
Effects of Heat on Platelet Structure and Function

By JAMES C. WHITE

E SENSITIVITY of blood platelets to the influence of heat was first

described by Macfarlane’ and later confirmed in the extensive study by

Budtz-Olson.2 Exposure of platelet rich plasma to temperatures above 40 C.

for brief periods resulted in severe and irreversible impairments in platelet

functional activity. The basis for the damaging effect of heat on platelet

physiology has not been explained.

In the present study, the structural changes in platelets which develop after

warming PRP have been correlated with the heat-induced loss of functional

capacity. Heat produced a distinct morphologic transformation characterized

by loss of discoid shape, irregular swelling, and movement of hyaloplasmic

organelles to the platelet centers. Centrally displaced particles fuse with one

another, and this change is not reversed by cooling plasma to 37 C. The heated

cells do not aggregate in the presence of ADP or thrombin and will not pro-

duce clot retraction.

MATERIALS AND METHODS

General

The methods used in this laboratory for collection of blood, separation of citrate-platelet-

rich plasma (C-PRP), and processing of platelets for electron microscopy have been reported

in detail.3.4.5 Briefly, platelet-rich plasma was separated from normal blood collected in a

one-tenth volume of 3.8 per cent trisodium citrate. Fractionation was accomplished by slow

centnifugation at room temperature and the C-PRP was thereafter maintained at 37 C. in a

constant temperature water bath. Samples of PRY for experimental purposes were drawn

from the stock PRP. On completion of all studies, the residual PRP was fixed for examination
in the electron microscope to be sure that platelet discoid shape had been maintained.

Experiments were completed within two hours after separation of PRP.

Experimental Procedure

One ml. samples of stock C-PRP were transferred to fresh tubes. The platelet samples

were placed in a second constant temperature water bath which had been preheated to a

selected incubation temperature. Increments of temperature studied included 38, 40, 42, 43,

44, and 45 C. Three samples of platelets were incubated at each temperature for 15 mm. in

all experiments. A fourth tube was included in the platelet samples exposed to 45 C.

After the incubation period, one tube was combined with an equal volume of 0. 1 per cent

ghutarahdehyde in White’s’2 saline, pH 7.3, and sedimented at 1,200 rpm in an International

From the Department of Pediatrics, University of Minnesota Medical School, Minneapolis,

Minnesota 55455.
Supported by grants from U.S. Public Health Service #AM02917, CA08832, cardiovascu-

lar Clinical Research Program Project, Graduate school of the University of Minnesota, and

American Cancer Society, Minnesota Division.

First submitted September 28, 1967; accepted for publication November 12, 1967.

jAMES C. WHITE, M.D.: Department of Pediatrics, University of Minnesota, Minneapolis,

.�Iinn.

324 BLOOD, VOL. 32, No. 2 (AUGUST), 1968

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/32/2/324/574552/324.pdf by guest on 19 M

ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V32.2.324.324&domain=pdf&date_stamp=1968-08-01


hEAT AND PLATELETS 325

centrifuge for 15 mm. The cell button was refixed in 3 per cent glutaraldehyde in White’s

saline. After 15 mm. the cell pellet was cut into small blocks under fresh aldehyde fixative,

and the pieces were then dropped into chilled (4 C.) 1 per cent verona! buffered osmic acid,

p11 7.3 without washing.6 The platelets were maintained in osmic acid for one and a half

hours, then dehydrated in alcohol and embedded in Epon 812.

A second tube was combined with 0.1 ml. of a solution containing 250 �tM of adenosine

diphosphate, and returned to the 37 C. water bath. The tube was constantly aggitated and

observed for aggregation signaled by a snowstorm of fine particles. At the moment of

aggregation an equal volume of 0.1 per cent glutaraldehyde was mixed with the cell clumps,

and the sample was then processed for electron microscopy as described above. If aggrega-

tion did not occur in the sample within 10 mm. after addition of ADP, the cells were corn-

bined with aldehyde at that time.

The third tube was placed in the 37 C. water bath and recalcified with 0.1 ml. of 0.25 M

CaC 1 2 and observed for clot retraction. At the end of two hours, the extent of clot retraction

was ascertained and recorded. The clots were fixed in 3 per cent glutaraldehyde, post-fixed

in osmic acid, and embedded in Epon.

This procedure was followed for all temperatures of incubation studied. The fourth tube

maintained at 45 C. for 15 mm. was placed subsequently in the 37 C. water bath for 30 mm.

before fixation in the prescribed manner. The plastic-embedded platelets were sectioned on
an LKB ultramicrotome, stained with uranyl acetate and lead citrate, and examined in the

Phillips 200 electron microscope. The entire protocol of study has been repeated on five

occasions.

RESULTS

Normal Platelets

The ultrastructure of normal platelets fixed at 37 C. in glutaraldehyde before

exposure to chilled osmic acid has been established in previous studies.4’5’6

Unaltered platelets were typically discoid in form (Fig. 1 ). Internally the hya-

loplasm was dominated by a large number of randomly distributed granules. A

few dense bodies and mitochondria, occasional vacuoles, masses of glycogen

particles, and a tortuous canalicular system were also evident in the platelet

substance. A circumferential bundle of microtubules was located just under

the platelet surface.

Effect of Heat on Platelet Function

Platelets exposed to temperatures up to and including 42 C. for 15 mum.

appeared to function normally. Aggregation was promptly induced by ADP,

and clot retraction in recalcified samples was complete within the two hour

period of observation. In samples exposed earlier to 43 C., the ADP aggregates

formed at 37 C. were more finely particulate and less abundant than at lower

temperatures. Clot retraction was only 50 per cent of normal. Platelets incu-

bated at 44 C. did not appear to clump with ADP at 37 C. and clot retraction

was minimally evident at two hours. Samples maintained at 45 C. for 15 mm.

did not aggregate with ADP and clot retraction did not occur. Examination of

unretracted clots left overnight at 37 C. revealed no retraction.

Effects of Heat on Platelet Structure

The platelets from samples exposed to temperatures up to 42 C. revealed no

evident changes in morphology. At 42 C. occasional cells were noted which had

lost their discoid form and become irregularly spherical (Fig. 2). The percent-
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326 \\‘IHTI.:

Fig. 1.-Discoid platelet from sample of human citrate-platelet-rich plasma
fixed in glutaraldehyde at 37 C. A large number of granules (C) are embedded
in the compact hyaloplasm. Occasional dense bodies (DB), mitochondria (M),

vacuoles (V), masses of glycogen particles (Gly), and a well developed canalicular

system (C) are also evident. The microtubules (T) are concentrated in a circurn-
ferential bundle which lies just under the cell surface. Microfilaments are not evident
due to the compact structure of the unaltered cell. Mag. 45,500x.

age of cells which were no longer discoid in form increased at each increment

of temperature above 42 C., and at 45 C. all cells had developed typical struc-

tural alterations except for a few which appeared disrupted. The loss of disc

shape in heated platelets was accompanied by a marked reorganization of

formed elements in the platelet hyaloplasm (Figs. 3 and 4). Randomly distrib-

uted granules were moved close together in the central area of the cell matrix.
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HEAT AND PLATELETS 327

Fig. 2.-Platelet from sample of citrate PRP incubated at 42 C. for 15 mm.
Although most of the platelets after incubation at this temperature retain the

discoid appearance typical of unaltered cells, several examples were observed which

manifested moderate to severe signs of heat damage. The cell shown in this example
ha.s an irregular surface contour. Hvaloplasmic organelles are still widely distributed,

but elements of the marginal band of microtubules are located more deeply in the
matrix than in unaltered cells. The changes in this cell most likely represent earls’
alterations induced by heat. Mag. 76,300x.

The mass of centrally grouped particles was surrounded by an encircling web

of microtubules and microfilaments. Hyaloplasm peripheral to the clumped

particles was less electron-dense than in normal cells and was pouched out into

numerous blund pseudopods. Elements of the canalicular system were flattened

and intermixed with the mass of centrally located granules. Additional canalic-

uli appeared to encircle the mass of particles. Fusion of granules into masses
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328 WHITE

Fig. 3.-Platelet from sample of citrate PRP incubated at 43 C. for 15 mm. In
contrast to the cell in the previous illustration, this platelet appears to be at a

more advanced stage in morphological alteration#{149} The surface contour of the cell
is irregular, and the peripheral cytoplasm is almost free of organelles. Elements of
the marginal bundle of inicrotubules (T) have shifted toward the center of the cell.
Most of the granules are localized in the central region of the h�ahoplasm and may

appear fused. Canaliculi (C) are more flattened than in discoid cells. Many of the

irregular channels are intermixed with the centrally clumped particles, and a long

canal partly encircles the mass of granules. Mag. 73,800x.

of particulate material was commonly observed in the altered cells (Fig. 5).

Addition of ADP to C-PRP warmed to temperatures up to and including

42 C. produced large aggregates of cells manifesting the typical morphologic

changes previously described.5 Only a few small aggregates were evident in

samples combined with ADP after incubation at 43 C. The majority of cells
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HEAT AND PLATELETS 329

Fig. 4.-Platelet from C-PRP incubated at 43 C. for 15 mm. This cell from a

different preparation of C-PRP than the platelet shown in the previous figure has

almost identical changes. Centrally clumped particles are surrounded by canaliculi

(C) and microtubules (T). Microfilaments are not individually apparent due to the
density of the h�aloplasm. Some elements of the canalicular system appear dilated

in this example. Mag. 69,700x.

manifested the heat-induced alteration and did not clump together (Fig. 6).

No ADP aggregates were evident in samples previously exposed to 44 and

45C.

Platelet fibrin clots formed from recalcified samples after exposure to tem-

peratures of 42 C. or less were normal. Unretracted clots from C-PRP incu-
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Fig. 5.-PRP incubated at 44 C. The majority of platelets have this appearance
after exposure to 44 C. Canalicular elements (C) are sharply etched against the
background of centrally clumped and fused granules. Microtubules (T) and
mnicrofilaments (Mf) form an encircling collar around the mass of particles. Per-
ipheral hyaloplasm has a decreased electron density and is pouched out into irregular
pseudopods. Mag. 68,900x.

bated at temperatures of 43 to 45 C. were characterized by virtual absence of

aggregated platelets. A few small aggregates were evident in 43 C. samples,

but none were observed in clots formed from PRP incubated at 44 or 45 C. The

single cells manifested changes similar to control heated platelets or appeared

disrupted.

Samples of C-PRP cooled to 37 C. for 30 mm. after 15 min. at 45 C. remained

abnormal (Fig. 7). Discoid shape was not restored, and centrally clumped
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HEAT AND PLATELETS 331

Fig. 6.-Platelet from PRP sample exposed to 45 C. then combined with ADP
at 37 C. Cells incubated at 45 C. are uniformly altered. The typical alterations
imuduced b�’ high temperature are not affected by subsequent exposure of the cells

to ADP. At the higher temperatures, microfilaments (Mf) are more easily identified

in the collar surrounding the central mass of fused particles. The granule indicated
(C) contains three timbelike elements in its matrix. Mag. 73,800 x.

granules remained fused. There was, however, an increase in the number of

disrupted platelets after incubation at 37 C. Control platelets from stock C-PRP

maintained at 37 C. throughout the period of study retained their discoid

appearance.

DIscussIoN

A close relationship between platelet structure and function has been estab-

lished in previous investigations.7 Because environmental temperatures are
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Fig. 7.-After exposure to 45 C. for 15 mm. the sample from which this platelet

was obtained was incubated an additional 30 mm. at 37 C. The alterations induced
l)y heat are not reversed by restoration of the cells to the lower temperatures. Portions
of two adjacent platelets and the central cell manifest similar alterations in shape

and internal organization. Mag. 73,800x.

known to influence the physical form and activity of platelets in vitro, it

seemed worthwhile to attempt to relate the structural changes caused by

extremes of temperature to impairment of platelet function. A previous study4

dealt with the effects of chilling on platelet structure and physiology. Cold

causes platelets to lose their characteristic discoid form and become irregularly

swollen in appearance. The shape changes induced by low temperature are due

to complete depolvmerization of platelet hyaloplasmic and marginal band
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hEAT AND PLATELETS 333

microtubules. Chilled platelets are not aggregated by ADP, and clots formed

and maintained at 0 to 4 C. do not retract. The morphologic and physiologic

impairments produced in platelets by cold are completely reversed by warming

the PRP and clots to 37 C.

Exposure of platelets to elevated temperatures also caused the cells to lose

their discoid shape and become functionally inactive. Each increment of tem-

perature above 42 C. appears to cause a greater proportion of platelets to lose

their discoid form, and a more serious impairment of platelet function. After

exposure to 45 C., all of the platelets had altered shapes. The heat-damaged

cells did not aggregate after addition of ADP or recalcification and were

unable to support clot retraction. In contrast to the effects of chilling, heat-

inflicted damage to platelets was not reversed by restoring the PRP to 37 C.

The nature of the structural changes in warmed platelets appears directly

related to the irreparable impairment of functional activity. Loss of discoid

form and irregular swelling in heated cells do not differ from similar but

reversible changes caused by chilling. The striking difference produced by

temperature extremes is found in the internal organization of the cells.

Hyaloplasmic granules in chilled cells remain widely distributed, whereas the

organelles in heated platelets move to the cell centers and fuse into granular

masses. The centrally clumped particles are surrounded by a thick collar of

microtubules and microfilaments. Thus, shape changes and internal reorgani-

zation in heated platelets are not due to depolymerization of tubular elements,

the characteristic alteration underlying the effects produced by cold.

Though internal changes in heated platelets do not resemble those of chilled

cells, they are markedly similar to the alterations induced in platelets by ADP

and thrombin.5 Cells exposed to ADP and thrombin lose their disc form, swell,

and develop pseudopods. Internally the hyaloplasmic organelles are moved to

the cell centers where they appear surrounded by a close-fitting network of

microtubules and microfilaments. Centrally apposed particles in ADP-treated

cells do not fuse, and changes in external form and internal organization revert

to normal as the influence of ADP dissipates. Exposure to thrombin, however,

leads to fusion of centrally clumped granules in altered platelets, and this

change is not reversible. The fusion of intracellular granules is the character-

istic morphologic feature distinguishing nondissociable aggregates produced by

thrombin, collagen, and kaolin from the dissociable cell clumps which develop

on exposure to ADP, serotonin, and epinephrine.’ Thus, fusion of centrally

grouped particles in warmed platelets probably represents a major irreversible

injury induced in the cells by heat.

That fusion of granules is not the only permanent damage caused by heat is

suggested by the failure of warmed cells to aggregate with exogenous ADP.

Thrombin-treated platelets with fused granules are sticky, whereas heated

platelets with fused masses of particles appear unable to adhere to one an-
other. Heat may directly alter the surface of the platelet in such a way as to

prevent it from becoming sticky in the presence of aggregating agents.

The shift of randomly distributed particles to the centers of heat-altered

platelets, even though the cells become swollen, implied the action of force.
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Similar central movement of organelles in platelets exposed to ADP and throrn-

bin have suggested that these agents trigger a contractile wave in platelet

hyaloplasm.8 Biochemical studies have also indicated that ADP and thrombin

stimulate an early contractile response in the cells.9 Blood platelets are known

to contain a contractile protein, thrombosthenin, which is a calcium-magne-

sium-dependent adenosine triphosphatase.’#{176} Heat may activate thrombosthe-

nm by making calcium available from the injured cell wall, or possibly by in-

creasing the sensitivity of the contractile protein. Investigations by L#{252}scher

have demonstrated the similarity of actomyosin derived from muscle to

extracted platelet thrombosthenin.’#{176} Heating actomyosin gels to 43 C. inacti-

yates a relaxing site on the muscle protein molecule, and the warmed gels

will contract in the presence of Mg-ATP as well with calcium as without it.�

A similar effect of heat on platelet thrombosthenin may be responsible for the

contractile wave induced in intact cells by elevated temperature.

SUMMARY

The destructive effect of heat on platelet function was established by early

investigators. Warming platelets to temperatures above 42 C. was found to

destroy their clot-retracting capacity. In the present study, electron microscopic

observation has been correlated with tests of platelet function to determine

the basis of the damaging effect of heat on platelet physiology. Platelets

exposed to temperatures above 42 C. for brief periods lose their discoid shape

and become irregularly swollen. The granules of heated platelets are trans-

ported to the cell centers where they fuse together. Heat-altered platelets do

not aggregate in response to ADP or thrombin and will not retract clots.

SUMMARIO IN INTERLINGUA

Le effecto destructive que le calor exerce super le functionamento del plachettas es

cognoscite depost su demonstration per le prime pioneros in iste campo de recerca. Le

calefaction de plachettas a temperaturas de plus que 42 C se provava capace a destruer

br potential pro le retraction del coagulo. In le presente studio, observationes de micro-
scopia electronic esseva correlationate con tests del functionamento plachettal pro deter-

minar le base del effecto nocive de calor in le physiologia plachettal. Plachettas exponite
a temperaturas de plus que 42 C perde post breve periodos br figuration discoide e
exhibi imn stato de tumescentia irregular. Le granulos de calefacite plachettas es trans-

portate verso le centros cellular ubi illos se fusiona. Thermo-modificate plachettas non se

aggrega in responsa a ADP o thrombina, e illos non causa le retraction del coagulo.
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