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Abstract—Platelet activating factor (PAF; I-alkyl-2-acetyl-sn-glycero-3-phosphocholine) is a potent
bioactive phospholipid released from platelets, neutrophils, basophils and macrophages that has been
proposed as a mediator of anaphylaxis, acute lung injury and other disorders. Specific factors which
stabilize PAF and/or regulate PAF activity in body fluids are largely unknown. As part of a general
autocoid-serum protein binding screen, the platelet activating factor-alpha-1-acid glycoprotein (PAF-
AAG) interaction was indirectly characterized by examining the ability of PAF to displace propranolol
from AAG. Both PAF and its deacetylated metabolite (lyso-PAF), at 20 uM, doubled the fraction
unbound of propranolol (0.4 uM) from purified buman AAG (20 uM). None of the other autocoids that
were studied (epinephrine, serotonin, spermidine, putrescine, leu-enkephalin or phenethylamine)
exhibited any propranolol displacement activity. Scatchard analysis indicated that PAF competitively
displaced propranolol from AAG, causing the apparent affinity constant for propranolol-AAG to
decrease from 1.8 X 10°M to 6.9 x 10* M. PAF behaved qualitatively like chlorpromazine {a docu-
mented inhibitor of propranolol binding to AAG), but PAF was less effective at displacing propranolol.
The apparent binding to AAG may help stabilize and transport extracellular PAF. Furthermore, the
interaction of PAF and AAG suggests that serum AAG, which fluctuates in a number of diseases, may
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function to regulate PAF activity during acute and chronic disease states.

Platelet activating factor (PAF) is a potent bioactive
phospholipid found in platelets, neutrophils, baso-
phils and macrophages [1-5]. PAF can provoke
platelet and neutrophil activation, hypotension and
bronchoconstriction {1, 5-7]. It has also been impli-
cated in the pathogenesis of hyperactive airway dis-
ease, acute lung injury and other disorders {5, §].
PAF can be readily metabolized to inactive lyso-
PAF by acetylhydrolases located in both intracellular
and extracellular (i.e. vascular) spaces [9, 10]. Those
factors which stabilize PAF and/or regulate PAF
activity in body fluids are largely unknown.

The importance of alpha-l-acid glycoprotein
(AAG) in the binding of cationic drugs is widely
accepted [11-13]; however, the biological role for
AAG has not been established. It would appear
likely that, as with serum albumin, AAG may func-
tion to transport endogenous substances (e.g.
endogenous amines) in serum and extravascular
spaces. Serum AAG concentrations have been
shown to increase or decrease (2- to 3-fold) in a
variety of diseases including inflammation, myo-
cardial infarction, renal and pulmonary disease, and
altered physiological conditions, such as surgery,
obesity and smoking [14-19]. Neither the underlying
causes nor the consequences of these fluctuations
have been identified; however, an interaction of
AAG with circulating and extravascular autocoids
remains an interesting possibility.

During the course of a screening program for
autocoid interactions with serum proteins, an inter-
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action between AAG and PAF was observed. The
purpose of this study is to characterize the interaction
of PAF with AAG, specifically as it relates to the
displacement of propranolol from its AAG binding
site.

METHODS

PAF; 1-alkyl-2-acetyl-sn-glycero-3-phosphochol-
ine was obtained from Calbiochem-Behring (La
Jolla, CA) and chlorpromazine was obtained from
Smith, Kline & French Laboratories (Philadelphia,
PA). Human AAG, lyso-PAF, d,/-propranolel, epi-
nephrine, serotonin, spermidine, putrescine, phen-
ethylamine, imipramine and leu-enkephalin were
obtained from the Sigma Chemical Co. (St. Louis,
MO). Radiolabeled propranolol (d,/-[4-*H]propran-
olol) was obtained from the Amersham Co. (Arling-
ton Heights, IL). Radiochemical purity was greater
than 98% when acquired and was verified (via TLC)
periodically and following dialysis to ensure stability.

A stock solution containing 20 uM AAG was made
up in a phosphate buffer (0.13 M, pH 7.4). Aliquots
of this protein stock solution were used to make
working solutions containing 50 uM PAF, lyso-
PAF, chlorpromazine, imipramine, epinephrine,
serotonin, spermidine, putrescine, phenethylamine
or leu-enkephalin.

These protein solutions were then used to deter-
mine the binding of propranolol in a previously
described [18, 19] equilibrium dialysis method. Pro-
tein solutions were dialyzed at 37° across a semi-
permeable (12,000-14,000 mol. wt. cut-off) cellulose
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Table 1. Fraction unbound (Fu) for the binding of propranolol (0.4 uM) to AAG
(20 uM) in the presence of potential displacers at a concentration of 50 uM

Substance Fu Substance Fu
Control 0.270 = 0.026

Epinephrine 0.262 = 0.016 Serotonin 0.241 £ 0.016
Spermidine 0.245 = 0.018 Putrescine 0.252 = 0.017
leu-Enkephalin 0.254 = 0.014 Phenethylamine 0.260 = 0.027
PAF 0.543 £ 0.033* lyso-PAF 0.516 + 0.014*

Chlorpromazine 0.810 = 0.031*

Imipramine 0.533 £ 0.016*

Each value is the mean = §.D. of at least four determinations.
* Statistically significant compared to control, using Student’s r-test (P < 0.01).

membrane (Spectrapor 2; Spectrum Medical Indus-
tries, Los Angeles, CA) against AAG-free buffer
containing various concentrations (0.4 to 40 uM) of
non-radiolabeled propranolol and a trace amount
of radioactive propranolol. At equilibrium (8 hr),
propranolol concentrations on both sides of the
membrane were quantitated by liquid scintillation
counting (model 3255 Tri-Carb, Packard Instrument
Co., Downers Grove, IL). Quench correction was
performed by the external standard ratio method.
Binding constants were obtained by geometric
regression analysis [20] of classical Scatchard plots
[21}.

RESULTS

PAF and lyso-PAF both caused a doubling in the
fraction unbound of propranolol (Table 1), similar
to the displacement potential of imipramine. Chlor-
promazine was somewhat more potent at displacing
propranolol from AAG. None of the other autocoids
(i.e. epinephrine, serotonin, spermidine, putrescine,
leu-enkephalin or phenethylamine) exhibited any
propranolol displacement activity.

Scatchard analysis (Fig. 1) indicated that the bind-
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ing of propranolol to AAG appeared to be to one
class of binding sites with an apparent affinity con-
stant of 1.8 x 10°M and a capacity constant of 0.9.
Furthermore, Fig. 1 demonstrates that the dis-
placement of propranolol by PAF was competitive
in nature, as was the displacement of propranolol
by chlorpromazine. The presence of 20 uM PAF
decreased the apparent affinity constant of pro-
pranolol for AAG by more than 50% (Table 2),
whereas the capacity constant remained unchanged.
Additional PAF (50 uM) further reduced this affinity

Table 2. Affinity (K,) and capacity (n) binding constants
and correlation coefficients (r) for the binding of pro-
pranolol to AAG in a control protein solution and in the
presence of chlorpromazine (20 uM) or PAF (20 or 50 uM)

K

Condition (x10°M)  n r
Control 18.13 0.8 0968
Chlorpromazine (20 uM) 4.23 0.88 0.924
PAF (20 uM) 6.89 0.85 0942
PAF (50 uM) 2.19 1.1t 0973

@ Control

& PAT
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Fig. 1, Scatchard plots for the interaction of propranolol and AAG in the presence and absence (control)
of PAF (20 uM) or chlorpromazine (20 uM). Each data point represents the mean of triplicate binding
experiments.
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constant to approximately one-tenth (2.2 X 104 M)
of the original value. Chlorpromazine (20 uM) was
more effective than PAF (20 uM) at reducing the
apparent affinity constant for propranolo-AAG.

DISCUSSION

The principal observation of this study was that
PAF competitively displaced propranolol from
AAG. Propranolol, as with other cationic drugs
interacting with AAG, binds to one class of binding
sites on AAG [22,23]. Moreover, this binding site
appears to be common to all cationic drugs (i.e.
they can all readily displace one another) {11-13].
Therefore, it would appear likely that endogenous
amines, if they interact with AAG, would also dis-
place propranoloi from AAG. Thus, an indirect
method, such as the one utilized in the present study,
can effectively screen a number of endogenous
amines for their abilities to interact with the pro-
pranolol binding site of AAG. It should be noted
that the concentrations of PAF used in the present
study were many orders of magnitude greater than
any reported serum levels of PAF in man (<1 nM);
therefore, the displacement of propranolol from
serum AAG by PAF is unlikely to be of clinical
concern. However, the displacement of PAF from
AAG by cationic drugs may be pharmacologically
significant but cannot be addressed directly from the
present study.

The binding of cationic drugs (i.e. propranolol,
lidocaine, chlorpromazine, etc.) to AAG has
received considerable attention in the therapeutic
management of these drugs for several reasons. First,
AAG concentrations fluctuate in numerous disease
states and stress conditions [14-19] and, as a result,
concentrations of free drug may also vary widely
within and between individuals. Second, the low
concentration of AAG in serum (relative to albumin)
makes the binding of AAG more readily saturable,
again resulting in fluctuations in free (presumably
active) drug. These same concerns may also apply to
the interaction of AAG with autocoids (i.e. PAF).

The concept of a common binding site for the
binding of cationic drugs to AAG has been reported
previously [11-13]; however, the interaction of this
protein with endogenous substances has received
limited attention. Westphal and co-workers {24, 25]
noted the interaction of AAG with several natural
steroids (i.e. progesterone) but have concluded that
sex-hormone binding globulin and albumin are more
important than AAG for the overall serum binding
of these hormones. The present study indicates that
there are additional endogenous substances which
interact with AAG. Moreover, this type of inter-
action may be of particular importance when the
endogenous substance is as potent an autocoid as
PAF.

There have been several reports concerning the
binding of PAF to serum constituents. Lartigue-
Mattel and co-workers [26] utilized radiolabeled
PAF and ultrafiltration to determine the binding of
PAF to rabbit plasma (>97% bound). Recently,
Lichey and co-workers [27] reported on the phar-
macological consequences of the interaction between
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PAF and serum albumin. Various concentrations of
bovine serum albumin were added to perfusate in an
isolated perfused rat lung preparation and resulted
in a decrease in the response (i.e. perfusion pressure)
and a diminished uptake of tritiated PAF as the
concentration of albumin increased, Therefore, the
binding of PAF appears to play a significant role
in regulating the pharmacological response and the
transport/uptake of PAF.

The apparent binding of PAF to AAG and other
serum proteins may help stabilize and transport
extracellular PAF. Furthermore, the interaction of
PAF with AAG suggests that serum AAG, which
fluctuates in a number of diseases, may function
to regulate PAF activity during acute and chronic
disease states. The physiological and pathological
significance of this PAF-AAG interaction and the
factors which may affect it need to be evalnated
further. In addition, the interaction of AAG with
other autocoids shouid be examined.
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