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Production of Lesions in Various Tissues  by Amino Acids 

This  s t u d y  is conce rned  w i t h  s t ress  f rom an  e leva ted  
c o n c e n t r a t i o n  of a s ingle a m i n o  acid d i rec ted  on va r ious  
t i ssues  of o rgans  fLncluding skin  a n d  i n t e r n a l  organs.  The  
a m i n o  acid selected for s t ress  was  f rom essent ia l  a n d  non-  
essent ia l  a m i n o  acids. A m i n o  acid s t ress  was ind ica t ed  b y  
lesions, i n f l a m m a t i o n ,  cytolysis ,  and  cy tomorphos i s .  

Materials and  methods. Dai ly  app l i c a t i on  of 0.5 ml  of 
i m M  c o n c e n t r a t i o n  of a n  i n d i v i d u a l  a m i n o  acid of p H  7.2 
ill i so tonic  sal ine was appl ied  on  2 " •  2" gauze to  dorsa l  
skill q u a d r a n t s  of t he  guinea-pig,  r abb i t ,  a n d  rhesus  mon-  
key  us ing  a mod i f i ca t i on  of DRAIZE t e a l .  1, 2. S u b s t a n c e s  
used for exposure  to  skin  were L-aspar t ic  acid (ASP),  D-as- 
pa r t i c  acid (D-ASP), c a r b a m a t e  2, L-g lu tamic  acid (GLU), 
D-glutamic  acid (D-GLU), i sotonic  saline,  or L-orn i th ine  
(ORN).  The  skin  was e v a l u a t e d  2 da i ly  a n d  new solu t ions  
were appl ied.  Skin  biopsies  for cy topa tho log ica l  and  
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Fig. 1. Rabbit skin response to daily exposure to 0.5 ml of a 1 mM 
concentration of amino acid. Rabbit skin was exposed to earbamate 
(6) ~, ASP (12) ~, GLU (12) % and ORN (6) ". Scoring was according 
to modified DRAIZEI: 0, negative reading; 1, definite erythema of the 
entire patch area; 2, erytbema and induration; 3, vesiculation; 
4, bullous lesion. The mean values from the scoring of the skin was 
placed in the chart. ~Number of animals used. 

h is to logica l  e v a l u a t i o n  were t a k e n  upon  t e r m i n a t i o n  of a 
21 d a y  per iod  of exposure .  

I n t e r n a l  o rgans  of Swiss W h i t e  mice  a n d  Sprague  Dawley  
r a t s  were exposed to 0.5 ml  c o n t a i n i n g  0.5 m m o l e  of 
i n d i v i d u a l  a m i n o  acid of p H  7.2 ill i so tonic  saline.  The  
vo lume  and  effect ive  c o n c e n t r a t i o n  of  amino  acid was 
d e t e r m i n e d  f rom a n  ear l ier  s t u d y  3. Da i ly  in jec t ions  of 
B-a l an ine  (B-ALA),  L-ci trul l ine (CIT), g lycine  (GLY), 
L-his t id ine  (HIS) ,  L -pheny la lan ine  (PHE) ,  L - t r y p t o p h a n  
(TRP) ,  or L- tyros ine  (TYR) was de l ivered  i n t r ape r i t one -  
a l ly  for 10 days.  A n  equa l  v o l u m e  of i sotonic  sal ine was 
in jec ted  in to  con t ro l  an imals .  I n t e r n a l  o rgans  such  as 
hear t ,  lung, spleen, k idney,  l ive r  a n d  in t e s t ine  were 
b iops ied  for cy topa tho log ica l  and  his to logical  eva lua t ion .  

Results. R a b b i t  sk in  response  to single a m i n o  acids are  
c o n t a i n e d  in F igure  1. R a b b i t  sk in  exposure  to  A S P  
p roduced  e r y t h e m a  in 8 days,  i n d u r a t i o n  in 10 days ,  a n d  
ves icu la t ion  in 16 days.  The  skin  of gu inea-p ig  and  rhesus  
m o n k e y  r e sponded  w i t h  e y r t h e m a ,  i n d u r a t i o n ,  and  
ves i cu la t ion  to ASP.  G L U  p roduced  a def in i te  e r y t h e m a  
to  t he  en t i re  p a t c h  a rea  in r a b b i t  sk in  in 14 days.  Carba-  
m a t e  p roduced  bul lous  lesions in  3 days.  O R N  was a n  ear ly  
i r r i t a n t  p r o d u c i n g  e r y t h e m a  in mos t  p a t c h  areas  and  
e r y t h e m a  and  i n d u r a t i o n  in some p a t c h  areas,  I r r i t a t i o n  
caused  b y  O R N  was m a x i m a l  a t  10 days  and  subs ided  b y  
21 days.  

R a b b i t  sk in  i r r i t a t i o n  was g rea te r  f rom exposure  to  L 
e n a n t i o m o r p h s  of A S P  a n d  G L U  t h a n  f rom I~ enan t io -  
m o r p h s  as shown  in t he  Table .  Ves icu la t ion  was p romi -  
n e n t  in  r a b b i t  sk in  exposed  to i m M  A S P  af te r  21 days.  
E r y t h e m a  was p r o m i n e n t  in  r a b b i t  sk in  exposed for t he  
same per iod  to 1 m M  GLU.  Less e r y t h e m a  was el ici ted 
in r a b b i t  sk in  exposed  to  1 m21/f D-ASP and  t he  leas t  
a m o u n t  of e r y t h e m a  was p r e sen t  in  r a b b i t  sk in  exposed to 
D-GLU. 

His to logica l  sect ions  r evea led  h e a v y  in f i l t ra tes  of 
i n f l a m m a t o r y  cells in  degene ra t ed  e p i t h e l i u m  of r a b b i t  
sk in  exposed  to c a r b a m a t e  for  21 days.  The  de rmis  h a d  
dense f ibrosis  w i t h  i n f l a m m a t o r y  inf i l t ra tes .  Sk in  exposed 
to A S P  (Figure 2a)  m a n i f e s t e d  a t h i n n e d  and  occas ional  
d i s c o n t i n u i t y  of t he  ep i the l ium.  F lu id  was a c c u m u l a t e d  in 
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Rabbi t  skin response to L and  to n amino  acids 

Days of exposure ASP GLU D-ASP D-GLU 

S.D. S.E. X S.D. S.E. X S.D. S.E. X S.D. S.E. 

1 0 0 0 0 0 0 0 0 0 0 0 0 

5 0.3 0.5 0.2 0 0 0 0.7 0.8 0.3 0.3 0.5 0.2 

10 1.2 1.0 0.4 0.2 0.4 0.3 1.0 0.6 0.3 0.5 0.8 0.3 

15 1.0 0.9 0.4 1.0 1.3 0.5 1.2 1.0 0.4 0.7 1.2 0.5 

20 2.8 1.2 0.5 1.5 1.4 0.6 1.0 1.3 0.5 0.5 0,6 0.3 

21 3.2 1.0 0.4 1.0 1.6 0.6 0.8 1.0 0.4 0.5 0.8 0.3 

X ,  mean  of 6 animal  responses. 0, nega t ive  reading;  1, definitie e r y t h e m a  of the entire pa tch ;  2, e r y t h e m a  and indura t ion;  3, vesiculat ion;  
4, bullous lesion. 



1 0 1 4  Specialia EXPERIESTIA 29/8 

Fig. 2. Photographs  of histological  sect ions of r abb i t  ski l l  after 21 days  of exposure to 0.5 ml  of 1 m M  of amino acid. Thinned  
epidermis  covered f luid areas which were sur rounded  by  loose connect ive  t issue of the dermis  which conta ined  few in f l ammato ry  
cells was observed in  sk in  exposed to ASP  (a). Thickened epidermis  wi th  a modera te  inf i l t ra te  of i n f l ammato ry  cells in  the dermis  was 
observed in  the skin exposed to GLU (b). • 500. 

Fig. 3. Pho tographs  of his tological  sections of l iver  f rom Sprague-Dawley  r a t s  after  10 days  of exposure  to da i ly  i.p. in jec t ion  of 
0.5 ml  conta in ing  0.5 mmole  H I S  (a), and  0.5 ml  of isotonic  sal ine (b). Gian t  ceils were observed in  the  p a r e n e h y m a  of the l iver  af ter  the  
inject ion series wi th  H I S  (a). Normal  l iver  was observed af ter  the in ject ion series wi th  isotonic sal ine (b). • 500. 
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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 .  
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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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