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A N o t e  o n  t h e  A u t o r e g r e s s i v e  P r o c e s s  D u r i n g  t h e  

Time series, consis t ing of observa t ions  which are 
dependen t  on one another ,  p r e sen t  special p roblems in 
s ta t is t ica l  analysis.  The e m p l o y m e n t  of t h e  classical 
working procedure  is based  on the  a s sumpt ion  t h a t  t he  
sample  da t a  follow a l inear s t a t i ona ry  Gaussian s tochast ic  
process  z. Otherwise  i t  is well known tha t ,  in an i m p o r t a n t  
case of biological t ime  series, in reac t ion  t imes  (RT) 
measured  dur ing  the  acquis i t ion of a condi t ioned  avoi- 
dance  response  (CAR), the  a s sumpt ion  is not  fulfilled. 

Table I. Noncireular serial correlation coefficients of lag h (h-th 
order) obtained by measuring of reaction times during a CAR 

Days lag 1 lag 2 lag 3 lag 4 Iag 5 

2 0.41 --0.48 0.10 0.40 0.35 
3 --0.50 --0.30 0.31 0.01 --0.12 
4 --0.69 ~ 0.35 --0.25 0.25 --0.21 
5 --0.78 a 0.55 --0.18 0.15 --0.03 
6 --0.88 ~ 0.80~ --0.11 0.08 0.01 
7 --0.68" 0.35 --0.10 0.05 0.00 
8 --0.45 --0.22 0.25 0.00 --0.08 
9 --0.30 --0.43 0.30 0.07 --0.05 

10 0.35 --0.36 0.22 0.31 0.20 
11 --0.46 0.29 0.34 0.02 --0.13 
12 --0.47 0.34 0.28 0.05 --0.14 
13 0.39 --0.33 0.29 0.34 0.21 
14 --0.34 --0.20 0.32 0.00 --0.05 

Statistical significance at 0.05. 

Table II. Multivariate partial serial correlation coefficients (akk) 
of order k of reaction times from the significant autoeorrelation 
(Table I) 

Days a n ai2 a3 ~ aa4 a55 

4 --0.69 ~ --0.25 0.26 --0.01 0.00 
5 --0.78 �9 --0.17 0.49 --0.10 --0.02 
6 --0.88 �9 --0.17 0.34 --0.17 0.06 
7 --0.68 ~ --0.17 0.17 0.01 --0.04 

Statistical significance at 0.05. 
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Spectral densities W of the mean reaction times from the significant 
autocorrelation (e.f. TaMe I) plotted against y = (O, ,.., 3z). 

C o n d i t i o n e d  A v o i d a n c e  R e s p o n s e  i n  R a t s  

This means  t h a t  the  es t ima t ion  of t he  autocorre la t ion  
and the  spect ra l  dens i ty  func t ion  (FourIER cosine t rans-  
form of the  autocorrela t ion)  is biased,  a p r o p e r t y  which 
does no t  hold  in the  noncircular  caseL The purpose  of 
th is  paper  is to  examine  w h e t h e r  the  oscil latory compo-  
nen t s  of RT  measured  dur ing  the  t ra in ing  of a CAR in 
ra ts  are caused by  the  special learning t ask  or by  the  
spon taneous  background  ac t iv i ty  in the  cent ra l  nervous  
sys tem.  Therefore  the  noncircular  def ini t ion of the  auto-  
correla t ion is used. 

Mater ia l  and methods. In  th is  s tudy  6 hooded  ra ts  
(DRUCKREY-rats Of a closed colony) were  used, aged 6 
months ,  wi th  a mean  weight  of 380 g, hav ing  free access 
to a s t anda rd  food (R 19) and  water .  The animals  were 
t r a ined  to  avoid a footshock (50 v) by  j u mp i n g  on 
a hanging  rod (pole-cl imbing method3),  t he  condi t ioned  
s t imulus  (CS; a tone  of 1.5 kc/sec) was swi tched  3.5 sec 
before the  uncond i t ioned  s t imulus  (UCS), and 10 com- 
b ina t ions  were appl ied f rom 1st to  14th day  of t ra ining.  
The max i ma l  dura t ion  of UCS in the  f i rs t  session was 
20 sec. The in ter t r ia l  in te rva ls  were var ied f rom 10 to  
90 sec using a r a n d o m  n u mb er  table.  The RT (from CS 
to j u mp i n g  on the  rod) were measured  wi th  an au tomat i c  
s top  w a t c h  (in sec.) Following, in t he  s ta t i s t ica l  par t ,  
s t r ic t ly  the  working procedure  p roposed  by  MAOER 4, we 
calculate the  noncircular  serial correla t ion 2 and the  
mul t iva r i a te  par t ia l  serial correlation~ of t he  means  
51 . . . . .  510 of the  RT  (the means  were ob ta ined  at  each 
day  of t ra in ing  by  the  6 rats).  Otherwise  it is well known 
t h a t  biological t ime  series canno t  be cons is ten t ly  es t imat -  
ed f rom the  classical per iodogram in tens i ty ,  which  
t ends  to be exponent ia l ly  d i s t r ibu ted  and  has a zero 
correlat ion be tween  the  values calculated at  in tervals  of 
the  spec t rum frequency.  The f u n d a m e n t a l  re la t ionship  
exis t ing be tween  the  noncircular  def ini t ion of t he  auto-  
correlat ion and  the  spect ra l  densi t ies  is given in KENDALL 
and STUART 5. 

Results  and discussion. The noncircular  serial correla- 
t ion coefficients of the  mean  of R T  in each session f rom 
the  2nd to  the  14th day  of CAR are indica ted  in Table  1 ; 
the  autocorre la t ion  is s ignif icant  a t  the  4 th  to  7th day  of 
t ra in ing  at  lag 1, and  the  corre lograms are d a m p e d  
harmonic .  The par t ia l  serial correla t ion of the  s igni f icant  
serial corre la t ion (Table II) decays  exponen t ia l ly  to  
zero oscillation in sign, and only the  par t i a l  serial 
correlat ions of lag 1 (order 1) are nonzero.  In  t he  Figure  
are given the  spectra l  densit ies,  the  high frequencies  are 
p redomina t ing .  

These resul ts  d e m o n s t r a t e  t h a t  f rom the  4th to  7th 
day  of CAR each observa t ion  (RT) zi depends  only  
upon the  last  avai lable  x~_ t (and no t  upon  the  x~_2, 
xi-3 . . . .  ). The  l inear f i l ter  model  of th is  t y p e  is called an 
autoregress ive  process  of 1st order  which  obta ins  high 
frequencies  (MARcov series). Otherwise  t he  noncircular  
serial corre la t ion coefficients are zero f rom 2nd, 3rd, 8th 
to  14th day  of CAR. If  the  spon taneous  background  
b i o r h y t h m s  dur ing  the  t r a in ing  are responsible  for the  
appearance  of s ignif icant  autocorrela t ions ,  such auto-  
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regress ive per iods  should  be found  in all  phases  of CA R 
a n d  no t  on ly  d u r i n g  t h e  4ttl  to  7 th  day.  There fore  2 
osc i l la tory  processes  m a y  be  a s sumed  d u r i n g  t he  CAR;  
1st t he  s p o n t a n e o u s  b a c k g r o u n d  a c t i v i t y  in  t he  CNS *, 
and  2nd a n  au to regress ive  pe r iod ic i ty  d u r i n g  t he  4 t h  to 
7 th  day  of C AR  (consol ida t ion  phase) ,  wh ich  is p e r h a p s  
based  on  nega t ive  f eedback  m e c h a n i s m s  (over lying of 
a c t i v a t i n g  a n d  re l ax ing  processes  wh ich  t e n d  to  an  
equi l ibr ium) .  I t  was p o i n t e d  ou t  7 t h a t  a s y s t e m  w i t h  
nega t ive  f eedback  p re sen t s  per iodic i t ies  wh ich  are 
d a m p e d  ha rmonic .  There fore  i t  is possible  t h a t  t he  level  
of unspecif ic  a c t i v i t y  is r educed  d u r i n g  t he  4 th  to  7 th  
day  of C AR  to a n  o p t i m u m  of learning,  wh ich  m e a n s  an  
e n h a n c e m e n t  of l ea rn ing  in t he  cons i lda t ion  phase.  

Zusammenl~assung. Es  w u r d e n  Reak t ionsze i t en ,  die 
w~Lhrend e iner  i n s t r u m e n t e l l e n  K o n d i t i o n i e r u n g  bei  
R a t t e n  a u t o m a t i s c h  gemessen  wurden ,  h in s i ch t l i ch  ih re r  

Au tokor r e l a t i ons -  u n d  S p e k t r a l d i c h t e f u n k t i o n  un te r -  
sucht .  Die au to reg ress iven  Oszi l la t ionen  der  Reak t ions -  
ze i ten  v o m  4.-7.  Tag  des Tra in ings  bas ie ren  auf  e inem 
n ich t -z i rku l / i ren  MARCOV-Prozess. 
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Does Axonal Sprouting Occur in Dystrophic Mouse Muscles? 

Muscles of d y s t r o p h i c  mice  are k n o w n  to  c o n t a i n  some 
f ibres  wh ich  are ' f u n c t i o n a l l y  d e n e r v a t e d ' .  No ac t ion  
p o t e n t i a l  appea r s  in such  f ibres  w h e n  t h e  m o t o r  ne rve  is 
g iven  s u p r a m a x i m a l  s t i m u l a t i o n  1-5. However ,  t he  func-  
t i ona l ly  d e n e r v a t e d  f ibres  of t he  d y s t r o p h i c  soleus muscle  
change  t h e i r  p rope r t i e s  w h e n  t h e  muscle  is d e n e r v a t e d  5. 
A l t h o u g h  i t  is possible  t h a t  such  muscle  f ibres  are en t i r e ly  
w i t h o u t  m o t o r  i n n e r v a t i o n ,  t h e y  could be suppl ied  b y  
sp rou t s  f rom r e m a i n i n g  m o t o r  neurons .  I n  t h e  l a t t e r  case 
t he re  should  be a n  increase  in  t he  size of i n d i v i d u a l  
m o t o r  uni ts .  F u r t h e r m o r e ,  if f u n c t i o n a l  d e n e r v a t i o n  an d  
axona l  sp rou t ing  are g r adua l  processes  of ne rve  de te r io ra -  
t i on  a n d  recovery  d u r i n g  w h i c h  t he  release of ace ty l -  
chol ine  (ACh) is incomple te ,  t he re  should  exis t  t r a n s i t i o n a l  
per iods  w h e n  end-p la t e  p o t e n t i a l s  (EPP)  can  be de t ec t ed  
a m o n g  t he  d y s t r o p h i c  muscle  f ibres  upon  s u p r a m a x i m a l  
s t i m u l a t i o n  of t h e  i n n e r v a t i n g  nerve.  

Materials and methods. Soleus ne rve -musc le  p r epa ra -  
t ions  5 f rom male  mice  of the  B a r  H a r b o r  129 R e - J / d y  
s t r a in  were used. B o t h  t he  d y s t r o p h i c  mice, a n d  t h e i r  

n o r m a l  l i t t e r -ma t e s  were 3 -4  m o n t h s  old a t  t h e  t i m e  of 
sacrifice. 

F ib res  in  d y s t r o p h i c  muscles  were i mp a l ed  w i t h  
microe lec t rodes  a n d  checked  for i n n e r v a t i o n  b y  s t imu-  
l a t i ng  t h e  m o t o r  ne rve  w i t h  a vo l t age  pulse  of 0.2 msec.,  
de l ive red  a t  twice  t h e  s t r e n g t h  necessa ry  for a m a x i m a l  
muscle  twi tch .  I f  no  s ign of an  ac t ion  p o t e n t i a l  was  
observed,  t h e  f ibre  was cons idered  to  be  ' f unc t i ona l l y  
d e n e r v a t e d '  (see F igures  a a n d  b). 

S t a in ing  of muscles  for ace ty lcho l ines te rase  was used 
to co mp a re  t h e  n u m b e r  of m o t o r  end-p la t e s  in  t h e  n o r m a l  
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a) Intracellular recording of action potential from innervated dystrophic soleus fibre, b) Suprathreshold indirect stimulation failed to evoke an 
action potentiM from a functionally denervated soleus fibre. The movement artifact indicates that the recording mieroelectrode was displaced 
slightly during muscle contraction. Calibrations : 20 my and 4 msec. c) Acetylcholinesterase staining of dystrophic soleus muscle to show the 
presence of more than 1 motor end-plate on a muscle fibre. Calibration mark, 25 ~m. MF1, MF2, muscle fibres; EPj, EP2, EP3, end-plates. 


