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I n h i b i t o r y  I n t e r a c t i o n  B e t w e e n  S p i n a l  R e f l e x e s  
to  P r i m a r y  A f f e r e n t s  

R e c e n t  i n v e s t i g a t i o n s  h a v e  r e v e a l e d  s p i n a l  r e f l e x e s  de -  
p o l a r i z i n g  I s ,  I b  a n d  c u t a n e o u s  a f f e r e n t s .  T h e s e  a f f e r e n t  
s y s t e m s  d i s p l a y  c h a r a c t e r i s t i c  d i f f e r e n c e s  w i t h  r e s p e c t  to  
t h e  t y p e s  o f  a f f e r e n t s  t h a t  a r e  e f f e c t i v e  in  c a u s i n g  d e p o l a r i -  
z a t i o n  a n d  t h e  r e c e p t i v e  f i e lds  f r o m  w h i c h  t h e s e  a c t i o n s  
a r e  d r a w n  L 

P r i m a r y  a f f e r e n t  d e p o l a r i z a t i o n  c a n  b e  r e c o r d e d  a s  a 
d o r s a l  r o o t  p o t e n t i a l  ( D R P )  a n d  t h e  p r e s e n t  i n v e s t i g a t i o n  
is  b a s e d  o n  o b s e r v a t i o n s  o f  i n t e r a c t i o n s  b e t w e e n  D R P s  
e v o k e d  f r o m  d i f f e r e n t  s o u r c e s .  S t i m u l a t i o n  o f  t h e  s enso r i -  
m o t o r  c o r t e x  d e p o l a r i z e s  c u t a n e o u s  a f f e r e n t s  a n d  i b  a f -  
f e r e n t s  b u t  n o t  I a  a f f e r e n t s  ~. F o l l o w i n g  c o r t i c a l  s t i m u l a -  
t i o n  t h e r e  is a l o n g - l a s t i n g  d e p r e s s i o n  of  t h e  D R P  e v o k e d  
f r o m  c u t a n e o u s  a f f e r e n t s  a n d  f r o m  g r o u p  I m u s c l e  af-  
f e r e n t s .  S ince  v o l l e y s  in  t h e s e  a f f e r e n t s  g i ve  d e p o l a r i z a t i o n  
in  a f f e r e n t s  d e p o l a r i z e d  f r o m  c o r t e x  t h e  d e p r e s s i o n  c o u l d  
be  d u e  t o  p r e s y n a p t i c  i n h i b i t i o n  o r  to  r e f r a c t o r i n e s s  in  a 
c o m m o n  l ine.  T h e  p r e s e n t  w o r k  h a s ,  h o w e v e r ,  r e v e a l e d  a 
D R P  d e p r e s s i o n  c a u s e d  b y  a n o t h e r  m e c h a n i s m .  T h e  or ig-  
ina l  f i n d i n g  w a s  t h a t  c o r t i c a l  s t i m u l a t i o n  d e p r e s s e s  t h e  
D R P  e v o k e d  b y  g r o u p  I a  v o l l e y s  f r o m  f l exo r  m u s c l e s .  
F u r t h e r  e x p e r i m e n t s  r e v e a l e d  t h a t  v o l l e y s  in  t h e  F R A  
( f lexor  r e f l e x  a f f e r e n t s )  a r e  a l so  e f f e c t i v e  in  d e p r e s s i n g  
t h i s  I a  e f fec t ,  a n d  F i g u r e  1 i l l u s t r a t e s  t h e  e f f ec t  of  a v o l l e y  
in  a c u t a n e o u s  n e r v e  o n  t h e  D R P  e v o k e d  b y  a t r a i n  o f  I a  
v o l l e y s  f r o m  p o s t e r i o r  b i c e p s - s e m i t e n d i n o s u s  ( P B S t ) .  Of  
t h e  d i f f e r e n t  a f f e r e n t s  h i t h e r t o  i n v e s t i g a t e d ,  o n l y  I a  f i b re s  
a r e  d e p o l a r i z e d  b y  I a  f i b r e s  f r o m  f l exo r s  1 a n d  s i n c e  
n e i t h e r  c o r t i c a l  s t i m u l a t i o n  n o r  v o l l e y s  in  F R A  d e p o l a r i z e  
i a  f i b re s ,  i t  w a s  o f  o b v i o u s  i n t e r e s t  to  l e a r n  if t h e r e  w a s  a 
c o r r e s p o n d i n g  d e p r e s s i o n  of  t h e  p r i m a r y  a f f e r e n t  de -  
p o l a r i z a t i o n  in  I a  f ibres .  

F u r t h e r  e x p e r i m e n t s  h a v e  s h o w n  t h a t  t h i s  is t h e  ease .  
I n  F i g u r e  2, A - C ,  a s t i m u l u s  w a s  a p p l i e d  t o  I a  f ib res  

t h r o u g h  a m i c r o e l e c t r o d e  i n s e r t e d  i n t o  t h e  m o t o r  n u c l e u s  
of  g a s t r o c n e m i u s - s o l e u s  (G-S) a n d  t h e  t e s t  v o l l e y  r e c o r d e d  
in t h e  n e r v e  to  G - S  °. A t r a i n  of  I a  v o l l e y s  f r o m  P B S t  
c a u s e s  a d e p o l a r i z a t i o n  in  t h e  G - S  I a  t e r m i n a l s  a s  is  ev i -  
d e n c e d  b y  t h e  f a c i l i t a t i o n  in  B .  R e c o r d  C s h o w s  t h e  re -  
m o v a l  of  f a c i l i t a t i o n  w h e n  a v o l l e y  in  t h e  c u t a n e o u s  s u p e r -  
f ic ial  p e r o n e a l  (SP)  n e r v e  p r e c e d e s  t h e  c o n d i t i o n i n g  I a  
P B S t  t r a i n  a s  s h o w n  a t  s l o w e r  s p e e d  in  r e c o r d  D .  T h e  
c o r r e s p o n d i n g  r e c o r d s  E - H  a r e  i n t r a c e l l u l a r  f r o m  a G - S  
m o t o n e u r o n e .  T h e  u n c o n d i t i o n e d  I a  E P S P  is s h o w n  in  E ,  
a n d  F s h o w s  t h e  d e p r e s s i o n  e v o k e d  b y  a t r a i n  o f  i a  v o l l e y s  
f r o m  P B S t  4. T h i s  d e p r e s s i o n  is  s m a l l e r  i n  G w h e n  t h e  
s e n s o r i m o t o r  c o r t e x  is a l so  s t i m u l a t e d  a s  is  s h o w n  a t  
s l o w e r  s w e e p  s p e e d  in  H .  N e i t h e r  c o r t i c a l  s t i m u l a t i o n  n o r  
v o l l e y s  in  t h e  F R A  h a v e  a c t i o n  o n  I a  f ib res .  I t  is  p o s -  
t u l a t e d  t h a t  t h e  i n h i b i t i o n  is e x e r t e d  o n  i n t e r n e u r o n e s  o f  
t h e  r e f l ex  p a t h  f r o m  I a  to  Is.. T h e  m e c h a n i s m  m a y  b e  
p o s t s y n a p t i e  i n h i b i t i o n  of  i n t e r n e u r o n e s  o r  d e p o l a r i z a t i o n  
o f  t h e  t e r m i n a l s  o f  t h e  i n t e r n e u r o n e s ,  i .e. p r e s y n a p t i c  in -  
h i b i t i o n  w i t h  r e s p e c t  to  t h e  a c t i o n s  e x e r t e d  b y  i m p u l s e s  
in  i n t e r n e u r o n e s .  W e  f a v o u r  t h e  l a t t e r  h y p o t h e s i s  for  t h e  
r e a s o n  t h a t  t h e  c h a r a c t e r i s t i c  l o n g - l a s t i n g  t i m e  c o u r s e  is  
s i m i l a r  to  t h a t  of  t h e  a c t i o n  e x e r t e d  f r o m  t h e  F R A  a n d  
f r o m  c o r t e x  on  p r i m a r y  a f f e r e n t s .  
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Fig. 1. The dorsal root potentials (DRP) in the upper traces were 
recorded from a dorsal root fi lament in lower L6. The filament was 
cut  15 m m  from the entry  into the cord and placed on two electrodes, 
one close to the entry  zone and the other on the cut end. An upward 
deflection signals negativity of the central electrode. In the lower 
traces, recorded from the dorsal root entry zone in L7, negativity of 
the cord dorsum is upwards. Record F shows the tmconditioned 
DRP evoked by a train of group Ia volleys from posterior biceps- 
semitendinosus (PBSt). In A-E  stimulation of the cutaneous super- 
fieial peroneal nerve (SP) preceded the test at different intervals. 
The time course of the depression is shown in the graph. 1110% on the 
ordinate is the height of the unconditioned test DRP. Time interval 
on the abscissa is between the arrival to the cord of the volley in the 

SP nen 'e  and the first volley in the train from PBSt. 

Test B I'BS1 Ia+lest 0 SP+PBSt Ia+tesi D 8P+PBSt [a+tesf A 

E 5msec F 0 H 50mseo 
rest PBSt Ia+,est ,orte×+PB.S, l a . t o s ~ P g S t  ,a+les, 

d _.L 
i2mV :L __4--_ 

r r  ; i  - • 

lOrnsec 50rnsec 
Fig. '2. Records A- l )  illustrate excitability measttrement from la  ter- 
minals. The testing s t imulus was given through a mieroelectrode in- 
serted into the motor nucleus of gastrocuemius-soleus (G-S) at the 
site where the maximal Ia ft~al potential could be recorded, and the 
discharge was recorded in the nerve to G-S. A shows the uncondi- 
tioned test discharge. The increase in B was caused by a train of Ia 
volleys in the nerve to PBSt. C shows the removal of the increased 
excitability by a single volley in the cutaneous Sl ) nerve. The time 
relationships are shown in the slow record l). Conditioning the SP 
nerve alone did not change the height of the test discharge. Spinal 
cat anaesthetized with chloraloze-urethane 

E -H  were obtained in atmther experiment and are intracelhfiar 
records front a G-S motonetlrone, E is the unconditioned la  EPSP 
evoked from the G-S nerve. The depression in F was caused by a 
train of group la volleys in the PBSt nerve, G shows the removal of 
the EPSP depression by a train of sfinmli to the eontralateral sensori- 
motor cortex. The time relationships are shown in record H. Cortical 
stimulation alone did not change the height of the Ia EPSP.  

In all records the lower traces were recorded from the S1 dorsal 
root entry zone. A-C and E-G are superimposed traces and D and H 

are single traces. 
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Zusammen/assung. Die Depolarisation der Ia  Nerven- 
fasern, welche durch eine Ent ladung in Ia Fasern eines 
Flexormuskelnerven reftektorisch ausget6st werden kann, 
wird durch Reizung der sensorisch-motorischen Grosshirn- 
rinde oder der Flexor-Reflex-Afferenten gehemmt. 

Es wird vorausgesetzt, dass der Mechanismus dieser 
Hemmung priisynaptisch ist, und zwar durch eine De- 

polarisation der Endigungen der Interneuronen, welche 
die Wirkung yon Ia- zu Ia-Afferenten iibertragen. 

A. LUNDBERG a n d  L. VYKLICK¢/ 

Department o/Physiology, University o/GOteborg (Sweden), 
January 21, 1963. 

Observa t ions  on the Renal  Clearance and the  
V o l u m e  of Di s tr ibut ion  of P o l y f r u c t o s a n - S ,  a 

N e w  Inul in -Like  Subs tance  

I t  is well known tha t  inulin is the only substance at 
present, the clearance of which is independent of its plas- 
ma concentration in all vertebrates investigated (S~ITH 1). 
Therefore inulin represents a standard for all other clear- 
ance substances. 

Recently, we received a new inulin-like substance, 
Polyfructosan-S (producer: Laevosan Company, Linz, 
Donau, Austria), to examine the conditions of its renal 
excretion and the volume of distribution in man. Infor- 
mative studies in dogs and rats by HARTH ~ have shown 
tha t  the renal clearance and the 'space' of Polyfructosan-S 
(PFS) are in agreement with the corresponding values of 
inulin. 

According to the manufacturer,  P F S  is a starch-like 
polymer, which contains about  15 to 18 fructose molecules 
especially. Similar to inulin the molecule is elongated, pre- 
sumably with ramifications. The molecular weight is 
given as almost 3000. In comparison with inulin, there are 
a number of advantages:  (1) P F S  is total ly soluble in 
cold water, (2) it  is alkali-stable and (3) with weak acids 
it hydrolyzes only half as fast as inulin, a circumstance 
which is desirable insofar as inulin sometimes slightly 
hydrolyzes into smaller products during the dissolution 
of the ampuls in boiling water. 

Methods and Materials. Since P F S  and inulin form the 
same products by hydrolysis, the chemical analysis of 
both substances in plasma and urine is identical. Conse- 
quently, only successive studies in comparing P F S  to 
inulin, with an interval  of at  least 1 day (for a complete 
removal) were possible. To diminish the limit of experi- 
mental  error, the basal conditions in water and salt meta- 
bolism were kept  constant in each case. Three days before 
the clearance studies were performed, the persons to be 
examined were put  on a diet, which contained either 40 to 
60 or about 150 royal sodium per day, and 0.5 to 1.0 g 
protein per kg body weight per day;  the water balance 
was compensated. The clearance and 'space' ratios P F S /  
inulin were determined in 12 subjects (3 normal, 1 with 
healing acute glomerulonephritis, 4 with chronic glomeru- 
Ionephritis, 3 with chronic pyetenophritis, 1 with essential 
hypertension), whereas the behaviour of P F S  clearance 
after elevation of P F S  plasma level was studied in 6 other 
subjects (2 normal, 1 with healing acute glomerulo- 
nephritis, 3 with chronic glomerulonephritis). No person 
examined had evidence of hypoproteinemia, endocrino- 
pathy, heart failure or fluid retention. Determinations of 
the clearance and the volume of distribution of PFS and 
inulin, respectively, were performed simultaneously in 2 
or 3 consecutive periods, lasting always 30 min. We used 
an 'inflow' procedure aa with physiologically active extra-  
cellular fluid volume calculated by dilference method. By 

means of a modified calibrated infusion technique, an 
equilibration of the clearance substances between plasma 
water and rapidly diffusible interstitial fluid (NICHOLS et 
al. s, COTLOVtg ~, MERTZ 7, MERTZ and EPPLER s) w a s  
hastened by a constant priming infusion over 20 rain. 
Then the infusion rate was reduced and maintained con- 
stant  at  a value amounting to 1/4 of the initial rate for 
the continuous infusion. Equilibration was achieved about 
40 to 50 rain after the continuous infusion was started. In 
experiments in which the plasma level of P F S  was ele- 
vated, we measured the clearance values as soon as a new 
equilibrium was reached. 

For P F S  and inulin analyses in urine and plasma, we 
used the method described by ROl~ et al. L 

Results and Conclusions. In spite of the fact tha t  only 
the successive method of comparison could be used, the 
clearance (C) and volume of distribution (VD) values of 
both substances are in good agreement. The mean values 
of CpFs and CIn amonnted to 101.6:1:27.7 (range from 62 
to 152) and 100,8±23.5 (range from 64 to 142) ml/min 
and 1.73 m 2 body surface, respectively. We found a clear- 
ance ratio PFS/inul in of 1.016=t=0.099. There is no dif- 
ference in the variation of the values between normals and 
persons with renal diseases, We calculated a VD ratio 
PFS/inul in for the entire group of 1.00510.093. PFS  
clearances of patients with renal disease and of normal 
controls are independent of P F S  plasma concentration 
over a range from 21.5 to 85.2 rag/100 ml. The mean 
deviation amounted to --0.8~: 4.0% of the control value. 
In all experiments PFS was non-toxic and produced no 
pyrogenic action. 

Considering the standardization of the experimental  
conditions in each individual, the variabil i ty of the dear -  
anee ratio and of the 'space' ratio PFS/inul in has to be 
related mainly to endogenously changing glomerular fil- 
t rat ion rate and extracellular fluid volume, respectively. 
Fur ther  studies about the usefulness of the P F S  clearance 
are necessary. A complete description will be presented 
elsewhere ~0. According to the present data, it is suggested 
that  PFS may be qualified as a substance for the deter- 

x H. W. S~uTn, The Kidney. Structure aml Function in Health and 
Disease (Oxford University Press, New York 1951). 
O. HARTH, personal communicat ion (Physiologisches Inst i tut ,  
Universit~tt Mainz). 

a D. P. MERTZ, ~rztI. Forsehung 11, I18 (1957). 
D. P. MERTZ, Z, kiln. Med. 156, 35 (1959). 

s G. Nicuo~.s Jr.,  N. NmHOLS, W. B. ~VEII., and W. M. WALLACE, 
J. d in .  Invest .  3~, 1'299 (1953). 

* E. COTLOVE, Amer. J. Physiol. 176, 396 (1954). 
7 D. 19. MERTZ, Kiln. "Wsehr. 34, 887 (19~6); Die extracelluldre 

Fl~ssigkeit (Bioehemie und Klink), (G. Thieme, Stut tgar t  1962). 
8 D. P. MERTZ and F. EPPLER, Klin. Wschr. 37, 588 (1959). 

J.  H. Ro~, J. H. EeSTEIN, and N. P. GOL~)STEIN, J. biol. Chem. 
178, 839 (1949). 

10 D. P. MERTZ und H. SARRE, in preparation. 


