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Abstract. Thyroxine has been shown in vitro to stimulate erythropoiesis by two mecha­
nisms: a direct, {j2-adrenergic receptor-mediated stimulation of red cell precursors; and
an indirect, erythropoietin-mediated mechanism. Clinical reports have suggested that
excess thyroxine also exerts depressive effects on thrombocytopoiesis, but the most
sensitive methods of assessing platelet production, i.e., percentage of 355 incorporation
into platelets and determination of megakaryocyte size and number, are not appropriate
for analysis of platelet production in human patients. The purpose of this study was to
use a mouse model to investigate the effects of the hyperthyroid state on erythropoiesis
and thrombocytopoiesis, and to assess in vivo the two mechanisms by which thyroxine
has been described to stimulate erythropoiesis in vitro. We found that thyroxine admin­
istration significantly depressed platelet production and stimulated erythropoiesis in
mice. Both the 0- and L-isomers of thyroxine in appropriate doses produced this
depression of thrombocytopoiesis, and the effect was dose dependent for both isomers.
Daily administration of thyroxine:increased blood volume; decreased the peripheral
platelet count, total circulating platelet count and mass, percentage of 355 incorporation
into platelets, and megakaryocyte number and size; and concurrently increased indices
of red cell production (packed cell volume, red blood cell count, total circulating red
blood cell count and mass, and reticulocyte count). Additionally, propranolol, a nonspe­
cific {j-blocker, partially reversed the suppression of platelet production by L-thyroxine,
lending credence to the assertion that the direct, {j2-adrenergic receptor-mediated
stimulation of the erythroid cell line by thyroxine reported to exist in vitro may also be
important in vivo. [P.S.E.B.M. 1992, Vol 201]

A
n inverse relationship between erythropoiesis and

thrombocytopoiesis has been described in mice
responding to an erythropoietic stimulus, i.e.,

hypoxia ( I). Long-term hypoxia has been demonstrated
to increase erythropoiesis while concurrently decreasing
thrombocytopoiesis (2). Platelet counts (1-3), percent­
age of 35S incorporation into platelets (1-4), colony­
forming unit-megakaryocyte populations (5), mega­
karyocyte precursor cells (5, 6), and megakaryocyte
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concentrations in the bone marrow and spleen (7) have
all been shown to be suppressed in mice held in an
environment with low oxygen tensions, whereas packed
cell volumes of these animals were increased (1-8). In
hypoxic mice, increased erythropoietin (EPO) titers (9)
and normal thrombopoietin levels (2) have been dem­
onstrated, thereby supporting the hypothesis (1-2) that
the marked stimulation of the erythroid cell line results
in competition between precursor cells of the erythro­
cytic and megakaryocytic cell lines (stem cell competi­
tion). In this hypothesis, increased erythropoiesis leads
to decreased numbers of cells in the megakaryocytic
cell lineage, which leads to decreased thrombocyto­
poiesis.

Thyroid hormones are known to stimulate eryth­
ropoiesis in vitro (10-12), and clinical states of thyroid
dysfunction suggest that thyroxine levels are related to
in vivo erythropoiesis. In cultures of mammalian mar­
row, thyroxine increased proliferation of cells in the
erythroid series (10, 11). The mechanism of this re­
sponse was proposed to be at least partially mediated
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by a /32-adrenergic receptor, as addition of propranolol
(a /3t/32-adrenergic receptor antagonist) or butoxamine
(a selective /32-adrenergic receptor antagonist) prevented
erythroid stimulation in vitro (10). Interestingly, this
direct stimulatory effect did not seem to be dependent
upon calorigenic potential; i.e., the D-isomer of thyrox­
ine, which has no calorigenic activity, stimulated in
vitro erythropoiesis, as did the L-isomer (11). There is
compelling evidence that thyroxine exerts both a direct
(/32-adrenergic) and indirect (EPO-mediated) effect on
erythroic precursors (10-14). Because the in vitro data
have been obtained using cultures of whole marrow,
this direct effect can only be assigned with certainty to
the level of the bone marrow; to assert with certainty
that the /3-adrenergic receptor is on the erythroid cell
precursors would require that similar experiments be
done on purified cultures of erythroid cell precursors.

Clinical data also support the hypothesis of direct
and indirect action of thyroxine by the state of the
erythron in thyroid-deranged patients; in one review,
about 20% of cats with hyperfunctional thyroid ade­
nomas had an erythrocytosis (15), and in a study of 56
dogs with hypothyroidism, a normocytic, normo­
chromic anemia was observed in about half of the
subjects (16). In humans, hyperthyroidism is associated
with increased erythropoiesis and an increased plasma
volume, whereas up to 60% of hypothyroid patients are
reported to be anemic (17).

The effects of thyroxine on the thrombocytopoietic
system are poorly understood. The earliest reports of
such effects were in the form of case reports of a
hemorrhagic tendency in hyperthyroid patients (18­
20). Thrombocytopenia in Graves' disease has been
proposed to be due to several factors: an autoimmune
phenomenon, secondary to hypersplenism, or the result
of direct damaging effects of thyroid hormones on
platelets (21). Results of a recent study (22) suggested,
despite the historical association between autoimmune
thrombocytopenia and Grave's disease (23), that the
cause of thrombocytopenia in hyperthyroidism is pri­
marily metabolic, although in rare cases, an autoim­
mune thrombocytopenia may be superimposed. Use of
platelet volume or size to characterize blood disorders
allows detection of more subtle changes in thrombo­
cytopoiesis (24) than platelet count alone. Ford et ale
(25) have described an increased mean platelet volume
in human hyperthryoid patients, and conversely, van
Doormal et ale (26) have reported that small-sized
platelets predominate in the hypothyroid state.

These latter reports suggest the need for a study in
which very sensitive parameters of thrombocytopoiesis
can be utilized to evaluate the hyperthyroid state. In
mice, platelet counts have been described as a less
sensitive index of thrombocytopoiesis than 35S uptake
into platelets (27), or megakaryocyte size and number,
and percentage of small acetylcholinesterase-positive

cells in bone marrow. It was the goal of this work to
determine the relationship between thrombocytopoiesis
and the known erythropoietic stimulation induced by
the thyroid hormone, and to evaluate the two proposed
mechanisms (i.e., direct and indirect) of erythroid stim­
ulation in relation to the effects of thyroxine on the
thrombocytopoietic system. The results support the
theory that thyroxine concurrently stimulates erythro­
poiesis and suppresses thrombocytopoiesis in vivo, and
that the suppression of thrombocytopoiesis by L-thy­
roxine can be partially blocked by treatment with the
nonspecific /3-adrenergic blocker propranolol.

Materials and Methods

Animals. Male 6- to 8-week-old C3H/HENHSD
(C3H) mice purchased from Harlan Sprague-Dawley
(Indianapolis, IN) were used in this work.

Pharmaceuticals. Thyroxine (L- and D-isomers)
from Sigma Chemical Co. (S1. Louis, MO) in the so­
dium salt form was dissolved in 1 x 10-3MNaOH (pH
10.3) and administered subcutaneously; NaOH (1 x
10- 3 M) was used as the control substance (28). Pro­
pranolol (Inderal; Ayerst Pharmaceutical, New York,
NY) was obtained in the intravenous injectable form
and diluted with appropriate volumes of 0.9% saline
before intraperitoneal injection. Saline (0.9%) was used
as the control material for injections of propranolol.

Experimental Design. In the dose-response exper­
iments, the total daily dose of L- or D-thyroxine was
divided into two injections and administered subcuta­
neously; mice were treated on Days 0 and 1, and were
sacrificed on Day 3. In the time course experiments,
mice were given a single daily subcutaneous injection
of thyroxine at a dose of 25 JLg/mouse/day. In experi­
ments with propranolol, a daily dose of 4 mg/kg of the
/3-blocker was divided into two intraperitoneal injec­
tions. One injection was administered 1 hr before the
daily dose of 25 JLg of thyroxine and the other dose of
propranolol was given approximately 6 hr later the
same day.

35S Incorporation. Single intravenous injections of
30 JLCi of 35S (Na2

35S04) were given 24 hr before sacri­
fice, and blood (0.5-1.0 ml) was collected from sodium
pentobarbital-anesthetized mice (0.5 ml of 5 mg/ml of
sodium pentobarbital administered intraperitoneally 5­
10 min before collection) via cardiac puncture. Platelets
were collected by differential centrifugation at 450g and
were washed free of red cells and plasma. The percent­
age of 35S incorporation into platelets was then calcu­
lated using the method described by McDonald (29).

Platelet Size. Samples of blood for platelet-sizing
analysis were collected by cardiac puncture into 1.0 ml
of 3.8% sodium citrate solution following anesthesia
with sodium pentobarbital. The blood samples were
then centrifuged at room temperature for 4.5 min at
160g to allow for collection of the platelet-rich plasma
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fraction that was used for size analysis using an Electro­
zone Celloscope (Particle Data, Inc., Elmhurst, IL) (26,
30) with a 128 multichannel analyzer. The instrument
was calibrated using 2.02-~m diameter latex particles.
When samples were used for both platelet-sizing analy­
sis and 35S incorporation, the platelet-rich plasma was
added back to the packed red blood cells (RBC) and
diluted with 1% EDTA-0.538% NaCI solution for a
total volume of 3.0 ml, then recentrifuged at 450g.

Megakaryocyte Size and Number. A femur from
each mouse was removed and fixed in 10% phosphate­
buffered formalin. Bones were embedded in glycol
methacrylate, and multiple sections, each of 2-~m

thickness, were cut at 1OO-~m intervals throughout the
femur. The sections were stained with hematoxylin and
eosin. For megakaryocyte size, a minimum of 200
megakaryocyte profiles were identified and analyzed
using a digitizing image analysis system (Analytical
Systems, Atlanta, GA). The method of Weibel (31) was
used to correct for optically lost caps, and corrections
were made for tissue shrinkage, as described previously
by Cullen and McDonald (32). For analysis of mega­
karyocyte number, sections were examined by light
microscopy at x400, and the number of megakaryo­
cytes per high-powered field was counted in a minimum
of 10 marrow fields per femur. The average number
per high-powered field was then corrected for optically
lost caps and converted to number per unit volume, as
described previously (32).

Blood Volume Determination and Related Cal­
culations. 59Fe-Labeled erythrocytes were used in the
determination of the effect of exogenous thyroxine
administration on blood volumes (3). Donor mice were
given 0.5 ~Ci each of 59Fe as ferric chloride; forty-eight
hours later, these mice were sacrificed and the 59Fe_
labeled erythrocytes were collected by cardiac puncture
into citrate anticoagulant. The labeled red cells were
isolated from the citrated plasma by centrifugation, and
the packed red cells were resuspended in 0.9% saline.
Control animals treated with daily subcutaneous injec­
tions of 1 x 10-3 M NaOH and animals treated with
daily subcutaneous injections of 25 ~g/day of L-thyrox­
ine were injected intravenously with 0.1 ml of 59Fe_
labeled red blood cells 15-20 min before sacrifice.
Blood (100 ~l) was diluted in 2.0 ml of water, and the
radioactivity of the resulting solution was counted in a
gamma counter. Blood volume is expressed as ml/ 100
g body weight (%).

Blood volumes were then used in the calculation
of absolute measurements of peripheral red blood cells
and platelets (i.e., total circulating red blood cell count
[TCRBCC], total circulating red blood cell mass
[TCRBCM], total circulating platelet count [TCPC],
and total circulating platelet mass [TCPM]) (3).
TCRBCC was calculated by multiplying the peripheral
red blood cell count by the total milliliters of blood/

mouse, and TCRBCM was calculated by multiplying
the TCRBCC by the average erythrocyte size. Similarly,
TCPC represents the product of peripheral platelet
count and total blood volume in milliliters, and TCPM
was calculated by multiplying the TCPC and the aver­
age platelet size (3).

Other Hematologic Evaluations. A sample of
blood collected from the retro-orbital sinus was utilized
for analyses of platelet count (performed manually
using a hemocytometer chamber and phase-contrast
microscopy), red and white blood cell counts (per­
formed with a Coulter counter; Coulter Inc., Hialeah,
FL), and reticulocyte count (performed manually on
new methylene blue-stained smears). Packed cell vol­
umes (PCV) were performed by standard techniques.

Statistics. Student's t test was used for statistical
analysis of data. One mouse was considered to be a
single data point in determining degrees of freedom.

Results
Dose Response of Thyroxine. The percentage 35S

incorporation into platelets of mice was evaluated fol­
lowing administration of doses of 25-200 ~g/mouse of
both L- and n-thyroxine (Fig. 1). The total dose was
divided into four subcutaneous injections, given two
each on Days 0 and 1 of the experiment. The vehicle
(1 x 10-3M NaOH) was used as the control substance.
A dose of 30 ~Ci of 35S was administered intravenously
on Day 2, and mice were sacrificed on Day 3. Both
thyroxine isomers produced significant depression of
thrombocytopoiesis (n-isomer, P < 0.005; L-isomer, P
< 0.0005), as indicated by reduced 35S incorporation
into platelets. The L-isomer produced greater suppres­
sion of 35S uptake than the o-isomer at each dose
evaluated, although no statistical significance in these
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Figure 1. The effect of various doses of D- and L-thyroxine on 358
incorporation into platelets of mice. Each data point represents a
group of 10 mice, except at 25-JIg and 100-JIg doses of the D-isomer,
where nine mice were used per point. The a dose value represents
data from mice given 1 x 1a-3M NaOH (vehicle).Vertical bars indicate
8E. Values were significantly different from control: * P < 0.05; ** P
< 0.005; *** P < 0.0005.
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Days of Megakaryocytes/ Megakaryocyte
treatment mm" x 10- 3b diameter" (JLm)

0 1.83 ± 0.13 (12) 35.69 ± 0.99 (11)
2 1.81 ± 0.05 (7) 32.37 ± 0.99 (9)d
4 1.35 ± 0.05 (7)d 30.39 ± 1.77 (8)d
6 1.39 ± 0.12 (10)d 29.97 ± 1.41 (10)e
8 1.47 ± 0.09 (9)d 33.34 ± 0.91 (10)
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Table I. Effects of L-Thyroxine on Megakaryocyte
Size and Number'

a Values are given as mean ± SE (number of mice/treatment).
L-Thyroxine (25 JLg) was injected subcutaneously per mouse
per day.
b Megakaryocyte number was corrected for errors due to
section thickness, 5% tissue shrinkage, and optically lost
profiles (32).
C Megakaryocyte size, obtained from perimeter measure­
ments of approximately 200 section profiles for each mouse,
was corrected for the 5% tissue shrinkage that occurs during
histological processing (32).
d Values were significantly lower than for Day 0: P < 0.05.
e Values were significantly lower than for Day 0: P < 0.005.
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Figure 3. The effect of daily thyroxine administration on erythropoi­
etic indices. These data are from the same mice as in Figure 2. (A)
Percentage of reticulocytes; (B) Packed cell volumes; (C) RBC counts.
The Day 0 value represents data from mice administered 1 x 10-3 M
NaOH for 2 to 8 days. In all panels, each data point represents six
mice and vertical bars indicate one SE. Values were significantly
different from control: * P < 0.05, ** P < 0.025; *** P < 0.005.

0.05 and P < 0.005, respectively) by this treatment
(Table III).

Effects of Concurrent Thyroxine and Propranolol
Administration. In these experiments, 25 J.Lg of L-thy­
roxine per day were administered subcutaneously in a
single dose, and two doses of propranolol were admin­
istered intraperitoneally before and after the thyroxine
injection (total dose of 16 rug/kg). This injection regi­
men was followed for 4 days (Days 0-3); control ani­
mals received 1 X 10- 3 M NaOH and 0.9% saline on
an identical injection schedule. The animals were then
sacrificed and the percentage of 35S incorporation into
platelets was evaluated. As in previous experiments,
both L- and D-isomers of thyroxine significantly (L-
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values was found. Control data are represented as Day
o in Figure 1.

Time Course of Thyroxine Effects. Daily admin­
istration of 25 Jlg/mouse/day of L-thyroxine also re­
sulted in significant suppression of platelet production
(Fig. 2); both platelet count (P < 0.05 to P < 0.005 on
Days 6 and 8) and percentage of 35S incorporation into
platelets (P < 0.05 to P < 0.005 on Days 2-8) were
decreased over the course of 8 days of thyroxine admin­
istration (Fig. 2, A and B). Control animals were dosed
daily with a like volume of 1 x 10-3 M NaOH. Control
animals were sacrificed on each day of the experiment;
animals sacrificed on different days did not differ sta­
tistically, and were, therefore, pooled as controls (Day
o in Fig. 2). Additionally, platelet size was found to be
increased (P < 0.05) after 8 days of treatment (Fig. 2C),
and reticulocyte counts (Fig. 3A, P < 0.005), PCV (Fig.
3B, P < 0.025), and red blood cell counts (Fig. 3C, P <
0.05) were also increased.

Table I shows that megakaryocyte size, expressed
as mean megakaryocyte diameter, was significantly de­
creased in mice by treatment with L-thyroxine when
compared with control levels after 2-6 days (P < 0.05
to P < 0.005) of treatment. Likewise, megakaryocyte
concentrations were significantly lower when compared
with control levels after thyroxine treatment of 4-8
days duration (P < 0.05).

Blood Volumes and Related Calculations. Daily
administration of 25 Jlg/mouse/day of L-thyroxine sig­
nificantly (P < 0.05) increased the blood volume of
mice after 6 days of L-thyroxine administration (Table
II). Daily administration of this dose of thyroxine also
significantly depressed TCPC and TCPM (P < 0.0005),
whereas TCRBCC and TCRBCM were increased (P <

o 2 4 6 8
Days Of Treatment

Figure 2. The effects of daily administration of L-thyroxine (25 J.lg/
day) on percentage of 35S incorporation into (A) platelets of mice, (B)
platelet count, and (C) platelet size. The Day 0 value represents data
from mice administered 1 x 10-3 M NaOH for 2 to 8 days. All mice,
including controls, were sacrificed at the same time. In all panels,
each data point represents the average of six mice and vertical bars
indicate SEe Values were significantly different from control: * P <
0.05; *** P < 0.005.
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Table II. Effects of L-Thyroxine on Blood Volume of
Micea

Days of Number Blood volume
treatment of mice (% body wt)

0 4 5.52 ± 0.16
2 4 5.84 ± 0.40
4 4 5.85 ± 0.27
6 4 6.40 ± 0.33b

8 4 6.13±0.35

a Values are given as mean ± SEe L-Thyroxine (25 JLg) was
injected subcutaneously per mouse per day. Blood volume
was measured by the 59Fe-labeled erythrocyte dilution tech­
nique (3).
b Blood volumes were significantly higher than values found
on Day 0: P < 0.05.

isomer, P < 0.0005; D-isomer, P < 0.05) suppressed 358
incorporation into platelets (Fig. 4), with the L-isomer
producing a greater suppression than the D-isomer.
Propranolol partially prevented the suppression of
platelet production by L-thyroxine (P < 0.05) when
administered concurrently with the hormone (t-Thy
versus L-ThyjProp). However, 358 incorporation values
did not return to control levels (Fig. 4) after concurrent
thyroxine and propranolol treatments.

Discussion

This work demonstrates that in vivo stimulation of
the erythroid cell line by thyroxine is associated with
decreased thrombocytopoiesis. While indices of eryth­
ropoiesis (reticulocyte count, RBC count, and PCV)
increased after thyroxine administration (Fig. 3),
thrombocytopoietic activity decreased as measured by
platelet count, percentage of 358 incorporation into
platelets (Fig. 2), and megakaryocyte number and di­
ameter (Table I). The increased platelet size observed
after thyroxine administration (Fig. 2) is presumed to
be a compensatory effort to maintain platelet mass in
the face of marked thrombocytopenia. This finding is
in agreement with reports of increased platelet volume
in human hyperthyroid patients (22, 25).

Hyperthyroidism has been reported to cause an
increase in blood volume in humans (17), and this
report is in agreement with our finding of increased
blood volume in mice after administration of exoge­
nous thyroxine. Reticulocyte count, which is expressed
as a percentage of total red cells, is independent of
blood volume. However, this increase in blood volume
accounts for the early decrease in the PCV (Fig. 3),
since an increase in blood volume before a large number
of new RBC enter the peripheral circulation will cause
a dilutional effect. This confounding factor is elimi­
nated by considering absolute parameters of red cell
and platelet production (TCRBCC, TCRBCM, TCPC,
and TCPM; Table III). These data show that, independ­
ent of changes in blood volume, red cells in the periph­
eral circulation are increased in number and mass after
several consecutive days of thyroxine administration,
whereas platelet numbers and platelet masses are de­
creased in the same animals. A consistent feature of
these data is that red blood cell appearance in the
peripheral blood peaks after 6 days of administration,
and then moderates (although remaining significantly
elevated as compared with controls). This likely repre­
sents a plateau effect of the stimulation of red cell
production by thyroxine, the mechanism for which we
have not investigated.

There are a number of hypotheses that could ex­
plain the observed inverse relationship between eryth­
ropoiesis and thrombocytopoiesis. The two effects
could be independent; i.e., stimulation oferythropoiesis
by thyroxine occurs via the well-documented direct and
indirect mechanisms already described (10-14),
whereas the hormone simultaneously exerts an inde­
pendent, direct suppressive effect on some cell popula­
tion in the marrow, thereby producing the observed
peripheral changes in thrombocytes. However, given
the similar pattern of erythroid and platelet changes
already reviewed in naturally occurring thyroid de­
rangement and in hypoxia, it seems likely that the two
effects occur by a related mechanism.

Two mechanisms have been described for erythroid

Table III. Effects of L-Thyroxine on Blood Platelet and RBC lndices"

Days of Platelet count TCPC x TCPM x PCV RBC count TCRBCC TCRBCM x
treatment x 10-6 10- 8 10-9 (JLm3

) (%) x 10-6 X 10-7 10- 11 (JLm3
)

0 1.05 ± 0.06 13.9 ± 0.6 5.5 ± 0.2 44.8 ± 0.1 7.09±0.11 9.5±0.1 6.00 ± 0.08
2 0.84 ± 0.07 12.0 ± 0.6 4.5 ± 0.2 41.9 ± 0.9b 6.80 ± 0.22 9.8 ± 0.7 6.06 ± 0.05
4 0.73 ± 0.05b 10.7 ± 0.8b 4.1 ± 0.3b 42.6 ± 0.5C 6.68 ± 0.07b 9.7 ± 0.2 6.21 ± 0.10
6 0.62 ± 0.02C 9.6 ± 0.3d 4.1 ± 0.1c 47.3 ± 0.3c 7.00 ± 0.18 11.1 ± 0.4b 7.49 ± 0.03c

8 0.53 ± 0.02d 7.9 ± 0.4d 3.2 ± 0.2d 46.8 ± 0.4c 7.00 ± 0.25 10.5 ± 0.4b 7.10 ± 0.03b

a Values are given as mean ± SE; four mice were used in each treatment group. L-Thyroxine (25 l1g) was injected subcutaneously per mouse
per day. TCPC and TCPM were calculated as previously described utilizing platelet counts, blood volumes, and sizes of platelets (3). TCRBCC
and TCRBCM were calculated as outlined in Materials and Methods.
b Values were significantly different from values for Day 0: P < 0.05.
e Values were significantly different from values for Day 0: P < 0.005.
d Values were significantly different from value for Day 0: P < 0.0005.
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and D-isomers on the red cell precursors, or (less likely)
by contamination of the D-isomer with the L-isomer.
Additional unelucidated mechanisms of erythron stim­
ulation by the D-isomer are possible. For clarification,
future experiments should utilize a selective {32-blocker
in addition to propranolol. The data support the hy­
pothesis that the L-isomer of thyroxine stimulates RBC
production by both direct and indirect mechanisms,
and that this erythroid stimulation is associated with
decreased platelet production.

Recent studies (33) have demonstrated a relation­
ship at the molecular level between transcription factors
for the erythrocytic and megakaryocytic cell popula­
tions. These data further support the idea of a close
association between red cell and platelet production in
the marrow. Since two experimental states that stimu­
late erythropoiesis (hypoxia and thyroxine administra­
tion) both result in decreased thrombocytopoiesis, and
in light of this recent molecular data, a reasonable
hypothesis is that there is a common pool of progenitor
cells for megakaryocyte and erythroid precursor pro­
duction. In this hypothesis, an acute and intense de­
mand for production of red cells would result in a
depletion of the pool of progenitor cells, leading to
decreased thrombocytopoiesis.

The definitive answer to this question may lie in
the documentation of erythropoietin and thrombopoie­
tin levels in experimentally and/or naturally occurring
hypoxic- and thyroid-deranged patients. At this time,
sensitive in vitro thrombopoietin assays that require
microquantities of serum are not available for use in a
determination of the hormone. To conduct further
studies of changes in platelet production in naturally
occurring hyperthyroidism, feline patients would be a
reasonable study group, since feline hyperthyroidism is
most often due to adenomatous hyperplasia of the
thyroid tissue (34). This is in contrast to canine and
human patients, in whom neoplastic (thyroid adeno­
carcinoma in canines) or autoimmune (Graves' disease
in humans) diseases are often the cause of increased
thyroid hormone levels; these diseases can have broader
systemic effects and could be confounding factors in
such an analysis. Furthermore, the reason for the dif­
ference in platelet size in hyperthyroid patients should
be evaluated more fully to characterize changes in
thrombocytopoiesis that occur in this condition (24­
26).

This work was intended to explore the relationship
between erythroid stimulation by thyroxine (reported
to have two distinct mechanisms in vitro) and throm­
bocytopoiesis. We conclude that thyroxine administra­
tion, like hypoxia, depresses thrombocytopoiesis while
concurrently stimulating erythropoiesis. These data fur­
ther support the concept (33) that the precursor cells of
the erythroid and megakaryocytic lineages bear a close
association; the changes described herein are consistent
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stimulation by thyroxine (10-12). First, a direct stim­
ulatory effect of thyroxine in vitro, which has been
characterized as a (32-adrenergic effect (10). This effect
appears to be independent of calorigenic potential (11).
The indirect effect of thyroxine is thought to be via the
release and action of EPa (14), presumably in response
to increased oxygen utilization by cells stimulated by
thyroxine. In this work, both L- and D-isomers of thy­
roxine increased erythropoiesis and suppressed platelet
production in vivo, although the L-isomer consistently
had a greater effect than the D-isomer. This finding is
consistent with the hypothesis that in vivo, the L-isomer
exerts both direct and indirect stimulatory effects on
the erythroid cell line. The latter has been described in
vitro, whereas the D-isomer, which is incapable of in­
creasing metabolic rate and oxygen consumption of
somatic cells, exerts only a direct ({3-adrenergic) effect.
Therefore, the D-isomer has a weaker stimulation of
RBC production, which leads to a smaller suppressive
effect on thrombocytopoiesis.

Concurrent administration of propranolol would
be expected to negate the direct effect of thyroxine, and
allow only indirect stimulation of the erythron by thy­
roxine. Indeed, administration of propranolol signifi­
cantly (P < 0.05) reversed the depression of platelet
production produced by L-thyroxine administration
(Fig. 4, L-Thy versus L-Thy/Prop). Propranolol did not
completely prevent the reduced platelet production
caused by D-thyroxine, as would be predicted by this
model. This effect could be explained by a difference
in binding affinities between the L- and D-isomers at
the {3-adrenergic site, different receptor sites for the L-

L-Thy L-Thy! D-Thy D-Thy!
Prop Prop

Treatment

Figure 4. The effects of 14 days of concurrent thyroxine (25 J,Lg/day)
and propranolol (16 J-Lg/day) on 35S incorporation into platelets of
mice. Twenty-one mice were used for the saline-control group and
five mice were used for all other treatment groups. Vertical bars
indicate 1 SE. Values were significantly different compared with
control (saline/10- 3 M NaOH-treated) mice: * P < 0.05; ** P < 0.005;
*** P < 0.0005. Also, L-thyroxine and t-thyroxine/propranolol were
significantly (P < 0.05) different from one another (not indicated with
asterisks on graph).
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with a common progenitor population that is depleted
by the indirect (EPO-mediated) and direct (,B2-adrener­
gic) stimulation of the erythroid cell line in this in vivo
system.
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