
The Effect of Sulfinpyrazone on Platelet Economy
and Thrombus Formation in Rabbits

By J. F. MUSTARD, H. C. ROWSELL, H. A. SMYTHE, A. SENYI

AND E. A. MURPHY

I N THE COURSE of examining the relationship of gout to platelet economy
in man, it was observed that the drug sulfinpyrazone ( Anturan ) in paired

studies prolonged platelet survival by about 70 per cent and that there was a

corresponding decrease in platelet turnover.’ Four subjects who were given

the drug for less than a month showed comparatively little change, suggesting

that it must be administered for a period of at least 4 weeks for this effect to be

evident. The mechanism by which the effect on platelets is achieved is not

immediately clear. The drug is known to have a uricosuric action which is,

however, rapid;2 it also influences the function of cell membranes.1

It was decided to see if a similar effect on platelet economy could be pro-

duced in rabbits in order to throw light on three problems.

1. Whether the effect on platelet economy was abolished in the absence

of plasmas, uric acid, a substance not present in rabbit blood.

2. Whether a change in platelet economy can be produced in animals with

a healthy vascular tree, since atherosclerosis is a not uncommon feature

of older human subjects.

3. Whether there is any relationship between changes in platelet economy

produced by sulfinpyrazone, if these exist in rabbits, and thrombus

formation from flowing blood.

The results of this study form the subject of the present communication.
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MATERIALS AND METHODS

An inials

Thirty-two white New Zealand rabbits of l)etween 4 to 5 Kg. body weight were allocated

at random to two equal groups: a treatment group which received subcutaneous injections

of sulfinpyrazone twice daily in doses of 50 mg., and a control group which received similar

injections of the vehicle solution twice daily. The animals were studied in batches of 4 to

6; half were put in the control group and half in the treated group. Some of them were also

used for the study of platelet serotonin uptake and thrombus formation, with additional

observations in other animals not used for the platelet economy studies. The animals

were kept in separate cages and allowed standard rabbit chow and water ad libitum.

Platelet Survival

Platelet survival studies were carried out by the di-isopropylfluorophosphonate (P32)

method of Leeksma and Cohen.4 Each animal, after it had been under treatment for a

period of 4 weeks or longer, was given an intravenous injection of 30 microcuries of DFP32

(obtained from the Radiochemical Centre, Amersham, England). The specific activity of

the DFP32 at the time of its shipment was between 200 to 240 pc/mg. DFP. It was used for

platelet survival studies for up to 3 weeks after shipment. This means that the dose of

DFP ranged between about 0.03 mg. and 0.12 mg/Kg. body weight. Six blood samples

were taken over the 7-day period starting at 24 hours after the injection of DFPS2. A blood
specimen of 8 ml. was obtained from the marginal ear veins of each animal and the
blood placed in a silicone-coated glass centrifuge tube containing 0.8 ml. of a 1.5 per

cent EDTA solution containing 5 per cent of dextran (Glaxo). Each blood sample was

allowed to sediment at room temperature for a period of 2 to 3 hours, following which

the supernatant platelet-rich plasma was removed and placed in another silicone-coated

glass centrifuge tube. The platelet button was prepared from this platelet-rich plasma,

washed twice with Tyrode solution, the material placed on a planchet, weighed, and its

radioactivity counted as previously described.5’6

Since an objective method of estimating platelet survival from the data must be used and
since this cannot be achieved until an appropriate model has been established,7’8 we used as

index values of platelet survival the half-life computed by fitting a least-squares line to the

logarithms of the number of radioactive counts/mm/mg. platelet material plotted against

time. As a check on this method we also estimated platelet survival by supposing that it

is “linear,” fitting a line by least squares and finding the point at which it intersects the

baseline. The estimates obtained by the two methods are, of course, different in magnitude
but show a good correspondence.5-7 Thus, either is probably a suitable index provided

it is used consistently throughout a study.

Blood Coagulation

A week following completion of the platelet survival study, and while the animals

were still receiving treatment, samples of blood were drawn from the marginal ear veins
for tests of blood coagulation. They were taken with stainless steel needles and plastic
syringes. Plasma for the tests was prepared from blood taken into 3.8 per cent trisodium

citrate in the proportions of 1 part anticoagulant solution to 9 parts whole blood in silicone-
coated glass tubes. The whole blood clotting time in glass and silicone-coated tubes, the

prothrombin time, the Russell’s Viper Venom time, the prothrombin consumption time,

platelet count and glass contact activity were carried out by methods that have been

described.8’9 Appropriate normalizing transformations were used where necessary in the
treatment of the data.5 For the Russell’s Viper Venom time, prothrombin consumption time,

and glass contact activity, we have insufficient experience to use parametric methods with

confidence. For comparison, therefore, we have used the Mann-Whitney U. test.

Thrombus Formation

Elsewhere we have described in detail an extracorporeal circulation which has been
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Fig. 1.-Diagram of a flow chamber used in the study of thrombus formation
from flowing blood in rabbits. The connecting tubing is made of polyethylene (size

-PE 390) and the flow chamber is a glass bifurcation. Both the collecting “Y” piece

and the bubble trap are made of glass.

devised for the quantitative study of thrombus formation from flowing blood in large

animals.1#{176} The circulation, in effect, produces an arteriovenous shunt, and in small animals
such as the rabbit readily leads to embarrassment of the circulation, with congestive

heart failure. Accordingly, it has been necessary to devise an apparatus on a smaller scale

for use in studies in rabbits. A diagram of the apparatus used in these experiments is shown

in Figure 1. Prior to use, the inner surface of the shunt was coated with silicone as

described previously. Since the flow-chamber part of the shunt could not be dismantled,
the thrombus formed in the glass “Y” is weighed in situ after the specimen has been dried

for 4 hours at 37 C. The flow-chamber is then thoroughly cleaned, dried and reweighed.

The difference between the two weights is taken as the weight of the thrombus. The

circulation of the rabbit is easily disturbed by air emoblism, and it is therefore necessary
to include an air-trap in the extracorporeal circulation. Flow in these experiments was

estimated at the beginning of the experiment by measuring the rate of passage of the

blood between two points between which a known volume of tubing lies, and at the

end of the experiment by measuring the rate of passage of a small bubble of air occupying

the entire lumen through the same segment. During the conduct of the flow-chamber

experiment, all the rabbits were lightly anesthetized with pentobarbitol sodium given

intravenously. During the course of these experiments a few rabbits died from the anesthetic

before the flow chamber experiments could be finished. The results for these animals
were discarded.

We have previously found in pigs that the rate of growth of the thrombus from

flowing blood is exponential, and a logarithmic transformation is therefore required when

the data are being processed statistically.10’1’ This is both normalizing and variance-

stabilizing.

Serotonin Uptake

The uptake of serotonin by platelets was measured using C14-labeled 5-hydroxytryp-
tamine creatinine sulfate (Radiochemical Centre, Amersham, England). The method has

been described.12
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Table 1.-Sulfinpyrazone and Platelet Survival

Test

Treatment
Significance

of Differences
between Means

t p

Sulfinpyra-
Control (16)* zone (16)*

Mean Values

Platelet half-life (exponential) days 1.408 2.796 7.340 <0.001

Platelet survival (gaussian) days 6.415 8.173 5.996 <0.001

Platelet turnover

(exponential) No./cu. mm./day 139,Z00 75,100 2.425 <0.05

Platelet turnover

(gaussian) No/cu. mm./day 55,510 44,490 0.967 <0.4

Platelet count No/cu. mm. 351,200 360,400 0.121 <1.0

“The figures in parentheses indicate the number of animals in each group.

RESULTS

Platelet survival computed on the exponential model was almost twice as

long in the sulfinpyrazone-treated animals as in those given control injections.

(Table 1). The platelet survival values appear as in man to be approximately

normally distributed. However, the standard deviation for the results in the

sulfinpyrazone-treated group is approximately twice that in the controls. The

coefficients of variation in the two groups are similar. Since the variances are

widely different, a transformation which abolishes these differences was desir-

able. The stability of the coefficient of variation suggested the need for

logarithmic transformation, and this proved to be highly successful. The

approximate normality of the difference between the means and that between

the means of the transformed values was little affected. Similar results were

obtained when the survival values were computed with the Gaussian model

(Table 1). The mean platelet count was very little changed but, as might

be expected, the platelet turnover computed on the exponential model in

the sulfinpyrazone-treated animals was reduced by approximately 50 per cent.

Examples of the type of survival curves which were found in this study are

shown in Figure 2. It is of some interest that in contrast to our experience

in man the points in each curve show very little scatter.

The mean values for the coagulation tests are shown in Table 2. No signifi-

cant differences between the mean values were observed. The uptake of C’4

serotonin was studied in 9 sulfinpyrazone animals and in 9 control animals.

Results shown in Table 3 indicate that the uptake is higher in the sulfin-

pyrazone-treated animals (p <0.05).

The weight of thrombus formed in the two groups is shown in Table 4.

There is considerable overlap between the two distributions, and the mean

weight, although less in the sulfinpyrazone-treated animals, is not significantly

different from that in the control group. The initial rates of flow in the two

groups were similar (Table 4).

The short-term effects of sulfinpyrazone therapy were also studied in a

group of 6 sulfinpyrazone-treated animals and 6 controls (Table 5). The effect

on platelet economy was less than in the long-term study, and thrombus
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Fig. 2.-This shows representative platelet survival curves from three animals in

the control group (on the left) and three in the sulfinpyrazone-treated group on the

right. These are from the first studs’ in which the drug was given for 4 weeks prior
to the start of the platelet survival study. The radioactivity is expressed as

COufltS/’fl’lin./mg. platelets, and the data are presented on a semilogarithmic plot.

It should be noted that the vertical scale differs from one diagram to another.

formation tended to be greater than in the control group. These studies

were all done within 14 days of the onset of therapy.

Port-mortem examination of the rabbits used in these studies did not show

any evidence of overt atherosclerosis.

DIscussIoN

The results from this study suggest that the effect of sulfinpyrazone on plate-
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Significance
of Differences

Control Sulfinpyrazone between Means

Test Mean Values t Ti p

Whole blood clotting

time (minutes)
Glass 34(9)#{176} 3.3(10)#{176} 0.161 <0.9

Silicone 5.1 (9) 5.5 (10) 0.385 <0.8

Prothrombin time (seconds) 11.1 (10) 10.9 (10) 0.355 <0.8
Russell’s viper

venom time (seconds) 13.0 (10) 13.5 (10) 49 >0.2

Prothrombin
consumption (seconds) 29.6 (10) 26.6 (10) 49 >0.2

Glass contact

activity (seconds) 361.2 (10) 292.2 (10) 28.5 <0.2

#{176}Thefigures in parentheses indicate the number of animals studied.

Table 3.-Sulfinpyrazone and Platelet Serotonin Uptake

Treatment Significance
of Differences

Control Sulfinpyrazone between Means

Test Mean Values t P

C’4-serotonin uptake (per cent) 25.8 (9) * 37.8 (9) * 2.565 <0.05

#{176}Thefigures in parentheses indicate the number of animals studied.

Table 4.-Sulfinpyrazone and Flow Chamber Thrombus

Treatment
Significance

Control Sulfinpyrazone of Differences
(18)� (18)� between Means

Test Mean Values t p

Thrombus weight (�tg.) 2416 1468 1.259 <0.3

Flow (mI/mm.) (initial) 35.89 44.25 1.208 <0.3

#{176}Thefigures in parentheses indicate the number of animals studied.

Table 5.-Short-Term Suljinpyrazone Therapy

Treatment

Sulfin- Significance
Control pyrazone of Differences

(6)� (6) between Means

Tests Mean Values t U p

Platelet half-life
(exponential) days 1.407 2.040 3.491 <0.01

Platelet survival
(gaussian) days 5.564 6.338 2.004 <0.1

Platelet turnover (exponential)
No/cu. mm./day 247,090 152,040 2.391 <0.05

Platelet turnover (gaussian)
No./cu. mm./day 101,060 70,920 1.345 <0.25

Platelet count No./cu. mm. 576,200 453,200 15 <0.7

Thrombus weightf (�tg.) 2486 3,310 0.693 <0.6
Flow (ml./min.) 43.53 40.12 0.399 <0.7

#{176}Thefigures in parentheses indicate the number of animals studied.

f Geometric mean.

864 MUSTARD ET AL.

Table 2.-Sul/inpyrazone and Coagulation Tests

Treatment

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/29/6/859/573262/859.pdf by guest on 19 M

ay 2023



THE EFFECT OF SULFINPYRAZONE �33

let economy previously demonstrated in man’ may be explained without

invoking changes in serum uric acid levels. Furthermore, since the rabbits

did not have demonstrable arterial disease, these observations show that the

action of sulfinpyrazone is manifest even in the absence of atherosclerosis.

As in man, there was no demonstrable effect on in vitro tests of blood coagula-

tion. The effect of sulfinpyrazone on platelet economy may be due to a change

in the mechanism whereby platelets are normally removed from the circula-

tion, or if platelet survival reflects in part platelet function, some change in

this aspect. If the latter is the case, it would seem that some aspect of platelet

function other than its participation in blood coagulation must be invoked to

explain the effect. Since adherence of platelets to surfaces and to each other

involves membrane function, it is possible that sulfinpyrazone is influencing

this aspect of their function. The changes in uptake of serotonin by platelets

in the present study may reflect such an effect.

The formation of thrombi in the extracorporeal shunt appears to be de-

pendent upon platelets and blood coagulation.’#{176}’� Although in the present

study the weight of the deposit in the shunt was diminished in sulfinpyrazone-

treated animals, the diminution was not significant. Thus it would appear that

when platelet economy has undergone considerable change, there is only a

slight effect on thrombus formation from flowing blood shunts. It may be that

altering platelet economy and suppressing coagulation as well would have

had a more pronounced effect. This evidence should not be interpreted as

meaning that drugs which influence the platelet will not influence thrombosis

in vivo. The stimuli involved in initiating the formation of thrombi in the

shunts may be only partially related to those operating in diseased arteries.

Certainly the stimulus provided by a diseased arterial wall is different from

that of silicone-coated plastic.

Platelet survival curves in man with DFP32 labeling do not always show a

smooth decay but some fluctuation. We have usually attributed this effect

to experimental error but it is possible that extraneous sources of variation

are responsible. In the survival curves produced in the rabbit, however,

decay is much smoother and this calls for some explanation. Since environ-

mental factors have been found in man to influence platelet survival,57 the

smoothness may be related to the fact that the rabbits were kept in a constant

environment.

As in the study in man, it was observed that the effect of sulfinpyrazone on

platelet economy of rabbits took a period of time to become fully manifest.

The reason for this delayed effect when the drug was given at this dosage

schedule is not known. It may conceivably be due to the accumulation of the

drug or to the development of drug metabolites.

SUMMARY

Platelet survival was prolonged in rabbits which had been on sulfinpyrazone

for 30 days or more. This was not accompanied by changes in tests of blood

coagulation in vitro. Thrombus formation in flowing blood was on the average

less, but not significantly so.

The mechanism of the change in platelet economy is unknown. It does not
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866 MUSTARD ET AL.

appear to depend on blood coagulation and cannot be explained by serum uric

acid which does not occur in the rabbit. It may be attributable to changes in

the platelet membrane which may also account for the increase in serotonin

uptake.

SUMMARIO IN INTERLINGUA

Le superviventia de plachettas esseva prolongate in conilios recipiente sulfinpyrazona

durante 30 dies o plus. Isto non esseva accompaniate de alterationes in tests del coagulation
sanguinee in vitro. Le formation de thrombos in sanguine currente esseva reclucite a! media,

sed iste reduction non esseva significative.

Le mechanismo de iste modification in le economia del plachettas non es cognoscite.
Illo non pare depender del coagulation sanguinee e non pote esser explicate per le

presentia de acido uric in le sero, proque nulle tal occurre in le conilio. Jib es possibilemente

attribuibile a alterationes in le membrana plachettal lo que etiam explicarea le augmentate

acceptation de serotonina.
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