Tuberculosis and Respiratory Disease A# g 5571438 Vol 40, No. 3, June, 1993
0Os X O

AT A E g dgk H0,9] 4%

Fobrsta slaei et Aelgtad’, Aol Atad’, WagnA
MY 8.2 4 -2 & &

= Abstract —
Effect of H,0, on Alveolar Epithelial Barrier Properties

Duk-Joon Suh, M.D.,! Se-Heon Cho, M.D.2 and Chang-Woon Kang, M.D.?

Department of Physiology', General Surgery?, Internal Medicine®, College of Medicine,
Dong-A University, Pusan, Korea

Background: Among the injurious agents to which the lung airspaces are constantly exposed are
reactive species of oxygen. It has been widely believed that reactive oxygen species may be implicat-
ed in the etiology of lung injuries. In order to elucidated how this oxidant causes lung cell injury, we
investigated the effects of exogenous H,O, on alveolar epithelial barrier characteristics.

Methods: Rat type II alveolar epithelial cells were plated onto tissue culture-treated polycarbonate
membrane filters. The resulting confluent monolayers on days 3 and 4 were mounted in a modified
Ussing chamber and bathed on both sides with HEPES-buffered Ringer solution. The changes in
short-circuit current (Isc) and monolayer resistance {R) in response to the exogenous hydroperoxide
were measured. To determine the degree of cellular catalase participation in protection against H,
O, injury to the barrier, experiments were repeated in the presence of 20 mM aminotriazole (ATAZ,
an inhibitor of catalase) in the same bathing fluid as the hydroperoxide.

Results: These monolayers have a high transepithelial resistance (>2000 ohm-cm? and actively
transport Na* from apical fluid. H,0, (0-100 mM) was then delivered to either apical or basolateral
fluid. Resulting indicated that H,O, decreased Isc and R gradually in dose-dependent manner. The
effective concentration of apical H,0, at which Isc (or R) was decreased by 50% at one hour (EDs)
was about 4 mM. However, basolateral H,0, exposure led te ED;, for Isc {and R) of about 0,04 mM.
Inhibition of cellular catalase yielded ED;, for Isc (and R) of about 0.4 mM when H,0, was given
apically, while EDs, for basolateral exposure to H;0, did not change in the presence of ATAZ. The
rate of H,0, consumption in apical and basolateral bathing fluids was the same, while cellualr
catalase activity rose gradually with time in culture.

Conclusion: Our data suggest that basolateral H,0, may affect directly membrane component (e.
g., Na*, K*—ATPase) located on the basolateral cell surface. Apical H,0,, on the other hand, may
be largely degraded by catalase as it passes through the cells before reaching these membrane
components. We conclude that alveolar epithelial barrier integrity as measured by Isc and R are
compromised by H,O, being relatively sensitive to basolateral {and insensitive to apical) H,0,. -
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— 237 —



of 24 gHEdon, ulFo] 71wL metrizamide £
oL 5 & Alojol AE 2 vyehl] 913l pherol
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Z 1.09)¢ 50ml9] plastic 2.2 ¥ YA]Ealatol] 10
ml ¢ 2 o] £53 pipette .24 E} 2miol
7he - £H (v)F 1.04)F AH 3 Aot n AHEsto]
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£ V£ 20mle] & o] DNAase (Sigma, St.
Louis, MO) 2mg$ A7}t ¥ 0.22 pumo] o3jutoz
o] B3l FFAEE w59}, Earlie's MEM (mini-
mum essential medium)-& Irvine Scientific 3]A}2
Hel T3l (Irvine, CA) 10% new born: bovine
serum (NBS, GIBCO, Grand Islands, NY), 0.1 M
dexamethasone 2 mM, L-glutamine 100 U/mi, peni-
cillin 100 ng/ml, streptomycin 10 mM, HEPES (pH
7.4)% #7}ste MEMS g0 2 8lgch,
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fluorocarbon:-laden macrophages 71583 A4 3
etk -

2 AAE AL 10mle] &4 [VEA 2§ 3 shaking
water bath o4 t}4] 2087} incubate stk ] 3
Ao elastase A7) ¥ & Azztoz e} 7lwst F
71 BAEL AAST elastase LA BAE A 4
sled 4mle] NBS (néwborn bovine serum)o] Z3H5
plastic plask 2 &7 th.

A A el #) 22 & Mcllwaintissue-chopper(Brink-
mann, Westbury, NY)& ol-&3led t1% 27| 223
tH(1mm?), oA Az 24-¢ 2mle] NBS9 5ml
o] Lol V7} S0l plastic flaskel &7 o9, ©%
Halg A ZZ 9hE7] 98] 10 mle] plastic pipette
ALg-sle] 33loll AH % 4 olAl 3kl 37°C shaking
water bathell 287} 78lA 2 A 7k

A o)A A 2E 79 gauze, FH 9] gauze
=282 160 gm#} 35 um F%3-E 7}4 nylon mesh
(Tetko, Elmsford, NY)% %3 oisigiet, o3z
AL Azl AXE hemocytometerE o)&sle] £ALE
#olel & metrizamide gradients 9o 2AAA ¥
okeh, o] #HAoll4l. crude cell mixture: # & =2l
35~50%x10° cells o]¢1.2¥ trypan blue exclusion %
Woz A#HE viability: 90% ol4-2 #A3dch
Tannic acid 3442 o]&3® A 28 AAAANEE <
45%% Ax5Fgl

Discontiunuous metrizamide gradient: contrifuge
e o]g3 A ze ¥l Sorvall swinging-bu-
cket rotors AH-§3hgd 2.0 (100X g, 20 min, at 4°C),
Ao £x3 Q4Ees) AztEA 317] 98] zonal
centrifugation controller% Ah-&-38lieh, UAlE-2l7}
v} & metrizamide gradient 7 A1 Bl & AT E
10mle] pipetted AH8-3fed AR W F &A1, 10
mlE A7lsted g AAZch olFA L& Leld Aze
t} A} table-top centrifuge (Dynac, Clay Adams, Pa-
rsipanny, NJ) ol 4] swinging-bucket rotor& ¢]-&3}
o AstelA 100xg, 1087k A4Eel3ted cell pel-
letg dgleon, 941, 50mlE H7}sted b4 resu-
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spension A e}, o] F W =hA2 AL 13 o] g
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tometer 24 A 29| £2E dolal & HE AL ¥
=7} 2X10cells/ml 5A] S}, o] FAo] By &
&} A Z viability¥ 95% ol4telglom, A 2% sf4tsl
AL FEE 65~70% Ao, 2 dulelwd oF 15x10°
Hel ALE & 4 g

4) HAm| Mz o} R} chel ulobat XX

A2 B{FA(2X10°cells/ml) 0.25mlE culture-
treated Nucleopore filter cups (6 mm outer diameter,
0.4 ym pore size, Transwell, Costar, Cambridge,
MA)e] W&ol 53, YZol= 1mle] MEMSZ %
o}, Platinggt ¢& A 0Lz Aslgen, AxE
CO, incubator (Model 3185, Forma Scientific, Mar-
ietta, OH) o4 37°C(5% CO; in air) & H-A8kgich
A 2 47} f¥& ol confluent cell monolayers] Y
& Llg % AL F AN MEMS £oo2
otz o2 A ok filtero] ¥4 B AZE(FE NI

o

2 Aol BolSel ATe & %
33 A 71" BAJql A4 (PD, potential dif-
ference), Al F2HE B3 55A o|o]%9 vi4H ¥

HAZ FA] 5T HH R AT 4 QU
wpeba] 2 Aol e A 3AE A 6 ARl At
viof wtalub-g 44 3eksl Ussing chambere)!® 42
shod A A7 B4l "kal, Isc W 29 A7 A
& SA s A Tahg 23 B0l 5E 1A

A 43| M £2] F71% (apical side) 2 ¥ U % (basola-
teral side) oll 2}7-} 7mle] MEMS £ (preincubated
with 5% CO, in air, 37°C) & H713lz 5717 gl
5% CO, 3715 A% 2474 pHE 7.4 $AAZ
o}, # A Al Eekg A2 g uhd gk ko) calomel
half cells 4] &3 8g.2x, PE 90 tubingg agar

bridgeZ 3} (3% in SM KCl) 2 3& Bo] ctgul ¥
Holl4 2mm =& Fol $AFA sl A (short-
circuit current £3)+ co}E agar bridgesst 349
Ag/AgCl electrodesE o|-&3}e] ghdat ujefo 7}3lg
o. AF7F B2+ agar bridgesd] % E-& ol
A ] "ol 9] (eF 2.5 cm)oll 91 8bA shgich

A4 g wrAlsE transmonolayer potential differ-
ence (PDYE 4sf3tr] ko] =td =g automatic
voltage clamp deviceZ ©|-83td (DVC 1000, World
Precision Instruments, Sarasota, FL) short-circuit
FAHE g AARS ApuHoz wAsE A
3} 27)% ot ghape] welel 1% AYE A, ol
g ZANA AFe 5Eal short-circuit current (isc)
£ A" 717 Eaololl A erd, 5 tAeE 52
59t PDE 71908 24 Iscd] S48 Fshich =
2 7AA2E 249 A (R)2 Ohme Aol e
(R=PD/Isc) Al4tsld et

3. Catalase g4 =2o| §3

A A A 2o A o] catalase 4=+ S5 polaro-
graphic ¥ o 219 A3y el 7hwks] Sofsb o
23} 7heh, 100% R4 bA2 1587} preincubation #|
o] 91+ 50mM phosphate $%-& 4§ (Na,HPO,-KH,
PO,, pH 7.0, 25°C) 1ml7} E03l+ plastic test tube
ol 20 119 3% H,0,% #7138l Clark-type oxygen
microelectrode (Microelectrodes, Londonderry, NH)
£ o|g3led H,0,9 A3l decomposition &2 &
Asledch H,0,9 self-decompositiongo] <A A&
o]3L 38 o] (0.01 umoles of O,/ml/min) U7
9] catalase (Sigma, St. Louis, MO)E- 1F-3- tubeol]
o} catalaseo) &8 aHEolA & AAWAEE F 81
o}, o] AbawbAlg-2(ul O./ml versus time) self-

decompositione & BA3E1  calibration curve

N

{zmoles O,/min versus enzyme concentration}g 4t
Sol AlAsise, |

A A Al 2o} Bels catalase TAE 9] Sl 3l
Ax, =A] gy whe 75l 50 mM phosphate-buffer-
ed saline (PBS, pH 7.2) 2.2 A4 AAstz 1% Tri-
ton X-100(F A& 0.5m) o2 A3tk olFA
solubilized®l )45 ¥ (sample €4 0.05~0.1ml)
£ A7) 71w R FAslgle, B4 EdsE
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dolete] dhwd FEo oel Jeldigit, S dsE
<+ bovine serum albuming $FEA o 235t £435
Lowry ¥ (DC protein kit, BioRad, Richmond, CA)
o2 &4}

4. H,0.9| 55 &%

£dve H,0.8 5= #WstE F4%87 9slo
Zaitsu®} Ohkurae] ®h 220 Ap&4t9ich, Horse
radish peroxidase (HRP)2} H,0,7} w28 o] 8§35
Aol 7142 A 3-(p-hydroxyphenyl)-propionic acid
(HPPA)E AH&-3tgich 7.5mM HPPA 0.2ml, 0.1M
Tris-HCl buffer (pH 8.5) 2.6ml, 2.0U/ml HRP
0.1mle] £gdo] Eof Y= 13]% cuvetteol] 0.15-¢
10nmol8] H,0, 0.1mi¢] &ALNE Hrlsle] 2871
AgollA whAslolc}, Perkin-Elmer LS-5 spectro-
fluorometer (New Haven, CT)& o}&3l ¥3x &
ZA43 % =d emmission 3} A& 404 nm (slit width,
10 nm) o] Q2.0 excitation =}3-E 320 nm (slit width
2 nm)& 33

5. @hdibaolf 2# sy Fe o &4

A ze] g B8 9hEo{alE monolayerg o]-8-3lod
301 EE Aol wlog £4Y 4 glon
ol g EHolgol ¥ vl A4 F il H,
O, (hydrogen peroxide}s wWofzte| 377t x&sle
Z9] apical sides} #§Z2) basolateral sidesl] 7+
Fojgte 24 o] B o] DA LSe] o] et
Hofl £4-F FEAE AFE 5 3¢ Aol =8 &
A A48 A A e E49 catalases] A A) 2] amino-
triazole (ATAZ, 20 mM)s] 835 7] A9 o2 4
a2 23714¢ 478 4 ek

6. Na*, K*-ATPase 42| X

4 %A

AZw kg 58 abEo Al & #4354l £ < mono-
layer oA Na*, K*-ATPased] 4= % &2A57 §
8}ed basolateral sidecl} ouabain (1 mM) EAJA] Lo
o4 AlZZ uptake 5+ *°Rb & 439 Wl
% 4944 = monolayer§ HEPES 913-& (mM; 120
NaCl, 5 RbCl, 1 MgSO0,, 0.15 Na,HPO,, 0.2 NaH,
PO,, 4 NaHCO,, 1 CaCl,, 5 glucose, 20 HEPES, 0.1
bovine serum albumin, pH 7. 4) 28 3 AHg

37°C ol A 24]7+%49} incubation 3}gich, o] incubat-
jon €40} 1 mM¢] ouabaino] gAY FolUAl &
E dlz2g4e Hrheted obA) 3047 incubation 3%
t}, o]& Abeloll 4 monolayer?] apical =+ basola-
teral &0} 0.1 mMse] H,0,& 7}8}d 6087} incuba-
tiongl F *RbCH{HZE ¥ % 5 uCi/ml)-5 basolateral
Lollof] 7}3}a 587F incubation 8t} ojbe A1Y
o] #v} monolayers x4 85 PBS £oz 3w 4
A&z 0.5% Triton X-100 (0.5 ml/monolayer)® 7}
Sty Aol 3047k kAl Fte] AAAMNZE FHA o]
o goojale *Rb ¥4 =+ scintillation spectro-
meter (MINAXI, Packard, Downer Grove, IL) 4]
&4 38}9.27, ouabain-sensitive **Rb uptakeg Na*,
K*-ATPase 8452 3192 nmol ¥Rb/mg protein/
ming} ©h & B4 skedct,

7. BAIN A2

28 138 4Rl AAE AN g A8l
ATAZS 2A0% wet 241344 ¥& wle} Z 2oje
unpaired t-test® $43tgeni, 23l 588 7Rl
A" Adxze 0.1~0.2mM H,0.2 1~1mM
H,0, &4} apical side |42} basolateral side o}| 4
9] #}oli one-way analyses of varianceo] 28led ¥
Astglern], p<0.05oj4al A& FAHeEZ Fo¥
oz Hobch

z
1. siATiM X cheiate] HM2iEe &4

A3 3 4dAe] FAIAE sk ghdzhe QA4
short-circuit currect (Isc)7} 4.8+0.2 uA/cm? WAl 8}
A, Azxehg AA2G 2AA¢(R) L 2.04£0.05
Kohm-cm?g viehiglew, =uiele] A4aH(PD)w
10.2£0.5mV glen, ol& ¢ Kimet alo] 23
shion A e Q1 shgiet,

2. Short-Sireuit Current (Isc)of th#t H,0,2}
odg

1) Apical Sideof| tii$t H,0,2| H&
Fig, 12 H,0.% A4 A2 1429 apical sideo]
sbekA] 2 o vielhbe Isce) WSHE A|7bE 7 tholl wia)
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EFFECTS OF APICAL H,0, ON Isc

Isc (% change)

0 =y T T T
—20 -
_40 .
o 2mM H,0, (—ATAZ)
-60 [ *1mM H,0, (+ATAZ)
-80
-100 1 A L 1 1
o to 20 30 40 50 60
time (min)

Fig. 1. Time course of active ion transport (Isc) when
H,O0, is added apically. Ordinate represents the
relative change in active ion transport compar-
ed to the baseline value. As can be seen, apical
2mM H,0; (in the absence of ATAZ, denoted
by unfilled circles) causes a gradual decrease in
Isc over time. Note that inclusion of ATAZ
with apical 1mM H,0, exposure (depicted
with filled circles) causes a greater decrease in
active ion transport compared to that observed
in the absence of ATAZ at 2 mM H,0,.

*=significantly different from +ATAZ at
corresponding time point.

viebd Ao, Catalase A4l ATAZ7} Ex)3H]
%% A H.0, 2mMe AAFHAL edhdehg 24 55
A o] 28 o5& (Isc) At a7 tH60% 30%).
ATAZ7} 248 o 1mM9 H,0,% apical medium
of A71ek A%, ATAZ7} 2484 %2 H,0, 2mM
oA Hatd A} wlmalb Isco et HS 43519
ot ATAZ AA7} A4 AL sld o] vzl J8e
27] 184 Ho0,7F EA43hA] obe 2704 ATAZq}
T 7§ Iscot Rt 2% wi3lE ¥o)x] ookt

2) Basolateral Sideoi| it H,0,2| o3&

Fig. 22 H,0, 0.1mME #HAIAZ rlalute)
basolateral sideell 7}317] = w el [sco) W 3E
A1ZHH 7 3ol sl ebd Zolet, Catalase oA A3l
ATAZ7} £33 &g w9} ATAZ7 EA4E o Isc
i G A9 ol Yehln 2 o] 74 catalaseo]

ek Eahs =2 A goke),

Isc (% change)

EFFECTS OF BASOLATERAL H,0, ON Isc

0 T T T T T
a

_20 -

-40 T

_60 - -
\s

~80  , 0.1mM H,0, (—ATAZ) ]

* 0.1 mM H,0, (+ATAZ)

-100 ” v
[0} 10 20 30 40 50 60

lime (min)

Fig. 2. Time courses of active ion transport (Isc) when
H.O, is given basolaterally. Data are denoted
by unfilled squares in the absence of ATAZ
and filled squares in the presence of ATAZ in
the bathing medium. ATAZ has no effect on
Isc in response to basolateral 0.1 mM H,0,.

EFFECTS OF APICAL H,0. ON R

¢, T T — T
-20} I .
-40
-60
-80} o 2mM H:0, (—ATAZ)
* 1 mM H;0, (+ATAZ)
-100 : i Y 1 4
0 10 20 30 40 50 60
time (min)

Fig. 3. Time courses of transepithelial resistance (R)
when H,0, is added apically. Ordinate repre-
sents the relative change in R compared to the
baseline value. The experimental conditions
are the same as those in Fig. 1. Unfilled circles
represent the data obtained in the absence of
ATAZ, while filled circles depict those in the
presence of ATAZ in the apical bathing
medium. As can be seen, apical 1 mM H,0, in
the presence of ATAZ causes a greater de-
crease in R than apical 2mM H,0, in the
absence of ATAZ.

* =significantly different from+ATAZ at cor-
responding time point.
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3. Tissue Resistance (R)0jl ti# H,0,| &

1) Apical Sideoi} i3t H,0,2] 28

Fig. 32 H,0, & A=A £ 2kl 7+9] apical sideo]
7FsbAl &l vehds Re) H3E Azbd Aol s
vebd Aolt}, ATAZ7 &x8tx %¢ A H,0,2
mMe- #| 4o 2 ghdute] zaxghg A a7
(608l 40%), ubdel ATAZY} 4% o 1 mMe)
H,0. % apical mediumol] #7135 2% R 7H4+ v
S A 60 < 85% 71 AH4sITh o] RY 74
£ 5087 6024 ATAZo] g &3} SAHo 2
Frold ol & el let,

2) Basolateral Sideof| cii#t H,0,9| 9%

Fig. 404 ¥+ uiel zto] H,0, 0.1mM$ 549
A % =hdutke] basolateral sideol| 7}8HA] 2 w) vieh}
= Rel #8E A1714 Aol dls) 21, ATAZY} &
AshA] ebgwlel ATAZZ} 24 o] 25 R dA3
W 8sto] 60480 <k 80l 9% Z4AlA catalaseol
& Z3be KA gdgket, '

EFFECTS OF BASOLATERAL H;0.ON R

1] T T L
t ]
20} b4 I
e
§ -40 .
(33
X -60 :
[+
b:
“80 L 01mM H.0, (—ATAZ) \
* 0.1 mM H.0. (+ATAZ)
-1oog Ty 20 30 20 0 60
time (min})

Fig. 4. Time courses or transepithelial resistance (R)
when 0.1 mM H,0, is given basolaterally. The
experimental conditions are the same as in Fig.
2. Unfilled squares denote the data observed in
the absence of ATAZ, while filled squares

" represent those in the presence of ATAZ.
ATAZ has no effect on R in response to
basolateral 0.1 mM H0,.

EFFECTS OF APICAL EXPOSURE TO H:O. ON Isc

100 Laa i e T
o{~) ATAZ
*(+) ATAZ
75k
&
[
g
g 50}
o
8
2 25}
L3
0 Andud dddisl, A 2 214 Sondudd bisdl, Lod bibiisl, Sdudud b idtE, FYRWRRRAT)
10-4  10-3  10-2 0= 100 10t 102 103

H,0, (mM)

Fig. 5. Dose-response curve for active ion transport {Isc) versus apical
[H.0.]. Unfilled circles represent the decreases in Isc observed
at 60 min in the absence of ATAZ, while filled circles denote
those estimated in the presence of ATAZ. The effective con-
centration of H,0,, at which a half-mazimal decrease (EDs,) in
active ion transport is attained at 60 min, is about 4 mM. When
ATAZ is present in the apical bathing medium, the ED;, for
active ion transport is lowered by about 10 times to about 0.4
mM. See text for discussion of statistical differences between
apical and basolateral exposures (Fig. 5 and 7).
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EFFECTS OF APICAL EXPOSURE TO H,0; ON R
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Fig. 6. Dose-response curve for monolayer resistance (R) versus apical
[H,0.]. Open circles denote the decreases in R at 60 min in the
absence of ATAZ, while filled circles represent those in the
presence of ATAZ. An ED,, for R of about 2.5 mM can be
noted for those data obtained in the absence of ATAZ. When
ATAZ is present in the apical bathing medium, the EDg, for R
is lowered by about 10 times to about 0.25 mM. See text for
discussion of statistical differences between apical and
basolateral exposures (Fig. 6 and Fig. 8).

EFFECTS OF BASOLATERAL EXPOSURE TO H.0. ON lsc
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Fig. 7. Dose-response curve for active ion transport (Isc) versus
basolateral [H,0,]. Unfilled circles denote the decreases seen
at 60 min in the absence of ATAZ, while filled circles depict
those in the absence of ATAZ, while filled circles depict those

- in the presence of -ATAZ. The ED;, for Isc in the absence of
ATAZ is about 0.04 mM. When ATAZ is present in the
basolateral flluid, the EDs, does not change and the dose-
response curve is superimposed on that in the absence of
ATAZ. See text for discussion of statistical differences
between apical and basolateral exposures (Fig. 5 and 7).
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@ B, ATAZ7} EA8A &€ o 1~2mMe| H,
0,% apical sideel} 7}3HA] == basolateral sideol] 7}
he Rk o7k | 4ske 7 Ee vov, ATAZ
7t 24 dE o] HYe FxolA apical side ¥
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EFFECTS OF BASOLATERAL EXPOSURE TO H:0. ON R
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Fig. 8. Dose-response curve for monolayer resistance (R) versus
basolateral [H,0,]. Unfilled circles represent the decreases in
R estimated at 60 min, while filled circles denote those in the
presence of ATAZ. The ED;, for R in the absence of ATAZ is
about 0.06 mM. When ATAZ is present in the basolateral fluid,
the ED;y, does not change and the doseresponse curve is super-
imposed on that in the absence of ATAZ. See text for discus-
sion of statistical differences between apical and basolateral

exposures (Fig. 6 and 8).
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CATALASE ACTIVITY OF ALVEOLAR
EPITHELIAL CELL MONOLAYERS
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Fig. 9. Catalase activity of alveolar epithelial cell monolayers as
function of day in culture. Catalase activity was estimated by
polarographic measurement of O, liberation from H,0, libera-
tion from H,0, substrate versus time.
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Fig. 10. Formation of reactive oxygen species and anti-oxidant
mechanisms in biologic systems.
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