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The effects of nonlethal concentrations of potassium antimonyl
tartrate (PAT) were examined in cultured neonatal rat cardiac
myocytes. PAT (5, 10 uM) significantly increased cellular reduced
glutathione (GSH) and heme oxygenase activity after 18 h. GSH
levels and heme oxygenase activity were increased 2.5- and 5.4-
fold, respectively, by 10 uM PAT after 18 h. In addition, total
cytochrome P450 levels were decreased by PAT after an 18-h
exposure. PAT exposures were associated with the induction of
specific stress proteins. Nonlethal concentrations of PAT produced
a dose-dependent increase in HO-1, HSP70, and HSP25/27 protein
levels but did not increase HSP60 levels. Pretreatment of cardiac
myocytes with low concentrations of PAT (0.5-10 uM) protected
against a subsequent lethal concentration of PAT (200 uM). This
protection was blocked if cells were treated with the protein
synthesis inhibitor cycloheximide. Results demonstrate that low
concentrations of PAT increase GSH levels and stress protein
synthesis, which may be responsible for the protection that low-
level PAT exposure offers against the subsequent toxicity of higher
concentrations of PAT.

Key Words: antimony; heme oxygenase; heat shock proteins;
glutathione; stress proteins; cardiac myocytes; heart; potassium
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Antimony is a hard, brittle metal that has extensive uses |n
industry. Compounds containing antimony are used in t
manufacture of paints, ceramics, pyrotechnics, fire retardan
and glass (Carsoet al., 1986; Stokinger, 1981). Antimony is
also used in the semiconductor industry and has limited ucg
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in the intact dog was fatal (Bromberger-Barnea and Stepher
1965). Altered electrocardiograms (EKG) and death from ca
diotoxicity have been documented following administration o
antimony-containing drugs (NIOSH, 1978; Sundtal., 1998;
Thakur et al., 1998; Winship, 1987). High incidence of car-
diotoxicity following the administration of sodium antimony
gluconate has been reported in recent years in the treatmen
visceral leishmaniasis (Sundeiral., 1998). In a study reported
by Thakuret al. (1998), an estimated 40% of a total of 80
patients treated with sodium antimony gluconate exhibite
electrocardiographic changes and 5% died of cardiotoxicit
EKG changes associated with antimony treatment include i
creased amplitude of the P wave, fusion of the S-T segme
and T wave, presence of U wave, lengthening of Q-T interva
and ventricular dysrhythmia (Winship, 1987). At a factory
manufacturing resinoid grinding wheels, six sudden deatt
were reported in workers following exposure to antimon
trisulfide for 8 to 24 months. Heart disease was suspected in
but one of the cases. A subsequent study conducted at t
factory reported that 37 of 75 workers exhibited electrocardic
gram changes that involved T wave modifications (Briegter
al., 1954).

Despite the numerous case reports of antimony-induce
cardiotoxicity, few studies have examined underlying mech:
nisms responsible for adverse cardiac reaction to antimony.
address this, our laboratory has conducted a series of stud
investigating the effects of antimony on cultured cardiac myc
Utes. These studies demonstrated that potassium antimo
tértrate (PAT) induces a lethal oxidative stress in cardie
myocytes (Tirmensteiet al., 1995) that may arise from im-

airment of antioxidant defenses rather than via direct redu
n of molecular oxygen (Tirmensteiet al., 1997). This

Important use as an antiparasitic drug (Winship, 1987). Amcﬁ'istinguishes antimony from other metals such as iron ar

mony-containing compounds produce cardiac functional altecrc—)pper that can reduce oxygen to produce reactive oxyg

gtrlginsegilt?l(ggi)Igbbsztrr\]/:é(zinZr?grt:tli:r?l(;]?ri ?T?dor;:?ji:%s ecies. Elevation of intracellular calcium was also found to &
9 ' 9 y n early event in PAT-induced cardiac myocyte death (\&tey

in rats and rabbits chronically exposed to dusts containir&

antimony trisulfide. Injection of antimony (10 mg/kg) into theg" 1997). In contrast, nonlethal doses of PAT reduced tt
: y nsutice. inject : y gikg) 1 capacity of cardiac myocytes to mobilize calcium during ex

coronary circulation of an .isqlated perfused dog heart reduchI L tion—contraction (Toraasa al., 1997). Although the spe-
contractile force by 50% within 1 h and a comparable treatme(pl ic mechanism responsible for reduced calcium mobilizatio

' Current address: College of Pharmacy, Washington State University, PIW?‘S not deﬂned,’ one mec_hamsm pr‘?poseq V\,Ias mcre_ased
man, Washington 99164-6510. tracellular buffering of calcium by calcium binding proteins as

2 To whom all correspondence and reprint requests should be addressegart of a stress response. Such a response includes expres
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of a multitude of stress proteins (Ribeied al., 1995), includ- (HBSS) prior to the addition of 2 ml of 10% perchloric acid containing 1 mM

ing the metal binding protein metallothionein (Camhi al., EDTA. Plates were scraped_to remove cells, and the cell suspension v
1995) centrifuged at 14,000fpr 10 min. The supernatant was analyzed for GSH anc

. . . the pellet was used to assay total protein according to the methods of Low
Numerous St_Ud@S ha\{e repo_rted the induction of heat shQgk (1951) as modified by Peterson (1977) with bovine serum albumin as
or stress proteins in a wide variety of cellular systems follovgtandard.
ing exposure to metals (Bauma al., 1993; Goeringet al., Treatment of cells for heme oxygenase and total P450 assa@ardiac
1993). Stress proteins, such as HSP25/27, HSP60, and HSP®Qcytes plated for 48 h in 100-mm plates were washed with HBSS ar
are a ubiquitous group of proteins that are synthesized gyposed to PAT in serum-free M199. At the end of the exposure period (18 |

. medium was removed from culture dishes, and plates were washed three tir
response to heat and other environmental stress and are thoH/gIE'LBBS. One milliliter of 0.1 M Tris buffer (pH 7.4) was added to each

to afford protection _againSt cardiac cell toxicity (pas al.., plate and myocytes were removed by gentle scraping. Myocytes were pellef
1993). Recently, evidence has suggested that induction b@fentrifugation at 10afor 10 min, rinsed with HBSS, and resuspended in
stress proteins may protect the heart against ischemic injurgrosomal preparation buffer consisting of 0.015 KCI/0.05 M Tris (pH 7.4]

(Hutter et al., 1994). The stress protein heme Oxygenaggd disrupted by pulsed-sonication X3 20-s pulses, 40% duty cycle; Heat
_ . . . . . ystems—Ultrasonics, Inc. Farmingdale, NY). Lysates were kept on ic
(HO 1) 1S eSpeCIa”y suscepnble to induction by metal%roughout these procedures. Lysates were centrifuged at {6000 min

(Maines and Kappas, 1977). Drummond and Kappas (198} )c; superatants were collected and centrifuged at 1091080 h (60 Ti
demonstrated that PAT as well as other antimony-containingor, Beckman Model L5-50 Ultracentrifuge). The microsomal pellets wer
compounds were potent inducers of HO-1 in the liver ardsuspended and assayed for heme oxygenase activity. Total protein v
kidney of rats, but the effects of PAT on the heart were nggtermined according to Lowrst al. (1951).

examined. Assay of heme oxygenase activity and total P45Bieme oxygenase

Our observations that low-levels of antimonv alter calciu activity was determined in myocyte microsomes by the method of Sauatlers
y 'H (1991) with slight modifications. Rat liver cytosol was used as a source

homeostasis in cultured Ca';diac mygcytes (Toraaspml., piliverdin reductase, and 1 ml incubations were stopped after 30 min with tt
1997) lead to the hypothesis that this same exposure couddition of 5 ml ethyl acetate to precipitate protein and extract bilirubin
induce a stress response that would protect cardiac myocy&esiple tubes were vortexed for 30 s and centrifuged at@@9010 min at

against Subsequent exposures to antimony. This could hé\"%. Samples were extracted twice with 5 ml of ethyl acetate, an_d th
combined ethyl acetate extracts were evaporated to dryness under nitrog

important |mpI|cat|ons for therapeunc administration of antlIfeesidues were resuspended in 1 ml methanol, and the difference in absorp

mony compounds where cardiac toxicity is a concern (Thakiiween 453 and 530 nm was determined. Bilurubin formed was estimat
et al., 1998). Therefore, the objectives of the present invesiking an extinction coefficient of 60.7 nifdm™. Total microsomal P450 was
gation were to (1) determine if PAT induces a stress resporgeasured by the method of Omura and Sato (1964).

in cardiac myocytes, (2) characterize the stress response, arteatment of cells for induction of heat shock proteins and immunocyto-

(3) assess the protection the response provides against |e<m<apical detection. Cardiac myocytes plated for 48 h in 96-well microplates
doses of PAT were washed with HBSS and exposed to PAT in serum-free M199. To ser

as a positive control, one plate of cells was incubatedlfd at42°C and
returned to 37°C for 18 h. At the end of the 18-h exposure period, medium w.
METHODS removed from the wells, and plates were washed three times with HBBS. Aft
washing, 200Qul of cold cell fixative (70% EtOH with HCI, pH 5) was added
) to each well and plates were stored-a20°C for 1 h prior to removal of
Chemicals. New_born calf serum was_ purchased from Hyclone (L_()gar}ixative by aspiration. One hundred microliters of 50% fetal bovine serum i
UT). PAT was obtained from Aldrich (Milwaukee, WI). All other Chem'calsphosphate—buffered saline was added as a blocking agent, and plates v

and reagents, unless otherwise stated, were purchased from Sigma (St. L%‘éﬁ'bated for 1 h a87°C. The blocking agent was removed, and plates wer
MO). washed three times and incubated at 37°C for 2 h with primary antiboc
Preparation of myocytes. Cardiac ventricular cells were isolated from 2-(anti-HSP70, -HSP60 Sigma, and anti-HSP25/27, Stressgen, Victoria, Briti
to 4-day-old Sprague-Dawley rats by a method previously described (Tor&blumbia, Canada). The unbound primary antibody was removed, and t
sonet al., 1990). Rat pups were obtained from a breeding colony maintaingltes were washed three times. The plates were then incubated for 1 h w
in the animal quarters of NIOSH, which is accredited by the Americapo0 ul/well of antimouse-HRP conjugate. The unbound secondary antiboc
Association for Accreditation of Laboratory Animal Care. In order to reduc&as removed, plates were washed at least three times, andl26G51BCO
the percentage of fibroblasts in the cultures, ventricular heart cells weGrand Island, NY) premixed ELISA peroxidase substrate was added to ea
preplated at a density of i@ells/ml in incubation flasks in M199 medium well. After 30 min, the plate was read at 405 nm. The absorbance of ce
containing 10% newborn calf serum and 100 U penicillin-streptomycin/miontaining wells was compared to a standard curve of known amounts
After 1 h, flasks were gently swirled, which suspended unattached myocytSP70 (HSP25/27 are reported as absorbance units/well). Protein (mg/we
and left the majority of fibroblasts attached. The cell suspension was thgas estimated by the method of Lowey al. (1951) after removing substrate
either plated at 5< 10° cells/100-mm dish (for HO-1 and glutathione deter-and adding NaOH to solubilize the adherent cells.
minations) or 5x 10 cells/well/microplate (for HSP determination) for 48 h  \yestern immunoblotting. HO-1 protein levels were estimated in myo-
prior to exposure to PAT. This plating density assured nearly confluent CUItU'&ﬁﬁes by Western immunoblotting as described by Sauneer. (1991).
of myocytes within 24 h. Myocytes were easily identified because of theifiiefly, PAT-exposed cells were washed three times with HBBS. One milllite
distinctive morphology and spontaneous beating. Nonmyocytes constituigty 1 M Tris buffer (pH 7.4) was added to each plate, and myocytes wel
less than 10% of the culture as determined by microscopic inspection. e moved by gentle scraping. Myocytes were pelleted by centrifugation
Glutathione determinations. Reduced gluthatione (GSH) levels were de-1000gfor 10 min, rinsed with HBSS, and resuspended in preparation buffe
termined by high-performance liquid chromatography based on the procedwessisting of 0.015 KCI/0.05 M Tris (pH 7.4) and disrupted by pulsed:
of Reedet al.(1980). Cells were washed twice in Hanks’ balanced salt solutisonication (3X 20-s pulses, 40% duty cycle) Ten micrograms of cell lysate
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was separated by electrophoresis on 12% SDS-polyacrylamide gels as de- TABLE 1

scribed byLaemmli (1970) and electroblotted onto nitrocellulose membranes Efects of PAT on Glutathione Levels, Heme Oxygenase Activ-

The immunodetection of protein bands (HO-1) on the nitrocellulose mern—y and Total P450 in Rat Neonatal Cardiac Myocytes Treated
branes was carried out as described previously using the appropriate seconfi(ﬂhis h

antibodies conjugated to alkaline phosphatase (Towdtiral. 1979). The
relative band intensities on the immunoblots were scanned and quantified using

a Scanmaster 3 reflecting densitometer and Master Scan version 3.1 analy_Firs ment anIIl;;?th'(;nte in I:gmﬁn?xygre?a}ie an<I)/t:1| P4rS? in
software (Scananalytics, Billerica, MA). eatme (nmol/mg protein) (nmol/mg protein) (nmol/mg protein)

Protective effect of low concentrations of PAT on subsequent PAT eXPOronirold 15.56+ 2.3 0.55+ 0.24 0.295+ 0.55
sures. Cardiac myocytes were treated with M199 containing 0.5xM 5 uM PAT 22 05+ 5.3% 4.74+ 0.6F 0.155+ 0.014
PAT 48 h after initial isolation and plating. In experiments in which cylcom UM PAT 38.65+ 2.34 2 95+ 0.55 0.135+ 0.020

heximide was used to inhibit protein synthesis, cells were treated vyith1al
cyclohexamide alone or in combination with the low doses of PAT describeda ~hirols cells were treated with 10V potassium tartrate (heme oxygen-

above. Twenty-four or 48 h later the medium was removed and replaced fy, 4 total P450) or 28V potassium tartrate (glutathione). Cell treatments,

fresh M199 CO”‘a‘”‘”Q OT_ZOQM PAT. After an additionfall 4 h, cellviability o ceq glutathione, heme oxygenase activity, and total P450 determinatic
was measured. Cell viability was assessed by measuring the release of la performed as described in Methods.

dehydrogenase (LDH) as previously described (Tirmenségiral., 1995; b All values are meang: SD (n = 3).
Toraasonet al., 1990). Beat rates were evaluated as previously described: Statistically different from controlsp(< 0.05).
(Tirmensteinet al., 1995; Toraasoat al., 1990).
Statistical analysis. Analysis of variance was performed using the Stat-
graphics, version 5 (STSC, Inc., Rockville, MD) statistical package. Differ- .
ences between groups were determined using Scheffe’s test for mulifl@&T decreased total cytochrome P450 activity in a dost
comparisons. dependent manner after 18 h. Exposure of cardiac myocytes

10 uM PAT led to a 54% decrease in total P450 levels.

RESULTS
Induction of Heat Shock Proteins

Myocyte Toxicity Myocytes exposed to low concentrations of PAT for 18 |

Exposure of rat neonatal cardiac myocytes to low concehad increased levels of HO-1 as determined by Western bl
trations of PAT (0—25uM) did not produce significant cyto- (Fig. 1) and HSP70 as determined by immunocytochemist
toxicity after 18 h as assessed by both cell attachment and LIPFg. 2). Nonlethal heat shock (42°C for 1 h) did not increas
release. However, spontaneous beating rate was reduced nitfdel protein levels, but did increase HSP70 protein leve
than 50% by the 10—2aM PAT. Data are not shown as resultsafter 18 h. HSP25/27 was significantly increased above co
are similar to those previously reported (Tirmenstein, 1998pls at PAT concentrations from 0.5 toBv (Fig. 3). Treat-

Toraasoret al., 1997). ment with 5uM PAT induced about a 13-fold induction in
HSP25/27 protein levels after 18 h, and a comparable incree
GSH, Heme Oxygenase, and P450 occurred following treatment with 42°C for 1 h. Heat treatmen

Control cells were treated with potassium tartrate, which h&C increased HSP60 levels, but PAT at 5 oruld did not
no significant effect on cellular GSH, heme oxygenase activi§ifect HSP60 levels (data not shown).
or cytqchrqme P4.50 levels. Low concentrations Of.PAT ©®, 1lgrotective Effect of Low Concentrations of PAT
uM) significantly increased cellular GSH levels in a dose-
dependent manner after 18 h (Table 1). PAT au®bdid not
increase GSH above that induced by AP PAT (data not Exposure to 20uM PAT resulted in release of 73% of the
shown). Low concentrations of PAT also significantly intotal myocyte LDH into the culture medium after 4 h (Fig. 4).
creased heme oxygenase activity and decreased total cyrder treatment with low concentrations of PAT (0.5—1M)
chrome P450 after 18 h. Heme oxygenase activity was induded 48 h protected against a subsequent 200 PAT chal-
about ninefold by 5uM PAT and fivefold by 10uM PAT. lenge. The extent of this protection was dose dependent. P

on Subsequent PAT Exposures

. D S e A S S HO-1
CONTROL 5.0 uM PAT 10 uM PAT 42°C (1h)
0.32+0.11 0.82 £0.06 091 +0.11 0.29+0.06 AU

FIG. 1. Effects of PAT treatment (0—1M) or heat shock (1 h at 42°C) on cellular HO-1 protein levels in rat neonatal cardiac myocytes. Control c
were treated with 1M potassium tartrate. Protein levels were measured following an 18-h exposure to the indicated PAT concentration or 18 h after hee
treatment. Absorbance units (AU) are the meanSD of duplicate measurements.
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FIG. 2. Effects of PAT treatment (0—1@M) or heat shock (1 h at 42°C)
on HSP 70 levels in rat neonatal cardiac myocytes. Control cells were treated
with 10 uM potassium tartrate. Protein levels were measured following anFIG. 4. Effect of low-level PAT pretreatment and protein synthesis inhi-
18-h exposure to the indicated PAT concentration or 18 h after heat shagon on PAT toxicity in rat neonatal cardiac myocytes. Control cells were
treatment. Bars, means SD; n = 6. All treatment responses are significantlytreated with 2uM potassium tartrate. Cells were pretreated with PAT (0—
greater than the controp(< 0.05). ©M), cycloheximide (2ug/ml), or 2uM PAT + cycloheximide (2ug/ml) for
48 h. After the 48-h period, PAT-exposed and PATcycloheximide-treated
cells were then exposed to a 28 PAT challenge. After an additional 4 h,
treatment with .M PAT reduced the LDH release induced b)}'he percentage of total LDH in the culture dish that was released frol

0 0 :lnyocytes into the culture medium was determined. Bars, mea8B; n = 6.
200 uM PAT from 73% to less than 10%. The extent of thlglll treatment responses are significantly less than the cortr200 uM PAT

protection by low concentratior)s of PAT was also time depefy;< .05) with the exception of 2M PAT + cycloheximide+ 200,M PAT.
dent. If cells were pretreated withydM PAT for 24 h, 200uM

PAT resulted in release of 30% of total LDH (data not shown).
In contrast, if cells were pretreated withydM PAT for 48 h, i the culture medium was only 6% of total LDH in the culture
200 uM PAT resulted in release of only 14% of total LDH yigh

(Fig. 3). Cotreatment of cardiac myocytes with the protein

synthesis inhibitor, cycloheximide (2g/ml), eliminated the

protection afforded to cells by pretreatment with low concen-

trations of PAT. In cells treated only with cycloheximide, LDH Previously,

Treatment

DISCUSSION

we have shown that concentrations of PA
greater than 5QuM induce significant increases in the release
of thiobarbituric acid reactive substances and LDH in neonat
m— Control cardiac myocytes after a 4-h exposure (Tirmensttiral.,
1.5 " m‘;’}; 1995). In these studies, pretreatment with various antioxidar
ggﬁm :ﬂ prevent_eq or attenu_a_lted this PA—m_d_uced lipid peroxidation ar
BB 42°C cytotoxicity. In addition, PAT significantly decreased proteir
thiols, cellular glutathione, and ATP levels in cardiac myocyte
(Tirmensteinet al., 1997). In the present study, low, nonletha
concentrations of PAT produced a dose-dependent increase
cellular GSH levels after 18 h. While this is the first report o
increased cellular GSH content in response to a low-lev:
antimony exposure, a similar response has been reported in 1
exposed to other metals. In a study conducted by Sasame «
Boyd (1978), cobaltous chloride, cadmium chloride, mange
nese chloride, and lead nitrate all increased hepatic GSH lev:
in rats 24 h after administration. Increases in GSH levels
FIG. 3. Effects of PAT treatment (0—1@M) or heat shock (1 h at 42°C) vivo andin vitro have been suggested to occur in response
on HSP _25/27 levels in_rat neonatal carQiac myocytes. Control cells WeS&idative stress. Woods and Ellis (1995) demonstrated th
treated with 1QuM potassium tartrate. Protein levels were measured followin S
an 18-h exposure to the indicated PAT concentration or 18 h after heat sh Jl?long_ed exposures to methyl mercury produce_d O?('dat“‘
treatment. Bars, means SD; n = 6. All treatment responses are significantlyStress in rat kidneys and a two- to threefold elevation in ren
greater that the controp(< 0.05). cortical GSH levels. This increase in GSH was associated wi

1.0 {

HSP 25/27
Absorbance / 5 x 104 Cells

0.5 1

Treatment
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an up regulation ofy-glutamylcysteine synthetase expressiortardiac myocytes exposed to heat shock (1 h at 42°C) but r
the rate-limiting enzyme involved in the synthesis of GSkh PAT-exposed cells.
(Woods and Ellis, 1995). A similar induction afglutamyl- Pretreatment of rat neonatal cardiac myocytes with nonleth
cysteine synthetase may explain the increases in GSH levadsicentrations of PAT (0.5-10M) for 24—-48 h prevented or
observed in cardiac myocytes following PAT exposures. diminished rates of cell death when cells were later treated wi
Treatment of neonatal rat cardiac myocytes with 1M PAT concentrations that are normally lethal to cardiac myc
PAT resulted in dose-dependent increases of heme oxygeneges. This protection was blocked when the protein synthes
activity and microsomal HO-1 protein levels as well as #hibitor cycloheximide was added to the PAT pretreatmen
concurrent loss of cytochrome P450. HO-1 is the induciblehese data suggest that the PAT pretreatment induces
form of heme oxygenase, the rate-limiting enzyme in heng¥nthesis of proteins that subsequently protect against PA
degradation. HO-1 is induced by a wide variety of condition§)duced cell death. The identity of these proteins are ne
including oxidative stress, sulfhydryl reactive compound§nOwn, but stress proteins are likely candidates. The ability
metals, and heme compounds (Maines, 1988)ivo andin low doses of toxicants to protect against subsequent lett
vitro studies have reported that oxidative stress and exposuré@ges of the same toxic agent has been previously dems
metals increase heme oxygenase activity and HO-1 protéfsated. In studies conducted by Kampirgaal. (1995), pre-
levels in cardiac tissue. Maines and Kappas (1977) demdfgatment of HeLa S.3 cells with arsenite, ethanol, diamide, at
strated a loss of the heme-containing enzyme cytochrome PA¥@! Protected against subsequent lethal doses of the se
and induction of heme oxygenase activity in the livers of rafg€nt. Protection was associated with the induction of stre
treated with metals. In this study, heme oxygenase activity wBQt€ins. We previously demonstrated that addition of glut
also induced in the heart by iron, cobalt, nickel, copper, pldfione to cultured cardiac myocytes provided a degree

inum, and mercury. The mechanism for the loss of cytochronq ptection from the lethality of PAT (Tirmensteet al., 1995).

P450 following heme oxygenase induction is not known. HemT € protgctﬁon providgd by exogenous GSH is most likely d.u
the binding of antimony by sulfhydryl groups present ir

oxygenase induction may lead to the loss of cytochrome P4 . . .
Y9 Y y H (Tirmensteiret al., 1997). Taken together with present

by limiting the avalla_blllty of hem(_e for synthesis Qf Cyto_results, it is reasonable to conclude that increased GSH lev:
chrome P450 or by directly catalyzing the degradation of thé . )

o . roduced by low-level PAT exposure is a factor in the protec
enzyme. Othein vivo studies have demonstrated that meta N aoainst subseauent lethal concentrations of PAT
(Neil et al., 1995), ischemia—-reperfusion (Katayose al., g q '

1993), and hemodynamic stress (Mautikal., 1996) induce This study reports that treatment of rat neonatal cardi

L . K yocytes with nonlethal concentrations of PAT increases ce
heme oxygenase activity and HO-1 protein levels in the hea\lﬁlar GSH and heme oxygenase activity and decreases to
Hoshida et al. (1996) using rat neonatal cardiac myocyte

. . o Bytochrome P450 levels. Low doses of PAT also increase
examined the effect of tissue culture and oxidative stress

HO-1 induction. Thev found that HO-1 levels i 412 tein levels of the stress proteins HO-1, HSP70, and HSPZ
-1 induction. They found that HO-1 levels increase ~"27. Pretreatment of cardiac myocytes with 0.5xM PAT for

h after isolation in cardiac myocytes and oxidative stres$_4gh protected cells against a later 200 PAT exposure.
caused further increases. _ _ This protection was abrogated by inhibiting protein synthesi
Several studies have concluded that the induction of hgat eased GSH levels and heme oxygenase activity and t
shock or stress proteins can protect the heart from toxicifiqyction of stress protein have been associated with protecti
HSP70 is induced in cardiac tissue by heat stress (Het®k, ,q4inst oxidative stress. Since antimony has been demonstre
1994), hypoxia/reoxygenation (Iwakt al., 1993), and chem- 14 jnquce oxidative stress in neonatal cardiac myocytes (Ti
ical treatments (Hoshidat al., 1997). Researchers have hymensteinet al., 1995), these alterations may protect again:
pothesized that elevated levels of the heat shock pmtemimony—induced cell death.
HSP70 (Huttelet al., 1994; Iwakiet a.l., 1993, Hoshidat a.l., The concentrations of PAT used in the present Study al
1997), HSP25/27 (Sharned al., 1996), and HSP60 (L&t al., previous cardiac myocyte toxicity studies (Tirmenstefral.,
1997) can contribute to protection of cardiac tissue from sulpggs  1997; Toraasoet al., 1997; Weyet al., 1997) ranged
sequent insults. Marbet al. (1995) using transgenic mice thatfrom 0.5-200 uM PAT. These solutions contain 0.06—24
over-express HSP70 reported that the expression of high levglfml antimony and are within the range of therapeutic ant
of HSP70 protected isolated hearts against ischemic injuifony concentrations. For example, leishmaniasis patients |
Similarly, Martin et al. (1997) using recombinant methodsceiving daily intramuscular injections of sodium stiboglu-
constructed HSP25/27 over-expressing cardiac myocytesnate or meglumine antimoniate maintained blood antimor
Cells that over-expressed HSP25/27 displayed significant pgancentrations of 1-12g/ml (Chulayet al., 1988). In a study
tection against ischemia. In the present study, PAT treatmeofsthe efficacy of pentavalent antimony in combination witt
were observed to induce HSP70 and HSP25/27 protein exprether drugs, serum concentrations of antimony in dogs rang
sion in cardiac myoctes in a dose-dependent manner. HSP6fipan 0.125 to 37.1ug/ml during the 24 h following adminis-
stress protein associated with mitochondria, was elevatedtiation of therapeutic doses (Belladit al, 1995). In asymp-
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tomatic workers exposed to antimony trioxide or stibine com-in the rat heart by hemodynamic streBsochem. Biophys. Res. Commun.
pounds in a battery factory, whole blood concentrations of191,587-594.

antimony reached 0.0ﬂg/ml (Kenteret al., 1995). Therefore, Kenter, M., Leinman, M., Schaller, K.-H., Weltle, D., and Lehnert, G. (1995)
it is reasonable to anticipate that PAT effects observed inExternal and internal antimony exposure in starter battery produdtion.

. . Arch. Occup. Environ. Health7,119-123.
cultured cardiac myocytes may occur to some degree durllp . . .
. . . mmli, U. K. (1970). Cleavage of structural proteins during the assembly
therapeutic treatment with or occupational exposure to antiy,q head of bacteriophage TMature 277, 680—685.

mony compounds. Lau, S., Patnaik, N., Sayen, M. R., and Mestril, R. (1997). Simultaneot

overexpression of two stress proteins in rat cardiomyocytes and myoger

REFERENCES cells confers protection against ischemia-induced inj@irculation 96,
2287-2294.
Bauman J. W., Liu J., and Klaassen C. D. (1993). Production of metallothigowry, 0. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J. (1951). Prote|
nein and heat-shock proteins in response to mefaisdam. Appl. Toxicol.  measurement with the Folin phenol reagehtBiol. Chem 193, 265-275.

21’_15_22' ) ) o Maines, M. D. (1988). Heme oxygenase: Function, multiplicity, regulaton
Belloli, C., Tassi, P., Montesissa, C., DeNatale, G., Marcotrigiano, G., andmechanisms, and clinical applicatiofASEB J.2, 2557—2568.
Orm_as_, P. .(1995)' Disposition of antlmf)ny aT‘d e_am|n05|d|ne in dogs a.ftEA'aines, M. D., and Kappas, A. (1977). Metals as regulators of heme meta
administration separately and together: Implications for therapy of leish-_. .
o olism. Sciencel98,1215-1221.
maniasisRes. Vet. Scb8, 123-127.

Brieger, H., Semisch, C. W., Stasney, J., and Piatnek, D. A. (1954). Industrl}/ell rﬁl?r:,ar,r\. iv L’le(s]t_gg;"OC\:/:L“S)?';;’SSSS%G;’ tr’:/le. rr;t irT:LIJI((:)iE'IeO%O,-\AkII,D ?::;
antimony poisoningnd. Med. Surg23, 521-523. o : p

. stress protein in a transgenic mouse increases the resistance of the hea
Bromberger-Barnea, B., and Stephens, N. L. (1965). Effects of antimony onghemic injury.J. Clin. Invest95, 1446 1456.

myocardial performance in isolated and intact canine heait.Hyg. J.26,
404-408.

Camhi, S. L., Lee, P., and Choi, A. M. K. (1995). The oxidative stress

responseNew Horizons3, 170-182. . .
Maulik, N., Sharma, H. S., and Das, D. K. (1996). Induction of heme oxy

Carsgn, _BI' L'_EIII'S' H.V., and :(\/IcCarlm,. J. L. (1986). Antlmony.‘l'lomlcologb):- .. genase gene expression during the reperfusion of ischemic rat myocardit
and Biological Monitoring of Metals in Humans, pp 21-26. Lewis Publish- J. Mol. Cell. Cardiol.28, 1261-1270.

ers, Chelsea, MI.
. . . _._National Institute for Occupational Safety and Health (NIOSH) (1978}~
Chulay, J. D., Fleckenstein, L., and Smith, D. H. (1988). Pharmacokinetics Oﬁeria for a Recommended Standard, Occupational Exposure to Antimor

antimony during treatment of visceral leishmaniasis with sodium stiboglu- DHEW (NIOSH) publication 78—216, U.S. Government Printing Office
conate or meglumine antimoniat&rans. R. Soc. Trop. Med. Hy&2, Washington, DC o '

69-72.
. . eil, T. K., Abraham, N. G., Levere, R. D., and Kappas, A. (1995). Differentia
Das, D. K., Engleman, R. M., and Kimura, Y. (1993). Molecular adaptation c')\# P ( )

cellular defenses following preconditioning of the heart by repeated isch-heme oxygenase induction by stannous and stannic ions in the hazetl.

emia.Cardiovasc. Res27, 578-584. Biochem 57, 409-414.

) . . Orpura, T., and Sato, R. (1964). The carbon monoxide-binding pigment of liv
Drummond, G. S., and Kappas, A. (1981). Potent heme-degrading action OTnicrosomesJ. Biol. Chem239, 2370-2378.

antimony and antimony-containing parasiticidal agedtsExp. Med.153, S )
245-256. Peterson G. L. (1977). A simplification of the protein assay method of Lowr

Goering, P. L., Kish, C. L., and Fisher, B. R. (1993). Stress protein synthesiset al.which is more generally applicablénal. Biochem83, 346-356.

induced by cadmium—cysteine in rat kidn&yoxicology85, 25-39. Reed, D. J., Babson, J. R Beatty, P. W.,' Br_odie, A. E., Ellis, W. W., 'an\
Hoshida, S., Aoki, K., Nishida, M., Yamashita, N., Igarashi, J., Hori, M. Potter, D. W. (1980). High-performance liquid chromatography analysis c
Kuzuy’a T and ,Tad’a M (19é7) iEffects ofprécon’ditioning \;vith’ebse;en o’n nanomole levels of glutathione, glutathione disulfide, and related thiols ar

glutathione metabolism and stress protein expressiofPharmacol. Exp. disulfides.Anal. Biochem106, 55-62.
Ther.281,1471-1475. Ribeiro, S. P., Villar, J., and Slutsky, A. S. (1995). Induction of the stres

Hoshida, S., Nishida, M., Yamashita, N., lgarashi, J., Aoki, K., Hori, M., response to prevent organ injuijew Horizonss, 30'1_311'

Kuzuya, T., and Tada, M. (1996). Heme oxygenase-1 expression andSg&same, H. A., and Boyd, M. R. (1978). Paradoxical effects of cobaltol
relation to oxidative stress during primary culture of cardiomyocylellol. chloride and salts of other divalent metals on tissue levels of reduce
Cell. Cardiol. 28, 1845-1855. glutathione and microsomal mixed-function oxidase compondnt8har-

Hutter, M. M., Sievers, R. E., Barbosa, V., and Wolfe, C. L. (1994). Heat- macol. Exp. Ther205,718-724.
shock protein induction in rat hearts a direct correlation between the amo&aunders, E. L., Maines, M. D., Meredith, M. J., and Freeman, M. L. (1991
of heat-shock protein induced and the degree of myocardial protection Enhancement of heme oxygenase-1 synthesis by glutathione depletion
Circulation 89, 355—-360. Chinese hamster ovary cellarch. Biochem. Biophy88,368-373.

Iwaki, K., Chi, S.-H., Dillmann, W. H., and Mestril, R. (1993). Induction ofSharma, S. H., Stahl, J., Weisensee, D., and Low-Friedrich, I. (1996). Cyt
HSP70 in cultured rat neonatal cardiomyocytes by hypoxia and metabolicprotective mechanisms in cultured cardiomyocytel. Cell. Biochem.
stressCirculation 87, 2023-2032. 160/161,217-224.

Kampinga, H. H., Brunsting, J. F., Stege, G. J. J., Burgman, P. W. J. J., d@idkinger, H. E. (1981). The metals: 2 antimony, Sb.Patty’s Industrial
Konings, A. W. T. (1995). Thermal protein denaturation and protein aggre-Hygiene and ToxicologyG. D. Clayton and F. E. Clayton, Eds.), Vol. lIA,
gation in cells made thermotolerant by various chemicals: Role of heat3 ed., pp. 1505-1517. Wiley-Interscience, New York.
shock proteinsExp. Cell Res219,536-546. Sundar, S., Sinha, P. R., Agrawal, N. K., Srivastava, R., Rainey, P. M

Katayose, D., Isoyama, S., Fujita, H., and Shibahara, S. (1993). SeparatBerman, J. D., Murray, H. W., and Singh, V. P. (1998). A cluster of case
regulation of heme oxygenase and heat shock protein 70 mRNA expressionf severe cardiotoxicity among kala-azar patients treated with a higl

Martin, J. L., Mestril, R., Hilal-Dandan, R., Brunton, L. L., and Dillmann,
W. H. (1997). Small heat shock proteins and protection against ischemn
injury in cardiac myocytesCirculation 96, 4343—4348.



EFFECTS OF ANTIMONY ON CARDIAC MYOCYTES 97

osmolarity lot of sodium antimony gluconat&m. J. Trop. Med. Hyg59, by carbon tetrachloride and 1,1,1-trichloroethafexicol. In Vitro4, 363—
139-143. 368.

Thakur, C. P., Sinha, G. P., Pandey, A. K., Kumar, N., Kumar, P., Hassdmgraason, M., Wey, H. E., Richards, D. E., Mathias, P. |., and Kreig, E. (1997
S. M., Narain, S., and Roy, R. K. (1998). Do the diminishing efficacy and Altered Ca** mobilization during excitiation-contraction in cultured cardiac
increasing toxicity of sodium stibogluconate in the treatment of visceral myocytes exposed to antimonyoxicol. Appl. Pharmacol146,104-115.
leishmaniasis in Bihar, India, justify its continued use as a first-line drugfbwbin, H., Staehelin, T., and Gordon, J. (1979). Electrophoretic transfer
An observational study of 80 casésin. Trop. Med. Parasitob2,561-569.  proteins from polyacrylamide gels to nitrocellulose sheets: procedure ai

Tirmenstein, M. A., Mathias, P. I., Snawder, J. E., Wey, H. E., and Toraason,some applicationsProc. Natl. Acad. Sci. US&6, 4350—4354.

M. (1997). Antimony-induced alterations in thiol homeostasis and adenifgey, H. E., Richards, D., Tirmenstein, M. A., Mathias, P. |., and Toraason, N
nucleotide status in cultured cardiac myocyfesxicology119,203-211. (1997). The role of intracellular calcium in antimony-induced toxicity in

Tirmenstein, M. A., Plews, P. I. \Walker, C. W., Woolery, M. D., Wey, H. E., cultured cardiac myocyteJ.oxicol. Appl. Pharmacol145,202-210.
and Toraason M. A. (1995). Antimony-induced oxidative stress and toxicigyinship, K. A. (1987). Toxicity of antimony and its compoundslv. Drug
in cultured cardiac myoycte3.oxicol. Appl. Pharmacol130,41-47. React. Ac. Pois. Re2, 67-90.

Toraason, M., Krueger, J.A., Breitenstein, M. J., and Swearengin, T.F. (1990joods, J. S., and Ellis, M. E. (1995). Up-regulation of glutathione synthesis |
Depression of contractility in cultured cardiac myocytes from neonatal ratrat kidney by methyl mercuryBiochem. Pharmacob0, 1719-1724.



	METHODS
	RESULTS
	FIG. 1
	TABLE 1
	FIG. 2
	FIG. 3
	FIG. 4

	DISCUSSION
	REFERENCES

