
The Ultrastructure of Negatively Stained Platelets

Some Physiologic Implications

By BIuAN S. BULL

P LATELETS PLAY A specific and very characteristic role in hemostasis, yet

morphologic study by both light and electron microscopy has yielded few
clues on the mechanism by which these cells accomplish their task. The ex-

amination of whole mounts of negatively stained platelets has revealed an

unexpected wealth of morphologic detail. It is the purpose of this presentation

to describe the morphologic findings and to present a speculative interpreta-

tioll of their physiologic significance.

Many of these structures have not been previously identified. Presumably

they were not rendered insoluble by aldehyde or osmium tetroxide fixation and

were extracted either by the aqueous fixative itself or by the alcohol and

propylene oxide necessary in the subsequent steps of the embedding process.

Previous attempts at preparing whole mounts of platelets have employed

aqueous fixatives, a step which can be replaced by drying of the platelets on

tile grid. By use of this simple modification even highly water soluble sub-

stances can be retained for study.

The whole mount technic has the additional advantage of permitting study of

the platelet in its natural environment and in its interactions with that environ-

lilelTit. In many cases the end products of these interactions are large molecules

which are rendered visible by the same negative staining procedure that out-

lines tile platelet.

MATERIALS AND METHODS

Carbon-coated grids were prepared by coating grids with collodion, evaporating a carbon

layer onto the collodion surface, and then removing the collodion in amyl acetate. Platelet

rich plasma (PRP) was obtained by sedimentation of freshly drawn blood anticoagulated

either by rinsing the syringe with heparin (1,000 units/ml.) or by adding ACD solution in a

ratio of 6 : 1.

A drop of platelet rich plasma was balanced on a grid held horizontally, and after

permitting contact between plasma and grid for 3 minutes the plasma was removed by

absorption with filter paper. The grid was rinsed with 2 per cent PTA (phosphotungstic

acid neutralized to 1)H 6.8 with potassium hydroxide), by placing upon it a large drop of

the negative stain and immediately removing it. A second drop was placed on the grid,

allowed to remain for a few seconds, and then sucked off. A thin film of PTA remained

covermg the platelets which had been left behind on the grid after the removal of the

plasnia. This preparation was permitted to air dry completely prior to being examined in
the electron microscope.

The specimens were photographed in an RCA EMU 3C, at 50 kv. The microscope was

From the Clinical Pathology Department, Clinical Center, National Institutes of I-Iealth,

Bethesda, ?ilaryland.

First submitted Feb. 23, 1966; accepted for publication June 26, 1.966.

Biu.�N S. BULL, M.D. : Clinical Pathology Department, Clinical Center, National Institutes

of Health, Bethesda, Maryland.

901

BLOOD, \70L. 28. No. 6 (DECEMBER), 1966

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/6/901/573364/901.pdf by guest on 19 M

ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V28.6.901.901&domain=pdf&date_stamp=1966-12-01
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e(1Ui1)1)ed with a single condenser and with condenser and objective apertures of 250

iiiicrons and 25 microns, respectively.

Iii a few cases Thorotrast (final concentration 0.5 per cent) or Hypaque (final concen-

tration 1.0 ier cent) was incubated with the PRP for 10 tiiinutes � to placing the PRP

on the grids as described above. The final step prior to (Irving for both the incubated prep-

arations and the unstained ones was a momentary rinse of distilled water. This was

accomplished by adding a single drop of (listilled water to o�e side of the grid and

simultaneously removing it froni the other side with filter paper.

In all preparations there was a small percentage of platelets with membranes permeable

to PTA. as evidenced by negative staining of their granules. The number of such platelets

could be increased by a variety of methods known to initiate viscous metamorphosis, such as

recalcification of citrated PRP or the addition of E. coli endotoxin as a crude broth extract.

Both procedures were employed when the internal structure of platelets was under study.

RESULTS

Figure i is the granulomere of a platelet from citrated PRP which had been

recalcified while 011 the specimen grid for 60 seconds before the application of

the negative stain and drying. A complex array of granules, intertwining tubes,

membranes, collapsed vacuoles, and focal deposits of granular material is

visible. The complexity is increased because several planes are being viewed at

once in the whole mount.

The hyalomere ( Figure 2) shows clearly the fibrils previously described by

Thierry and by Bessis and Breton-Gorius. These fibrils can be seen external to

the cell membrane having been extruded through a break in the cell mem-

i)rane ( Fig. 3). The patterns formed by these fibrils seem to depend upon the

shape of the cell and upon the angle from which they are being viewed. In a

circular platelet they tend to line up in a peripheral band ( Fig. 2B ); when

viewed vertically they form an interlocking mat ( Fig. 4 ); in platelet dendrites

they line up with the main axis ( Fig. 5). Electron dense bodies, usually round

or oval, are seen in 20-80 per cent of the platelets in all preparations examined

whether unstained or negatively stained ( Figs. 6-8, 13 and 14 ) . Many of these

i)Odies possess long whip-like extensions; some show peculiar loops or whorls.

In some platelets, parts of these dense bodies can be seen extending beyond

the cell membrane, indicating that they are external to it ( Figs. 8, 13 and 14).

Ill the same picture a coat may be seen external to the cell membrane about

600 A thick, in which the dense bodies appear to he embedded. The coat can

be seen in platelets incubated with Thorotrast ( Fig. 9 ) and with Hypaque

(Fig. iO). The coat is also visible in PTA stained platelets, but is clumped and

fragmented ( Fig. ii).

In the negatively stained preparations a dense accumulation of PTA sur-

rounds each platelet like a halo ( Figs. 1 i and 12). This halo is also present in

unstained platelets but is less prominent ( Figs. 13 and i4 ). Occasionally the

halo can i)e seen over part of a platelet. Where the halo is absent, clusters of

hexagonal structures are present on or around the platelet membrane (Figs. 15

and 16 ) . \Vhen the entire halo is absent, tile same hexagonal structures may be

seen surrounding the platelet. Platelets without the halo are permeable to the

iicgative stain.

The wide variety of shapes assumed by the electron dense bodies and the

appearance of the halo prior to staining are demonstrated in Figures 13 and
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ULTRASTRUCTURE OF NEGATIVELY STAINED PLATELETS 903

Fig. 1.-The granulomere of a platelet from recalcified platelet rich plasma.
Viscous nietamorphosis ( NTM ) has progressed to the point where staining of internal

structures is possible. x 44,000, stained with PTA.

Fig. 2A and 2B.-A platelet in the same stage of VM as in Figure 1. The fibrils

are arranged in a band surrounding the granulomere. The coat has been shed but

a few hexagonal fragments are still present. x 22,000 and x 44,000, stained with

PTA.
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Fig. 3.-The fibrils have been extruded through a break in the plasma membrane.
The group of fibrils (arrow) probably represents part of a iiiiCrOtUi)Ule. X 44,000,

stained with PTA.
Fig. 4.-Many fibrils in mat-like array are present in the hyalomere. X 44,000,

stained with PTA.
Fig. 5.-A platelet pseudopod (dendrite) with a linear arrangement of fibrils.

X 44,000 stained with PTA.
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in the granulomere appear as electron lucent regions. i r� � tails of the tadpole-
shaped dense bodies are not deflected by the granulomere. x 22,000, stained with

Hypaque.
Fig. 7.-The edge of an unstained platelet. A small blister (arrow) of the

coat is evident. x 44,000, unstained.

Fig. 8.-Several dense bodies are seen embedded in the coat (thickness indicated
by double arrows) protruding beyond the limit of the plasma membrane. X 44,000,
stained with Hypaque.
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Fig. 9.-A platelet surrounded by a coat which is somewhat thicker than usual.
x 44,000, outlined with Thorotrast.

Fig. 10.-A depression in the coat is present (arrow). The thickness of the coat
is indicated by the double arrows. The dense body is of the spherical variety.

x 44,000, stained with Hvpaque.
Fig. 11.-An intact platelet stained with PTA. The intense halo of PTA has

obliterated evidence of the coat at the edge of the platelet except between 3 and

5 o’clock, where a blistered and fragmented remnant is visible (arrow) . X 17,000.
stained with PTA.

Fig. 12.-A group of intact platelets with characteristic halos. One platelet
in which the granules are visible has shed its coat and no longer retains the colloidal
cloud which causes the PTA halo. x 8500, stained with PTA.
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ULTRASTRUCrURE op NEGATIVELY STAINED PLATELETS 907

14. The platelets in Figure 13 are from heparinized blood; those in Figure 14

are from citrated blood. Neither preparation has been stained.

The halo of platelets prepared from freshly drawn citrated blood may be

observed to disappear by taking successive samples from PRP after recalcifica-

tion. Initially only 2-5 per cent of the platelets in a sample lack the halo (Fig.

12, upper right; and Fig. 2) but within 3 minutes fewer than 5 per cent of the

platelets in the preparation still retain it. The remainder, lacking a halo, show

the changes in internal structure depicted in Figures 1-5.

White cells are occasionally encountered in the PRP preparations. They also

show a halo which is narrower than that of platelets. The internal structures

are invisible, however, except in a rare cell which has been disrupted or in

which tile membrane has been torn, so as to permit the passage of PTA.

Apparently no permeability to the negative stain is induced in white cells by

the procedures such as brief exposure to a hypotonic environment, recalcifica-

tion or addition of endotoxin used here for studies on platelets.

DiscussIoN

The technic of negative staining was developed in connection with studies

on the morphology of viruses and other particles of similar size.1’2 It has

previously been employed in studies on larger cellular structures,3 but only in

conjunction with aqueous fixatives. Since this method employing “unfixed,”

dried, whole mounts has not been previously described, it should be noted that

the appearance of the platelets undergoes no change while exposed to the

electron beam. The stability during long periods of examination is taken as

evidence that any artefacts introduced are those due to drying and are not due

to heat or other physical effects of the electron beam. Because such minute and

fragile structures as fibrils are preserved routinely in these preparations-struc-

tures which only optimal fixation technics preserve in thin sections-it is felt

that the remainder of the features described are real and not merely artefacts

engendered by the method of specimen preparation.

Negative staining of whole mounts of platelets has one prime disadvantage.

The technic reveals nothing of platelet structure internal to the hydrophobic

plasma membrane until the membrane has become permeable to the aqueous

PTA. Because this does not occur until viscous metamorphosis has already

commenced, the technic does not reveal anything about the internal organiza-

tion of an intact platelet. Once the platelet membrane has undergone sufficient

disruption to permit the passage of PTA, use of the technic described permits a

number of maneuvers not otherwise possible.

Spatial relationships can be visualized in a single photograph. In Figure 1,

1)0th tubules and granules can be seen and connections between these two

structures are visible. In Figure 6, there is an indication that the dense body

\Vitll its whip-like tail is lying in a different plane from the vaguely outlined

granulomere. The long thin extension traverses the region of the granulomere

but is not deflected by the granules and must therefore lie above or below

these structures. Evidence from pictures such as this one, and from platelets

such as the ones shown in Figures 8, 13 and 14, serves to place at least the

elongated dense bodies external to the plasma membrane,
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908 BRIAN S. BULL

Fig. 13.-Two platelets from heparinized plasma showing the various forms
assumed by the dense bodies. The globular head of one of the dense bodies appears

to extend partially around the platelet niargins. x 9000, unstained.

Fig. 14.-Two platelets from citrated plasma. Note that both the dense bodies

and the halo are visible prior to application of the negative stain. x 9000, unstained.
Fig. 15.-Hexagonal fragments from the platelet coat. X 17,000, stained with PTA.
Fig. 16.-Similar fragments at higher magnification. x 110,000, stained with PTA,
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ULTRA5TRUCrURE OF NEGATIVELY STAINED PLATELETS 909

Fig. 17.-A schematized platelet showing the various morphologic features
identifible in the negatively stained whole mount. A speculative interpretation of

their physiologic significance is presented in the text.

A reconstruction of an intact platelet based upon tile evidence here pre-

sented is silOsvn in Figure 17. Several features are not drawn to scale for the

sake of clarity. The thickness of both the coat and the cloud have been

exaggerated relative to the thickness of the plasma membrane. The granu-

lomere is not shown spread out as it is known to exist in an intact platelet, but

is sllo\s’n contracted as in the early stages of viscous metamorphosis. The inset

of the coat l)reakmg up into fragments is to he similarly interpreted. The

thickness of the coat in Figures 6-10 is almost certainly greater than the

thickness of this coat in vivo. The carbon coat of the grid appears to have a

special affinity for the coat and induces it to spread. Tile actual thickness of the

coat is probably no more than two to three times the thickness of the plasm�t

membrane.

These morphologic details may he incorporated into a speculative scheme of

platelet physiology. External to the platelet plasma membrane there is a coat

which contains electron dense bodies. This coat merges into a colloidal cloud

formed of the coat material and absorbed plasma proteins. The intense ac-

cumulation of PTA around a platelet denotes the presence of this cloud which

contains all of the plasma proteins, particularly fibrinogen and other coagula-

tion factors. The coat, in addition to maintaining the colloidal cloud, covers the

rneml)rane phospholipid, rendering it inactive. During the earliest stages of

viscous metamorphosis this coat is shed, and simultaneously the platelet gran-

ules discharge their contents via intracellular membranous conduits. It is

difficult to determine the time sequence of these last two events because the�’

l)Otil occur with such ra1)idity. Removal of the protecting coat, coupled with

discharge of hydrolytic enzymes capable of stripping protein from phospho-

lipid membranes both within and on the surface of the cell, makes meml)rane

lipid available to catalyze coagulation. The coat, on the basis of evidence
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910 BRIAN S. BULL

adduced below, is largely mucopolysaccharide in composition. Upon its disso-

lution it forms small, hexagonal, macromolecular fragments. The release of

mucopolysaccharide at the site of a minute platelet thrombus on injured en-

dothelium may contribute to the maintenance of vascular integrity.

Though highly speculative, the proposed scheme is in accord with a con-

siderable amount of experimental evidence. The existence of a coat external to

the plasma membrane has been proposed for all cells.4 This hypothetical coat

is thought to endow the plasma membrane, which is morphologically identical

in all cells, with the attributes characteristic of the cell which secretes it. Such

a coat has been documented on the plasma membrane of an amoeba,5 and on

tiliS organism it exists in two well-defined layers, the inner one being the more

dense. In mammalian bone marrow cells there is local evidence for such a coat

on tilat portion of the cell membrane destined to form a ropheocytotic vesicle

and tilere is suggestive evidence for its existence over the remaining portion of

the cell membrane of erythroblasts.6 On the basis of indirect evidence, the

existence of such a coat around platelets has also 1)een suggested. It has been

suggested that the presence of such a protective layer might explain the in-

crease in availability of platelet lipid which occurred after washing and during

clottillg.7 An analysis of the coat of the amoeba shows it to contain some

trypsin digestible protein, but to be largely sulfated mucopolysaccharide in

nature.8 Both thrombin and trypsin applied to platelets cause disruption of the

coat and formation of the hexagonal structures. These hexagons, shown in

Figures 2, 3, 15 and 16, are probably polysaccharide in nature. They are

morphologically quite similar to glycogen granules but are not susceptible to

digestion by diastase.

Platelets contain sulfated mucopolysaccharide when analyzed chemically.9

Because 5a:i can be eluted readily from platelets,1#{176} it seems likely that part of

the tracer is incorporated into a surface coat. The presence of a sulfated

mucopolysaccharide external to the platelet membrane would provide a likely

site for lal)el incorporation alld explain the reason for its rapid disappearance,

since platelets are known to 1)e major contributors to serum mucopolysac-

charide levels.”

The suggestive connection of the platelet granules to intracellular conduits

through which they might be presumed to discharge their contents is of in-

terest in view of some apparently contradictory reports. It has been shown that

platelets undergoing viscous metamorphosis release 80 per cent of their sero-

tonin and from 30-45 per cent of potassium with nO loss of amino acids.’2

Because it seemed unlikely that a general increase in membrane permeability

should engender such a selective release of intracellular substance, the release

of intact platelet granules has been proposed on several occasions.’�,’4 The

evidence both from light and from electron microscopy has been over-

whelming that only an occasional granule escapes from the confines of the

platelet membrane until the clotting process is far advanced and long after

viscous metamorphosis is complete.’5’7 The discharge of the specific sub-

stances from granules during viscous metamorphosis, to tile outside while the

granules retain their intracellular location, would harmonize the observations

referred to above.
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ULTRASTRUCrURE OF NEGATIVELY STAINED PLATELETS 911

Two platelet structures described in the illustrations have not been included

in the above sequence because few clues are available to suggest the part they

play in platelet physiology. The fibrils most likely have a supporting function.

The dense bodies ill the coat seem to be relatively inert. Fibrils morpholog-

ically similar to those described in the hyalomere have been identified in a

wide variety of plant and animal cells.’ They have also been previously

identified in platelets.�92#{176} That these structures have some innate resilience

and are not merely indicators of hyaloplasmic flow is indicated both by their

persistence when extruded from the cell and by their mat-like appearance in

certain portions of the cytoplasm ( Fig. 4).

The dense bodies contained within the coat appear to be inert and a specific

function cannot he readily ascribed to them. Their shape is variable and at

times many small fragments are present rather than one well organized body.

Because of the thickness of whole mount preparations, it is impossible to be

sure that all of these bodies are external to the plasma membrane, although the

ones showing whip-like extensions are almost certainly in this location. The

spherical bodies are not homogenous in composition, as exposure to aqueous

uranyl acetate following drying produces irregular cavities in the spheres.

Those which are irregularly shaped are occasionally partially electron lucent.

They have a crystalline structure suggestive of phospholipid, and it is possible

that they represent accumulations of membrane lipid destined for release into

the plasma. It is also conceivable that they represent an aging phenomenon

and are the result of damage to the cell membrane. Two other possibilities

must be entertained. These bodies may be accumulated by the platelet from its

environment or they may be artefacts engendered by the preparative process.

This latter possibility seems unlikely, as these dense bodies occur in both

stained and unstained preparations. They are similarly present in platelets

exposed to a hypotonic environment prior to drying and in those dried in

isotonic buffers. Drying is of course common to all these preparative technics,

but it is difficult to envision how drying could produce artefacts of this nature.

SUMMARY

Negative staining of whole mounts of platelets preserves several structures

not previously described. External to the plasma membrane there is a coat

which contains electron dense bodies of varying shape. External to the coat is

a region which stains intensely with phosphot�mgstate. Platelet granules coexist

with tubules in the granulomere as well as with a large number of other

membraneous structures.

A speculative interpretation of the function served by these structures in

platelet physiology is proposed. The PTA halo denotes a cloud of adsorbed

plasma proteins, including fibrinogen maintained in the platelet environment

by the coat. During viscous metamorphosis, coagulation is catalyzed by dis-

charge of the contents of the granules and shedding of the coat.

SUxINIARI0 IN INTERLINGUA

Le tincturation negative de montages integral de plachettas preserva plure

structuras non previemente describite. Al extero del membrana plasmatic il

existe un strato que contine corpores electrono-opac de vane conformationes.
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912 BRIAN 5. BULL

Al extero de iste strato il existe un region que accepta un intense tmcturation

ab phosphotungstato. Granulos plachettal coexiste con tubulos in Ic granulo-

mero Si ben como con un grande numero de altere structuras membranose.

Un interpretation speculative del function de iste structuras in le physiologia

del plachettas es proponite. Le halo de acido phosphotungstic indica le pre-

sentia de un nube de adsorbite proteinas plasmatic, incluse fibrinogeno

mantenite in le ambiente del plachetta per le strato exterior. In Ic curso de

metamorphose viscose, coagulation es catalysate per le discarga del contento

de granulos e le disjection del strato exterior.
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