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The data in Table 1 indicate that compounds with a
variety of aromatic moieties are able to compete with [*H]-
TAM for binding to rat liver microsomal AEBS. While the
data in Table 2 reaffirm AEBS to bind triarylethylenes such
as TAM with highest affinity, our results indicate that these
sites will bind a relatively diverse collection of structural
types, including SKF 525-A and metyrapone.

Since the last compounds are classical inhibitors of drug
metabolism {11, 12], it may be that AEBS are a component
of the liver microsomal drug-metabolizing enzyme system,
which also is known to have relatively low ligand (substrate)
specificity [13]. Cytochrome P-450, a component of this
system, has been suggested to interact with SKF 525-A
[14], metyrapone [12], and TAM [15, 16] in part on the
basis of difference spectra generated by addition of each of
these drugs to liver microsomal suspensions. Our results
indicated an AEBS level of 1.34 pmoles/mg microsomal
protein (Table 1), whereas rat liver contains about
1000 pmoles of cytochrome P-450/mg microsomal protein
[17]. Thus, if one assumes that the AEBS are associated
with cytochrome P-450, the amount involved must be a
small percentage of the total amount present. Studies with
purified components of the drug-metabolizing enzyme
system, including isoenzymatic forms of cytochrome P-
450, will be necessary to determine whether any of these
constitute the AEBS.

The apparent distribution volume, and thus the extent
and duration of action of triarylethylene antiestrogens, has
been suggested to be influenced by the affinity of these
compounds for AEBS [4, 18]. Our results implicate AEBS
in modulation not only of the pharmacokinetics of TAM
and related antiestrogens, but also of those of a wide variety
of drugs bearing aminoether side chains and aromatic sys-
tems like those of compounds in this study.
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Differential inhibition by T-2 toxin of total protein, DNA and isoprenoid synthesis
in the culture macrophage cell line J774

(Received 9 July 1984; accepted 8 March 1985)

T-2 toxin (4f,15diacetoxy-8a~(3-methylbutyryloxy)-12,13-
epoxytrichothec-9-ene-3a-0l.) is part of a major family of
mycotoxins known as trichothecenes, which have world-
wide distribution and which are implicated in a diverse
variety of disease processes in animals and man [1-4]. The
clinical picture in both man and animals is determined
principally by arrest of normally rapidly proliferating tissues
followed by their necrosis, as in bone-marrow, skin and
gastrointestinal tract [5-6]. Of major interest is the effect
of T-2 toxin on immune function, as leukopenia and agran-
ulocytosis are life threatening complications of toxicity
states.

In vitro studies have shown a number of the trichothecene
toxins to be potent inhibitors of protein synthesis. These
compounds, including T-2 toxin, would bind to ribosome
thereby inhibiting peptidyl transferase and biocking initia-
tion of synthesized polypeptides [7]. Although the mech-
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anism of protein synthesis inhibition has been studied in
vitro there have been very few detailed studies on whole
cells aimed at accurately elucidating the effects of T-2 toxin
on integrated cell function [8-9].

This study was undertaken to more precisely define the
differential stability of J774 macrophage cell enzymes
important in normal growth behaviour to the toxicity of T-2,
by following the inhibition of protein, DNA and isoprenoid
synthesis.

Materials and methods "

The cells used in this study were derived from the J774
macrophage cell line originally isolated by Ralph and Nako-
inz [11] and cloned in the laboratory of Dr. B. Bloom,
Albert Einstein College of Medicine, NY. Cells were cul-
tivated in Eagle’s Minimal Essential Medium (MEM) sup-
plemented with glutamine, glucose, 20% horse serum (inac-
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tivated at 60° for 30 min), gentamycin and ampicillin.
Experiments were conducted in either full medium or with
omission of horse serum as indicated.

Drugs. T-2 toxin was isolated from Fusarium sporo-
trichioides [10], cycloheximide (CHM) and puromycin were
obtained from Sigma Chemical Co., St. Louis, MO. These
drugs were added in 3-10 ul of dimethylsulfoxide (DMSO).
DMSO content never exceeded 1% of the incubation mix-
ture, a concentration known in these cells to affect neither
growth behaviour nor protein synthesis.

Isotopes. [“C]-Acetic acid, sodium salt (45-60 mCi/
mmole), L-4.5-*H(N)-leucine (40-60 mCi/mmole), [6-*H]-
thymidine 15 Ci /mmole were purchased from New England
Nuclear, Boston, MA. [*H]Cholesterol was obtained from
Amersham, U.K.

Incorporation studies. The J774 macrophage cells were
grown for 3 days in Falcon 1008 plates. The medium was
exchanged and the incubation continued for an additional
24 hr. The cells were harvested by centrifugation and resus-
pended in fresh medium with or without serum to a final
concentration of 1-2.5 x 10° cells/ml. Radioactive pre-
cursors 0.3 uCi/ml [1°H]-thymidine, 0.3 uCi/ml [*H]-leu-
cine or 0.3 uCi/ml [**C]-acetic acid were added and the cell
suspension was divided between miniwells. The T-2 toxin,
cycloheximide or puromycin in 3-10 ul DMSO were added
to each miniwell and incubated at 37° for various time
periods (30 min-6 hr). The corresponding controls con-
sisted of 3-10 ul DMSO without the drug. After the desired
time, the incubation was stopped by centrifugation and the
pellets were washed three times with 1ml of cold 10%
trichloroacetic acid (TCA). The final pellets, from the
leucine and thymidine incubation experiments, were dis-
solved in 0.5 ml of IN NaOH, kept for 30 min at 60° and
the radioactivity of the whole sample was measured by
liquid scintillation counting.

The resultant pellets, from the [“C]-acetic acid incor-
poration experiments were dissolved in 0.5 ml of 70% etha-
nolic KOH solution containing, 1 uCi [*H]-cholesterol and
0.25 mg non-labelled cholesterol, and incubated for 2 hr at
60°; then 1 ml of butyl alcohol was added to each well. Non-
saponifiable lipids were extracted three times with 1ml
ethylacetate. The combined ethylacetate extracts washed
with 1 ml of 10% sodium acetate solution and the radio-
activity of the ethylacetate fraction was measured by liquid
scintillation counting. The biosynthesized *C-labelled fatty
acids remained as potassium salts in the basic alcohol-water
solution. By using this procedure the non-saponifiable lipids
have been totally extracted with the ethylacetate.

[*H}-Cholesterol has been used to determine the effici-
ency of the above used extraction procedure. The method
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used by us for the isolation of isoprenoids was a mod-
ification of the technique of Cavenee et al. [12].

Results

T-2 toxin was found to be extremely potent in inhibiting
protein synthesis. Some variability in sensitivity was
observed from one experiment to the next but inhibition
was invariably induced by less than 1 ng/ml of T-2 toxin.
Figure 1 shows a representative experiment. It was also
observed that the presence or absence of serum affected
the cell’s sensitivity to the toxin. Total protein synthesis is
reduced in cells grown in serum free medium. In all cases
the effect was rapid and clearly seen within the first hour.

A study was then undertaken to compare the relative
potency of the widely used protein inhibitors CHM and
puromycin (Fig. 1). The concentrations required for 50%
inhibition of protein synthesis (Isy) are shown in Table 1.
T-2 toxin is the most potent of the three inhibitors with
CHM intermediate and puromycin the weakest in effect.
All inhibitors are more effective in serum-free conditions
of cell growth (Table 1). In the case of DNA synthesis, 52%
inhibition of [*H]-thymidine incorporation was observed in
under 1 hr with a concentration of 0.05 ng/ml T-2 (Fig. 2).

We then proceeded to study the effect of T-2 toxin
on the incorporation of [*C]-acetate into biosynthesized
isoprenoids (Fig. 3).

Table 1. Concentrations of puromycin, cycloheximide and
T-2 toxin required for 50% inhibition of protein synthesis
at 2 hr by cultured macrophage cell line, J774 (2 x 10° cells)

Puromycin Cycloheximide T-2 Toxin
(ug/ml) (ng/ml) (ng/ml)
+Serum 10 40 0.8
—Serum 5 33 0.46

It was observed that [*C]-acetate incorporation into non-
saponifiable lipids was linear over 3—4 hr following treat-
ment with T-2 toxin in concentrations sufficient to cause
inhibition of protein synthesis. Only after this time was
there inhibition of acetate incorporation into isoprenoid
fraction. The efficiency of the recovery of nonsaponifiable
lipids, by the ethylacetate extraction from the basic water—
alcoholic solution in samples spiked with 1 uCi [*H]-chol-
esterol, was about 91 = 7.8%.
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Fig. 1. Effect of T-2 toxin (A), puromycin (B) and cycloheximide (C), on protein synthesis by 1774

macrophage cell line in vitro. Symbols: controls (@); T-2 toxin—0.3ng/ml (O), 0.6ng/ml (O0),

1.0 ng/ml (A); puromycin—S ug /mt (O), 10 ug/ml (O), 15 pg/ml (A); cycloheximide—25 ng/ml (O),
50 ng/ml (O), 100 ng/ml (A).
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Discussion

The experiments performed in this study have yielded a
number of observations, the most interesting of which is
the remarkable sensitivity of the cultured macrophage cell
line J774 to the protein inhibitory effects on T-2 toxin. We
have shown here that concentrations of less than 1 ng/ml
of T-2 toxin substantially suppress [*H]-thymidine incor-
poration into DNA (Fig. 2) and [*H]-leucine incorporation
into protein. These inhibitory effects are comparable to
those observed in similar studies on the normal mouse
lymphocyte [13] but exceed in sensitivity the response of
other mammalian cells tested, including rabbit reticu-
locytes, Ehrlich ascites tumor cells [8] and human neoplastic
cells of intestinal origin [9]. These in vitro observations
parallel the clinically observed effects of T-2 toxin as an
especially powerful inhibitor of the lymphoreticular system.

This sensitivity of the J774 macrophage cell line was also
seen in its response to CHM which produced striking (at
least 50%) inhibition at ng/ml concentrations (Fig. 1).
However this too is a much lower concentration of CHM
than is normally used in many mammalian cells to obtain
comparable protein inhibition [15]. It is of interest that the
sensitivity did not extend to puromycin while in other
studies on whole cells, it seems to be about as effective as
CHM in causing inhibition of protein synthesis [8].

The greater sensitivity of the protein synthetic mech-
anism to T-2 toxin in the absence of serum, presumably
reflects the normally reduced metabolic activity of cells
grown under these conditions [17] (Table 1).

We have observed, as have others [9], that the effects of
T-2 on DNA synthesis and cell growth parallel completely
its effect as an inhibitor of protein synthesis (Fig. 2).

Our interest in the biosynthesis of isoprenoids in this
study was derived from the observation that the growth of
cells in culture is dependent on the normal activity of 3-
hydroxy-3-methylglutaryl coenzyme A reductase (HMG-
CoA reductase), a key regulatory enzyme in the synthesis
of cholesterol, Inhibition of this enzyme makes cells depen-
dent on an exogenous source of mevalonate or cholesterol
normally obtained from plasma low density lipoprotein for
normal growth [14]. In a systematic evaluation of the effect
of T-2 toxin, we were therefore interested to determine
whether HMG-CoA reductase activity was suppressed.
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This would have shown as reduced incorporation of [*C]-
acetate into the biosynthesized sterols [16). It is clear from
this study that, in J774 macrophage, the effect of T-2
toxin on [C]-acetate incorporation into isoprenoids was
considerably delayed (after 3-4 hr) (Fig. 3). This is pre-
sumably due to the greater stability and slower turnover of
the rate limiting enzymes mediating the biosynthesis of
isoprenoids, as compared to the enzymes more directly
associated with DNA synthesis [18].

The findings reported here demonstrate that the early
inhibition of DNA synthesis by T-2 toxin is not linked
immediately to the inhibition of isoprenoid synthesis which
follows much later.
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Fig. 3. Effect of T-2 toxin on synthesis of DNA by J774

macrophages in vitro. The amount of *H-Thymidine incor-

porated into DNA molecules was monitored for 3 hr. Sym-

bols: control (A); T-2 toxin—0.05 ng/ml (O), 0.3 ng/ml
(0), 0.6 ng/ml (@).

Hours

Fig. 2. Effect of T-2 toxin on synthesis of isoprenoids by 1774 macrophage cells in vitro. The amount
of **C-acetic acid incorporated into macrophage isoprenoid molecules were monitored for 6 hr. Symbols:
control (A); T-2 toxin—0.05 ng /mi (O), 0.1 ng/ml (O), 0.3 ng/ml (@).
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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}-(-)-



