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Synopsis 

The purpose of the study was t o  examine whether an interaction 

I . .  

, between two agents causing alveolar epi thel ia l  damage would produce 

I lung f ibros is .  In mouse lung, intraperitoneal injection of the an t i -  

'oxidant butylated hydroxytoluene causes diffuse alveolar type I  ce l l  

- .  necrosis, followed by prol i ferat ion of type I1 alveolar c e l l s .  In 

animai s exposed to  .70% O2 or 100-200 rad X-rays during the  phase of 

type I1 ce l l  -pro1 i ferat ion following BHT; diffuse i n t e r s t i t i a l  lung 

f ibros is  developed within 2 weeks. Quanti ta t ive ana1ysis.of the 
. . 

I 1 ungs f o r .  hydroxyprol ine showed tha t  the interaction between BHT and 

O2 o r  X-rays was synergistic.  If  exposure to  O2 o r  X-rays was delayed 

until  epi the1 ia l  recovery was complete, no f ibros is  was seen. Abnormally 

high levels  of lung collagen persisted up  t o  6 months a f t e r  one s ingle  ' . 

treatment with BHT and 100 rad' X-rays. A commonly seen form of chronic 

lung damage may thus be caused by an acute interaction bebeen a 

bloodborne agent which damages the alveolar ce l l  and a toxic inhalant 

0r.X rays, provided a c r i t i c a l l y  ordered sequence of exposure i s  observed. 



t 

Pathogenetic fea tures  common t o  many forms of i n t e r s t i t i a l  

f i b r o s i s  a r e  a chronic a l v e o l i t i s ,  changes i n  the  c e l l u l a r  composition ' . 

of t he  a lveolar  zone and derangement. of the  i . n t e r s t i t i a1  collagen. 

Fibrosis  of ten appears t o  develop as a common sequel t o  in ju ry  when 

normal t i s s u e  repa i r  f a i l s  t o  take place.1 I t  may be precipi ta ted and 

sustained by exposure t o  a s ing le  e t i o l o g ? ~  agent such a s  inhaled 
- .  

pa r t i c l e s  of s i l i c a  o r  i r r ad i a t i on  of t he  thorax. In other  forms, .such 1 
. :  

' as  id iopa th ic  pulmonary. f  i brosis  , the  e t i o l o g i c  agent remains unknown. i 
Recently we suggested t h a t  pulmonary f i  tiros'i s  could develop following 

the  in te rac t ion  between an agent .  reaching the  lung via t he  bloodstream 
. . 

and a tox ic  inha lan t .*  T h i s  speculation was based upon t he  following 

experimental observations. 

In mice, t he  ant ioxidant  butyl ated hydroxytol uene (BHT) causes 

widespread and uniform lung damage. . Twenty-four hours a f t e r  an i n t r a -  

. peri toneal  in jec t ion  o r  oral  administrat ion of 200-400 mg/kg of BHT, 

d i f fu se  necrosis  of  type I a lveolar  ep i t he l i a l  c e l l s  is seen throughout 
. . 

t he  lung. ' The  i n i t i a l  damage i s  followed by a period of' recovery. 
. I 

On days 2 and 3 a f t e r  BHT there  i s  in tensive  c e l l  p ro l i f e r a t i on  - i n  lung, I 

and t o t a l  pulmonary DNA synthesis  , measured by incorporation of 
. . 

label  led thymidtne i n to  pulmonary DNA, increases 10-15 fo ld .  In the  ' 

ear ly  phase of recovery, most dividing c e l l s  a r e  type 11 ep i t he l i a l  I 
c e l l s .  From days 5 t o  6 l es ions  develop i n  some c a p i l l a r y  endothel i a l  

c e l l s  and endbthelial  c e l l  p ro l i f e r a t i on  fdllows. I n t e r s t i t i a l  c e l l &  

appear not t o  be damaged, but a l so  p ro l i f e r a t e  a t ' t h i s  time. Six t o  
. . 

10 days a f t e r  a s ing le  in jec t ion  of BHT, t he  lungs regain a v i r t u a l l y  



normal appearance. The morphologic sequence of events following BHT 

has been fu l ly  documented both by 1 ight- and electron 

We subsequently examined the effects  of O2 exposure (60 to  100% 

for  10 to  24 hrs)  upon lung ce l l  division on d i f fe rent  days a f t e r  BHT. 

We found tha t  O2 inhibited ce l l  division 2 ,  3 and 4 days a f t e r  BHT, 

but no longer on days 5, 6 and 7: Since the ear ly  phase a f t e r  BHT 
- .  

'is characterized by primarily division of type I 1  alveolar c e l l s ,  

4 '* 
whereas i h t e r s t i t i i l  c e l l s  divide on days 5 t h r o u g h  9 a f t e r  BHT we 

concluded tha t  dividing epi the l ia l  c e l l s  might be more susceptible t o  
. .  . .  . 

the cytotoxic action of O2 than dividing i n t e r s t i t i a l  c e l l s .  Selective 

k i l l  ing of epi the1 i a l  ce l l  s by early oxygen exposure a f t e r  BHT-induced . I I 

1 ung injury could then a1 low excessive pro1 ~ f e r a t i o n  of i n t e r s t i t i a l  I 

I 
c e l l s  and lead t o  the development of f ibros is .  Experiments described ! 

I 

in t h i s  paper were designed t o  t e s t  t h i s  hypothesis further. .  
. . . . 

Methods ' . 

Young adult  male BALB/c mice, weighing 20-25 g,  were injected i .p. 
I 
I 

with a s'i ngl e dose of 400 mg/kg of BHT (3-5-di -tert-butyl -.4-hydroxytol uene) , 

dissolved in corn o i l .  Control animals received corn o i l  alone' (0.1 m l / l ~ b ) .  

Exposure t o  O2 was performed. in a pl exiglass chamber, vent i la ted with a 

humidified mixture 0 f . 0 ~  and compressed a i r ;  the O2 concentration was 

periodically monitored with a n  oxygen analyzer and kept within t3% of 

the desired concentration. ~ o c a l  i r radiat ion of t h d  thorax was done. 

with a GE Maxitron 300 X-ray machine operated a t  300 kVp and 20 KIA. 

The HVL was 1.29 cm Cu. The average -dose r a t e  was 265 rads/mi n .  



Detailed experimental protocols a r e  given i n  the  r e su l t s  sect ion.  

I A t  the  end of the  experiments, antmals were anesthetized w i t h  

% .  sodi urn pentobarbital a n d e ~ s a n g u i n a t ~ d  via the  abdominal ao r t a ;  the  

lungs were f ixed in  s i t u  w i t h  10% neutral buffkred formal i n  in jected 

- through the  . trachea.  Lung lobes were embedded i n  para f f in ,  sectioned 

1 at .  3-4 urn and.s ta ined w i t h  hematoxylin and eosin,  Masson's trichrome, 
- .  

van Gieson's and Snook's r e t i c u l i n  s t a i n s .  Collagen was quant i ta ted 

chemically i n  another group of  mice by analyzing the  lungs f o r  
. \ .  . 

: h $ ~ o & $ ~ o l i n e  content .    he lungs, were perfused in  s i t u  w i t h  0.9% 

I - .  
NaC1, excised,  lyophi 1 ized and hydrolyzed i n  6 N HC1 f o r  18 hrs a t  

i .  . '  
1 0 7 " ~ .  Hydroxyprol i i e  was determined by a color imetr ic  assay7 and 

dl 1 r e s u l t s  were calcula ted a s  pg hydroxyprol'ine per t o t a l  1 ung. One- 
. . 

way'analysis of variance was performed'and a p value of < 0.05 was 

I ' ' considered s i gn i f i c an t ;  comparisons of means were done by using 

1 . .  Student ' s  t- t e s t .  More de ta i  1 s on method01 ogical procedures have been 

2 , 8  . . 
given elsewhere. 

Results 

The f i r s t  experiment was designed t o  examine the  in te rac t ion  between 

. BHT and 02. A group o f  mice received 400 mglkg of BHT i . p. ' Half . ,. 

> 

of t he  group was placed i n to  70% O2 immediately a f t e r  B H T  and removed 
. . 

. . 
from the  chamber 6 d a y s l a t e r .  The other  half  was kept i n  room a i r  

f o r  7 days and then 'placed i n  70% O2 f o r  6 days. Control y o b p s  were 

animals in jected:with  corn o i l ,  kept e i t h e r  i n  O2 o r  i n  room a i r ,  and 
. . 

animal's given'400 mg/kg of BHT and kept in room a i r . '  All animals were 

. . . , . . . . . . - , -? . - . , - -. .. - . . .- . . . - . . , ,. - -- - . - -  .. - - . ., . . I ... "I- .-_, . _..,. ______l__ .--.. _- 
- - -  -- -- -- - ,, , ,. .?->..cr---*- 



k i l l ed  f o r  histopath61ogic analysis  of the  lung and determination of 
I 

1 .  hydroxyproline two weeks a f t e r  t he  BHT in jec t ion .  

li In o i l  t r ea ted  control mice, t o t a l  lung hydroxyproline varied 

between 200 and 230 ~ g / t o t a l  lung, corresponding t o  7.4-8.5 mg/g dry 

i 
. . 

. weight (Table 1 ) .  Exposure of o i l - t r e a t ed  animals f o r  6 days t o  70% 

1 O2 alone was without any substant ia l  e f f e c t  upon t o t a l  lung hydroxyproline. 
.. . 

Administration of 400 mg/kg of BHT produced, w i th in .2  weeks, a small 

i ncreise  i n  t o t a l  pul rnonary hydroxyprol i ne. However, a much 1 arger  

increase i n  t o t a l  1 ung hydroxyprol ine ,  150% over values found i n  the  

o i l - t r e a t ed  control  group, was found i n  animals .given BHT and placed 
. . 

i w e d i a t e l y  f o r  6 days i n to  70% 02. Since O2 t reatment alone had 

a t  bes t  only a marginal e f f e c t  and s ince  BHT alone ra i sed  lung 

hydroxyprol i ne only 50% above 1 eve1 s found i n o i  1 - t r e a t e d  control s .. 

the  combined act ion of BHT and O2 was not only add i t ive ,  but synerg i s t i c .  

Histopathologicaq examination showed t h a t  lungs from animals 

in jected w' i th  o i l  and exposed t o  70% 02 w6re indis t inguishable  

from the  lungs of control  animals kept i n  a i r .  In animals t r e a t e d  

w i t h  BHT, t h e  acute mild pneumonitis seen 2-6 days a f t e r  in jec t ion4  

was v i r t ua l l y  resolved w i t h i n  2 weeks and only focal  a lveo la r  w a l l  

hypercell ul a r i  t y  and occasional i n t raal  veolar macrophages remai ned , 

(Figure 1 ) .  This was i n  sharp con t ras t  t o  the  l es ions  present i n  animals 

2 'weeks a f t e r  treatment w i t h  BHT and immediate exposure f o r  6 days t o  

02. Pulmonary a r ch i t ec tu r e  was severely disrupted due t o  cel l u l a r  

. i n f i l t r a t i o n ,  primarily i n t e r s . t i t i a1 ,  and focal consol ida t ion .  There 

was a marked increase  i n  i n t e r s t i t i a l  c e l l s  o r  f i b rob l a s t s . and  i n  

the  amount of f i b r i l l a r  material present  within a lveo la r  septa  (Figure 2 ) .  
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Special s t a ins  showed that  the f i b r i l l a r  material was posit ive fo r  

collagen and tha t  there was a marked increase in re t icu l in  f ibers  of 

variable length and thickness in the alveolar se.pta (Figure 3) .' The 

histopathological observations were thus in fu l l  agreement with the 

biochemical dat'a. 

On the other hand, when exposure t o  70% O2 was delayed u n t i l  the 
- .  

7th d a y a f t e r  BHT, 1 i t t l e  f ibros is  was observed h i s to loo ica l ly  and. 

the to ta l  lung hydroxyproline value was similar t o  the one found i n  

animals t r e a t e d  with BHT a lone  (Table 1 ) . 
In the next experiment, animals were injected w i t h  BHT and placed 

immediately in 70% O2 f o r  4 days. They were returned to  room a i r  

and ki l led 2 weeks a f t e r  BHT. Results in Table 2 show tha t  a' 4 day 

exposure to  O2 was almost as e f f i c i en t  as a 6 day exposure. I f  we 
. . 

~ ~ i t ~ d  : until  3 days a f t e r  BHT before placing the animals fo r  4 days 

into 0 2 , t o t a l  pulmonary hydroxyproline content was s t i l l  higher than 

in  the  lungs of animals t reated with BHT alone, but somewhat lower 

than i n  the group placed. immediately a f t e r  BHT into '02  able 2 ) .  

Another way t o  in te r fere  with the ep i the l ia l  recovery following 

BHT induced lung injury was to  i r r ad ia t e  the lung with X-rays instead 

of expos 

Irradi a t  

ing i t  t o  02. The data of t h i s  experiment a re  given in Table 3 . .  . : 
. . 

ion  of conthol animals with 200 ;ad did n o t  produce abnormal 

hydroxyprol ine accumulation in the 1 ung within 2 weeks, and B H T  

treatment alone had only a s l igh t  e f f ec t .  However, i f  200 rad were 

delivered t o  the thorax one day a f t e r  BHT, d i ffuse i n t e r s t i t i a l  f ibros is  
. . 

developed w i t h i n  one to  two weeks as determined by his tological  and 



biochemical procedures. Delay of thorax i r rad ia t ion  unti 1 6 days a f t e r  

BHT, on the other hand, was without any e f fec t .  

1 t '  was of in te res t  to  determine whether. the increased levels of 

pulmonary t.tydroxypro1 ine following the acute interaction between BHT 

and X-rays woul'd pers i s t  for  a prolonged time period. . Data of such 

an experiment a re  given in Table 4. Significantly increased levels  
.. . 

'of  t o t a l  lung hydroxyprbline were s t i l l  present 6 months a f t e r  an ' .  

i n i t i a l  treatment with BHT and 100' rail given one day l 'ater.  In 
\ 

contrast  to  the persistence of markedly elevated 1 ung hydroxyprol i ne 

leve ls ,  histological examinat.ion showed marked regression of lesions 

over the 24 week period. A t  two weeks there was marked i n t e r s t i t i a l  

pneumoni t i  s (Figure 4) with focal consol idation, f ibroblas t ic  

prol i ferat ion and an increase .i'n re t icu l in  f ibers  on Snook's r e t i cu l in  

s ta in .  Consol i dat i  on was most frequently sibpl eural and associated 

with par t ia l  parenchymal collapse adjacent to  ectacic  bronchioles. 

By 24 weeks the inflammatory component of the lesion had v i r tua l ly  

' ' disappeared leaving behind s l  ight ly  thickened and hypercell ular  a1 veolar 

septa with indis t inc t  borders (Figure 5).  Persistence of the increased 

number of re t icu l in  f ibers  'could be detected with Snook's r e t i cu l in  

s ta in .  Focal subpleural consolidation and parenchymal collapse a l so  

persisted. 

Discussion 

The data presented in t h i s  paper show tha t  i t  is possible t o  

produce an abnormal and persis tent  accumulation of collagen i n  mouse 

lung by combining two treatments: f i r s t ,  administration of BHT, a 



bloodborne agent which causes diffuse and uniform necrosis of the 

type I alveolar epi thel ia l  c e l l s ,  followed by a treatment (exposure. 

t o  70% O2 o r  low doses of X-rays) which inhibi ts  or prevents c e l l  

division in lung. The developping lesions are' indicat ive of d i f fuse  

i n t e r s t i t i a l  f ibros is .  Preliminary u l  t ras tructural  observations 

suggest t ha t  t h i s  model has many features  i n  common with the  Hammon- . . 

- .-Rich syndrome in man (Brody , A . ,  personal communication). 

Quantitative determination o f .  1 ung hydroxyprol ine shows t h a t  
. . 

BHT alone causes a s ignif icant  increase i n  collagen, whereas nei ther  

: 70% O2 nor 200 rad X-rays a re  suf f ic ien t  t o  produce f ib ros i s .  I f  BHT 

i s  combined with e i the r  O2 expdsure or  thorax i r r a d i a t i o n  the t o t a l  . 

. . 

amount o f  hydroxyprol ine found in  1 ung  now exceeds by f a r  the Q amount. 

'which accumulates a f t e r  BHT alone. The two insul t s  t o  the 'lung 

have. t h u s  a synergis t ic  e f f e c t .  However, synergism i s  on,ly seen 

i f  a s t r i c t  temporal relationship between the two exposures is  . , 

maintained. Oxygen exposure or thorax i r rad ia t ion  must occur wi t h i n  

the f i r s t  few days following BHT inject ion.  I f  O 2  exposure or thorax 

i r radiat ion i s  delayed f o r  6 days there is no abnormal accumulation 

of lung.co1 lagen and no hi stopathol ogical evidence of i n t e r s t i t i a l  

f i b r o s i s .  There i s  a l so  no f ibros is  i f  O2 or X-rays a re  administered 

2,8 prior to  BHT. 

: The mechanism underlying t h i s  interaction between BHT and O2 or. 

X-rays in causing lung f ib ros i s  has not ,been f u l l y  elucidated. A t  

present, we explain our findings as follows: following the  i n i t i a l  

1 ung damage, there i s  f i r s t  a pro1 i fe ra t ion  of e p i t h e l i a l  c e l l s .  . . 

1f O2 or X-rays in te r fere  with t h i s  phase of epi the1 ia l  c e l l .  prol i ferat ion 



which i s  essential  for  reestablishment of a normal. alveolar surface, 

the i n t e r s t i t i a l  ce l l  population could begin to  grow comparatively 

uninhibited. In support of t h i s  hypothesis i s  the observation made 

in another experimental model : i f  an excised trachea i s  stripped of 

i t s  epithelium and implanted subcutaneously into a syngeneic 

host, the tracheal lumen will become obliterated with connective t i ssue  

within a very short time. However, i f  isolated epi thel ial  c e l l s  
\ 

. . \ .  

are  reintroduced into. the tracheal lumen, reepithelizsation follows 

and the trachea remains open. In trachea, f ibroblasts  grow 
. . 

thus excessively i n  the absence of an in tac t  epithelium. I t  i s  , 

tempting to speculate t h a t  the pro1 i feration of i n t e r s t i t i a l  ce l l s  

. . in thea lveo la r  zone i s  controlled, direct ly or  indirect ly,  by the  
. . 

continuous presence of an in tac t  epi the1 i a l  layer. . . . . 

1 t  will be important t o  examine i n  future studies whether we 

can produce a similar interaction between agents other than BHT and 

O2 or X-rays, and then come t o  a general conclusion about the 

pathogenetic pr'inciple underlying the development 'of a t  l e a s t  some 

firms of lung f ib ros i s .    iff use damage t o  the alveolar zone may be 
- 

, 
10 

' caused by many toxi t inhalants or  by several bloodborne. agents. 

I t  is also conceivable tha t  the same or other,agents m i g h t  in ter fere  . 

with' epi the1 i a1 recovery following the ini t i  a1 injury. A commonly 

seen form of chronic lung damage might thus be caused by an acute . . 

synergistic interaction between two agents, provided a c r i t i c a l l y  
. . 

ordered sequence of exposure takes place. 

There are  two specif ic  cl inical  s i tuat ions where i t  i s  conceivable 

tha t  the development of f ib ro t i c  lung changes might be enhanced by 



. . 
a synergism similar  to  the one seen in our animal studies.  Adequate 

treatment of c r i t i c a l l y  i l l  patients often requires O2 therapy. I t  

i s  however often d i f f i c u l t  t o  decide on the concentration of O2 and i 
I 

the duration of treatment which will not cause lung damage. Many 

pat ients  will  suf fer  from adul t  respiratory d i s t r e s s  syndrome and 

- .  
whether the lesion develops can often not be predicted. since 

trauma, shock, f a t t y  embolism and many drugs can cause acute alveolar , . \?. I 

I 
I 

12 dalrage i t  is p6ssibl e tha t  development o f  p;ulmoniry , .  . . 
I 

compl icat ions during O2 therapy is de'termi ned by the presenc'e and . . 

I 

. I 

severi ty  of i n i t i a l  lung damage rather  than by the O2 treatment.  I f .  . I 

. .. I 
. '  I 

t h i s  can be substantiated, i t  wi 11 become necessary t o  devise appropriate I 

diagnostic t e s t s  which would allow detection of alveolar ep i the l ia l  
I 

ce l l  damage so tha t  pat ients  a t  risk can be ident i f ied.  1 
I 

Lung f ib ros i s  can a lso  develop within a few weeks i n  patients . , 

t reated with i r rad ia t ion  t o  the thorax and given concomittantly . , 

antineoplastic agents such. as bleomycin, cyclophosphamide, actinomycin D 
I 

or  others.  t to toxic agents a re  known t o  cause acute alveolar 

ce l l  death. I t  is  feasible  tha t  t h e  accelerated development of 

radiation-induced lung f ib ros i s  i s  caused by a mechanism similar  t o  

the one found in  the study of BHT and X-ray interact ion.  Based on , : .  

these, findings, timing between drug administration and chest i r rad ia t ion  

m i g h t  be an important factor  i n  determining whether excessive f ibros is  : 
. . 

develops . 



References 

1. Fulmer, JD, Crys ta l ,  RG: The biochemical basis of pulmonary 

funct ion. I n  The Biochemical Basis o f  Pulmonary Function, 

Crys ta l ,  RG ed. New York, Marcel Dekker, 1976. 

2. Haschek, WM, W i  tschi ' ,  HP: ~ u l m o n a r ~ '  f i b r o s i s  - a poss ib le  mechanism. 
. . 

Toxic01 .. Appl . Pharmacol . ' ( i n  press).  

3. Wi tsch i ,  HP, Saheb, W: S t imula t ion o f  DNA synthesis i n  mouse 

1 ung f o l  lowing i n t r a p e r i  toneal i n j e c t i o n  o f  bu t y l  ated hydroxytol uene. 

Proc. Soc. Exp. B i o l .  Med. 147:690-693, ,,974. 

4. ' Adamson, IYR, Bowden, 'DH, ~8t.6, MG, .Witschi , HP: Lung i n j u r y  
. . 

induced by buty la tbd hydroxytol uene. ' Cytodynami . c and . biochemical 

s tud ies  i n  mice. Lab Invest .  36:26-32, 1977. 

.: . 

5 .  H i r a i  , KI , W i  t s c h i  , HP, MG: E lec t ron microscopy o f  bu t y l  ated 

hydroxytoluene-induced lung damage. Exp. Mol. Pathol .  27:295-308, 
. . .. , . .  

1977. 

, .  . 

W i  t s c h i  , HP, dte', MG: 1,nhib i t ion o f  bu ty la ted  hydroxytoluene 

induced mouse lung c e l l  d i v i s i o n  by oxygen: t ime -e f f ec t  and 

dose-ef fect  re1  at ionships.  Chem. B i o l  . In te rac t i ons  19:279-284, 

~ t e ~ e m a n n ,  H., S ta l  der, I(: ' Determi na t ion  o f  hydroxyprol i ne. C l  i n .  

Chim. Acta 183267-273, 1967. 



' ,  

8. Haschek, W M ,  Meyer, KR, Ul l r ich ,  R L ,  Witschi, HP: potent ia t ion of 

chemically induced lung f i b r o s i s  by thorax i r r a d i a t i o n .  I n t .  J .  

Radiat. Oncol . Biol . Phy. ( i n  press) .  

9. Terzaghi , M ,  Nettesheim, P ,  Wi 11 iams, M L :  Repopulation of denuded 
. . 

t racheal  ' g r a f t s  w i t h  normal , preneoplast ic and neoplas t i c  
. ... 

epi the1 i a1 c e l l  populations . Cancer Res . 38:4546-4553, 1978.. 

- .  

10. Wi t sch i  , H P ,  cat& MG: Primary pulmonary responses t o  t ox i c  

agents: CRC Crit. Rev. Toxicol. 5:23-66, 1977. 

11. PrBtt, PC: Pathology of  adu l t  r esp i ra to ry  d i s t r e s s  syndrome. In 

The  Lung, Structure ,  Function and Disease. fhur lbeck ,  bJM, and 

  bell, MR ed.,  Baltimore, MD, Williams and Wilkins, 1978. 

12. Katzenstein, ALA, Bloor, CM, Liebow, AA: Diffuse a lveo la r  damage - 
t h e  r o l e  of oxygen, shock and re1 a ted f ac to r s .  Am. J .  Path01 . 

13. Gross, H: Pulmonary e f f e c t s  of rad ia t ion  therapy. Ann. In tern .  

Med. 86:81-92, 1977. 
. . 



. 

. . 
Figure 1 . 

Lungs from mice injected i . p .  with 400 mg/kg BHT, kept i n a i r ,  

and ki l led 2 weeks a f t e r  BHT. Hypercellularity of the alveolar 

septa and occasional intraalveolar macrophages a re  present. H & E x 200. 

. Figure 2. 

Lungs from mice injected i .p. with 400 mglkg BHT, immediately 
.. . 

'exposed t o  70% oxygen f o r  6 days, and ki l led 2 weeks a f t e r  BHT. 
. . 

? 

Disruption of normal parenchymal architecture i s  due t o  c e l l u l a r  . ,. 

i n f i l t r a t i o n  and consolidation. . H . &  E X 200. 
. . 

F.i gure 3. 

Lungs from mice i n j e c t e d  i .p .  with 400 mg/kg BHT;  immediately 

exposed t o  70% oxygen f o r  6 days, and k i l led  2 weeks a f t e r  BHT. 

Large numbers of r e t i cu l in  f ibers  of varying thickness a re  present 

. i n  a lvolar  s e p t a  and area of consolidation. Snook 's  r e t i cu l in  stain 

Figure 4. 

Lungs from mice injected i  .p .  with 400 mg/kg BHT, i r radiated.  with 
. . 

100 rad X-fay one day l a t e r ,  and ki l led 2 weeks a f t e r  BHT. . I n t e r s t i t i a l  

pneumoni ti s characterized by hypercell ulari  t y  and thickening of 
. . .  

alveo1.ar wall s i s  present. H & E .X 250. 

Figure 5. 

Lungs from mice injected i .p.  w i t h  400 mglkg BHT, i r rad ia ted  w i t h  
. . 

100 rad X-ray one. day l a t e r ,  and k i l led  24 we'eks a f t e r  B H T .  Alveolar 

wall s a re  s l  ight ly  thickened and hypercell ular  w i t h  i nd i s t inc t  borders. 



Table 1: Total lung hydroxyproline i n  mice exposed t o  70% O2 

foil owing B H T ~  

Hydroxyprol i ne per 1 ung (bg) 

b. Oxygen exposure on Oxygen exposure on 
. ~ r ~ a  tment days 1-6 a f t e r  BHTC days 7-1 2 a f t e r  BHT 

-Corn o i l  + a i r  206 2 5 

Corn o i  1 + 70% O2 ' 228 2 4e 

BHT + a i r  296 2 21e 

BHT + 70% 02, 539 2 lgeyf  

. . . . 

a ~ a t a  from reference 8;  values a r e  means + SE from 8-10 an ima l s l~ roup  
. . 

b ~ a l  e mice received BHT (400 mg/kg) i . p. o r  corn o i l  (0.1 rnl / log)  
.. .. . . . 

. . 
i .p.  and were k i l l ed  2 weeks l a t e r .  

. . 
C Exposure t o  70% O2 begun immediately a f t e r  BHT i n j ec t i on .  

d ~ x p o i u r e  t o  70% O2 begun 7 days a f t e r  BHT in ject ion.  

ep < 0.05 compared t o  animals in jec ted  w i t h  corn o i l  and kept i n  a i r .  

f p  .< 0.05 compared t o  animals in jected w i t h  B H T  a n d  kept i n  a i r .  



I 
I 
I Table 2: Tota l  l ung  hydroxyprol ine i n  animals exposed t o  70% 

O2 on d i f f e r e n t  days a f t e r  BHT 

~ r e a  tmenta b Hydroxyprol i ne per 1 ung (vg) 

BHT and 70% O2 
. . 

on days 1, 2, 3, 4 . 

BHT and 70% O2 

on days 3, 4, 5, 6 

BHT and a i r  283 2 10 

a ~ a l e  mice i n j ec ted  w i t h  400 mg/kg o f  BHT and kept  i n  70% 02 as 

ind icated,  otherwise i n  a i r ;  a l l  animals k i l l e d  2 weeks a f t e r  

BHT. 

b ~ e a n  + SEM; from 10 animals per group. 

Cp < 0.05 compared t o  animals i n j ec ted  w i t h  BHT and kept i n  a i r  

dp .< 0.05 compared t o  animals i n j e c t e d  w i t h  BHT and exposed t o  

. O2 on days 3-6. 



. .  . .  

Table 3:  Total lung hy,droxyproline i n  animals i r r a d i a t e d  with 200 

rad X-rays on d i f f e r e n t  days a f t e r  B H T ~  

b Treatment 

Hydroxyprol i ne per 1 u'ng (ug) 
I r rad ia ted  1 day I r r a d i a t e  6 days 
a f t e r  BHTC a f t e r  BHT d 

.Corn o i l  + sham i r r a d i a t i o n  178 + 3 219 5 4 

I Corn o i l  + 200 rad 184 + 5 215 + 6 . . 

- .  

BHT + sham i r r a d i a t i o n  259 k 6e 295 + 16 

BHT + 200 rad e,f 371 + 26 284 k 9 . . . . 
. . . .  . 

' a ~ a t a  from reference  9; values a r e  means + SE from 10 animals/group 

b ~ a ' l e  mice receivedBHT* (400 mg/ kg) i .p. o r  corn o i l  (0.1 ml/l Og) 

i .p .  andwere  k i l l e d 2  weeks l a t e r .  
. .  : . . 

'200 rad t o  t h e  'thorax 1 day a f t e r  BHT. 

d200 rad t o  t h e  thorax 6 days a f t e r  BHT. 

ep < 0.05 compared t o  animals in jec ted  with o i l  and sham i r r a d i a t e d .  

f p  c 0.05 compared t o  animals in jec ted  with BHT and sham i r rad ida ted .  



- 
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Table 4: Total lung hydroxyproline i n  animals i r r a d i a t e d  with 100 

rad X-rays 1 day a f t e r  BHT" 

Hydroxyprpl i ne per l ung (ug ) 

Weeks a f t e r  BHT + BHT + Corn o i l  + Corn o i l  + 
BHT .. 100 . r a d .  Sham 100 rad Sham 

a Male mice received BHT (400 mg/kg) o r  corn o i l  (0.1 ml/lOg) i.b. 
and were i r r a d i a t e d  w i t h  1.00 rad to' .  the thorax o r  sham ' i r r a d i a t e d  

1 day l a t e r .  The animals were k i l l  ed 2, 6.12 o r  24 weeks a i t e r  

I . . 

BHT. 

bp < 0.05 compared t o  animals. t r e a t e d  with BHT and sham i r r a d i a t e d .  












