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forehead-nose  cont inuum,  whereby  the  br idge of the  nose 
is obl i tera ted ,  by  not  showing any  inden ta t ion ,  nar rowing 
or o the r  indicat ions  for it  (Figure 1, NGr- and NGl-types) .  

For  del ineat ing a new syndrome,  the  p resen t  da t a  
would  be great ly enhanced  if addi t ional  in format ion  were 
avai lable on the  Ss's acumen  in recognizing actual  indi- 
v idual  faces. They  themse lves  would mos t  likely be un- 
aware  of any  disabi l i ty  in th is  respect,  as are mos t  proso- 
pagnos t ie  adults ,  who or ient  themselves  by  features  o the r  
t h a n  the  mos t  involved upper  por t ion  of t he  face. Tests  
on face recogni t ion  have  grave l imi ta t ions  too, as MEA- 
DOWS ~7 emphasizes ,  moreso as clinically prosopagnos t ic  
pa t i en t s  of ten do well on such tests .  

A review ~s of the  neurological  l i te ra ture  on bra in-  
lesioned prosopagnos t ic  pa t i en t s  shows some repor t s  in 
which  the re  also exis ted reading d i s tu rbances  - a t  least  
in tile beginning  (JosSMANN 2~ HOFF and P6TZL 21, 
FAUST 22, BOIDAIVEER 15, HI~IDENIiAIM2a), while o thers  did 
no t  repor t  abou t  such associat ion (Ht~CAEN et  al. is, 
WILBRAND 24, DONINI 25, FAUST 26). In  add i t ion  ENGERTH 19 
discusses the  case of a brain- les ioned prosopagnos t ic  wi th  
' reading d is turbances ' .  Their  specific pa t t e rn ,  t hough  no t  
c o m m e n t e d  upon, suppor t s  the  here pos tu la ted  analogy 
be tween  the  global manne r  of approach ing  the  face pa t -  
t e rn  (especially its upper  p a r t  'eye and nose')  and letters,  
syllables or words  ( f requent ly  ' t u rn ing  let ters  up or 

down' ,  d i s to r t ing  words  b y  reading and wri t ing t h e m  
'in a reversed manner ' ) .  A n o t h e r  p a t i en t  of ENGERTH ~~ 
wi th  cerebral  contus ion  had  a t e m p o r a r y  defect  in reading 
and drew a neoli thic-l ike face configurat ion,  t hough  again 
no t  c o m m e n t e d  upon.  (Suppor t ing  KLEIN'S 5 hypothes is ,  
th is  pa t i en t  had  also finger agnosia, acalculia and r ight-  
left  d i s tor t ion  and drew a 'paw-l ike '  hand.)  

Thus,  these  bra in- les ioned cases ~9 also suggest  t h a t  a 
'de-d i f fe ren t ia t ion '  5 in exper iencing  h a n d  and face reveals  
specific features,  t h a t  are congruen t  w i th  an early and  
more  pr imi t ive  ut i l izat ion and cognit ion,  respect ively,  of 
b o t h  these  essent ia l  body  par ts .  

Iden t i f i ca t ion  of a new clinical subgroup  or new syn-  
drome - aside f rom its heuris t ic  value - opens the  way  
for an early diagnosis  w i th  prac t ica l  implicat ions.  
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Summary. Movement s  of the  crab gill bailer were en t ra ined  to  an a l t e rna t ing  cur ren t  appl ied to the  thoracic  ganglion. 
There  was l i t t le d is tor t ion  of the  muscle r ec ru i tmen t  cycle, b o t h  absolute  and relat ive coord ina t ion  were observed,  and  
the  phase  of the  dr iven  sys t em in the  dr iv ing cycle was a funct ion  of the  difference be tween  free runn ing  and dr iv ing 
frequencies .  

The suboesophageal  ganglion of decapod  c rus taceans  
genera tes  a r h y t h m i c  p a t t e r n  of m o t o r  ac t iv i ty  dr iv ing 
the  muscles of the  2rid maxi l la  in a res t r ic ted  n u m b e r  of 
r e c r u i t m e n t  sequences  to produce  e i ther  forward  or re- 
versed bea t ing  of the  gill bai ler  2. Loose bi la teral  coupling 
of t he  bailers in a prefer red  phase  re la t ionship  has  been  
observed  a. E x p e r i m e n t a l  coupling of tile 2nd maxi l la  
neura l  mo to r  to an ex te rna l  signal could be used to  locate 
t he  neural  oscillator,  and,  if kite coupling were t ight ,  to 
set  its per iod so t h a t  signal averaging  t echn iques  could be 
used for analys ing small  electrical  events  recorded in the  
neuropile.  

The possibi l i ty  of achieving an exper imen ta l  coupling 
was inves t iga ted  using Carcirzus maenas. The animals  
were dissected to expose the  suboesophageal  ganglion and 
the  musctes of the  2rid maxilla.  

If  the  r ec ru i tmen t  sequence is dr iven  by  quasi-s inus-  
oidal var ia t ions  in the  m e m b r a n e  po ten t i a l  of a single 
oscil lator neurone  ~, a slowly a l t e rna t ing  cu r ren t  migh t  be 
a sui table en t ra in ing  signal. This sor t  of signal was chosen 
for these  exper iments .  

The en t ra in ing  signal was appl ied to  t he  dorsal  surface 
of the  ganglion t h rough  a suct ion electrode,  orifice dia- 
me te r  0.3 mm.  Al t e rna t ing  cur ren t  was d rawn  f rom a low 
impedance  source and t aken  to the  suct ion electrode 
th rough  a 50 ~2 series resistance.  A silver chloride refer- 

ence electrode encircled the  suction electrode near  its tip. 
The vol tage developed across t he  electrodes and 50 s 
res is tance  was moni to red  using a cha r t  recorder.  

E n t r a i n m e n t  was observed  to signals of 0.3-11.0 V 
peak- to-peak;  a s ignal  of abou t  5.0 V peak- to -peak  was 
genera l ly  used in these  exper iments .  I t  is probable  t h a t  
wi th  the  concent r ic  e lectrode sys t em the  electric field 
s t r eng th  a t t e n u a t e d  rap id ly  wi th  d i s tance  f rom the  suc- 
t ion orifice. 

E l ec t ro my o g rams  f rom 2 bailer muscles were also re- 
corded,  so it was always possible to de te rmine  w h e t h e r  
t he  bailers were being dr iven  in the  forward or reverse 
modes.  The resul ts  here are der ived f rom forward mode  
recordings  only. 

A shor t  sect ion of a recording is shown in Figure 1. 
The  muscle r ec ru i tmen t  sequence became ent ra ined  to the  
dr iv ing signal wi th in  one cycle, a l though  in o ther  experi-  
men t s  the  s table  phase  re la t ionship  was reached only  
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af ter  several  dr iving cycles. I t  is ev iden t  t h a t  t he  dr iving 
signal did no t  seriously d i s to r t  the  muscle r ec ru i tmen t  
sequence observed  while t he  bailer was free running.  

Absolute  e n t r a i n m e n t  as i l lus t ra ted  by  the  t races  in 
Figure 1 occurs only  over  res t r ic ted  ranges of dr iv ing fre- 
quencies  in t he  ne ighbourhood  of t he  free runn ing  fre- 
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Fig. 1. Pen recorder trace of a typical entraining session. Driving 
signal switched on at a. Top: e.m.g., muscle Lla (nomenclature after 
YOUNC,~). Middle: e.rn.g., nmscle L2b. Bottom: entraining signal 
voltage on which have been superimposed marks indicating the start 
of the e.m.g's. Upward strokes, Lla, downward strokes L2b. Time 
scale : sec. 

quency  and  simple mul t ip les  or submul t ip les  of it. The  
p repara t ions  used in these  expe r imen t s  were spon tane -  
ously act ive only for abou t  30 rain af ter  dissect ion and the  
free runn ing  f requency  changed  dur ing  t h a t  t ime,  gen-  
eral ly increasing terminal ly .  I t  was therefore  more  appro-  
pr ia te  to  de te rmine  the  range of dr iving/free  runn ing  
f requency  ra t ios  over  which  a p repa ra t ion  could be en- 
t ra ined,  t h a n  to de te rmine  the  absolute  f requency  range 
of e n t r a i n m e n t  which  would  have  var ied dur ing the  life- 
t ime  of a p repara t ion .  

Spon taneous ly  act ive  p repara t ions  were subjec ted  to 
the  dr iv ing signal for sessions of 10 20 cycles. The pre-  
pa ra t ion  was allowed to  f ree-run be tween  sessions, and  
the  mean  of the  free runn ing  frequencies before and  af ter  
each session was t aken  as an es t imate  of the  'free running '  
f r equency  of the  neural  mo to r  dur ing  a session. Free run-  
ning f requencies  in the  order  of 1.0-2.0 Hz were com- 
monly  observed,  and dr iving frequencies  in the  range of 
0.5-5.0 Hz  were used. A n u m b e r  of f requencies  wi th in  
th is  range were p resen ted  in a r a n d o m  order  dur ing each 
exper iment .  

Resul ts  f rom one such expe r imen t  are p resen ted  in 
Figure 2. The dr iven  f requency/ f ree  runn ing  f requency  
rat io is shown on the  ordinate .  Most of the  points  do no t  
lie on the  line where t he  ord ina te  value is uni ty ,  i.e. where  
t he  dr iven  f requency  (the bailer bea t  f requency dur ing  a 
session) equals  the  m e a n  free runn ing  f requency.  On the  
abscissa is shown the  dr iving f requency/f ree  runn ing  fre- 
quency  ratio.  Po in t s  in the  range of 0.84-1.16 on the  ab-  
scissa lie exac l ty  on the  line for which  the  dr iving and  
dr iven  frequencies  are equal. Some o ther  poin ts  lie on the  
line for which  the  dr iven f requency is half  the  dr iv ing 
f requency.  
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Fig. 2. Coupling over a range of driving and free running frequencies. Graph: ordinate, driven frequency/mean free running frequency; 
abscissa, driving frequency/mean free running frequency. 
Circular histograms: Muscle recruitment phase in driving signal cycle. Top, muscle L2b; bottom, muscle Dla. Positive-going zero 
voltage crossing at 3 o'cIoek, histograms read anticlockwise. In histograms 7 and 8 one Mstogram cycle is equal to two driving signal 
cycles, the muscle being entrained to alternate signal cycles. 
Abbreviations: ] ~ ,  bailer beat frequency during an entraining session (= driven frequency); ~n, mean of the bailer free-running frequencies 
before and after a session; fo, entraining signal frequency (driving frequency). 
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Each  poin t  on the  g raph  is a result  f rom a single session. 
Above the  g raph  are pairs  of circular phase  h i s tograms  
which  are a r ranged  in the  same order  as points  on the  
graph.  T h a t  is, the  first  pai r  of h i s tograms  shows the  
phase  of the  dr iving cycle a t  which  muscles L2b and D l a  
were recrui ted in each cycle dur ing the  session f rom which  
the f irs t  po in t  on the  graph  was derived.  H i s tog rams  3, 
4, 5, 7 and  8, re la t ing to sessions in which the  dr iven  fre- 
quency  was equal  to the  dr iving f requency  or was half  
the  dr iv ing f requency,  show t h a t  the  muscle r ec ru i tmen t  
cycle became phase  locked to  the  dr iving cur ren t  dur ing  
these  sessions. Dur ing  e n t r a i n m e n t  the  normal  L 2 b - D l a  
phase  angle of abou t  80 ~ was main ta ined .  

During sessions 1, 2 and 5, absolute  coord ina t ion  of the  
sort  descr ibed for the  o ther  sessions was no t  observed,  
bu t  the  neural  mo to r  exh ib i ted  a t endency  to ma in t a in  a 
prefer red  phase  re la t ionship  wi th  the  dr iving signal, slip- 
p ing rapidly  t h rough  regions of unfavourab le  phase  re- 
la t ionship  in the  m anne r  descr ibed by  VON HoLs* 5 as 
re la t ive  coordinat ion.  
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:Fig. 3. Regression of coupling phase angle on frequency difference. 
Ordinate: phase of muscle recruitment in driving signal cycle (posi- 
tive going zero voltage crossing = zero phase). Abscissa: difference 
between driving frequency (/o) and mean free-running frequency 
([,~). Abbreviation: ~ ,  mean recruitment phase angle during an en- 
training session (radians). Other abbreviations as in Figure 2. 

In  Figure 3 results  f rom a d i f ferent  set  of expe r imen t s  
are presented.  The phase  in the  dr iv ing cycle a t  which  
muscles were recrui ted  is shown on the  ordinate .  E a c h  
poin t  is ob ta ined  f rom a single session dur ing which  for- 
ward  bea t ing  was absolu te ly  en t r a ined  to the  dr iv ing 
signal for a m i n i m u m  of 10 cycles, and  represents  the  
mean r ec ru i tmen t  phase  angle dur ing  t h a t  session 6. The 
difference be tween  the  dr iv ing f requency  and tile mean  
free runn ing  f requency  for each session is p lo t t ed  along 
the  abscissa. The neural  motor  ev iden t ly  becomes ad-  
vanced  in the  dr iving cycle when  i t  is forced to run  
slowly, and r e t a rded  when  i t  is speeded  up. 

Four  fea tures  of these  resul ts  indicate  t h a t  the  dr iv ing 
signal ent ra ins  t he  neural  m o t o r  r a the r  t h a n  t h a t  it  drives 
the  muscles i ndependen t ly  of the  neural  motor .  These are, 
1. the  ma in t enance  of in te rmuscu la r  phase  angles dur ing  
en t r a inmen t ;  2. the  res t r ic ted  range of dr iving frequencies 
over which  absolute  coupling is observed,  3. the  re la t ive 
coordinat ion  observed outs ide  the  absolute  coupling fre- 
quency  bands ,  and  4. t he  phase  r e t a rda t ion  observed  
when  the  sys t em is made  to  run fas tL  

I t  is no t  possible to decide whe the r  the  neural  oscillator 
is en t ra ined  di rec t ly  to the  appl ied current ,  or w h e t h e r  
t h a t  cur ren t  modula tes  ac t iv i ty  ill a set  of neurones  to  
which the  neural  oscillator can become entra ined.  Never-  
theless now t h a t  expe r imen ta l  e n t r a i n m e n t  has been de- 
mons t ra ted ,  it  should be possible using a small  e lectrode 
to  map  the  regions of t he  gangl ion hav ing  tile g rea tes t  
sens i t iv i ty  to the  dr iving signal. In  th is  way  one could 
hope to locate the  neural  oscillator, cont ro l  its period, and 
even ob ta in  an indica t ion  of its size and  s t ructure .  
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Summary.  The Ha ldane  coefficient  (the a m o u n t  of the  oxygen- l inked h y d r o g e n  ion b inding  of hemoglobin  )was deter-  
mined  in bovine  e ry th ro lysa te  (Hb concen t ra t ion  = 13.5 mM) by  means  of t he  di f ferent ia l  t i t r a t i on  me t h o d  wi th  vary-  
ing PCO 2 f rom 0 to 74 m m  Hg and  p H  f rom 6.0 to 8.5 a t  37 ~ The m a x i m u m  value of the  coeff icient  was found to  be 
0.49 m M  per  m M  H b  a t  PCO 2 = 0 and p H  7.20. W i t h  increasing of PCOe, t he  coeff icient  became  smaller in all ranges  
of p H  studied.  The coefficient  unde r  the condi t ions  of p H  7.20 and PCO2 = 45 m m  Hg  t h a t  are normal ly  prevai l ing 
in the  inter ior  of bovine e ry th rocy te s  was 0.31. 

At  a physiological  p H  hemoglobin  releases p ro tons  as 
O~ binds  (the alkaline Bohr  effect). The magn i tude  of th is  
effect  is represen ted  by  the  Ha ldane  coefficient expressed  
as - $ H b  H+/dHb-O2. The Ha ldane  coefficient of h u m a n  
hemoglobin  has been repor ted  to be 0.47 under  the  con- 
di t ions  of p H  7.20, PCO 2 = 34 m m  Hg, D P G / H b  4 --  0.84 
and H b  concen t ra t ion  (on a monomer  basis) = 12 m M  2. 
D P G  s tands  for 2 ,3-diphosphoglycerate .  W i t h  oxy-  
genat ion  of blood, an increase in the  nega t ive  charges  of 
the  hemoglobin  due to  the  alkaline Bohr  effect  leads to a 
decrease in the  p H  of t he  inter ior  of e ry th rocy t e s  a t  a 
given p lasma  pH,  t he  magn i tude  being p ropor t iona l  to 
the  Ha ldane  coefficient  8. Recent ly ,  we had  an o p p o r t u n i t y  
to  measure  the  e ry th rocy t e  p H  for bovine blood 4. I t  was 
7.24 on oxygena t ion  of the  blood and 7.252 on deoxygen-  

a t ion a t  p l a sma  p H  of 7.4, the  difference be tween the  
two values  being no t  significant .  This  f inding for the  
bovine blood made  us wonder  w h e t h e r  the Ha ldane  co- 
efficient of bovine hemoglobin  is ve ry  small  a t  physio-  
logical p H  and  PCO2. Resul t s  of s tudies  on the  Ha ldane  
coeff icient  for bovine hemoglob in  and blood are no t  
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