
Platelet Labeling for Determination 

of Lifespan 

Emilian MLADEIMOV**, Susanne GRANEGGER*, Stephan HANN**, Helmut S1NZINGER' 

Department of Nuclear Medicine, University of Vienna, 
Working Group of Analytical Chemistry, Institute of Chemistry, University of Agricultural Sciences, Vienna, 
VVilhelm Auerswald Atherosclerosis Research Group (ASF), Veinna, AUSTR1A 

  

After various earlier attempts with different radiotracers 51chromium and finally ^IndiumoKİne became 
the tracers of choice for the radiolabeling of human platelets and the subsequent monitoring of in vivo kine- 
tics. Data on clinical application of platelet survival in atherosclerotic vascular disease and a variety of risk fac- 
tors are presented. Furthermore, a new approach to use nonradioactive material (rubidium) as label for plate- 
lets allowing application in children and pregnants, where only the information on platelet survival is necessary, 
are discussed. The application of 111lndium-oxine and cold rubidium is an underused reiiable methodology for 
the assessment of lifespan of human platelets for clinical diagnosis and treatment monitoring. 
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INTRODUCTION 

Determination of platelet lifespan is of cli- 
nical relevance to discover the mechanisms 
of abnornıal platelet consumption in hema- 
tological disorders and f.he most reliable in 
vivo methodology to assess platelet function 
in vivo in meni1'2!. Various radionuclides 
such us 14C-serotonin, 3H - ör 32P-diisop- 
ropylfluorophosphate have been exanıined 
but abandoned later due to inconvenient 

physical characteristicst3'6'. The first label 
successfully used for platelet studies in men 
was 51chromium introduced as chromic 
chloride and later on sodium chromate'7!. 
The advantage that not only platelet kinetic 
monitoring was possible but also the parallel 
imaging of abnormal deposition sites was a 
break-through İn 1976, when Mathew Tha- 
kur and coworkers introduced mlndium- 
oxinel8'. Since then, the use of 111Indium- 
oxine and other complexes (tropolone, acety- 

Dedicated to Prof. Dr. Orhan N. Ulutin in personal friendship recognizing his outstanding scientific merits. 
9   Data presented are part of the thesls of E.M. to be presented at the Medical Faculty, University of Vienna, Austria, 

275 

ABSTRACT



Mladenov E, Granegger S, Hann S, Sinzinger H. Platelet Labeling for Determination of Lifespan 

  

lacetone, MPO, oxinesulphate) arnong others 
for labeling has attracted considerable inte- 
rest, others did not succeedl9'13L However, 
its clinicaJ application due to the practical 
problerns of careful platelet İsolation, radi- 
olabeling and maintaining the functional vi- 
ability of the cells has not overcome by many 
laboratories, so that the real wide clinical 
application önce expected was not achieved 
so 

Platelet survival easily can be assessed by 
measuring the disappearance rate of the (ra- 
dio) labelled cells from circulation in healthy 
adults. Platelets show a linear disappearance 
on Cartesian coordinatesl17!. Dependent on 
their age they are destructed then predomi- 
nantly in spleen and bone marrow. The nor- 
mal survival of human platelets ranges bet- 
ween 180 and 220 hours. As the only öne in 
vivo platelet function parameter platelet sur- 
vival reflects single as well as repeated in- 
jury, although being unspecific. Animal data 
clearly have shown that the extent of dama- 
ged vascular surface correlates negatively to 
the survival of the cellsf7!. Similarly, in ani- 
mals as well as in human after implantation 
of synthetic grafts such a negative correlati- 
on between synthetic surface and platelet 
survival has been assessed. Excluding arte- 
factual influence such as blood-withdrawal, 

haematoma, bleeding, abnormal consumpti- 
on at nonvascular sites (which has to be exc- 
luded by imaging of normal distribution), 
platelet survival determination is a reliable 
parameter of number, size and activity of le- 
sion sites (Figüre 1)U8-20]_ A significant re- 
duction of survival only is due to a significant 
continuous damage to the celisi21'. 

Clinical Conditions 

Except a variery of haematological condi- 
tions, atherosclerosis and the associated risk 
factors are mainly underlying an abnormal 
survival behaviourl22!. 

Coronary Heart Disease (CHD) 

Patients with CHD showed a most severe 
shortening of the in vivo life span. Among the 
risk factors, cigarette smoking, hyperlipide- 
mia and diabetes are the ones showing the 
most significant impairment (Table l). A 
combination of risk factors as usually found 
in clinically high risk patients decreases pla- 
telet survival even further indicating impa- 
ired haemostatic balance. 

Peripheral Vascular Disease (PVD) 

A shortening of platelet survival in PVD is 
somewhat less pronounced as compared to 
CHD. The difference as compared to control 
values, however, is significant. The risk fac- 
tors and again in the order of sequence smo- 
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king, hyperlipoproteinemia and diabetes are 
the ones showing the most pronounced effect 
(Table 2). 

Cerebrovascular Disease (CVD) 

Shortening in platelet survival in CVD-pa- 
tients is usually in the range of the ones of 
PVD and less pronounced as compared to 
CHD (Figüre 2). Interestingly, those patients 
showing positive lesions (+ LE) in scintig- 
raphy the day after the labeling have platelet 
survival being more shortened as compared 
to those without lesions (- LE) (Table 3). The 
differences, however, are not significant (Fi- 
güre l shows a normal imaging of the cervi- 
cal vessels). 

Hyperlipoproteinemia 

Platelet survival determination shows in 
general a good correlation to total cholesterol 
(r= -0.7342; p< 0.01) and LDL-cholesterol (r= 
-0.7584; p< 0.001) in familial hypercholeste- 
rolemia. However, no correlation to triglyceri- 
des, HDL ör VLDL-cholesterol as well as to 
the extent of oxidation of lipoproteins as de- 
termined via conjugated dienes ör malondial- 
dehyde exists. in isolated hypercholesterole- 
mia survival is usually more shortened (133 ± 
11 h) vs patients with mixed hyperlipoprote- 

inemia (145 ± 12 h), indicating that choleste- 
rol is the key regülatör. A strong inverse rela- 
tionship with J3-thromboglobulin (r= -0.7386; 
p< 0.001), platelet factor IV (r= -7293; p< 
0.001) and even more thromboxane 62 (r- - 
8342; p< 0.001) exists. it has to be conside- 
red that the labeling behaviour ör human 
platelets and recovery are strongly inversely 
related to cholesterol (p< 0.01) and LDL-cho- 
lesterol (p< 0.01)!23'. Thus, in patients wlth a 
total cholesterol of above 300 mg/dL, longer 
in vitro İncubation periods are recommended 
in order to counterbalance the significantly 
irnpaired labeling efficiency. 

Drug Monitoring 

Drug monitoring became öne of the most 
fascinating clinical applications of platelet 
survival studies. Application of prostacyclin 
and also PGEl teaches us that treatment inı- 
mediately reduces vascular thrombogenicity 
and improves survival which persists prolon- 
ged for weeks and even months, indicating a 
long-lasting improvernent in platelet vessel 
wall interaction. 

While various dietary measures have be- 
en shown to be associated with a varying ex- 
tent of improvernent in platelet survival ra- 
rely achieving the level of significance, treat- 
ment wlth lipid lowering agents, however 
has been shown to prolong significantly pla- 
telet survival due to its lipid lowering and in 
particular cholesterol lowering capacity (Tab- 
le 4). Comparing studies whether the extent 
of lipid lowering either by the different drugs 
ör doses correlate to the extent of improve- 
rnent in systemic haernostasis, however, ha- 
ve not been performed yet. 

Abnormal trapping of human platelets at 
vascular sites reflects a prolonged residence 
time and usually is due to an active athe- 
rosclerotic lesion site'24'. External detection 
have been successfully used for continuous 
monitoring of deposition kinetics (Figures 2a 
and 2b). Extent of platelet deposition was 
highly correlated to activity of the disease as 
well as shortening in platelet survival. If ima- 
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ging of vascular lesion sites is not required, 
however, the exposure to radioactivity -altho- 
ugh minör- has to be considered!25'26l 

Various iunction tests propose to assess 
platelet function after radiolabeling failed in 
their goal to become useful for clinical appli- 
cation. Ali these tests are taking at least 45- 
60 minutes. Önce waiting with the radiolabe- 
led platelet population until viability testing 
has been finished, the test may reveal a nor- 
mal finding, the stored labelled celi populati- 
on, however, loosing dramatically in the me- 
anwhile functional capacity. Time course 
and extent of decay in platelet function are 
r,xtremely varying on an interindividual base 
without available predictive information. 
Therefore, well trained staff needs to estab- 
lish the performance of labeling on a routine 
base. Although a great variety of mathemati- 
cal models exist, their impact for the rouline 
only shows minör differences, respective 
cornputer programs being widely available'27' 
32'. Additives except prostaglandins EL and 12 

and eventually NO are of sorne help, howe- 
ver, the prostaglandins are quite expensi- 
vel33"35). These compounds are offering the 
advantage that they are not interfering with 
platelet function and subsequent in vivo ki- 
netic behaviour after reinjection. 

Methods for radiolabeling platelets are of 
clinical value, however, they are associated 
with the radioactive burden. Although propo- 
sed early, the use of rubidium may be quite 
promising in the future'17'36}. Approaches al- 
so in our lab already l ör 2 decades ago wor- 
king with amounts which could easily be ad- 
ministered to men, were limited by the prob- 
lem of detection limits after blood withdrawal 
to assess the kinetic curve. This now seems 
to be overcome by rubidium {Rb). After incu- 
bation with 5 mg Rb labeling efficiency is de- 
termined by means ör radioactive counting 
(added Rb86) as well as by coupled plasma 
sector field mass spectrometry (ICP-SFMS). 
Labeling yield ranged at about 10% and in 
contrast to ınln-oxine was not temperature- 
dependent. Considering the detection limit of 
ICP-SFMS and labeling efficiency 0.5-1 mg 
Rb are finally injected into the patient allo- 
wing in vivo rnonitoring of kinetics. These fin- 
dings indicate that ICP-SFMS rnonitoring of 
Rb-labeled blood cells is feasible and may 
even replace radiolabeling in those patients 
where subsequent gamma-camera imaging is 
not required. 

Definitely, the advantage would be to as- 
sess values in pregnancy as well as in child- 
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ren, avoiding the radioactive burden may 
render it atlractive for adults, although high- 
ly specialized expensive equipment is neces- 
sary. 

External labeling with nonradioaclive 
compounds may yield identical artefacts vla 
altering the function during the extracorpo- 
ral period as reported for the radioactive la- 
bels, except their additional radiation bur- 
den. Metabolic labels are requiring the admi- 
nistration of drugs and are furthermore only 
providing an indirect measure for platelet 

survival. Although extremely simple, deter- 
mination of recovery of cyclooxygenase pro- 
ducts (malondialdehyde, thrornboxane B2, 
HHT and others) after a single high-dose 
acetylsalicylic acid application did not succe- 
ed either. Direct labeling may be associated 
with certain toxicity not allowing application 
in meni37). 

There is no doubt that monitoring of pla- 
telet survival is the most valuable and reliab- 
le measure of in vivo platelet vessel wall inte- 
ratcion and haemostasis. Thus, efforts to fi- 
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nally establish it as a routine methodology 
with improved cost-benefit and risk-benefit 
ratio are promising. 
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