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FINAL PROGRESS REPORT : DADA- l 7-70-C— 0083

The work on DADA- 1 7-70-C-0083 f rom 1 February 1970 - 30 June 1976
developed nove l techniques for 1) measuring the lipase activities of human
pla telets 2) measuring the rel ease of arachidon ic acid by human platelets
3) assessing the metabolic capacities of human platelets and primate arteries
in vivo 4) homogenizing and subfractionating human platelets 5)examining the
function of human platelet mitochondria.

Li pase activities of human platelets measured by patterns of release of
endogenous fa tty acid s Mos t labo ratories use phos phol ip ids labe led wi th one or
two radioactive fatty acids as substrates for the study of phospholipase activity
in vi tro. This technique has yielded much useful information but has serious
shortcomings wh i ch cente r on the artificial presentation of substrate . In the
method pioneered by the van Deenen laboratory , the substrate , usually synthesized
by live r microsomes and then sepa rated by thin-laye r chromatography, mus t be
dispersed by mechan i cal or chemical means to facilitate its access to catabolic
si tes. The dispersal , no matte r how comp lete , is not l ikely to allow the
synthesized compound to find a way , in a cel lular or par t ic u la te sys tem, to p recis e ly
mimic the relationship between substrates and enzyme that obtains in vivo .

In the method developed by Bills et al (1976) the substrate is labeled in
sit u by exposing whole platelets to a labeled fatty acid. This keeps the labeled
substrate in its natural position . However , as pointed out by us (Jesse and
Cohen, 1976) the distribut i on of the l abe l among phospholipids may depend more
on their anatomica l location than their norma l p ropensity to esterify the fatty
acid.

In December 1975 (Derksen and Cohen) we described a method for simultaneously
measuring the rel ease of all fatty acids from various endogenous substrates .
Using this technique , we found four types of li pases in human pla tele ts: two
acid (directed towards neutral lipids and the one-position of phopholi pids) and
two alkaline (directed towards the one-position or the two—position of phospho-
lipids). :,

Phospholipase A. , activity of human platelets measured by rel ease of
endoaenous arachidontc acid and by 0

~ 
consumDtion We comb i ned the technique

of Derksen and Cohen (1975) wi th polarographic measurement of 02 consumpt ion
and showed that the latter could be used to quantify the release of arachidonic
acid by human platelets. We then used the two novel techniques to show the
mechanism of the thrombin—mediated burs t in oxygen consumption by human platelets
(Plcke tt and Cohen , l976á), the predilection of phospholipase A2 in human platelets
for diacy l phospha tidy l ethanolamine (Jesse and Cohen , 1976), and the ind uc t ion
of phospholipase A2 activity in human platelets by trypsin (Pickett et al , 1976),
and the calcium ionophore A23l87 (Pickett et al , 1977).
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We plan to submit sometime in the Spring a fina l manuscript on work that
was completed last year on the effect of thrombin on phospho lipase activi ty
by platelets (Pickett et al).

We believe that the new methods for assessing lipase activities will
challe nge if not displace the techniques that employ radioactivity. Among
the several possible lines of investigation that our method is suited for
is the assessment of activities of the various lipases during platelet storage .
On the one hand , b reakdown of triglycerides could provide an energy source;
on the other , breakdown of phospho lipids could provide free arach i donic acid
for synthesis of thromboxanes , endope roxides and p ros tagla ndins , or could un-
stitch the fabric that holds membranes together , thereby ca usin g cell dea th.

Metabolism of platelets and arteries in vivo In 1973 (Derksen and Cohen)
we found that human ‘2l a telets can synthesize lanostero l and dihydrolanostero l
from mevalonate , and cho l estero l from desrnosterol , in vi tro , but are unable to
convert lanostero l into cholesterol . We also showed that human coronary artery
and aorta are apparently i ncapable of carrying the label from meva l onate beyond
lanos terol. The latter observation conflicted with previous reports describing
chol estero l biosyn thesis by arterial tissue , possibly owing to diffe rences in
technique . To resolve this i mportant issue , we devis ed nove l methods for com-
parin g in vitro and in vivo metabolic capacities of platelets an~14arteries .In what we described as an in vitro/in vivo method we incubated C meva l onic
acid with intact human platelets or primate arterial segments in vitro and then
returned each to in vivo conditions , the for mer by t ransfusio n , the latter by
rei mp l antation at the site of removal via end—to—end anastomosis (Derksen et
al , 1976). This showed that nonhuman 1~~rimate p la tele ts an~4ar te ries are unable to
cons ummate in vivo the

1~ yn thesis of C cholestero l from C lanostero l (the
stopping point of the C meva l onic acid labe l in vitro) . We then used direct
injec ti on of meva lonic acid in vivo to show tha t the blockade in demethy la t ion
of lanos tero l did not derive from a biochemica l lesion secondary to in vitro
man i pulation of the tissue. There are two i mportant aspects to these studies.
Firs t, they es tabl ish that nonhuman p la tele ts and arteries are inca pable of in
vivo biosyn thesis of cholesterol. Second , they des c r i b e a tech n i que for assess in g
the metabolic capacities of blood vessels in vivo , a technique  that deserves
wider application.

Subcellular frac tiona t i~ji We developed an improved method for isolating
alpha granules and mitochondria from human platelets by a swinging bucke t dens i ty
gradient method (Broekman et al , 1974). We attributed our success to two
departures : homogenization by cavitation forces developed by exp losi ve decom-
p ression , and the elimination of a prel iminary centrifugation to remove debris
before ultrac entrifugation . We then used this new technique to show that platelet
factor X III is a cytoplasmic component whereas fibrinogen and platelet factor 4
concentra te in alpha granules (Broekma n Ct al , 1975) and that p late let factor 3,
although present in all fractions , was , on the basis of phospholip id content ,
highest in the alpha granule and soluble fract ns (Broekman et al , l976a). We
then adapted our swinging bucket density gradient method (Broekma n et al , 1974)
to equilibrium densi ty and rate zonal ultracentr lfugation (Broekrna n et al , l 976b).
We were able to achieve with a one-step 5 hour centrifugation a separation of acid
hydrolase and respiratory enzyme activities that exceeded the capab ilities of the
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swinging bucket method and showed that the peaks for p-nitropheny lphosphatase
and lysosoma l acid hydro l ases were sepa rated . We also found that afte r
homogenization and zonal ul t racen tr i fugat ion ~-glycerophosphatase and ary l-
sulfa tase are histochemically loca ted in vesicles that resemble rat p l ate l et
lysosomes. The i mportance of this finding is that it provides a basis for
assessin g the ana tom ical behavior of p la telet l ysosomes unde r various conditions ,
Including storage.

Function of mitochondria in the intact platelet We approached the study
of human platelet mi tochondria by try in g to isolate them using differential
cent rifuga t ion, or densi ty gradient ultrancentrifugation (Broekma n et al , 1974)
but , in kee p ing wi th  observa t ions by Sal ganicoff and Fukami (1972) with swine
platele ts, were unable to show that such isolates had the metabolic characteristics
that are shared by mitochond ria from a variety of mammalian cells. We , therefore ,
returned to our earlier approach in which we studied mi tochondrial function in
the in tact platelet (Cohen and Wittel s , 1970) by exposure of pla tele t s uspensio ns
to graded decrements of osmolar ity in the presence of known mi tochondrial sub-
strates . By reviving this methodol ogy we showed ,for the first time , that human
p la telets are capable of tight respiratory coupling and respond to a variety
of mitochondrial substrates in a way that mammalian mitochond ria from other cells
are expected to behave (Pickett and Cohen , 1976). The new data provide a basis
for studyin g the effects of storage on mitochondrial function in the intact
platelet.

I think that severa l of these projects have relevance to the contract
research on platelet transfusion and storage that is supported by the Surg i ca l
Research Divisio n of the Surgeon General1 s Of f ice.  The ques t for the lesion
of platelet storage can now be pursued by applying the new techniques in studies
that compare 1) the lipase activities 2) the consumption of 0

2 (and thegeneration of compounds in the prostaglandin pathway) 3) the morphological and
biochemica l behavior of lysosomes and alpha granules and 4) the function of
mitochondria , i n stored versus fresh intact platelets. In another connection ,
the nove l app roach to the s tudy of the metabolis m of blood vess e ls in vivo may
be useful in research on the metabolic effects of trauma and repair of blood
vessels , pursui ts that are of particular concern to military surgeons.

described studies. 
the Army 1 s inte rest in and support 
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