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G l y c o g e n  in the  E p i d e r m i s  of  the  D o l p h i n  Tursiops 

Glycogen,  a c a r b o h y d r a t e  s to rage  p roduc t ,  c a n  be  
d e m o n s t r a t e d  b y  h i s t ochemica l  s t a in ing  m e t h o d s  in t h e  
ep ide rmis  of t h e  foe ta l  m a m m a l  1 a n d  can  be  seen in t h e  
h u m a n  ep ide rmis  u p  to  t h e  s i x t h  m o n t h  of ges ta t ion .  B u t  
in  l a t e r  e m b r y o n i c  life a n d  in t h e  adu l t ,  g lycogen  can  on ly  
be  found  in t h e  ha i r  follicles a n d  swea t  g l a n d s L  Sens i t ive  
chemica l  p rocedure s  h a v e  d e t e c t e d  smal l  a m o u n t s  of 
g lycogen in t h e  n o r m a l  h u m a n  ep ide rmi s  L 

A l t h o u g h  g lycogen c a n n o t  be  d e m o n s t r a t e d  h is to-  
chemica l ly  in t he  n o r m a l  a d u l t  epidermis ,  if t h e  ep ide rmis  
is i n ju r ed  g lycogen is f o u n d  in large a m o u n t s .  The  t y p e  
of i n j u r y  ha s  no  effect  u p o n  t he  a p p e a r a n c e  of g lycogen:  
a h o t  b u r n  in h u m a n  4, cold b u r n  w i t h  solid c a r b o n  di- 
ox ide  5, X - r a y  ", s u n b u r n  7, or  a s imple  surgical  incision.  
W h e n  a p o r t i o n  of t h e  ep ide rmis  is d e s t r o y e d  t he  a d j a c e n t  
ep i the l i a l  t i s sue  will  r e g e n e r a t e  a n d  glycogen is p a r t i c u -  
la r ly  e v i d e n t  in  th i s  r e g e n e r a t i n g  ep i the l ium.  The  func t ion ,  
origin,  a n d  s igni f icance  of t h i s  g lycogen  is obscure  8. Since 
t he  glycogen c o n t a i n i n g  cells of ha i r  follicles and  swea t  
g l a n d s  m a y  be  i m p l i c a t e d  in  t h e  a p p e a r a n c e  of th i s  ca rbo-  
h y d r a t e  in  w o u n d  tissue, i t  is of i n t e r e s t  to  e x a m i n e  t h e  
e p i t h e l i u m  of t h e  do lphin ,  a n  essen t i a l ly  ha i r less  m a m m a l .  

The  o p p o r t u n i t y  arose to e x a m i n e  3 do lph ins  v e r y  soon 
a f t e r  d e a t h  (1-4  h). The  do lph ins  (Tursiops truncarta) 
were c a p t u r e d  in t he  Gul f  of Mexico w i t h i n  12 miles  off 
t h e  T e x a s  coas t .  T h e y  were  t r a n s p o r t e d  to  a n  o c e a n a r i u m  
( S e a - A r a m a  of Texas ,  Ga lves ton ,  Texas)  a n d  p laced  w i t h  
d o m e s t i c a t e d  do lph ins  to  u n d e r g o  acc l ima t i za t ion .  T h e  
a n i m a l s  were  c a p t u r e d  a t  d i f fe ren t  t i m e s  a n d  were  of 
d i f f e ren t  sexes. T h e  ma les  weighed  140 lbs  a n d  a b o u t  
200 lbs, t h e  female  a b o u t  220 lbs. Two  of t he  a n i m a l s  died 
a b o u t  2 weeks  a f t e r  cap tu re ,  b u t  1 ma le  h a d  been  in 
c a p t i v i t y  for  severa l  m o n t h s .  D e a t h  of t h e  males  was 
a t t r i b u t e d  to  p n e u m o n i a " .  All of t he  a n i m a l s  h a d  a 
n u m b e r  of t r e m a t o d e  pa ra s i t e s  in t he  second  s t o m a c h ;  
b o t h  t h e  males  h a d  smal l  g r a n u l a t i o n  loci in t he  lungs.  
One  ma le  h a d  5 un iden t i f i ed  t a p e  worms,  one  of wh ich  was 
more  t h a n  15 feet  in  l eng th .  The  t r e m a t o d e s  in t h e  
s t o m a c h  were  ident i f ied  as Braunina cordi[ormis (WOLF 
1903). All an ima l s  h a d  smal l  ab ras ions ,  due  to  conf ine-  
m e n t .  B o t h  of t h e  males  h a d  a sma l l  i n j u r y  a t  t h e  v e n t r a l  
a n t e r i o r  end  of t h e  s n o u t ;  t h i s  h a d  been  caused  b y  t h e  
a n i m a l s  s c rap ing  t h e  b o t t o m  of t h e  t a n k  whi l s t  r e t r i ev ing  
fish. T h e  female  h a d  a smal l  a b r a s i o n  on  t he  far  pos te r io r  
v e n t r a l  surface,  p r e s u m a b l y  caused  b y  sc rap ing  aga in s t  
t he  b o t t o m  of t he  t ank .  The  w o u n d  t i ssue  was r emoved ,  
p laced  on  ice, t r a n s f e r r e d  to  t h e  l a b o r a t o r y  a n d  s to red  in 
a deep  freezer  a t  - 4 5 ° C .  The  t i s sue  was r e m o v e d  f rom 
t h e  low t e m p e r a t u r e  s to rage  a n d  smal l  pieces were f ixed 
for 24 h in acet ic  ac id-a lcohol  so lu t ion  (1 :9  acet ic  ac id :  
70% e thano l ) .  The  sk in  was  t h e n  e m b e d d e d  in pa ra f f in  
wax ,  a n d  sec t ions  cu t  a t  6 / , .  Sec t ions  were s t a i ned  b y  t h e  
Per iod ic  Acid Schiff  m e t h o d  10, con t ro l  slides were incu-  
b a t e d  in  1% d ia s t a se  for 1 h a t  37 °C pr io r  to  s t a in ing .  

Per iodic  Acid Schiff  (PAS) pos i t ive  m a t e r i a l  was  found  
in t h e  ep i the l ia l  cells in t h e  w o u n d  area,  th i s  m a t e r i a l  
was  no t  obse rved  a f t e r  i n c u b a t i o n  w i th  d ias tase .  P A S  
pos i t ive  m a t e r i a l  was  n o t  obse rved  in t he  n o r m a l  ep i the -  
l ium r e m o v e d  f rom t h e  dorsa l  sur face  on  t he  an imals ,  no r  
in t h e  ep ide rmis  a d j a c e n t  to  t h e  w o u n d  area.  

G r a n u l a r  i n t r ace l lu l a r  m a t e r i a l  wh ich  s t a ins  w i th  the  
Per iod ic  Acid Schiff  r e a g e n t  a n d  wh ich  is r e m o v e d  b y  
d ias t a se  is iden t i f i ed  as g lycogen ~°. I t  is the re fore  con- 
c luded  t h a t  g lycogen  is p r e s e n t  in  t h e  r e g e n e r a t i n g  
ep ide rmis  of t h e  d o l p h i n  a n d  t h a t  t he  g lycogen c o n t a i n i n g  
cells of t h e  h a i r  follicles a n d  swea t  g l ands  a re  n o t  responsi-  
b le  for t h e  g lycogen found  in m a m m a l i a n  w o u n d  tissue. 
The  occur rence  of g lycogen would  f u r t h e r  sugges t  t h a t  

truncarta 

t h e  c a r b o h y d r a t e  m e t a b o l i s m  of t h e  ep ide rmi s  of t h i s  ha i r -  
less m a r i n e  m a m m a l  is s imi la r  to  t h a t  of t h e  c o m m o n  
l a b o r a t o r y  m a m m a l s  a n d  t h a t  e p i d e r m a l  r e g e n e r a t i o n  a n d  
w o u n d  hea l ing  are s imi la r  in t h e  d o l p h i n  a n d  man .  Al- 
t h o u g h  t h e  occur rence  of g lycogen in t h e  r e g e n e r a t i n g  
e p i t h e l i u m  h as  been  r epo r t ed  f rom severa l  m a m m a l s ,  t h e r e  
is no  ind ica t ion  of i t s  s ignif icance.  I t  is a n  a p p a r e n t  
a n o m a l y  t h a t  a s to rage  p r o d u c t  can  be  d e m o n s t r a t e d  in 
t h e  cells of a t issue wh ich  is r e g e n e r a t i n g  b u t  n o t  in  
homologous  cells t h a t  are n o r m a l  a n d  a p p a r e n t l y  less 
ac t ive .  

Severa l  e x p l a n a t i o n s  of th i s  p h e n o m e n o n  h a v e  been  
p r o p o s e d .  BRADFIELD,  19515 sugges ted  t h a t  t h e  accumu- ,  
l a t i on  of g lycogen in w o u n d  t i ssue  was due  to t h e  w o u n d  
e n v i r o n m e n t  be ing  a n a e r o b i c ;  SCOTHORNE et  al., 195311, 
sugges ted  t h a t  g lycogen was a d e g e n e r a t i o n  p roduc t .  
WASHBURN a n d  BLOCKER, 19544, q u e s t i o n e d  these  ex- 
p l a n a t i o n s  as t h e y  found  g lycogen a t  t h e  edge of sk in  
e x p l a n t s  in t i ssue  cu l t u r e ;  ADACHI, 1962 e, h a s  p o i n t ed  o u t  
t h a t  t h e  a c c u m u l a t i o n  of g lycogen m u s t  be  v iewed in 
t e r m s  of a d y n a m i c  eq u i l i b r i u m in a smal l  r ap i d l y  t u r n i n g -  
o v e r  pool  a n d  t h a t  t h e  a l t e r a t i o n  of a n y  one  of severa l  
r eac t ions  m i g h t  d i s t u r b  t h e  t u r n o v e r  r a t e  a n d  lead to 
a c c u m u l a t i o n  of glycogen.  WILLIAMS, 1967 xs h a s  ca r r ied  
th i s  idea f u r t h e r  a n d  h a s  sugges ted  t h a t  g lycogen  a c c u m u -  
l a t ion  m a y  be  r e l a t ed  to  t h e  r e s i s t ance  of t h e  ep i the l i a l  
ceils of a w o u n d  to  E p i n e p h r i n e  (Adrena l in)  as h a s  been  
descr ibed  b y  BULLOUGH, 1962 ta in  r e l a t ion  to  m i t o t i c  
con t ro l  in w o u n d  hea l ing  ~4. 

Zusammen/assung. Das K o h l e h y d r a t - S p e i c h e r p r o d u k t  
G l y k o g e n  w u r d e  n a c h  V e r l e t z u n g e n  im Reg en e ra t i o n s -  
ep i the l  des De lph ins  Tursiops truncarta gefunden ,  was  
d a r a u f  h inweis t ,  dass  Glykogen ,  das  in  der  r egene r i e r enden  
E p i d e r m i s  a n d e r e r  S/~ugetiere ge funden  wurde,  n i c h t  v o m  
G l y k o g e n v o r r a t  d e r  Haar fo l l ike l  s t a m m t .  
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