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SEROToNm (5-HIYD TIRYPTAIMNE; 5-irr) in blood is trans-
ported almost exclusively by platelets,' and most of it is concentrated in
a particular organelle, the dense body." The number of dense bodies
correlates with platelet 5-HT content"^ Human platelet 5-HT content
is less thn in most animal species, and dense bodies are cxdsidered to
be rare in hmnnan platelets."

Platelets from patients with the carcinoid syndrome have higher con-
centrations of 5-HT, and have recently been rted to contain 50-0
times more dense bodies than nomal in sections.5 However, one
study of carcinoid platelets 6 suggested an association between elevated
levels of serotonin and dilated channels, without mentioning dense
bodies.
The present study has examined platelets from 4 patients with the

carcnoid syndrome. All patients had known hepatic metastases and
elevated urinary 5hyd ndoleacetic acid exareation. Dilated chan-
nels were more common in carcinoid platelets than in normal cells.
Dense bodies were also more p m nt. Te disinctive feature of
carcinoid platelets examined in this study, however, was the frequent
occurrence of unusual organefles which have not been seen previously
in normal platelets.

Materials and Methods
The thniques we used for coection of blood in 0.1 volune of 3.8% trisodim

itrate, separation of citrated platelet-rich plasma (C-PRP), maintenance of control
C-PRP at 370 C or aggregation by ade diphate and t M and
Preparation of platelet samples and whole mounmt for elctrm have bee
descibed recently7-10
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Counting Method

Thin sections of normal and carcinoid platelets were photographed at low magni-
fication in order to include large numbers of cells and prevent selection. The num-
ber of dense bodies was determined in platelets cut in cross section or parallel to
the plane of the circumferential band of microtubules. Portions of platelets not
containing organelles were not counted. One hundred platelets were evaluated in a
sample from each of 5 normal donors and 4 patients with carcinod syndrome. The
mean number of dense bodies per platelet in whole mounts was determined in 25
consecutively photographed platelets from each of 3 normal donors and 3 patients
with carcinoid.

Results
The mean number of dense bodies per platelet found in sections from

5 normal donors ranged from 1.1 to 1.6 (Fig 1). In the 4 patients with
carciriod syndrome the mean was 1.4, 1.5, 1.6, and 1.8. The significance
of the difference between the average mean of the normals (1.4) and
the carcinoids (1.6) is not certain because of the small number of cells
counted and the inherent errors in the method. Errors include the diffi-
culty in identifying dense bodies accurately at low magnification, the
tendency of opaque organelles to drop out of unsupported thin sections,
and the marked variation in size, shape, and substructure of opaque
organelles. The carcinoid platelet 5-HT concentrations correlated
poorly with the number of dense bodies (Table 1).

Determination of dense bodies in unstained, whole mounted platelets
obviated the problems no lly found in evaluating in sections, but
presented other difficulties (Fig 2). Since only inherently opaque
organelles were apparent in the electron microscope, platelets without
dense bodies could not be counted. However, staining the same grids
with phosphotungstic acid indicated that normal and carcinoid platelets
rarely occurred without opaque organelles. Summation of the results
from normal and carcinoid platelets revealed an average of 8.3 and 8.7
dense bodies per cell respectively. However, the variation in individual
cells was great. As few as 2 dense bodies, and as many as 18, were ob-
served in single normal and carcinoid platelets.

Table 1. Relationship of 5-HT Levels and Number of Dn" Bodies In PlatuIW of
Patients with Carcinoid Syndrome

Platelet 5-HT Avg no. of
Patient (g/109 platelet) dense bodies/platelet

1 296 1.4
2 5.1 1.8
3 5.4 1.5
4 6.4 1.6

Normal 0.8-i 1.4(Mean)
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Despite the failure of methods used his sudy t reveal marked
diferces in the nmber of dense bodies found in nmal and caranad
platelets, thee were nc*able variations in e sru . Platelets fm
our 4 patients were inegular in form and contained a relatively high
proporto of dilated canaliculi when mpared with normal platelets,
even though colected and pr ed by methods whidh preserve discod
shlapeminover 90O% of thecells (Fig 3, 5, 7, 8). Thus, theat i
surface otu and sweling of channels of the aalicular system ap-
pear related to the high oncenraons of platelet sertninL Tese find-
igs agree with those of Crawford et aL The dense bodis in rmoid
platelets were more p nt t in mal cells (Fig 3). Iley wer
generally larger, more complex, and more f nted t hose ob-
served in conul platle. In addition, a wide variety of altions were
evident i gnules adjacent to, fused with, or in stages of transformation
to dense bodies. Many of these granules dreveal a highly o in-
tnal strnutu (Fig 4-6). Conplex arrays of fine lines were aranged
in paralel or ter I patterns resembling tire teads (Fig 4).
Other granuained peculiar lattices omposed of les in
cross or in othmer arangements indcang a highly
subtructum
An unusual e p in many caranidplletscH d

of iregular masses of rgly paralel fiamts od within a mem-
lrane (Fig 5, 6). The filamentous masses were frqy fused to
portions of dense bodies, or granules, or both. Some flametous
masses were quite large, involving sib areas of the hyaloplasm (Fig
7, 8). ITne swollen membrane-bound areas often containd debris resem-
bling su e f the hyaloplasm as well as fom ganules (Fig 8).

The methods used in the present study to determine the inmber of
dense bodies in mal and carcinoid platele are not prease. However,
it is reasonable to suggest that there are iderably more dense bodies
in mal hman platelet th previously reported The lower num-
ber de in prvios investigtns may be related to the dii
culties descibed, or to differences in sample p on Oher workers
used chiled samples of citrated or EDTA platelet-rich plasma fixed in
cold lutaraldehyde-osmi to determine n bers of platelet dense
bodies. These metods preserVe dense bodies, but cause platelet to lse
their disc shape and become iregularly swolle.7'11L As a resl the
orware more widely dis ndi the cells. S on to the
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altered cells would be less likely to include dense bodies than compact
platelet discs.

In spite of these considerations, the number of dense bodies per
sectioned normal platelet observed in the present study is difficult to
reconcile with previously reported findings. Tranzer et al8 found dense
bodies to be rare in human platelets, and May et al 5 found only 16
dense bodies/1000 cells. In the present investigation many examples of
normal platelets with four or more opaque organelles were encountered.
Although there were a few more opaque organelles in carcinoid cells

than in normal cells, their size and complexity were more prominent
features than the increase in number. The alterations in platelet shape,
dilated canalicular system, and unusual organelles were also more
characteristic of carcinoid platelets. Elongated granules with a periodic
substructure have been observed in human platelets,12 and occur regu-
larly in the cells of some animal species.18 However, the type of sub-
structural arrangements observed in granules from carcinoid platelets
were unlike any reported previously.

It is not known whether the highly organized structure in the granules
of carcinoid platelets is related to an aberration of development in the
megakaryocyte or whether it results from exposure of the cells to high
concentrations of 5-HT in the circulation. Since relatively few granules
were involved, the latter possibility seems more likely.
Uptake of low concentrations of 5-HT by platelets in vitro involves an

active transport mechanism.'4 At concentrations of 1-2 ,ug/ml in plasma
the 5-HT uptake of normal platelets reaches a steady state, and further
increases in 5-HT content depend on the initial concentration in the
cells.'5 Serotonin-laden platelets from patients with carcinoid syndrome
do not take up additional amounts of amine until the concentration in
incubation mixtures exceeds 3-6 Mg/ml. Since the active transport
mechanisms are saturated, uptake at high concentrations in vitro by
carcinoid platelets appears to take place by diffusion. A similar meciha-
nism has been postulated to operate in vivo when platelets are exposed to
locally high levels of 5-HT liberated by carcinoid tumors. It can be
speculated that transfer of 5-HT from hyaloplasm to granules may
cause changes in substructure which do not occur when the normal
transport mechanism is involved.
The unusual organelles containing masses of irregularly parallel fila-

ments do not appear to originate primarily from granules. Membrane-
enclosed bundles of fibers strongly resemble the microfilaments which
form the matrix of platelet hyaloplasm.8 Exposure of carcinoid platelets
to high concentrations of 5-HT in vivo appears to cause irreg9lar shapes
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anwdlat in the canalicular S m listortion of the tortluos
channels may result in sequestrtion of areas of the hyaloplasm. Alter-
natively, diffusion of lage amots of 5-HT into platelet hyaloplasm
may stimulate the cell to wall-off the 5-HT within a membrane. If these
speculations are ecththe mbrane-bound masses of filaments may
represent sequestered areas of hyaloplasm sblng autobpagic
Vacuoles.16,17

In1 concn, the major anmalies observed in carcinoid platelets
w ereiegularh dilation of the channel system, and presce of
unusual organelles Dense bodies wee inaeased over the number
found in rmal cells, but not to a mared degree. The apparent dis-
crepancy from Observations made by others is probably due to the
larger numb of dense bodis foMd nmal platelets i the present
study. The unusual organeIles observed in ar d platlets may result
from exposure to high netations of IT. Expose to large con-
centrations of 5-T over prolonged periods in the bone marrow and
blood of paie with the d syndrome may cxmceivably produce
toxic effects on membrane systems and other structural fponents of
platelets, as well as i ed uptae of the into dense bodies.

&mwym
e high nntra of se t by platelets in

patients with CarcKnid s e has been a d previously with
alterations in cell shape, dilat of the nalicular sysem, and a
marked increase in 5-HT rich dens bodies. In platelets from 4 patients
with nid syndrome the number of dense bodies i thin sections
and in whole mounts was slightly m excess of mal. Alterations in
contour and sweling of nalicl i were frequent The most stiking
feature of crinoid plateleb was the prsence of Unusual hyaloplasmic
organefles not observed previously m mal or plogic platelets.
The UUe of platelt granules revealed complex arrangements of
parallel or interecting lines. Other organelles consisted of masses of
roughly paralel filaments enclosed by unit memnbrans. The presen-
of the unusual organelles appears related to the increased content of
serotonin possible mecha of orgin are iscsed.

L R&iw, M., ed Rxm, G. Source of u&atauI inmrum. Nature (London) 168:
385, 1951.

2. So&Turrum, E., and PAA&SON, M. L. Infaelumlar distributkm of moro£-
mmne xdase 5-hdytryptamine and histamine in blood plee of
rabbit. An Med E Fe 44:427-430, 196.
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Legends for Figures
Fig 1. Platelets from sample of normal citrated platelet-rich plasma (C-PRP) fixed in
glutaraldehyde then osmic acid before imbedding in Epon 812. Thin sections through
cells reveal characteristic morphologic features, including a variable number of ex-
tremely opaque organelles; 18 dense bodies are indicated by arrows in 12 platelets.
Portions of additional dense bodies are evident when cells are viewed under a magni-
fying glass. X 10,200.

Fig 2. Whole mount of platelets from normal sample of C-PRP. Cells were air dried
on formvar grid and examined without staining. Portions of seven platelets (P) are
evident. Over 60 inherently opaque bodies can be identified in the spread cells.
X 10,500.
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Fig 3. Platelet from patient with carcinoid syndrome. Most platelets in samples ob-
tained from patients had irregular surfaces and dilated channels of the canalicular
system (CS). Granules (G) and other structural elements are usually normal in
appearance. Six dense bodies (arrows) are evident in this single cell. X 43,900.

Fig 4. Examples of granules present in platelets of 4 patients with carcinoid syn-
drome. The organization of substructure within the membrane-bound particles is
extremely complex and variable. Fine parallel lines are usually intersected by diagonal
patterns, yielding the appearance of tire treads. Granules in A, B, and C reveal this
unusual arrangement. Patterns of interlaced diagonal lines are evident in D, E, F, H,
and J, and compact groups of circular profiles are apparent in K. Particles in G and L
manifest alternating dense bars and diagonal lines; and examples H, 1, and M reveal
other variations.

Dense bodies in various stages of formation are closely associated with granules in
C, D, F, H, 1, L, and M. Portions of normal granule matrix are retained in D, F, G,
J, and K. Dense appearance of enclosing membrane in I and L has been observed
previously in granules transforming to dense bodies.
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CARCINOID PLATELETS

3

A

September 1969 527

, V' ". -, - -

, -,

-I... ...
-L..', 1.

.:z

Lmo--



528 WHITE AND DAVIS

Fig 5. Platelet manifesting irregular shape, dilated canalicular system (CS), and two
unusual membrane-bound organelles (arrow), from a patient with carcinoid syndrome.
Matrix of the organelles consists of irregular parallel lines. Material having the
opacity of dense bodies is present at periphery of each organelle. x 41,500.
Fig 6. Other examples of the unusual organelles from 4 patients with carcinoid
syndrome. The platelet in A had been exposed to adenosine diphosphate 3 min
prior to fixation. Mass of filamentous material (arrow) is present in central area, and
may have fused with another organelle. In B, roughly parallel filaments of organelle
matrix are cut in various planes; matrix is enclosed by two membranes (arrow).
Outer layer also encloses a particle resembling a dense body and granules fused with
the filamentous mass. Similar double-unit membranes enclose organelles in C-J.
Granule or dense body material is associated with organelles in E, F, I, and J. This
type of organelle has the highest frequency of the unusual particles observed in
carcinoid platelets.
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Fig 7. Carcinoid platelet in this illustration has a swollen organelle (0) containing
fragments of opaque substance and debris resembling hyaloplasmic matrix. A channel
(arrow) similar in appearance to elements of the canalicular system (CS) encircles
the organelle. x 41,500.
Fig 8. Large cavity is present in central area of this carcinoid platelet. The organelle
(0) contains debris resembling hyaloplasm, granules, and dense bodies. A dense
body is fused to it superior surface. Another dense body (DB), adjacent to the
organelle, is encircled by concentric lamellae. Dense body (DB) near the mass of
glycogen (Gly) has a long tail-like extension resembling granular substance. X 42,000.
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