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INTRODUCTION 

Taurine (2-arninoethanesulfonic acid) is an unusual amino acid found in a wide 
variety of animal species. Its precise role in human and animal nutrition has 
remained unclear despite intensive investigation. Recently, however, evidence has 
accumulated supporting the hypothesis that taurine protects cellular membranes 
against toxic compounds, including bile acids, xenobiotics, and oxidants. In different 
experimental systems, taurine has been demonstrated to act as a direct (primary) 
antioxidant that scavenges oxygen-free radicals and as an indirect (secondary) 
antioxidant that prevents changes in ion transport and membrane permeability which 
result from oxidant injury1•3• 

Exposure to oxidant gases, including hyperbaric oxygen, nitrogen dioxide, and 
ozone, results in pulmonary injury'-7• The morphological changes which occur in lung 
tissue include destruction of capillary endothelial cells, edema, hypertrophy and 
hyperplasia of the bronchiolar epithelium, bronchiolization of the alveolar duct 
epith~lium, and an influx of macrophages and polymorphonuclear leukocytes into the 
alveolar air spaces. Metabolic changes which result from oxidant injury to the lung 
include lipid peroxidation and mobilization of cellular antioxidants, such as 
glutathione, ascorbic acid, and vitamin E. 

Although hyperoxia and N02 or ozone exposures result in similar morphological 
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and metabolic changes in the Jung. the distnl>ution of the injury varies; NO and 
ozone toxicities primarily involve the: epithelium of the conducting airways and Jveoli 
near the terminal bronchioles (pro:rimal alveoli), whereas exposure to high oxygen 
tensions induces damage at the levels of the trachea through the distal alveoli. Dietary 
taurine supplementation has previously been shown to protect against bronchiolar 
damage induced by the oxidant gas NOz'. 

Pneumocytes found on the alveolar surface exlul>it a wide range of sensitivities 
to oxidant injury. Alveolar type Il epithelial cells are relatively resistant to oxidant 
injury while type I cells are the most susceptible to it. In fact, type II cells are 
thought to repair oxidant induced damage to the alveolar epithelium by replacing 
injured type I cells. Alveolar macrophages are relatively insensitive to damage by 
oxidant gases in vivo9

; however, in vitro, they appear to be more sensitive than type 
II cells to oxidant injury1o. 

The studies described here were conducted to investigate the possible role of 
taurine as an antioxidant in alveolar macrophages. 

METIIODS 

Isolation or Lung Cells and Expos1nre to Ozone 

Rats (male Sprague Dawley) weighing 200-300 g were anesthetized with 
pentobarbital sodium (65 mg/kg body wt). Alveolar macrophages were obtained by 
pulmonary lavage, as previously described11•13• Cell yield for fast preparation was 
determined with a Coulter electronk cell counter. Mean cell volumes and the purity 
of each preparation were determined using an electronic cell sizing attachment. The 
cellular preparations averaged 91.± 1 % alveolar macrophages. 

Isolated alveolar macrophages were allowed to adhere to the bottom surface of 
a 75-cm2 tissue culture flask. The flask was mounted on an orbital mixer, and the 
cells were exposed to 0.45 .± 0.05 ppm ozone for 60 min at room temperature while 
the flask was slowly rocked from side-to-side (22 cycles/min) to allow direct contact 
between the cells and the oxidant gas. After ozone exposure, the medium was 
recovered and the non-adherent and adherent cell fractions were combined prior to 
conducting assays on the medium and the cells12.13• 

Measurement of Lung, Plasma, Extracellular and Intracellular Taurine Levels 

Taurine was isolated from tissu1e, cells and media in the experiments using dual­
bed ion-exchange chromatography14, and taurine contents were measured by an HPLC 
technique which we developedu. This method involves deproteinized samples and 
therefore measures free (i.e. not protein-bound) taurine, rather than total taurine. 

Cell and Medium Assays 

To measure cell viability, the exclusion of trypan blue dye was determined 
microscopically as previously described12.13• Chemiluminescence (both resting and 
symosan-stimulated) was measured as previously described12.13, using luminol and a 
Packard Tri-Carb scintillation counter operated in the out-of-coincidence mode. 
Membrane A TPase activities were measured as inorganic phosphate liberated from 
ATP, as previously described12.13• To estimate the activity of Na• /K+ ATPase by 
difference, ouabain was added to half of the samples. 

Lipid peroxides released into the medium were measured spectrophotometrically 
as thiobarbituric acid-reactive substances, by the method previously described. Protein 
leakage into the medium was estimated with the Bio-Rad technique as previously 
described. Leakage of reduced and oxidized glutathione into the medium was 
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determined fluorometrically, by the method previously described. Potassium ion 
leakage was measured by atomic absorption spectroscopy, as previously described12.13• 

Statistical Analyses 

Data reported are expressed as means ..±. standard errors of at least three 
separate experiments using cells or tissues pooled from groups of rats eutbanized on 
at least 3 separate days. Statistical differences between data points were estimated 
using either the Student's t test or one-way ANOVA The significance level was set 
at p < 0.05. 

RESULTS 

Effects of In Vitro Ozone Exposuni on Peroxidative Damage, Membrane Leakage, 
and Taurine Content of Rat Alveohar Macrophages 

Recovery of macrophages from the culture flask averaged 57.7% with cell 
populations that were not exposed to ozone. Recovery was not affected after a 15-
min exposure to ozone but decreased significantly after 30 min of ozone exposure. 
Initially, adherent cells represented 60% of the recoverable macrophages. The ratio 
of adherent to non-adherent macrophages remained relatively constant for the first 
30 min of ozone exposure. However, after a 60-min treatment with ozone, only 44% 
of recoverable cells were adherent Similarly, cell viability, as estimated by trypan blue 
exclusion, was maintained for the first 30 min of ozone exposure and declined 
thereafter (Figure 1). The decreasing yield of macrophages from the culture flask 
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Figure I. Viability of alveolar macrophages recovered from tissue culture flasks after exposure to ozone 
for 0-60 min (mean.± SEM for N = 5-7 obser;ations). 0 A significant decrease from the value at O min 
at the p < 0.05 level (1 test). 
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with increasing ozone exposure may reflect decreasing cell viability and/or changes 
in the adherent properties of the cells. 

Cellular chemiluminescence, which is a reflection of free radical generation 
(including reactive oxygen and lipid metabolites), is given in Table 1. Initially, ozone 
exposure caused increased chemiluminescence in both resting and zymosan-stimulated 
macrophages. This response peaked at 15-30 min of exposure and declined to the 
basal level by 60 min of exposure to ozone. At 15 through 45 min of exposure, 
zymosan-stirnulated chemiluminescence greatly exceeded resting values, indicating that 
the ability of particles to enhance the production of reactive oxygen metabolites is 
maintained in ozone-e~d macrophages. 

Total membrane ATPase acti•..ity decreased with increasing length of ozone 
exposure (Table 2) and reached a maximum at 30 min of exposure. The Na+ /K + 

A TPase activity (which is ouabain-sensitive) also decreased with time and was 
undetectable by 30 min of exposure:. 

Lipid peroxides were detectable in the extracellular medium. Lipid peroxidation 
products were significantly elevated after 15 min of exposure to ozone and their 
production increased linearly with increasing exposure time (Figure 2). 

Protein leakage from cultured alveolar macrophages also linearly increased with 
increasing length of ozone exposure~ (Figure 3). However, protein leakage was not 
significantly elevated until 30 min of exposure. 

Leakage of . reduced glutathione into the medium (Figure 4) increased 
significantly after 30 min of exposure to ozone and significantly declined thereafter. 
Leakage of oxidized glutathione into the medium (Figure 4) increased by 15 min and 
remained constant from 15-60 min of ozone exposure. 

Table 1. Effect of ozone exposun: on chemiluminescence in rat alveolar macro­
phages•. 

Chcmilu ~ni nc:scence • 

Ozone exposu~ Zymoan-
timc(min) Ratinc' stimulaled~ Diff"crcncc' 

Q 0.036 % 0.002 0.121 % 0.007 0.084 % 0.006 
IS 0.266 % 0.017 (7.4)6 1.639 % 0.032 ( I J.5)• 1.)7) % 0.024' 
JO 0.293% 0.006 (I.I)' 1.404 % 0.176 (11.6)• 1.226%0.137• 
4S 0.171 % 0.027 (4.9)6 o.w %0.116(7.3)6 0. 105 % 0.179' 
60 0.09l:t o.oos (2.6) 0.147 % 0.007 ( 1.2) 0.054 % 0.007 

• Valua l'CllftSlll - % SEM b lllnle obacna&ioaL 
• Rdali,oc ~ delll1Biaed pwimctrically • the ara under Ille a,r,,e ol cpm ~ time. 
'Acti-wity ia die .-ace ol2..,,.. zyaaaa. 
~ Ac:li-wity ia die paaeace ol2 aa/WII ~-
• Z~mulated minua rali .. ..i-. 
1Z)'fflOl&D-tlimulaled valua divided by ral:UIII YIIIUCL 
• increase rda&i~ IO ...iuc ll O mia. 

Ratio' 

3.3 % 0.1 
6.2 % 0.3' 
4.8 % o.s• 
4.9 % 0.9' 
1.6 % 0.1 

The intracellular taurine concentration increased with increasing length of 
exposure to ozone, peaked at 30 min, and then declined (Figure 5). Extracellular 
taurine levels increased with increasing length of ozone exposure (Figure 6). 

Potassium ion leakage increased with increasing length of exposure to ozone 
(Figure 7). The increase in extracellular K+ concentration can be correlated with 
the decrease in activity of the Na· /K • A TPase from O to 30 min of ozone exposure 
(Table 2). 
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Table 2. Effect of ozone exposure on membrane A TPase activity of rat alveolar 
macrophage/ 
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Figure 2. Appearance of lipid peroxidation products in the medium after exposure of alveolar 
macrophages to ozone for 0-60 min (mean.± SEM for N = 5-7 obser,ations). "A significant increase 
from the value at O min in the p < 0.05 level (I test). 
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Figure 3. Protein leakage into the medium. from alveolar macrophages exposed to ozone for 0-60 min 
(mean.± SEM for N = 4-6 observations). •A significant inaeasc from the value at O min at the p < 0.05 
level (t test). 
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Figure 4. Leakage of reduced glutathione, GSH ( D ), and oxidized glutathionc, GSSG ( 0 ), from 
alveolar macrophages exposed to ozone for 0-60 min (nican .± SEM for N = 3-7 observations). ·A 
significant increase from the value at O min at the p < 0.05 le\,::ls (t test). o A significant decrease from 
the value at 30 min at Lhe p < 0.05 level (t test) . 
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Flpre 5. IntraceUular taurine concentrations in alveolar macrophages exposed to ozone for 0-(J() min 
(mean.± SEM for N • 3 observations). •A significant increase from the value at O min at the p < 0.05 
level (t test). o A significant decrease Criom the value at 30 min at the p < 0.05 level (t test). 
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Figure 6. Taurine leakage into the medium from alveolar macrophages exposed to ozone for 0-(J() min 
(mean.± SEM for N = 3 observations). •A significant increase from the value at O min at the p < 0.05 
level (1 test). 
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Figure 7. Potassium ioo leakage ioto the medium from alveolar macrophages exposed to ozone for 0-
60 min (mean..± SEM for N = 3 observatioos). "A significant increase from the value at O min at the 
p < 0.05 level (t test). 

Protective Effects or Taurine on Ozone-Induced Lipid Peroxidation and Membrane 
Leakage in Isolated Rat Alveolar Macrophages 

The actual intracellular taurine concentrations of alveolar macrophages 
preincubated in 0-500 µ M taurine prior to ozone exposure are given in Figure 8. The 
taurine content of the cells increased with increasing extracellular taurine. This result 
was expected since rat alveolar macrophages have been shown to actively transport 
and accumulate this nutrient via a specialized sodium-taurine co-transport 
mechanism u. 

The free intracellular taurine concentrations of alveolar macrophages after 
exposure to ozone are given in Figure 9. Comparing data from Figures 8 and 9, 
cytoplasmic taurine rose by approximately 1.6, 1.3, 5, and 7-fold in ozone-exposed cells 
incubated at 0, 100, 250, and 500 /.J M extracellular taurine, respectively. This ozone­
induced taurine mobilization was significant in macrophages supplemented with 250 
and 500 µM extracellular taurine. 

Ozone exposure of alveolar macrophages has been shown to decrease cellular 
viability, induce lipid peroxidation, decrease total ATPase and Na• /K+ ATPase 
levels, and cause leakage of glutathione and protein 12• Data in Table 3 indicate that 

. taurine enrichment decreased ozone-induced damage as measured by these cellular 
parameters. At 100 /.J M extracellular taurine (i.e., the approximated plasma level of 
this nutrient)u, viability was increased by 38%, lipid peroxidation decreased by 70%, 
total ATPase increased by 113%, Na• /K+ ATPase increased by 62%, GSH leak 
decreased by 93%, and protein leak decreased by 67% compared to levels measured 
for ozone-exposed cells incubated in the absence of extracellular taurine. In the case 
of viability, lipid peroxidation. total A TPase, and GSH leak, this protection from 
oxidant injury was also significant alt 250 /.J M and 500 /.J M; high extracellular taurine 
levels did not significantly elevate Na· /K: ATPase or prevent protein leak. 

As shown previously, ozone exposure of alveolar macrophages increased 
chemiluminescence, decreased cell recovery, and increased leakage of GSSG and 
potassium ions 12• In the present study, taurine supplementation at any level fa iled to 
significantly alter these ozone-induced changes (data not shown). 
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Figure 8. Effect of preincubation of rat alveolar macrophages with variable extracellular taurine 
concentrations on intracellular taurine contc:nt prior to ozone exposure. Accumulation of taurine is both 
time and concentration dependent. The asterisk (") indicates a signific.ant increase above the value for 
cells incubated in O µ M taurine at the p < o.as leYCL 
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figure 9. Intracellular taurine content of alveolar macrophages exposed to 0.45 ..:t 0.05 ppm ozone for 
30 min. Cells were preineubated in media of different taurine concentrations at 37 • C for 30 min prior 
to being cultured at various taurine levels and exposed to 01one. At all extracellular taurine levels, free 
intracellular taurine rises in response to ozone exposure. The asterisk ( ') indicates a significant increase 
from the value for unexposed cells supplemented at the respective extra.:cllular taurine level (p < 0.05). 
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Table 3. Effect of taurine supplementation on ozone-induced injury to alveolar 
macrophages-. 

lltr1s1llul1r T1urtD1 Cooc1ntr1ttoo CwN>-> 
P4t1Mtlt 0 100 250 500 

Cell Vlablllty (1) '°·' t ) . 0 14 . 1 t 1. 7• 16.0 t l.)" 71 . l t 1 . 1· 

Llpld Peroalclatlon 
(naol ICDA/lo' celh) 4 . 6 t o. ) 1 .4 t o . 4• 2.1 t o . ,• 2 . ) t 0 . 7• 

Total ATPue 
(naol Pl/hr/lo' celh) )0.1 t 7 . 0 u ., t 4 .o• '4 . 0 t 2.0• 91.) t 4 . 2· 

CSK Luk 
(i,,&/lo' cella) 0.42 t 0 . 14 0.0) t 0.01• 0 .04 t 0 .02• o.os t 0 . 02· 

Protein Luk 
(i,,&/lo' calla) u ., :!: 4 . 2 S . 2 !: 1.•· 10 . 0 t 1 .0 11 . 4 t 2 . , 

!fa" /1(" AT1'au 
(naol/Pl/br/lo' calla) 4.4 t 6 . 4 29 . S t ) . 4° 2 . l t ).0 4 . 3 :!: 1 . 4 

• Alveolar ucropha1u .,.re prelncubated in •dla of different tauclne concantratlona at l7"C 
for lO aln prlor to belna cultured at •arloua taurlne h.,,.h and upoud to ozone (0 . 4S ppo 
for )0 oln at 2S"C) . 

• Value, are .. an, t atandard arrora frOII l•I ,,parate oaperlaonta . 

• Sl&nlflcancly dlfrarent fr011 the nluo at O i,,11 taurlne (p < O.OS) . 

DISCUSSION 

Effects ot In Vitro Ozone Exposure ion Peroxidative Damage, Membrane Leakage, 
and Taurine Content of Rat Alveolar Macrophages 

The results which we observed following exposure of isolated rat alveolar 
macrophages to ozone included decreased cell viability, increased resting and particle­
stimulated chemiluminescence, inactivation of the Na• /K+ ATPase, appearance of 
lipid peroxides in the medium, increased leakage of protein, reduced and oxidized 
glutathione, taurine, and potassium ions into the medium, and increased intracellular 
taurine levels. 

Our results are consistent with those of Van Der Zee et at.1<>-18 who have 
described the toxic effects of ozone exposure on murine fibroblasts and human 
erythrocytes. When the fibroblasts were exposed to ozone (10 µumoljmin for 0-80 
min) in a system similar to the one we used, leakage of protein and potassium ions 
into the medium was shown to increase with length of exposure. The cellular level 
of reduced glutathione decreased with time, while that of oxidized glutathione initially 
increased (presumably due to the oxidation of GSH) and then decreased16• In 
erythrocytes, ozone exposure ( 4 µ mol/min for 0-120 min conducted over a stirred cell 
suspension) resulted in lipid peroxidation, K+ leakage, and a reduction in the cellular 
level of reduced glutathione18

• 

Chronic exposure (3 hr/day, 5 days/week for 3 months) to nitrogen dioxide (0.5 
ppm) or ozone (0.1 ppm) resulted in decreased viability of alveolar macrophages that 
were lavaged from the lungs of the exposed mice19• However, there was no effect 
of a short (2 hr) in vitro ozone (0.29-0.61 ppm) exposure on the viability of alveolar 
macrophages in monolayer culture in a chamber", or of a short (2-3 hr) in vitro N02 
(13-17.0 ppm) or ozone (0.9-3.5 ppm) exposure on rat alveolar macrophage 
viability21• The latter in vivo exposure may have been too short to affect cell viability. 
In the former study, the petri dishes containing the cells were rotated such that the 
medium covered half of the cells for 30 sec and the remaining half of the cells were 
exposed to ozone for 30 sec. Thus, th1e exposures were more intermittent than in our 
study, where half of the cells were exposed approximately every 3 sec. 
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A decrease in cellular protein content and an increase in cellular GSH were 
observed in isolated alveolar macrophages from guinea pigs exposed to hyperoxia 
(85% for 90 hr)22. Exposure of isolated, perfused whole rat lung to hyperoxic 
conditions (0.4 x 106 Pa/min, 90 min) resulted in an increase in glutathione release 
from the organ23• Conversely, glutathione depletion of isolated rat alveolar 
macrophages has been shown to increase the susceptibility of the cells to oxidant 
injury24. Our results show a time-dependent leak of both GSH and GSSG upon 
exposure of alveolar macrophages to ozone. It should be noted that GSSG levels 
exceeded GSH levels. Much of the oxidized glutathione which was detected in the 
extracellular medium in our study may have been produced as a result of the reaction 
of ozone with reduced glutathione. This would explain the artifactually high 
GSSG/GSH ratios reported in this investigation. 

Dowell et al.25 were unable to detect lipid peroxidation in alveolar macrophages 
isolated from ozone-exposed rabbits (2-10 ppm for 3 hr or 0.5-2 ppm 8 hr/day for 8 
days). However, lipid peroxidation has been strongly implicated to be the mechanism 
of toxic action of 0 3 or N02 exposunes in studies where isolated alveolar macrophages 
were preincubated with polyunsaturated fatty acids, arachidonic acid, vitamin C, or 
vitamin E, or in glutathione-depleted ceIIs26.27. Pigmented alveolar macrophages have 
been observed in the lungs of animals exposed to N02

11 and presumably this 
pigmentation is similar to the accumulation of lipofuscin or ceroid pigment which 
results from lipid peroxidation in various organs of vitamin E-deficient animals. 

Chemiluminescence is a function of the production of reactive oxygen metabolites 
in alveolar macrophages during the respiratory burst, the activation of which results 
in phagocytosis and bacterial killing17

• Zymosan-stimulated chemiluminescence was 
increased by ozone to a greater extent than at rest, i.e., 13- and 8-fold, respectively, 
therefore, ozone treatment must activate the cells in some manner so that they are 
more reactive in the presence of particles. It is possible that this sensitization is 
mediated via ozone-induced changes in membrane structure, since substantial lipid 
peroxidation results from ozone exposure (Figure 2). The ability of particle exposure 
to enhance the production of reacti1{e oxygen metabolites was maintained in exposed 
alveolar macrophages even after a 45-min treatment with ozone. These data suggest . 
that exposure of alveolar macrophages to ozone may not have affected the 
bactericidal capacity of the surviving phagocytes. However, since the number of 
surviving macrophages had declined, the antibacterial defenses of the lung may be 
compromised by oxidant exposure.. Indeed, the enhanced generation of reactive 
species by ozone-exposed alveolar macrophages (Table l} would be expected to 
potentiate the oxidant damage in tlhe lung. 

In the present study, the cytoplasmic taurine level of alveolar macrophages 
increased in response to ozone exposure (Figure 9). Whether the alveolar 
macrophage has the ability to synthesize taurine has not, to our knowledge, been 
investigated. However, it is unlikely that induction of enzyme~ which synthesize 
taurine would occur as early as IS min after exposure to ozone, when the increase in 
intracellular taurine was initially seen. Furthermore, no extracellular taurine was 
included in the medium in our experiments, so uptake of taurine cannot account for 
this result Even so, the ozone-induced inactivation of the Na• /K+ ATPase which 
we observed would prevent uptake of taurine uptake since it is a sodium and energy­
dependent process. Finally, two pools of intracellular taurine, a rapidly exchangeable 
free pool and a slo~ly exchangeable bound pool, have been identified28• Shifts of 
cytosolic to membrane-bound pools of taurine have been demonstrated to occur in 
response to magnesium deficiency29.30. Therefore, our results suggest the ozone­
induced mobilization of taurine from bound stores. This mobilization and the 
resulting increase in cytoplasmic taurine may be significant steps in the process by 
which this nutrient acts as a possible antioxidant. 

An increase in extracellular taurine levels was noted in this study (Figure 6). We 
have shown that the membrane of the alveolar macrophage is relatively leak)' with 
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respect to taurinc11• Therefore, initially some of the taurine detected in the 
extracellular medium may have leaked out of viable cells in response to an increase 
in cytoplasmic taurine. Later, the continued rise of taurinc in the medium may have 
been a consequence of increasing membrane permeability and eventual lysis of 
macrophages as a result of prolonged ozone exposure. 

Protective Effects or Taurlne on Ozone-Induced Lipid Peroxidation and Membrane 
Leakage in Isolated Rat Alveolar Macrophages 

The results of this study indicate that taurine may function as an antioxidant in 
rat alveolar macrophages at its physiological concentrati_on of 100 µ M (i.e., the plasma 
concentration of taurine in the rat). At this level of supplementation, taurine 
significantly protected alveolar macrophages from ozone-induced damage. That is, 
recovered cells demonstrated an increase in viability as judged by trypan blue 
exclusion, a decrease in lipid peroxidation, a decrease in the ozone-induced decline 
in total and Na+ -K + A TPase activity, and a lessening of the leak of reduced 
glutathione and protein. Protection against ozone-induced cell damage was less 
obvious at pharmacological concentrations of external taurine, since the decline in 
Na+ /K+ A TPase and the leak of protein were not significantly prevented at 250 and 
500 µM extracellular taurine. The suggestion that taurine may protect alveolar 
macrophages from oxidant injury agrees with its ability to protect bronchioles from 
oxidant injury due to N02 exposure8• 

Taurine has been proposed as both a direct and indirect antioxidant1•3• As a 
direct antioxidant, taurine would act to quench radicals derived from the interaction 
of ozone with membrane lipids. As an indirect antioxidant, taurine would act to 
stabilize the plasma membrane and thus prevent oxidant-induced increases in 
membrane permeability. In support of taurine's role as a membrane stabilizer, 
taurine has been shown to prevent Ca2+ influx in cat cerebral cortex resulting from 
treatment with ouabain31 and to prevent K· leakage in dog heart32• In contrast, 
support for taurine as a direct antioxidant was given by Nakashima et al.33 who 
reported that taurine was able to mitigate C04-induced lipid peroxidation in rat liver. 
Data from the present study are consistent with both views, since taurine significantly 
reduced lipid peroxidation (direct effect) and significantly increased membrane 
integrity (indirect effect). 

The data on intracellular taurine concentrations after exposure to ozone deserve 
attention. In our previous study of the time course of metabolic changes occurring 
in alveolar macrophages during ozone exposure, free cytoplasmic taurine increased 
with ozone exposure. Therefore, we concluded that taurine was mobilized from 
cellular bound stores to the free state in response to oxidant injury12• In the present 
study, extremely high intracellular taurine concentrations resulted in alveolar 
macrophages incubated with 250 µM or 500 µM taurine prior to ozone exposure. 
There arc two possible explanations for this effect: either (1) cells incubated in high 
taurinc levels were stimulated to increase their rate of taurine uptake from the 
medium in response to ozone exposure; or (2) the cells were mobilizing taurine from 
bound stores to the free state in response to ozone exposure. Taurine uptake is Na+ 
and energy dependent 11. Since Na+ -K• A TPase activity in ozone-exposed cells at 
250 or 500 µ M ta urine was very low, the size of the inwardly directed concentration 
gradient for Na+ should have decreased. Thus, it is unlikely that taurine uptake had 
increased. Therefore, the second explanation seems more likely. 
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