
may be possible for the inhibitory ef- 
fects of aspirin and TYA (3, 15) on 
the platelet release reaction, because 
sodium arachidonate induces a substan- 
tial release of platelet-bound [14C]sero- 
tonin from platelets resuspended (1) 
in a saline medium. This release can 
be as high as 80 percent with 25 i/g of 
arachidonate (6). 

Whether the enzymatic pathways in- 
volved in the formation of LASS and 
PG's from arachidonate are identical 
has yet to be established (the micro- 
somal preparations used in this study 
must have contained several enzymes). 
If they are identical, then LASS is prob- 
ably one of the chain of intermediates 
of prostaglandin production, such as 
the recently characterized cyclic endo- 

peroxide (20). To support this assump- 
tion, we have found that LASS behaves 

similarly to the endoperoxide (6). For 
instance, it is inactivated by stannous 
chloride and is extractable as an acid 

lipid. Also, it can be isolated on silica 
gel when subjected to thin-layer chro- 

matography in a solvent system consist- 
ing of toluene and dioxan (1: 1); its 

mobility is midway between that of 
PGE2 (which remains near the origin) 
and arachidonate (which travels near 
the solvent front). 

The above hypothesis thus explains 
the relation which apparently exists 
between inhibition of platelet prosta- 
glandin production (1, 2, 15), inhibi- 
tion of platelet aggregation, and pro- 
longation of bleeding time (3, 21) 
observed for drugs such as indo- 
methacin, aspirin, acetaminophen, and 
sodium salicylate because platelet ag- 
gregation is a primary event in hemo- 
stasis. Also, some bleeding disorders 
might involve defects in the ability of 

platelets to produce LASS or to respond 
to it. 

Finally, irreversible aggregation of 
platelets is thought to be a terminal 
pathway in the many processes involved 
in the etiology of arterial thromboem- 
bolism. Furthermore, studies in labora- 
tory animals (22) imply that aspirin 
could be clinically useful in the prophy- 
lactic treatment of arterial thrombosis. 
It is therefore feasible that production 
of LASS is a causal event in thrombotic 
episodes. If this is so, there is now a 
biochemical basis for the development 
of prophylactic therapy. 
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stance (LASS) from arachidonate. 
However, aspirin inhibits other en- 
zymes, such as platelet phosphodies- 
terase (5). Similar properties have not 
been reported for TYA, and, because 
of its structure (it is an acetylenic ana- 
log of arachidonic acid), one might 
expect it to compete directly with the 
substrate in arachidonate-utilizing en- 
zyme systems. We have used TYA to 
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Acetylenic Analog of Arachidonate That 

Acts Like Aspirin on Platelets 

Abstract. Development of irreversible platelet aggregation and the accompany- 
ing release of platelet-bound serotonin and production of prostaglandins is sup- 
pressed by 5,8,11,14-eicosatetraynoic acid (TYA). These findings may be explained 
by an ability of TYA to inhibit the enzymatic conversion of arachidonate to a 
newly recognized factor, labile aggregation-stimulating substance, which induces 
platelet aggregation, and to prostaglandins E2 and F2a. 

Acetylenic Analog of Arachidonate That 

Acts Like Aspirin on Platelets 

Abstract. Development of irreversible platelet aggregation and the accompany- 
ing release of platelet-bound serotonin and production of prostaglandins is sup- 
pressed by 5,8,11,14-eicosatetraynoic acid (TYA). These findings may be explained 
by an ability of TYA to inhibit the enzymatic conversion of arachidonate to a 
newly recognized factor, labile aggregation-stimulating substance, which induces 
platelet aggregation, and to prostaglandins E2 and F2a. 



Vehicle 
0.3 % ethai 

0. 

0. 
c 

E 

CM c 

r 

0 

w 
a 

1.0 

TYA 
(75 pg/ml) 

I minute 
It 

---I- 

I100 

O 

o 

0 

Fig. 1. Inhibition by ammonium tetraynoate of aggregation and platelet prostaglandin 
production induced by a saline extract of human connective tissue. Aggregation is 
indicated by an increased transmission of light through stirred (1000 rev/min) 
platelet-rich plasma (PRP) at 37?C. Difference in light transmission (T) between PRP 
and platelet-free plasma is taken as 100 percent. Ethanolic saline vehicle (final con- 
centration of 0.3 percent ethanol) or ammonium tetraynoate (75 and 300 ,ug/ml) was 
first incubated with the PRP for 5 minutes prior to the addition of a diluted extract (8) 
of connective tissue (CTE) (50 A1 per 2 ml of PRP). Platelet-rich plasma was collected 
from several aggregation tubes (broken lines), pooled to a volume of 8 ml, and exam- 
ined for PG content (15). Basal levels of PG (44 pg per milliliter of PGE2 equivalents 
per milliliter of PRP) were estimated by extracting 12 ml of PRP (concentrated into 1 
ml for assay), which had been stirred for 10 minutes with the ethanol saline vehicle 
only. [Donor: D.K. (male); platelet count: 368,000 cell/mm3.] The ability of TYA 
to greatly reduce collagen-stimulated production of platelet PG's was also demon- 
strated in two other experiments, in one of which TYA was used as the free acid (6). 

Table 1. Effects of TYA on release of platelet-bound serotonin. Release of [14C]serotonin 
(Radiochemical Centre, Amersham, U.K.), bound in the platelets was assessed (13). Aggregat- 
ing agents used were connective tissue extract undiluted or 1/5 dilution (25 p1 per each 
milliliter of platelet-rich plasma); epinephrine (5 ,uM), adenosine diphosphate (ADP) (4 
,uM), and thrombin (0.25 unit/ml) (18). The ammonium tetraynoate was used at a final 
concentration of 200 or 300 Jug/ml, and the free acid at 225 pg/ml [in 0.15 ml of platelet- 
free plasma (PFP)]. Only the first wave of aggregation (induced by ADP or epinephrine) 
remained in the presence of TYA; T, light transmission. 

[4IC]Serotonin Percent reduction 
Aggregating Vehicle Aggregation r- 

agent or TYA (% T) r e Aggrega- Serotonin 
( o) tion release 

D.K. (male) 
Connective tissue Vehicle 70.1 68.9 

(undiluted) 27.8 41.1 
TYA 50.6 40.6 

R.O. (female) 
Connective tissue Vehicle 66.7 35.2 . . 

TYA 42.5 7.0 
Epinephrine Vehicle 69.4 52.7 60.4 100.0 

TYA 27.5 0 
ADP Vehicle 55.6 16.8 10 

TYA 25.0 0 
M.W. (female) 

Connective tissue Vehicle 10.5 6.4 100 
TYA 0 3.8 

Epinephrine Vehicle 84.2 50.9 755 100.0 
TYA 20.6 0 

B.M. (male) 
Connective tissue Vehicle 62.7 32.8 

(undiluted) (PFP) 96.2 80.4 
(10 /l) TYA 2.4 6.4 

(free acid) 
Connective tissue Vehicle 23.3 20.8 . . 

TYA 2.0 13.6 
C.P. (female) 

Thrombin Vehicle 59.3 24.8 . . 
TYA 37.6 9.8 
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test the concept (4) that activity of an 
arachidonate-consuming enzyme system 
is essential for the irreversible or sec- 
ond-phase type of aggregation of human 
platelets, which is associated with the 
release of platelet constituents. The 
TYA was used routinely as the more 
soluble ammonium salt (3) but similar 
results were obtained with the free 
acid (6). Aggregation of human plate- 
lets in citrated platelet-rich plasma 
(PRP) was assessed by means of stan- 
dard turbidometric techniques (6-8). 
The difference in light transmission be- 
tween PRP and platelet-free plasma 
was taken as 100 percent on the ag- 
gregation scale. 

Platelet aggregation and serotonin 
release induced by various agents can 
be inhibited by aspirin; we have exam- 
ined the problem of whether similar 
effects can be produced by TYA. 

Aggregation induced by collagen is 
thought to be purely of the second- 
phase type and can be suppressed by 
aspirin (8-13). Using a saline extract 
of connective tissue as the source of 
collagen (8), we have shown that am- 
monium tetraynoate at 75 to 300 
,tg/ml could produce a concentration- 
dependent reduction in aggregation and 
in platelet prostaglandin production 
(Fig. 1). These effects of TYA were 
shown in eight experiments (six donors 
of both sexes), and in four of these ex- 
periments TYA was used as the free 
acid (6). In one such experiment in 
which PG's were assayed, it was shown 
that the free acid of TYA at 150 
/jg/ml reduced appearance of PGE2- 
like activity from a concentration in the 
PRP of 3.3 to 1.0 ng/ml with reduction 
in aggregation response of 54.3 per- 
cent. 

Epinephrine-induced aggregation has 
two distinct phases, and only the second 
phase is suppressed by aspirin-type 
drugs (8, 10, 13). It was shown that 
ammonium tetraynoate (100 to 300 
jug/ml) could produce a similarly 
marked reduction or abolition of sec- 
ond-phase epinephrine aggregation (five 
experiments, five donors). In one of 
these experiments, the appearance of 
PG which occurs during the second 
phase (14) was also examined (15). 
During the first phase of aggregation, 
amounts of PGE2-like activity extracted 
from the PRP were not distinguishable 
from basal levels (44 pg/ml); during 
the second phase, significant amounts 
(0.33 ng/ml) appeared, but not when 
second-phase aggregation had been 
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abolished by ammonium tetraynoate 
(300 /ug/ml). In a similar experiment 
in which TYA (225 ,/g/ml) was used 
as the free acid, appearance of PG 
(0.94 ng of PGE2 equivalents per milli- 
liter of PRP) was also reduced to basal 
levels, in a manner that corresponded 
to the complete suppression of second 
wave aggregation (which was observed). 

Concentrations of adenosine diphos- 
phate (ADP), between 2 and 4 iuM (the 
exact amount varies between experi- 
ments), can induce distinctive first and 
second phases of aggregation similar 
to those observed with epinephrine; 
again, only the second phases are in- 
hibited by aspirin-type drugs (8, 10, 11, 
13). Like aspirin, ammonium tetrayno- 
ate (100 to 300 ,ug/ml) could abolish 
the second phase of aggregation (six 
experiments, six donors). In three ex- 
periments, similar effects were observed 
with TYA in the form of the free acid 
(150 to 300 /ug/ml). 

Aggregation induced by low concen- 
trations of thrombin can also be re- 
duced by aspirin (10-12). In two ex- 
periments (two donors), it was shown 
that TYA, either as the ammonium 
salt (200 /xg/ml) or free acid (150 
jug/ml), could inhibit aggregation in- 
duced by thrombin (0.25 to 0.3 unit 
per milliliter) by 37 and 42 percent, 
respectively. 

We then studied the effects of TYA 
on the platelet release reaction. The re- 
lease of platelet constituents (including 
serotonin) that occurs during second- 
phase aggregation is suppressed by as- 
pirin. It can be seen (Table 1) that, 
like aspirin (11-13), TYA inhibited 
the release of platelet-bound serotonin 
induced by connective tissue, ADP, 
epinephrine, and thrombin. 

The final point of similarity between 
TYA and aspirin was the interaction 
of TYA with arachidonate (16) on 
platelet aggregation (Fig. 2). When 
sodium arachidonate (final concentra- 
tion in the PRP of 25 ,/g/ml) was 
present in the PRP, the suppression of 
ADP-induced second wave aggregation 
induced by TYA could be prevented. 
A similar interaction with dihomo-y- 
linolenic acid (the precursor for PGE, 
biosynthesis) was not observed (one or 
more experiments with PRP from three 
donors in each case). 

The ability of many drugs to pre- 
vent the development of irreversible 
platelet aggregation parallels their 
ability to inhibit platelet prostaglandin 
production. Furthermore, both aspirin- 
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stained. These bodies have been found in isolated rat thymus, rat liver, and 
chicken erythrocyte nuclei. Favorable views also reveal connecting strands about 
15 angstroms wide between adjacent particles. 
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Fig. 1. Chromatin fibers spilling out of ruptured nuclei. The degree of fiber swelling 
and the proximity of individual v bodies to each other varies within different regions 
of a single nucleus. Scale bars, 0.2 /Lm. (a) Rat thymus chromatin, positively stained 
with a mixture of 4 percent aqueous phosphotungstic acid and 95 percent ethanol 
(3: 7), rinsed in 95 percent ethanol, and dried in air. (b) Rat thymus chromatin, 
negatively stained with 0.5 percent ammonium molybdate, adjusted to p,H 7.4 to 8.0 
with ammonium hydroxide. (c) Chicken erythrocyte chromatin, negatively stained as 
in (b). Clustering of v bodies is most evident in (c), where groups of three or more 
are readily visualized. Connecting strands are most easily seen in (b). 
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investigators have postulated multiple 
orders of coiling or folding of a funda- 
mental nucleohistone molecule (1, 3). 
Several models have been derived from 
low-angle x-ray diffraction studies, in- 
cluding: four DNA molecules packed 
into a single nucleohistone fibril (4); a 
single DNA double helix and associated 
proteins folded into an irregular super- 
helix 80 to 120 A in diameter and 45 
A in pitch (5); and a single DNA- 

protein fiber constrained into a super- 
helix 100 A in diameter and 120 A in 
pitch (6). Ultrastructural studies have 
also yielded a profusion of models. 
Spreading of chromosomes on a Lang- 
muir trough frequently yields fibrils 
about 250 A in diameter, although dif- 
ferences due to tissue type, presence of 
chelating agents, and method of de- 
hydration and drying have been reported 
(7). Direct adsorption of sheared 
chromatin onto microscope grids has 
revealed a network of fibers approxi- 
mately 100 A wide with numerous side 
branches 80 to 200 A in length (5). 
Spraying of chromatin onto a grid yields 
a network of fibers (8) and separated 
filaments (20 to 30 A in diameter) con- 
taining numerous "nodular" elements 
about 150 A in diameter (9). Thin 
sections of nuclei and chromosomes re- 
veal fragments of threads frequently 
100 to 200 A wide (3, 10, 11). Bram 
and Ris (5) regard the 250-A fiber as 
a folding (or doubling) of a superhelix, 
due to divalent metal ions, and interpret 
the thin-section data as artifacts of 
chelation by buffer ions. Lampert (12) 
views the 250-A filament as a folding 
of the superhelix of Pardon and Wilkins 
(6), and explains the thin-section data 
in terms of shrinkage due to fixation. 

Despite this divergence of views, there 
is a consensus that multiple levels of 

coiling or folding are required to ex- 

plain the observed variation in chro- 
matin fiber widths. 

We have attempted to visualize 
chromatin structure by methods differ- 
ent from those cited above. Interphase 
nuclei were isolated from fresh rat 
thymus (13), rat liver (2), and chicken 
erythrocytes (2), washed and cen- 

trifuged twice in CKM buffer (14) and 
once in 0.2M KC1, suspended in 0.2M 
KCI at a concentration of approxi- 
mately 108 nuclei per milliliter, and 
diluted 200-fold into distilled H2O. 
Nuclei were allowed to swell for 10 to 
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