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SUMMARY: -- We have shown in the rat and in man that it is possible to 
detrnuine the life span of autologous platelets an - Q uantify the 
pro&c&ion of these uiroulating oells by inject&g I!& 4 Se -methionine and 
analysing the overall platelet radioaotivity curves obtained1 platelets 
and their preoursors are labelled in viva by adsorption of ciroulating I-- 
plasma proteins onto their membrane, and in the marrow, principally during 
synthesis of fhrombosthenin. This last phenomenon takes plaoe 2 to 3 days 
before platelet release into the rat blood oiroulation and 5 to 6 days in 
the oase of man. l&en there is a greatly increased produotion, the maturation 
time ia slightly deoreased. 

INTRODHCTICN a---- 

c 3 '%e -methionine haa been used as a cohort label of the platelet 

population, in order to quantitatively measure the platelet production. 

Several authors quantify thromboaytopoieais in man and animals by measuring 

the rate of inaorporation of this traoer in the ciroulating platelets, either 

when radioaotitity is at a maximum (1) or at the 24@ hour after ita 

infusion (2). 

We are presenting here a study of 
75 I: 1 Se -mefhionine-labelled platelets 

in the circulation during their development and deaay. The study has enabled 

us to distinguish between platelets labelled by one or both of the following 

two pathways: direot megakaryooytopoietio labelling from the injected 

amino-aoid analogue, and delayed labelling from the radioaative plasma 

proteins. It permits us to deternine the oell life span and to quantify 

the production of these oells. 

MATERIALSANDMETHODS m------w 

Male Wistar rata weighing between 2.50 and 300 g were used. They were 
fed on etanda 
or methyl LJH f 

laboratory pellet food. 
6 -methionine were purohase 
7'~~~~ce~pnine (CL 2-0.4 mOi/dt) 

Saalay, and injeoted 
through the tail vein in a dose of 5-70 u&/10& io; weight. 

Blood samples were obtained by 4 oard ao pnnoture under etner anaesthesia 
using plastio syringes oontaining aoidified oitrate aolution (Aster's formula: 
Trisodinm oitrate 4.488, Citrio aoid 2.731, D-glaoose anh. 2.OOg, distilled 
water 100 ml). One volume of antiooagulant was used for 9 volumes of blood. 
5 to 7 ml of blood was then transfused fe plastio tubes and centrifuged at 
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40% for 10 minutes. We platelet oontaining plaema or rrupermatant was harvee- 
ted alowly, leaving the lower part, after eaoh oentrifugatiem. Platelet-rioh 
plasma was oentrifuged at 15OOg for 10 minutes and the platelet pellet washed 
twioe in 0.1% M NaCl oontaining lO$ acidified oitrate solution. The 
haemoglobin oonoentration was inferior to 3.3 m&l and no leuoocytea were 
visible by optioal mioroaoopy in any experiment. 

Isolation of soluble platelet proteinat The platelet pellet was 
reeuepended in 0.1 54W.~Trie-EC1 pE 7.5 and fragmented by freeeing and thawing 
four times in liquid nitrogen. The homogenate wa8 then oentrifumd at 28,OOOg 
for 30 minutee to remove intaot platelets and debris.&1 filtration of the 
eupernatant or of plasma samples waB oarried out at 4OC with Sephadex 0200 
(Pharmaoia, Uppaala, Sweden), using a column 3501~ long and 2.5 cm in diameter! 
elution was performed with 0.1 Y Trie-EC1 pH 7.5, 1 Y NaCl, at a rate of 15 or 
20 ml per hour. Spectrophotometrio absorption at 280 nm and the radioaotivity 
of eaoh 3.5 ml eluate fraotion were meaeured. 

Fibrinogen was isolated by thrombin precipitations thrombin (2 U/ml) was 
added slowly to the first protein peak isolated from Sephadex ohromatography 
or to plasma samples. The samples were inoubated at 37OC for 30 minutes 
and the olot was removed with a glass rod, wrshed with distilled water and 
dissolved in alkaline urea (6.7 Y urea, 0.2 M NaOH); the O.D. at 280 nm 
and the radioactivity were then determined. 

Thrombosthenin, a epeoifio platelet protein, was extraoted by the 
technique described by Naohman et al. (3) and isolated by chromatography 
on Sephadex 0200, using 0.015 1 Tris-HCl pH 7.4, containing 0.6 M KCl, in a 
35 om long and 2.5 om diameter column. The O.D. at 280 nm and the 
radioaotivity of eaoh 3.5 ml eluate fraction were measured. 

In studies with human subjeots 1.5 uCi/kg body weight of P'Se] -me- 
thionine was injeoted. The prooedure of 4 latelet extraction wae similar to 
that used after infusion of platelet6 labelled in vitro withr'Cr1 (4). 
The radioaotivity of the pellets obtained daily%?%-to 25 daye was 
measured and the appropriate correotions made for possible variations, from 
one pre;aytion to anotherindL 

Se was meaayed in a ~$11 type scintillation oounter to an 
acouraoy of at least+- wa$ meaeured by liquid scintillation 
with an accuracy of - ? 3 

Hi- 

. 

REEXJLTS AND DISCUSSION -- ---s-- 
A- Rat studiesr We have ohoaen to use methionine aa a traoer of 

thrombocytopoieais, sinoe it ie known that megakaryooytes synthetize a 

speoifio protein, thrombosthenin, whioh represents 15 to 20 $ of the 

platelet proteins and ie vew rich in methionine (5); vsSel was usad 

aa a traoer, because of its physioal properties (yemission, half-life) 

which could enable its use in human pathology. However, it is known that 

an amino-aoid and its analogue could not be inoorporated in the same manner 

during protein synthesis, beoause the methionine-t-RNA synthetase does 

not have the same affinity for the amino-aoid an& ite analogue (6). 

Using rats, we have aompared the in vivo behaviour of r'%]*ethionine -- 
and methyl II 

'H -methioniner the catabolism of the labelled proteins ia the 

same, 5.5 to 6% per day, refleoting the renewal of the methionine pool in 

the organism (7). The rate of inoorporation and the observed curve8 of 

platelet-bound radioaotivity are similar (Iplg 1). The oonoentration of 

the labelled plasma proteins in the intra- and the extra-vascular spaces 
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Fig l.Changes in plasma (X - X) and platelet (. - .) radioactivity with 

-methionine injected, (b) r%] -me$hionine injected. 
Eaoh point represents the mean obtained for 10 rat&(-l 8. a.). 

is the same, aa was oaloulated from the ratio of the levels of radioaotivity 

determined from the exponential ourvee of radioactive decay (Fig 1). These 

reeulta justify the we of["Se] -methionine as a traoer fox the phyaiologioal 

study of thrombooytopoiesis. 

Moreover, two hours after the injeation of p Se] -methionine, 9&0%.8$ 

of the mai0aOtivity is bound to plasma protein8 (fibrinogen and prinoipally 

albumin). After this, the npeoifio plasma protein radioaotivities decrease 

(Fig 2, a and b). Two of the three isolated platelet protein fraotions have 

bioohemioal and immunoohemioal aharacterietios which identify them as 

fibrinogen and albumin (8). The loss of radioaotivity from theBe two proteins 

(fig 2, 0 and d), which are known to be adsorbed onto the plasma membrane 

of the platelete is identical to the loss of radioactivity from the two 

similar plasma fractions. However, the increase in specifio radioactivity 

leads to a maximum observed only on the 3t day after the traoer infusion, 

although the plasma protein radioaativity reaches a maximum as early as the 2d 

hour; there is no decreaee of platelet-bound albumin radioactivity after 

repeated washings of in vivo-labelled platelets. w--m 
These results suggest that the adsorption of labelled plasma proteins 

by the platelets oocurs as the same time as liberation of these cells by the 

bone marrow. 
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TIME (days1 

Pyg 2.Changes in speoifio radioaotivity of plasma proteins (X - X): 
fibrinogen, (b) albumin, and of soluble platelet proteins (. - .)a 
(d). Eaoh point represents the mean obtained for three experiments 

We have isolated a third platelet proteic frastion, probably thrombosthenin 

(8), which is synthetized by the megakaryooytes. No radioaotivity wae found 

until 60 hours after infusion of the label, when an inorease of radioactivity 

in this protein Was noticed. The maximum value was attained at the 72d hour 

and maintained until the lg2d hour, when radioaotivity deoreased, suggesting 

that the oells have a given life span which varies little. 

These data suggest that some of the traoer is direotly bound to the 

maturing megakaryooytea, liberated into the ciroulating blood, as platelet 

struotural protein, and disappears at the time of oell death. Another fraction 

was radioactive plasma proteins, adsorbed onto the platelet membranes, the 

cell8 oontinously being released from the bone marrow. !l%is ooating of 

adsorbed proteins uould possibly disappear randomly (exponentially), during 

the oell's life in the blood ciroulation. 

Eight daya after the tracer infusion, all the initially labslled cohort 

has disappeared, and the further decrease of the platelet radioaotivity 

indioates the removal of plasma protein; the ourve is desoribed by an 

exponential equation1 

A(t) m A ,-ht 

when A, the oatabolio rate of the radioaotivity adaorbed to the plateleta, 

oan be experimentally determined, and A oaloulated. 
B- Human studiemr Fig 3 ehows the fate of plasma protein radioaotivity 

in one normal case (Fig 3,a) and in three pathslogioal oaws (Fig 3,b, o, d). 

It is possible, on the sanw manner, to reoonstitute the ourvo of platslet 

radioactivity due to adsorption of plasma proteins onto the platelet membranes 
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Fig J.Fate of plasma protein radioactivity (X - X), circulating platelet 
bound radi'oa&Svity (. - .) and correoted platelet curve (0 - 0) in 
one normal oase (a), and in three pathological oases: ca8e no 9 (b), oase 
no 15 (0) and oase no 20 (a). 

Maximum platelet bound plasm0 
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Fig 4.CqTrelation between maximum plasma radioactivity obtained 3 hours 
after \ Se] -methionine injeofion and maximum plasma radioactivity 
adsorbed on to lOa cells. 

and we have observed that there is a striot oorrelation (p&0.01) between 

the platelet-bound albumin radioaotivity at its maximum and the speoifio 

radioaotivify of the oiroalating plasma albumin at ite maximum (F9.g 4). 

In 21 oases, using this method, we have found a good reproducibility 

333 



Vol. 81, No. 2, 1978 BlOCHEMlCAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

T8blo 1. Rosulta obtained in 21 hrtlaan canon. !Th* disgnonw wore: ohronio granulaoytopwA8 (08s.r 
no 1 and 2)) polyOyth8OSi8 var8 (v’P]induoad remireion) (o8M no 3)) aouto my*logonoua leuk~mi8 
(omen no 4, 5.8nd 14),.intemittont thrabooytopmia (oases no 6 and 7), primmy ohronio 
l rythroblaatopnia (o8e.r no 8), idiopthio thromboponio purpur8 (o-moo no 9, 10, 12 and 13), 
oonrtitutionrl thrombooytoponia (oamm no 11, 
oongenital thrombooytomnis (O(LM n 

15 and 19)h bono narrow tubrroulorim (OIM no 16), 
* o 

(08~ no 21). 
17), aplastio anaomi (can9 n 18) and primary ‘throrbooytharmi8 

Life ~pee w.re determined by injected autologow (A) or isolOgou~ (I) platolots labelled in vitro 
with ~%jO,Us~ . 

--- 

?ATIEIITS 
“*&y BONE iiARFlOW PLATELET 

x1o1o/1 liEQAKARTOCYTES 
plstel*ta PRODUCTIOIf 

no 1 

4 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

8-9 0.04~.01 
9 -10 0.0~0.01 

0.05kI.01 
0.0&0.01 

7% (I) 
0.61~0.01 

8 -10 0.04%L01 
0.05~.01 
0. ogc. 01 

1 0.73%.03 
1 1.79k.06 

l-2 0.r420.06 
l-2 0.16~0.05 
l-2 0.30-+0.05 

0.03%L01 
0.01~0.005 
0.01~0.006 
0.01%.005 

3-4 0.0*.01 
-8 

I-4 
0.01kL006 
0.54%.20 

6-7 0.3220.12 

*.xpreea@d 8~ the peroentage of the injooted radioaotirity. 

of the results in the normal subjeots (patients without haematologioal 

disease). Moreover, we have found a good oorrelation between the platelet 

number with their destruotion and produotion rate (Table 1). 

However, in 5 oasee with splenomegaly, thrombooytopenia warn assooiated 

with normal or subnormal platelet life span, and low methionine uptake, 

expressed as a percentage of inoorporation into the oiroulating platelete; 

these faate cannot be interpreted as a produotion defeat but aa an abnor- 

mality of the ratio of those oirculating to those in marginal platelet 

compartments, as has been clearly observed in hypersplenism (9). In suah 

patients, in whioh the platelet conoentration in the blood circulation 

could not be a true representation of the total platelet volume, an 

independant measurement of the platelet oompartments is needed before 

interpretating the results given by the C" %I -methionine kinetic study. 

The method alao enables the measurment of the time elapsing between 

traoer infusion and the appearance of the labelled oohort in the oiroulation. 

From our preliminary results, this time appears to be constant at 5 to 6 days 

in normal subjects and in patients with produotion defects, but it deoreased 
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in those cases in which a hyperdestruotion was proved. Suoh an apprcaoh to 

the maturation defeats of thrombocytopoiesis in man oould be useful in 

pathology. 
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