
15.4. 1968 Spccialia 353 

Since t he  compos i t i on  of t he  cell wall  is h igh ly  complex ,  
i t  is v e r y  di f f icul t  to  t r y  a n d  iden t i fy  t he  chemica l  n a t u r e  
of t he  dissociable  g roups  a n d  the i r  a p p a r e n t  d issoc ia t ion  
c o n s t a n t .  However ,  i t  m a y  be  recal led t h a t ,  w i th in  p H  2 
a n d  6, b iological ly  i m p o r t a n t  chemica l  g roups  such  as 
ca rboxy l i c  a n d  p h o s p h a t e  dissociate.  

I n  S. aureus cell wal l  262 /*-equiv./g of d issociable  
g roups  h a v e  been  found.  Ce r t a in ly  th i s  f igure is less t h a n  
t h e  real  n u m b e r  a s s u m i n g  t h a t  t he  t e r m i n a l  ca rboxy l i c  
g roups  a n d  t he  s ide -ca rboxy l  ones  were  free. O u t  of t he  
262 /*-equ iv . /g  found,  28 h a v e  p K  4.70 and  are  ce r t a in ly  
iden t i f i ab le  w i t h  t h e  ca rboxy l i c  groups .  In  fac t  p K  4.70 is 
v e r y  close to  t he  acet ic  acid p K  a n d  t he  d i ssoc ia t ion  p K  
of ca rboxy l i c  g roups  t i t r a t e d  in va r ious  p ro t e in s  (e.g. r ibo-  
n u c l e a s e %  Of t h e  r e m a i n i n g  232/~-equiv. /g ,  i t  is d i f f icul t  
t o  s t a t e  exac t ly  w h a t  chemica l  g roups  are  d issociable  w i t h  
p K  3A9. T h e y  m a y  be  e i t he r  t e r m i n a l  ~ -ca rboxy l  g roups  
(whereas  those  w i t h  p K  4.56 would  b e  s i de - cha i n - ca r boxy l  
ones  9) or  t h e  p h o s p h a t e  g roups  of te ichoic  acid.  T h e  h igh ly  
n e g a t i v e  po ly r ib i to l  p h o s p h a t e  cha in  ce r t a in ly  ac t s  as t he  
m a j o r  cell wal l  po lye lec t ro ly te .  Most  of t h e  d issoeiable  
g roups  w i t h  p K  3.19 are  p r o b a b l y  p h o s p h a t e .  STRO- 
MINGER 10 s t a t e s  t h a t  t he  specia l  s t r u c t u r e s  in some s t r a i n s  
of S. aureus a c c o u n t  for  a b o u t  20% of t he  cell wall.  In  
t h i s  f igure  are  inc luded  glycine  po lypep t ides .  Thus ,  as t he  
S. aureus cell wal l  c o n t a i n s  a b o u t  12% te ichoic  acid and,  
a cco rd ing  to  t he  s t r u c t u r e  r epo r t ed  b y  BADDILEY e t  al. ~t, 
t h e  molecu la r  we igh t  of t he  p o l y m e r  s t r u c t u r a l  u n i t  is 
a b o u t  490, 1 g of cell wal l  c o n t a i n s  a b o u t  245 / , - m o l e s  of 
p o l y m e r  s t r u c t u r a l  uni t .  Since each  un i t  c o n t a i n s  a dis- 
sociable  p h o s p h a t e  group,  t h i s  n u m b e r  agrees  well  e n o u g h  

w i t h  the  p -equ iv . /g  of h y d r o g e n  ions b o u n d  w i t h  p K  3.19. 
On t he  o t h e r  hand ,  59.50 /*-moles of t o t a l  p h o s p h o r u s  
were m e a s u r e d  on 1 g of S. aureus cell wall  ( s t ra in  22 ISI ) .  
W h e n  p H  is a b o v e  6.00 N H  2 groups  p r o b a b l y  d issoc ia te  
(-- NH~  -->- N H  2 + H +) ; t h e  p K  7.15 found  is v e r y  close 
to t he  p K  7.8 of N H ,  g roups  for smal l  molecu lesL  

Riassunto. I1 cell-wall  di Staphylococcus aureus ~ capace  
di legare  cat ioni .  Poich~ la capacitor l egan te  ioni d i p e n d e  
da l  p H  del mezzo, si ~ s t u d i a t a  la  capacitS, l egan te  idro-  
genioni  di cell-wall  l iofi l izzato i so la to  d a  S. aureus. Tito-  
lazioni  al di  so t t o  di p H  9.0 h a n n o  d i m o s t r a t o  la p r e s e n z a  
di 3 sit i  l egan t i  con p K  r i s p e t t i v a m e n t e  di 7,15, 4,70 e 3,19 
e capacitor m a s s i m a  l egan te  di 2, 28 e 232 # -equ iv . / g  (peso 
secco cell-wall).  Viene  discussa  la n a t u r a  ch imica  dei 
g rupp i  dissociabil i .  
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Visua l  and  A u d i t o r y  E v o k e d  Poten t ia l s :  Spec i f i c i ty  of Re t i cu lar  F o r m a t i o n  M o d u l a t i n g  I n f l u e n c e s  

I t  has  become  c o m m o n p l a c e  to cons ider  t he  b r a i n  s t e m  
re t i cu la r  s y s t e m  as exe r t i ng  diffuse,  non-specif ic  inf lu-  
ences  1,2. Th i s  conc lus ion  is ba sed  largely  on  s tud ies  of 
lesions a n d  electr ical  s t im u l a t i on ,  b o t h  of wh ich  are  non-  
se lec t ive  i n t e rven t i ons .  T he  fo rmer  abol i shes  all  neu ra l  
c o n d u c t i o n  in t he  i m m e d i a t e  v ic in i ty ,  a n d  t he  l a t t e r  in- 
duces  b o t h  o r t h o d r o m i c  a n d  a n t i d r o m i c  impulses  in all 
suscep t ib le  synapses  a n d  f ibres  of passage,  w h e t h e r  t h e y  
are  f ac i l i t a to ry  or  i n h i b i t o r y  3,4. Chemica l  s t i m u l a t i on ,  
however ,  offers a possible  so lu t ion  to these  p r o b l e m s  since 
depos i t ing  suspec ted  n e u r o t r a n s m i t t e r s  in t he  v i c in i ty  of 
synapses  m a y  mimic  t he  ac t ions  of e n d o g e n o u s  neuro-  
h u m o r s  b y  a c t i v a t i n g  or i n h i b i t i n g  on ly  those  n e u r o n s  
whose  p o s t s y n a p t i c  m e m b r a n e s  are  suscep t ib le  to  t h a t  
s u b s t a n c e S - L  

A n u m b e r  of i nves t iga to r s  h a v e  d e m o n s t r a t e d  modif ica-  
t i on  of sensory  evoked  p o t e n t i a l s  b y  e lectr ical  8-~° a n d  
chemica l  3,n s t i m u l a t i o n  of t he  r e t i cu la r  fo rmat ion .  I n  t he  
m a j o r i t y  of cases i t  h a s  b e e n  a s s um ed  t h a t  t h e  r e t i cu la r  
inf luences  would  h a v e  b e e n  exe r t ed  in l ike m a n n e r  ove r  
al l  modal i t ies .  T h e  p r e s e n t  s t u d y  was  des igned  to  in-  
v e s t i g a t e  in  t h e  s a m e  a n i m a l s  t h e  effects  of chemica l  a n d  
e lect r ica l  r e t i cu la r  a c t i v a t i o n  on  b o t h  v i sua l  a n d  a u d i t o r y  
evoked  po ten t i a l s .  

Methods. E l e v e n  acu te ly  i m p l a n t e d  ca t s  were  p r e p a r e d  
for  su rge ry  u n d e r  e t h e r  a n e s t h e s i a  a n d  t h e n  m a i n t a i n e d  
o n  ar t i f ic ia l  r e sp i r a t i on  w i t h  Flaxedi l .  P ressu re  po in t s  and  
incised t i ssues  were top ica l ly  t r e a t e d  w i t h  2 %  Xylo-  
ca ine  12. Vi sua l  a n d  a u d i t o r y  p o t e n t i a l s  were  evoked  b y  
single shocks  to  t h e  op t ic  t r a c t  a n d  b r a c h i u m  of t he  

infer ior  colliculus, respect ive ly .  E v o k e d  p o t e n t i a l s  were 
recorded  f rom visua l  cor t ices  I a n d  II,  a n d  p r i m a r y  a n d  
assoc ia t ion  a u d i t o r y  cor t ices  ~3. Drugs  in so lu t ion ,  ad-  
j u s t e d  to p H  7.4, cons i s t ing  of 20 #g  of a d r e n a l i n e  bi- 
t a r t r a t e  dissolved in 20 #I of n o r m a l  saline,  a n d  20 #g  of 
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ace ty lcho l ine  b r o m i d e  dissolved in 10 #1 of T y r o d e  solu- 
t ion,  were in jec ted  b y  a mic rosy r inge  a t t a c h e d  to a 23 
gauge  s ta in less  s teel  t u b e  w h i c h  was inse r t ed  in to  a 19 
gauge  gu ide  cannu la .  Drugs  were  i n j ec t ed  i n to  t he  p o n t i n e  
a n d  b u t b a r  r e t i cu l a r  f o r m a t i o n  la. Fo r  h igh  f r e q u e n c y  
s t i m u l a t i o n  of t h e  s ame  si tes  i n to  w h i c h  t h e  d rugs  were 
in jec ted ,  a 0.01 inch  s ta in less  s teel  wire, i n su la t ed  excep t  
a t  t h e  t ip,  was  inse r ted  in to  t he  guide  for 2 see t r a i n s  of 
m o n o p o l a r  s t i m u l a t i o n  a t  150/sec, 0.1 msec  pulse du ra t i on ,  
1.2 V. A t  t he  end  of each  expe r imen t ,  t he  d rug  a n d  elec- 
t r i ca l  s t i m u l a t i n g  si tes were  ver i f ied  h is to logica l ly  ~. 

The  i n t e r s t i m u l u s  i n t e r v a l  was  3 sec. S t imul i  to  each  
m o d a l i t y  were  a l t e r n a t e d  in g roups  of 12. Af te r  h a b i t u a -  
t i on  t r ia ls ,  con t ro l  r ecord ings  were t a k e n  for app rox i -  
m a t e l y  10 min ,  a n d  w i t h o u t  i n t e r r u p t i o n  of t h e  sensory  
s t i m u l a t i o n ,  a d r u g  c a n n u l a  was inse r t ed  i n to  t he  guide  
a n d  t he  so lu t ion  in j ec t ed  slowly over  a pe r iod  of 60-80  
sec. The  e x p e r i m e n t a l  d a t a  cons i s ted  of p o t e n t i a l s  re- 
co rded  for  a p p r o x i m a t e l y  5 min  a f t e r  t he  end  of a d rug  
in jec t ion .  F o r  h igh  f r equency  s t i m u l a t i o n  tr ials ,  a shock  
to  one of t he  sensory  sys t ems  was de l ivered  100 msec 
a f t e r  t he  end  of a 2 sec t r a i n  of 150/sec pulses  to  t h e  
r e t i cu la r  fo rma t ion .  The  i n t e r t r a i n  i n t e r v a l  was  ma in -  
t a i n e d  a t  3 sec. Since record ings  were t a k e n  i m m e d i a t e l y  
before  a m a n i p u l a t i o n ,  each  s u b j e c t  ac ted  as i t s  own  
cont ro l .  
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(a) Averages of 10 visual and 10 auditory evoked potentials showing 
the 3 peaks analyzed. (b) Mean % changes in amplitudes of the 3 
components of the evoked potentials during pontine reticular 
formation activation by adrenalin. (c) Same as (b) except for retic- 
ular activation by high frequency electrical stimulation. The asterisks 
indicate a statistically significant increase of the experimental 
potentials compared to controls at the 5% level or better. Vision I: 
posterolateral gyrus, Vision II: posterior suprasylvian gyrus; 
Audition I: middle eetosylvian gyrus; Audition Ass: auditory 
association area on the anterior suprasylvian gyrus, 

T h e  evoked  p o t e n t i a l s  were ampl i f i ed  a n d  recorded  on  
a m u l t i c h a n n e l  FM t a p e  recorder ,  a n d  a v e r a g e d  off-line 
in  g roups  of 10 ( the  las t  10 of each  g roup  of 12) b y  a n  
av e rag e  re sponse  c o m p u t e r ,  a n d  p h o t o g r a p h e d .  T h r e e  
c o m p o n e n t s  of t h e  a v e r a g e d  p o t e n t i a l s  were  ana lyzed  
s e p a r a t e l y  for  ch an g es  in a m p l i t u d e  f rom basel ine .  These  
were :  (1) t h e  l a rges t  in i t ia l  pos i t ive  p e a k ;  (2) t h e  follow- 
ing la rges t  nega t i ve  p e a k ;  a n d  (3) t h e  n e x t  longer  d u r a t i o n  
pos i t ive  peak .  These  are r ep r e s en t ed  in F igu re  a as 
t r ac ings  of t h e  ave rages  of 10 v i sua l  a n d  10 a u d i t o r y  
evoked  po ten t i a l s .  

Results. The  d a t a  were ana lyzed  s t a t i s t i ca l ly  b y  mul -  
t ip le  t w o - w a y  ana lyses  of v a r i a n c e  w i th  r e p e a t e d  meas-  
ures.  E a c h  ana lys i s  was  based  on  f rom 160-440 con t ro l  
evoked  p o t e n t i a l s  a n d  a n  equa l  n u m b e r  of e x p e r i m e n t a l  
po ten t i a l s .  T h e  resu l t s  in F i g u r e  b c o m p a r e  m e a n  % 
changes  of v i sua l  a n d  a u d i t o r y  p o t e n t i a l s  w h e n  t h e  p a n -  
Sine r e t i cu la r  f o r m a t i o n  was  a c t i v a t e d  b y  ad rena l ine .  T h e  
as te r i sks  i nd i ca t e  s t a t i s t i ca l  s igni f icance  a t  t h e  0.05 level  
or b e t t e r  (i.e., t h e  e x p e r i m e n t a l  p o t e n t i a l s  were signifi-  
c a n t l y  d i f fe ren t  f rom t h e i r  own  con t ro l s  w i t h  95% confi-  
dence).  I t  can  be  seen t h a t  v i sua l  b u t  n o t  a u d i t o r y  
p o t e n t i a l s  were  in f luenced  b y  a d r e n a l i n e  i n j ec t ed  in to  
t h e  p o n t i n e  area .  Moreover ,  f r om t h e  Vis ion  I site, m e a n  
% increases  a p p e a r  to  be  d i r ec t ly  p r o p o r t i o n a l  to  t h e  
l a t ency ,  t h a t  is, t h e  % c h a n g e  of p e a k  3 is g r e a t e r  t h a n  
t h a t  of p e a k  2, an d  t h a t  of p e a k  2 is g r ea t e r  t h a n  t h a t  of 
p e a k  1. The  same  t r e n d  seems to  beg in  in Vis ion I I  b u t  
b r e a k s  d o w n  a t  p e a k  3. A d r e n a l i n e  i n j ec t ed  in to  t h e  
b u l b a r  a rea  an d  ace ty lcho l ine  in jec ted  in to  e i t he r  b r a i n  
s t em si te  effected occas ional  increases  of t h e  v i sua l  a n d  
a u d i t o r y  po ten t i a l s ,  b u t  no cons i s t ency  or  p a t t e r n  could 
be  d iscerned.  F igu re  c c o m p a r e s  v i sua l  a n d  a u d i t o r y  
p o t e n t i a l s  w h e n  t h e  p o n t i n e  s i te  was  a c t i v a t e d  electr ical ly .  
I t  can  be  seen  t h a t  t h e  a d r e n a l i n e  effect  is essen t ia l ly  
conf i rmed  b y  h igh  I r e q u e n c y  s t i n m l a t i o n .  

Conclusions. A n u m b e r  of conc lus ions  c a n  be  d r a w n  
f rom these  d a t a  wh ich  ind ica t e  a fa i r  degree  of specif ic i ty  
of r e t i cu la r  cont ro l .  Firs t ,  t h e r e  is a m o d a l i t y  specif ic i ty  
of r e t i cu la r  inf luences  since t h e  v i sua l  p o t e n t i a l s  were  
m u c h  more  s t rong ly  a f fec ted  t h a n  t h e  a u d i t o r y  po ten t i a l s .  
Th i s  was  t r ue  for b o t h  chemica l  a n d  e lect r ica l  r e t i cu la r  
ac t iva t ion .  Second,  t h e r e  is d r u g  speci f ic i ty  s ince t h e  
a d r e n a l i n e  was  more  ef fec t ive  in in f luenc ing  t h e  p o t e n t i a l s  
t h a n  was  t h e  ace ty lchol ine .  F ina l ly ,  t h e  s i te  of t h e  d r u g  
in jec t ion  is a n  i m p o r t a n t  v a r i a b l e  s ince t h e  p a n s  was more  
suscep t ib le  to  d r u g  in f luence  t h a n  t h e  more  c a u d a l  b r a i n  
s t em in j ec t ion  s i te  z~. 

Zusammen/assung. A d r e n a l i n z u f u h r  wie a u c h  hochf re -  
q u e n t e  e lek t r i sche  Re i zu n g  a m  p o n t i n i s c h e n  G e h i r n s t a m m  
f t ihren  zu P o t e n t i a l v e r s t A r k u n g ,  w e n n  diese n i c h t  visuell ,  
s o n d e rn  a u d i t i v  geweck t  wurde .  E n t s p r e c h e n d e  Ver suche  
m i t  Ace ty lcho l in  f i i h r t en  zu k e i n e m  Erfolg,  was  fiir die  
Spez i f i t~ t  de r  r e t i k u l a r e n  Einf l i isse  spr ich t .  
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