2812

Summary

The inhibition of total protein, DNA and isoprenoid
synthesis by the potent T-2 toxin, was investigated in the
murine macrophage cell line, J774. Protein and DNA syn-
thesis were more than 50% inhibited within 1hr by
extremely low doses of the toxin (<1 ng/ml). Isoprenoid
synthesis, unlike protein and DNA synthesis, showed
delayed inhibition (i.e. after 3-4 hr). This effect of T-2 toxin
on protein, DNA and isoprenoid biosynthesis presumably
reflects the differential stability of the enzymes involved in
these biosynthetic pathways.
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Adrenergic ligand binding in human serum

(Received 3 December 1984; accepted 8 March 1985)

Propranolol is extensively bound in human serum and
plasma {1-7]. Alpha-1 acid glycoprotein has been shown
to be the major determinant for binding variability at
therapeutic concentrations [2-8]. The binding of pro-
pranolol to this protein is saturable with high affinity [3, 9]
and with stereospecificity [10, 11]. Other serum proteins
have binding capacity for propranolol as well, but the
binding to albumin and to lipoproteins has been reported
to be nonsaturable [3, 4, 7]. A number of other adrenergic
- agents are bound to human serum proteins: alprenolol
(5, 12], pindolol [5, 13, 14], timolol [5], oxprenolol [5, 15],
prazosin [16], chlorpromazine [2, 7, 9], isoproterenol [1],
epinephrine and norepinephrine [17-20].

The purpose of the present study has been to characterize
the affinity and stereospecificity of adrenergic ligands in
human serum by their ability to displace radiolabelled (—)-
propranolol from its binding sites.

Materials and methods

Chemicals. [*H]-(—)-Propranolol hydrochloride (sp. act.
19.6 Ci/mmole) was purchased from New England Nuclear,
Dreieich, F.R.G. (-)-/(+)- and (£)-propranolol hydro-
chloride (Imperial Chemical Industries Ltd., London, UK),

{-)- and (+)-alprenolol bitartrate (Haessle, Molndalen,
Sweden), prazosin hydrochloride (Pfizer, Sandwich, U.K.)
and (+)-hydroxybenzyl-pindolol (Sandoz A. G., Basel,
Switzerland) were obtained as gifts. (—)- and (+)-Iso-
proterenol bitartrate, (—)-epinephrine bitartrate, (-)-
norepinephrine bitartrate and ascorbic acid were purchased
by Sigma Chemical Company (St. Louis, MO). Chlor-
promazine and (=)-isoproterenol sulphate were purchased
from the Norwegian Medicinal Depot, Oslo, Norway. All
other chemicals were of analytical grade.

Buffers. Modified Krebs Ringer phosphate buffer: NaCl
122mM, KCl 4.9mM, MgSO, 1.2mM, CaCl, 1.3mM,
Na,HPO, 15.9 mM, pH 7.40-7.45.

Modified Krebs Ringer bicarbonate buffer: NaCl
121mM, KCl 4.8mM, KH,PO, 1.2mM NaHCO;
25.3mM, CaCl, 1.3mM, MgSO, 1.2mM, pH 7.35-7.40
was achieved by gassing [5% (v/v) carbon dioxide in air].

Serum. Serum was obtained from healthy subjects.
Venous blood was sampled after breakfast and left for 1 hr
at room temperature and centrifuged at 2000 g for 30 min
at 22°. Serum was aspirated immediately and stored at —20°
until analysis.

Equilibrium dialysis. Serum protein binding of [*H}-(-)-
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propranolol was determined by equilibrium dialysis at 22°
for 16-18 hr. In the experiments with unlabelled alprenolol,
chlorpromazine, hydroxybenzylpindolol, prazosin and pro-
pranolol, 0.5 ml serum was dialyzed against 0.5 ml modified
Krebs Ringer bicarbonate buffer, using a dialysis mem-
brane 20/32 (Union Carbide Corp., Chicago, IL) clamped
between two Perspex® cells. Dialysis was performed in an
atmosphere of 5% (v/v) carbon dioxide in air to achieve
pH 7.40-7.45. In the experiments with epinephrine, iso-
proterenol and norepinephrine 0.5 ml serum was dialyzed
against 4.5 ml modified Krebs Ringer phosphate buffer,
pH 7.40-7.45, using a dialysis membrane 32/32 (Medicell
International Ltd., London, U.K.) clamped between two
Perspex® cells. Before these experiments serum was dialy-
zed for 2 days at 4° against two shifts of modified Krebs
Ringer phosphate buffer, pH 7.40-7.45. To prevent oxi-
dation of the adrenergic amines, ascorbic acid was added
to serum and buffer to obtain a final concentration of
0.4 mM. In addition, the Perspex® cells were flushed with
pure nitrogen prior to dialysis.

In separate experiments we were not able to detect
any differences in binding of propranolol by the various
modifications of experimental procedures, including
replacement of bicarbonate with phosphate in serum, the
use of different buffers, ascorbic acid and the nitrogen
atmosphere.

Serum concentration of radioligand. [*H)-(—)-propran-
olol was added to serum to obtain an equilibrium con-
centration of 0.5nM. After dialysis duplicate samples
(50 ul) of serum or buffer were mixed with 10mi scin-
tillation liquid (Dilusolve®, Packard Instruments, Gron-
ingen, The Netherlands). The counting efficiency was 26—
28% in both serum and buffer samples, determined in a
Packard Tri-Carb Liquid Scintillation Spectrometer, Model
3330. The concentration of radioligand (in serum and
buffer) could then be calculated from the specific activity
of the radioligand.

Calculation of binding parameters. Protein binding of
[*H]-(—)-propranolol was expressed as the ratio B/F, B
and F representing concentrations of bound and unbound
ligand. The binding ratio, B/F, for the radioligand was
constant at concentrations of unbound (z)-propranolol
greater than 0.5 mM. We defined nonsaturable binding by
this ratio and calculated saturable binding according to
Chamness and McGuire [21].

Protein determinations. The concentration of total pro-
tein in serum was determined by the method of Lowry et
al. [22] using bovine serum albumin as standard. Dilution
during dialysis was between 10 and 20%

Results

Binding of (—)-propranolol. Labelled and unlabelled
(—)-propranolol were added to serum to obtain unbound
concentrations from 0.5nM to 5mM. Binding ratio,
B/F, decreased with increasing concentration of unlabelled
propranolol, with the minimum value of 0.4-0.7 obtained
between 0.1 and 1mM (Fig. 1). Increasing the con-
centration above 1mM did not affect the binding ratio
further. The same binding ratio was obtained with 0.5 mM
(%)-propranolol (Fig. 2), and this concentration of racemic
drug was used to define nonsaturable radioligand binding
in human serum in the other experiments.

Inhibition of [*H]-(—)-propranolol binding by adrenergic
antagonists. Various concentrations of adrenergic antag-
onists were added to serum which contained an unbound
radioligand concentration of 0.5 nM. As shown in Fig. 1,
only small differences in the effect of the inhibitory ligands
were observed. A considerable interindividual variability
was observed in binding ratio (Fig. 2), but for all subjects
the iCsp-value of saturable binding showed the same order
of potency (Table 1): (*)-Hydroxybenzyl-pindolol > (-)-
propranolol > (—)-alprenolol > prazosin = chlorproma-
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Fig. 1. Inhibition of total [*H]-(—)-propranolol binding
by (*)-hydroxybenzylpindolol (©), (—)-propranolol (@),
(—)-alprenolol (W), prazosin ([J) and chlorpromazine (®).
The experimental procedures were performed as described
in Methods. The results are presented as mean value from
three separate experiments with different blood donors.
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Fig. 2. Inhibition of total [*H]-(—)-propranolol binding by

(%)-propranolol @ and (*)-isoproterenol ©. The experi-

mental procedures were performed as described in

methods. The results are presented as mean value = S.D.

from three separate experiments with different blood
donors.

zine. The presence of unlabelled ligands did not influence
the nonsaturable binding (results not shown).

Stereospecificity of propranolol and alprenolol binding.
In order to characterize stereospecificity of the saturable
binding site in serum, we tested the ability of (-)-, (%)-
and (+)-propranolol and (—)- and (+)-alprenolol to inhibit
radioligand binding. Figure 3 shows that the levoforms of
both propranolol and alprenolol were more potent inhibi-
tors of the radioligand binding than the dextroforms. At
50% inhibition the levoforms were 3—4 times more potent
than the dextroforms. The dissociation constant for racemic
propranolol was between that of the levo- and dextroform
(Table 1).

Inhibition of [*H]-(—)-propranolol binding by (*)-iso-
proterenol. Different concentrations of ()-isoproterenol
were added to serum which contained an unbound radio-
labelled (—)-propranolol concentration of 0.5 nM. Figure
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Table 1. Dissociation constants (K) for adrenergic antag-
onists determined by inhibition of saturable [*H}-(—)-pro-
pranolol binding. The experiments and calculations were
performed as described in the Methods, and the con-
centration causing half maximal saturable radioligand bind-
ing (ICs) represents under the present experimental con-
ditions K. The results are presented as mean value *+ S.D.
from three separate experiments with different blood
donors

Dissociation constant (K;)

) (uM)
Antagonist Mean = §.D. Range
(*)-Hydroxybenzylpindolol 0.1+0.02 0.08-0.1
(-)-Propranolol 04+0.1 03-05
(+)-Propranolol 0.8+0.3 0.6-1.0
(+)-Propranolol 14x11 0.7-3.2
(—)-Alprenolol 0.7+0.1 0.5-0.8
(+)-Alprenolot 21%13 1.0-3.2
Prazosin 1.0x0.8 0.6-2.0
Chlorpromazine 1.3x0.9 0.6-2.0

2 shows that inhibition of radioligand binding increased
with increasing agonist concentration, but at a considerably
higher concentration than (+)-propranolol.

Order of agonist inhibitory potency. To determine the
ability of adrenergic agonists to interact with the saturable
propranolol binding site in serum, we determined radio-
ligand binding in presence of various concentrations of
agonists. For all subjects the 1C5-value of saturable binding
showed the same order of potency: (—)-Isoproterenol >
(—)-norepinephrine > (—)-epinephrine and stereospecific-
ity existed: (—)-Isoproterenol > (+)-isoproterenol > (+)-
isoproterenol (Table 2). The alpha-adrenergic agonist,
phenylephrine, did not inhibit the saturable binding of
radioligand.

Discussion

The binding of propranolol to serum proteins is exten-
sively characterized. Alpha-1 acid glycoprotein is the major
binding protein at therapeutic concentrations [2-8] with
one saturable binding site characterized by high affinity
[3, 9]. It has been shown that propranolol is associated with
other serum proteins, but in contrast to the binding site on
alpha-1 acid glycoprotein, the binding to serum albumin
and to serum lipoproteins is nonsaturable [3, 4, 7]. Accord-
ingly, total serum binding can be decomposed into saturable
and nonsaturable binding of radiolabelled propranolol.

The saturable serum binding of propranolol was charac-
terized by high affinity. The dissociation constant for
racemic propranolol is in accordance with previous
reported values [3,7]. We found that propranolol was
stereospecifically bound with a ratio between the dextro-
and levoform of approximately 3.5 at 50% inhibition of
radioligand binding. Stereospecificity for propranolol was
also reported recently and alpha-1 acid glycoprotein was
shown to account for the stereospecificity in plasma (10, 11],

Alprenolol is bound in human serum to a similar or
somewhat lower extent than propranolol [5,12], but
inhibited radiolabelled propranolol binding stereospec-
ifically with a ratio between the dextro- and levoform
of approximately 3.0. Alprenolol and propranolol are, in
addition to disopyramid and verapamil the only basic drugs
bound to alpha-1 acid glycoprotein [23, 24] that presently
bave been shown to exhibit stereospecificity {25, 26]. On
the other hand, the acid drug warfarin is stereospecifically
bound to human serum albumin [27].

Pindolol is bound less extensively in serum than pro-
pranolol [5,13,14], but the racemic form of hydroxy-
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Fig. 3. Stereospecific inhibition of saturable [*H]-(—)-pro-

pranolol binding by propranolol and alprenolol. The

experimental procedures and calculations were as described

in methods. The results are presented as mean value from

three different experiments with different blood donors.

(—)-Propranolol (@), (+)-propranolol ©, (—)-alprenolol
(M) and (+)-alprenolol (O).

Table 2. Dissociation constants (K;) for adrenergic agonists
determined by inhibition of saturable [*H)-(—)-propranolol
binding. The experiments and calculations were performed
as described in the Methods, and the concentration causing
half maximal saturable radioligand binding (1Csp) represents
under the present experimental conditions K;. The results
are presented as mean value + S.D. from three separate
experiments with different biood donors

Dissociation constant (Kj)

(mM)
Agonist Mean + S.D. Range
(—)-Isoproterenol 0.9+02 0.7-1.1
(*)-Isoproterenol 23x08 1.9-3.2
(+)-Isoproterenocl 4.0+05 3.5-4.5
(—)-Norepinephrine 4.6x0.7 4.0-5.3
(—)-Epinephrine 9.8+ 1.7 8.1-12

benzylpindolol had higher affinity for the saturable bind-
ing site than the levoform of propranolol. This can probably
be explained by an increase in binding affinity of hydroxy-
benzylpindolol by introduction of the hydroxybenzyl
group which also increases the affinity of the ligand to the
beta-adrenergic receptors [28].

The alpha-adrenergic blocker prazosin was a strong
inhibitor of saturable radioligand binding suggesting that
alpha-1 acid glycoprotein is an important binding protein
for this ligand. The dissociation constant in the present
study is in close correspondence with the value in an earlier
report [16]. Chlorpromazine has, in addition to other
effects, strong alpha-adrenergic blocking properties [29]
and is highly bound in serum or plasma, mainly by alpha-
1 acid glycoprotein [2,7,9]. The dissociation constant,
determined by inhibition of saturable propranolol binding
in the present study, is similar to that reported earlier [7, 9].
In all experiments we found the same order of potency for
the ability to inhibit saturabie propranolol binding: (*)-
Hydroxybenzylpindolol > (~)-propranclol > (-)-alpren-
olol > prazosin = chlorpromazine.

The serum protein binding of isoproterenol is markedly
lower than for propranolol [1]. In accordance to this, we
found that isoproterenol had low affinity for the saturable
propranolol binding site in serum, but inhibited radioligand
binding  stereospecifically:  (—)-Isoproterenol > (*)-
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isoproterenol > (+)-isoproterenol. For the related adre-
nergic amine, norepinephrine, both absence [18, 19] and
presence [20] of stereospecificity has been reported.

Isoproterenol was the most potent inhibitor among the
agonists with (—)-norepinephrine more potent than (—)-
epinephrine, in accordance with an earlier study [20]. How-
ever, norepinephrine has also been reported to be less [17]
or equally [18] bound in human serum as epinephrine. The
differences in experimental procedures may explain the
different results. Our observations indicate that the adre-
nergic agonists have affinity for the binding site on alpha-
1 acid glycoprotein. Phenylephrine, classified as an alpha-
adrenergic agonist, had no ability to inhibit radiolabelled
propranolol binding.

The saturable binding site for propranolol in serum,
probably mainly located on alpha-1 acid glycoprotein, has
similarities to the beta-adrenergic receptor binding site:
The antagonists are bound with considerably higher affinity
than the agonists, both agonists and antagonists exhibit
stereospecific binding, and the beta-adrenergic ligands were

p—
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Competitive binding of the oximes HI-6 and 2-PAM with regional brain muscarinic
receptors

(Received 7 October 1984; accepted 21 January 1985)

pyridinojmethoxy)methyl]-2-[(hydroxyimino)methyl] pyri-
dinium dichloride (HI-6) [1, 2]. The oximes probably pen-
etrate the blood-brain barrier [3, 4], as both indirect [5]

Most organophosphate (OP) poisoning has been treatable
with a combination of an anti-muscarinic compound, such
as atropine, and an oxime, such as [([(4-aminocarbonyl)-



