformational changes which can easily be found be-
cause of the reduced affinity of the receptors for dihydroergotoxine. The affinity of receptors for the o~
adrenolytic is restored "spontaneously," but restoration is sharply delayed under anoxic conditions and in
the presence of dinitrophenol [1]. It is not clear, however, for what the energy of oxidation is required —
for the conformational changes arising during interaction between the receptors and noradrenalin or for
restoring the original confirmation of the adrenergic receptors.

In the investigation described below an attempt was made to solve this problem by measuring the kin-
etic velocity constants of interaction between adrenolytics and g-adrenergic receptors.

EXPERIMENTAL METHOD

The principle suggested by Paton [8] was used to determine separately the velocity constants of direct
(ky) and reverse (k-y interaction between g-adrenolytics and adrenergic receptors. Since the formation of
the antagonist—receptor complex obeys the law of mass action

R + Bx=x>RSB,
k'l

where R is the total number of receptors, B the concentration of theantagonist, and RB the concentration of
receptors occupied by the antagonist, the change in the occupancy of the receptors with time during the de-
velopment of the block will be determined by the difference between the velocities of formation and break-
down of the antagonist—receptor complexes, i.e.,

BB — kB (1— RB)— kRS, (1)
The velocity of breakdown of the complexes is proportional to the concentration of receptors occupied by
the antagonist:

RB
5= k_1-RB. (2)
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TABLE 2. Velocity Constants of Direct (ky) and Reverse (k.y)
Reactions between Adrenolytics and Adrenergic Receptors of the
Rat Vas Deferens and Constants of Affinity of Adrenolytics for o~

Adrenergic Receptors (Kp)

. cas " KB (in
Experimental conditions Ky _y ¢/tmD)
Dihydroergotoxine 1,14.10¢ 6.10—3 1,9.10—8
Phentolamlne 7,2.10% 1,3.10—¢ 5,5.10—8
Dihydroergotoxine after preliminary treat-
mént wit%n noradrenalin 0,44.10* 6.10—5 0,7.10—8
Phentolamine after preliminary treatment
with noradrenalin 1,8.10* 1,3.10— 1,4.10—8
Dihydroergotoxine under anoxic conditions 0,84.101 6.10—5 1,4.10—8
Phentolamine nnder anoxic conditions 3,8.10¢ 1,3.10—4 3.10—8
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Fig. 1. Graphic analysis of onset
(left hand side of figures) and disap-
pearance (right hand side of figures)
of adrenolytic action of dthydroergo-
toxine in a dose of 1 x 1077 g/ml (A)

and phentolamine in a dose of 1 x 1078

g/ml (B). Abscissa, time (in min);
ordinate, on left — difference between
proportion of receptors occupied in
equilibrium and at time t (RBeq ~
RBt), on right — proportion of recep-
tors occupied (RB), 1) Control; 2)

Integrating Eqs. (1) and (2) and making the necessary transfor-
mations, then taking logarithms of the expressions obtained, we
find that

in (RBeq —RBy) =in RBeq — (k; [B] 4 k)¢ (1a)
and InPBt=In RBgq — kst (2a)

where RBt is the concentration of receptors occupied by the an-
tagonist before equilibrium is reached, and RBeq is the same at
the moment of equilibrium.

Expressions (1a) and (2a) are equations of a straight line
of the general form y = a + bx, and they can be used to determine
the constants ky and k_y graphically. If time is plotted along the
abscissa and the difference between the concentrations of recep~-
tors occupied by the antagonist at the moment of equilibrium and
that time t is plotted along the ordinate (on a logarithmic scale),
the resulting straight line will form an intercept on the ordinate
equal to RBeq, and the tangent of the angle of inclination is equal
to —(k;.B + k) (see Eq. 1a). By constructing a similar graph
for Eq. (2a) a straight line is obtained which makes an intercept
on the ordinate equal to RBeq, with a tangent of the angle of in-

anoxia; 3) after preliminary expo-
sure to noradrenalin (1 x 1075 g/ml).

clination of - k_,.

To plot the graphs it is necessary to find the proportion of
receptors RB occupied by the antagonist at particular moments
of time until the moment of equilibrium. This can be done by finding the ratio between the concentrations
(n) of the agonist at which the same effect is produced both in the absence and in the presence of the antag-
onist [7]. Since

n—1

, it follows that RB = P (3)

1

"="T—Rs
Experiments were carried out on isolated vasa deferentia of rats. To reduce the effect of diffusion,

ducts with the thinnest walls were used. They were placed in oxygenated Krebs' solution at 37°C. Con-
tractions under isotonic conditions were recorded bya leverwith a ratio of 1:20 between the arms and with
a load on the vas of 0.5 g. Contractions from the testing concentration of noradrenalin (1 x 1078 g/ml)
were determined every 3rd minute. Between exposures to the testing concentrations the vas was twice
rinsed. When a constant amplitude of contractions was obtained from the testing concentration of noradren-
alin, dihydroergotoxine (1 x 10~ g/ml) or phentolamine (1 x 108 g/ml) was added to the bath, and the con~-
centration of noradrenalin which, in the presence of the antagonist, gave rise to an effect equal (+10%) to
that of the testing concentration of noradrenalin, was found at the 3rd min. During the next 2 min the vas
was rinsed to remove noradrenalin with Krebs' solution containing dihydroergotoxine or phentolamine (1077
and 108 g/ml, respectively). This procedure was repeated at the 6th and 9th min, and so on, until equilib~
rium blocking of the receptors took place, at which, in order to obtain an effect equal to that of the testing
concentration of noradrenalin inthe presence of the antagonist, no further increase in.noradrenalin concen~
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tration was required. The ratio between the noradrenalin concentrations found and the testing concentra-
tion of noradrenalin gave the value of n for the chosen moments of time.

The experiment was continued after rinsing the smooth muscle preparation with Krebs' solution.
The dynamics of disappearance of the blocking of the receptors by the adrenolytics was studied under these
conditions. Using the method described above the ratios between the noradrenalin concentrations (n) were
found at the 10th, 20th, and 30th min.

Similar experiments were carried out on vasa deferentia after.preliminary exposure for 15 min to
noradrenalin (1 x 107% g/ml) and under anoxic conditions.

EXPERIMENTAL RESULTS AND DISCUSSION

The experimental results are given in Table 1. Values of n and the proportion of adrenergic recep-
tors occupied by the antagonist are given in this table for each moment., On the basis of the results given
in Table 1 graphs were plotted (Fig. 1), from which the velocity constants of the direct and reverse reac-
tions of dihydroergotoxine and phentolamine with the adrenergic receptors of the vas were determined as
the tangents of the angle of inclination of the straight lines obtained. The values of these constants and also
the constants of affinity (Kp = ky/k-) of the adrenolytics for the adrenergic receptors calculated from
themare givenin Table 2.

The affinity (Kp) of dihydroergotoxine and phentolamine for o-adrenergic receptors was substantially
reduced if the smooth muscles of the vas deferens were first exposed to the action of noradrenalin. This
reduction in affinity was due to a decrease in the velocity of interaction of the adrenolytics with the adren-
ergic receptors: the velocity constant of the reaction of dihydroergotoxine and phentolamine was reduced
by 2.6 and 4 times, respectively, whereas the rate of the reverse process, as reflected in the value of k_y,
was unchanged. Similar although less marked changes in the affinity of the adrenolytics for adrenergic
receptors were observed if the vas deferens was under anoxic conditions.

It was shown previously [1] that the decrease in affinity of adrenolytics for receptors is due to a
change in the conformation of the adrenergic receptors under the influence of noradrenalin, and that restor-
ation of affinity requires the expenditure of energy which is provided by oxidative phosphorylation. Since
the decrease in affinity, as the results of the present experiments show, depends on a decrease in the rate
of the direct, but not of the reverse, reaction it must be assumed that the interaction between adrenolytics
and adrenergic receptors is an energy-dependent process whereas the breakdown of their complexes is not.
The development of conformational changes thus requires the expenditure of energy whereas the process of
breakdown of adrenolytic—adrenergic receptor complexes takes place without the expenditure of energy.

The necessity for and possibility of the provision of energy for interaction of agonists and antagonists
with adrenergic receptors must be closely bound up with the structure of ¢~adrenergic receptors. Belleau
[6] postulated previously that in the presence of Ca®™ noradrenalin stimulates the hydrolysis of ATP by
membrane ATPase, which must be.a component part of the o-adrenergic receptor. On the other hand,
these receptors are oligomeric macromolecules containing Fe'™ in the active center [2]. Like certain other
nonhemin iron-containing proteins [4, 9], the ferroprotein adrenergic receptors, forming complexes cap-
able of transporting electrons with catecholamines, may participate in the coupling of oxidation and phos-
phorylation.
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