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Importance of the glutathione redox cycle for the resistance of lung epithelial cells 
against a polymorphonuclear leukocyte-mediated oxidant attack 

(Received 7 October 1985, accepted 16 Januar~ 1986) 

The interaction of stimulated polymorphonuclear leu- 
kocytes (PMN) with lung ceils is considered to play a major 
role in the pathogenests of lung disease PMN-medlated 
cell damage has been attributed to reactwe oxygen metab- 
ohtes as the major cytotoxIc species [1, 2] In previous 
stu&es we have shown that lung epithelial cells are injured 
by stimulated PMN through a HzO: dependent  mechanism 
[3]. Target cells will defend themselves by destroying the 
attacking hydrogen peroxide Two major enzyme systems 
are responsible for H202 catabolism in mammalian cells 
[4] glutathmne peroxldase, a selenoenzyme which utilizes 
reduced glutathione to metabohze hydrogen peroxide and 
catalase, a hemoproteln which converts hydrogen peroxide 
to H20  and Oz 

In the present study cytotoxlc experiments in lung epi- 
thehal cells were carried out designed to determine the 
relative importance of catalase and glutathlone perox~dase 
as intraceIlular defense mechanisms against lysls by extra- 
cellularly generated hydrogen peroxide 

Materials and methods 

Lung epithelial ceils derived from a clone of rat type I1 
pneurnoeytes were maintained in tissue culture as pre- 
wously described [3] Confluent monolayers were pro- 
cessed for determinations of cytotoxicity and of enzyme 
actwltles For cytotoxic~ty studies lung epithelial cell 
monolayers were labeled with 3 uCl SlCr (NaeS/CrOa, New 
England Nuclear) overnight, washed and dwlded into four 
groups one group was incubated for 10 mm with 125 >g/ml 
1,3-bIs-(chloroethyl)-l-nitrosourea (BCNU. Bristol Lab, 
Syracuse, NY),  a potent  inhibitor of glutathlone reductase 
[5]. The second group received for 90 mm 50 mM 3-ammo- 
1,2,4-trlazole (Sigma Chem Co . St Louis, MO) a potent 
inhibitor of catalase [6] The third group received both 
reagents and the fourth one served as control 2 5-16 
mdhon PMN (obtained as previously described [3]), were 
added to the differently treated lung epithelial cells in 
Hanks'  balanced salt solution (11 mM glucose) This range 
of PMN provided an effector/target cell ratio between 1 1 
and 64 1 PMN were stimulated with 0 25 ug/ml phorbol 
myristate acetate Following a 4hr  incubation PMN- 
mediated HzO2 related cytotoxicity was determmed by 
quantltatmg 5~Cr release from lung epithelial cells as pre- 
viously described [3]. 1 e by a simple, quantitative, and 
well estabhshed approach to cytotoxiclty [7] For deter- 
mmatlon of enzyme activities confluent lung epithelial cell 
monolayers were dispersed, cells were disrupted by son- 
~canon, and an aliquot was used for determination of pro- 
tein according to Lowry et al [8], of the activity of glu- 
tathlone peroxldase (EC 1 11 1 9 ) according to Pagha 
and Valentine [9]. of glutathlone reductase (EC 1 6 4 2) 
according to Carlberg and Manner~lk [101. and of catalase 
(EC 1 11 1 6) according to Beers and Slzer [11] 

Glutathione peroxidase deficient lung eplthehal cells 
were obtained by depleting them of selenium Usually the 
serum in the medium provides the selenmm to cultured 
cells [12] While serum free gro~th would be ideal for 
selenium depletion preliminary experiments established 
that 0 75% serum was the lowest concentration capable of 
consistently maIntaimng cell ,,labihty Lung epithelial cells 
grown in 0 75Uc serum in l) 75c{ serum supplemented ~lth 
27nM Na?SeO~, and in 10c;2 serum lor tip to li) days were 
processed for enzyme studies or for cytotoxlclt) studies 
using glucose oxlda~e as the source ol HzO: 

Data were analysed by the two ta~led Students' t test [ol 
unpaired samples [13] 

Results 

Premcubatlon ol lung epithelial cells with BCNU con- 
sistently inhibited glutathione reductase actwlty by more 
than 95% while catalase activities were unaffected by this 
pretreatment  Prelncubatlon of the cells with amlnotrlazole 
resulted in ,~ consistent lnhlbmon ot their catalase actlvttv 
by 95-98c4 without an) impairment of the glutathlone 
peroxldase- or reduetase activities As demonstrated in Fig 
1 lung epithelial cells ,~ith almost no functional glurathlone 
reductase activity displayed a dramatically increased sus- 
ceptlblhty to a PMN-medlated oxidant attack Virtually 
complete protection of these highly susceptible target cellb 
was afforded when exogenous catalase was added to this 
cytotoxlc s\,stem Following inhibition of the (endogenous) 
catalase of lung epithelial cells there was an only minor 
increase in susceptibility of target cells to a PMN-medlated 
attack Combined lnhlbmon of glutathione reductase- and 
catalase activity resulted m the same degree of enhanced 
target cell damage as that seen following mhibmon of 
glutathtone reductase alone 

As a second way to interrupt the GSH-redox cycle glu- 
tathlone peroxldase was inhibited b~ taking advantage of 
the selenium dependency of this enzyme Culture of con- 
fluent lung eptthehal cells m medium supplemented w~th 
0 75% serum resulted m a time dependent  decline m glu- 
tathlone peroxldase activity reaching 6('7c of the original 
activity after 7-10 days (Fig 2) Cells grown under the 
same low serum condmons supplemented,  howevci,  with 
27 nM selenium displayed glutathlone peroxldase activities 
not different from lung epithelial cells grown m medmm 
plus 10% serum Catalase actl,,ltmS were not different m 
either cell group As demonstrated in F~g 3 there was a 
substannall? increased susceptibility of glutathtone per- 
oxldase deficient lung epithelial cells against an oxidant 
attack bx extracellularly generated hydrogen peroxide 

OiJ~USflOn 

Fhe demonstration of a toxic eItect of PMN-derlved or 
chemically generated hydrogen peroxMe on lung eplthehal 
cells confirms our previous obser'~atlon [3] and is in agree- 
ment with similar results obtained in lung fibroblasts, endo- 
thehal ceils, and different tumor cells [l .  2] Removal of 
the toxic agent 60 mm (but not 90 mini after start of the 
experiment rescues the lung epithelial cells from lethal 
m l ury This apparently indicates a delicate balance between 
the attacking hydrogen peroxide and defending mech- 
amsms ol the target cells in terms of metabolism of the 
toxic agent or of repair of the toxic lesion before this 
balance finally tips over This balance can dramatically be 
altered by an impairment ol the H2Oe catabolizing capaclt_~ 
ot the lung eplthehal cetN InhlbmOn of the activity ol 
the GSH-rcdox c~clc b,, mterlercnce with the activity (it 
glutathlone reductase or ot glutathuIne peroxldase renders 
the lung eplthehal cells at least 30 times more susceptible 
t~ a PMN-medlated oxidant attack Similar obser',atlons 
have been madc m endothelial cells b) Harlan et al [14] 
lnterestmgb catalase, an enzyme m lung epithelial cells 
al th ,l much higher H .O:  metabohzmg capacity than the 
GSH-redox cycle, provides only minimal protection against 
,l flux of e×tracellularb generated H:O~ Possible expla- 
nations ,ire 11) a H~O~ related generation of toxic lipid 
peroxide', ~hich cxclusl'~cl 3 can be metabohzed by the 
GSlq-rcdox cycle I41 (11) the higher K°, of catalase lot 
I q f ) :  [15] or (Ill) ,t colnparmncntahsatlon within the 
cell ~lth c,ltala~,e and the GSH-redox cycle metabolizing 
h,,drogcn peroxide o[ dfltcTcnt Sotlrce ~, in the cell as ha', 
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Fig I SubstantiallyenhancedcytotoxicityofPMN-denved 
hydrogen peroxide on confluent lung epithelial cells fol- 
lowing an impairment of the glutathmne reductase but not 
ofcatalase Note that m the presence of exogenous catalase 
target cells are completely protected against a PMN- 
mediated attack Data presented are mean (-+S E ) of 5 
experiments I - - I  target cells, no pretreatment, & - - ~  
target cells, pretreated w~th BCNU, • . . . .  • target cells, 
pretreated with arnlnotrlazle (AT), • . . . .  • target cells, 
pretreated with BCNU and AT, C7--£) target cells, pre- 
treated with BCNU, then addition of exogenous catalase, 
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Fig 2 Time dependent decrease ofglutathione peroxIdase 
activity m lung epltbehal cells cultured in medium con- 
taming only 0 75% serum (open bars) Cells grown m 
0 75% serum supplemented with 27nM selenium (nght 
bar) showed no different glutathione peroxldase activities 
as compared to cells kept m the "regular" medmm con- 
taming 10% serum (/eft bar) Data presented are mean 

(mS E ) of 6 experiments 
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Fig 3 Enhanced hydrogen peroxMe mediated cytotoxicJty m glutathIone peroxidase deficient lung 
epithelial cells Lung epithehal cells grown in 0 75% serum for 10 days ( A - - & )  displayed glutathione 
peroxldase activity which were 6% of that measured in cells grown in 0 75 serum supplemented with 
27 nM Na2SeO~ (a---Q) or in medium containing 10% serum (11--11) A continuous flux of extra- 
cellularly generated hydrogen peroxide was provided by glucose oxldase Data presented are mean 

(mS E ) of 6 experiments 

been shown for hepatocytes [16] Additional studms are 
reqmred to d~stmgmsh among these different posslb]lltmS 

In summary, PMN induced oxidant damage of lung epl- 
thehal cells, known to be a HzO2 dependent mechanism, is 
greatly enhanced following an impairment of the hydrogen 
peroxide metabolism of the target cells The GSH-redox 
cycle is substantially more important than catalase m pro- 
vldmg protection against this sort of oxidant attack 
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A novel pathway for formation of thiol-containing metabolites from c3steine 
conjugates 

(Received 25 October 1985, accepted 31 Januar~ 19861 

During the past decade the formation of methylth]o-con- 
raining metabohtes has been reported for numerous xeno- 
blotics including drugs, herbicides, and other organic com- 
pounds (rcxie~ed by Tateishi [1,21 and Stfllwell [3]) From 
the extensixe studies in our laboratories [4-7] and others 
[8 9], ~arious types el  methylthio-contammg metabohtes 
~ere  shown to be generated from the corresponding cys- 
telne conjugates %ld thloN (Scheme l) 

The liver was excised h e m  male Spraguc D,a~lcx rats (8 
x\eeks old) and homogenized in 2 \el  oI icc-chilled 5(1 nlM 
of potassium phosphatc huller ( p i t 7  4) The u\tosol 
(105,000 g supernatant) and tn l~ro~omal h act tot> ~ crc 
obtained b) published methods 151 1 he tollov~ing/n im(; 
experiments \sere carried out \kith thc%c cn/~ille 
preparations 

Deammation o! S-(p-br(mlol)heml~-l -~ ~ wcmc [hclca~ 

NH~ 

I 
R - - S - - C H : - - C H - - C O O H -  \ 
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Scheme 1 
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Thus the C - - S  bond of cysteme conjugates is firstly 
c lca \ed b~ the action of C- -S  lyases (which are found 
in mammalian hver, kidney and some kinds of intestinal 
mlcroorgamsms) to give tiaiols together with eqmmolar 
amounts of p~ru~lc acid and ammonia [5,71 The thlols 
thus forined are subsequently methylated by S-methyl- 
transferases [5 10 i 

In addition to this pathway of formation of thiols we 
ha~ e no~ found that thlols may be generated from cysteme 
conlugates via an alternative pathway (Scheme 2) in which 
the intermediate formation of thlopyruvic acid conjugates 
is most hkel\, to be involved 

tion mix tu re  contained Ill a to ta l  xo lumc  o] l) 5 ml '~-[p- 
bromophenyl)-i  -cvstemc (0 5 lnno lc )  (I 3 ml tit potassium 
phosphate buller (5,umolc pH 7 4) and l) 2 ml el the 
enz)me preparation (8 nag protein) 1 hc mlxttnc ~,ls ira.u- 
bated at 37 ° for 30 min and the leat-tion terminated bx an 
a d d l t i o n o l 0 5 m l o l a c e t o n l t r f l c a l ( V  Altcrcentrllugat~on 
a po r t i on  el the supe lna tan t  \\<is apphed to all h p I c 
co lumn ( Y M C  A-312  ( ) [ ' )~  h ~ 15l) mm Ydnl im~tn, l  
Chemica l ,  Osaka.  Japan)  and the colunln e luted ~ i t h  <i 
solvent system el mcthanol, 'watcr'acctlc acid (5 4 1 b\ 
• +el ) at a f low rate el 1 5 lla[Inaln p - B l o m o p h e n x l - 1 - t h l o -  
pyru\lc acid \'vhlch emerged <is a single "dl<lrp peak <it 

NH, 
I 

R - - S - - C H ~ - - C H - - C O O H  ------, R - - S - - C H : - - (  O- -C( ) ( ) t  t - - - ~  P,- %1 t 

Scheme 2 

In the present commumcatlon we wil l  describe the evi- 
dence tot this novel pathway 

,'vlaterials and methods 

Materials S-(p-Bromophenyl)-i-cysteine and p-bromo- 
phcnyl-3-thiopyruvlc acid were synthesized by the method 
described in our previous report [71 p-Bromobenzcnethlol 
x~<ls purchased trom Aldrich (U S A ) All other reagents 
used in thc present stud) were ot analytical special grade 
and commerculllv avadahlc 

5 6mmunderthesccondltlons v,a',quantUatt'~clx ,mahzed 
by monitoring the ux ab~orbaucc at 254 nm 

( '~S  ch.avage of p-b~o.iophenl I- ~-l/uop~ ~ l~l,l( ,~ ul 1 hc 
react ion m ix tu re  conta ined ul d hndl ~olume ol 0 2 m[ P- 
bromophenv l -Z t - th iopv ruv lc  acid (0 2 . m o l e )  <~s a substratc 
d l t h l o th le l t o [  ( l  umo lc )  i~OldxSUnn pho,,l~halc bu] lc l  
( 10 / imo le  pH  7 4) di ld O 04 ml OI lhc c i l / \ m c  p lcpd l  at lon 
<Pile react ion m ix tu re  ,~,<ik i l lCtlbatod ,lI ]7' [ O l [  i l l  tn ldcl  
anaerob ic  COlldltlOnS I he ni t - t lbai lon x.~ <is tcr lYl lnd[cd b\  an 
ad th t ion  ot (i 2 Inl el <u_eionllrile c lmta ln l l l  7 [>l]uorobt_'n- 


