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Abstract 

To determine the role of platelets in normal haemo
stasis and pathological atherosclerosis, specific 
aspecls of their ultrastructure have been investigated. 
Pinnipeds have been used as a model to study .the 
dietary effects of marine oils, rich in n-3 fatty aCids, 
on the reduced incidence of human cardiovascular 
disease. 

Ultrastructural features of hooded seal (Cysto
phora cristata) platelets resemble those characteristic 
of circulating mammalian thrombocytes. These 
include: submembrane filaments, a circumferential 
band of microtubules, a surface-connected canalicu
lar system, a dense tubular system, alpha granules, 
mitochondria, dense bodies and glycogen. Hood~d 

seal platelets, however, were found to remain 
discoid and maintain their circumferential band of 
microtubules when cooled to and fixed at 4°C. 

Introduction 

There has been a dramatic rise in the incidence of 
human cardiovascular disease in the latter half of the 
20th century and a corresponding increased appreci
ation that blood platelets play an important role in 
haemostasis and atherosclerosis. These changes have 
triggered a demand for knowledge regarding platelel 
morphology, physiology and function (Whi.le, 1979). 
Extensive research has been conducted involving 
blood platelets of man and many mammalian species 
(Maupin, 1969). There are few dala, however, 
regarding pinniped platelets. 

Mammalian plalelets are fairly conservative in 
morphology and ultraslructure (Robinson et aI., 
1969; Lewis & Bowie, 1978; While, 1979) wilh 
characlerislic struclures such as a circumferential 
band of microtubules, microfilamenls, dense bodies, 
granules, mitochondria, glycogen, a dense tubular 
system and a surface-connected canalicular system 
(White, 1979; Meyers et al., 1982). Electron 
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microscopy has provided valuable information 
defining many structural elements involved in the 
haemostatic function of blood platelets (White, 
1987). 

Epidemiological studies have indicated an associ
ation between the low incidence of acute myocardial 
infarction amongst the Greenland Inuits (Bang et al., 
1976; Dyerberg et aI., 1975; Dyerberg & Bang, 1979) 
and Japanese coastal fisherman (Hirai & Tamura, 
1987) with their high dietary intake ofn-3 fatty acids. 
Also, a large amount of evidence has accumulated 
linking the ingestion of marine oils rich in eicosape~
taenoic acid (20: 5(n-3), EPA) and docosahexaenOic 
acid (22:6(n-3), DHA) with prolonged bleeding 
times, diminished platelet response to agonists and 
decreased risk of atherosclerosis and ischaemic heart 
disease (Sanders et al., 1980; Siess et al., 1980; Ahmed 
& Holub, 1984). 

Recent research has introduced pinnipeds as 
animal models for studying the effects of dietary 
fats on platelet aggregation (Puppione et aI., 1987; 
Ahmed et aI., 1989; Miller, 1989). Since most 
pinniped species subsist solely on marine organisms 
(King, 1983), rich in n-3 fats, they may provide a 
valuable model to study the long term effects of a 
diet rich in omega 3 polyunsaturated fatty acids on 
platelet composition, activity and lhe physiological 
mechanisms that give rise to favourable platelet 
function in terms of reduced cardiovascular disease 
(Puppione et al., 1987). Pinnipeds appear to ?e. f~ee 
of atherosclerosis (Ackman et al., 1979), exhibiting 
prolonged bleeding times in air and platelets which 
are unstimulated by agonists at levels which cause 
aggregation of human platelets (Puppione et al., 
1987). The ultraslructures of resting seal pIatelets are 
presented here for the first time. 

Materials and Methods 

One adult female and two male hooded seals 
(Cystophora cristata) housed at the University of 
Guelph, were maintained in freshwater flow through 
tanks at a temperature of approximately lODe. The 
animals were fed twice daily on a diet of whole 
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herring (Clupea harengus), supplemented with 
sodium chloride and vitamins. 

For each animal, 30 ml of blood were collected 
from the hind flipper plexus (Ronald el al., 1969; 
Geraci, 1971) with siliconized Vacutainer tubes con
taining 1/6 volume of 1.5% Na2EDTA, 0.85% NaCl 
as anticoagulant (Holub & Celi, 1984). The blood 
was spun in a centrifuge at 300 g for 15 min at 
4°C. The platelet rich plasma was drawn off with 
siliconized Pasteur pipettes and suspended in a 2.5% 
gluteraldehyde in 0.1 M phosphate buffer (pH 7.4) at 
a volume ratio of I: 20. After fixation for one hour at 
room temperature, the cells were respun at 300 g for 
10 min and the fixative was removed. The pellet was 
transferred to a Pyrex tube and post-fixed in 1.0% 
osmium tetroxide in phosphate buffer and dehyd
rated in an ascending ethanol series. The pellet 
was infiltrated with Epon via propylene oxide, flat 
embedded in aluminium weigh boats and poly
merized at 60°C for 24 hours. Ultrathin sections 
were cut on a L.K.B. Ultratome and mounted on 
uncoated 100 mesh copper grids. Sections were 
double contrasted in 2% ethanolic uranyl acetate 
and lead citrate and viewed on a JEOL JEM 100CX 
transmission electron microscope. 

Results 
Through electron microscopic examination, it was 
evident that after fixation hooded seal platelets 
retained structural characteristics that are typical of 
mammalian platelets. The thrombocytes appeared as 
enucleated discoid cells showing heterogeneity in 
both size and shape (Figs I, 2, 3). Submembrane 
filaments, close to the innerside of the plasma mem
brane were evident in the equatorial section (Fig. 3). 
Microfilaments were observed in the pseudopodia 
of platelets that had changed shape (Fig. 2). The 
serpentine-like canaliculi appeared as continuous 
invaginations of the platelet plasma membrane (Figs 
2,3). Although they occurred randomly throughout 
the cell, most appeared in close proximity to granules 
and other platelet organelles. Microtubules were 
evident in both the annular form (Fig. 3) and cross
section just beneath the cell membrane (Fig. 2). The 
alpha granules, varying in density, size and shape 
were apparently the most abundant of the platelet 
organelles (Figs I, 2, 3). The so-called 'Bull's eye' 
granules (Keyhani, 1970) of dense bodies were 

observed in their typical form, consisting of a very 
dark sphere in a clear circular membranous structure 
(Fig. 3). The platelet mitochondria were evident and 
could be differentiated from alpha granules by the 
characteristic invaginations or cristae (Fig. 2). 

Elements of the dense tubular system were evident 
in association with the circumferential band of 
microtubules and channels of the surface-connected 
canalicular system (Figs 2, 3). Glycogen granules 
were observed as discrete particles and as small 
masses in all platelets observed (Fig. 2). 

Discussion 

Hooded seal platelet ultrastructure can be described 
according to White's (1971 b) scheme of anatomical 
zonation which divides the cell into four regions. 

The peripheral zone, involved in adhesion and 
aggregation consists of the plasma membrane and 
the exterior coat or glycocalyx. 

The sol-gel zone, which is vital for cytoskeletal 
support and cell contraction, consists of the cell 
cytoplasm or matrix and its fibre systems including 
microtubules and microfilaments. Submembrane 
filaments were evident in hooded seal platelets and 
were located in close proximity to the inner side of the 
plasma membrane (Fig. 3). Their main function is to 
maintain the discoid shape of platelets and aid in the 
formation of pseudopods upon activation (Zucker
Franklin, 1970; White & Gerrard, 1980; White 1987). 
Annular bands of microtu buies were evident 
in both the equatorial (Fig. 3) and cross (Fig. 2) 
sections of the hooded seal platelets. These structures 
along with the cytoskeletal submembrane actin 
filaments are important in maintaining the discoid 
shape of resting cells (Behnke, 1965; Gordon & 
Milner, 1976; White, 1987). They also participate in 
the process of internal reorganization of the cell's 
organelles when exposed to agonists (White, 1971 a). 

The organelle zone, involved in storage and 
secretion, includes the cell's organelles. Clearly the 
most striking feature of mammalian platelets is the 
specific granules or alpha granules (Figs I, 2, 3). 
They primarily serve to store components involved 
in platelet aggregation, such as fibrinogen, von 
Willebrand factor, and platelet factor 4 (antiheparin 
factor) (Day & Holmsen, 1971; Firkin·, 1984). 
Numerous dense bodies are also apparent in the 

Figures 1-3. Electron micrographs are of female hooded seal (83-5) platelets spun and fixed at 4°C. Platelets appear 
unstimulated, showing normal discoid shape and ultrastructural features. Fig. I. Cross-section of seal platelets (8300 x). 
Most platelets are discoid in shape, displaying numerous alpha granules (G). Fig. 2. Cross-sections of seal platelets 
(13 000 x). The following ultrastructural features are demonstrated: the surface-connected canalicular system (S), micro
tubules (MT), alpha granule (G), microfilaments (MF), mitochondria (M), dense tubular system (DTS), and glycogen (GL). 
Fig. 3. Seal platelets are discoid with one cut in the equatorial plane (13 000 x). Ultrastructural features include: submem
brane filaments (SF), surface-connected canalicular system (S), annular ring of micro tubules (MT), alpha granule (G), dense 
body (DB) and dense tubular system (DTS). 
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hooded seal platelets (Fig. 3). In mammalian plate
lets they provide a second storage system, containing 
serotonin, adenine nucleotides and calcium (White 
& Gerrard, 1980). The opacity of the dense granules 
is due to the presence of high concentrations of 
calcium, ATP and ADP (Sixma, 1986). 

Mitochondria were also present in the phocid 
platelets (Fig. 2). As has been described in other 
mammalian species, the mitochondria exhibited 
their characteristic structure (Firkin, 1984). They 
function, as in other cells, in the production ofenergy 
through oxidative phosphorylation (Caen et al., 
1977). Many glycogen granules were visible in the 
seal platelets and occurred as discrete granules or as 
small lakes (Fig. 2). Glycolysis is important in the 
retention of the discoid shape of platelets, thus 
accounting for the presence of this component 
(Behnke, 1970). 

Finally the membrane systems are comprised 
of the surface-connected canalicular system and 
the dense tubular system. The surface-connected 
canalicular system was evident in hooded seal plate
lets (Figs 2, 3). These cellular invaginations are 
continuous with the plasma membrane (Fig. 2) and 
increase the surface area exposed to the plasma 
(Sixma, 1986). They provide a mechanism for the 
uptake of substances from the plasma and the extru
sion of endogenous components secreted during the 
cell's release reaction (White, 1968; Holme et al., 
1973). 

Elements of the dense tubular system were evident 
in association with the circumferential band of 
microtubules (Fig. 2) and channels of the surface
connected canalicular system (Fig. 3) (Caen et al., 
1977; White & Gerrard, 1977). The dense tubular 
system has an important role in prostaglandin 
production (Gerrard et al., 1976) and in calcium 
sequestration which can be mobilized during the 
release reaction and aggregation (Firkin, 1984; 
White, 1987). Although substantial data are necess
ary to determine the biochemical and physiological 
composition of the hooded seal platelets, it is evident 
that they contain ultrastructural characteristics that 
are quite similar to other mammalian thrombocytes. 

One platelet characteristic, perhaps unique to 
pinnipeds, was noted in this study. Although plate
lets from most mammals apparently lose their micro
tubule structures and discoid shape when cooled to 
4°C (White & Krivit, 1967; White, 1968; Sixma, 
1986), hooded seal platelets treated this way not only 
maintain their circumferential band of microtubules, 
but also remain discoid. Seals maintain a body core 
temperature of approximately 37°C, but the tem
perature of their extremities may approach 4°C 
during winter conditions (Harrison & Kooyman, 
1968). The resistance of pinniped platelets to shape 
change (an early stage in platelet activation) during 
periods of restricted circulation and lowered tem

peratures may therefore be critical to the animals' 
survival. 

Acknowledgements 

I am grateful to C. Ackerly, H. Pederson, B. Frank, 
D. Lynn and A. Seely for their assistance. Further 
thanks to T.S., J.M., P.M., D.M., S.M., L.T. and 
B.C. This research has been funded by an N.S.E.R.C. 
operating grant (KR). In loving memory of my 
father, Dr Jo Miller. 

References 

Ackman, R. G., Eaton, C. A. & Schiefer, B. (1979) Long
term exposure to docosenoic acids in animals; absence of 
myocardial lesions in harp seals (Pagophilus groenlandi
cus) and grey seals (Halichoerus grypus). Can. J. Anim. 
Sci. 59, 247-254. 

Ahmed, A. A. & Holub, B. J. (1984) Alternation and 
recovery of bleeding times, platelet aggregation and fatty 
acid composition of individual phospholipids in platelets 
ofhumao subjects receiving a supplement ofcod-liver oil. 
Lipids 19,617--624. 

Ahmed, A. A., Celi, B., Ronad, K. & Holub, B. J. (1989) 
The phospholipid and fatty acid compositions of seal 
platelets: a comparison with human platelets. Compo 
Biochem. Physiol. B. Compo Biochem. 93,119-124. 

Bang, H. 0., Dyerberg, J. & Hjorne, N. (1976) The compo
sition of food consumed by Greenland Eskimos. Ac/a 
Med. Scand. 200, 69-73. 

Behnke, O. (1965) Further studies on microtubules. A 
marginal bundle in rat thrombocytes. J. UI/ras/ruc/. Res. 
13,469-477. 

Behnke, O. (1970) Effects of some chemicals on blood 
platelet microtubules, platelet shape and some platelet 
functions in vi/roo Scand. J. Jaema/ol. 7,123-140. 

Caen, J. P., Cronberg, S. & Kubisz, P. (1977) Platelets: 
Physiology and Pathology. Stratton Intercontinental 
Medical Book Corp. New York. pp. 9-24. 

Day, H. J. & Holmsen, H. (1971) Concepts of blood 
platelet release reaction. Ser. Haema/ol. 4, 3-27. 

Dyerberg, J. & Bang, H. O. (1979) Haemostatic function 
and platelet polyunsaturated fatty acids in Eskimos. 
Lance/ 2, 433-435. 

Dyerberg, J., Bang, H. O. & Hjorne, N. (1975) Fatty acid 
composition of the plasma lipids in Greenland Eskimos. 
Am. J. Clin. Nu/r. 28, 958-966. 

Firkin, B. G. (1984) The platelet and it's disorders. MTP 
Press Limited, Falcon House, Lancaster, England. 

Geraci, J. R. (1971) Functional haematology of the harp 
seal, Pagophilus groenlandicus. Physiol. Zool. 44, 
162-170. 

Gerrard,J. M., White,J. G., Rao,G. H. R. &Townsend, D. 
(1976) Localization of platelet prostaglandin prod uction 
in the platelet dense tubular system. Am. J. Pa/hol. 83: 
283-298 

Gordon, J. L. & Milner, A. J. (1976) Blood platelets as 
multifunctional cells. In: J. L. Gordon (ed.), Platelets 
in Biology and Pathology. North-Holland Publishing 
Company, Amsterdam, pp. 3-22. 



133 Ultrastructural aspects ofcaptive hooded seal platelets 

Harrison, R. J. & Kooyman, G. L. (1968) General 
physiology of the Pinnipedia. In: R. J. Harrison, R. C. 
Hubard, R. S. Peterson, C. E. Rice & R. J. Schusterman 
(eds), The behaviour and physiology of pinnipeds. 
Appleton-Century-Crofts, New York, pp. 211-296. 

Hirai, A. & Tamura, Y. (1987) EPA and adult disease in 
Japan. n-3 News 2, 1.3. 

Holme, R., Sixma, J. J., Murer, E. H. & Hovig, T. (1973) 
Demonstration of platelet fibrinogen secretion via the 
surface connecting system. Thromb. Res. 3, 347-356. 

Holub, B. J. & Celi, B. (1984) Evaluation of the fatty acid 
selectivity of a phosphatidylinositol-specific cytosolic 
phospholipase C from pig and human platelets. Can. J. 
Biochem. Cell BioI. 62,115-120. 

Keyhani, E. (1970) Etudes au microscope electronique de Ja 
structure des megakaryocytes de cobay par la technique 
de cryo-decarpage. Comparison avec la technique des 
coupes. J. Microscopie. 9, 63-70. 

King, J. E. (1983) Seals of the world. Comstock Publishing 
Associates, Cornell University Press, New York. 

Lewis, J. C. & Bowie, F. J. W. (1978) Ultrastructural 
studies of platelets ofVon WiUibrand and normal Swine. 
Mayo Clin. Proc. 53,179-183. 

Maupin, B. (1969) Blood platelets in man and animals. Vol. 
1. Pergamon Press, London. 

Meyers, K. M., Hopkins, G., Holmsen, H., Benson, K. & 
Prieur, D. J. (1982) Ultrastructure of resting and 
activated storage pool deficient platelets from animals 
with Chediak-Higashi Syndrome. Am. J. Pathol. ]06, 
364-377. 

Miller, J. A. (1989) Ultrastructural and biochemical 
aspects of hooded seal (Cystophora cristata) platelets. 
M.Sc. Thesis. University of Guelph, Guelph, Ontario. 

Puppione, D. L., Corash, L., Kunitake, D. T., Smith, D. L. 
& Costa, D. P. (1987) Pinnipeds: animal models for 
studying the effects of dietary fats on lipoproteins and 
platelets. In: W. E. M. Lands (ed.), Proceedings of the 
AVCS short course on polyunsaturated fatty acids and 
eicosanoids. American Oil Chemist's Society, lllinois, 
pp.352-357. 

Robinson,	 A. J., Kropatkin, M. & Aggeler, P. M. (1969) 
Hageman factor (factor Xli) deficiency in marine 
mammals. Science ]60,1420-1422. 

Ronald, K., Foster, M. E. & Johnson, E. (1969) The 
harp seal, Pagophilus groenlandicus (Erxleben, 1777). 
II. Physical blood properties. Can. J. Physiol. 229, 
365-369. 

Sanders, T. A. B., Naismith, P. J., Haines, A. P. & Vickers, 
M. (1980) Cod-liver oil platelet fatty acids and bleeding 
time. Lancet 2, 1189. 

Siess, W., Scherer, B., Bohlig, B., Roth, P., Kurzmann,I. & 
Weber, P. C. (1980) Platelet-membrane fatty acids, 
platelet aggregation and thromboxane formation during 
a mackerel diet. Lancet], 441-444. 

Sixma, J. J. (1986) Morphology. In: H. Holmsen (ed.) 
Platelet Responses and Metabolism. Vol. I. CRC Press, 
Boca Raton, pp. 33-61. 

White, J. G. (1968) Fine ultrastructure alterations induced 
in blood platelets by adenosine diphosphate. Blood 3], 
604-622. 

White, J. G. (1971a) Platelet microtubules and microfila
ments: effect ofcytochalasin B on structure and function. 
In: J. Caen (ed.) Platelet aggregation. Masson, Paris, 
pp. 15-52. 

White, J. G. (1971b) Platelet morphology. In: S. A. 
Hohnson (ed.) The circulating platelet. Academic Press, 
New York, pp. 45-121. 

White, J. G. (1979) Current concepts of platelet structure. 
Am. J. Clin. Pathol. 7], 363-378. 

White, J. G. (1987) An overview of platelet structural 
physiology. Scan Micros. 1, 1677-1700. 

White, J. G. & Gerrard, J. M. (1977) Prostaglandins and 
platelet ultrastructure. In: M. J. Silver, J. B. Smith & J. J. 
Kocsis (eds) Prostaglandins in Haematology. Spectrum 
Publications Inc. pp. 293-317. 

White, J. G. & Gerard, J. M. (1980) The cell biology 
of platelets. In: G. Weissmann (ed.) Handbook of 
Inflammation 2. The Cell Biology of Inflammation. 
Elsevier/North Holland Biomedical Press, Amsterdam,' 
pp.83-143. 

White, J. G. & Krivit, W. (1967) The Canalicular system of 
blood platelets: A possible sarcoplasmic reticulum. J. 
Lab. Clin. Med. 49, 60-69. 

Zucker-Franklin, D. (1970) The submembranous fibrils of 
human blood platelets. J. Cell BioI. 47, 293-299. 


