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Abstract

The effects of trin-butyltin chloride (TBT), an environmental pollutant, on the release of "Ciom intracellular stores were
investigated in isolated rat hepatocytes. Isolated hepatocytes permeabilized with digitonin were suspended in solution, and the concentra
of extracellular C&" was measured, using a fluorescenf Cdye, fura-2. In the solution containing permeabilized hepatocytes that had
been preincubated with 4@M TBT for 30 min, the extracellular G4 concentration was high, but the inositol 1,4,5-trisphosphate
(InsPy)-induced increase in & concentration was suppressed, suggesting that the extracellular releasg"oihGasponse to TBT
treatment was from intracellular stores. Images of th&'Gamncentration in the intracellular stores of primary cultured hepatocytes loaded
with fura-2 were obtained after digitonin-permeabilization, using digitalized fluorescence microscopy. The permeabilized hepatocytes th
had been preincubated with 4.0 TBT for 30 min had a very low fura-2 fluorescence ratio (340/380 nm), suggesting that stotéd Ca
was released. When the hepatocytes were treated withM.OBT after digitonin-permeabilization, the decrease in the fura-2 fluorescence
ratio was very small. However, when the permeabilized hepatocytes were incubated witti ZBT and 2.0uM NADPH, the decrease
was enhanced, raising the possibility that TBT might be metabolized to the active form(s), thus reledsirigpo@aintracellular stores.

When the hepatocytes were preincubated withdLTBT for 30 min and then were permeabilized, the fura-2 fluorescence ratio was almost
the same as that in the control permeabilized hepatocytes. However, thearidaBed decrease in the fluorescence ratio was suppressed
significantly in the permeabilized hepatocytes. These results suggest that TBT reledSedraBa the intracellular stores at high
concentrations, and suppressed the JisBuced C&" release at non-toxic low concentrations. It is probable that the latter effect was
responsible for the previously reported suppression &f"Gasponse induced by hormonal stimulations (Kawasishl., Toxicol Appl
Pharmacol 1999;155:54—61). © 2001 Elsevier Science Inc. All rights reserved.

Keywords:Hepatocyte; Tributyltin; Calcium; Inositol 1,4,5-trisphosphate; Fluorescence microscopy

1. Introduction widespread use of this compound has caused increasing
amounts to be released into the environment.rifoidtyltin
Tributyltin compounds have been used as molluscicides; compounds have also been shown to be ubiquitous in the
as antifoulants on boats, ships, quays, buoys, crab pots, fisraquatic environment [1,2]. Thus, the toxicity of these com-
nets, and cages; as wood preservatives; as slimicides orpounds has been investigated widely, andvivo toxicity
masonry; as disinfectants; and as biocides for cooling sys-has been well established [2,3]. The most characteristic
tems, power station cooling towers, pulp and paper mills, toxic effect of trin-butyltin is on the immune system: due to
breweries, and leather processing and textile mills. Suchits effects on the thymus, tri-butyltin impairs cell-medi-
ated functions [4,5]. Tri-butyltin is also a potent skin
irritant and a powerful eye irritant [1]. In addition, tn-
* Corresponding author. Tel.:-81-3-3700-9084; fax:+81-3-3700- butyltin induces hepatocellular necrosis and inflammatory
9084. changes in bile ducts [6-9]. It also has structural effects on
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Abbreviations:TBT, tri-n-butyltin chloride; [C&"];, intracellular C&* endocrnne organs, parucularly the pituitary, adrenal glanas,

concentration; Insp inositol-1,4,5-trisphosphate; DBT, dibutyltin chlo- and_ thyroid, which, in turn, change t_he Circu'?‘ting' concen-
ride; and KRH, Krebs Ringer HEPES buffer. trations of hormones such as thyroxine, thyroid-stimulating
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hormones, luteinizing hormone, and insulin. Mrbutyltin
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final ethanol concentration was 0.4%, a concentration that

is also suspected of being an endocrine-disrupting chemicalhad no effect on the results. All other reagents were com-

[10].

Despite these numerous investigations, the underlying

mechanisms of the toxicity of tm-butyltin in organisms
remain unknown. Tria-butyltin is known to inhibit oxida-

tive phosphorylation and to suppress energy production,

effects that may be related to its cytotoxicity [11-13]. It has

mercial products of the highest grade of purity available.
2.2. Hepatocyte isolation

Hepatocytes were isolated from male Sprague-Dawley
rats (4- to 6-weeks-old), obtained from the Nippon SLC Co.,

also been reported that the compound reduces cyclic AMP by collagenase digestion as described previously [26]. Cell

production [14] and changes €ametabolism [15,16] in
isolated rat thymocytes. The immunotoxic action ofri-
butyltin could be caused, in part, by cytoskeleton modifica-
tions in addition to perturbation of thymocyte €aho-

viability, judged by trypan blue exclusion, was more than
90%. When the hepatocytes were cultured, isolated cells
were diluted to 5.0< 10° cells/mL in Williams’ medium E
supplemented with 5% fetal bovine serum, 10 nM dexa-

meostasis, both of which may be linked to the apoptosis of methasone, and 100 nM insulin. Aliquots of 1 mL were

thymus cells [17]. Corsinet al. [18] have reported that in
keratinocytes tributyltin induces €& mobilization, which

is the triggering event for the production of reactive oxygen
species. Trir-butyltin has been shown to induce calcium
overload in rat pheochromocytoma cells [19] and rainbow
trout hepatocytes [20,21]. In a previous study, we also
demonstrated that 4,0M TBT increased intracellular Ga
concentration and then induced cell death in primary cul-

tured hepatocytes [22]. In the same study, we found that 0.1

uM TBT, a concentration that does not produce toxic symp-
toms in hepatocytes, suppressed thé'Qasponse induced
by hormonal stimulations. Because “Cais involved in

signal transduction pathways regulating various cellular ac-

tivities, perturbation of C& homeostasis at the cellular

cultured on collagen-coated 12.5-mm-radius glass cover-
slips inside 35X 10-mm plastic Petri dishes. Hepatocytes
were cultured overnight in humidified 5% G@nd 95% air

at 37°.

2.3. Measurement of the release of*Cdrom digitonin-
permeabilized hepatocytes

Isolated hepatocytes (& 10° cells) were washed four
times with nominally C&"-free solution (120 mM NaCl, 5
mM KCI, 1 mM KH,PQ,, 20 mM HEPES/Tris, pH 7.4),
suspended in 2 mL of buffer A (a solution containing 120
mM KCI, 1 mM KH,PQ,, 10 mM NaCl, 20 mM HEPES/
Tris, pH 7.2, mixed with Chelex 100 to remove contami-

level may cause a variety of effects depending on the critical nating C&"), and incubated for more than 10 min at 37°.
concentrations of organotin compounds at the target organs.The supernatant obtained was supplemented with antipain

In this report, using the fluorescent Taindicator,

fura-2, and digitalized fluorescence microscopy, we exam-

ined the effect of TBT on the release of Cafrom intra:
cellular stores and the &4 concentration in those stores.
The results clearly show that at high concentrations of TBT
C&" is released from intracellular stores, whereas at low
concentrations, there is suppression of’Caelease by
TBT. Suppression was even observed at @M TBT, a
concentration that is found in the livers of marine mammals
from several locations [2,23-25].

2. Materials and methods

2.1. Chemicals

(1 pg/mL), leupeptin (lug/mL), pepstatin (lug/mL), Ru-
thenium Red (IuM), MgATP (2 mM), phosphocreatinin (5
mM), and creatine kinase (5 U/mL). The cell suspension
was placed in a quartz cuvette in a JASCO CAF-100 flu-
orometer (Jasco), and digitonin (25 mg/mL) was added with
stirring. After about 5 min, fura-2 (1.pM) was added to

the cell suspension. Fluorescence intensities were measured
at alternating excitation wavelengths of 340 and 380 nm
through a BA500 IF filter, and the fluorescence ratio was
calculated. After the procedure, €awas added to a cen
centration of 1 mM, and the fluorescence intensity was
measured under a €asaturated condition (R,). EGTA/

Tris solution (pH 8.5) was then added to a concentration of
10 mM, and fluorescence intensities were measured under a
Céa*-free condition (R,,). The C&" concentration was
calculated from the R, values, the R, values, and th&,

Collagenase and bovine serum albumin were obtainedvalue (224 nM) of fura-2 following an equation in Grynk-

from Boehringer Mannheim. Collagen was purchased from
the Koken Co., Ltd. Fura-2 acetoxymethyl ester (Fura-2/
AM) was obtained from Molecular Probes Inc., and InsP

was obtained from Wako Chemical Reagent. Digitonin,

HEPES, Tris, and Chelex 100 were from the Sigma Chem-

ical Co. TBT and DBT were purchased from the Tokyo
Kasei Kogyo Co., Ltd. TBT and DBT were dissolved in

iewicz et al. [27].

2.4. Measurement of G4 in the intracellular C&*
stores using compartmentalized fura-2

Hepatocytes were cultured overnight on collagen-coated
cover-glasses. The hepatocytes were incubated wiilaM.0

ethanol at appropriate concentrations. Then the ethanol sofura-2/AM, which was emulsified with pluronic F127 just
lutions were added to the incubation solutions so that the before loading, in KRH solution (115 mM NaCl, 5 mM
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KCI, 1 mM KH,PQ,, 1.2 mM MgSQ, 1.8 mM CacCl}, and increased from 105 18 nM (N = 4) to about 403t 29 nM
25 mM HEPES, pH 7.4) for about 2 hr at room temperature (N = 4) (Fig. 1A). This increase was suppressed by the
with shaking. Each coverslip was washed twice witlf Ga presence of heparin (5@g/mL), an inhibitor of the Insp
free solution and attached to the bottom of a>33.0-mm receptor (Fig. 1B), suggesting that the increases resulted
plastic Petri dish with a hole (18-mm diameter), which was from the release of Ga from intracellular stores through
then mounted in an experimental chamber fitted to the stagethe InsB-receptor channel. When the hepatocytes were in
of a Nikon Diaphoto TMD inverted fluorescence micro- cubated with 4.0uM TBT for 30 min, followed by treat-
scope (Nikon); then buffer B [120 mM KCIl, 1 mM  mentwith 10ug/mL of digitonin, the C&" concentration in
KH,PQ,, 10 mM NaCl, 20 mM HEPES/Tris, pH 7.2, anti  the suspension solution was 38542 nM (N = 4) before
pain (1pg/mL), leupeptin (lug/mL), pepstatin (Juwg/mL), the addition of InsRand was increased to only 342 40
Ruthenium Red (1uM), MgATP (2 mM), CaC), (250 nM), nM (N = 4) by Insk (Fig. 1C), suggesting that TBT also
and EGTA (500 nM)] was added to the dish. Fura-2 fluo- caused the release of €afrom intracellular stores. Next,
rescence images were obtained at alternating excitationthe effect of a low concentration of TBT on €arelease by
wavelengths of 340 and 380 nm through a 410 nm dichroic InsP; was examined in this model. After pretreatment with
reflector and a BA510 IF filter, collected by a Hamamatsu 0.1 uM TBT for 30 min, the extracellular G4 concentra
Photonics C2400-87 intensified CCD camera, and pro- tion in the cell suspension [4& 12 nM (N = 3)] was
cessed by a Hamamatsu Photonics ARGUS-50 image anaalmost the same as that in the control [5312 nM (N =
lyzer. The images collected for each wavelength of excita- 3)]. The maximum C&" concentration after the addition of
tion (32 frames each) were averaged and corrected forinsP; was lower in the TBT-pretreated cell suspension
background fluorescence and shading. The 340/380 nm ra{193 = 18 nM (N = 3)] than in the control [210Gt 20 nM
tio was calculated on a pixel-by-pixel basis. The mean (N = 3)] (Fig. 2, A and B), but the difference was not
fluorescence ratio for each cell was obtained by averagingstatistically significant.
the fluorescence ratio of each pixel within a spot of more
than 6.25um diameter centered over the cell. The fluores- 3.2. Detection of C& -release by imaging Ca
cence of fura-2 is known to depend on ionic strength, pH, concentration in the intracellular stores of
concentration of ions, and fluidity. We therefore did not compartmentalized fura-2
calibrate the luminar Cd concentration from the fluores
cence ratios, since we did not know these parameters in the Second, we obtained fluorescent images reflectirj Ca
Ca* stores. The temperature was kept at 32°. The ratio concentration in intracellular organelles using fura-2, and
images were obtained every 10-30 sec, unless otherwisdanvestigated the effects of TBT on €astores. Primary
noted. cultured hepatocytes were incubated with fura-2/AM for
about 2 hr at room temperature. The cells were then treated
with 20 pg/mL of digitonin. After 5-10 min, cytoplasmic

3. Results fluorescence dissipated, while fluorescence associated with
intracellular organelles persisted. The fluorescence was

3.1. Detection of C& release using permeabilized quickly quenched by the addition of 0.2 mM Kihand 5

hepatocyte suspensions wM ionomycin, but not by the addition of 0.2 mM Mnh

alone, indicating that the fluorescence occurred in the or-

We previously reported that TBT in concentrations of ganelles. When InsR5.0 uM) was added to the digitonin-
more than 1.0uM increases the intracellular calcium ion permeabilized hepatocytes, the fura-2 fluorescence ratio
concentration in primary cultured hepatocytes and finally (340/380 nm) was decreased in almost all of the cells (Fig.
induces cell death. However, preincubation with Q. 3A). The decrease of the fluorescence ratio by insBs
TBT for 30 min suppressed the calcium responses inducedsuppressed in the presence of 2§/mL of heparin (Fig.
by hormonal stimulations, although no toxic effects were 3B). The addition of 0.5xM thapsigargin also decreased the
shown in the pretreated cells [22]. The hormonal stimula- fluorescence ratio but gradually (Fig. 3C). After the addition

tions enhance the production of Ing®hich releases Ca of Insk;, 2.5 uM ionomycin decreased the fluorescence
from the intracellular stores. In this previous study, we also ratio further (Fig. 3D).
found that InsB-production is not decreased in the TBT- The above results demonstrated that the decrease in the

pretreated cells and that the increase in is@duction fura-2 fluorescence ratio by Ingas due to the release of
induced by hormonal stimulations is not changed. In the C&" from the intracellular stores, and thatCavas prob
present study, therefore, we examined the effect of TBT on ably released through the IngReceptor channel. Therefore,
the release of Cd from the intracellular stores. we next examined the effects of TBT-treatment on the
First, we tried to detect the release offCéy measuring intracellular C&" stores. When primary cultured hepato
C&* concentration in buffer A containing fura-2 and a cytes were incubated with 4,0M TBT for 30 min, the
suspension of digitonin-permeabilized hepatocytes. Whenfluorescence ratio was already very low after the permeabi-
InsP; was added to the suspension2Caoncentration was  lization by digitonin-treatment (Fig. 4A). The decrease was
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Fig. 1. C&" concentration, monitored by fura-2, in a suspension of isolated hepatocytes permeabilized with digitonin. Shown is a typical result from 4—¢
experiments. (A) Increase in &aconcentration induced by IngP(B) Suppression of the Ingfnduced increase in a concentration by heparin. (C)
Change in C&" concentration in a suspension of isolated hepatocytes treated wighdTBT for 30 min. This concentration of TBT was toxic in the cells;
however, the viability of the cells decreased by less than 10% for 30 min. Therefore, the results were not normalized.

not detected when the concentration of TBT was 0M2. in more than three-fourths of the hepatocytes, although the
However, TBT at 1.0uM seemed to decrease the fura-2 fluorescence ratio decreased in the other cells (Fig. 5).
fluorescence ratio, although the effect was not significant  The results shown in Fig. 5 raised the possibility that the
(Fig. 4B). The results suggested that TBT releases andTBT-induced depletion of G4 was not the result of a
depletes C& from the intracellular stores during the 30- direct effect of TBT on the Cd -stores. Nor was the de
min incubation (Fig. 4A). On the other hand, when the pletion suppressed in the presence of heparin, anslnsP
hepatocytes were incubated with 404 TBT for 30 min receptor channel blocker (data not shown), suggesting that
after permeabilization by digitonin, the effect was not strong TBT did not open the InsPchannel as an agonist. Because
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Fig. 2. Comparison of the Inginduced increase in Ga concentration between a suspension of (A) control isolated hepatocytes, and (B) hepatocytes
pretreated with 0.uM TBT for 30 min. A typical result from three experiments is shown.

we previously showed that 4/0M TBT decreases intracel-  butyltin [28]. To examine the former possibility, we perme-
lular ATP, on which C&"-pump activity in the C&" stores abilized hepatocytes with digitonin, then incubated them for
depends [22], there was a possibility that the decrease in the30 min in buffer B without ATP, and compared the fluo-
ATP content resulted in the €a-depletion. There was also  rescence ratio to that in the hepatocytes incubated in normal
a possibility that TBT was metabolized to an active sub- buffer B. The fluorescence ratio [1.210.08 (N = 8)] was
stance(s) that depleted €afrom the stores, because TBT significantly P < 0.01 byStudent’st-test) lower than that

is known to be metabolized to di-butyltin and monaa- in the control cells [1.53t 0.10 (N= 7)], but much higher
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Fig. 3. Fluorescence ratio of fura-2 compartmentalized in primary cultured hepatocytes permeabilized with digitonin. Typical results frapetiments

(O, X, @) are shown for 18-57 cells on 3-8 different glass coverslips. (A) Decrease in the fluorescence ratio induced I§B)isBpression of the
InsP;-induced decrease in fluorescence ratio by heparin. (C) Decrease in the fluorescence ratio induced by thapsigargin. (D) Decrease in the fltiorescence
induced by Insk, followed by a decrease induced by ionomycin.
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Fig. 4. Fluorescence ratio of fura-2 in permeabilized cultured hepatocytes pretreated with TBT. The hepatocytes were incubated with TBT foB30 min at
permeabilized with digitonin, and then the fluorescence images were obtained. (A) Typical results from three experiment®) showing the
time-dependent changes of the fura-2 fluorescence ratio after permeabilization with digitonin for 15 cells incubated wihT™B0 on 4 different
coverslips. (B) Concentration-response relationship on the effect of TBT-treatment on the fura-2 fluorescence ratio in permeabilized celiesdéectu
ratios were obtained just after permeabilization with digitonin. Results are the me&f of 3-15 cells. Statistical analysis was performed by Scheffe’s
test. Key: (**) P < 0.01 vscontrol (OuM).

than that in the TBT-treated cells [0.68 0.10 (N = 8)]. was suppressed in the digitonin-permeabilized cells because
Next, we examined the latter possibility. Tributyltin was of the leak of NADPH. Therefore, we examined the effect
thought to be metabolized mainly to dibutyltin by mixed- of DBT and also added NADPH to the solution in which the
function oxidase systems in the endoplasmic reticulum [28, permeabilized cells were being incubated with TBT (Fig. 6).
29]. Almost all of the oxidative reactions catalyzed by these As shown in Fig. 6, DBT had no significant effect on the
enzyme systems are known to require a cofactor, NADPH. C&"-stores, even if the hepatocytes were incubated with
In the digitonin-permeabilized hepatocytes, intracellular DBT before or after the permeabilization with digitonin.
NADPH should diffuse out of the cells. Consequently, it Nor did NADPH change the effect of DBT. On the other
was possible that the metabolic activation ofrtributyltin hand, when NADPH was added to the reaction mixture
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Fig. 5. Decrease by TBT-treatment of the fura-2 fluorescence ratio in DBT+Dig m_'

permeabilized cultured hepatocytes. The hepatocytes were treated with
digitonin. The changes in the fluorescence ratio at around 26 min was an Fig. 6. Effects of TBT- and DBT-treatments on the fura-2 fluorescence

artifact and caused by re-focusing. Shown are typical results of two ex- ratio in permeabilized cultured hepatocytes, and the effect of NADPH on
periments from 45 cells on 9 different coverslips. The decrease of the the organotin-treated cells. Primary cultured hepatocytes were incubated

fura-2 fluorescence ratio was not apparent in more than three-fourths of theWith fura-2/AM for about 2 hr. NADPH emits fluorescence when it is
cells (), although the ratio decreased in the other cais ( excited at wavelengths of 340 or 380 nm. In this experimental condition,

fluorescence intensity of NADPH was usually less than 10% of that of
fura-2 in the intracellular organelle. However, the fluorescence of NADPH
during incubation of digitonin-permeabilized hepatocytes influenced the fluorescence ratio of fura-2. Thus, we subtracted the fluo-

- - rescence intensity of Z2M NADPH from the fluorescence intensity in each
Wl,th TBT, the fluorescence ratio was de.creased, althothimage, and then the fluorescence ratio was calculated. NenBig:
this decrease was no greater than that in the cells treatedyepatocytes incubated in buffer B for 30 min at 32° and then treated with

with TBT before permeabilization. 15-20ug/mL of digitonin; Dig + None: Hepatocytes treated with 15-20
ng/mL of digitonin, and then incubated in buffer B for 30 min at 32°;

~ Dig + TBT or Dig + DBT: Hepatocytes treated with 15-2/mL of
3.3. Effects of TBT-treatment on the release of Ca digitonin and then incubated in KRH containing 4« TBT or 4.0 uM

induced by Insp DBT, respectively, for 30 min at 32°; Dige None (NADPH): Hepatocytes
treated with 15-2Qug/mL of digitonin, and then incubated in buffer B
In our previous paper, we reported that TBT-preincuba- containing 2uM NADPH for 30 min at 32°; Dig+ TBT (NADPH) or

: : Dig + DBT (NADPH): Hepatocytes treated with 15—2@/mL of digito-
tion suppresses the hormone-induced ‘Caesponse at low
PP P nin, and then incubated in buffer B containingus® NADPH and 4.0uM

concentrations, such as QuM [22]. Therefore, we inVeS-  1g7 o 4.0 ,M DBT for 30 min at 32°; TBT+ Dig or DBT + Dig:
tigated the induction of Cd release by InsPin hepate Hepatocytes incubated in KRH containing 4«8 TBT or 4.0 uM DBT

cytes pretreated with 0.LM TBT for 30 min. The low for 30 min at 32°, and then treated with 15-26/mL of digitonin. Results

concentration of TBT did not change the fluorescence ratio are the ’meani SD of 7-14 cglls. Sta_tist_ical analysis was performed by

. . Scheffe’s test. A double asterisk (**) indicat®s< 0.01.

in the hepatocytes. We then compared the JrisBuced

decrease in fluorescence ratio between the TBT-pretreated

and control cells. The IngHnduced decrease in fluores

cence ratio was dependent upon the concentration of.InsP

The decrease was suppressed significantly in TBT-pre-

treated C?”S when 0.25 10 1AM InsP; was addgd. The increases intracellular & concentration, and that this

suppress.lc')n was clearer when the I@sﬁncentraﬂon Was increase is dependent upon the presence of extracellular

low. Addl.tlon of 2.5 uM InsP; resulted in no observable Ca&* [22]. However, the present experiments clearly show

suppression. Thecg, values were 0.27 and 0.42M in the that the increase in cytoplasmic €aconcentration was

control cells and the TBT-pretreated cells, respectively. que at least in part, to the release ofCdrom the intra

These results clearly show that the low concentration (0.1 celjular stores. That TBT releases “Cafrom intracellular

M) of TBT suppressed the Ingfhduced C&" release  stores has already been reported by Cleval. [16] and

from the intracellular stores (Fig. 7). Oyamaet al. [30]. Corsiniet al. [18] also suggested that
We also examined the concentration response relation-tributyltin releases Ca from intracellular stores in kera

ship in the suppression by TBT-pretreatment of thé'Ga  tinocytes. However, these authors reached their conclusions

release induced by 0/&M InsP,. The suppressive effect of  based upon the measurement of cytoplasmit" Gancen

TBT was significant at 0.uM, but not at 25 nM (Fig. 8). tration utilizing chemicals that affected the Tastores,

*%
%

X%

Fluorescence ratio (340/380)

==

4. Discussion

In our previous study, we reported that 4uM TBT
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0.4 We also found that the depletion of €awas not ap

' parent when digitonin-permeabilized hepatocytes were in-
cubated with TBT. There were two possible explanations
for this difference in the depleting effects of TBT in intact

0.3 hepatocytes compared with permeabilized hepatocytes. The
first was that the depletion resulted from a decrease in the
intracellular content of ATP, upon which the uptake of€Ca

0.2 into the stores depends. In our previous paper, we found that

4.0 uM TBT induces cytotoxicity, including loss of ATP
[22]; and the present results showed that Cavas released
from the stores of permeabilized hepatocytes in the absence
0.1 —e— control of ATP. However, the decrease of %:*astores in perme
% TBT-pretreat abilized cells was much smgller than that in permeablllzed
- & hepatocytes preincubated with 44 TBT. This raised the
second possibility—that TBT was metabolized to another
0.0 T T T T T active substance that depleted?Cdrom the stores. In fact,
we found that the G4 -releasing effect of TBT was man
00 05 1.0 15 20 25 3.0 ifested in the presence of NADPH, which is a cofactor in
InsP3 (uM) microsomal mixed-function oxidase systems. It was as-
Fig. 7. Suppression of Ingfnduced C&" release by TBT-treatment. sumed that the main metabolite of TBT was DBT, and th_at
Hepatocytes were incubated with fura-2/AM for 1.5 hr. The cells were then the debutylation was catalyzed by cytochrome P-450, which
incubated in buffer A without (control) or with (TBT-pretreated) QuM generally reacts with TBT in an NADPH-dependent manner
TBT for 30 min at 32°. Changes in the fluorescence ratio (340/380 nm) by [2,9,28,29]. Contrary to our expectations, however, DBT
the addition of InsEW(_arPT measureq in each cell. Results are th’e means was not the active metabolite, because the effect of DBT on
SD of 610 cells. Statistical analysis was performed by Scheffe’s test. Key: + .
() P < 0.05, and(*) P < 0.01 vscontrols. Ca*-release was very weak. Thus, at present, we are still
uncertain as to the identity of the active metabolite. We also
cannot rule out the possibility that another cytoplasmic
themselves, rather than by direct measurement 6f Ga factor(s) also contributes to the depletion offCaFurther
those stores. Our present results showed the depletion ofktudies will be needed to clarify the mechanism of the
Ca* from the intracellular stores based upon direct mea Ca*-releasing effect of TBT from the intracellular stores.
surement, using digitalized fluorescence microscopy tech-  |n our previous paper, we also reported that pretreatment
nology. with a low concentration (0.uM) of TBT for 30 min
suppressed the Ea-responses induced by hormonal stim
ulations in primary cultured hepatocytes. At this concentra-

Change of fluorescence ratio

0.25 tion, TBT neither demonstrated cytotoxicity nor decreased
2 InsP;-production. In the present study using a digitonin-
S 0.20- permeabilized cell suspension, the increase i Gancen
8 tration showing the release of €afrom intracellular stores
S 0.15 was slightly, but not significantly, suppressed in cells pre-
o treated with 0.1uM TBT. However, we observed that the
g release of C& from the stores by InsPwas decreased
2 0.10 significantly by the TBT-pretreatment in the experiments
- using fura-2-compartmentalized cells. The decrease was
o 0.05- more profound in the release by a lower concentration of
4 Insk;, agreeing with the results in the previous report that
g 0.00 the suppression of the €aresponse was more profound

when a lower concentration of phenylephrine was used. The
0 0.025 0.1 . .
results suggest that pretreatment with a low concentration

TBT pretreated (uM) (0.1 uM) of TBT for 30 min suppressed Ingfhduced

Fig. 8. Concentration-response relationship in the suppression of-InsP  C& " release from the intracellular stores, resulting in the

induced C&" release by TBT-treatment. Hepatocytes were incubated with suppression of hormone-inducedZCaesponses_

fura-2/AM for 1.5 hr. The cells were then incubated in buffer A with TBT What. then. is the mechanism of the suppression of the

for 30 min at 32°. The changes in the fluorescence ratio (340/380 nm) by InsP -induced ,Cétrelease bv TBT-pretreatment? InsP

the addition of 0.5uM InsP; were measured in each cell. Results are the | 3 A - y P 2 1S

meanst SD of 4—10 cells. Statistical analysis was performed by Scheffe's induced Ca_|C|Um release is known _to be regulated _by the

test. Key: (**) P < 0.01 vscontrols. concentration of Insp the cytoplasmic C4d concentration



T. Kawanishi et al. / Biochemical Pharmacology 62 (2001) 863—-872 871

[31-34], and the lumenal & concentration [35-37]. Un Acknowledgments

der the present experimental conditions, Inséhcentration

and cytoplasmic Ca concentration were expected to be This study was supported, in part, by a grant-in-aid (to
the same between the control cells and the TBT-pretreatedT-K. and T.H.) from the Environmental Protection Agency
cells, because we added the same concentration of ameP ~ of Japan, a grant-in-aid for the Drug Innovation Science
used the C&"-EGTA buffer as the solution to keep the free Project (to T.K. and K.M.) from the Japan Health Science
C&" concentration at about 130 nM. Nor was there a Foundation, and a grant-in-aid (to T.K.) for General Scien-
difference in the lumenal G4 concentration between the tific Research from the Ministry of Education, Science,
control cells and the TBT-pretreated cells in our assay SPOrts and Culture of Japan.
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