
The Pattern of Platelet Disappearance

By E. A. �SIURPHY, C. A. RoBINsoN, H. C. ROWSELL AND J. F. MUSTARD

S INCE PROBLEMS of estimating the survival of freely mobile cells (mostly

the blood cells ) have occupied the attention of investigators, there has

been much discussion as to the appropriate mathematical model. Schi#{248}dt,’ con-

sidering red cells, envisaged two major possibilities : first, that cell destruction

is indiscriminate and age-homogenous so that an exponential curve should

result; second, that the probability of destruction of a cell in the next interval

of time is a function of the age of the cell. The former model has been likened

to the survival curve of glasses in a restaurant where a new glass is as likely

to be dropped and broken as an old one. The age-dependent model would be

like the survival of a flashlight battery in continuous use : not all batteries

would have exactly the same life, but the expectation of survival at any given

time nonetheless changes with age.

Theoretical aspects of these models have been explored to some extent.�

Although there has been little hesitation in supposing an age-dependent model

for red cells, mainly because of what is known about their physiology and

because considerable accuracy in measurement is easily obtained, the same

cannot l)C said of platelet survival. Dornhorst � pointed out ( and we have

recently reemphasized � ) that a high coefficient of variation ( i.e., a scatter of

survival times of individual cells wide in comparison with average ) must neces-

sarily lead to a total population curve which has at best a short “linear” seg-

ment, and with even a little error of measurement such curves may, in some

instances, be indistinguishable from the exponential. One such case is illus-

trated in Figure 1, which shows how good a fit it is possible to get to the same

series of points from a platelet survival curve with both linear and exponential

models, provided observations arc restricted to a 10-day period. (The result

is hardly surprising; it is a simple exercise in mathematics to show that, over

a range small relative to the mean, any continuous monotonic transformation,

From the Dcpartrnent of Physiological Sciences, Ontario Veterinary College, University

of Guelph, Guciph, Ontario, and the Department of Medicine, Blood and Vascular Disease
Research Unit, University of Toronto, Toronto, Ontario, Canada.

Supported in part by grants from the Medical Research Council (MT-1309) and the

Ontario heart Foundation.

First submitted Oct. 18, 1966; accepted for publication Jan. 30, 1967.

EDMOND A. Muitpity, MB., B.Cit., B.A.O., M.D.: Associate Professor of Medicine and

Biostatistics, University of Colorado Medical Center, Denver, Colorado; present address:

Dept. of Preventive Medicine and Corn prehien.s’ive Health Care, University of Colorado

Medzcal Center. C. A. RoBINsoN, B.Sc., M.Sc., PH.D.: Associate Professor, Dept. of

Physiology and Pharmacology, Ontario Veterinary College, University of Guelph, Guelph,

Ontario. llAmw C. ROW5ELL, D.V.M., D.V.P.H., PH.D.: Professor, Department of Vet-

erinary Pathology, College of Veterinary Medicine, University of Saskatchewan, Saskatoon,

Saskatchewan. JAMES F. MUSTARD, M.D., Pit.D.: Professor of Pathology, McMaster Uni-

versity, hamilton, Ontario.

26

BI.ooD, Vot.. 30, No. 1 (JULY), 1967

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/30/1/26/573308/26.pdf by guest on 19 M

ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V30.1.26.26&domain=pdf&date_stamp=1967-07-01


C PM/MG.
PLATELETS

B

TIME - DAYS

THE PATTERN OF PLATELET DISAPPEARANCE 27

CPM/MG.

PLATELETS

13

I. A

so

\‘

c� 0 2 4 6 8 0 2 4 6
TIME - DAYS

Fig. 1 (A and B).-The same set of data from a normal human subject, plotted

on a linear (Fig. 1A) and a semilogarithmic (Fig. 1B) scale. Clearly the exponential
fit is the better, but had readings for the first 10 days only been available the linear

fit would have been almost as good. In this experiment the subject received 200 jic.
of DFP32. Ten-thousand radioactive counts were done on each sample of platelet
material prepared as previously described (Brit. Med. J. 1:846, 1963).

such as replacing linear values by their logarithms, is virtually linear.5) Choice

between competing models is a subject which has received little treatment in

statistical theory,6’7 and we must look elsewhere if the dilemma is to be

resolved.

Aas and Gardner,8 Odell and Anderson,9 and recently Lander and Davie,1#{176}

among others, have described an extensive linear segment, which suggests

age-dependency. (A truly linear decay throughout can be encountered only

if all platelets have exactly the same survival; i.e., there is no scatter). Ac-

cording to Adelson and associates,� on the other hand, platelet survival is

exponential, which implies that all the cells, whatever their ages, which have

survived to a given time are subject to the same future risks of destruction

and have the same expectation of life. We have refused to take a stand on this

point, awaiting further and better evidence on it.4 However, as an interim

procedure, to allow us to extract index values from our data and yet avoid the

hazard from observer bias of fitting lines by eye (which we know to be

treacherous), we have been accustomed to compute:

1. The half-life, on the supposition of exponential decay. Un�veighted least

squares estimation is used to fit a straight line to the logarithms of the

counts against time.
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28 MURPHY ET AL.

2. The mean, on the supposition that survival is age-dependent, making

use of a useful distribution-free property of population curves demon-

strated by Dornhorst.3

By the latter method, estimates of the mean cell survival are over twice as

great as those given by the former; as we have pointed out elsewhere,’2 this

may explain the widely discrepant estimates of the duration of platelet sur-

vival obtained by various investigators. The results by the two different meth-

ods, though widely different, are highly correlated and both are probably

reliable index values.

In an attempt to compare the appropriateness of the two models, we de-

cided to make use not of the shape of the survival curves, but of the fact that

one implies age-dependency ( i.e., the risk of destruction changes with age)

and the other does not. If we can label two populations of cells of different

ages, we should be able to test whether their survivals differ. No readily avail-

able methods suggest themselves for man. For animals we may employ S35,

which has a short biological half-life and is incorporated through the mega-

karyocytes in nascent platelets; thus it in effect labels a cohort of young
platelets ‘3 which appear in the circulation on the third to fourth day after

injection. On the other hand, DFP 32 appears to label all circulating platelets 14

and perhaps megakaryocytes also. It does not matter if the extent of labeling

is influenced, for example, by the age of the platelets. All that matters is that

the two labels should be attached to platelets with differing age distributions.

For the purposes of the experiment it is desirable, but not essential, that the

precise age composition of the labeled cells should be known.

MATERIALS AND METHODS

Animals

The experimental animals used were crossed Landrace-Yorkshire pigs, and the dogs
were beagles and walker hounds. The dogs were bled from veins in the foreleg, and the

pigs were bled through a polyethylene catheter inserted in the jugular vein beforehand.

Two kinds of studies were carried out. In the first, done on 12 dogs and three pigs,
Na�2S�O4 was administered intravenously in a dose of 100 �tc./Kg. body weight. At 60

hours, when the S’� radioactivity in the circulating platelets is about at a maximum,

DEP�, 5 j�c./Kg., was administered intravenously.0 Ten to 16 samples of blood were
taken in the first 72 hours and thereafter at longer intervals until the radioactivity had

become too low to be useful-usually about 5 days. In the second set of experiments, a
similar series of injections were given to a donor pig, and 4 hours after the DFP”

injection 2 liters of blood were taken into silicone-coated glass bottles, containing a buf-

fered 1 per cent EDTA solution in the proportion of one part anticoagulant to nine parts

blood. The mixture was centrifuged at 700 r.p.m. (RCF, 125 g) at 4 C. for 15 minutes.

The supernatant platelet-rich plasma was siphoned off into a silicone-coated glass bottle.

This platelet-rich plasma was centrifuged at 2600 r.p.m. (RCF, 1450 g) for 15 minutes

at 4 C. The upper four-fifths of the plasma was removed and the platelets were resus-
pended in the remaining plasma. The concentrated platelet-rich plasma was transfused
into a recipient pig of compatible blood group. (There was at most 1 red blood cell per

� The initial specific activity of the DFP� was between 200 and 240 pc/mg. Allowing

for radioactive decay, the close of DFP did not exceed .04 mg/Kg.
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THE PATTERN OF PLATELET DISAPPEARANCE 29

20,000 platelets and 1 white blood cell per 25,000 platelets. ) Thereafter, samples were

taken from the recipient pig in a sequence similar to that in the previous experiment, two

of them in the first few hours to see whether sequestration occurred. The recovery 30

minutes after the transfusion was compared with the value predicted from the estimated

blood volume for a number of transfusion experiments in this and other studies (Table 1).

Little evidence of much sequestration of platelets following infusion of the platelet-rich
plasma was seen in these experiments.

The blood samples for radioactive counting were taken into silicone-coated glass tubes
containing an EDTA solution ( 1.5 per cent) to a final proportion of 9 parts blood to 1
part anticoagulant. The mixture was centrifuged at room temperature at 700 r.p.m. ( RCF,

125 g) for 12 minutes. The supernatant was transferred to a silicone-coated glass tube and
the infranatant was spun again in the same fashion to yield a second harvest of plasma.

This pooled platelet-rich plasma was centrifuged at 2600 r.p.m. (RCF, 1450 g) for 15
minutes at 4 C. and the platelet button was washed twice in an imidazole-buffered EDTA

solution. (There was less than 1 red blood cell and/or leukocyte per 50,000 platelets.)

The final button was suspended in 1 ml. distilled water and the material spread uniformly

on a tared aluminum planchet. The preparation was dried at 40 C. and the weight of
platelet material found by the method of differences.

A Nuclear Chicago C115 low-background system (thin end-window) was used for the

measurement of radioactivity. The counting rate contributed by each of the isotopes for

each sample was found by a method of differences based on relative beta energies. Each
sample was counted without an absorber, then recounted with an aluminum absorber of

known mass thicknesses interposed between the planchet and the detector. Appropriate

corrections for absorption as determined from measurements on S� and P� standards
were then applied. Mass thickness of 0.5 mg./cm.2 and less for the dried platelet prep-
arations did not warrant self-absorption corrections.

Statistical Con,�dderations

The half-life was computed by fitting an unweighted least-squares regression line to the

logarithms of the activities plotted against time. Unfortunately, we have no measure of
the relative variances at the various points, or even how they are distributed about the

expected value. However, the point estimate is at least unbiased, and if we are prepared
to assume that the random component is at least approximately normal and the variance

stable, we can compute confidence limits. The hall-life is found by dividing the regression
coefficient into Logb 0.5 = -0.30103. Confidence limits on the half-life can be found by

computing confidence limits on the regression coefficient and dividing them into -0.30103.

Since the reciprocal is a monotonic transformation, the confidence limits on the mean are
as exact as those on the regression slope.

It may be thought that we are treating this problem unsymmetrically by computing

results under the exponential model; but, in fact, it is only under this model that the

same estimation procedure may be used for both methods. Furthermore, it is only under
this model that any meaning can be attached to a comparison of the two curves. If we
were to suppose that the Gaussian (linear) model were appropriate, the shape of the

curves which would be fitted to the population and cohort data would be quite different

and no conclusions could be arrived at from simple inspection of the results.

The Effect of Washing on the DFP32 and S35 Label in Platelsts

It can be seen from the tables that repeated washing of DFP� (Table 2) or

labelled platelets (Table 3) does not apparently produce much loss of any of the isotope.

The nonwashed platelets were prepared by centrifuging EDTA platelet-rich plasma at
3600 r.p.m. for 12 minutes to prepare a platelet button. The supernatant plasma was

removed. The top of the button was rinsed with Tyrode’s solution (containing no calcium

and magnesium). The radioactivity of this button was then determined. The remaining

portion of the button was washed the number of times indicated in Tyrodes solution
(containing no calcium and magnesium). Although these observations do not answer
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THE PATTERN OF PLATELET DISAPPEARANCE 31

Table 2.-The Effect of Repeated Washing on DFP32 Platelet Label

Sample

Experiment

1 2 3 4 5 ()

CPM/mg. 1’latelets

Nonwashed platelets

Washed platelets X 2
Wash fluid (2)*

Washed platelets X 4

Wash fluid (4)*
Washed platelets X 6

Wash fluid (6)*

50

60
0

64

0

58

0

86

66
4

63
0

77

0

80

77

4

77

1

78

0

32

37

1

38

0

37

0

72

73

1

69

0

67
0

37

42

1

44

0

48

0

* CPM/ml. wash fluid.

Table 3.-The Effect of Repeated Washing on S3� Platelet Label at 60 Hours

Samples

,

Experiment

1 2 3

CPM/mg. Platelets

Nonwashed platelets
Washed platelets X

Wash fluid (2)*
�Tashed platelets X 4

Wash fluid (4)*
Washed platelets X

Wash fluid (6)*

2

6

194

210
4

174

1

161
1

177

173
4

160
1

158
0

35

30
1

31

1

30
0

* CPM/nil. wash fluid.

the questions concerning elution, they suggest, along with the evidence of Geissinger and

associates, that these labels are fairly firmly fixed to the platelets.
RESULTS

The first experiment shows in general that the half-lives for the two methods

give comparable results in both pigs and dogs (Table 4) . In fact, 12 out of

the 15 animals show that DFP 32 gives a longer estimated survival than S �

( As is usually the case, when the exponential rather than the Gaussian model

is used for calculating life-span, the difference among the animals in the half-

life is large relative to the mean. This is due to the fact that the Gaussian

model gives results which are sensitive to the length of time over which the

experiment is conducted, whereas this does not occur with the exponential

model.) On logarithmic paper the curves produced a fair approximation to

linearity at least in the earlier part where counts are high and therefore

reliable. They are in general parallel through most of their course, although the

decay in the S35 curve is often more rapid in the latter part (Figs. 2 and 3).

The second experiment was done on six pigs, and the results for each are

shown in Figure 4. Point and interval estimates on the half-lives are given

in Table 5. These show that the half-lives are very similar, DFP 32 giving
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Experimental

Animal

Table 4.-Half-Lives of Platelet Survival

in Double-Tagging Experiment, Computed under the Exponential Model

Platelet Half-life
(Hours)

S’� DFP�

Dogs 10 16.64 22.71

\V9 2907 21.01

23 23.25 33.27

12 12.21 15.66
11 40.26 68.68

6 12.98 13.61

36 32.30 46.94
37 18.21 18.01

21 33.25 48.57

\V8 21.60 60.03

22 20.56 48.01
93 30.74 49.50

Pigs 7
8

9

15.71
13.19

13.28

48.32
30.60

13.08

Table 5.-Point and Interval Estimates (95% Confulence Limits)

on Platelet Survival in the Cross-Transfusion Experiments

Computed in Hours under the Exponential Model

Lower Upper

Confidence Confidence

Pig Isotope Limit Half.Life Limit

(Hours) (Hours) (Hours)

642

791

930

932

1147

1171

S� 17.05 19.61 23.07

l)FP” 13.18 19.07 34.47

SZ 8.08 13.69 44.83

I)FP� 9.06 15.97 67.14

S� 12.53 19.35 42.37

DFP� 11.38 12.76 14.52

S�’ 13.31 22.45 71.55

I)FP� 11.46 21.60 187.86
S� 11.64 13.32 15.56

DFP� 13.94 24.62 105.00

S� 10.62 15.44 28.25

DFP0 12.24 16.49 25.28

32 MURPHY ET AL.

slightly higher estimates. The curves are close to linear and in four of the six

cases are almost parallel.

DISCusSIoN

The findings in the first experiment show curves reasonably close to linear

on semilogarithmic plots, and paired estimates of survival which are fairly

similar within animals. In agreement with results from previous studies, the

5 � curves showed no tendency to form a plateau,17 an observation from which

only negative conclusions can be drawn (i.e., they provide no evidence of
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Fig. 2.-Data from the first group of double-tagging experiment plotted on a

logarithmic scale showing overall an approximately exponential decay for S� and
DFP32. The decay slopes for the two are approximately the same.

age-dependent destruction). The DFP curve shows survival of a total popu-

lation, which must have a greater mean age than the young cohort labeled

with S � Contrary to expectations, the DFP 32 estimates are the longer in 12 out

of 15 cases. Applying a simple nonparametric sign test with a continuity cor-

rection, this is a significant difference (x 2 = 4.33, p <0.05). This result calls

for comment, and the following explanations suggest themselves:

1. S� or DFP’2 elutes from labeled platelets from whatever cause.

2. DFPe or a breakdown product of it is used on a large scale to relabel platelets.

3. DFP’� labels megakaryocytes in the marrow sufficiently to remain as a source re-
plenishing the 1a!�elec1 circulating cells, and any such effect from the S� is short-

lived or nonexistent.
4. Younger cells are more liable to destruction than older cells.
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Fig. 3.-See legend for Figure 2. In the later part of the experiment the decay
for the S35 platelet may be a little more rapid than for DFP32.

5. A combination of 1 and 4. Young cells may suffer sublethal injury with greater

probability than older cells and as a result lose S’5 but not DFP�#{176}.

6. The S’5 label is injurious to the platelet or is more so than DFP’�.
7. That S’5 labels a portion of the circulating platelets directly and this effect is mani-

fest to a significant degree on the third day when the DFP” is given.

The second experiment shows a much closer agreement between the read-

ings, three readings being the longer for DFP32 and three for 5 �. The lines

are more nearly parallel. The S � estimates of survival are much the same as

in the three studies in pigs in the first experiment. Since we expect injury to

be more sensitively reflected in the loss of 5 35 label,18 adverse effects from the

handling of platelets and from platelet antibodies should increase the dif-
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Fig. 4A
.� Fig. 4 (A, B and C).-The results for the second group of experiments are shown.

The measurements on the vertical axis are counts/min./mg. platelet material. The
crosses are the DFP�2 values; the dots are the S35 values. The least squares fit for

the S35 values is indicated by the continuous line and for DFP32 by the discontinu-
p. � line. In four of the experiments, the decay slopes are similar. In pig 930 the

w S35 slope is the less steep, and conversely in pig 1147.

, ference between the half-lives by decreasing the S � estimate. Since the con-

verse is the case, we may infer that these factors are not operating to any

# considerable extent. Since there was no evidence of sequestration and recovery

� was good, the only one of the above explanations likely to be having an effect

is marrow labeling, but we find it hard to believe that this is a sufficient expla-

� nation in the second experiment in which no free isotope is available to the

V recipient pig. We have no evidence which will help us to assess whether the

isotope labels are harmful and, if so, how much.

In view of the evidence that EDTA affects the platelet 19 and greatly influ-

ences Cr 51 survival curves,2#{176} some reservations must be kept in respect to the

cross-transfusion studies. However, no evidence of sequestration was found

in the present study.

The findings of the present experiments do not completely resolve the

problem of the pattern of platelet disappearance. They do lend some support

to the view that under the conditions of these experiments and in these

#{248}t species there is a very large element of indiscriminate age-homogeneous loss.

However, some anomalous findings leave misgivings that the pattern may be

more complex and that a more general model may ultimately be necessary.

4 The findings give no support to the view that platelets undergo endogenous
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THE PATTERN OF PLATELET DISAPPEARANCE 37

aging such as would occur from the progressive consumption of some irre-

placeable internal substrate. The view that the latter effect may be operating

seems to have been based largely on an overinterpretation of the significance

of apparently linear decay curves.

In the present state of our knowledge we think that the best simple index

of platelet survival is the half-life computed under the exponential model.

We expressly do not wish it to be thought that we belive this model adequately

describes what we have encountered in our experience. Generalizations of

this model are under active exploration.

If by elution or other means a label were being lost, it should be evident

from the character of the curves-and it would be necessary if a simple

explanation for the parallelism of the curves is to be retained-to suppose

that a precisely similar rate of loss is at work in the S curves. This leads to

the interesting subsidiary conclusion from the present study that there appears

to be a little tendency for the DFP 32 label to elute.

SUMMARY

In pigs and in dogs simultaneous tagging of platelets with cohort and

population labels suggests that platelet destruction is largely independent of

platelet age. No evidence of endogenous platelet aging has been encountered.

The implications of these findings are discussed. It seems reasonable for the

time being to use the “exponential half-life” as an index of platelet survival

without committing oneself to the view that the exponential model adequately

represents the phenomenon.

SUMMARIO IN INTERLINGUA

In porcos e canes, le marcation simultanee de plachettas con marcas die cohorte e die

population suggestiona que Ic destruction dcl plachettas es largemente independente del

etate del plachettas. Nulle evidentia pro un invetulation die plachettas endlogene esseva

incontrate. Le signification inherente de iste constatationes es diiscutite. II pare justificate,

pro le momento, usar le “tempore de medlie valor exponential” como indice del supervi-

ventia plachettal, sin acceptar sin reserva Ic opinion que Ic modello exponential es tin

adequate representation del phenomeno.
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