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Ultrastructural Changes of Cytoskeletons in Human Blood
Platelets during Activation

Naoto OHTAKE

Department of Anatomy, Shinshu University School of Medicine
(Director : Prof, Tetsuji NAGATA)

This study evaluated the changes of cytoskeletal organizations and the association of cyto-
gskeletons with cell organelles in human blood platelets.‘

Nonactivated platelets were fixed with paraformaldehyde before or after isolation from venous
blood. Other platelets were fixed with paraformaldehyde after thrombin-activation for 30 or 60
sec. The platelets were processed for the platelet-splitting method. Some nonactivated platelets
fixed before isolation were additionally treated by the freeze-fracturing method. The replica
membranes were routinely prepared by the deep-etching method.

Microfilamentouis meshworks of cytoskeletons obtained by the combination method of platelet-
splitting and freeze-fracturing methods in the nonactivated platelets fixed before isolation were
randomly organized, and associated with cell organelles (Figs.1, 2, 8a) Similar cytoskeletal
organizations appeared in the platelets using the platelet-splitting' method alone (Figs.3, 4, 8a).
Therefore, the cytoskeletal organizations in the deep cytoplasm can be revealed by using not only
the combination method but also the platelet-splitting method alone. On the contrary, some
microfilaments in the nonactivated platelets fixed after isolation ran parallel to each other and
reached to the cell membrane (Figs. 5, 8b). After thrombin-activation, some microfilaments became
to show more parallel arrangements to form bundles in the platelets activated for 30 sec (Figs. 6,
8c), They were also attached end-on and laterally to irregular-ellipsoid cell organelles with fine-
nodular surfaces, and only laterally to round cell organelles with fine-nodular or smooth surfaces
in the platelets activated for 30 or 60 sec (Figs.6, 7, 8d). '

It is concluded that some discoid platelets without filopodia which are fixed after isolation
have already reorganized the cytoskeletons and are not true nonactivated platelets. Also, the
dense attachment of cytoskeletons to cell organelles in the activated platelets seems to be impor-
tant in the functional changes in the cytoplasm. Shinshu Med. J., 85 : 581—591, 1987

" (Received for publication January 23, 1987)

" Key words : blood platelet, cytoskeleton, platelet-splitting method, freeze-fracturing
method, deep-etching method ‘ ' ‘
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la, b A pair of stereo-pictures of intracellular replica of the nonactivated platelets
fixed before isolation and prepared by the combination of the platelet-splitting and
freeze-fracturing methods. Cytoskeletal filaments are randomly organized (large
arrowheads) and associated with cell organelles (small arrowheads) in the cytopiasm.
Unit membranes of cell membranes and cell organelles were freeze-fractured,
(x 42,000} Insets : Low power magnification of a discoid platelet without filopodia,
(% 9,000) E:Edge of freeze-fractured cell membrane, EF : Exoplasmic face, PF:

2a, b A pair of stereo-pictures of intracellular replica of the nonactivated platelets
treated by the same methods in Fig. 1. The microfilaments are randomly distributed
(large arrowhead) and associated with cell organelies (small arrowhead) in the freeze-
fractured cytoplasm. The top cell membrane is freeze-fractured to show the
protoplasmic face. (x 42,000) E, EF and O: The same abbreviations to. those in

Fig.

Protoplasmic face, O: Cell organelle.
Fig.

Fig. 1.
Fig.

3a, b A pair of stereo-pictures of intracellular replicas of the nonactivated platelets
fixed before isolation and prepared by the platelet-splitting method alone. Cyto-
skeletal organizations are similar to those observed in Figs. 1, 2 (large arrowhead),
The microfilaments are associated with three kinds of cell organelles in the cytoplasm
which are preserved by weak washing treatment. (X 42,000) O, : Irregular-ellipsoid
cell organelle with fine-nodular surface, O:: Round cell organelle with fine-nodular
surface, O; : Round cell organelle with smooth surface.

Fig. 4 An electron micrograph of intracellular replica of the nonactivated platelets treated

by the same methods in Fig. 3. The cytoskeletal organizations are similar to those
observed in Figs. 1, 2 (large arrowhead). Almost all cell organelles are removed
from the cytoplasm by sufficient washing treatment after the platelet-splitting
method. The microfilaments are associated with a few round cell organelles with
fine-nodular surfaces, (% 72,000) Inset : Low power magnification of a discoid platelet
without filopodia. (x 11,000) O : The same abbreviation to that in Fig. 3.

Fig. 5 An electron micrograph of intracellular replica of the nonactivated platelets fixed

No. 5, 1987

after isolation and prepared by the platelet-splitting method alone. Meshworks of
cytoskeletal microfilaments become finer than those in the nonactivated platelets
before isolation. Some microfilaments run parallel to each other (small arrowhead)
and reached to the cell membrane (large arrowhead). (x 58,000) Inset : Low power
magnification of a discoid platelet without filopodia. (x 11,000)
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Fig. 6a, b A pair of stereo-pictures of intracellular replica of the platelet activated for

30- sec and prepared by the platelet-splitting method alone. Cytoskeletal micro-
filaments are organized more densely than those in the nonactivated platelets and
form a dense meshwork of the bundles which run parallel around cell organelles
(small arrowhead). The microfilaments are attached laterally to the round cell or-
ganelles with fine-nodular surfaces. (X 100,000) Insets : Low power magnification of
an activated platelet with a short filopodia. (X 8,500) O;: The same abbreviation to
that in Fig. 3, F : Filopodia.

Fig. 7a, b A pair of stereo-pictures of intracellular replica of the platelets activated

586

for 60 sec and prepared by the platelet-splitting method alone. The microfilaments
are attached end-on and laterally to the irregular-ellipsoid cell organelle with fine-
nodular surface (large and small arrowheads, respectively), and only laterally to
the round cell organelles with smooth surfaces (arrow), (% 105,000) O, and O;: The
same abbreviations to those in Fig, 3.
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Fig. 8 Schematic representation of cyto-
skeletal organizations in the nonactivated
and activated platelets.

a , Cytoskeletal microfilaments in the non-
activated platelet fixed before isolation
are randomly distributed in the cytoplasm.

b Some microfilaments in the nonac-
tivated platelet fixed after isolation run
parallel to each other and are associated
with the cell membrane.

¢ Miecrofilaments in the platelet activated
for 30 or 60 sec form a condesed mesh-
work of the bundles which run parallel
around the cell organelles.

d The microfilaments are attached to
three kinds of cell organelles.

1 End-on and lateral attachments to the
irregular-ellipsoid cell organelle with
fine-nodular surface (small and large
arrowheads, respectively).

2 Only lateral attachment to the round

" cell organelle with fine-nodular sur-
face.

3 Only lateral attachment to the round
cell organelle with smooth surface.
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