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ABSTRACT. Compound 48/80 has p r e v i o u s l y  been shown t o  improve wound h e a l i n g  i n  
r a t s ,  presumably t h r o u g h  s t i m u l  a t i o n  o f  h i s t i d i n e  decarboxy l  ase a c t i v i t y  and 
m o b i l i z a t i o n  o f  h i s t a m i n e  f rom mast c e l l s .  I n  t h e  p r e s e n t  s t u d y ,  C57B1/6 mice 
were wounded by d o r s a l  s k i n  i n c i s i o n  f o l l o w e d  by t r e a t m e n t  w i t h  compound 48/80, 
exogenous h i s t a m i n e ,  o r  t h e  comb ina t ion  o f  48/80 p l u s  h i s t a m i n e .  S k i n - b r e a k i n g  
s t r e n g t h  was s i g n i f i c a n t l y  i nc reased  over  s a l i n e - i n j e c t e d  c o n t r o l s  by t h e  
combined t r e a t m e n t  w i t h  48/80 and h i s t a m i n e .  N e i t h e r  48/80 o r  h i s t a m i n e  a lone  
had any i n f l u e n c e  on wound h e a l i n g .  H is tamine  c o n t e n t  o f  s k i n  a t  t h e  wound s i t e  
was s i g n i f i c a n t l y  reduced by 48/80 t r e a t m e n t ,  b u t  was u n a f f e c t e d  by 48/80 p l u s  
h i s t a m i n e  o r  h i s t a m i n e  g i v e n  a lone .  I n  c o n t r a s t ,  stomach and l e g  muscle 
h i s t a m i n e  l e v e l s  were s i g n i f i c a n t l y  i nc reased  beyond those  of unwounded, wounded 
s a l i n e -  o r  4 8 / 8 0 - i n j e c t e d  mice.  These r e s u l t s  were a l s o  c o n f i r m e d  i n  CD mice,  
and a r e  i n  c o n t r a s t  t o  f i n d i n g s  i n  r a t s  i n  which t r e a t m e n t  w i t h  48/80 a lone  
s i g n i f i c a n t l y  improved wound h e a l i n g  o f  s i m i l a r l y  i n j u r e d  an ima ls .  

INTRODUCTION. The i n t e r r e l a t i o n s h i p  between 
wound h e a l i n g  and h i s t a m i n e  (HM) has been 
e x t e n s i v e l y  s t u d i e d  ( 1 ) .  I t  has been shown t h a t  
HM-forming c a p a c i t y  a t  t h e  wound s i t e  i s  an 
i m p o r t a n t  de te rm inan t  o f  wound h e a l i n g  as 
measured by s k i n - b r e a k i n g  s t r e n g t h  and t h e  
s t i m u l a t i o n  o f  c o l l a g e n  d e p o s i t i o n  ( 1 ) .  

S ince  b o t h  vasodi  1  a t  i o n  and f i b r o p l  a s i  a, 
s t i m u l a t e d  by HM, a r e  be1 i e v e d  t o  be i m p o r t a n t  
f o r  wound h e a l i n g  (2 ,3) ,  endogenous o r  
i n t r a c e l l  u l  a r  HM appears t o  p l a y  a  c r u c i a l  r o l e  
i n  wound h e a l i n g .  However, t h e  e f f e c t  o f  
exogenous HM i s  s t i  11 u n c l e a r .  Kahl son e t  a1 . 
( 1 )  demonstrated t h a t  exogenous HM d i d  n o t  
s i g n i f i c a n t l y  i n f l  uence wound hea l  i n g  as 
measured by t e n s i l e  s t r e n g t h  o f  s u t u r e d  s k i n  
i n c i s i o n s ,  whereas Dabrowski e t  a l .  ( 4 )  observed 
t h a t  l o c a l  i n j e c t i o n s  o f  HM had a  s t i m u l a t o r y  
e f f e c t  on c o l l a g e n  d e p o s i t i o n  i n  l o w  doses and 
an i n h i b i t o r y  e f f e c t  i n  h i g h  doses. 

Carnos ine ( O - a l a n y l - L - h i s t i d i n e )  i s  
cons ide red  t o  be an i m p o r t a n t  p r e c u r s o r  f o r  HM 
i n  an imals  s u b j e c t e d  t o  s t r e s s .  F i t z p a t r i c k  and 
F i s h e r  ( 5 )  showed t h a t  c a r n o s i n e  i n  s k e l e t a l  
muscle decreased a f t e r  h i n d  l e g  f r a c t u r e  i n  
r a t s ,  and Nagai e t  a1 . (6 )  i n d i c a t e d  t h a t  l o c a l  
t r e a t m e n t  w i t h  c a r n o s i n e  improved t e n s i l e  
s t r e n g t h  o f  wounds, compared w i t h  those  o f  
u n t r e a t e d  animal s .  

 h hi s  i s  New Jersey  A g r i  c u l  t u r a l  Exper iment  
S t a t i o n  p u b l i c a t i o n  no. 14101-1-89. T h i s  work 
was suppor ted  by s t a t e  funds and by g r a n t s  f rom 
t h e  American H e a r t  A s s o c i a t i o n ,  New Jersey  
A f f i l i a t e ,  and t h e  Char les  and Joanna Busch 
Fund. 

I n  t h e  p r e s e n t  s tudy ,  we e v a l u a t e d  t e n s i l e  
s t r e n g t h  o f  wounds as w e l l  as HM c o n c e n t r a t i o n s  
i n  s k i n  a t  t h e  wound s i t e ,  i n  stomach, and i n  
muscle i n  C57B1/6 mice, an i n b r e d  s t r a i n  w i t h  
l o w  k i d n e y  ca rnos inase  a c t i v i t y  ( 7 ) .  The mice 
were t r e a t e d  w i t h  exogenous HM as w e l l  as w i t h  
compound 48/80, which r e l e a s e s  HM f rom mast 
c e l l s  and s t i m u l a t e s  h i s t i d i n e  decarboxy lase  
(HDC) a c t i v i t y  ( 5 ) .  

METHODS. E x ~ e r i m e n t  1.  Male C57B1/6 mice were 
m a i n t a i n e d  on a  s tandard  commercial  l a b o r a t o r y  
d i e t  (#5015, P u r i n a  M i l l s  I n c . )  and t a p  w a t e r  ad 
l i b i t u m .  Animals  we igh ing  20-24 g  were d i v i d e d  
i n t o  f i v e  groups o f  seven mice each. They were 
a n e s t h e t i z e d  w i t h  pen tobarb i  t a l  (60 mg/kg body 
w e i g h t ) ,  and t h e i r  d o r s a l  r e g i o n  was shaved w i t h  
an e l e c t r i c  shaver .  A  3 cm median i n c i s i o n  was 
made and t h e  wound c l o s e d  w i t h  f i v e  i n t e r r u p t e d  
s u t u r e s  o f  4 -0  s i l k  ( E t h i c o n  I n c . ) .  The f i v e  
groups were t r e a t e d  once d a i l y  f o r  7  days w i t h  
i n t r a p e r i t o n e a l  i n j e c t i o n s  as f o l l o w s :  Group 1  
c o n t r o l ,  unwounded, n o t  i n j e c t e d ;  Group 2  
wounded (day 1  ) , s a l  i ne (0 .1  ml ) ; Group 3 
wounded (day I ) ,  2.5 mg/kg compound 48/80 (Sigma 
Ctjemi c a l  Co. ) i n  s a l  i ne ( 0 . 1  ml ) ; Group 4  
wounded (day l ) ,  20 mg/kg h i s t a m i n e  
d i  hyd roch l  o r i d e  (Sigma Chemical Co.) i n  s a l  i n e  
( 0 . 1  m l ) ;  Group 5 20 mg/kg h i s t a m i n e  
d i h y d r o c h l o r i d e  i n  s a l i n e  (0 .1  m l )  and 2 .5  mg/kg 
compound 48/80 i n  s a l i n e  (0.1 m l ) .  A l l  
s o l u t i o n s  were f r e s h l y  prepared d a i l y .  The l a s t  
t reatments  were c a r r i e d  o u t  15 min be fo re  
d e c a p i t a t i o n .  

On t h e  seventh day a f t e r  wounding, t h e  mice 
were decap i ta ted ,  and s k i n  o f  t h e  wound s i t e ,  
stomach, and from l e g  muscles (gastrocnemius, 
soleus, and t i  b i a l  i s  complex) were removed f o r  
t h e  de te rm ina t ion  o f  HM c o n c e n t r a t i o n  by t h e  
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Table 1. Effect of Compound 48/80 and of Exogenous Histamine on Wound-Breaking Strength and Tissue 
Histamine Content of C57BLl6 mice1 

Measurement 

Animal treatment Skin-breaking Tissue histamine (pg/g) 
strength 

(9) Skin Stomach Leg Muscle 

Not wounded 8.7 + 1 .Oa 7.3 + 1.5" 0.51 & 0.17" 
Wounded 

Saline, ip 84.9 + 21 .4"12 9.7 + 3.3" 10.5 + 2.0b 0.53 + 0.27" 
48/80 (2.5 mg/kg), ip 73.8 + 17.5" 5.2 + 2.6" 8.5 + 2.0" 0.51 + 0.30" 
Histamine (20 mglkg), ip 85.4 + 23.9" 10.5 + 4.8" 13.6 + 1.7" 2.60 + 0.61b 
48/80 + Histamine, ip 11 1.9 + 22.7b 9.6 + 3.2" 13.4 + 1.9" 2.22 * 1 .OOb 

Averages k SD for seven mice, 7 days after wounding and daily injections of the substances listed. 
Values within each column with different letter superscripts are significantly different from one another with P varying from 0.05 to 0.0005. 

i s o t o p e  method d e s c r i b e d  by  Lee e t  a1 . ( 8 ) .  The 
s k i n - b r e a k i n g  s t r e n g t h  was measured on d u p l i c a t e  
s t r i p s  o f  s k i n  ( 1  by 3 cm) f r om each an imal  
u s i n g  an I n s t r o n  t e n s i o m e t e r .  

Exper iment  2 .  Male C57B1/6 mice (20 -40  g  
body w e i g h t )  were m a i n t a i n e d  on t h e  commercial  
l a b o r a t o r y  d i e t  and t a p  w a t e r  as i n  Exper iment  
1.  They were ass igned i n t o  one o f  t h r e e  groups 
t r e a t e d  as f o l l o w s :  Group 1  unwounded, 
u n t r e a t e d ,  n o t  i n j e c t e d ;  Group 2 wounded, s a l i n e  
( 0 . 1  m l )  i . p . ;  Group 3 wounded, 2.5 mg/kg 
compound 48/80 i n  s a l i n e  ( 0 . 1  m l )  i . p .  

The mice were i n j e c t e d  once d a i l y  i n  t h e  
morn ing .  The l a s t  t r e a t m e n t s  were c a r r i e d  o u t  
15 min  b e f o r e  d e c a p i t a t i o n .  Wounded and t r e a t e d  
an ima ls  were k i l l e d  on t h e  f i r s t ,  f i f t h ,  and 
seventh  day f o l l o w i n g  wounding. The s k i n  o f  t h e  
wound s i t e  was removed. HDC a c t i v i t y  was 
de te rm ined  by t h e  method o f  Snyder and Epps ( 9 ) .  

RESULTS. Exper iment  1.  The s k i n - b r e a k i n g  
s t r e n g t h  and t h e  HM c o n t e n t s  o f  t h e  s k i n  o f  t h e  
wound s i t e ,  stomach, and musc le  a r e  shown i n  
Tab le  1 .  

Compound 48/80 t r e a t m e n t  d a i l y  f o r  7  days 
d i d  n o t  a l t e r  s k i n - b r e a k i n g  s t r e n g t h ,  b u t  i t  
s i g n i f i c a n t l y  ( p  < 0 .05)  reduced s k i n  HM c o n t e n t  
compared w i t h  t hose  o f  a l l  o t h e r  t r e a t m e n t s .  
Compound 48/80 d i d  n o t  a1 t e r  stomach and musc le  
HM c o n t e n t s  compared w i t h  t hose  o f  t h e  unwounded 
c o n t r o l  and s a l i n e - i n j e c t e d  g roups .  Treatment  
w i t h  HM d i d  n o t  a l t e r  s k i n - b r e a k i n g  s t r e n g t h ,  
and s k i n  HM c o n c e n t r a t i o n  was t h e  same as f o r  
t h e  c o n t r o l  and s a l i n e - i n j e c t e d  groups.  Musc le  
and stomach HM c o n t e n t s  were s i g n i f i c a n t l y  
i n c r e a s e d  by t h e  HM i n j e c t i o n s .  The comb ina t i on  
o f  HM i n j e c t i o n  w i t h  compound 48/80 
s i g n i f i c a n t l y  i nc reased  s k i n - b r e a k i n g  s t r e n g t h  
compared w i t h  o t h e r  t r e a t m e n t  groups and 
m a i n t a i n e d  s k i n  HM l e v e l s  equal  t o  t hose  o f  
u n i n j u r e d  c o n t r o l  s.  T h i s  was p a r t i c u l a r l y  
no tewor thy  i n  t h e  f a c e  o f  HM m o b i l i z a t i o n  
induced by compound 48/80. The musc le  and 
stomach HM l e v e l s  were i nc reased  by t h e  HM p l u s  
compound 48/80 t r e a t m e n t  t o  t h e  same e x t e n t  as 
observed i n  t h e  group t r e a t e d  o n l y  w i t h  
exogenous HM. 

Exper iment  2 .  HDC a c t i v i t i e s  on days 1, 5, 

Table 2. Histidine Decarboxylase Activity of Mice 
with or without Compound 48/80 Treatment for 7 

Days following Wounding1 
-- 

Histidine decarboxylase activity 
Time after (nmol x 1 0-4) hr/mg protein 
wounding Wounded 

(day) Unwounded 
Saline 48/80 

Averages + SD for five to eight mice per group, 7 days after 
wounding and daily injections of compound 48/80 or saline. 

Values with different letter superscripts are significantly different 
from one another with P varying from 0.05 to 0.005. 

and 7  f o l l o w i n g  wounding o f  m ice  i s  shown i n  
Tab le  2 .  

By day 1, HDC a c t i v i t y  o f  t h e  s a l i n e -  
i n j e c t e d ,  wounded an ima ls  was 6 .2  t i m e s  t h e  
l e v e l  o f  t h e  unwounded c o n t r o l s .  Compound 48/80 
f u r t h e r  e l e v a t e d  HDC a c t i v i t y  s i g n i f i c a n t l y  
compared w i t h  t h a t  o f  t h e  s a l i n e - i n j e c t e d  group;  
i t s  l e v e l  was 8 .6  t i m e s  t h a t  o f  t h e  unwounded 
c o n t r o l s .  F i v e  days a f t e r  wounding, t h e  s a l i n e -  
and 48/80- i n  j e c t e d  wounded groups had 
s i g n i f i c a n t l y  decreased HDC a c t i v i t i e s ,  compared 
w i t h  t h e  l e v e l s  observed on t h e  day a f t e r  
wounding. By t h e  seventh  day, HDC a c t i v i t i e s  
had f u r t h e r  decreased s i g n i f i c a n t l y  compared 
w i t h  t h e  l e v e l s  observed on t h e  f i f t h  day. 
However, b o t h  t r e a t m e n t  groups s t i l l  showed 
s i g n i f i c a n t l y  h i g h e r  HDC a c t i v i t i e s  t h a n  d i d  t h e  
unwounded c o n t r o l  s .  

DISCUSSION. F i t z p a t r i c k  and F i s h e r  ( 5 )  r e p o r t e d  
t h a t  t r e a t m e n t  o f  r a t s  f o r  7 c o n s e c u t i v e  days 
w i t h  compound 48/80 s i g n i f i c a n t l y  i n c r e a s e d  
s k i n - b r e a k i n g  s t r e n g t h  and i n c r e a s e d  c o l l a g e n  
d e p o s i t i o n  as w e l l  as HDC a c t i v i t y .  I n  
c o n f i r m a t i o n  o f  e a r l i e r  o b s e r v a t i o n s  ( I ) ,  t h e s e  
r e s u l t s  had suggested t h a t  48/80 i n c r e a s e d  HM- 
f o r m i n g  c a p a c i t y  i n  t i s s u e s  and p l a y e d  an 
i m p o r t a n t  r o l e  i n  wound h e a l i n g .  The r e s u l t s  o f  
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t h i s  s tudy ,  however, c l e a r l y  showed t h a t  a  
s i m i l a r  t r e a t m e n t  f o r  7  c o n s e c u t i v e  days w i t h  
compound 48/80 i n  mice d i d  n o t  a l t e r  s k i n -  
b r e a k i n g  s t r e n g t h  compared w i t h  wounded, s a l i n e -  
i n j e c t e d  c o n t r o l s .  T h i s  was s u r p r i s i n g ,  s i n c e  
HDC a c t i v i t y  was s i g n i f i c a n t l y  i n c r e a s e d  by 
compound 48/80, b u t  o n l y  i n i t i a l l y .  By day 5  
a f t e r  wounding, t h e  HDC a c t i v i t i e s  o f  t h e  
c o n t r o l s  and 48 /80 - t rea ted  mice, a l t h o u g h  
s i g n i f i c a n t l y  h i g h e r  t h a n  co r respond ing  v a l u e s  
f o r  unwounded an imals ,  were s i m i l a r .  

The s k i n  HM l e v e l s  o f  t h e  m ice  t r e a t e d  w i t h  
compound 48/80 were s i g n i f i c a n t l y  l o w e r  t h a n  any 
o f  t h e  o t h e r  groups,  i n c l u d i n g  t h e  unwounded 
an ima ls .  T h i s  i s  p r o b a b l y  a  r e f l e c t i o n  o f  t h e  
H M - l i b e r a t i n g  f u n c t i o n  o f  48/80 f r o m  mast c e l l s .  
T h i s  l o w e r  c o n c e n t r a t i o n  o f  s k i n  HM was n o t  
r e f l e c t e d  i n  any adverse e f f e c t  on wound 
hea l  i ng . 

I n  c o n t r a s t  t o  t h e  l a c k  o f  improvement i n  
wound h e a l i n g  f r om compound 48/80 t r e a t m e n t  
a lone,  t h e  comb ina t i on  o f  48/80 p l u s  exogenous 
HM s i g n i f i c a n t l y  i n c r e a s e d  s k i n - b r e a k i n g  
s t r e n g t h  ( T a b l e  1 ) .  Again,  i t  shou ld  be n o t e d  
t h a t  t h i s  improvement was n o t  l i n k e d  t o  any 
i n c r e a s e  i n  s k i n  HM c o n c e n t r a t i o n s .  I n  t h i s  
r e g a r d ,  t h e  p o s i t i v e  r e s u l t s  o b t a i n e d  f rom 48/80 
p l u s  HM s tand  a p a r t ,  n o t  o n l y  f r om t h e  l a c k  o f  
response f rom 48/80 a lone,  b u t  a l s o  f r om 
t r e a t m e n t  w i t h  exogenous HM a l o n e .  I t  may w e l l  
be t h a t  t h e  exogenous HM rep1 aced o r  augmented 
t h e  HM l i b e r a t e d  f rom mast c e l l s  by 48/80. 
Thus, i t  cannot  be r u l e d  o u t  t h a t  a  h i g h e r  l e v e l  
o f  exogenous HM t h a n  a d m i n i s t e r e d  i n  t h e  p r e s e n t  
s tudy  (20 mg/kg body w e i g h t )  m i g h t  have improved 
wound h e a l i n g  t o  t h e  same e x t e n t  as t h e  
comb ina t i on  o f  48/80 p l u s  HM. 

It was t e m p t i n g  t o  a s c r i b e  t h e  absence o f  
improved wound h e a l i n g  f r om t r e a t m e n t  w i t h  
compound 48/80 i n  t h e  C57B1/6 m ice  (compared 
w i t h  t h e  e a r l i e r  r a t  s t u d i e s  [ 5 , 6 ] )  t o  t h e  l o w  
ca rnos inase  a c t i v i t y  o f  t h i s  mouse s t r a i n .  
Thus, t h e  r e s u l t s  wou ld  be l o g i c a l  i f  c a r n o s i n e  
c o u l d  n o t  be m o b i l i z e d  r a p i d l y  enough t o  p r o v i d e  
h i s t i d i n e  f o r  HM s y n t h e s i s  f o l l o w i n g  48/80 
s t i m u l a t i o n  o f  HDC a c t i v i t y  ( 1 0 ) .  To r u l e  o u t  
t h e  p o s s i b i l i t y  t h a t  t h e  d i f f e r e n c e  i n  wound- 
h e a l i n g  response between t h e  mice i n  t h e  p r e s e n t  
s tudy  and r a t s  i n  e a r l i e r  i n v e s t i g a t i o n s  i s ,  
indeed,  p e c u l i a r  t o  t h e  C5761/6 s t r a i n ,  we 
c a r r i e d  o u t  a  s i m i l a r  wound-hea l ing  s tudy  w i t h  
mice o f  t h e  ou tb red ,  CD s t r a i n .  Compound 48/80 
t r e a t m e n t  o f  wounded CD mice caused t h e  same, 
s i g n i f i c a n t  r e d u c t i o n  i n  s k i n  HM l e v e l  as found 
i n  C57B1/6 an imals  ( 7 . 2  ? 1.6 48/80 vs .  11.6 t 
2.5  pg/g s a l i n e  c o n t r o l s ) .  S i m i l a r l y ,  48/80 
t r e a t m e n t  d i d  n o t  a f f e c t  s k i n - b r e a k i n g  s t r e n g t h  
i n  t h e  CD mice (56 .9  + 21.9 48/80 vs .  63.3 + 
26.2 g  s a l i n e  c o n t r o l s ) .  S ince  t h e  same r e s u l t s  
were o b t a i n e d  i n  C5761/6 and CD mice, c a r n o s i n e  
m o b i l i z a t i o n  as t h e  d e t e r m i n i n g  f a c t o r  i n  t h e  
d i f f e r e n c e  observed between r a t s  and mice i s  n o t  
suppo r ted .  

The HM c o n t e n t  o f  stomach and l e g  musc le  
was a l t e r e d  o n l y  by t h e  a d m i n i s t r a t i o n  o f  
exogenous HM b u t  n o t  by compound 48/80. T h i s  
l a t t e r  f i n d i n g  may r e f l e c t  t h e  f a c t  t h a t  t h e  
number o f  mast c e l l s  i n  s k e l e t a l  musc le  i s  fewer  

t h a n  t h a t  i n  s k i n  (11 )  and t h e  f a c t  t h a t  
compound 48/80 r e p r e s e n t s  a  poor  s t i m u l u s  o f  
mucosal mast c e l l  degranu l  a t i  on (12 )  . 

These s t u d i e s  suppo r t  t h e  concept  t h a t  HM 
p l  ays an i m p o r t a n t  r o l e  i n  wound hea l  i n g  and 
t h a t  i n c r e a s e d  HM f o r m a t i o n  as w e l l  as exogenous 
HM can be b e n e f i c i a l l y  u t i l i z e d  t o  improve t h i s  
p rocess .  
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