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T HE PRESENCE of a feedback whereby thrombocytopenia stimulates

platelet production has been suggested by a number of observations.

In dogs and rats it has been found that acute thrombocytopenia is followed by

a period of reactive thrombocytosis before the platelet count stabilizes.1’2’3

This suggests that thrombocytopenia causes a signal to be transmitted to the

bone marrow to accelerate its production of platelets. The mode of action of

such a stimulus to thrombocytopoiesis is not clear, but various observations

have shown that megakaryocytes may increase in number,1’3’4’5 increase in

immaturity,”3 decrease in size,2 or increase in size.4’5

In the present studies, acute thrombocytopenia was induced in rats. From

the rate of renewal of circulating platelets in these rats and morphology

of their megakaryocytes, evidence for an alteration of megakaryocytopoiesis

was found.

MATERIALS AND METhODS

Measurements were made in Sprague-Dawbey rats which weighed 200-400 Cm. Larger
animals of the same strain were used as blood donors. In all of the experiments, each

test animal was used for only one determination; to accumulate a series of determi-
nations, a number of rats were treated and sequentially sacrificed. Platelet counts were

done by phase microscopy#{176} on cardiac or arterial blood antbcoagulated with dry K2EDTA.

Exchange Tran4usion

Rats were made thrombocytopenic by exchange transfusion with platelet-poor ho-

mologous blood as modified from the techniques of Brodish and Long7 and Matter et

al.2
Donor blood was collected by cardiac puncture from animals anesthetized with ether.

Blood was collected into syringes containing ACD solution, “Formula A” and was pooled
in plastic bags (Fenwal Laboratories, TA-3 transfer pack); the final ratio of blood to anti-
coagulant was about 5:1. Platelets were removed from the blood by differential centri-
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fugation (International Equipment Co., model PR-2) at 5 C. The blood was spun at

800 rpm. (150 g.) for 25 minutes and the supematant platelet-rich plasma (PRP) and

huffy coat removed. The PRP was then spun at 3000 rpm. (2000 g.) for 30 minutes
following which the supernatant platelet-poor plasma (PPP) was decanted and saved.
The red cells were washed seven times with saline, spinning each time at 1000 rpm.

(225 g.) for 15 minutes and discarding the supernatant. The red cells were finally re-

constituted with about half of the PPP, refrigerated and used within 48 hours for ex-

change transfusion. Hematocrits on this blood were 40-50 per cent, and platelets and
leukocytes generally numbered less than 10,000/mm3. The blood was warmed in an
incubator at 37 C. before transfusion.

Animals for exchange transfusion were anesthetized with either nembutal (4 mgm./100

Cm. body weight, intraperitoneally) or cHoral hydrate (32.4 mgm./100 Cm. body
weight, intraperitoneally).8 The femoral artery and vein on one side were dissected free

and exposed for a few minutes to a mixture of warm saline and papaverine (Papaverine
Hydrochloride, 30 mgm./ml., Eli Lilly and Co.) Each vessel was then cannulated with

polyethylene tubing (Intramedic, PE 50, Clay-Adams, Inc.) filled (“0.05 ml.) with hep-

arm (Heparin Sodium, 1000 units/cc., The Upjohn Co.). The rat received the heparin

contained in the venous catheter when the first injection was made. Exchange trans-
fusion of the desired amount was accomplished in 2 ml. increments; at the completion

of each 10 ml., 0.1 ml. Calcium Cluconate-Glucoheptonate equivalent in calcium con-

tent in calcium gluconate monohydrate 10 per cent w./v. (Abbott Laboratories) was
injected intravenously. At the conclusion of the procedure, the catheters were removed
and the vessels ligated. The wound was dusted with tetracycline HC1 powder (Achro-
mycin, Lederle) and closed with 4-0 silk and skin clips.

Rabbit Anti-rat Platek�t Serum

Platelets separated from the blood above were resuspended in saline and injected

intravenously into rabbits. Three injections at intervals of 3 and 5 days were given; each
injection contained 10-19 x 109 rat platelets. Rabbit blood was collected two weeks

after the last injection. The serum was heated at 56 C. for one hour. It was then ab-
sorbed three times with equal volumes of rat red cells which had been separated from

defibrinated blood and washed three times. The serum was frozen until use, and each

rat received 0.2 ml. intraperitoneally.

Megakaryocyte Morphology and Size

Bone marrow smears were made from a split femur using a paint brush technic. In

the rats which had had an exchange transfusion, the femur of the intact leg was used.
The smears were fixed in anhydrous methyl alcohol then stained with Wright’s and

Giemsa stains.
Megakaryocytes were classified morphobogically into three stages of maturation, stage

I, stage II and stage III, as previously described.9 These stages corresponded to mega-
karyoblast, promegakaryocyte and granular megakaryocyte, respectively. Relative mega-
karyocyte sizes were estimated by a photomicrogravimetric technic described by Cooper
et al.1#{176}Photomicrographs of megakaryocytes were taken at high magnification. Only

cells with intact cytoplasmic margins were photographed. The images of the cell out-
lines were then projected from the developed film with a photographic enlarger at fixed
magnification and the outlines drawn on paper. These outlines were cut out and weighed,
and the weights were used as estimates of relative size. This measurement was expressed
in “units,” each unit being one milligram of paper weight.

Uniformity of the weight of the paper (Sphinx, 52B) was tested by tracing, cutting and

weighing 100 fixed figures of each of three different sizes (average sizes: 78 units, 13’)
units, and 274 units). The standard deviations were 1.9 per cent, 1.6 per cent and 1.8

per cent of the mean, respectively.

To relate paper weights to cell areas, a micrometer slide was photographed and

images corresponding to four different sizes were traced and weighed (400, 1600, 2500
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Fig. 1.-Platelets count before and after reduction of platelet count of -8 per

cent of normal by exchange transfusion. Each point represents one rat; the solid lines
are average values.
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and 4000 �s2). From 38 of these tracings it was determined that 100 units corresponded to

an average of 829 � with a standard deviation of 31.

Renetval of Circulating Platelets

RESULTS

Circulating platelets were depleted to an average of 8 per cent of normal

by exchange transfusion with platelet-poor homologous blood. For the first

two days thereafter, the platelet count increased gradually, but between

the second and fourth days there was a rapid increase to supranormal values

(Fig. 1). Although platelet counts decreased after the sixth day, the average

value was still above normal on the tenth day. A similar pattern of platelet

renewal was seen after reduction of the platelet count to 40 per cent of normal.

The thrombocytopenia induced by a single injection of rabbit anti-rat platelet

serum was more severe, with platelet counts dropping practically to zero.

There was a subsequent lag of about a day before the counts started to rise,
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Fig. 2.-Size distributions of megakaryocytes in normal rats. Plots represent 932

stage I, 952 stage II and 928 stage III cells from 36-37 rats.

probably due to persistence of antiplatelet antibodies, but rebound thrombo-

cytosis developed in these animals also.

Megakaryocyte Size Distribution in Normal Rats

Within each maturation stage of megakaryocytes only a single population

of cells, as judged by size, was demonstrable (Fig. 2). Maturation of recog-

nizable megakaryocytes was accompanied by progressive cellular enlargement.

The average size of 932 stage I cells was 93 u.rnts (-771 p2), of 952 stage II

cells 169 units (-1401 j�2) and of 928 stage III cells 217 units (-1799 p.2).

Based on these average values it appeared that the earliest recognizable mega-

karyocytes were about 42 per cent of their final size.

Megakaryocyte Size Response to Thrombocytopenia

Reduction of platelet counts to -8 per cent of normal was followed by the

appearance of macromegakaryocytes in the bone marrow after a delay of more

than eight hours but less than 24 hours (Fig. 3). Eight hours after depletion

of circulating platelets, the size distributions of all three stages of megakaryo-

cytes were normal, but at one day, there was a shift toward larger sizes, pre-

dominantly in stages I and II. At two and three days, macromegakaryocytes

were predominant in stages II and III, and by four days, the size distributions

of all megakaryocytes were again normal.
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Fig. 3.-Megakaryoeyte size distributions from 8 hours to 4 days after reduction
of platelet counts to -8 per cent of normal by exchange transfusion. Control plots
(dashed lines) represent 528-545 megakaryocytes for each stage from 14-15 rats.
Each plot from thrombocvtopenic rats (solid lines) represents 88-119 megakaryo-

cvtes from 2-3 rats.

After a less severe degree of thrombocytopenia with platelet levels of -40

per cent of normal, enlargement of megakaryocytes was also seen. Again

there was a sequential pattern with macrocytosis appearing first in the im-

mature megakaryocytes and then in the most mature; the stage I cells were

the first to return to normal size and the stage III last.

A more severe and sustained thrombocytopenia was induced by a single

injection of rabbit anti-rat platelet serum, and this, also, was followed by

macrocytosis of megakaryocytes (Fig. 4 and 5). Within the first nine hours

there was not change in cell size distribution; by 24 hours, there was a well

marked macrocytosis in all three stages but most prominently in stages I and

II. For the next two days, macrocytosis was predominant in stage III, but it

persisted in the more immature forms also. Subsequently, there was a se-

quential return to normal size of stages I and II, but five days after injection

of the antiserum, stage III cells were still somewhat larger than normal.

Persistence of macromegakaryocytes in these rats for longer than in rats made

thrombocytopenic by exchange transfusion was probably related to longer

duration of thrombocytopenia.

For each of these three groups of thrombocytopenic rats, the average

megakaryocyte sizes and average platelet counts were determined and ex-

pressed as percentage of their respective control values (Fig. 6). After platelet

levels were decreased to -40 per cent of normal or -8 per cent of normal,

megakaryocytes increased in size to -140-150 per cent of normal. Following

almost complete elimination of ciculating platelets with antiserum, megakaryo-
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Fig. 4.-Megakaryocyte size distributions from 1.5 hours to 2 days after reduction
of platelet counts to <0.1 per cent of normal with antiserum. Control plots (dashed
lines) represent 248-261 megakaryocytes for each stage from 14 rats. Each plot for
thrombocytopenic rats (solid lines) represents 67-76 megakarvocytes from 2 rats.

Fig. 5.-Megakaryocyte size distributions from 3 to 5 days after reduction of

platelet count to <0.1 per cent of normal with antiserum. Numbers of cells as in
Figure 4.
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Fig. 6.-Average platelet counts and megakaryocyte sizes, expressed as per-
centage of normal, for 5-6 days after acute thrombocytopema. Left panel: platelet

levels reduced to -40 per cent of normal. Center panel: platelet levels reduced to

-8 per cent of normal. Right panel: platelet levels reduced to <0.1 per cent of

normal.

cytes became even larger, reaching a maximum average of -170-190 per cent

of normal. In all groups of thrombocytopenic rats, relative increases in size

of megakaryocytes were similar in stages I, II and III.

Platelet and Megakaryocyte Response to Sham Operation

Because of the nonspecific thrombocytosis which may follow tissue trauma,

two groups of control rats were observed. In eight rats, anesthesia and surgery

were the same as in the test animals except that the femoral artery and vein

were simply ligated and not cannulated. Eight other rats underwent exchange

transfusion with freshly drawn, whole homologous blood; each rat was trans-

fused with 50 ml. of blood, corresponding to the amount of platelet-poor blood

used to lower platelet levels to -8 per cent of normal. Platelet counts at the

end of this procedure averaged 90 per cent (72-107 per cent) of the pretrans-

fusion level which was normal (average: 1.08 x 10#{176}/mm.3). Two rats from

each of these groups were killed daily for four days, and platelet counts and

bone marrow smears were done. Platelet counts in the two groups of rats

were comparable and showed a gradual increase to -140 per cent of normal on

the fourth day after the procedures. Megakaryocyte sizes were determined

at those times which showed the maximum change in thrombocytopenic rats:

stage I on day one and stages II and III on day two. Size distributions of

these megakaryocytes were not different from their respective controls, and

their average sizes were comparable to those of megakarvocytes in control

rats on which no surgical procedures were done.
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DiscusSioN

In previous studies,1’ rat platelets were labeled in vivo with tritiated

dnsoproplylfiuorophosphate (3H-DFP) to observe their rate of destruction.

The curves of disappearance of circulating platelet-bound radioactivity indi-

cated that normally about 40 per cent of circulating platelets were destroyed

daily. Therefore, to maintain the normal platelet level of 1.1 x 10#{176}/mm.3 for

this strain of rats, 440,000/mm.3 would be produced daily. From these data,

the theoretic recovery rate from thrombocytopenia could be calculated, assum-

ing that production and destruction rates remained normal. For the first

two days after reduction of the platelet count to -8 per cent of normal by

exchange transfusion, the observed platelet counts corresponded closely to

those anticipated if destruction and production remained normal. On the

third day, the observed increase in platelet count of -600,000/mm.3 indicated

that there was an increased rate of platelet production.

From the platelet survival curve with 3H-DFP it appeared that rat plate-

lets were randomly removed from the circulation.1’ If their removal was solely

a random process, then newly formed platelets would be subject to the same

destructive mechanisms as a mixed population of platelets. However, a similar

platelet survival curve might result if platelets had an intrinsic life span upon

which was superimposed a substantial degree of random destruction. In that

case, during recovery from thrombocytopenia, the newly formed platelets

would not be subject to the senescent destruction and would tend to accumu-

late in the circulation. Platelet survival studies during the phase of recovery

from thrombocytopenia should clarify the role, if any, of altered platelet

destruction in elevating the platelet count from thrombocytopenic levels.

Although absolute megakaryocyte volume cannot be measured with the

technic employed in these studies, the method does provide estimates of

megakaryocyte size which avoid some of the problems associated with diameter

measurements in either smears or fixed tissue sections. The irregularity of

the cell outline does not affect the measurements, nor does the question of

the level at which the cell was sectioned enter in the evaluation of the mega-

karyocyte size. There may be differences in the spreading properties of

megakaryocytes related to the nuclear:cytoplasmic ratio in our technic but

it is considered that this is minimized by relating the size changes of the

various stages of maturation in treated animals with their respective controls.

From the data reported herein it is evident that megakaryocytes increase

in size in response to severe thrombocytopenia. Macromegakaryocytosis devel-

oped between 9 and 24 hours after the induction of thrombocytopenia. The

delay could be explained either by a feedback mechanism which is effective

at the level of the precursor cells or a delay in the production of a humoral

substance which is responsible for the macromegakaryocytosis. The sequential

appearance and disappearance of macromegakaryocytes, together with the

fact that preexisting megakaryocytes were not affected within the first nine

hours after induction of thrombocytopenia, strongly suggested that the

potential for macrocytosis was developed at the precursor cell level. Stage I
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megakaryocytes were maximally enlarged one day after induction of thrombo-

cytopenia with some concomitant increase in size of stage II; maximum en-

largement of stages II and III occurred a day later. In general, return of

megakaryocyte size to normal occurred first in stage I and subsequently

in stages II and III. After differentiation into the compartment of recognizable

megakaryocytes, growth potential was relatively normal, as shown by the

development of comparable degrees of macrocytosis in the three stages of

maturation. Since thrombocytosis without macromegakaryocytosis developed

after sham operation or exchange transfusion with platelet-rich blood, it

appeared that thrombocytoj�enia was responsible for differentiation of

macromegakaryocytes. Delineation of the intermediate steps whereby the

level of circulating platelets influences a control over megakaryocytopoiesis

awaits further studies.

SUMMARY

Thrombocytopenia was produced in rats by exchange transfusion with

platelet-poor homologous blood or heterologous antiserum. The subsequent

rapid rise in platelet counts to thrombocytotic levels suggested accelerated

platelet production. During this recovery period macromegakaryocytes were

present in the bone marrow. The findings suggested that thrombocytopenia

affected megakarvocytopoiesis at the precursor cell level with resultant

macrocvtosis.

SUMMARIO IN INTERLINGUA

Thrombocytopenia esseva producite in rattos per transfusion de excambio con sanguine

homologe a basse contento de plachettas o con antisero heterologe. Le subsequente

rapide augmento in le numeration plachettal usque ad nivellos thrombocytotic sugges-

tiona tin accelerate production de plachettas. Durante iste periodo de restablimento,

macromegakaryocytos esseva presente in le medulla ossee. I.e constatationes suggestiona

que thrombocytopenia afficeva le megakaryocytopoiese al nivello del cellulas precursori

con le resultato de macrocytosis.
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