a2-globin mRNA. Before the develop-
ment of this method of analysis, direct
sequence analysis of cloned al- and a2-
globin genes or their ¢cDNA’s would
have been required. The hybrid-selec-
tion approach should allow a more rapid
analysis of other structural mutations
and may result in additional examples of
sequence conversion between the human
a-globin -genes or between duplicated
loci in other gene clusters. Such informa-
tion may further define the frequency of
other DNA recombination events in the
human genome.
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Larval Development and Dispersal at

Deep-Sea Hydrothermal Vents

Abstract. Deep-sea hydrothermal vent communities exhibit an array of reproduc-
tive strategies. Although a few vent species undergo planktotrophic, high-dispersal
modes of development, most exhibit relatively low dispersal, but probably free-
swimming nonplanktotrophic development. This predominance of nonplanktotrophy
may be largely a reflection of phylogenetic constraints on the vent colonizing taxa;
intervent dispersal among these forms may be facilitated by reduced developmental
rates in the cold abyssal waters away from the vents. It is proposed that for those
vent species with nonplanktotrophic development, larval dispersal is a stepwise
process with oceanic ridge axes serving as discrete dispersal corridors.

The biological communities associated
with deep-sea hydrothermal vents have
been the subject of intense study since
their discovery in May 1976 (/). Active
vent systems accompanied by dense
benthic assemblages are now known at a
number of widely separated sites along
midocean rift zones in the eastern Pacif-
ic, extending from 48°N along the Juan
de Fuca Ridge to 22°S along the East
Pacific Rise. One basic question con-
cerning the ecology and evolution of the
vent biota is how the species and associ-
ations are established and maintained in
a habitat that is markedly patchy in time
and space. Most of the species are sed-
entary, and it has been suggested (2, 3)
that free-swimming larval stages are the
principal agents of recruitment and gene
flow among hydrothermal sites (¢).

We surveyed the modes of larval de-
velopment in 18 molluscan species col-
lected from two vent sites, the Galapa-
gos spreading center near the equator
and the East Pacific Rise at 21°N. Mol-
lusks are the only vent taxa that lend
themselves to such a survey because
their early ontogenetic history is record-
ed in the shell of juveniles and well-
preserved adults (5, 6). Although a few
vent species undergo planktotrophic,
high-dispersal modes of development,
most of these mollusks exhibit relatively
low dispersal, but probably free-swim-
ming nonplanktotrophic development.
The sparse data accumulated to date on

the reproduction of other vent taxa [for
example, decapod crustaceans (6) and
ampharetid polychaetes (7, 8)] suggest a
similar diversity of larval development
modes in deep-sea hydrothermal sys-
tems. Our results indicate that not all
vent species require a high-dispersal lar-
val stage to persist in these ephemeral
environments and suggest that the repro-
ductive strategies in the hydrothermal
vent community are more complex than
previously believed.

Hundreds of minute mollusks with at
least portions of the larval shell intact
were isolated from the washings of bio-
logical materials collected by the deep-
sea research vessel Alvin from the Gal4-
pagos and 21°N sites (9). The specimens
were immediately fixed in 10 percent
buffered seawater formalin for 48 hours
and subsequently preserved in 80 to 95
percent ethanol. Cleaned shells were
mounted on copper tape, coated (under
vacuum) with approximately 400 A of
gold-palladium or a combination of gold
and carbon, and examined under an
ETEC Autoscan or AMR 1000 scanning
electron microscope.

The diversity of larval shell (proto-
conch) morphologies in the vent gastro-
pods is illustrated by the representative
species in Fig. 1. Modes of larval devel-
opment can be inferred on the basis of
protoconch size and form (5, 10); al-
though there may be pitfalls to this tech-
nique, such a comparative approach has
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Fig. 1. Scanning electron micrographs of the shells of unnamed juvenile gastropods from the
21°N hydrothermal vent area. (a and b) Archaeogastropod limpets; (c) coiled trochoid
archaeogastropod; and (d) turrid. Scale bars, 100 wm. (a’ through d’) Protoconch morphologies
of (a) through (d), respectively. Scale bars, 50 um.

proven effective in a wide variety of taxa
and environments, including the deep
sea (11). Of the 13 species of archaeogas-
tropod limpets present at the two sites
(12), ten have been collected with well-
preserved protoconchs. All ten of these
limpet species (Fig. 1, a and b) have a
protoconch I with fewer than one-and-a-
half whorls and lack a protoconch II;
maximum protoconch I dimensions
range from 175 to 325 wm. Comparison
with the larval shell morphology of lim-
pets for which development is known
(13) suggests that most or all of the vent
limpets undergo nonplanktotrophic de-
velopment with a free-swimming, but
nonfeeding, larval stage. A possible ex-
ception is a species with a protoconch of
325 wm, which indicates development
from a large, yolky egg and perhaps
direct development with the absence of
any free-swimming stage.

Five of the six species of coiled tro-
choid gastropods present at the vents
have well-preserved protoconchs. All
have a typical trochacean archaeogastro-
pod protoconch I consisting of one-and-
a-half whorls or fewer and lack a proto-
conch II; maximum protoconch I dimen-
sions range from 245 to 270 um (Fig. 1, ¢
and c¢’). Such dimensions suggest non-
planktotrophic larval development with
a free-swimming stage (5, 13, 14).

Two neogastropod species, both tur-
rids, are present at the vents, with one
species at each site. In both species, the
protoconch I consists of one-and-a-quar-
ter whorls, exhibiting cross-hatched or-
namentation, and the protoconch II is
multiwhorled and elaborately sculptured
(Fig. 1, d and d’). The morphology of
each species is strikingly similar to that
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of shallow-water and deep-sea turrids for
which planktotrophic development has
been inferred (/5, 16). Protoconch I di-
mensions fall within the range of egg
sizes for turrids known to have plankto-
trophic development and outside the
range for species known to exhibit non-
planktotrophic development (/7).

Two species of bivalves occur at the
two hydrothermal vent sites in signifi-
cant numbers: Calyptogena magnifica
(Vesicomyidae) (18) and an undescribed
mytilid (2). No well-preserved juvenile
specimens of C. magnifica have been
collected, but the maximum diameter of
309 wm recently reported for the large
yolky egg of this species (I8, 19) sug-
gests the existence of a nonplanktotro-
phic larval stage. In contrast, numerous
well-preserved juvenile mytilids with in-
tact larval shells (prodissoconchs) have
been collected at the Galapagos site (20).
The prodissoconch I of this vent mytilid
is small [approximately 100 wm (21)] and
is accompanied by a large prodissoconch
II (more than 400 pm), indicating the
presence of a planktotrophic larval stage
with long-range dispersal capabilities (2,
22).

A few data are available for benthic
crustaceans (6) and polychaetes (7, &)
from the vents. Modes of larval develop-
ments of four species of vent decapods
have been inferred from analyses of egg
size and fecundity, and a few zoeal
stages have been isolated from vent
plankton tows (6). As in the vent mol-
lusks, there appears to be an array of
reproductive adaptations among crusta-
ceans; two (the galatheids Munidopsis
cf. subsquamosa and M. lentigo) appear
to have nonplanktotrophic development,

whereas both the brachyuran Bytho-
graea thermydron and the caridean
shrimp Alvinocaris lusca apparently
have widely dispersing planktotrophic
larval stages. Desbruyéres and Laubier
(7) have suggested, by analogy with oth-
er ampharetid polychaetes, that the vent
ampharetids have nonplanktotrophic
benthic larvae and that the presence of
Paralvinella grasslei at the Galdpagos,
13°N, 21°N, and Guaymas Basin hydro-
thermal vent sites is maintained by the
swimming of adults rather than by larval
dispersal.

On the basis of these results for mol-
lusks and available data on vent crusta-
ceans (6) and polychaetes (7), we con-
clude that the hydrothermal vent fauna
presents a heterogeneous assemblage of
reproductive strategies (23). Larval shell
morphologies indicate that only three of
the molluscan species at the hydrother-
mal sites undergo a planktotrophic, high-
dispersal mode of development; the re-
maining 15 species apparently have man-
aged to persist in the ephemeral and
patchy vent environments despite the
possession of nonplanktotrophic, seem-
ingly low-dispersal modes of develop-
ment. In fact, all six molluscan species
(C. magnifica and five limpets) shared
by the two hydrothermal vent sites ex-
hibit nonplanktotrophic modes of devel-
opment. The two sites are 3300 km apart
and yet the nonplanktotrophic larvae of
shallow-water molluscan species having
comparable larval shell morphologies re-
main in the plankton for only a few hours
to a few days (5, 13, 14).

It is possible that the hydrothermal
vent species have similarly brief free-
swimming stages and disperse between
vents in a stepwise manner, but large-
scale surveys of midocean ridge systems
studied to date (24) suggest that many of
the active vent areas are not close
enough for such dispersal to be feasible.
Alternatively, because cold ambient bot-
tom waters of environments away from
the immediate vicinity of the vents
would lower developmental rates, non-
planktotrophic larvae from the vent or-
ganisms may be capable of remaining in
the plankton for far longer periods and
thus be able to disperse far more widely
than their shallow-water analogs (25). A
similar temperature-related reduction in
metabolic rate has been suggested as a
means of prolonging the dispersive stage
of the larvae of Amphisamytha galapa-
genesis, an ampharetid polychaete com-
mon at the Gal4dpagos hydrothermal vent
area (8).

One cost of planktotrophic develop-
ment entails the transport of developing
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larvae away from suitable habitats be-
fore the larvae are competent to settle
and metamorphose (26). Planktotrophy
may thus be disadvantageous for vent
organisms, despite the broad dispersal
capability it confers, because of the scale
of the hydrothermal vent environment,
with patches that are exceptionally small
yet widely separated (24, 27). By analogy
with the flexible development observed
in many shallow-water opportunists (28),
the nonplanktotrophic larvae of many of
the vent organisms may either: (i) rapidly
exploit local resources, since competen-
cy to metamorphose is attained very
soon after release, or (ii) disperse rela-
tively widely if metamorphosis is de-
layed in the presence of a deteriorating
habitat and larvae enter cold, metabo-
lism-slowing waters of the abyss. How-
ever, the predominance of nonplankto-
trophic development in the vent assem-
blages need not indicate that this mode is
optimal for this habitat. Just as the tem-
perate rocky intertidal zone is populated
by mussels (planktotrophic develop-
ment) and limpets (nonplanktotrophic
development), the hydrothermal vent
communities contain a mixture of devel-
opmental types that probably reflects
both demographic strategy and phyloge-
netic history (29). As members of the
Archaeogastropoda, for example, the
vent limpets and coiled trochoid gastro-
pods are phylogenetically constrained to
undergo a nonplanktotrophic mode of
development. Free-swimming nonplank-
totrophic larvae of these species may
have a dispersal capability sufficient to
maintain a chain of far-flung populations
but insufficient to overcome isolation by
chance founder events or extinction of
intervening populations with local cessa-
tion of hydrothermal activity. Such allo-
patric processes may underlie the prolif-
ic speciation within the vent limpet fam-
ilies (12, 30).

More biogeographic data (and labora-
tory confirmation of the link between
larval shell morphology and develop-
mental pattern in these unusual taxa) are
needed before we can fully understand
the role of larval development in the
origination and persistence of hydrother-
mal vent species. If larval dispersal is
indeed a stepwise process for those vent
taxa with nonplanktotrophic develop-
ment, each spreading axis should be a
discrete dispersal corridor. Allelic fre-
quencies and taxonomic compositions
should be more homogeneous among
widely separated sites along a single
spreading axis than among sites that are
equally separated but belong to different
spreading systems. In contrast, the more
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widely dispersing planktotrophic species
should tend to be genetically and taxo-
nomically homogeneous along mean vec-
tors of bottom currents rather than hav-
ing a genetic population structure or tax-
onomic distribution exclusively depen-
dent on the configuration of ridge
systems. The presence of active hydro-
thermal vent areas throughout the
world’s midoceanic ridge system (24, 31)
affords an excellent opportunity to inves-
tigate mechanisms that maintain species
identities among widely separated sessile
populations as well as the evolutionary
consequences of different developmental
strategies.

RICHARD A. Lutz
Center for Coastal and Environmental
Studies and Department of Oyster
Culture, New Jersey Agricultural
Experiment Station, Rutgers
University, New Brunswick 08903

DAVID JABLONSKI
Department of Ecology and
Environmental Biology,
University of Arizona, Tucson 85721

RuTtH D. TURNER
Museum of Comparative Zoology,
Harvard University,
Cambridge, Massachusetts 02138

References and Notes

1. P. Lonsdale, Deep-Sea Res. 24, 857 (1977);J. F.
Grassle et al., Oceanus 22 (No. 2),2(1979);J. F.
Grassle, in (31),

. R.A. Lutz et al., Mar Biol. 57, 127 (1980).

. RISE Project Group, Science 207, 1421 (1980).

. In light of the trophic role of pelaglc larvae in
shallow waters [G. Thorson, Biol. Rev. Cam-
bridge Philos. Soc. 25, 1 (1950); S. A. Milei-
kovsky, Mar. Biol. 16, 13 (1972)], these widely
dispersing deep-sea larvae may be an important
means by which energy fixed by the rich vent
community is exported into the relatively im-
poverished, surrounding abyss.

5. D. Jablonski and R. A. Lutz, Biol. Rev. Cam-

bridge Philos. Soc. 58, 21 (1983).

6. Decapod crustaceans represent additional vent
taxa for which a limited data set has been
compiled; C. L. Van Dover, personal communi-
cation; ,J. R. Factor, A. Williams, C. J.
Berg, Bull. Biol. Soc. Wash., in press.

7. D. Desbruyéres and L. Laubler in (31), p. 711;
Proc. Biol. Soc. Wash. 95, 482 (1983).

Biol. Soc. Wash. 96, 379

S W

8. R. Zottoli,
(1983).

9. Details of sampling procedures and the hydro-
thermal areas have been described (7, 3); J. B.
Corliss and R. D. Ballard, Natl. Geogr. 152, 441
(1977); R. D. Ballard and J. F. Grassle, ibid. 156,
(6189(1979) J.B. Corliss et al., Scrence 203, 1073

10. T. Shuto, Lethaia 7, 239 (1974); R. S. Schel-
tema, in Marine Organisms: Genetics, Ecology
and Evolution, B. Battaglia and J. A. Beard-
more, Eds. (Plenum, New York, 1978), p. 303.

11. For reviews, see (5, 10); J. Knudsen, Galathaea
Rep. 11, 1 (1970); M. A. Rex and A. Warén,
Deep-Sea Res. 29A, 171 (1982).

12. J. H. McLean, personal communication; Bull.
Biol. Soc. Wash., in press.

13. See H. H. Webber, in Reproduction of Marine
Invertebrates, A. C. Giese and J. S. Pearse,
Eds. (Academic Press, New York, 1977), vol. 4,
p. 1; D. R. Lindberg, Veliger 22, 57 (1979); D.
Jablonski and R. A. Lutz, in Skeletal Growth of
Aquatic Organisms, D. C. Rhoads and R. A.
Lutz, Eds. (Plenum, New York, 1980), p. 323;
K. Bandel, Facies 7, 1 (1982).

14. C. Rodriguez Babio and C. Thiriot Quiévreux,
Cah. Mar. Biol. 16, 521 (1975); V. Fretter and A.
Graham, J. Molluscan Stud. Suppl. 3, 1 (1977);
R. R. Strathmann, Evolution 32, 894 (1978); G.
A. Heslinga, Malacologia 20, 349 (1981).

Proc.

15.

19.
. The mytilid is noticeably absent at the 21°N site.
21.

22.

23.

24,

25.

26.
27.
28.
29. R

30.
31.

32.

C. Thiriot-Quiévreux, Arch. Zool. Exp. Gen.
113, 553 (1972); C. Rodriguez Babio and C.
Thiriot-Quiévreux, Cah. Mar. Biol. 15, 531
(1974); G. Richter and G. Thorson, Ophelia 13,
(1?998(31)975); V. O. Maes, Bull. Mar. Sci. 33, 305

. P. Bouchet, Bull. Mus. Nat. Hist. Nat. Zool.

277, 947 (1976);
37 (1979).

__and A. Warén, Sarsia 64,

. M. V. Lebour, J. Mar. Biol. Assoc. U.K. 19, 541

(1934); M. Amio, J. Shimonoseki Coll. Fish. 12,
229 (1963); P. E. Penchaszadeh, Veliger 25, 160
(198%;; R. L. Shimek, Malacologia 23, 281
(1983).

. K. J. Boss and R. D. Turner [Malacologia 20,

161 (1980)] report oocyte diameters for this
species ranging from 150 to 195 pum in greatest
dimension. C. J. Berg and R. D. Turner [Mala-
cologia 20, 183 (1980)] report a maximum follic-
ular egg diameter of 309 wm for this species and
the presence of eggs ranging in diameter from
364 to 482 pum in a jar containing a preserved
specimen of C. magnifica.

R. D. Turner, Sov. J. Mar. Biol. 7, 1 (1981).

Prodissoconch I length measurements made on
ten retrieved specimens of this species ranged
from 95 to 110 wm.

Plankton tows were taken in surface and bottom
waters directly over the Galdpagos vents. No
molluscan species taken in the surface plankton
tows were members of the hydrothermal vent
community. Bottom plankton tow samples, al-
though devoid of vent gastropods, contained six
molluscan species, including a mytilid veliger
with a larval shell morphology indistinguishable
from that seen on juvenile specimens of the vent
mytilid. Although negative evidence obtained
from such brief plankton tows must be interpret-
ed with caution [K. F. Wishner, Deep-Sea Res.
27A, 203 (1980)], the presence of larvae of the
vent mytilid at 2616 m but not at the surface is
consistent with the suggestion (2) that the larvae
of this species do not rise to the surface during
development—unlike larvae of many other
deep-sea planktotrophic mollusks [(/6); P. Bou-
chet and J.-C Fontes, C.R. Acad. Sci. 292, 1005
(1981)]—but undergo demersal development
with larvae remaining close to the bottom
throughout their free-swimming existence (see
R. D. Turner, R. A Lutz, D. Jablonski, Bull.
Biol. Soc. Wash., ress).

A similar mlxture o planktotrophic and non-
planktotrophic developmental strategies has
been reported among species colonizing other
deep-sea ephemeral habitats such as bone, de-
composing wood, shark egg cases, and even
squid beaks [(2, 30); R. D. Turner, Science 180,
1377 (1973); unpublished data; T. Wolff, Sarsia
64, 117 (1979); B. A. Marshall, Natl. Mus. N. Z.
Rec. 2, 139 (1983)].

R. D. Ballard et al., J. Geophys. Res. 87(B2),
1149 (1982); and J. Francheteau, in (31),
p. 17.

Larvae of numerous marine species show a
marked reduction in developmental rate with
decreasing temperature [see, for example, G.
Thorson, Medd. Komm, Dan. Fisk. Havunders.
Copenh. Ser. Plankton 4, 1 (1950); B. L. Bayne,
Ophelia 2, 1 (1965); J. A. Pechenik, in Repro-
duction of Marine Invertebrates, A. C. Giese
and J. S. Pearse, Eds. (Academic Press, New
York, in press)]. Although most species studied
to date have planktotrophic larvae, J. A. Pe-
chenik [Int. J. Invertebr. Reprod. Dev. 7, 3
(1984)] has provided evidence for a similar rela-
tion between temperature and developmental
rate (and planktonic duration) of the nonplank-
totrophic, free-swimming larvae of the chiton
Mopalia moscosa.

G. A. Jackson and R. R. Strathmann, Am. Nat.
118, 16 (1981).

%SR. Hessler and W. M. Smithey, Jr., in 31), p
J. F. Grassle and J. P. Grassle, J. Mar. Res. 32,
253 (1974).

T. Paine and T. H. Suchanek [Evolution 37,
821 (1983)] describe a similar mixture of devel-
opmental strategies for mussels (planktotrophic
development) and tunicates (nonplanktotrophic
development) inhabiting the temperate rocky
intertidal zone.

C. S. Hickman, Veliger 26, 73 (1983).

P. A. Rona et al., Eds., Hydrothermal Process-
es at Seafloor Spreading Centers (Plenum, New
York, 1984).

We thank C. J. Berg, P. Bouchet, C. B.
Calloway, J. F. Grassle, S. M. Kidwell, J. H.
McLean, R. S. Scheltema, V. Tunnicliffe and R.
C. Vrijenhoek for stimulating discussions and
critical reviews of the manuscript; J. F. Grassle,
J. H. McLean, and H. L. Sanders for supplying

1453



us with juvenile specimens of several of the
molluscan species; R. R. Hessler and H. L.
Sanders for many helpful discussions; A. S.
Pooley for advice and assistance with the scan-
ning electron microscopy; D. M. Rucci for kind-
ly typing the manuscript; and the Alvin/Lulu
deep-submergence group for invaluable techni-
cal assistance with the retrieval of specimens.
New Jersey Agricultural Experiment Station

Publication D-32506-4-84, supported by state
funds and by NSF grants OCE-78-08855
(R.D.T.), OCE-80-24897 (R.A.L.), EAR-81-
21212 (b.J. and R.A.L.), OCE-83-10891
(R.A.L.), and INT-83-12858 (R.A.L.). OASIS
Expedition Contribution 28 and Galapagos Rift
Biology Expedition Contribution 56.

used as an effective, short-acting sleep
medication (8). Benzodiazepine recep-
tors are present primarily in the brain (9),
but have also been found in platelets
(10). We examined the effects of several
benzodiazepines on human platelets acti-
vated by various agonists. We report
that alprazolam and triazolam are potent
and specific inhibitors of PAF-induced
activation of human platelets.

The effects of alprazolam on PAF—
induced aggregation of platelets and
shape change (/1) in human platelet-rich
plasma are shown in Fig. 1A. At a con-
centration of 10 wM, alprazolam inhibit-
ed the second wave of aggregation that is
associated with granular release. At 40
wM alprazolam completely inhibited
PAF-induced shape change as well as the
primary wave of aggregation (Fig. 1A).
The concentration of alprazolam produc-
ing a 50 percent decrease in the initial
velocity of PAF-induced aggregation in
platelet-rich plasma was about S5 uM
(Fig. 1B). Triazolam was even more po-
tent, showing a median inhibitory con-
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Platelet-Activating Factor-Induced Aggregation of Human
Platelets Specifically Inhibited by Triazolobenzodiazepines

Abstract. Platelet-activating factor (PAF), a naturally occurring phospholipid, is a
potent activator of various biological processes, including platelet aggregation. The
mechanisms by which PAF acts are largely unknown, partly because of the lack of
specific inhibitors for PAF-elicited responses. It was found that in washed human
platelets the psychotropic triazolobenzodiazepine drugs alprazolam and triazolam
potently inhibited PAF-induced changes in shape, aggregation, and secretion. The
effects were specific for PAF activation, since the responses of human platelets to
adenosine diphosphate, thrombin, epinephrine, collagen, arachidonate, and the
calcium ionophore A23187 were not inhibited by the triazolobenzodiazepines. These
psychotropic drugs should be useful in investigating the possibility that PAF or PAF-
like phospholipids play a role in neuronal function and in elucidating biochemical
mechanisms activated specifically by PAF in a variety of cells.

Platelet-activating factor (PAF) is a
naturally occurring phospholipid (1-O-
alkyl-2-acetyl-sn-glyceryl-3-phosphoryl-
choline) that is released into the blood in
vivo during immunoglobulin E-induced
anaphylaxis (). It is released from baso-
phils in vitro on immunological challenge
(1) and from platelets (2), neutrophils,
and macrophages (3) in response to spe-
cific stimuli. This phospholipid is a po-
tent mediator of inflammation (), has
antihypertensive activity (¢), induces
bronchoconstriction and contraction of
smooth muscle (/, 5), and is one of the

most powerful platelet activators known,
inducing platelet shape change, aggrega-
tion, and - secretion (6). The specific
mechanisms underlying the responses of
cells to PAF are unknown, and specific
antagonists of PAF’s action have not
been identified.

Benzodiazepines are used clinically as
anxiolytic and hypnotic agents. A deriv-
ative with a triazole ring (triazolobenzo-
diazepine), alprazolam, is particularly
useful in the treatment of panic disorder
with or without agoraphobia (7). A sec-
ond triazole derivative, triazolam, is

centration (ICsp) of less than 2 uM (Fig.
1B). Platelets from different individuals
varied in their sensitivity to PAF. Ac-
cordingly, the ICsy values for alprazolam
and triazolam inhibition also varied,
ranging from 2-to 12 uM and 1 to 7 pM,
respectively. A benzodiazepine without
the triazole ring, diazepam, did not in-
hibit PAF-induced platelet activation
even at concentrations at which alprazo-
lam and triazolam produced complete
inhibition (Fig. 1B).

Subsequent experiments were per-
formed to determine whether the effects

Fig. 1. (A) Inhibition of PAF-induced aggrega- 1007 5 100 }oo—oo—o&—o}‘—-———tﬂ—ﬂ—}—”—}—

tion of human platelets in plasma by alprazo- ¢ B

lam. Biood was taken from normal individuals 2 1 5 80
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approval of the Institutional Human Experi- 2 sz

mentation Committee of the University of £ 5 9 80

Vermont. The donors had fasted for at least B o g

10 hours to prolong platelet responses to PAF H 50 1 &% 40

(12) and claimed not to have taken any medi- o § g

cation during the preceding 2 weeks. Blood i 5 20

was collected into 3.8 percent trisodium ci- g &

trate (1:9), layered over a Ficoll Hypaque £ Y

gradient, and centrifuged at 150g for 15 min- £ 0 4 8 1D 2 . (L ?A , 20 40 100
ru

utes at 22°C to obtain platelet-rich plasma. 0
The platelet-rich plasma was removed and ‘
0.45-ml portions (2 x 108 to 4 x 108 platelets per milliliter) were incubated in a Chronolog-Lumi aggregometer for 1 minute at 37°C with stirring
under the following conditions: (trace 1) no drugs added [addition of ethanol at 0.034 and 0.12 percent (final concentrations when added with
alprazolam) had no effect on this activity]; (trace 2) 10 uM alprazolam; and (trace 3) 40 wM alprazolam (both concentrations were final).
Alprazolam (8-chloro-1-methyl-6-phenyl-4H-s-triazolo[4,3a][1,4]benzodiazepine) (provided by R. Purpura, Upjohn) was dissolved as a 1 mM
stock solution in 3 percent ethanol. Platelet aggregation was initiated by adding PAF at a final concentration of 51 nM (arrows). PAF (L-a-
lecithin,B-acetyl,y-O-alkyl; lot 386021) was obtained from Calbiochem-Behring as a pure lyophilized preparation, with the length of the alkyl
chain consisting mainly of C,¢ and C5. A 10 mM stock solution dissolved in a solution of 0.35 percent bovine serum albumin (BSA) and 0.15M
NaCl was stored frozen at —20°C. (B) Dose-response curves of inhibition of PAF-induced aggregation of platelets by alprazolam and triazolam.
Platelet-rich plasma was stirred for 1 minute at 37°C with one of the following: (O) Tyrode’s buffer or ethanol (controls); (@) alprazolam; (C1)
triazolam([8-chloro-6-(o-chlorophenyl)-1-methyl-4H-s-triazolo[4,3a][1,4]benzodiazepine]; or (A) diazepam. PAF (51 nM) was used to initiate
platelet aggregation. Triazolam, prepared as a 1 mM stock solution in 30 percent ethanol, was provided by Upjohn. Diazepam, freshly prepared
as a 1 mM stock solution in 3 percent ethanol, was provided by H. Sheppard and S. Spector (Hoffmann-La Roche). Each point is the
mean * standard deviation of the initial velocity of aggregation (/4) for three separate experiments, each involving platelet-rich plasma from a
different donor.
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