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dermis  benea th  the  basal  iayer  of epidermis .  Thickened 
ep i the l ium (Figure 2b) and i n f l a m m a t o r y  inf i l t ra tes  were 
p resen t  in skin exposed  to GLU. 

Pathologica l  changes  of in te rna l  organs were f ibrosis  
of l iver  and in tes t ines  af ter  i.p. exposure  to T Y R  for 
10 days.  Per ivascu la r  aggregat ion  of eosinophiles  were 
observed in organs which  con ta ined  high f ibrogenic 
ac t iv i ty  af ter  exposure  to TYR.  H e m o r r h a g e  and  engor-  
gemen t  wi th  red blood cells in lungs were observed af ter  
exposure  of 13-ALA. Subcapsular  hemor rhage  of k idneys  
occurred af ter  i.p. exposure  of mice  and  ra ts  to 0.5 mmole  
of B-ALA.  Morphological  changes  such as g iant  cell 
fo rma t ion  were p resen t  in l iver (Figure 3 a) af ter  exposure  
to HIS .  The l iver was normal  (Figure 3b) af ter  s imilar  
in ject ions  wi th  isotonic saline. The bones of these  animals  
in jec ted  wi th  H I S  were soft  and friable and  were less 
calcified t h a n  isotonic saline in jec ted  controls.  

Discussion. Pathologica l  changes  which  resul ted  af ter  
the  series of i.p. in jec t ions  appeared  to be specific for the  
amino acid in excess. Dif ferent  pathological  changes  were 
seen for each of the  amino  acids in excess. 

The mechanism(s)  of ac t ion of these  essent ia l  and non- 
essent ial  amino  acids in p roduc ing  lesions is unknown.  
Acidosis  per  se 4 is no t  a control l ing mechan i sm since A S P  
caused the  grea tes t  r abb i t  skin i r r i ta t ion,  GLU less, and 
D-ASP and  D - G L U  caused the  least  i r r i ta t ion.  S t ruc tu re  
and  steric conf igura t ion  of amino  acid appears  impor t an t .  
Amino acids m a y  become deca rboxy la t ed  p roduc ing  very  
act ive biogenic amines.  Ac t iva t ion  of proteoLytic enzymes  a 
m a y  occur due to amino  acids or the i r  products .  I t  is 
possible  t h a t  amino  acids p roduced  by  bacter ia  6 or amino  
acid metabo l i t e s  ac t iva te  mycop la sma  and viruses p resen t  
in t issues to produce  cy topa tho logy .  No p receden t  

appear s  to  exis t  in l i t e ra ture  for viral  ac t iva t ion  by  an 
amino  acid. Viral  ac t iva t ion  remains  a possibil i ty.  

Zusammen/assung.  Es wird  der  Einf luss  einer Amino-  
s/iure auf  verschiedene  Gewebsar ten  und  such  auf die 
H a u t  kontrol l ier t .  Unte rsch ied l ich  starke,  z.T. schwere 
Degenera t ionen,  E n t z t i n d u n g en  und  s u c h  ZellauflCsungen 
waren festzustel lenl  Teilweise k a m e s  zu Riesenzellbi l-  
dungen  oder  zu F ibrosen  in der  Leber.  K n o ch en n ek ro s en  
und Blu tungen  wurden  festgestel l t .  

R. W. LONGTON 7-I1 

Naval  Medical Research Institute, National Naval  
Medical Center, Bethesda (Maryland, USA) ,  
15 February 1973. 

4 W. C. HEIRD, R. B. DELL, J. M. DRISCOLL, B. GREBIN and R. W. 
WINTERS, New Engl. J. Med. 287, 943 (1972). 
K. C. KHURANA , V. I~. PASRICHA, V. If. t~URANA and S. K. DUGGAL, 
Dermatologica 1M, 428 (1970). 

9 R. W. LONGTON, J. S. COLE, I l l ,  H. D. Tow and V. J. BERZINSKAS, 
Influence of substrate on small metabolite production by selected 
streptococci, 50th Gem Session, International  Association for 
Dental Research, Program and Abstracts, 133 (1972). 

7 Thanks to IZ. T. GIVENS for carbamate, Hercules Incorporated, 
Wilmington, Delaware. 

s Thanks to G. AR.USTRONG tor histological specimens, and to 
R. WILDER for photographs. 

'J Thanks to Dr. L. KIEsow for critical review and suggestions. 
~0 This research was supported by NMRI Research Project No. 

M R041.20.02-6002A3I J. 
i~ The assertions and opinions contained herein are those of the 

author and are not to be construed as reflecting the views of the 
Navy Department or the naval service at large. 

Structural Coupling Between Pancreatic Islet Cells 

There is c i r cums tan t i a l  evidence t h a t  ionic ~-a and  meta-  
bolic 4 coupl ing observed  be tween  cells in a var ie ty  of tis- 
sues m a y  be due to intercel lular  special izat ions of the  mem-  
branes  known as 'gap junc t ions '  5, which  seem to represen t  
low res is tance  p a t h w a y s  t h rough  which ions and  low mo- 
lecular weight  subs tances  can diffuse f rom one cell to the  
o ther  4, 6-1a. Thus  far, no such junc t ions  have  been ident i-  
fied be tween  pancrea t i c  islet cells. The recent  in t roduc t ion  
of f reeze-etching t echn ique  14, ,5 has  grea t ly  fac i l i ta ted  the  
ident i f ica t ion  of cell j unc t ions  1~-~9. This t echn ique  has 
now allowed us clearly to d e m o n s t r a t e  for t he  f i rs t  t ime  
in islet cells t he  presence  of junc t iona l  complexes ,  in t he  
form of small  gap junc t ions  and  focal t igh t  junc t ions  =% 

Isola ted  islets were ob ta ined  by  collagenase digest ion =1 
f rom pancreases  of a lbino rats.  Ra t s  were chosen because 
of the  charac ter i s t ic  topological  re la t ionship  be tween  the  
two ma in  types  of islet cells: indeed,  g lucagon-producing  
=-cells are d isposed per iphera l ly  as a man t l e  a round  
cent ra l ly  located insul in-producing be ta  cells 22. Pe l le ted  
islets were br ief ly f ixed wi th  2% g lu ta ra ldehyde  in phos-  
pha t e  buffer  and soaked in 20% phospha t e -bu f f e r ed  glyc- 
erol solut ion before freezing. Freeze-cleaving was  per-  
fo rmed according to  the  m e t h o d  of MOOR and  MOHLE- 
TnALER =a in a Balzers F reeze -E tch  Unit .  F rac tu r ing  and  
e tch ing  t e m p e r a t u r e  were -100 ~ E t ch i n g  t ime  was I rain. 
The cleaned replicas were observed in a Phi l ips  EM 300 
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Fig. 1: Low magnification view of the periphery of a freeze- 
etehed islet. The fracture reveals large areas of ceil membranes 
(cm) and cytoplasm of ~-cells containing the secretory gran- 
ules (sg). The encircled areas show the branching linear ridges 
of focal t ight junctions ( • 13.000). The insert is a blow-up of 
one of the encircled areas. Two smal[ groups of aggregated 
particles (arrows), characteristic of gap junctions, are seen in 
proximity of the t ight junctional elements. (•  75.000). 

Fig. 2. Low magnification view of the central part  of a freeze- 
etched islet, showing an unusually large gap junction, blown up 
in the insert, between 2 fi-cells (•  14.000; insert • 83.000). 
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Fig. 3. Replicas of freeze-etched islet cells, a) Gap junctions as 
seen on A- (upper arrow) and 13- (lower arrow) fracture faces 
( • 172.000). b) Focal tight junction (tj) characterized by linear 
ridges on the A-face and complementary linear furrows on the 
B-face. The arrow indicates a gap junction, sg: secretory gran- 
ules (• 50.000). c) Two gap junctions (gj) associated with 
branching and anastomosing ridges of focal tight junction 
( • 63.500). 

e lec t ron  microscope and  t he  m i c r o g r a p h s  were processed 
to  revea l  shadows  in white .  

A typ ica l  repl ica  of mos t  pe r iphe ra l l y  loca ted  islet  cells 
(e-cells) is p r e sen t ed  in F igu re  1. F igure  2 shows 2 cen- 
t r a l l y  loca ted  fl-cells. I t  can  be  seen t h a t  t he  p l ane  oI frac- 
t u r e  t r a v e r s e d  the  cy top lasm,  r evea l ing  t he  sec re to ry  gran-  
ules, a n d  fol lowed t he  cell surface,  expos ing  large areas  of 
m e m b r a n e  faces. Accord ing  to BRANTO~q24, t he  f r ac tu re  
p l ane  spl i ts  t he  u n i t  m e m b r a n e  in i ts  h y d r o p h o b i c  region, 
r evea l ing  2 c o m p l e m e n t a r y  faces, t he  A-face, o r i en ted  to-  
wards  t he  ex t race l lu la r  space, and  t he  B-face, o r i en t ed  
t owards  t he  c y t o p l a s m  25. On  the  A-faces of exposed  m e m -  
branes ,  t he  gap  j u n c t i o n s  (Figures  1, 2, 3a  a n d  3c) a p p e a r  

17 25 27 as closely p a c k e d  a r r ays  of 80-90 ]k par t ic les  , - , wh ich  
h a v e  a cen t e r - t o - cen t e r  spac ing  of 90-100 A w h e n  a r rang-  
ed in an  h e x a g o n a l  la t t ice .  On B-faces,  t h e  gap  j u n c t i o n s  
a p p e a r  as ' n e g a t i v e '  images,  i.e., p l aques  of aggrega ted  p i t s  
(Figure 3a)~7, 25-27. The  size of gap j u n c t i o n s  was usua l ly  
smal l  (Figures  1 a n d  3 c), in  some cases r e s t r i c t ed  to a few 
p a r t i c u l a r  componen t s .  Gap  j u n c t i o n s  were of ten  associa t -  
ed w i t h  focal  t i g h t  j u n c t i o n s  (Figures  1, 3 b  a n d  3c). The  
l a t t e r  a p p e a r  on A-faces as l inea r  a n d  a n a s t o m o s i n g  r idges  
(Figure 3 b) and,  on B-faces,  as l i nea r  a n d  a n a s t o m o s i n g  

grooves  (Figure  3 b) 17, 35-27. The  n u m b e r  a n d  d i s t r i b u t i o n  
of b o t h  gap a n d  t i g h t  j u n c t i o n s  va r i ed  to some e x t e n t  
f rom one cell to  ano the r .  These  f ind ings  on  f reeze-e tched 
repl icas  h a v e  been  conf i rmed  b y  p a i n s t a k i n g  e x a m i n a t i o n  
of s t a n d a r d  t h i n  sect ions  c o n t a i n i n g  l a n t h a n u m  tracer .  
I n  these  p r epa ra t i ons ,  b o t h  gap  a n d  t i g h t  j u n c t i o n s  were 
found  to occur  n o t  on ly  b e t w een  fl- a n d  fl-cells an d  b e t w e e n  
e- a n d  e-cells, b u t  also b e t w een  e- and  ~-cells (da ta  n o t  
shown).  

The  a s y n c h r o n o u s  b u t  co o rd i n a t ed  a c t i v i t y  of insul in-  
p r o d u c i n g  cells a n d  g lucagon-p roduc ing  cells in  re leas ing 
precise ly  t h e  a p p r o p r i a t e  a m o u n t s  of h o r m o n e s  is poor ly  
exp la ined  b y  p r e s en t  concep ts  of is let  regula t ion .  P rev ious  
s tud ies  in  o the r  t i ssues  h a v e  d e m o n s t r a t e d  t h a t  inorgan ic  
ions an d  smal l  molecules  (up to  M.W. 500) can  diffuse 
t h r o u g h  t h e  gap  j u n c t i o n  channe l s  of ad jo in ing  cells~0,11 
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Thus ,  in  islet  cells, gap  j unc t i ons  could theo re t i ca l ly  be  
used for in te rce l lu la r  passage  of ions, m e t a b o l i t e s  and  
o the r  possible  types  of s ignal  molecules.  I n  t h a t  way,  gap 
j unc t i ons  m a y  p l ay  a role in  t h e  con t ro l  of is let  ceils '  secre- 
t o ry  ac t iv i ty .  I t  is n o t  k n o w n  if t i g h t  j u n c t i o n s  also pa r t i -  
c ipa te  in  in te rce l lu la r  c o m m u n i c a t i o n .  
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Rdsumd. Ce t r a v a i l  d6cr i t  la pr*sence de sp6cia l isa t ions  
des m e m b r a n e s  p l a s m a t i q u e s  en t r e  les cellules endocr ines  
des i lots  de L a n g e r h a n s  chez le ra t .  Ces sp6cia l isa t ions  son t  
r6v616es p a r  le c ryod6capage  (<dreeze-etching~>) et  appa -  
r a i s sen t  sous la fo rme de nexus  (<~gap-junctions~>) ou de 
jonc t ions  serr6es ( , t i g h t - j u n c t i o n s , ) .  El les  r e p r 6 s e n t e n t  
p r o b a b l e m e n t  la base  s t r uc tu r a l e  d ' u n  couplage  ion ique  
et  m 6 t a b o l i q u e  en t r e  les cellules endocr ines .  
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Effects of Nerve  Growth  Factor on Competent  Chick E c t o d e r m  

Severa l  a u t h o r s  h a v e  shown  t h a t  t h e  whole  e c t o d e r m  
area  of t he  ch ick  e m b r y o  a t  s tages  3 to  4 (stages accord-  
ing to HAmBURGeR a n d  HAMILTO~ 1) is c o m p e t e n t  to  
r eac t  to  neu ra l  i nduc t i ve  st imuli~-5.  

BJERRE a n d  NORD 6 could d e m o n s t r a t e  t h a t  t he  ma le  
mouse  s u b m a x i l l a r y  gland,  b u t  no t  t he  female,  a n d  dif- 
f e ren t  ne rve  g rowth  fac to r  (NGF) p r e p a r a t i o n s  pur i f ied  
f rom the  g land  of t h e  ma le  mouse;  ac ted  s t rong ly  neura l -  
iz ing on  c o m p e t e n t  ch ick  ec tode rm in v i t ro .  A n  i m m u n o -  
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Fig. 1. Stages 3-5. Explanted areas from presumptive neural plate at 
stages 3-4 (area 1) and from presumptive epidermal ectoderm at 
stages 3-5 (area 2). 

f luorescence m e t h o d  was  used for iden t i f i ca t ion  of neu ra l  
d i f ferent ia t ion ,  as neu ra l  an t i gen  p r o d u c t i o n  in cu l tu res  
m a d e  f rom ch ick  e c t o d e r m a l  exp l an t s  could be  used as 
an  i nd i ca t i on  of such  a d i f f e r en t i a t i onL  I n  t he  inves t i -  
ga t ion  b y  BJERRE a n d  IX~ORD 6, N G F  was p re sen t  in  t h e  
cu l ture  m e d i u m  of t h e  e x p l a n t e d  ec toderm,  t a k e n  f rom 
the  p r e s u m p t i v e  ep ide rma l  region a t  s tages  3+ to 4, t h roug-  
h o u t  t h e  cu l tu re  per iod  (8 days) ;  t he re fo re  i t  could  no t  
be  conc luded  w h e t h e r  N G F  h a d  a d i rec t  ac t ion  on t he  
ec toderm,  or w h e t h e r  N G F  r a t h e r  s u p p o r t e d  t h e  au to-  
neura l ized  cells t h a t  n o r m a l l y  would  h a v e  died du r ing  t he  
cu l tu re  period.  The  p re sen t  s t u d y  used t h e  i m m u n o f l u o -  
rescence m e t h o d  to  ru le  th i s  ou t  a n d  also to  i nves t i ga t e  
t he  poss ib i l i ty  of a va r i ed  effect  of N G F  on d i f fe rent  re- 
gion~ and  ages of t h e  ec toderm.  

Method. E x p l a n t s  were t a k e n  f rom t h e  p r e s u m p t i v e  
ep ide rma l  region of t he  ch ick  e c t o d e r m  a t  s tages  3 to  
5 and  f rom t h e  p r e s u m p t i v e  neu ra l  p l a t e  a t  s tages  3 to  4 
as shown  in t he  Figure.  The  e x p l a n t e d  region,  w r a p p e d  in 
a piece of v i te l l ine  m e m b r a n e  p r e p a r e d  I r0m an  un in-  
c u b a t e d  egg, was  p u t  on  a mi l l ipore  fi l ter s t r ip  a n d  p laced  
on  a piece of gel - foam ins ide  a L e i g h t o n  t u b e  c o n t a i n i n g  
1 m l  cu l tu re  m e d i u m ,  cons i s t ing  of 3 m l  h u m a n  serum,  
3 m l  50% e m b r y o  ex t rac t ,  and  7 m l  Tyrode .  The  L e i g h t o n  
t u b e s  were i n c u b a t e d  a t  37~ for 8-10 days ;  t h e r e a f t e r  
t h e  cu l tu res  were freed, crushed,  a n d  processed for t he  
immunof luo rescence  inves t iga t ion .  An t i s e ra  specific to  
an t igens  p r e sen t  in  t h e  ch ick  cen t r a l  ne rvous  s y s t e m  were 
used for  t h e  f irst  of t he  four  s teps  in  t h e  i m m u n o f l u o r e s -  
cence process  (for f u r t h e r  de ta i l s  of t h e  immunof luo re s -  
cence m e t h o d  a n d  i ts  specificity,  see ref. ~). 

7 S N G F  p r e p a r e d  accord ing  to  VARON et  al. ~ a n d  
t e s t ed  for t h e  specific a c t i v i t y  b y  t h e  t i ssue  cu l tu re  m e t h -  
od accord ing  to  LEvI-MONTALCINI et  a12 was a d m i n -  
i s te red  a t  va r ious  t imes  du r ing  t h e  cu l tu re  per iod.  The  
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