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on ADP- and Chymotrypsin-Treated Platelets (41776)
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Abstract. Cytochalasin B has been reported to inhibit fibrinogen binding and aggregation of
rabbit platelets in response to ADP. The present study was designed to ascertain whether cy-
tochalasins B and D inhibit aggregation by interfering with the exposure of fibrinogen receptors
or more directly by inhibiting binding to available receptors. Aspirin-treated, washed, human
platelets stimulated with ADP or chymotrypsin were used for these studies. Neither cytochalasin
B nor D significantly inhibited the binding of fibrinogen to chymotrypsin-treated platelets when
these agents were added to platelet suspensions before (16 + 8% (mean * SD) inhibition, N
= 8), or after (15 = 10% inhibition, N = 13) chymotrypsin treatment, i.c., before or after fibrinogen
receptor exposure. This apparent lack of cytoskeletal involvement was consistent with the ob-
servation that chymotrypsin-treated platelets were unable to retract reptilase-induced fibrin clots,
an activity that was restored by adding ADP. In contrast, incubating platelets with either cy-
tochalasin B or D for 30 min before or after stimulation with ADP decreased fibrinogen binding
by 42 + 16% (N = 13) and 27 + 11% (N = 8), respectively, compared to DMSO-treated controls.
Platelets stimulated with ADP and incubated with DMSO for 30 min, however, became refractory
and aggregated poorly in response to a second dose of ADP. In comparison, platelets stimulated
with ADP, but incubated with cytochalasin B or D, aggregated more extensively when stimulated
by a second dose of ADP despite diminished fibrinogen binding. The data suggest (1) microfilament
polymerization is important not only for the exposure of fibrinogen receptors by ADP, but also
for preserving the ability of exposed receptors to bind fibrinogen, (2) exposure of fibrinogen
receptors by chymotrypsin is not accompanied by significant cytoskeletal activation, and (3)
cytochalasins may impart partial protective effects against the development of ADP-induced

refractoriness.

The morphology and function of human
blood platelets depend in part on the nature
and location of their cytoskeletons, particu-
larly the microtubules and microfilaments (1-
3). As visualized by electron microscopy,
platelet activation is accompanied by the de-
polymerization of microtubules and rapid po-
lymerization of actin filaments in the pseu-
dopods of platelets that have undergone a
change in shape from discs to spheres with
spiny protrusions. Under the appropriate
conditions, these actin filaments can combine
with myosin to provide the contractile mech-
anism necessary to retract fibrin clots (4, 5).
In addition, there is evidence to suggest that
the polymerization of actin filaments may be
crucial for platelet aggregation and the release
reaction (6, 7).

The importance of actin filaments and ac-
tomyosin cables in platelet function has been
investigated largely using cytochalasins B, D,
and E (CB, CD, and CE, respectively). These
mold metabolites inhibit the extent of micro-

filament polymerization (8-10). Since it has
been suggested that cell cytoskeletons may
have important functions not only in motility,
phagocytosis, and secretion (11, 12), but also
in stabilizing plasma membrane receptors (13),
the present study was designed to determine
whether cytochalasins inhibit the aggregation/
agglutination of human blood platelets stim-
ulated with ADP or treated with chymotrypsin
by interfering with exposure of fibrinogen re-
ceptors, or more directly by inhibiting the
binding of fibrinogen to available receptors.
As the binding of fibrinogen to specific platelet
receptors is thought to be essential for platelet
aggregation (14-16), results from these studies
were correlated with cytochalasin-induced
effects on platelet aggregation. Both CB
and CD were used because of the well-known
inhibitory effects of CB also on hexose trans-
port (9).

Materials and Methods. Platelet prepara-
tion. Blood was obtained from apparently
healthy volunteers in accordance with the
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principles of the Declaration of Helsinki. It
was collected into 0.1 vol of 3.2% sodium ci-
trate and 0.05 vol (1 mAM) acetylsalicylic acid.
Platelet-rich plasma was prepared by centrif-
ugation (280g, 12 min). The platelets were
separated from plasma by centrifugation
(1000g, 20 min) at pH 6.5 and were washed
once in Hepes (N-2-hydroxyethylpiperazine-
N'-2-ethanesulfonic acid)-buffered modified
Tyrode’s solution at pH 7.5 (HBMT) (16).

Cytochalasin preparation. CB and CD were
obtained from Sigma Chemical Co., St. Louis,
Missouri. The following lots were used: CD-—
Lot 101F-40001, 111F-4005, and 128C-0413;
CB—Lot 61F-4017, and 79C-0040. Stock so-
lutions of CB and CD (10 mg/ml) were pre-
pared fresh daily in DMSO (dimethylsulfox-
ide, Aldrich Chemical Co., Milwaukee, Wisc.).

Platelet incubation with cytochalasins.
Washed platelets were incubated for 1, 5, and
30 min with CB or CD (10-100 ug/ml, final
concentration) or DMSO either before stim-
ulation with 10 uM ADP to determine the
effect of cytochalasins on the exposure of fi-
brinogen receptors, or 2 min after stimulation
with ADP to assess the effect of cytochalasins
on exposed but free fibrinogen receptors.
Platelets stimulated with ADP for 2 min before
incubation with CB or CD were designated
refractory because they lost their ability to re-
spond to a second dose of ADP. ADP-induced
refractoriness has been extensively described
(17, 18).

To determine the effects of cytochalasins
on fibrinogen binding and platelet aggregation
induced by mechanisms different from those
involved in platelet stimulation with ADP or
other traditional agonists (14, 19), a final sus-
pension designated chymotrypsin-treated
platelets was prepared. These platelets were
incubated with 500 pg/ml chymotrypsin (o-
chymotrypsin, 61 U/mg, Lot CDAG 35A634,
Worthington Biochemical Co., Freehold N.J.)
for 30 min at 22°C in the presence of 1 uM
PGE,. The chymotrypsin was neutralized with
a 10-fold molar excess of PMSF (phenylmeth-
ylsulfonyl-fluoride, Sigma). The platelets were
centrifuged in the presence of 5 mM EDTA
and resuspended in HBMT. These platelets
were then incubated with CB, CD, or DMSO
for 1, 5, and 30 min. In some experiments,
platelets were first incubated with the cyto-
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chalasins or with DMSO, then with chymo-
trypsin.

Platelet aggregation. Platelet aggregability
was examined using an aggregometer
(ChronoLog Corp, Havertown, Pa.). Washed
platelets were stimulated with 10 uAM ADP in
the presence of fibrinogen (0.1-0.8 mg/ml,
Kabi Diagnostics, Stockholm, Sweden). Chy-
motrypsin-treated platelets were agglutinated
by adding fibrinogen alone.

Fibrinogen binding. The ability of washed
platelets to bind fibrinogen in response to ADP
(10 uM) was assessed with '**I-labeled fibrin-
ogen (0.1-0.8 mg/ml, 1500 cpm/ug), purified
and iodinated as described previously (16).
Fibrinogen bound in the presence of 5 mM
EDTA was taken as a measure of nonspecific
binding (16). The ability of chymotrypsin-
treated platelets to bind fibrinogen was de-
termined by incubating them with '?°[-labeled
fibrinogen alone or in the presence of EDTA.

[*C]Serotonin release. In some experi-
ments, platelets in plasma were prelabeled with
['“C]serotonin (5-hydroxy-(side chain-2-'*C)-
tryptamine creatinine sulfate, Amersham
Corp., Arlington Heights, Ill.), and prepared
as described above. Imipramine (5 uM') (Sigma
Chemical Co., St. Louis, Mo.) was added to
prevent the reuptake of released serotonin (20).
Following stimulation, platelets were fixed
with 1% formaldehyde, centrifuged (1000g, 5
min) and the supernatants examined for re-
leased radioactivity. The percentage of released
serotonin was calculated as previously de-
scribed (21).

Clot retraction. Suspensions of washed
platelets or chymotrypsin-treated platelets in-
cubated with Cytochalasin B, D, (final con-
centration 30 ug/ml), or DMSO were added
to equal volumes of fresh plasma anticoagu-
lated with 3.2% sodium citrate. Clotting was
induced by the addition of 30 ul reptilase per
ml (reptilase R from Bothrops atrox, Lot 28-
029HJ, Abbott Laboratories, Chicago, Ill.; one
vial was reconstituted with 350 ul of water).
Parallel studies were performed in which ADP
(10 pM) and reptilase were added to platelet
suspensions in rapid succession. The extent
of clot retraction was assessed visually after
30, 60, 90, 120, and 180 min at 37°C.

Results. Results were obtained from studies
performed at 22°C, except where otherwise



CYTOCHALASINS AND HUMAN PLATELETS

indicated. Since both CB and CD had identical
effects on platelets, their results were averaged
and expressed jointly.

Effects of cytochalasins on fibrinogen bind-
ing and aggregation of washed human plate-
lets. Incubating platelets for 30 min with either
CB or CD (30 ug/ml) resulted in a significant
decrease in their ADP-induced aggregability
as shown in Fig. 1A. No further inhibition
was achieved with increasing cytochalasin
concentrations up to 100 ug/ml. CB- and CD-
treated platelets were also unable to retract
fibrin clots produced by adding | U/ml human
thrombin (courtesy Dr. John Fenton, N.Y.
State Department of Health, Albany, N.Y.)
to a mixture of washed platelets in plasma
(data not shown).

The inhibition of ADP-induced fibrinogen
binding by CB or CD was time dependent
(Table I). When platelets were preincubated
with the cytochalasins for only 1 min, a 17%
decrease in fibrinogen binding was observed.
After 5 min, binding was decreased by 26%
compared to DMSO-treated controls, and af-
ter 30 min, it was inhibited 46%, and did not
decrease further with longer incubation.

Table II summarizes the extent of inhibition
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FIG. 1. Results from a typical experiment comparing
the effect of CB (30 ug/ml) and DMSO on 10 uM ADP-
induced aggregation (A) and chymotrypsin-induced ag-
glutination (B) of washed platelets (WP). Platelets were
aggregated/agglutinated in the presence of 0.2 mg/ml fi-
brinogen (¢), with the aggregometer set so that a baseline
was established at 10% light transmission using a buffer
blank. CHYMO-PLTS refers to chymotrypsin-treated
platelets.
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TABLE 1. TIME DEPENDENCE OF CYTOCHALASIN-
INDUCED INHIBITION OF ADP- AND CHYMO-
TRYPSIN-INDUCED FIBRINOGEN BINDING

ADP-induced
fibrinogen binding?

Chymotrypsin-induced

Preincubation fibrinogen binding?

time (Min) (% Inhibition)® (% Inhibition)®
1 17+ 5 10 £ 29
5 26 £ 11 15+ 38
30 46+ 4 13+12

4 Platelets were incubated with CB or CD (30 ug/ml) for the
designated times before stimulation with 10 uM ADP and fibrin-
ogen.

® Platelets were incubated with CB or CD (30 ug/ml) for the
designated times after chymotrypsin treatment.

¢ Compared to DMSO-treated control platelets; N = 4; values
are means + SD.

of ADP-induced fibrinogen binding and
platelet aggregation obtained in 13 separate
experiments. The amount of fibrinogen bound
to platelets incubated with either CB or CD
for 30 min before stimulation with ADP
(17,000 + 4909 (mean = SD) molecules per
platelet) was 55% less than that bound to
DMSO-treated platelets (39,312 = 7670), cor-
relating with a 35% decrease in platelet ag-
gregability. Similar results were obtained when
platelets were incubated with the cytochalasins
for 30 min, 2 min after platelet stimulation
with ADP.

Figure 2A depicts a Scatchard plot (22) of
ADP-induced fibrinogen binding to cyto-
chalasin- and DMSO-treated platelets. It il-
lustrates a decrease in the average number of
fibrinogen binding sites available on cyto-
chalasin-treated platelets, and no change in
receptor affinities. In three separate experi-
ments, the affinity constants for high-affinity
binding were 0.10 + 0.08 and 0.11 = 0.07 uM
for cytochalasin- and DMSO-treated platelets,
respectively, and 1.32 = 0.8 and 1.07 = 0.8
uM for low-affinity binding.

Effect of cytochalasins on platelets refractory
to ADP. The effects of incubating platelets for
30 min with CB, CD, or DMSO, 2 min after
stimulation with ADP are illustrated in Fig.
3 and Table III. Compared to platelets in-
cubated with DMSO before stimulation with
ADP, platelets incubated after ADP treatment
became refractory (17, 18), and responded
poorly to a second dose of ADP. They bound
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TABLE II. EFFECT OF CYTOCHALASINS ON FIBRINOGEN BINDING AND AGGREGATION/AGGLUTINATION
OF ADP- AND CHYMOTRYPSIN-TREATED PLATELETS

ADP-treated platelets

Chymotrypsin-treated platelets

Fibrinogen binding

Aggregation

Fibrinogen binding Agglutination

Incubation (% Inhibition)#

(% Inhibition)*

(% Inhibition)* (% Inhibition)*

Cytochalasin before

platelet stimulation 55 + 16° 35
Cytochalasin after
platelet stimulation 27 £ 11¢

+ 158 16 + 8¢ 12+ 4

15 + 10 14 + 10°

9 Washed platelets were incubated with 30 ug/ml CB/CD for 30 min either before stimulation with ADP or
chymotrypsin, or 2 min after ADP or chymotrypsin treatment. Their responses were compared to similarly incubated

DMSO-treated platelets. Values are means + SD.
bN =13.

‘N=28.
30 \ A
Fox
26 |
22+
x
18 + «
”
S
'; Le % \X
= |O-\
w
g :
Zz 6r
I N )
E 2F . S Xx x
W . S~ )
& o] 10,000 20,000 30,000
~
> 30 B
oy} A
S
g 26 F x
g \
] X
T 22t \
o e
X
% 181 \
[}
8 r \x
— . X
14 o\
L \ x
LJ
\
10+ . \x
L \. e——x
L]
ol \ x \x\
L . e _®
R \
1 1 i 1 |. J
[¢] 10,000 20,000 30,000 40,000 50,000 60,000

FIBRINOGEN BOUND (molecules /platelet )

FI1G. 2. Scatchard analysis of fibrinogen binding to ADP-
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42% less fibrinogen than nonrefractory control
platelets (20,000 molecules of fibrinogen
bound per platelet compared to 34,000 mol-
ecules) and aggregated poorly. In comparison,
platelets incubated with CB or CD following
stimulation with ADP, bound even less fi-
brinogen (27% less, or 15,250 molecules of
fibrinogen bound per platelet compared to
20,890 molecules), but aggregated more ex-
tensively. These effects could be demonstrated
at cytochalasin concentrations up to 100 ug/
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FiG. 3. Results from a typical experiment illustrating
the effect of CB on the aggregability of refractory platelets
(R-DMSO): platelets incubated with DMSO for 30 min
after stimulation with ADP; (R-CB): platelets incubated
for 30 min with CB (30 pg/ml) after stimulation with
ADP; (DMSO): platelets incubated with DMSO for 30
min before stimulation with ADP. Aggregation was in-
duced by adding 10 uM ADP and 0.2 mg/ml fibrinogen
to the above-mentioned platelet suspensions.
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TABLE II1. EFFECT OF CYTOCHALASINS ON WASHED PLATELETS REFRACTORY TO STIMULATION WITH ADP

Fibrinogen binding

Platelets (% Inhibition)*

Aggregation [**C]Serotonin release

(% Inhibition)* (% Release)t

Refractory platelets

CB/CD-treated 56 + 9¢

DMSO-treated 42 + 139
Control platelets

DMSO-treated 100°

44 + 10°¢ 3.6 26
72+ 9°¢ 1.3+26
0 2733

* Compared to nonrefractory DMSO-treated control platelets; N = 9; values are means + SD.
t Percentage of ['“C]serotonin taken up by platelets; N = 9; values are means + SD.
4= Letter pairs denote statistically significant differences using the paired student’s ¢ test.

ml, and in platelet-rich plasma, and were not
accompanied by significant [*C]serotonin re-
lease. At 37°C, similar effects were observed
in only one of five experiments.

Effect of cytochalasins on chymotrypsin-
treated platelets. Neither CB or CD signifi-
cantly inhibited the agglutination or fibrinogen
binding of chymotrypsin-treated platelets.
Tables I and II illustrate that incubating these
platelets for only one min with either of the
cytochalasins reduced fibrinogen binding only
10 =+ 29% (mean + SD; N = 4) compared to
DMSO treated controls (p > 0.4). No further
inhibition of fibrinogen binding was achieved
by incubating chymotrypsin-treated platelets
for 30 min with CB or CD (16 + 8% inhibition;
38,753 + 4583 molecules per platelet, N = 13,
compared to DMSO-treated controls, 45,800
+ 8459 molecules per platelet). Platelet ag-
glutination in response to adding fibrinogen
was also not significantly reduced (12 + 4%,
p > 0.1). Similar results were obtained when
platelets were first incubated with the cyto-
chalasins, then with chymotrypsin.

Scatchard analysis (22) of fibrinogen bind-
ing to chymotrypsin-treated platelets suggested
that the slight cytochalasin-induced decrease
in fibrinogen binding was more the result of
a decrease in the average number of available
fibrinogen receptors rather than changes in
receptor affinity (Fig. 2B). High-affinity con-
stants for cytochalasin and DMSO-treated
platelets were 0.10 + 0.05 uM and 0.14 £ 0.07
uM (mean = SD, N = 3), and low-affinity
binding constants were 1.95 = 0.9 uM and
2.36 + 0.87 uM, respectively.

Clot retraction. Figure 4 depicts the ability

of ADP- and chymotrypsin-treated platelets
to retract reptilase-induced fibrin clots. In three
separate experiments, ADP-treated platelets
retracted fibrin clots by approximately 80%
after 3 hr, while chymotrypsin-treated platelets
did so only minimally (5-10% retraction). If
these platelets, however, were stimulated with
10 uM ADP immediately before adding rep-
tilase to induce clotting, their ability to retract
clots became similar to that of ADP-treated
platelets. Incubating platelets with CB or CD
inhibited clot retraction.

Discussion. The inhibition of fibrinogen
binding to ADP-treated rabbit platelets by cy-
tochalasin B was recently described (23). The
present study expands these observations to

FIG. 4. Retraction of (A) thrombin- or (B-F) reptilase-
induced fibrin clots after 3 hr at 37°C by washed or chy-
motrypsin-treated platelets. Washed platelets retracting a
thrombin-induced clot (A). Retraction of reptilase-induced
clots by (B) ADP-treated platelets, (C) ADP-treated plate-
lets preincubated with 30 ug/ml CB, (D) unstimulated
platelets, (E) chymotrypsin-treated platelets stimulated
with 10 uM ADP, and (F) chymotrypsin-treated platelets.
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suggest that in human platelets, the cyto-
chalasin-induced inhibition of ADP-induced
aggregation can be attributed to (i) the inhi-
bition of fibrinogen receptor exposure, and
(i1) the inhibition of fibrinogen binding to
available receptors, or sequestration of exposed
receptors. No change in the affinity of fibrin-
ogen receptors for ligand was noted.

In contrast, neither CB or CD significantly
inhibited the ability of chymotrypsin-treated
platelets to bind fibrinogen and to agglutinate
in response to it. Although the presence of
PGE, during chymotrypsin treatment was
used to prevent any effect of released ADP
(20) on the platelet cytoskeleton, the possibility
that the somewhat variable effects of the cy-
tochalasins on chymotrypsin-treated platelets
may have resulted from partial ADP-induced
microfilament polymerization cannot be
eliminated (19). Studies performed in the
presence of apyrase, however, yielded similar
results.

The apparent lack of cytoskeletal involve-
ment in fibrinogen binding to chymotrypsin-
treated platelets is consistent with the obser-
vation that these platelets were unable to re-
tract reptilase-induced fibrin clots unless ADP
was also present, presumably to activate ac-
tomyosin polymerization. Thus the ability of
platelets to retract fibrin clots depends not only
on their ability to bind fibrinogen but also on
the interaction of fibrinogen receptors with
activated platelet cytoskeletal components.

Platelet glycoprotein Illa, which appears to
be part of the platelet fibrinogen receptor (24),
for example, has been shown to crossreact with
an antibody to procine skeletal muscle « ac-
tinin (25), and has been found in association
with cytoskeletal components of actin and
myosin in thrombin stimulated platelets (26).
It is thus thought to be a transmembrane pro-
tein with an external glycoprotein moiety in-
volved in fibrinogen binding, and an internal
protein moiety, similar to « actinin, capable
of interacting with actin filaments in stimu-
lated platelets.

Fox and Phillips (8) recently found the in-
hibition of actin polymerization by CB in in-
tact thrombin-stimulated platelets to be ex-
tremely rapid (1 min). In this study, however,
ADP-induced fibrinogen binding and platelet
aggregation were inhibited maximally only af-
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ter 30 min preincubation with cytochalasins,
and fibrinogen binding and agglutination of
chymotrypsin-treated platelets were not sig-
nificantly altered, although slight inhibition
was noted after 1 min preincubation. These
findings further support the thesis (19) that
the mechanism(s) whereby chymotrypsin ex-
poses fibrinogen receptors is markedly differ-
ent from that involved in ADP-induced ex-
posure of the same sites.

In addition, the cytochalasins were found
to partially protect platelets against develop-
ment of ADP-induced refractoriness. It is in-
teresting to note that while the aggregability
of CB- or CD-treated refractory platelets was
more extensive than that of their DMSO-
treated counterparts, their fibrinogen binding
was decreased. This not only provides addi-
tional evidence to suggest that fibrinogen
binding while necessary, may not be sufficient
for platelet aggregation (27), but also suggests
that the interaction of platelet cytoskeletal
components with fibrinogen receptors may
contribute to the development of refractori-
ness. Chymotrypsin-treated platelets, for ex-
ample with exposed available fibrinogen re-
ceptors can be agglutinated by adding fibrin-
ogen several hours after the initial exposure
of fibrinogen receptors, while ADP-treated
platelets lose their ability to aggregate if not
immediately stirred with fibrinogen.

Enhanced platelet aggregation following
cytochalasin treatment of platelets has been
reported by Haslam et al. (7). In their studies,
CB was noted to enhance collagen induced
aggregation only at low concentrations of CB
and was accompanied by significant
['*C]serotonin release. The cytochalasin-in-
duced enhancement of platelet aggregation of
refractory platelets differs in that the poten-
tiation could be demonstrated at low as well
as high doses of CB or CD, and was not ac-
companied by significant ['“C]serotonin re-
lease. Similar effects could be demonstrated
in platelet-rich plasma and suggest that the
observations are not an artefact of the washed
platelet preparation. These cytochalasin-in-
duced effects may be temperature dependent,
however, since the development of refracto-
riness was inhibited in only one of five separate
experiments at 37°C. Although the mecha-
nism whereby cytochalasins protect against the
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development of refractoriness is obscure, the
data do suggest that under certain conditions,
cytochalasins can have protective effects.

In conclusion, data from the present study

suggest that inhibition of platelet microfila-
ment polymerization does not necessarily lead
to inhibition of fibrinogen binding and ag-
gregation, but can lead to enhanced aggreg-
ability of refractory platelets.

The author thanks Jean Ann Wainer for expert technical
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NOTICE TO CONTRIBUTORS

General Instructions

Manuscripts should be written in clear, concise and grammatical English, and should conform to the general style
of the Journal and the specific instructions listed below. Manuscripts which are not adequately prepared will be
returned to the authors, since it is not feasible for the Editors to undertake extensive revision or rewriting of manuscripts
submitted. Contributors, particularly those unfamiliar with English usage, are encouraged to seek the help of colleagues
in the preparation and review of manuscripts prior to submission. This practice will usually reduce the time required
for review and will avoid delays in the publication of the manuscript.

SUBMIT MANUSCRIPTS IN TRIPLICATE (ONE ORIGINAL AND TWO COPIES). SEND ONLY ORIGINAL
PRINTS OF PHOTOMICROGRAPHS. A $10.00 CHECK OR MONEY ORDER (NON-REFUNDABLE) MUST
ACCOMPANY THE MS TO COVER HANDLING COSTS FOR ALL MSS RECEIVED. Submitted manuscripts
and accompanying materials become the property of the Society, and the Society is not responsible for loss or damage
to such materials.

All manuscripts should be submitted to Dr. M. R. Nocenti, 630 W. 168th Street, New York, N.Y. 10032.

THE EDITORIAL OFFICE IS CLOSED DURING AUGUST.

Authors submitting manuscripts containing data from experiments involving recombinant DNA molecules must
provide a statement for each of the two reviewers which certifies that their experiment complied with the NIH guidelines
on physical and biological containment procedures.

1. Only original papers will be considered. Manuscripts are accepted for review with the understanding that the
same work has not been and will not be nor is presently submitted elsewhere, and that its submission for publication
has been approved by all of the authors and by the institution where the work was performed; further, that any person
cited as a source of personal communications has approved such citation. Written authorization may be required at
the Editor’s discretion. Articles and any other material published in the Proceedings of the Society for Experimental
Biology and Medicine represent the opinions of the author(s) and should not be construed to reflect the opinions of
the Editor(s), the Society, or the Publisher.

Authors submitting a manuscript do so on the understanding that if it is accepted for publication, copyright in the
article, including the right to reproduce the article in all forms and media, shall be assigned exclusively to the Society.
The Society will not refuse any reasonable request by the author for permission to reproduce any of his or her
contributions to the journal. Send requests for permission to reproduce items published in Proceedings of the Society
Jor Experimental Biology and Medicine to: Dr. Mero R. Nocenti, Editor, Society for Experimental Biology and
Medicine, 630 W. 168th St., N.Y., N.Y. 10032.

A manuscript rejected by the PSEBM should not be re-submitted. All manuscripts will be given a quality rating
by the two reviewing editors; those manuscripts with low priority ratings will not be accepted even though they have
been classed as generally acceptable. Split decisions will be decided on the basis of the two priority ratings and/or by
a third review.

2. a. Manuscripts should be as concise as possible, yet sufficiently detailed to permit critical appraisal.

b. Manuscripts (including tables, legends, and footnotes) should be double or triple spaced.

c. The first page of the manuscript should contain the complete title of the paper, category for the “Table of
Contents” (select from list in item 20), names of authors (without degrees), affiliations (including zip codes),
and a running title consisting of no more than 40 characters (including spaces). The second page of the
manuscript should give the name, complete address, and telephone number of the author to whom ALL
correspondence should be sent. Please include the zip code.

d. Units of weights, measures, etc., when used in conjunction with numerals, should be abbreviated and
unpunctuated, e.g., 6 R, 3 g, 5 ml, 8% (see No. 21 below).

3. Manuscripts of nonexperimental researches, or those with inadequate controls, are not acceptable.

. Unnecessary subdivision of a research into several manuscripts is not acceptable.

5. a. Manuscripts devoted to improvement of procedure or of apparatus may be accepted when a new principle
is involved or when decidedly superior biological results are obtained. Evidence of such superiority should be
given.

b. Confirmatory or negative results will not be accepted unless they are of obvious biological significance.

6. Manuscripts should not exceed 40 typed pages (including tables, charts, and references).

7. Title should be limited to 15 words. Manuscripts should contain an Abstract, Introduction, Materials and
Methods, Results, and Discussion. Abstracts should not exceed 300 words.

8. Conclusions should be based upon experimental data submitted.

9. Figures. All figures should be cited consecutively by Arabic numerals in the text with figure legends typed on

a separate sheet, These should contain sufficient experimental detail to permit the figure to be interpreted without
reference to the text. Units should be clearly indicated in the figures themselves. Wherever possible, curves should
be combined into a single figure in order to keep the number of illustrations to a minimum.

~



PLEASE NOTE: All figures and illustrations are to be submitted in such form as to permit photographic reproduction
without retouching or redrawing. This includes the lettering, which is reproduced as part of the figure and is not set
in type. Send only original prints of photomicrographs. Illustrations in color can be accepted only if the authors
defray the cost. Line drawings should be carefully drafted with black India ink on white drawing paper or blue drafting
cloth, no larger than 8.5 X 11.5 inches overall (21 X 27.5 cm). The lettering should be large enough to allow a
reduction of two-thirds. High quality glossy prints are acceptable.

10. Tables. These should be numbered with Roman numerals and cited consecutively in the text. Each table should
be titled and typed double-spaced on a separate sheet. Refer to current issues of the Proceedings for the acceptable
style of tables. The title of each table should clearly indicate the nature of the contents, and sufficient experimental
detail should be included in footnotes to the entries to permit the reader to interpret the results. Units must be clearly
indicated for each of the entries in the table. To save space, repetition of similar experiments and columns which can
be calculated from other entries in the table should be avoided wherever possible.

11, Footnotes. Footnotes in the rext should be identified by superscripts consisting of Arabic numerals and should
be typed on a separate sheet; footnotes in the tables should be identified with superscript lower-case letters a, b, c,
etc., and placed at the bottom of the table.

12. a. References. Only essential citations should be submitted, and they should be arranged numerically at the

end of the manuscript. References to the literature should be cited in the text by Arabic numerals in parentheses,
set on the text line. The references should be numbered consecutively in order of their citation.
b. Abbreviations of journal titles should follow the style used in Chemical Abstracts Service Source Index,
1980. Please note the style of capitalization and punctuation for journal articles, books, and edited books in
the following examples:

1. Wang BC, Bettice JA, Brown EB Jr. Effect of body temperature on salicylate-induced hyperventilation.
Proc Soc Exp Biol Med 174:102-106, 1983.

2. Abramson DI. Circulation in the Extremities. New York, Academic Press, p000, 1967,

3. Langford MP, Weigent DA, Stanton GJ, Baron S. Virus plaque-reduction assay for interferon: Microplaque
and regular macroplaque reduction assay. In: Pestka S, ed. Methods in Enzymology. New York: Academic
Press, Vol Part A 78: p000, 1981.

c¢. “Personal communication,” “unpublished,” “submitted,” and numerous abstracts should be excluded from
the reference list. If the manuscript has been accepted for publication, include it in the reference list, giving
journal, year, etc. If not accepted do not include it in the reference list.

13. Trade or popular name or abbreviation of a chemical may be used only when preceded by the chemical or
scientific name; thereafter, any of these names or abbreviations may be used. Trade names should begin with a capital
letter.

14. Structural formulas of chemicals should be used only when absolutely necessary.

15. The Proceedings is copyrighted by the Society for Experimental Biology and Medicine.

16. a. Authors are expected to discourage circulation of reprints for commercial purposes.

b. Reprints are limited to 1300.

17. Changes in galley proof should be absolutely minimal. Authors will be charged for excessive changes.

18. If none of the authors is a member of the SEBM, the Ms must be sponsored by an SEBM member. The sponsor
should write stating (a) how familiar he is with the author and his research, (b) whether the author is scientifically
reliable, (c) that the manuscript conforms to Notice to Contributors, (d) that he has critically examined the manuscript,
(e) wherein the manuscript is a significant contribution to science, and (f) that he assumes financial responsibility
involved. The sponsor should be in the same laboratory as the author. Where not of the same or recent past laboratory,
he should specify why such letter comes from a member at another laboratory.

19. The authors are required to pay a part of the cost of publication in the form of a page charge of $20.00 per
page.

Notify the Executive Secretary at least one month before change of address.

20. Biochemistry/Nutrition, Cellular and Organ Physiology, Development/Growth/Aging, Endocrinology/Metab-
olism, Experimental Medicine/Hematology, Genetics/Molecular Biology, Host-Parasite Interaction/Immunology/Mi-
crobiology/Virology, Oncology/Pathology/Radiobiology, Pharmacology/Toxicology.

21. Abbreviations. Contributors are requested to use the following abbreviations:

calorie cal millimeter mm
centimeter cm milliosmole mOsm
counts per minute cpm minute min
cubic centimeter cm? molal (concentration)

X3

Curie Ci molar (concentration)



degree Celsius (centigrade) °C mole spell out

degree Fahrenheit °F molecular weight mol wt
diameter diam nanogram ng
gram g nanometer nm
hour hr normal (concentration) N
inch in osmole Osm
inside diameter i.d. ounce oz
intramuscular im outside diameter o.d.
intraperitoneal ip parts per million ppm
intravenous iv percent %
kilocalorie kcal picogram pg
kilogram kg revolutions per minute rpm
liter spell out second sec
meter m specific activity sp act
microliter ul square centimeter cm?
micrometer um square meter m?
milligram mg subcutaneous sC
milliliter ml volt \'
volume vol

Rapid Communications

22. Rapid Communications must be typed on special forms to be compatible with the camera-ready method of
reproduction. The forms are to be obtained from the Editorial Office. The manuscript must not exceed four special
Jform pages in length, including text, illustrative material, tables, and references. The style of the manuscript, including
the references, must conform to the style specified in the “Notice to Contributors” for regular manuscripts (see above).
The manuscript must contain an Abstract, Introduction, Materials and Methods, Results, and Discussion. Type single-
spaced with 12 pitch letters. The original and two copies of the manuscript are to be mailed to the Editor. All
improperly prepared manuscripts will be returned to the authors.

23. All Tables, Figures, or glossy prints must be on separate sheets, and their legends must be typed on separate
sheets also. Do not insert these items into the text typed on the special forms. Follow instructions in item 9, above.

24. Each copy of the manuscript must be accompanied by a letter in which the authors justify the request for
rapid publication. The objective of Rapid Communications is to provide rapid dissemination of timely, significant,
and novel data of special or general interest. The novel aspects of data must be described clearly in the manuscript.

25. Manuscripts submitted for the Rapid Communications section will be reviewed expeditiously by a single
reviewer. It is anticipated that such manuscripts will be in print two months after their receipt.



