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A n  E f f e c t  o f  P y r i d o x a l - 5 ' - P h o s p h a t e  o n  t h e  S t r e n g t h  o f  S k i n  i n  v i t r o  

A n u m b e r  of c o m p o u n d s  c o n t a i n i n g  th io l  groups  w i t h  
a n  a m i n o  group on  a n  a d j a c e n t  c a r b o n  a t o m  h a v e  b e e n  
found  to  reduce  t h e  s t r e n g t h  of col lagenous  t i ssues  w h e n  
appl ied  d i rec t ly  to  t h e m  in v i t ro  (skin x, 2; tendonS) .  One 
such  c o m p o u n d  (penici l lamine)  h a s  t h e  same  effect  in  
v ivo  4. 

I t  has  been  sugges ted  t h a t  these  effects  are b r o u g h t  
a b o u t  b y  ac t ion  of t he  r eagen t s  on  in t e rmolecu la r  l inks,  in  
collagen, fo rmed  b y  t h e  c o n d e n s a t i o n  of a n  a ldehyde  a n d  
a m i n o  group  to m a k e  a n  a z o m e t h i n e  b o n d  5,3. R e c e n t l y  
d i rec t  chemica l  ev idence  of t h e  presence  of such  a l ink  in 
n a t i v e  col lagen p r e c i p i t a t e d  f rom so lu t ion  h a s  been  
o b t a i n e d  ~. E v i d e n c e  r ega rd ing  t h e  func t i on  of such  a l ink  
in m e c h a n i c a l  p roper t i e s  of t i ssues  is, however ,  less clear. 
The  a c t i v i t y  of pen ic i l l amine  a n d  o t h e r  a m i n o  th io ls  
appea r s  to  be  connec t ed  w i t h  t h e i r  ab i l i ty  to  r eac t  w i t h  
a ldehyde  groups.  No co r r e spond ing  effects of a n  a m i n o  
group  r eac t i ng  s u b s t a n c e  on  m e c h a n i c a l  p roper t i e s  of 
col lagenous  t i ssue  a p p e a r  to  h a v e  been  descr ibed.  W e  
h a v e  e x a m i n e d  t he  effect  of p y r i d o x a I - 5 ' - p h o s p h a t e  
(Pxl-P) .  

Mater ials  and methods. Pai r s  of r ings  of sk in  f rom the  
ta i l  of r a t s  (males, 80-150 g weight ,  1-2  m o n t h s  old) 
were loaded  s e p a r a t e l y  to  b r e a k i n g  p o i n t  as descr ibed  
prev ious lyL Two r ings  were b roken ,  u n t r e a t e d ,  i m m e -  
d i a t e ly  a f t e r  t h e  a n i m a l  was  ki l led a n d  t he  s t r e n g t h  of 
t r e a t e d  r ings  is expressed  as a p e r c e n t a g e  of t h e  va lue  
ob ta ined .  

R ings  were  t r e a t e d  in pa i r s  in  2 ml  of so lu t ion  e i the r  
in  t h e  re f r ige ra to r  (at  4~ about )  or i n c u b a t e d  a t  37~ 
R e a g e n t s  were  m a d e  up  in phys io logica l  sa l ine  buf fe red  
w i t h  p h o s p h a t e  (NaC1-P, c o n s i s t i n g  of NaC1, 0 .1M,  
N a 2 H P O  4 0 . 0 2 1 M  a d j u s t e d  to requ i red  p H  w i t h  HC1 or 
NaOH) .  P x I - P  so lu t ions  were k e p t  in  t h e  dark.  T he  p H  
of so lu t ions  was m e a s u r e d  a t  t he  end  of t r e a t m e n t  w i t h  a 
glass electrode.  

R e a g e n t s  were o b t a i n e d  commerc ia l ly  (Koch-L igh t ;  
Pxl -P ,  p y r i d o x a l  HC1, p y r i d o x i m i n e  di-HC1, h y d r o x y l -  
a m i n e  HC1; B r i t i sh  D r u g  Houses,  Px l -P ,  h y d r a z i n e  SOs, 
Na13H4; Roche,  lys ine  HC1). T he  p u r i t y  of one sample  of 
P x l - P  was checked  b y  m e a s u r e m e n t s  of i t s  spec t ra l  
a b s o r p t i o n  cu rve  wh ich  were found  to  cor respond  w i t h  
m e a s u r e m e n t s  in  t h e  l i t e r a t u r e  s, 9. 
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Fig. I. Effect of pyridoxal-5'-phosphate on strength of skin. This 
figure shows the results of a number of experiments; each point is 
the mean of a pair of rings of skin; lines join means of pairs, all 
from one tail. kings of tail skin were either incubated at 37~ in 
phosphate-buffered physiological saline, pH 7,4, containing 10 mM 
Pxl-P (time scale hours on left) ; or left overnight (o.n.) in the same 
solution at 4~ Results for rings treated with pyridoxine (• or 
pyridoxamine (A, o.n., 4~ 10 mM in NaCI-P, pH 7.4), or with 
Pxl-P in presence of 10 mM lysine (A) are also shown; also results 
for rings treated for 1 h in 0.1M hydroxylamine (pH 9, 20~ O) 
after Pxl-P and before transference back to physiological saline (�9 

Results.  Effec t  of Px l -P .  T r e a t m e n t  w i t h  P x l - P  
(10 raM) was found  to  reduce  t h e  s t r e n g t h  of t h e  sk in  
p rogress ive ly  (Figures 1 a n d  2). 

The  effect  was  la rgeiy  reversible ,  s t r e n g t h  r e t u r n i n g  
w h e n  r ings  were r e t u r n e d  to s imple  buf fe red  sal ine 
(Figures i and  2). The  r e t u r n  seems to b e  n o t  qu i te  com- 
plete ,  poss ib ly  because  an  effect  of t r e a t m e n t  is usual ly  
to  d e t a c h  t he  epidermis ,  as a s epa ra t e  i n t a c t  layer ,  wh ich  
m u s t  invo lve  b r e a k d o w n  of a t  leas t  some s t r u c t u r a l  
ma te r i a l .  

Specif ic i ty  of effect. T r e a t m e n t  w i t h  p y r i d o x a m i n e  or 
p y r i d o x i n e  ( 1 0 r a M ,  4~ h a d  no  c o m p a r a b l e  effect  
(Figure 1). The  effect  of P x l - P  was r educed  in t h e  presence  
of lysine (Figure  1). 

I n h i b i t i o n  of effect. P r e t r e a t m e n t  w i t h  NaBH~ (0.1M, 
P h  10.5, 1 h, 20~ followed b y  .washing in NaC1-P a t  
p H  7.5, la rgely  i n h i b i t e d  t he  effect  of Px l -P .  Mean  
s t r e n g t h  of 5 pa i rs  of r ings  t r e a t e d  f i rs t  w i t h  NaBH~ 
(0.1M, 1 h, 20~ followed b y  P x I - P  (10 m M  in NaC1-P, 
p H  7.5, 4~ 1-3 days)  was  1 8 8 •  (% un t r ea t ed ) ,  
fo l lowed b y  NaCI-P  a lone  215 4- 10. 

P r e t r e a t m e n t  w i t h  N H ~ O H  (hydrochlor ide ,  0 .1M,  
1~/2 h, p H  9, 20~ followed b y  wash ing  in  NaCI-P  a t  
p H  7 .5  also i n h i b i t e d  t h e  effect  of Px l -P .  F igures  for 
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Fig. 2. The effect of pyridoxal-5'-phosphate at different hydrogen 
ion concentrations. Skin was treated with 10 mM Pxl-P in phos- 
phate buffered physiological saline at various pH levels (overnight 
4 ~ Q), or in buffered saline alone (• The effect of this treatment 
followed by return to physiological saline alone is also shown (�9 
Lines join means of pairs from a single tail. 
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strength,  in 3 successive exper iments  wi th  increasing 
length  of Px l -P  t r ea tment ,  were:  hyd roxy lamine  pre- 
t reated,  76, 70; 88, 82; 75, 64; Na.CI-P pre t rea ted ,  52, 45; 
35, 33; 29, 20. 

Inh ib i t ion  of reversal.  T r e a t m e n t  wi th  NH2OH (hydro- 
chloride 0.1M,  p H  9, 1 h, 20~ af ter  Px l -P  p reven ted  
recovery  of s t rength  on subsequent  t ransfer  to NaC1-P 
alone a t  p H  7.5 (Figure 1); NH~NH~ (sulphate) had  a 
s imilar  effect. 

Discussion. PxI-P  is a co-enzyme in a number  of 
react ions invo lv ing  amino-groups  (see review by  BANKS 10) 
and is known to react  wi th  them.  The hypothesis  t ha t  the  
effect  of Px l -P  on s t rength  is b rough t  about  by rup ture  
of azometh ine  l inkages formed be tween  an a ldehyde  and 
amino-group would explain the  inhibi t ion of recovery  of 
s t rength  by  NH2OH and N H 2 N H  ~. I t  would  also provide  
a reasonable explana t ion  of the  s tabi l iz ing effect of 
previous  reduct ion  wi th  NaBH4. I t  is, however ,  no t  clear 
why  p r e t r e a t m e n t  wi th  NH~OH or NHeNHe,  act ing on a 
l ink of this nature,  should have  a s tabi l iz ing effect. 
]~ENSUSAN, McKNIGHT and NAIDU xl, in contrast ,  repor t  
p re sumpt ive  evidence of the  d is rupt ion  of such a l ink by  
N H ~ N H  2 in a model  compound  (furfural-butylamine) .  
The  observa t ion  t h a t  N H 2 O H  and N H ~ N H  2 have  this 
effect  is, however ,  of in teres t  because they  also pro tec t  
skin against  the  weakening  produced by  lowered pH,  as 
well as p reven t ing  recovery  on re turn  to neut ra l  p H  ~. 
N a B H  4 reduct ion  also has a s tabi l iz ing effect against  p H  
change, down to abou t  513. These similari t ies be tween 
effects of Px l -P  and reduct ion  of p H  are compat ib le  wi th  
the  hypothes is  t h a t  the  same links are concerned. 

Discussion has been confined to possible explana t ion  of 
the  results in te rms  of a single effect  on collagen. This  is 
l ikely to be an overs impl i f ica t ion : for example,  i t  does not  

readi ly  explain the  de t achmen t  of the  epidermis produced 
by  Pxl-P.  

The  fact  t h a t  PxI -P  is a na tu ra l ly  occurr ing substance 
present  in tissues pe rhaps  adds in teres t  to these observa-  
tions, though  normal  concent ra t ions  in whole t issue are 
much  lower than  we used (e.g.14). Other  na tu ra l ly  
occurr ing substances wi th  a s imilar  effect are cysteine, 
g lu ta th ione  ~ and homocys te ine  15 (but no t  repor ted  in 
detail). 

Rdsumd. Le t r a i t emen t  de la peau de la queue de 
jeunes rats  avec du pyr idoxa l -5 ' -phospha te  a rgduit  sa 
r6sistance (jusqu'~ 70%). Cet effet  est en grande par t ie  
r6versible, la r6versibilit6 p o u v a n t  toutefois  6tre inhib6e 
par  l 'hydraz ine  ou l ' hydroxy lamine :  ces observat ions  sont  
en accord avec l 'hypoth~se a t t r ibuant ,  pour  une grande 
pat t ie ,  la r6sistance de ce tissu ~ des liaisons azom6thines,  
form6es par  la condensat ion de fonct ions aldghyde et 
amine.  
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Changes in Electrical Activity of the Cockroach Blatta orientalis L. Brain Induced by Anti-Lobster 
Brain Antibody 

We demons t ra ted  in m a m m a l s  t h a t  the  electrical 
ac t iv i ty  of the  bra in  and behav iour  migh t  be affected by  
ant i -bra in  ant ibodies  in jec ted  into the  cerebral  cav i ty  1. 
The  enormous s t ruc tura l  and funct ional  complex i ty  of the  
m a m m a l i a n  bra in  compels  immunoneuro logica l  s t ra tegy  
to include some 's imple sys tems '  in the  s tudy.  I t  was 
considered, therefore,  t h a t  the  insect 's  brain, because of 
its re la t ive ly  s imple organizat ion s, represents  a sui table 
mode l  for the  inves t igat ions  of the  biological  proper t ies  
of the  ant i -bra in  antibodies.  

Materials and methods. One par t  of homogenized  bra in  
f rom lobster  (Palinurus vulgaris) was mixed  wi th  2 par ts  
of comple te  F reund ' s  a d j u v a n t  and injected s.c. into 
rabbi ts  (0.8 ml  of an t igen -ad juvan t  mix tu re  per  animal).  
20-30 days  la ter  each rabb i t  received i.p. 50 mg  of 
lobster  bra in  wi thou t  ad juvan t .  The  animals  were bled 
a t  var ious  t ime  intervals ,  and the  sera examined  for the  
presence of ant i - lobster  bra in  ant ibodies  by  means  of 
different  precipi t in  react ions and complement  f ixat ion 
technique.  Sera conta in ing ant ibodies  were pooled, 
i m m u n e  y-globulin fract ion isolated ~, dia lyzed against  
physiological  solution for insects 4, and ]yophilized. 
Norma l  r abb i t  y-globulin was separa ted  in an ident ical  
manner .  Pr ior  to use, normal  and i m m u n e  y-globulins 
were dissolved separate ly  in distil led wate r  to a concentra-  
t ion of 40 mg/mt,  and then  12 50% hemoly t ic  units  of 
guinea-IS!g complemen t  were added to each solution. 

The  exper iment  was carried out  on adul t  cockroaches 
(Blatta orientalis L.). Af te r  anaesthesia  in carbon dioxide, 
the  chit in cover  f rom the  f ronta l  pa r t  of the  head  was 
removed,  and steel  or Ni -chrome bipolar  and monopolar  
electrodes, hav ing  a t ip  of approx ima te ly  50 ~., were 
implan ted  in the  bra in  as described previous ly  5. In  most  
instances the  electrodes were inser ted into the  proto-  
cerebrmn (Figure 1). Physiological  solution, normal  
y-globulin and immune  y-globulin were applied on the  
surface of the  insect 's  bra in  wi th  a glass micro-pipet te .  
The  electrical  ac t iv i ty  was recorded for a t  least  3 h 
using an 'A lva r '  encephalograph.  

Results and discussion. In  spite of the  wide phylogenic  
dis tance be tween  the  lobster  and the  rabbit ,  6 of  15 
rabbi ts  in jected wi th  the  lobster  bra in  in a d j u v a n t  devel- 
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