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ET IO LOGY OF STRESS U L C E R  IN B U R N E D  PATIENTS

CONTRACT ~ DA DA 1 7 - 7 1 - C - l b S

D E P A R T M E N T  OF THE A R M Y

The main thrus t  of the research  p r o g r a m s  suppo rted by the United

States A r m y  cont racts  at the Burn  R e s e a r c h  Cente r  of The W e s t e r n

Pennsylvania Hosp ital has been d i r ec t ed  toward obta in ing  a be t te r

unders tanding  of the et iology of s t r e s s  u l ce ra t ion  follow in g t h e r ma l  in jury .

Such u l c e r a t i o n , w i th  or wi thout  h e m or r h a g e , is a fea red  complication of
11bu rns , wi th  an inc idence  as hi gh as l~~~ in one ser ies  and a si gni f icant  mor ta l i t y .

Since the etiology of s t r e s s  u lce ra t ion  was  unknown desp ite in tensive

re sea rch , and s ince t h e r ma l  i n j u r i e s  among m i l i ta r y  pe rsonne l  are  more

f requent  t han  among  c iv i l i ans , both at w a r  and in peace t ime , the Uni tes

States A r m y  has subs id i zed  our  r e s e a r c h  p r o g r a m .
3

It is our  bel ief  tha t  the v a r i a b l e  r a t e s  of g a s t r i c  acid s e cr e t i o n ,
10 15

mucous produc t ion  and s t ero id  e l a b o ra t i o n  follow ing b u r n s , as w e l l as th e

6
inverse r e l a t i o n s h i p  between the rate of gastr ic  secretion and bu rn size ,

w e r e  all r e la ted  to a mucosa l  i n j u r y .  The cont rast  between g a s t r i c  sec re t ion
6 5

in the burned  patient  and our s tudies  of hype r sec  retion in unburne d  pat ients

was  s t r i k i n g ,  and r e in fo rced  our  be l ie f  tha t  a rnuco sal  inju ry o c c u r r e d  in

bu rned pat ient s , most l ikel y r e l a t ed  to change s in g a s tr i c  blood flow .

It was  our decis ion to evaluate  a l t e red  vascula r flow to the stomach

at both th e  n i i c r o c i r c u l a t o r y  level  and the mac roc i r culato ry  level .  As p revious l y

repo rted , the g a s tr i c  m i c r o c ir c u la t i o n  was  s tudied  b y i n j e c t i n g  opaque m a t e r i a l

( Mic rof il)  into the vesse ls  of bu rned and u n b u r n ed  an ima l s .  A f t e r  c l e a r i n g  of

— 1-.
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the specimens and study of the vessels , we found that marked arte rtovenous

shunt ing occur red  following burns , thus confirming our hypothesis of a

vascular etiology of the changes in the physiology of the mucosal cells.

Macrocirculatory studies we re then under taken to determine changes

In blood flow to the abdominal v i sce ra .  Statham Lab flow probe s w e r e  used to

quantitate celiac and superio r mesenter ic  a r te r ia l  flow . It had been our

intention to ch ronically implant these probe s and then long itudinally study the

flow change s in animals follow ing a s tandard burn .  The rabbit tu rned out to

be a poo r animal for  this type of stud y because of infection and probe destruct ion.

Slight angulation of these small probes resulted in marked fictical changes in

blood flow .

Consequentl y,  flow ( cc. 1mm . 1k g. ) was determined in a control

serie s of animals , as well  as animals at 24 , 48 , 72 and 96 hours  post standard

bu rn . All  animals w e r e  anesthet ized , probes w e r e  inser ted , stabilization

accomplished , and readings then obtained for  two hours .

We found that  in control  animals t he r e  is equal flow in the celiac

and superio r rnesenteric  a r t e r i e s .  At 24 hours  post bu rn , the re  is a 4O~
b
o

reduction of the flow in the supe rio r rnesenter ic  a r t e r y  and a 60% reduction

in the celiac blood flow . At 48 hours  the reduction in the super ior  mesenter ic

flow is 20% of normal , and at 72 and 96 hours , t h e r e  is no s tat is t ical  d i f f e r e n c e

between post bu rn  animals and cont rols .  Celiac flow is reduced to 50°~, of normal

at 48 hours and to 30% of normal at 7Z hours and 96 hours\,~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• N •~
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We thus demonstrated profound macrocirculatory changes to the

abdominal visce ra, the most profound changes being to the circulation of the

stomach and liver. Unfortunately, the small calibe r of the gastric and

hepatic arteries did not permit differential uppe r abdominal blood flow studies.
1 -

We were  struck by the findings of Chiu and his associates , that less

adenosine triphosphate is present in the mucosa of scalded animals 24 hours

following burns . We therefore set out on an ambitious program of quant it ative

analysis of adenosine triphosphate p roductiofl , and of enzym e staining of gastr ic

and duodenal mucosa so as to study change s in alkaline phosphatase , acid

phosphatase , leuci.ne aminopeptidase, succinic acid dehydrogenase and

diphosphopyridine nucleotide diaphorase .

We wished t’- - - rf o r m  longitudinal studie s of the adenosin e

triphosphate content of the gastric mucosa as Chi.u had done at 24 hours post

standard bu rn , so that we could dete rmine the time of maximum energy
2

reserve ” depletion. The method of Forte was used for these determinations.

We could not consistently reproduce Chiu ’s result s despite our ability to

accuratel y p e r f o r m  the ATP assay. This surely is a result of the mucosal

scrape technique described by Chiu in an attempt to remove the mucous and

relate findings to cellular weight only.

Identical histochemical studies of gastric and duodenal rnucosa were

pe rfo rmed on specimens f rom cont rol animals and animals at 24 , 48 , 72 and 96

hours post standard bu rn. Routine hernatoxylin and eosin stains w e r e  also

pe rfo rmed.

- -
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We stained these specimens for intracellular alkaline phosphatase

and leucine amino peptidase to determine al terat ions in cel lular  b rush  bo rde r
13 -

function. The method of Pryse-Davies was used for the alkaline phosphatase

staining and resulted in good enzyme local izat ion for the spe c imens in which

extensive mucosal s lough had not occu r r ed .
8

Similarly, by using the method of Nachias , leucine arninopept idase

was localized in the brush border. Subjectively, less of both of these enzymes

was present  at 24 and 48 hours , while regenera t ion  of the enzymes appears

to beg in at 72 hours and continue in the 96 hour specimens.

Quant itative mitochondrial  function was assayed histochemically by

staining for succinic acid dehy drogenase  and di phosphopyridine nucleotide
12 7

diaphorase.  The methods descr ibed  by Pearse  and Myren were  used for

succinic dehyd rogenase and w e re  most success fu l .  The re was a marked

decrease in enzyme at 24 and 48 hours , with minimal regenera t ion  at 72 hours

and moderate  reconsti tution of enzyme at 96 hours .

Diphosphopyridine  nucleotide diaphorase  was localized .using the
14

method of Scarpelli ,and resulted in f indings of mitochondrial  funct ion as noted

usin g the succinic deh ydrogenase  stains.

Lysosomal function was to be studied by de te rmin ing i n t r a c e l l u l a r

acid phosphatase content . Attempt s to stain for  this enzyme by the methods of
13 4

Pryse-Davie s and Gomori  w er e  totall y inconsis tent  due to lack of s ta ining or

stain preci pitat ion.

Standard hematoxy lin and eosirt slides demonst r a t ed  ma rked rnuco sal

changes follow ing our standard burn .  The cellular archi tectu re was  less

~

--  --- --—- —~ 
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distinct and there was a definite tendency toward n~ucosai sloug h in the

24 and 48 hou r specimens .

Because of t he f r a g i l i ty  of the muct-’sa po~ t b u r n , co n s i st en t  resu l t s

u s ing  h i s toch e  n u - a l  t echn i ques a r t ’t l ead  o qt t .t:tt itat ive  me a su r~ ment s t L i~

permi t  s ta t i s t i c a l  a n a ly s i s . Pe rhaps  the only  p r e s e n t  e r~~t~~~ln t o  that is

m e a su r em e n t  o~ S t  c i n i c  d rh yd r og e n a .~e 1iv th e  S w i s~ R o l l  “ method
I I  —

of P e ar s e  W h j c h  \ t ’,. r e n  e l eg a n t ly  u sed  fo r  c or r c l at i n ~ ac id  se c r e t i o n  ith

succin ic deh yd ro g e n a s e  t u n t i on .  :~ lk aiiite phosp hata se and part ~cttl a n y  ac id

phosp h a t a s r  st .t t n s  a r e  so tin~~ able and p !f s e t i s ’ .t t v r  t h at  u a n t  ~t a ~~i vt  ~ t d i : 1 i t i t~

Is Imprac t icaL

Despite the t e c h n ic a l  d t t t t u l t  i r S  w h i t -h we  e~t o u n t er e d . the s u h i e c t i v ~

change s noted in a l k a l i n e  pho sp h a ta  se • leuc m e  a n t  I t t op ep t  t d a s  e • sn~ chi ic

d eh v d  r~~ ,~~Tia  ~ r an d d t o~~phopy  r t t i i n e  nuc l e o tid a s e  • a ~~~ ~ fu r t h e r  i n d i c a t i o t~ of

the  ~n ar ~~r d m t  r a c r U t i l a r  ~ a s t r i ~- and  t h i o d e n .t l t uu~-~~sa i  c h a n g es  t~~i a t  o cc u r

fo I lost - t : i t ~ s i  ~ n ~s ant  t h er  t t  ta 1 in ; u r v .

( (
~N I ~~~~~L~ N~

The r u t a l  in t t  rv  r e su l t s  in mic  r ov . i s  ~ula  r n iuc  os -~ I a l t e  r a t  i on s  w i t h

venospas m and a n e  r t ov en ou s  s h u n t  in ~

The r n t a l  in t u  rv re ~.t t l t  s in mac  ro~’a s c u b a  r changes  it h  a do re ase  in

abdotn ina  I v i  cc ra l (low .nio st ma rk e  d and p ro  ion ~~t in f low to  the uppe r

abdomina l  v i  s c e r a

~~ . The expected an~ p r e v iou s ly  repo r ted  dec r v z i s e  in gast  n c  and duod ena l

L 
adent sine t r t ’ho s p ha te  ~ r o du ct  ion c on t~l not l i t - c o n f i r m e d .

—~~~~~~~ -— ~ - -— ~~~~
- — . 
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4. A subjective decre ase o c c u r r e d  in the rnuco sal  m t  r a c r i lu la r a lka l ine

phosp hata se and leucine at’ninopeptidase content follow ing thermal

injury . En r vme r e c on s ti t u  ion  ap p e a r s  to  beg in at 7~ h o u r s  post bu rn

and ref lects  c e l l u l a r  b r u s h  b o r d e r  func t ion .

5. Succinic deh yd rogenase  and di phosp hopyr idin e  diap h o r a s e  content  of

mucosal cells is semi qu an t i t a t iv e l y  de c reased at 24 and 48 hour s , wi t h

minimal r egene ra t i on  at 7.~ h o u r s .

6. Acid phosp h a t a s e  h i s tochemis t  ~y is sub j e c t  to minute v a r i a t i on s  in

techni que a n s i  u s e s  u n s ta b l e  b u f f e r s  and s t a i n s  t h a t  make it u n r e l ia b l e

for  even selni quant t t a t i v e  use .

-~~~~~~~~~ 
-
~~



-
~~~~~~~~~~~~~~~~ .~~~~~~~~~~~~

- — - .

~~~~~~~

- ---- - - - -

~~~~~ 1

1 I~

I .  C hin . C ~~~~~, \ l - .\ r ifle . \ .  1 1.  , l~ i s ’\\ n . IL \ . s i t , II. 1 . • G i t  , I~ . N.
‘ 1, ~ ~ t i  I - I i  o s t  - 1~ a i t t  - ‘11 ~~ t t i  i~ h it  -; ‘ , I i  - t 1 t~ I • 1 ‘)

_ ‘ F o r t s  . - ¼~~ . \ t 1~~~~~~_5 ~~
‘ 

~~ !. ‘. t \  t c t t , IL V . \,- ‘ j  i 0  t ( ! , ~~!t 0i~~
i i i  ~s s t l l t r o , ~ ~~c - - t  i t  i t t t i o - , a -

. l s ’ h t i t  ~~t 5 ’ t h v ~. \ - t a .
‘ - S 

• ~

. ~~ P. 1 . , ‘ t t t t l u v . ~~~
. 1 t  t t ~~ i t t ’ i f l , U . I . t t  ‘ t t V  t o i s t i ,  , t i i d

t h e  r u ’e t i ! t ,  , ‘ t s l e r t t t , ’t i , ’t  t i 1 r i t t l ~’ s  ti l c i  i t t  ~~~~~~~~~~ .1 . \ \~~~\ l~
-
~ 

-~~~~~.‘ •

~~. C s ’ t t t s ~~i t , si . N t t r s s 5 o t ~i -  ~~~!s ~~s l t i ’t i i .t  I V  I t ~~~c 7 1 . i .t t~o ,

U . t i - t s - ’ rt , -‘
~~. 

\‘t , ‘\ c - , - h s I c -~ - , IL I . , I I I : , ’~ : . 1~ . \\ . ~~~.t : - ! : t 5  . t t t . I l V i 1 -

ii. t h e  t l ’~~c~U , e  01 d~~~i~~~5 t i t I t i ’ l i ’ g . t - (  r i  t’ t t , C ’~~~\ • - \ r c ’ t - . oii~~~.

1.’~~ I~~~.’ . 1 L’ .~

- I Ia r y. i s  on . . N’ ..  C a t s , . 1 s - , r lt  s i c  r . . 1 . ~~i - r i  -- c ’ ,- t c ’t  i o n

in t h e  h it  i t i , -d  t ’ a t  l e flt . b i t  l ’ s t t n t .i l .~ I d~~ I . 5~~) 7

7 . \t v i c - ’ i  .1 . , I r o n . ~~~ , , ‘C i~~~~ :e , ~~~. , (~~~~ i s  ~- c ’ , . s~~.i -; t i - i ,  s~- , i s !  j o l t

att ~~ t ’ t n i e t  i l  - c ’ I l t . . 1 . b i t s ’ t s l a i  i ’ t t :~~ t i ’  ~‘s \ \  • ‘en  r i !  c .s  o t  i - c ’, I t O i l  t i l t

t ’t s  i t t ’  r t s c ’ l l t t l  i t  i t  n u t  ~~e~~t~ ’d r , ’ t , i i , i, r  1 !  i \ i t V  t t L r ~~~~~~~~~ h U n I t i t  t o t i t . t -h s

~ ~‘_ t - s~~~~~. l~~’~— I S I . l’h ~

S . N tclil,t . \~~ . N I , .  u ’ r . i u  t o i d , :‘ . U . , Sc ’ i i ~~ n i .tn , - \ -  \~ l’h r h i~~i o s h c - n i i , a l
do u t  ‘t i  ~- i  i t t  t on  ‘ i  1 c i t e  i!~~ ’ ~t I t t  i t t ~~’ i’ , t ’t  i d a t t i- ‘ , 1 0 t i t U i l  of  it ; 5  l i e  ~~~ I ‘ V  l i i

~~~~~,
- O m l - - ! ~ -. - s _ _ S :, t ‘~ ‘

~~. ~~~N e t ! I , . \ .  . I I .  ‘ I ’h i n t ~~i I c - t 1 s - s ’ ,1 t h - r i t .C ~‘t : t t i s  on ~a - t  i t

s c ,  r o t  ‘ t i  . ‘i t t t ’ —
‘ t ’ •

- 
, l ‘~

I ~~~, s~ Neilt , • 1 \ , i r .  , l~ i i  - I t s - v . C,  R . , N I t  ~~oi i , \ 1’ . , .1 r .  , \ ii  l . i r c a . N’ -

lit t i  e o I ! ! t C t t I  t I ht  I I I  S O t t  I b r 1 c lu ll O U  U I  0 d i t  t i  5~~it  . Sit  r . i” ’ m u  i t

1 -
- 

-
. - )  ; 

• t * 
——

1 1 .  V r tittt , P \ .  . J r . .  V o l t -v . 1’ . P. • \~~, ‘t i , - r t c ’ l  , J . .\ C t t r l i i ’ s n i t - o r
l i n t  . i l  t s . 1 t h 5 . i 5 s~~~~5 - ~ t m t ~ !t o t ~~.

‘ 
~~~~~~~~~~~ , -‘i n n  ~t r , 17. ’ : ’ i ,

1.’ . I’ e .i r - i e , ‘i .  F .  C.  ‘‘ ~~~~~~~~~~~~~ v , t b e o r t ’t i5 - . t l  an d  ipp l i c -d . Ch u r c h i l l .
I ~‘tt ~~s ’n . 1*’ t~

1’ r v sc ’ - I ~.t u - i c - s  , J - • I ~~it ~ son  - I \ I .  • ~n .u pe  . 1. N . ‘ 1’ ‘- r~ i t t  o t t - ;  t n  1 l i t ’

i t  - c ’ t ’t st t~~s u t  ‘ed c I .~ -
- 01 , t !  ; I~~~’ r t l i e  j o n  I t ’ll I r a t i o n  i t t  a I h a  l i n e  t ’h o —  ph i t ,i t — c ,

a t s !  t ’ho  ~- p hat  .is,’ and t i s ’l l  p c ’s i ! ,  ‘‘ M t  0 ra  e in ad r e n a l  .lflsI p r o  I i t s ’ g I uiu s
h ’s . \. ‘, ‘ I I ’ s  c ’ s t ” i i t ’ l u t i , ’ i u t , -t h ’ 51s . .T . l ’ a t h .  h i t  . S i i ’) ,’ .‘t 18 . l~~ 1

L~~
__

-- ——— — —_ -_- -_— — --— — ~~~~~~~~~~~~~~~~~~~~~~~ _~_~~2L~~_ _ _  ~~~~~~



1-1 . S s u r i s s I l i , P. si , ,  I I s - t ~~ , ~~ . , P e i r , c ’ , A .  C , ‘ I lit ’ , v t t s , i n t t i ~ ’a I
Is ’s , i l i / a t k s - I t  t . f  s , \ t c !  t \ t  , ‘ .‘v  t I l t ; . I . l t I ; s l t s s ~; t s ! s l t s \ r j ( i s i i ,  i I I , - 1t’ s , m

c h a t  in, r - t -~~‘‘ a l l  t r i l l  ~~~~~~ id j I l s  0 , i , t c i  ~ d s i  r a ; c  -

_~~_
. t ’ i t ’ l i v -  s v l s i .  I ’L /  C- ’ , I ’ t — ~~

I ~~ . ~~ l i e  - - t c t e t  • . ‘i ‘ ‘  I I U x v  co i - t t e 5 ’ t i - ro C ifl I ’  - ‘ i t s !  ~ i i  s1 ~~ n !
i t !  st  t t ’  i t t  S I !  I~~~~I i ’ i i . i l  , t t  i - u , ;  - - . \~ I a ~~~~ r . ~~~~ P ~~~~~ 1
1 ‘ - .~ 11 I — I t ’ , ~~

- - ____ ~~~~
. . ~~~~~~~~ ~~~~~~~~~~~~~~~


