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Induction of Stress Proteins in Rat Cardiac Myocytes by Anti-
ony. Snawder, J. E., Tirmenstein, M. A., Mathias, P. I., Toraa-

on, M. (1999). Toxicol. Appl. Pharmacol. 159, 91–97.

The effects of nonlethal concentrations of potassium antimonyl
artrate (PAT) were examined in cultured neonatal rat cardiac
yocytes. PAT (5, 10 mM) significantly increased cellular reduced

lutathione (GSH) and heme oxygenase activity after 18 h. GSH
evels and heme oxygenase activity were increased 2.5- and 5.4-
old, respectively, by 10 mM PAT after 18 h. In addition, total
ytochrome P450 levels were decreased by PAT after an 18-h
xposure. PAT exposures were associated with the induction of
pecific stress proteins. Nonlethal concentrations of PAT produced
dose-dependent increase in HO-1, HSP70, and HSP25/27 protein

evels but did not increase HSP60 levels. Pretreatment of cardiac
yocytes with low concentrations of PAT (0.5–10 mM) protected

gainst a subsequent lethal concentration of PAT (200 mM). This
rotection was blocked if cells were treated with the protein
ynthesis inhibitor cycloheximide. Results demonstrate that low
oncentrations of PAT increase GSH levels and stress protein
ynthesis, which may be responsible for the protection that low-
evel PAT exposure offers against the subsequent toxicity of higher
oncentrations of PAT.

Key Words: antimony; heme oxygenase; heat shock proteins;
lutathione; stress proteins; cardiac myocytes; heart; potassium
ntimonyl tartrate.

Antimony is a hard, brittle metal that has extensive use
ndustry. Compounds containing antimony are used in

anufacture of paints, ceramics, pyrotechnics, fire retard
nd glass (Carsonet al., 1986; Stokinger, 1981). Antimony
lso used in the semiconductor industry and has limited

mportant use as an antiparasitic drug (Winship, 1987). A
ony-containing compounds produce cardiac functional a
tions and toxicity in both experimental animals and hum
reigeret al.(1954) observed degeneration of the myocard

n rats and rabbits chronically exposed to dusts conta
ntimony trisulfide. Injection of antimony (10 mg/kg) into t
oronary circulation of an isolated perfused dog heart red
ontractile force by 50% within 1 h and a comparable treatm
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an, Washington 99164-6510.
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n the intact dog was fatal (Bromberger-Barnea and Step
965). Altered electrocardiograms (EKG) and death from
iotoxicity have been documented following administratio
ntimony-containing drugs (NIOSH, 1978; Sundaret al., 1998;
hakur et al., 1998; Winship, 1987). High incidence of c
iotoxicity following the administration of sodium antimo
luconate has been reported in recent years in the treatm
isceral leishmaniasis (Sundaret al., 1998). In a study reporte
y Thakur et al. (1998), an estimated 40% of a total of
atients treated with sodium antimony gluconate exhib
lectrocardiographic changes and 5% died of cardiotox
KG changes associated with antimony treatment includ
reased amplitude of the P wave, fusion of the S-T seg
nd T wave, presence of U wave, lengthening of Q-T inte
nd ventricular dysrhythmia (Winship, 1987). At a fact
anufacturing resinoid grinding wheels, six sudden de
ere reported in workers following exposure to antim

risulfide for 8 to 24 months. Heart disease was suspected
ut one of the cases. A subsequent study conducted a

actory reported that 37 of 75 workers exhibited electrocar
ram changes that involved T wave modifications (Briegeet
l., 1954).
Despite the numerous case reports of antimony-ind

ardiotoxicity, few studies have examined underlying me
isms responsible for adverse cardiac reaction to antimon
ddress this, our laboratory has conducted a series of s

nvestigating the effects of antimony on cultured cardiac m
ytes. These studies demonstrated that potassium antim
artrate (PAT) induces a lethal oxidative stress in car
yocytes (Tirmensteinet al., 1995) that may arise from im
airment of antioxidant defenses rather than via direct re

ion of molecular oxygen (Tirmensteinet al., 1997). This
istinguishes antimony from other metals such as iron
opper that can reduce oxygen to produce reactive ox
pecies. Elevation of intracellular calcium was also found t
n early event in PAT-induced cardiac myocyte death (Weet
l., 1997). In contrast, nonlethal doses of PAT reduced
apacity of cardiac myocytes to mobilize calcium during
itation–contraction (Toraasonet al., 1997). Although the sp
ific mechanism responsible for reduced calcium mobiliza
as not defined, one mechanism proposed was increas

racellular buffering of calcium by calcium binding proteins
art of a stress response. Such a response includes expr

ll-
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92 SNAWDER ET AL.
f a multitude of stress proteins (Ribeiroet al., 1995), includ
ng the metal binding protein metallothionein (Camhiet al.,
995).
Numerous studies have reported the induction of heat s

r stress proteins in a wide variety of cellular systems foll
ng exposure to metals (Baumanet al., 1993; Goeringet al.,
993). Stress proteins, such as HSP25/27, HSP60, and H
re a ubiquitous group of proteins that are synthesize
esponse to heat and other environmental stress and are th
o afford protection against cardiac cell toxicity (Daset al.,
993). Recently, evidence has suggested that inductio
tress proteins may protect the heart against ischemic i
Hutter et al., 1994). The stress protein heme oxygen
HO-1) is especially susceptible to induction by me
Maines and Kappas, 1977). Drummond and Kappas (1
emonstrated that PAT as well as other antimony-conta
ompounds were potent inducers of HO-1 in the liver
idney of rats, but the effects of PAT on the heart were
xamined.
Our observations that low-levels of antimony alter calc

omeostasis in cultured cardiac myocytes (Toraasonet al.,
997) lead to the hypothesis that this same exposure

nduce a stress response that would protect cardiac myo
gainst subsequent exposures to antimony. This could

mportant implications for therapeutic administration of a
ony compounds where cardiac toxicity is a concern (Th
t al., 1998). Therefore, the objectives of the present inv
ation were to (1) determine if PAT induces a stress resp

n cardiac myocytes, (2) characterize the stress respons
3) assess the protection the response provides against
oses of PAT.

METHODS

Chemicals. Newborn calf serum was purchased from Hyclone (Lo
T). PAT was obtained from Aldrich (Milwaukee, WI). All other chemic
nd reagents, unless otherwise stated, were purchased from Sigma (St
O).

Preparation of myocytes. Cardiac ventricular cells were isolated from
o 4-day-old Sprague–Dawley rats by a method previously described (T
onet al., 1990). Rat pups were obtained from a breeding colony maint
n the animal quarters of NIOSH, which is accredited by the Amer
ssociation for Accreditation of Laboratory Animal Care. In order to red

he percentage of fibroblasts in the cultures, ventricular heart cells
replated at a density of 106 cells/ml in incubation flasks in M199 mediu
ontaining 10% newborn calf serum and 100 U penicillin–streptomycin
fter 1 h, flasks were gently swirled, which suspended unattached myo
nd left the majority of fibroblasts attached. The cell suspension was
ither plated at 53 106 cells/100-mm dish (for HO-1 and glutathione de
inations) or 53 104 cells/well/microplate (for HSP determination) for 48
rior to exposure to PAT. This plating density assured nearly confluent cu
f myocytes within 24 h. Myocytes were easily identified because of
istinctive morphology and spontaneous beating. Nonmyocytes cons

ess than 10% of the culture as determined by microscopic inspection.

Glutathione determinations. Reduced gluthatione (GSH) levels were
ermined by high-performance liquid chromatography based on the proce
f Reedet al.(1980). Cells were washed twice in Hanks’ balanced salt sol
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HBSS) prior to the addition of 2 ml of 10% perchloric acid containing 1
DTA. Plates were scraped to remove cells, and the cell suspensio
entrifuged at 14,000gfor 10 min. The supernatant was analyzed for GSH
he pellet was used to assay total protein according to the methods of
t al. (1951) as modified by Peterson (1977) with bovine serum albumin
tandard.

Treatment of cells for heme oxygenase and total P450 assays. Cardiac
yocytes plated for 48 h in 100-mm plates were washed with HBSS
xposed to PAT in serum-free M199. At the end of the exposure period (
edium was removed from culture dishes, and plates were washed thre
ith HBBS. One milliliter of 0.1 M Tris buffer (pH 7.4) was added to ea
late and myocytes were removed by gentle scraping. Myocytes were p
y centrifugation at 1000g for 10 min, rinsed with HBSS, and resuspende
icrosomal preparation buffer consisting of 0.015 KCl/0.05 M Tris (pH
nd disrupted by pulsed-sonication (33 20-s pulses, 40% duty cycle; He
ystems–Ultrasonics, Inc. Farmingdale, NY). Lysates were kept o

hroughout these procedures. Lysates were centrifuged at 10,000g for 10 min
t 4°C; supernatants were collected and centrifuged at 100,000g for 1 h (60 Ti
otor, Beckman Model L5–50 Ultracentrifuge). The microsomal pellets
esuspended and assayed for heme oxygenase activity. Total prote
etermined according to Lowryet al. (1951).

Assay of heme oxygenase activity and total P450. Heme oxygenas
ctivity was determined in myocyte microsomes by the method of Saundet
l. (1991) with slight modifications. Rat liver cytosol was used as a sour
iliverdin reductase, and 1 ml incubations were stopped after 30 min wi
ddition of 5 ml ethyl acetate to precipitate protein and extract biliru
ample tubes were vortexed for 30 s and centrifuged at 3000g for 10 min at
°C. Samples were extracted twice with 5 ml of ethyl acetate, and
ombined ethyl acetate extracts were evaporated to dryness under ni
esidues were resuspended in 1 ml methanol, and the difference in abs
etween 453 and 530 nm was determined. Bilurubin formed was esti
sing an extinction coefficient of 60.7 mM-1cm-1. Total microsomal P450 wa
easured by the method of Omura and Sato (1964).

Treatment of cells for induction of heat shock proteins and immunocy
hemical detection. Cardiac myocytes plated for 48 h in 96-well micropla
ere washed with HBSS and exposed to PAT in serum-free M199. To
s a positive control, one plate of cells was incubated for 1 h at 42°C and
eturned to 37°C for 18 h. At the end of the 18-h exposure period, medium
emoved from the wells, and plates were washed three times with HBBS.
ashing, 200ml of cold cell fixative (70% EtOH with HCl, pH 5) was add

o each well and plates were stored at220°C for 1 h prior to removal o
xative by aspiration. One hundred microliters of 50% fetal bovine seru
hosphate-buffered saline was added as a blocking agent, and plate

ncubated for 1 h at37°C. The blocking agent was removed, and plates
ashed three times and incubated at 37°C for 2 h with primary ant

anti-HSP70, -HSP60 Sigma, and anti-HSP25/27, Stressgen, Victoria, B
olumbia, Canada). The unbound primary antibody was removed, an
lates were washed three times. The plates were then incubated for 1
00 ml/well of antimouse-HRP conjugate. The unbound secondary ant
as removed, plates were washed at least three times, and 200ml of GIBCO

Grand Island, NY) premixed ELISA peroxidase substrate was added to
ell. After 30 min, the plate was read at 405 nm. The absorbance of
ontaining wells was compared to a standard curve of known amoun
SP70 (HSP25/27 are reported as absorbance units/well). Protein (mg
as estimated by the method of Lowryet al. (1951) after removing substra
nd adding NaOH to solubilize the adherent cells.

Western immunoblotting. HO-1 protein levels were estimated in my
ytes by Western immunoblotting as described by Saunderset al. (1991).
riefly, PAT-exposed cells were washed three times with HBBS. One mil
f 0.1 M Tris buffer (pH 7.4) was added to each plate, and myocytes
emoved by gentle scraping. Myocytes were pelleted by centrifugati
000gfor 10 min, rinsed with HBSS, and resuspended in preparation b
onsisting of 0.015 KCl/0.05 M Tris (pH 7.4) and disrupted by puls
onication (33 20-s pulses, 40% duty cycle) Ten micrograms of cell ly
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93EFFECTS OF ANTIMONY ON CARDIAC MYOCYTES
as separated by electrophoresis on 12% SDS–polyacrylamide gels
cribed byLaemmli (1970) and electroblotted onto nitrocellulose membr
he immunodetection of protein bands (HO-1) on the nitrocellulose m
ranes was carried out as described previously using the appropriate sec
ntibodies conjugated to alkaline phosphatase (Towbinet al. 1979). The
elative band intensities on the immunoblots were scanned and quantified

Scanmaster 3 reflecting densitometer and Master Scan version 3.1 a
oftware (Scananalytics, Billerica, MA).

Protective effect of low concentrations of PAT on subsequent PAT ex
ures. Cardiac myocytes were treated with M199 containing 0.5–10mM
AT 48 h after initial isolation and plating. In experiments in which cy
eximide was used to inhibit protein synthesis, cells were treated with 2mg/ml
yclohexamide alone or in combination with the low doses of PAT desc
bove. Twenty-four or 48 h later the medium was removed and replac

resh M199 containing 0–200mM PAT. After an additional 4 h, cell viabilit
as measured. Cell viability was assessed by measuring the release of
ehydrogenase (LDH) as previously described (Tirmensteinet al., 1995
oraasonet al., 1990). Beat rates were evaluated as previously desc

Tirmensteinet al., 1995; Toraasonet al., 1990).

Statistical analysis. Analysis of variance was performed using the S
raphics, version 5 (STSC, Inc., Rockville, MD) statistical package. D
nces between groups were determined using Scheffe’s test for m
omparisons.

RESULTS

yocyte Toxicity

Exposure of rat neonatal cardiac myocytes to low con
rations of PAT (0–25mM) did not produce significant cyto
oxicity after 18 h as assessed by both cell attachment and
elease. However, spontaneous beating rate was reduced
han 50% by the 10–25mM PAT. Data are not shown as resu
re similar to those previously reported (Tirmenstein, 1
oraasonet al., 1997).

SH, Heme Oxygenase, and P450

Control cells were treated with potassium tartrate, which
o significant effect on cellular GSH, heme oxygenase act
r cytochrome P450 levels. Low concentrations of PAT (5
M) significantly increased cellular GSH levels in a do
ependent manner after 18 h (Table 1). PAT at 25mM did not

ncrease GSH above that induced by 10mM PAT (data no
hown). Low concentrations of PAT also significantly
reased heme oxygenase activity and decreased total
hrome P450 after 18 h. Heme oxygenase activity was ind
bout ninefold by 5mM PAT and fivefold by 10mM PAT.

FIG. 1. Effects of PAT treatment (0–10mM) or heat shock (1 h at 42°
ere treated with 10mM potassium tartrate. Protein levels were measured

reatment. Absorbance units (AU) are the means6 SD of duplicate measu
de-
s.
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AT decreased total cytochrome P450 activity in a d
ependent manner after 18 h. Exposure of cardiac myocy
0 mM PAT led to a 54% decrease in total P450 levels.

nduction of Heat Shock Proteins

Myocytes exposed to low concentrations of PAT for 1
ad increased levels of HO-1 as determined by Western
Fig. 1) and HSP70 as determined by immunocytochem
Fig. 2). Nonlethal heat shock (42°C for 1 h) did not incre
O-1 protein levels, but did increase HSP70 protein le
fter 18 h. HSP25/27 was significantly increased above

rols at PAT concentrations from 0.5 to 5mM (Fig. 3). Treat-
ent with 5 mM PAT induced about a 13-fold induction
SP25/27 protein levels after 18 h, and a comparable inc
ccurred following treatment with 42°C for 1 h. Heat treatm
lso increased HSP60 levels, but PAT at 5 or 10mM did not
ffect HSP60 levels (data not shown).

rotective Effect of Low Concentrations of PAT
on Subsequent PAT Exposures

Exposure to 200mM PAT resulted in release of 73% of t
otal myocyte LDH into the culture medium after 4 h (Fig.
rior treatment with low concentrations of PAT (0.5–10mM)

or 48 h protected against a subsequent 200mM PAT chal-
enge. The extent of this protection was dose dependent

on cellular HO-1 protein levels in rat neonatal cardiac myocytes. Contr
owing an 18-h exposure to the indicated PAT concentration or 18 h after
ents.

TABLE 1
Effects of PAT on Glutathione Levels, Heme Oxygenase Activ-

ty, and Total P450 in Rat Neonatal Cardiac Myocytes Treated
or 18 h.

Treatment
Glutathione

(nmol/mg protein)
Heme oxygenase
(nmol/mg protein)

Total P450
(nmol/mg protein)

ontrolsa 15.566 2.35b 0.556 0.24 0.2956 0.55
mM PAT 22.056 5.33c 4.746 0.63c 0.1556 0.014c

0 mM PAT 38.656 2.34c 2.956 0.55c 0.1356 0.020c

a Controls cells were treated with 10mM potassium tartrate (heme oxyge
se and total P450) or 25mM potassium tartrate (glutathione). Cell treatme
educed glutathione, heme oxygenase activity, and total P450 determin
ere performed as described in Methods.

b All values are means6 SD (n 5 3).
c Statistically different from controls (p , 0.05).
C)
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rem



t by
2 his
p pen
d
P n
I
2 H
( tei
s
p en
t H

i ure
d

AT
g ase
o atal
c
1 ants
p and
c ein
t ytes
( hal
c se in
c t of
i level
a in rats
e e and
B ga-
n levels
i ls
v e to
o that
p ative
s enal
c with

)
o reat
w g a
1 sho
t tly
g

)
o we
t win
a sho
t tly
g

nhi-
b ere
t 0–2
m
4 d
c h,
t from
m
A
(

94 SNAWDER ET AL.
reatment with 2mM PAT reduced the LDH release induced
00 mM PAT from 73% to less than 10%. The extent of t
rotection by low concentrations of PAT was also time de
ent. If cells were pretreated with 1mM PAT for 24 h, 200mM
AT resulted in release of 30% of total LDH (data not show

n contrast, if cells were pretreated with 1mM PAT for 48 h,
00 mM PAT resulted in release of only 14% of total LD
Fig. 3). Cotreatment of cardiac myocytes with the pro
ynthesis inhibitor, cycloheximide (2mg/ml), eliminated the
rotection afforded to cells by pretreatment with low conc

rations of PAT. In cells treated only with cycloheximide, LD

FIG. 2. Effects of PAT treatment (0–10mM) or heat shock (1 h at 42°C
n HSP 70 levels in rat neonatal cardiac myocytes. Control cells were t
ith 10 mM potassium tartrate. Protein levels were measured followin
8-h exposure to the indicated PAT concentration or 18 h after heat

reatment. Bars, means1 SD; n 5 6. All treatment responses are significan
reater than the control (p , 0.05).

FIG. 3. Effects of PAT treatment (0–10mM) or heat shock (1 h at 42°C
n HSP 25/27 levels in rat neonatal cardiac myocytes. Control cells

reated with 10mM potassium tartrate. Protein levels were measured follo
n 18-h exposure to the indicated PAT concentration or 18 h after heat

reatment. Bars, means1 SD; n 5 6. All treatment responses are significan
reater that the control (p , 0.05).
-

).

n

-

n the culture medium was only 6% of total LDH in the cult
ish.

DISCUSSION

Previously, we have shown that concentrations of P
reater than 50mM induce significant increases in the rele
f thiobarbituric acid reactive substances and LDH in neon
ardiac myocytes after a 4-h exposure (Tirmensteinet al.,
995). In these studies, pretreatment with various antioxid
revented or attenuated this PA-induced lipid peroxidation
ytotoxicity. In addition, PAT significantly decreased prot
hiols, cellular glutathione, and ATP levels in cardiac myoc
Tirmensteinet al., 1997). In the present study, low, nonlet
oncentrations of PAT produced a dose-dependent increa
ellular GSH levels after 18 h. While this is the first repor
ncreased cellular GSH content in response to a low-
ntimony exposure, a similar response has been reported
xposed to other metals. In a study conducted by Sasam
oyd (1978), cobaltous chloride, cadmium chloride, man
ese chloride, and lead nitrate all increased hepatic GSH

n rats 24 h after administration. Increases in GSH levein
ivo and in vitro have been suggested to occur in respons
xidative stress. Woods and Ellis (1995) demonstrated
rolonged exposures to methyl mercury produced oxid
tress in rat kidneys and a two- to threefold elevation in r
ortical GSH levels. This increase in GSH was associated

ed
n
ck

re
g
ck

FIG. 4. Effect of low-level PAT pretreatment and protein synthesis i
ition on PAT toxicity in rat neonatal cardiac myocytes. Control cells w

reated with 2mM potassium tartrate. Cells were pretreated with PAT (
M), cycloheximide (2mg/ml), or 2mM PAT 1 cycloheximide (2mg/ml) for
8 h. After the 48-h period, PAT-exposed and PAT1 cycloheximide-treate
ells were then exposed to a 200mM PAT challenge. After an additional 4
he percentage of total LDH in the culture dish that was released
yocytes into the culture medium was determined. Bars, means1 SD; n 5 6.
ll treatment responses are significantly less than the control1 200mM PAT

p , 0.05) with the exception of 2mM PAT 1 cycloheximide1 200mM PAT.
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95EFFECTS OF ANTIMONY ON CARDIAC MYOCYTES
n up regulation ofg-glutamylcysteine synthetase express
he rate-limiting enzyme involved in the synthesis of G
Woods and Ellis, 1995). A similar induction ofg-glutamyl-
ysteine synthetase may explain the increases in GSH
bserved in cardiac myocytes following PAT exposures.
Treatment of neonatal rat cardiac myocytes with 1–10mM

AT resulted in dose-dependent increases of heme oxyg
ctivity and microsomal HO-1 protein levels as well a
oncurrent loss of cytochrome P450. HO-1 is the induc
orm of heme oxygenase, the rate-limiting enzyme in h
egradation. HO-1 is induced by a wide variety of conditio

ncluding oxidative stress, sulfhydryl reactive compoun
etals, and heme compounds (Maines, 1988).In vivo and in

itro studies have reported that oxidative stress and expos
etals increase heme oxygenase activity and HO-1 pr

evels in cardiac tissue. Maines and Kappas (1977) de
trated a loss of the heme-containing enzyme cytochrome
nd induction of heme oxygenase activity in the livers of

reated with metals. In this study, heme oxygenase activity
lso induced in the heart by iron, cobalt, nickel, copper,

num, and mercury. The mechanism for the loss of cytochr
450 following heme oxygenase induction is not known. H
xygenase induction may lead to the loss of cytochrome
y limiting the availability of heme for synthesis of cy
hrome P450 or by directly catalyzing the degradation o
nzyme. Otherin vivo studies have demonstrated that me
Neil et al., 1995), ischemia–reperfusion (Katayoseet al.,
993), and hemodynamic stress (Mauliket al., 1996) induc
eme oxygenase activity and HO-1 protein levels in the h
oshida et al. (1996) using rat neonatal cardiac myocy
xamined the effect of tissue culture and oxidative stres
O-1 induction. They found that HO-1 levels increased 12
after isolation in cardiac myocytes and oxidative st

aused further increases.
Several studies have concluded that the induction of

hock or stress proteins can protect the heart from tox
SP70 is induced in cardiac tissue by heat stress (Hutteret al.,
994), hypoxia/reoxygenation (Iwakiet al., 1993), and chem

cal treatments (Hoshidaet al., 1997). Researchers have
othesized that elevated levels of the heat shock pro
SP70 (Hutteret al., 1994; Iwakiet al., 1993; Hoshidaet al.,
997), HSP25/27 (Sharmaet al., 1996), and HSP60 (Lauet al.,
997) can contribute to protection of cardiac tissue from
equent insults. Marberet al. (1995) using transgenic mice th
ver-express HSP70 reported that the expression of high
f HSP70 protected isolated hearts against ischemic in
imilarly, Martin et al. (1997) using recombinant metho
onstructed HSP25/27 over-expressing cardiac myoc
ells that over-expressed HSP25/27 displayed significant

ection against ischemia. In the present study, PAT treatm
ere observed to induce HSP70 and HSP25/27 protein ex
ion in cardiac myoctes in a dose-dependent manner. HSP
tress protein associated with mitochondria, was elevat
,
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ardiac myocytes exposed to heat shock (1 h at 42°C) bu
n PAT-exposed cells.

Pretreatment of rat neonatal cardiac myocytes with nonl
oncentrations of PAT (0.5–10mM) for 24–48 h prevented o
iminished rates of cell death when cells were later treated
AT concentrations that are normally lethal to cardiac m
ytes. This protection was blocked when the protein synth
nhibitor cycloheximide was added to the PAT pretreatm
hese data suggest that the PAT pretreatment induce
ynthesis of proteins that subsequently protect against
nduced cell death. The identity of these proteins are
nown, but stress proteins are likely candidates. The abili
ow doses of toxicants to protect against subsequent l
oses of the same toxic agent has been previously de
trated. In studies conducted by Kampingaet al. (1995), pre
reatment of HeLa S3 cells with arsenite, ethanol, diamide
eat protected against subsequent lethal doses of the
gent. Protection was associated with the induction of s
roteins. We previously demonstrated that addition of g

hione to cultured cardiac myocytes provided a degre
rotection from the lethality of PAT (Tirmensteinet al., 1995)
he protection provided by exogenous GSH is most likely

o the binding of antimony by sulfhydryl groups presen
SH (Tirmensteinet al., 1997). Taken together with pres

esults, it is reasonable to conclude that increased GSH l
roduced by low-level PAT exposure is a factor in the pro

ion against subsequent lethal concentrations of PAT.
This study reports that treatment of rat neonatal car
yocytes with nonlethal concentrations of PAT increases

ular GSH and heme oxygenase activity and decreases
ytochrome P450 levels. Low doses of PAT also incre
rotein levels of the stress proteins HO-1, HSP70, and HS
7. Pretreatment of cardiac myocytes with 0.5–10mM PAT for
4–48 h protected cells against a later 200mM PAT exposure
his protection was abrogated by inhibiting protein synthe

ncreased GSH levels and heme oxygenase activity an
nduction of stress protein have been associated with prote
gainst oxidative stress. Since antimony has been demons

o induce oxidative stress in neonatal cardiac myocytes
ensteinet al., 1995), these alterations may protect aga
ntimony-induced cell death.
The concentrations of PAT used in the present study

revious cardiac myocyte toxicity studies (Tirmensteinet al.,
995, 1997; Toraasonet al., 1997; Weyet al., 1997) range
rom 0.5–200 mM PAT. These solutions contain 0.06–
g/ml antimony and are within the range of therapeutic a
ony concentrations. For example, leishmaniasis patien

eiving daily intramuscular injections of sodium stibog
onate or meglumine antimoniate maintained blood antim
oncentrations of 1–12mg/ml (Chulayet al., 1988). In a stud
f the efficacy of pentavalent antimony in combination w
ther drugs, serum concentrations of antimony in dogs ra

rom 0.125 to 37.1mg/ml during the 24 h following adminis
ration of therapeutic doses (Belloliet al., 1995). In asymp
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omatic workers exposed to antimony trioxide or stibine c
ounds in a battery factory, whole blood concentration
ntimony reached 0.01mg/ml (Kenteret al., 1995). Therefore

t is reasonable to anticipate that PAT effects observe
ultured cardiac myocytes may occur to some degree d
herapeutic treatment with or occupational exposure to
ony compounds.
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