ease by Rebel et al. (3). They postulated
the presence of a papovavirus, but 20 se-
rums from our patients with Paget’s dis-
ease showed no increase in papovavirus
antibody titers (¢). Rebel et al. could not
find similar nuclear inclusions in biopsies
from patients with a variety of other
bone diseases. Since two laboratories
now have identified these inclusions in
all cases of Paget’s disease studied (41
patients) and not in any (72 patients)
without Paget’s disease, it is probable
that they are not normally found in os-
teoclasts. The only other instance of sim-
ilar intranuclear microfilaments ob-
served in bone cells has been reported by
Welsh and Meyer in two patients with gi-
ant cell tumors which contain innumer-
able osteoclasts (5).

The significance of the nuclear in-
clusions we have observed in the os-

teoclasts of patients with Paget’s disease

is not known. Since nuclear bodies of
several types have been found in many
different human and animal cells, it is
possible that the inclusions are an in-
dication of some unidentified pathologic
process. Bouteille et al. (6) have con-
cluded that ‘‘simple’” nuclear bodies
may be nuclear organelles associated
with cellular hyperactivity. In Paget’s
disease, there is great cellular activity,
and we did observe ‘‘simple’’ and ‘‘com-
plex’’ nuclear bodies in osteoclasts and
other bone cells. However, the nuclear
inclusions found only in the osteoclasts
of Paget’s disease and giant cell tumor do
not resemble any of the nuclear bodies
described by Bouteille et al. (6).

The possibility that the pagetic in-
clusions are a handling or processing arti-
fact is remote, since all the bone biopsies
were handled in an identical manner and
none were found in the nonpagetic speci-
mens. The inclusions are unlike pre-
necrotic nuclear changes (7), although
some of the osteoclasts and their nuclei
appeared to be degenerating. In nine
patients with renal osteodystrophy in
whom osteoclastic degeneration was
noted this was not accompanied by the
nuclear inclusions seen in pagetic
patients. Since mitoses were not ob-
served in any of the pagetic osteoclasts,
it seems unlikely that the microfilaments
are associated with the mitotic spindle
which contains microfilaments of 28 nm
in diameter (8). Neither are the nuclear
inclusions pseudonuclei, as can be seen
by observing the nuclear remnants of the
ring-shaped nuclei with the enclosed mi-
crofilaments. Likewise, the nuclear in-
clusions of multiple sclerosis or lupus
erythematosis are morphologically dis-
tinct from those seen in Paget’s disease
9).
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The ultrastructural findings in the os-
teoclasts of patients with Paget’s disease
resemble those that have been reported
in nerve cells from patients with sub-
acute sclerosing panencephalitis (/0).
The clinical course of this central ner-
vous system disorder is not unlike that of
Paget’s disease in which localized le-
sions may remain latent over many
years. Evidence exists which implicates
a measles-like virus as the etiologic agent
responsible for the disorder (/7). The
typical inclusions that we have observed
are intranuclear, the same size, tubular,
hexagonally packed, and sometimes
found in single strands. The primary dif-
ference is that they appear ‘‘stiffer,”
with less undulations than measles nu-
cleocapsids.

In addition to the morphology, two
other features suggest a viral presence in
the osteoclasts. The presence of degener-
ating nuclei and the apparent release of
the microfilaments into the cell cy-
toplasm is a sequence of events known
to occur with viral infections. The forma-
tion of multinucleated cells occurs after
measles infection, and, although os-
teoclasts normally contain multiple nu-
clei, in Paget’s disease there may be in-
creased numbers of nuclei. Since neither
budding nor particles typical of mature
virions were seen, proof of a viral nature
of these microfilaments will await the iso-
lation of an agent or identification of a
viral antigen.

Although the origin and significance of
the nuclear inclusions in Paget’s disease
remain to be determined, the finding of
characteristic nuclear inclusions in paget-

ic osteoclasts suggests that these will be
important markers in studies of the etiol-
ogy of Paget’s disease.
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Thyroid Hormones: Effect of Physiological

Concentrations on Cultured Cardiac Cells

Abstract. Cultured cardiac cells prepared from newborn rat heart will respond in
vitro to physiological concentrations of L-triiodothyronine. The cells are grown in a
culture medium that contains hypothyroid calf serum. A dose response relationship
of L-triiodothyronine indicates that this system may be a useful model for elucidation
of the mechanism of thyroid hormone effects on the heart.

Thyroid hormones have a variety of bi-
ological effects in numerous organ sys-
tems. In spite of extensive studies in
vivo (1), the mechanism of action of the
thyroid hormones on the heart remains
to be defined. By using cultures of GH,
cells 2), a clone derived from a rat pitui-
tary tumor, it has been shown that L-
thyroxine (T4) and vr-triiodothyronine
(T3) modulate the rate of prolactin and
growth hormone production as well as
the rate of GH;, cell replication (3, 4). Be-
cause the cellular receptors for thyroid

hormones, which appear to mediate these
biologic responses, are localized in the
cell nucleus (5, 6), cultured GH, cells are
useful for studying the molecular aspects
of thyroid hormone action with particu-
lar regard to control of pituitary function.

Although there have been several stud-
ies of the effects of thyroid hormone on
isolated cardiac tissue (7), no myocardial
system responsive to physiological con-
centrations of thyroid hormones in vitro
has been described. We have now devel-
oped such a system.
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Myocardial cells were prepared as de-
scribed by Harary and Farley (8). The
cells were derived from the ventricular
tissue of Sprague-Dawley rats aged 1 to 3
days. The cardiac tissue was excised and
blood clots were rinsed off with Hanks
balanced salt solution (BSS) (Gibco).
The tissue was minced into small frag-
ments of approximately 1 to 2 mm in di-
ameter. These fragments were digested
with 0.12 percent of trypsin (Difco, 1:250)
in Mg?*- and Ca?'-free Hanks BSS
buffer in a shaking water bath at 37°C.
The dispersed cells were removed by
aspiration every 15 to 20 minutes and
then washed twice by centrifugation with
10 ml of buffer solution to remove tryp-
sin. The cells were pooled, suspended in
Ham’s F-10 medium (Gibco) supple-
mented with 10 percent fetal calf serum
(FCS), and inoculated into plastic T-
flasks (75 c¢cm?, Falcon) for 1 to 2 hours.
During this time, the dispersed fibro-
blasts selectively attached to the plastic
surface (9). The myocardial cells, which
require longer incubation for attach-
ment, remained in the culture medium.
The myocardial cells were then in-
oculated into separate T-flasks or a
multiple well plate (Linbro) for long-
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Fig. 1. The effect of L-triiodothyronine (T3)
on glucose utilization. The myocardial cells
were inoculated into a multiple well plate
(Linbro), the cell densities ranging from
200,000 to 400,000 cells per square centime-
ter. The cells were incubated for 24 hours
with hypothyroid medium to deplete them of
thyroid hormone; this medium was then re-
placed with either hypothyroid medium or
medium containing a final concentration of
1 X 10*M T3. Samples (50 wl) of medium
were taken for glucose determination every 24
hours. The rate of glucose utilization was
calculated by correcting for the volume of the
medium and for the micromoles of glucose
removed as a result of the sampling tech-
nique. Total cell protein and DNA were not
altered in the T3-treated cultures. Each point
represents the mean of three cell cultures;
none of the points in any of the three determi-
nations varied more than 10 percent from the
mean.
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Fig. 2. Relation of glucose utilization to free
hormone concentration. The cardiac cells
were inoculated into a multiple well plate as
described in Fig. 1, and were then incubated
with various concentrations of T3. Glucose
determinations were made after 60 hours of
incubation. To make comparisons between
experiments, we expressed the results as mi-
cromoles of glucose utilized per microgram of
cell protein per 24 hours.

term culture studies; densities ranged
from 200,000 to 400,000 cells per square
centimeter. The cells were incubated at
37°C (95 percent air, 5 percent CO,) and
after 24 hours were observed to contract
spontaneously. Subsequently, the cells
organized into groups of cell colonies
which could also contract spontaneously
in culture for up to 2 months. The cul-
tured cells appeared morphologically uni-
form when examined by light microsco-
py: when examined with the electron
microscope they contained contractile
elements similar to those in rat heart.
Myocardial cells in culture, in exhibiting
rhythmic contractions, and retaining
their morphologic as well as physiologic
properties, are thus similar to myocar-
dial cells in vivo.

For studies on the effect of thyroid hor-
mone, the dispersed myocardial cells
were first grown for 3 to 7 days in a medi-
um containing 10 percent FCS (Gibco).
This medium was then replaced with
Ham’s F-10 medium supplemented with
10 percent hypothyroid calf serum, in
which the cells remained for 24 hours in
order to deplete them of thyroid hor-
mone. This stage was of particular impor-
tance because commercial preparations
of serum contain substantial amounts of
T4 and T3 3). The rate of glucose utiliza-
tion served as a measure of the metabolic
response of the myocardial cell culture
system. The glucose concentration of the
medium was determined with o-toluidine
reagent (Dow). Portions of the medium
from the culture grown on the Linbro
plate were taken for analysis every 24
hours. The rate of glucose utilization was
calculated by correcting for the volume
of the medium and for the micromoles of
glucose removed as a result of the sam-
pling techniques. The iodothyronines do
not influence the glucose determination

with the o-toluidine method. Cell growth
was quantitated by determining: (i) the
content of DNA by the method of Burton
(10), (i) cell protein by the method of
Lowry et al. (I11), and (iii) the rate of ra-
dioactive thymidine incorporation. The
free hormone fraction in the medium was
0.105 of the total T3 concentration, as es-
timated by comparing the biological re-
sponse and the nuclear receptor occupan-
cy in GH, cells in serum-free and serum-
containing media (/2).

Figure 1 illustrates the effect of T3 on
the kinetics of the induced increase in
glucose utilization rate in myocardial
cells. After a lag period of 20 to 40 hours,
the rate of glucose utilization was signifi-
cantly enhanced in the cultures treated
with T3 (total concentration, 1 X 107°M).
Because this increase in glucose utiliza-
tion was not observed earlier during
incubation, the effect of T3 probably
reflects the induction of a metabolic
change rather than a direct activation by
thyroid hormone of enzyme systems con-
cerned with glucose metabolism.

This effect of T3 on glucose utilization
appears to be independent of cell replica-
tion. We found that T3 had no effect on
the rate of [*H]thymidine incorporation
into DNA in myocardial cells, up to 82
hours of incubation. In addition, T3 did
not affect cell growth, as reflected by the
total DNA or the cell protein content of
each culture during the course of in-
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Kg=0.9x10710 M (T3)

B/F x 10
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T3 bound (10712 M)

Fig. 3. Scatchard (6, 14) analysis of nuclear
binding of *’I-labeled T3. Isolated heart nu-
clei were prepared by homogenizing cardiac
tissue from adult and newborn rat ventricles
in 0.25M sucrose, 20 mM tris (pH 7.5), and 2
mM of B-mercaptoethanol at 4°C. The homog-
enates were centrifuged at 600g. The super-
natant and upper layer of the pellet were
aspirated after centrifugation. The nuclear pel-
let was washed with the same buffer con-
taining 0.5 percent Triton X-100 and the nucle-
ar binding of '**I-labeled T3 was determined
as described (6, 14). The binding at each hor-
mone concentration represents the mean of
three determinations; none of the determina-
tions varied more than S percent from the
mean (B/F, ratio of bound to free T3).
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cubation. Figure 2 shows the effects of
various T3 concentrations on the rate of
glucose metabolism in myocardial cells
after 40 to 60 hours of incubation. The
maximum increase in the rate of glucose
utilization was approximately twice the
rate in cultures containing hypothyroid
calf serum and a half-maximal biologic
effect was observed at an estimated free
T3 concentration of 2.4 X 1071'M.
Nuclear binding of thyroid hormone in

cardiac tissue in vivo has been reported
(13), but such binding has not been re-
lated to specific myocardial responses.
We compared the affinity constant of
T3 for isolated nuclei in vitro obtained
from newborn and adult rat hearts, using
methods previously described 6, 14).
Figure 3 shows that K, was 2.5 X
107 for nuclei from newborn rat
heart and 0.9 x 107°M for nuclei from
adult rat heart. At these concentrations,
with the T3 occupying 50 percent of the
nuclear binding sites, the results were
virtually identical to those previously re-
ported for isolated rat liver and GH;, cell
nuclei (6). With isolated nuclei in vitro,
the K4 values were approximately five
times the values obtained with intact
cells (6). Although the exact mechanism
of the effect of T3 on glucose utiliza-
tion is not known, the similarities in the
K, values for T3 binding to isolated
nuclei from newborn rat heart and from
GH, cells in vitro, and the similar bio-
logic responses in the two systems sup-
port the concept that the effect of T3
on cultured myocardial cells is regulated
at the nuclear level (3, 12). This concept
is also supported by the kinetic studies il-
lustrated in Fig. 1 in which the effect of
T3 is consistent with a time-dependent in-
duced change in the system rather than
an immediate response to thyroid hor-
mone.
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Trypanosomiasis: An Approach to Chemotherapy
by the Inhibition of Carbohydrate Catabolism

Abstract. When the infected mammalian host of Trypanosoma brucei brucei is in-
Jected with a solution of the iron chelator salicyl hydroxamic acid and glycerol, the
aerobic and anaerobic glucose catabolism of the parasite is blocked and the parasite

is rapidly destroyed.

The protozoans Trypanosoma brucei
rhodesiense and T. brucei gambiense are
the causative agents of African human
sleeping sickness, and the closely related
T. brucei brucei is one of several tyrpano-
somes that cause a similar disease in
cattle. All three parasites are transmitted
by the tsetse fly vector to a mammalian
host (7). No new effective drugs against
these diseases have been developed in re-
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cent years, and resistance of the para-
sites to most of the drugs now in use has
been reported (2). We are able to block
both aerobic and anaerobic pathways of
adenosine triphosphate (ATP) produc-
tion in these parasites by the simulta-
neous administration of salicyl hydrox-
amic acid (SHAM) and glycerol to the
host. Because the production of energy
in the form of ATP is entirely dependent
on carbohydrate metabolism (3), the
parasites are immediately immobilized
and almost entirely cleared from the
blood within 5 minutes.

Carbohydrate metabolism of the try-
panosome in the insect vector is com-
plete—that is, it includes glycolysis, a tri-
carboxylic acid (TCA) cycle, and reoxi-
dation of coenzymes by cytochromes in
the kinetoplast-mitochondrion ). In
contrast, only glycolysis occurs in the
long slender (L.S) form, the principal stage
of the parasite in the bloodstream of
the mammal. The other stage in mam-
mals, the short stumpy (SS) form, devel-
ops in the bloodstream from the LS
form. The SS forms are believed to be
preadapted to the insect vector and have
a partial TCA cycle but no functional cy-
tochromes (3). It is the LS forms that di-
vide in the mammal and probably ac-
count for the pathology of the disease.
Evidence indicates that the SS forms are
at an end point in the mammal and do not
reproduce unless taken up by the vector
(5). Parasitemias in mammals infected
with these organisms differ in their ratios
of LS forms to SS forms, the ratios vary-
ing with the strain of the trypanosome
and the stage of infection, even in cloned
populations of parasites. To diminish
this variation and to concentrate on the
LS form, we used a clone of T. brucei
brucei that was isolated from EATRO
(East African Trypanosomiasis Research
Organization) strain 110 and made mono-
morphic (LS form only) by 30 rapid pas-
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