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Abstract. Recent work revealed that mice in which platelet function was inhibited by
acetylsalicylic acid (ASA) treatment showed evidence of increased platelet production.
It was proposed that poorly functioning platelets gave rise to elevated thrombocyto-
poiesis by causing the release and action of thrombopoietin. However, direct evidence
is lacking. Therefore, in the work reported here, plasma from mice treated with ASA
was injected into normal recipient mice in an attempt to document the existence of the
humoral factor. Compared with control mice given normal plasma, the injection of mice
with plasma from ASA-treated mice resulted in increased thrombocytopoiesis, as evi-
denced by significant increases in the percentage of **S incorporation into platelets,
larger platelet size, and elevated megakaryocyte precursor cells (the small acetylcholin-
esterase-positive cell). For a positive control, additional mice were treated with plasma
from animals made thrombocytopenic by an injection of antiplatelet serum. These mice
also showed significant increases in thrombocytopoiesis. The results support the hy-
pothesis that platelet production in ASA-treated mice is elevated by release and action

of thrombopoietin.
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feedback mechanism that senses a deficiency in

the number, mass, or function of circulating plate-
lets to release a humoral factor (thrombopoietin) into
the circulation that causes an increase in thrombocy-
topoiesis (1). Although several examples exist in the
literature (1-3) showing that thrombocytopenia leads
to thrombopoietin release and action, little data exist
indicating that platelet function plays a role in regulat-
ing thrombocytopoiesis. In support of the hypothesis
that poor platelet function leads to release of throm-
bopoietin, Jackson and Edwards (4) showed that vin-
cristine, which inhibits platelet function, resulted in
increased thrombocytopoiesis. Also, acetylsalicylic acid
(ASA or aspirin) has been shown to inhibit platelet
function by interfering with thromboxane A, produc-
tion in vitro (5), and, in an in vivo study, treatment of
mice with ASA was shown to increase the percentage

Platelet production is believed to be regulated by a
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of megakaryocyte precursor cells. the small acetylcho-
linesterase-positive (SAChE+) cells (6). In this work,
poor platelet function was linked to increases in blood
platelet production, and the results suggested that
poorly functioning platelets caused the release and ac-
tion of thrombopoietin, but direct evidence of produc-
tion of a humoral factor was not presented.

Therefore, in the present study, donor mice were
injected with aspirin and their plasma was coliected
and injected into recipient mice for the determination
of the existence of a humoral platelet-stimulating factor.
The percentage of S (%3°S) incorporation into plate-
lets, platelet size, and percentage of SAChE+ cells were
measured in recipient mice. In addition, plasma from
mice injected with rabbit antimouse platelet sera
(RAMPS) was used as a positive control, and other
mice injected with plasma from normal mice served as
negative controls. The results showed a significant in-
crease in the platelet production of mice injected with
plasma from both ASA-treated mice and RAMPS-
treated mice. These data support the theory that throm-
bopoietin is released in response to poorly functioning
platelets and the humoral factor stimulates megakary-
ocytes to increase platelet production.

Materials and Methods

Animals. Male C3H/HENHSD mice (Harlan
Sprague Dawley, Indianapolis, IN) were used through-
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out this study. Mice used as plasma donors weighed
about 27 g, whereas mice used for thrombopoietin
assays were slightly smaller, averaging about 24 g each.

Donor Mice Treatment. Donor mice were given a
single intraperitoneal injection of 5 mg of ASA (Sigma
Chemical Co., St. Louis, MO) in a 0.086 M NaOH
buffer (pH 7.4), as described previously (6). After anes-
thesia with sodium pentobarbital, the mice were bled
by cardiac puncture into heparin-coated syringes at 22
hr after ASA injection. Platelet counts were taken from
the retroorbital sinus using 2.08-mm diameter tubing
cut at an angle and determined using phase contrast
microscopy. Platelet counts for aspirin-treated mice
averaged 1.096 x 10® = 0.033 SE/mm?®, compared with
0.944 x 10° = 0.027 SE for untreated normal mice.
The blood was kept on ice and the plasma was collected
at 4°C and stored at —76°C until injected into recipient
mice. Also, samples of blood were collected from sev-
eral of these mice for aggregation studies with 0.1 mg
of collagen in 50 ul (Sigma) to monitor platelet function
of donor mice. Mice given injections of aspirin showed
areduced maximum percentage of aggregation (58.7%),
as compared with untreated control mice (69.1%). This
finding agrees with the data of Sullivan and McDonald
(6), which showed a significant reduction in aggregation
of platelets at 8 hr after injections of aspirin and a
reduced, but not significant, level of aggregation after
24 hr.

Other donor mice were given a single intraperito-
neal injection of 0.05 ml of RAMPS in 0.5 ml of saline
which was absorbed with mouse red blood cells, as
described previously (7). Four hours after RAMPS in-
jection, platelet counts were taken. The animals were
bled as described above, and the blood from 56 animals
having a platelet count of below 50,000/mm?* (average
14,000/mm?) was pooled. The blood was placed on ice
and the plasma was collected at 4°C and stored at
—76°C. For control plasma, normal mice were bled
using the same procedure.

Recipient Mice Treatment. Mice were given a total
of four sc injections of plasma from donor mice (0.5
ml of plasma diluted into 1.5 ml of saline) which were
administered in the mornings, and afternoons of Days
0 and 1 and followed by an intravenous injection of 30
uCi of Na,*>SO,4 on Day 2. Mice were sacrificed at 24
hr after isotope injection for measurements of platelet
sizes and %>°S incorporation into platelets.

For determination of %S incorporation into
platelets (8) and platelet size (9), approximately 0.5 ml
of blood was drawn from pentobarbital-anesthetized
recipient mice via cardiac puncture into syringes con-
taining 1.0 ml of 3.8% sodium citrate. Platelet-rich
plasma was obtained by centrifuging the blood at 160g
for 4.5 min. After an aliquot of platelet-rich plasma
was removed for platelet size determination, the plate-
let-rich plasma was remixed with the sedimented red

blood cells and an additional amount of 1% EDTA was
added to improve platelet recovery rates, The platelets
were harvested by centrifugation at 450g for 4.5 min
and washed free of red blood cells and plasma, and
platelet radioactivity was counted. Calculation of the
incorporation of **S into platelets was determined by
the method of McDonald (8).

Platelet size measurements were determined from
an aliquot of platelet-rich plasma diluted in isotonic-
buffered saline, as described previously (9), using an
Electrozone Celloscope (Particle Data, Inc., Elmhurst,
IL) with a log converter. The instrument settings were
gain of 4 and current of 6. Platelet concentrations were
adjusted to less than 20,000/100 wl to reduce errors due
to coincidence. The instrument was calibrated using
2.02-um diameter latex particles. The data were ana-
lyzed using a Particle Data computer program and
expressed as the arithmetic mean (9).

For determination of SAChE+ cells, other recipient
mice were given a single intraperitoneal injection (0.5
ml) of plasma from ASA-treated, RAMPS-treated, or
normal mice. Eight hours after plasma injections, mice
were bled and marrow was taken from the femurs.
Bone marrow smears were made and processed as
described previously (10). The “direct coloring” method
of Karnovsky and Roots (11) was used to stain the cells.
After rinsing in 0.1 M sodium phosphate (pH 6.0) for
1 min, the cells were stained in thiocholine stain for 3
hr and fixed in 100% methanol for 10 min, followed
by 50% methanol fixation for 30 sec. Cells staining
positive for AChE and measuring less than 13 um in
diameter were counted as SAChE+ cells (12) and ex-
pressed as a percentage of the total number of cells
staining positive for AChE.

Statistical analysis of data was determined by use
of Student’s ¢ test.

Results

Figure 1 shows the results of two experiments in
which the incorporation of Na,**SQ, into newly formed
platelets was measured after injection of plasma ob-
tained from normal mice, mice injected with ASA, and
mice injected with RAMPS. As shown, plasma from
ASA-treated mice gave a highly significant (P < 0.0005)
increase in %S incorporation into platelets, as com-
pared with other mice given normal plasma. In one of
the two experiments, mice were given plasma from
RAMPS-treated mice as a positive control, which was
shown previously (2) to contain thrombopoietin. Mice
injected with plasma from RAMPS-treated mice also
showed a highly significant (P < 0.0005) increase in
%*S incorporation into platelets. Although these mice
showed elevated 3°S incorporation values, platelet
counts of these recipient mice were not increased at the
time of sacrifice (0.975 x 10° + 0.033 SE/mm’ for
control mice, 1.007 x 10° £ 0.026 SE/mm? for ASA-
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Figure 1. Percentage of **S incorporation into platelets of mice after
injection of plasma from normal mice, plasma from mice injected with
5.0 mg ASA, and plasma from mice injected with RAMPS. Vertical
bars represent SE and the numbers on the bars are the number of
treated mice per group. Data were significantly higher than values for
control mice; *** P < 0.0005.
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Figure 2. Platelet size determinations of recipient mice after injection
of plasma from normal donor mice, plasma from mice injected with
5.0 mg ASA, and plasma from mice injected with RAMPS. Vertical
bars represent SE and the numbers on the bars are the number of
treated mice per group. Data were significantty higher than values for
control mice; * P < 0.05, ** P < 0.005.

treated mice, and 0.928 x 10° = 0.026 SE/mm? for
RAMPS-treated mice).

The effects of injecting plasma from normal, ASA-
treated, and RAMPS-treated mice on platelet sizes of
recipient mice are shown in Figure 2. Platelet sizes of
mice injected with plasma from ASA-treated mice were
significantly increased (P < 0.005), compared with
values of other mice injected with normal mouse
plasma. Likewise, mice injected with plasma from
RAMPS-treated mice (used as a positive control) also
showed significant (P < 0.05) increases in platelet size,
compared with other mice treated with plasma from
normal mice.

Figure 3 shows the effect of injecting plasma from
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Figure 3. Percentage of SAChE+ cells in the marrow of mice after
injection of plasma from normal mice, plasma from mice injected with
5.0 mg of ASA, and plasma from mice injected with RAMPS. The
values represent the average of three smears from each mouse. The
number of mice used is represented by the number on the bars.
Vertical lines represent the SE. Data were significantly higher than
values for control mice; * P < 0.05.

the three groups of mice, i.e., normal mice, mice treated
with ASA, or mice treated with RAMPS, on SAChE+
cells in the marrow of mice. Mice given plasma from
ASA-treated and RAMPS-treated donors had a signifi-
cant (P < 0.05) increase in the percentage of SAChE+
cells when compared with the values of other mice
injected with plasma from normal donors.

Discussion

The present work shows that mice with nonfunc-
tional platelets produce elevated levels of thrombopoie-
tin. Mice that were treated with aspirin (ASA) in doses
shown to decrease platelet function were bled, and
plasma from these animals injected into normal recip-
ients was shown to contain a factor that stimulated
platelet production in recipient mice. We show herein
that plasma from ASA-treated mice increased %*S
incorporation into newly formed platelets, platelet sizes,
and the percentage of SAChE+ cells. These data sup-
port the hypothesis that thrombopoietin is released into
the circulation in response to nonfunctional platelets
and acts on megakaryocytes to increase platelet pro-
duction.

Platelet counts, which have been used previously
as an indicator of thrombopoietin production, were not
elevated in mice treated with plasma from ASA-treated
mice or RAMPS-treated mice in the present study.
Several previous studies have shown that mice treated
with thrombopoietin-rich preparations have increased
1sotopic incorporation without increased platelet counts
(1, 3, 13). These studies have shown that platelet counts
were not sufficiently sensitive to indicate changes in
platelet production of mice given low levels of throm-
bopoietin. The parameters evaluated in this study (iso-
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tope incorporation, platelet size, and SAChE+ popula-
tions) have all been described as more sensitive indica-
tors of platelet production (1) than platelet counting.
We believe this explains the lack of elevation of platelet
counts in the present study.

Sullivan and McDonald (6) presented data linking
interruption of platelet function to increased throm-
bocytopoiesis. In their work, the percentages of
SAChE+ cells were elevated after aspirin injection, with
the maximal effect seen at 24 hr. Platelet sizes of mice
given ASA were elevated at 32 and 48 hr after treat-
ment, and elevation in the %*S incorporation into
platelets was seen at 48 hr after administration of ASA.,
These observations, along with the present results, in-
dicate that an increase in platelet counts in treated mice
is possible, but in both studies the experiments were
terminated before the time period (5-6 days) that is
required to obtain significant thrombocytosis (8). How-
ever, previous studies (6) indicated that over time after
ASA injection, thrombopoietin was released endoge-
nously and stimulated platelet production, but these
data did not offer evidence of the presence of throm-
bopoietin. Since ASA has been shown by Demers et al.
(14) to inactivate cyclooxygenase in the megakaryo-
cytes, Sullivan and McDonald (6) proposed that the
early change in SAChE+ cells at 24 hr might be due to
either an autoregulation response by the megakaryocyte
to the direct effects of ASA, or the release and action
of thrombopoietin. An increase in platelet sizes at 32
hr and elevated %S incorporation into platelets at 48
hr after ASA injection are consistent with endogenous
release and action of thrombopoietin. The present data
confirm the conclusion that thrombopoietin was re-
sponsible for the endogenous increase in thrombocy-
topoiesis.

There are several disease states in which platelet
counts are elevated and thrombopoietin levels are in-
creased (15). These conditions include hepatoblastoma
(16), chronic myeloid leukemia (17), and acute mega-
karyoblastic leukemia with translocation of chromo-
some 3q21 (18). Although platelet function studies were
not reported in these cases, it is tempting to speculate
that the platelets of these patients were poorly function-
ing and thus were not sensed by the control mecha-
nisms, leading to release of thrombopoietin and, there-
fore, an increase in thrombocytopoiesis. We show
herein that poorly functioning platelets in mice after
ASA treatment lead to an increase in thrombopoietin
production. We have also observed several cases of
chronic myeloid leukemia with elevated platelet counts,
abnormal platelet function, and elevated thrombopoie-
tin titers (unpublished observations). Further studies
are needed to clarify this hypothesis.

Although unlikely, the possibility exists that ASA
in the plasma of donor mice could have caused these
changes in platelet production. However, the fact that

blood was collected from donor mice at 22 hr after
ASA injection seems to rule out this possibility, because
the half-life of ASA in the blood is about 12 hr (19). It
appears that there was sufficient time for clearance of
ASA from the plasma of treated mice before bleeding.
In addition, we tested platelets of ASA-treated donor
mice for aggregation response to collagen at 22 hr after
ASA injection and the platelets were found to have
normal function (data not shown). We also found that
the platelet aggregation values of recipient mice receiv-
ing plasma from ASA-treated mice or RAMPS-treated
donors were also not different from those of normal
controls. Thus, plasma taken from mice 22 hr after
ASA injection did not contain significant amounts of
ASA, but a factor we believe to be thrombopoietin
found in the plasma of ASA-treated mice stimulated
%S incorporation into platelets, platelet sizes, and
SAChE+ cell production when injected into normal
recipient mice. Therefore, the findings of the present
report show that poorly functioning platelets lead to
the release of thrombopoietin, the natural physiological
stimulator of thrombocytopoiesis.
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