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The  exposed pial  surface was covered  wi th  a 0.01 m m  
th ick  sheet  of 'Mylar '  (Dupont) ,  a re la t ive ly  gas- t ight  po ly-  
es ther  film. The  shee t  was f i t ted  to  the  opening in the  dura  
so t h a t  no air  bubbles  and on ly  a min imal  fluid layer  re- 
ma ined  be tween  the  sheet  and the  brain.  A smal l  end-  
window Geiger-Mfiller t ube  (General  Elec t r ic  t ype  MD. 
4. H. ,  or  Phi l ips  18745) was m o u n t e d  0.5 m m  above  the  
'Mylar  i sheet.  A lead-shield was employed  so t h a t  a 
cor t ical  area  of a d iamete r  of 6.5 m m  was recorded from. 
A gentle  s t r eam of air  was con t i nuous ly r ep l ac ing  the  ai~ 
be tween  the  GM-tube  and the  'my la r '  sheet.  The  GM- 
tube  was coupled  to  an  E C K O  r a t e m e t e r  ( type n 522. B) 
wi th  t he  t ime  cons t an t  set  a t  1 sec and  the  signal was 
recorded b y  an ink-wr i t ing  recorder  ( S P E E D O M A X ,  t ime  
cons t an t  1 see). 

The  in t raca ro t id  in jec t ion  of t he  saline conta in ing  Kr  s5 
was made  th rough  a th in  po lye thy lene  cannula  inser ted 
into t he  cu t  l ingual  a r te ry .  A cont inuous  infusion p u m p  
was used and  a b o u t  0.5 ml  of t he  saline was in jec ted  dur-  
ing  the  first  x]2 rain f o l l o w e d b y  abou t  0.5 ml  in t he  n e x t  
5 rain. T h e n  the  in jec t ion  was ab rup t ly  s topped.  The  
count ing  ra te  ove r  the  bra in  a t  the  end of the  in jec t ion  
was usual ly  abou t  4000-5000 min.  B y  in terposing a layer  
of a luminum foil, i t  was ca lcula ted  t h a t  abou t  90% of the  
emissions recorded or ig ina ted  f rom a t issue layer  of 0.6 mm.  
Prac t ica l ly  comple te  c learance of Kr  s5 f rom the  cor tex  
was ob ta ined  in 15-20 rain. In jec t ion  into  a per iphera l  
ve in  did n o t  cause a s ignif icant  rise above  cor t ical  back-  
g r o u n d  rad ioac t iv i ty .  Thus  the  cu rve  recorded was only  
de te rmined  by  the  K r  sB t aken  up b y  the  co r t ex  dur ing  the  
in t raca ro l id  in jec t ion  and b y  the  subsequen t  ou twash  by  
ar ter ia l  blood con ta in ing  ins ignif icant  a m o u n t s  of r.ecir- 
cu la t ing  K r  85. A semi logar i thmic  p lo t  of t he  recorded 
curve  was made  af te r  correct ion for background  radio-  
ac t iv i ty .  I t  was assumed t h a t  all  the  t issue c o m p a r t m e n t s  
counted  f rom had  the  same blood]bra in  pa r t i t ion  coeffi- 
c ien t  of 0.9 for Kr  85 as de te rmined  for the  co r t ex  as a 
whole by  LASSEr~ 2. Assuming  also t h a t  the  var ious  t issue 
c o m p a r t m e n t s  had  the  same concen t ra t ion  of KrSS a t  t he  
end of t he  inject ion,  i t  can be shown t h a t  t he  ave rage  
blood f low of these compa r tmen t s  in ml /g /min  is equal  to  
the  numer ica l  va lue  of the  p roduc t  of the  b lood]bra in  
pa r t i t i on  coefficient  and the  exponent ia l  coeff ic ient  of a 
monoexponen t i a l  curve  f i t t ed  to  the  ini t ial  p a r t  of t he  
desa tu ra t ion  curve  (Fig.). 

The  blood flow of t he  par ie ta l  co r t ex  of  t he  ca t  was 
found to  v a r y  considerably  depending  on the  exper i -  
m e n t a l  s i tua t ion  studied,  especial ly the  respira t ion of the 
an ima l  was impor tan t .  Values ranging  be tween  0.4 and  
1.6 ml /g /min  were recorded.  This  is in agreement ,  as to  
o rder  of magni tude ,  w i th  t h e  results  of K~Tx" e t al. s. 
R e p e a t e d  measuremen t s  of cor t i ca l  blood flow in the  same 
an imal  and  under  t he  same condi t ions  demons t ra t ed  t h a t  
the  coeff icient  o f  va r ia t ion  of t he  r andom exper imenta l  
error  does no t  exceed 8%. 

The  presen t  t echn ique  reveals t h a t  even  so small  a cort i -  
cal  t issue block as t h a t  counted  f rom in these  studies 
consists of components  differing wi th  respect  to  clearance 
ra te  of K r  85. This  is ev iden t  f rom the  consis tent  devia t ion  
of t he  desa tu ra t ion  curve  f rom the  monoexponen t ia l  curve 
expec ted  in a homogeneous  system. This  observa t ion  ne- 
cess i ta ted the  use of a s tepwise in jec t ion  of Kr  85 as de- 
scribed above  in order  to ob ta in  app rox ima te ly  the  same 
K r  s5 concen t r a t i on  in all  t issue compa r tmen t s  a t  t he  end 
of t he  inject ion.  W h e n  apply ing  the  m e t h o d  to an  experi-  
m e n t a l  s i tua t ion  differing f rom t h a t  of the  present  studies, 
t he  dura t ion  and the  re la t ive  in jec t ion  speeds m a y  have  
t o  be  changed  somewha t  in order  to  app rox ima te  mos t  
closely to  th is  condit ion.  

W i t h  due considera t ion  to  the  slope of t he  Kr  s5 clear-  
ance curve  in a control  s tudy  changes of t he  slope m a y  be  
t aken  to  ind ica te  var ia t ions  in perfusion.  The  me thod  has  
also been  used in a cont inuous  fashion by  cont inuously  
infusing the  i so tope  ove r  1/2-1 h. The  level  of the  resul t ing 
cor t ica l  r a d i o a c t i v i t y  is inversely re la ted  to  blood flow, 
and  ca l ib ra t ion  of t he  curve  can be m a d e  b y  the  above  
descr ibed d iscont inuous  c learance  method .  
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Krypton s5 concentration in the cerebral cortex of a cat. The blood 
flow is calculated as 0.9 times the numerical value of the exponential 
coefficient of the monoexponcntial curve fitted to the initial part of 

the desaturation curve (the straight line on the Figure). 

Zusammen/assung. Der  r ad ioak t ive  indi f ferente  Luf t -  
bes tandte i l  Krypton s~ (in Ringer-Flf issigkei t)  wird in die 
Ar te r ia  carot is  communis  inj iz ier t  und  die 1Radioaktivit~Lt 
fiber der  f reigelegten Gehirnoberf l / iehe verfolgt .  Die  Me- 
rhode  e rg ib t  reproduzierbaxe q u a n t i t a t i v e  corticale Per-  
fus ionswerte  a n d  e ignet  sich auck  fiir andere  Gewebe.  
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STUDIORUM PROGRESSUS 

Molecu lar  M e c h a n i s m  on the E n e r g y  Trans fer  
and Convers ion  in the  Photos ynthe t i c  S y s t e m  

This pape r  describes an  a t t e m p t  to  deve lop  a phys ica l  
mode l  for t he  t ransfer  and convers ion of t he  exc i t a t ion  
energy  in t h e  p h o t o s y n t h e t i c  sys tem.  Accord ing  to  t h e  
recent  expe r imen ta l  resul ts  x on the  sys tem,  i t  m u s t  be  

I E. RABINOWITCII, J. phys. Chem. 61, 870 (1957); Proc. Is t  Natio- 
nal Biophys. Conference, Yale Univ. Press 110 (1959). - M. CAL- 
VIN, Rev. rood. Phys. 31, 147, 157 {1959). 



44 BrSves communications - Kurze Mitteilungeu EXFERIENT1A XVII]I 

supposed tha t  the parts of the chlorophylt-A molecular 
aggregates in the photosynthetic apparatus are to receive 
excitation energy from the other accessory pigments (i.e., 
carotenoids, phycobilins, chlorophyll-B, -C, etc.), to ab: 
sorb the light energy from the external field, and to 
t ransmit  the excitation energy to some reaction site and 
convert  i t  into oxidation-reduction chemical energy. The 
main  energy transfer processes consist of the transfer 
from the accessory pigments to chlorophyll-A and the 
energy migration in the aggregate system of the chloro- 
phytl-A molecules. The former is the sensitization with 
different kinds of pigments for photosynthesis, the latter 
is a short of host sensitization. 

The excitation energy transfer probabili ty per uni t  t ime 
from S~ molecule to S, molecule by  the transit ional dipole- 
dipole interaction is given by * 

3 
xOR ~ d E 4 ' 

where n is the index of refraction of the medium, E the 
energy of photon related to the process, c the velocity of 
light, ~ Planck's constant, ,~ the optical lifetime of the 
excited state of S,, R the zntermolecular distance between 
S z and S=, I~s~(E) the normalized function characterizing 
the fluorescence spectrum of S t and f F s , ( E )  dE = 1, Qs, 
a constant  related with the absorption cross-section 
as~(E) = Qs, As=(E) of S,,  and As=(E) is the normalized 
function characterizing the absorption spectrum of S~ and 
f As,(E) dE = 1. 

By assuming the Gaussian distribution around a peak 
E s~ of the fluoresceace spectrum of S~, and a peak Es, of 
the absorption spectrum of S~ for  Fs,(E) and As=(E), we 
take the easy form to unders tand for Ws,s=. 

Qs, • 
WS,S, (2) 

where k is a constant  determined by  the widths of the 
fluorescence and absorption spectra of S~ and  S,, and 

Since Wszs ~ has the exponential dependence on the 
negative of the square of (E~a' -- E~'), i t  can be concluded 
tha t  the excitation energy is transferred in a regular 
sequence among the accessory pigments from the first 
excited molecule to the molecule having the nearest value 
of absorption maximum to the fluorescence maximum of 
the first, and from the second to the third molecule having 
the absorption maximum nearest to the fluorescence 
maximum of the second, and finally to chlorophyll-A in  
a step-by-step way. 

The maxima of the fluorescence and absorption spectra 
of the pigments in the photosynthetic system are shown 
in Figure 1. The excitation energy transferred to chloro- 
phyll-A or absorbed by  chlorophyli-A itself will be able to 
migrate in the chlorophyll-A aggregate system with the 
same mechanism beyond the nearest neighbouring inter- 
molecular distance. This migration may be treated on the 
diffusion model of the ' intra-molecular exciton' introduced 
by F6RST~R a in the first place, and discussed recently 
by  t{ABINOWITCIt  4, 

On the assumption of a continuous body for the chloro- 
phyll-A aggregate system, we can indicate the 'probabil i ty 
P(R ,  t) t ha t  an intra-molecular exciton lies in the position 
R in the system at a t ime t. Then, the probabili ty tha t  the 
exciton lies in R" at  the t ime t + • is obtained by  means of 
the transi t ion probabil i ty W(R', R; ~) during v per uni t  
voIume V o as the following; 
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Fig. t. Energy levels of the absorption and emission maxima of the 
energy transfer system, and levels of the standard free energy changes 

per one electron of the electron transfer system. 

f 
p(a ' ,  t+~)  = / w ( w ,  R; T) P(R, t) d" R ,  (3) 

with / "  W(R', R; T) d ~R = 1 
L t  

where 

W(R' ,R;  *) = -4-Y" 7 "  I R ' - R  i ~ " E4 dE 

for ] R ' - R  ] ~ r0} 
W(RP, R;T)  ~ 0  for ] R , _ R [  < r o , 

and the uni t  volume is given by  V 0 = (4 z~/3) r~ = 1/~, 
is the molecular density in the system. Here ~o Q, F(E),  

and A (E) are the above-mentioned constants and func- 
tions of the chlorophyll-A molecule. After the Taylor ex- 
pansion oi both sides of the equation (3) about  
r ~- [ R ' - -  R ] and t ,  the diffusion equation of the intra- 
molecular exciton is found. 

0 P(R,  t) 
ot D e div grad P(R ,  t) . (4) 

Here wd have defined D e = l / 6 x .  f r= W(r; T) dar , 
this is the diffusion coefficient of an exciton. The final ex- 
pressions of D e and the diffusion distance l e of an exciton 
during its optical lifetime in the system are given by 

U__?/~ ( ~ c V ,  __O . {F(~)A(E2 dE.0~la ,  ] 
D e = \ 6 l  " \ n l z ° J E~ 

(5) 
fF(E)A(E)  1/2 

Tile diffusion length of an exciton is a measure of the 
spatial damping of the diffusional flux of the excitation 
energy in the system. For the chlorophyll-A aggregate 
system at  the concentration 0.1 2II]1 which is the local 
concentration of chlorophyll-A in grana, D, ~ 1.1 X 10 -3 
cm2/sec, and l e ~--- 250 K are obtained by mea~ts-of graphical 
integration of the overlapping areas between the fluores- 
cence and absorption spectra. I t  is a remarkable thing 
tha t  the excitation energy may be able to migrate to the 
spatially different region in the chlorophyll-A aggregate 
system by  the diffusional motion owing to the t ransi t ional  
dipole-dipole interaction with the diffusion coefficient and 
diffusion length comparable to the aromatic hydrocarbon 

D. L.  DEXTER, J .  chem.  Phys .  91, 836 (1953). 
TH. FOeSTEI% Ann .  Phys .  2, 55 (1948). 

a E.  RABZNOWITCH, Disc. F a r a d a y  Soc. 1959, No. 27, 161. 
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crys ta l  s. This  work  gives a molecular -phys ica l  basis for 
RABINOWITCH'S qua l i t a t ive  discussion and reasonable  
specula t ion  4. 

The  exc i ta t ion  energy  t r ansmi t t ed  th rough  the  ehloro- 
phy l l -A  aggregate  m u s t  be  cap tu red  by  some 'energy-  
s ink '  in t h e  sys tem.  

The  mos t  i m p o r t a n t  mechan i sm of t h e  convers ion of t he  
exc i ta t ion  ene rgy  is t he  radia t ionless  t rans i t ion  f rom the  
f irs t  exci ted  singlet  (S*) s ta te  to  t h e  lowest  t r ip le t  (T) 
s ta te .  U n f o r t u n a t e l y  t he  posi t ion of the  T s ta te  of chloro- 
phy l l -A  remains  st i l l  unident i f ied,  b u t  n -- ~ T level  was 
found  in t h e  s t r ic t ly  ' d ry '  condi t ion  free f rom a n y  hydrox-  
yl l ic  impur i ty6 .  T h e  n -  r~ T s ta te  is quenched  in  the  
"wet '  condi t ion  in accordance  wi th  t he  blue shif t  of the  
n -- ~ absorp t ion  band  by  the  hydrogen  bonding  wi th  t he  
hydroxy l l i c  molecule  and the  chela t ion  be tween  the  
cent rM Mg a t o m  and the  he t e ro -a tom of the  hydroxyl l ic  
molecule.  However ,  i t  was known t h a t  the  t rans i t ion-  
m e t a l  (Cu) subs t i tu ted  chlorophyl l  molecule  for the  
cen t ra l  Mg showed the  charac te r i s t ic  phosphorescence e,7, 
due to  t he  n -- ~ T - ~  S t rans i t ion  being insensi t ive to the  
presence of t he  hydroxy l l i c  molecules.  On the  o the r  hand,  
t he  absorp t ion  spec t ra  of t he  ch lorophyl l  molecules due to  
the  t rans i t ion  f rom the  lowest  T s ta te  to t he  higher  T 
s ta te  can be obta ined  b y  the  f lash l ight  m e t h o d  in the  
usual  med ium s . These expe r imen ta l  facts  show t h a t  t he  
s tabi l izat ion of t he  ~ = z~ T s ta te  due  to  t he  in t ra-  or 
in termoleculax pe r t u rba t i on  effect  of t he  pa ramagne t i c  
me ta l  complex  is needed,  and  the  ~ --  ~ T -->- S t rans i t ion  
becomes  possible for t he  first  t i m e  as t h e  resul t  of t he  
s tabi l iza t ion  of t he  T s ta te  3 

The  pho tosyn the t i c  sys tem in vivo canno t  be  considered 
as be ing  in t he  ' d ry '  condi t ion  even  in t h e  l ipoid zone. So 
we canno t  impose the  leading pa r t  on t h e  n - -  n T s t a t e  of  
t he  ch lorophyl l  molecule.  

The  presence of the  pa ramagne t i c  m e t a l  enzymes  (e. g. 
ca ta lase ,  cy tochromes ,  Cu-enzymes) in the  p h o t o s y n t h e t i c  
e lec t ron  t r anspor t  sys tem m a y  be i m p o r t a n t  as the  
s tabi l izer  of t he  ~ -- n T state .  

L e t  us consider  a molecular  complex  be tween  one of the  
chlorophyl l -A aggregate  and a pa ramagne t i c  m e t a l  en-  
z y m e  in the  double t  e lectronic  s tate .  The  S, S*, and  T 
s ta tes  of t he  chlorophyl l -A molecule  will be modif ied  to 
t he  three  double t  D, D*, and D '  s ta tes  wi th  t he  complex  
format ion,  respect ively .  The  unper tu rbed  T s ta te  coming  
f rom the  S* s ta te  by  the  radiat ionless  t rans i t ion  a t  t he  
crossing po in t  cx of F igure  2 a has  a l i fe t ime suff icient  to  
make  the  T-->-T' t rans i t ion  observable,  b u t  has  in- 
suff ic ient  s tab i l i ty  for the  occurrence of the  T --> S for- 
b idden  t rans i t ion.  The  exci ted energy in the  T s ta te  will  
be  diss ipated into  t he  t h e r m a l  v ib ra t iona l  energy  t h rough  
the  crossing po in t  c,, and  the  T s ta te  re turns  rad ia t ion-  
lessly to  t he  S s ta te  a t  t he  same t ime.  

a') C~nfiguralional coordin~lle 
Unperturbed system 

~] ~phesphores- 
y ~nce 

b) 
Perturbed system 

Fig. 2. Configurational diagrams of the electronic states; the stabili- 
zation of the triplet state with the perturbation of the molecule in 

a doublet state. 

I n  t he  pe r tu rbed  sys tem all  D,  D*,  and D" s ta tes  are  t he  
modif ied  doub le t  s tates ,  and the  energy  separat ions  a t  the  
c ro s s ing  po in t s  become  larger  t h a n  the  unper tu rbed  
sys tem as shown in F igu re  2 b. 

T h e  larger  t he  separa t ion  of t he  levels  a t  c I and  c2, 
which  is de te rmined  p a r t l y  b y  the  b ind ing  energy  of t h e  
molecu la r  complex ,  t h e  g rea te r  t h e  s tabi l iz ing effect  t he  
pa r amagne t i c  m e t a l  e n z y m e  produces  on t h e  T s ta te  of 
t h e  ch lorophyl l  molecule .  The  D * - - ~ D "  radia t ionless  
t r ans i t ion  p robab i l i t y  increases,  and  t h e  D ' - ~ - D  t r an -  
s i t ion becomes  pa r t i a l ly  a l lowed and  observable  as a 
phosphorescence  wi th  t he  shor te r  l i fe t ime t h a n  normal .  I t  
m a y  be  expec ted  t h a t  t h e  D '  s t a t e  remains  'still  ' m e t a -  
s table '  and  long-l ived enough  to  p l a y  an  ac t ive  p a r t  for 
the  successive chemica l  react ion.  

Af te r  the  cap ture  of t he  exc i t a t ion  energy  in the  me ta -  
stable s tate ,  an  e lect ron-hole  in t he  ground s ta te  m a y  be 
able to  migra te  to  the  g round  s ta te  of t he  unexc i t ed  
neares t  ne ighbour  molecule  in t h e  ch lorophyl l -A aggre-  
gate, while an  e lectron is t ransfe r red  f rom t h e  neares t  
ne ighbour  to a hole in t he  cap tu re  site. An  e lec t ron-hole  
m a y  be t r anspor t ed  to  a spa t ia l ly  d i f ferent  si te by  re- 
pea t ing  this  process dur ing the  l i fe t ime of  hole-e lec t ron 
recombina t ion  (,-~ the  phosphorescence  l ifet ime) 10. 

A nega t ive  chlorophyll-,& ion (reduced semiqn inone  
form) is p roduced  a t  the  exci ted  energy  cap tu re  site, while 
a posi t ive  chlorophyl l -A ion (oxidized semiqu inone  form) 
is p roduced  a t  an  opposi te  site. The  fo rmer  will  t ake  p a r t  
in an  electron d o n a t i n g  process to  t he  lowest  v a c a n t  leve l  
of an  ox idan t  which m a y  be  a m e m b e r  o f  t he  pho to -  
syn the t i c  e lectron t r anspor t  sys t em;  p robab ly  T P N ,  t h e  
l a t t e r  will  t a k e  p a r t  in an  e lec t ron accept ing  process f rom 
t h e  h ighes t  occupied  level  of a r e d u c t a n t ;  pe rhaps  a H O  
nega t ive  ion. 

The  processes descr ibed above  are  one cycle of t he  
sens i t iza t ion  in the  pho tosyn the t i c  p r i m a r y  steps,  based  
on a proposed  model .  

I t  mus t  be not iced  f rom the  energet ica l  po in t  of  v iew 
t h a t  t he  energy  level  of t he  ~r -- ~r t r ip le t  s t a te  of  the  in t ra-  
molecu la r ly  pe r tu rbed  ch lorophyl l  molecule  by  Cu ion 
( ~  11500 cm -1) has  t he  same magn i tude  as t he  difference 
of the  s t anda rd  free energy  changes per  one e lec t ron be- 
tween  the  O 2 e l e c t r o d e  and the  H~ elect rode a t  25°C, 
p H  = 7.0 (--~ 10000 cm-1), on the  o the r  hand,  the  fluores- 
cence level  and  the  n -- ~r t r ip le t  level  of the  ch lorophyl l -A 
molecule  lie in ~,  14600 cm -1 and ,-~ 13300 cm -~, respec- 
t i ve ly  x*. 

5 0 .  SxMPsos, Proc. R. Soc., Lond. [A] 238, 402 (1957). 
0 j .  FERnAnDEZ and R. S. BECKER, J. chem. Phys. 31, 467 (1959). 
7 R. S. B~CKE~ and M. KASHA, J. Amer. chem~ Soc. 77, 3669 (1955). 
a H. LINSCHXTZ and K. SA~KAN~N, J° Amer. chem. Soc. 80, 4826 

(1958), 
• The Cu metal-chelates effect on the triplet states of the aromatic 

hydrocarbons was found by J.  N. CHA~GHURX and S. BASU, Trans. 
Faraday Soc. 54, 1605 (1958). 

I0 This is the mechanism of the photoconductivity in the chlorophyll 
molecular crystals. A. TERENINt ]~. PUTZEIKO, and L AKIMOV, 
Disc. Faraday Soc. 1959, No. ~27, 83. 

n If the transition probability per unit time of an electron transfer 
by the electron exchange interaction is We, then the diffusion 
coefficient of a hole migration is ,~ R~W¢ and the mobility is 
given by ,--, RsWJkT, where R is the nearest nelghbour inter- 
molecular distance, and the diffusion length of a hole during the 
phosphorescence lifetime Tph is ¢"~R(I~Ye'Tph) 11~ which may be 
obtained to ,~ I03 A. 
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Zusammenfassung. Auf  moleku la re r  Basis wird  die 
Energ ie f iber t ragung  und  die Ene rg i eumse tzung  in e inem 
pr imit ren pho tosyn the t i schen  Sys tem untersucht ,  Die  
Energ ie i ibe r t r agung  in den  P i g m e n t e n  urid im  Chloro- 
phy l l -A wird m i t  der  Energ ie i ibergangswahrsche in l ichke i t  
und  d e m  Diffusionsmodel l  eines i n t r a m o l e k u l a r e n  ~Exi-  
t o n s ,  m i t  Dipol -Dipol -~rechse lwirkung behande l t .  Bet  
ether  Chlorophyl lkonzen t ra t ion  yon  0.1 M/1 wird die Dif-  
fus ionskons tan te  des ,Ex i tons~  D r ~-~ 1.1 X 10 -3 cm~/sec 
u n d  seine Diffusionslgnge l e _~_ 250 A. Als Ene rg ieumse t -  
z u n g  wird die Anregung  eines z -- r~-Tripletts des Chloro- 
phy t l -A m i t  Hi l fe  eines pa ramagne t i s chen  Meta l l enzyms  
vorgeschlagen  und  diskut ier t .  

~ .  TAKEYAMA 1~ 

Institute o] Biophysics, Faculty o] Agriculture, Kyushu 
University, Fukuoka (Japan), July 21, 1960. 

P y r a m i d a l  A c t i v a t i o n  of  I n t e r n e u r o n e s  
of  V a r i o u s  Sp ina l  R e f l e x  A r c s  in  the  Cat  

I t  is known t h a t  spinal  reflexes can  be  contro l led  f rom 
supraspina l  centres  t h rough  inhib i t ion  a t  an  in te rneurona l  
level.  This  e f f e c t i s  exe r t ed  t h rough  bra in  s t e m  centres  
which,  in t h e  decerebra te  s ta te ,  ton ica l ly  inh ib i t  in ter -  
neurons  media t ing  effects f rom the  f lexion ref lex affercnts  
(group I I  and I I I  muscle  afferents,  h igh threshold  jo in t  

p a t h w a y s  *. I m  add i t ion  fasci l i ta t ion of  th ree-neuron-arc  
ref lex  dischanges a t  in te rnunc ia l  levels  has  been  de- 
scribed 3. I t  will p resen t ly  be shown t h a t  in te rneurones  of 
ref lex arcs are  exci ted  on s t imula t ion  of the  sensory-motor  
cor tex  and t h a t  this  effect  is med ia t ed  b y  the  p y r a m i d a l  
t rac t .  

I n  this  inves t iga t ion ,  t he  effect  of cor t ica l  s t imula t ion  
on the  synap t ic  act ions by  impulses  in muscle ,  cu taneous  
and j o in t  afferents  has  been inves t iga ted  b y  measur ing  
the  effect  of condi t ioning vol leys  on monosynap t i c  t e s t  
reflexes and b y  in t racel lu lar  record ing  f rom motoneurones .  
F igure  1 shows monosynap t i c  ref lex discharges f rom 
gast rocnemius-soleus  recorded a t  two  sweep speeds.  
Record  A shows the  uncondi t ioned  t e s t  ref lex and  ]3 t he  
effect  of a condi t ion ing  s u b m a x i m a l  group I vo l ley  f rom 
t h e  an tagon i s t  deep peronea l  (tibialis an te r io r  + ex tenso r  
d ig i to rum Iongus) nerve.  I n  t he  corresponding records C 
and  D, a t r a in  of  4 cor t ica l  s t imul i  was  added  wi th  t h e  
resu l t  t h a t  the  inh ib i to ry  effect  of t h e  deep  peronea l  vo l ley  
increased f rom 5% in ]3 to  55% in D. The  inh ib i to ry  
ac t ion  in B and  D is an  example  of  t h e  reciprocal  I a in-  
hibi t ion.  I n  cor responding  exper iments  w i th  in t race l lu lar  
recording,  cor t ical  s t imula t ion  gave  a large increase of t he  
t a  I P S P .  I t  is concluded t h a t  t h e  inc remen t  in  inh ib i t ion  
is d u e  to  a faci l i ta t ion of t h e  in te rneurones  known  to  be  
in te rpo la ted  in t he  I a inh ib i to ry  pa thway .  

I n  s imilar  exper iments ,  i t  has  been  es tabl ished t h a t  the  
inh ib i to ry  ac t ion  exe r t ed  in ex tensor  motoneurones  by  I b 
muscle  afferents,  by  group I I  and  I I I  muscle  afferents,  by  
cu taneous  and  b y  h igh  threshold  jo in t  afferents  a re  all 
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Fig. 1. The upper traces are monosynaptie reflex discharges evoked from the gastrocnemius-soleus nerve and recorded at two sweep 
speeds in the L7 ventral root. Lower traces were recorded from the L7 dorsal root entry zone. A shows the unconditioned test reflex 
and B the effect of a conditioning volley from the nerve to the antagonist muscles, extensor digitorum longus and tibialis anterior, 
evoked at a stimulus strength of 1.2 times threshold. In the corresponding lower records the contralateral postcruciate gyrus was 

stimulated in addition. E shows the effect of cortical stimulation alone. 

and cu taneous  afferents) ,  and  ffomlb afferents,  b u t  n o t  
t he  in te rneurones  med ia t i ng  I a inhibi t ion  1 

I n  t h e  cat ,  p y r a m i d a l  ac t i va t i on  is known to  faci l i ta te  
f lexor  and  ex tenso r  motoneurones  t h rough  po lysynap t i c  

1 R. M. ECCLES and A. LUNDBERG, J. Physiol. I47, 565 (1959). - 
B. HOLM~VIST and A. LUNDBERG, Arch. ital. Biol. 97, 340 (1959). 
D. P. C. LLOYD, J. Neurophysiol. 4, 525 (1941). - J. E. C. HERN 
and C. G. PHILLIPS, J. Physiol. 149, 24 P (1959). 
D, P. C, LLOYD, J.  NeurophysioL #, 525 (t941). 


