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An attempt was made at the d i r ec t  t ransfe r  of postural asymmetry,  following removal of half 
the anter ior  lobe of the cerebel lum in rats,  to a recipient. Asymmetry of the hind limbs was 
shown to appear inspinal animals after  injection of brain extract  of pathological donors into 
their  subdural space below the level of transection. The specificity of the resulting asymme- 
t ry  depending on the  s ide  of injury to the donor, s cerebellum was revealed. The asymmetry 
of the recipient  completely copied the asymmetry  of the donor. Brain extracts  from con- 
t ro t  ~n!mals did not induce asymmetry.  Additional confirmation was obtained of the poly- 
peptide nature of the factor  stimulating the development of postural asymmetry.  Trea t -  
ment  of the extract  with pronase deprived i t o f  i ts activity. 
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Disturbance of spinal coordination following injury to the cerebellum has been familiar  since the,time of 
Luciani [10]. The long-term fixation of these disturbances by the spinal cord has received less study. 

Work in Gerard ' s  laboratory has shown that if the spinal cord in a rat  with asymmetry of the hind limbs, 
caused by unilateral destruction of the anter ior  lobe of the cerebellum, is divided not less than 45 rain after its 
onset, this asymmetry can be preserved  in the animal for  an indefinite time [5]. Investigations of the neuro- 
physiological nature of the asymmetry thus arising has shown that it is based on enhancement of the myotatic 
ref lex [3], possibly through increased activity of the interneuronal segmental apparatus [4]. The mechanisms 
of fixation of this unique and stable pathological state of the spinal centers have not yet been explained. It has 
been suggested that they resemble processes  of memory consolidation, especially on the grounds that the time 
required for  fixation can be lengthened with the aid of 8-azaguanine [6]. It was later shown that it can also be 
shortened, for  example by administration of nicotine, strychnine [9], and ethimizole [2]. The participation of 
chemical factors in these mechanisms has also been demonstrated by the shortening of fixation of asymmetry 
in cerebellectomized recipient rats following intraperitoneal injection of brain extract  from donor animals 
undergoing the same operation [8]. On the basis of the propert ies  of the extracting substances it has been sug- 
gested that a factor  of polypeptide nature accelerates  the fixation of spinal asymmetry [7]. 

R remained to be discovered whether the active factor  is in fact a polypeptide or whether it could be the 
oligonucleotide impurities present  in the chloroform--methanolextract  used by Daliers and Giurgea. Another 
question which remained unanswered was whether the donors' brain extract  not only accelerates  fixation of 
postural asymmetry in spinal recipients,  but may also induce it in intact animals, for  example, if the extract  
is injected directly into the subdural space corresponding to the lumbar segment of the spinal cord. 

The investigation described below was carr ied out to study thi s problem. 

E X P E R I M E N T A L  M E T H O D  

Noninbred male albino rats weighing 350-400 g were used. Under pentobarbital anesthesia (40 mg/kg) 
haft of the anter ior  lobe of the cerebellum was removed by suction. On recovery from the anesthetic the ani- 
mal 's  hind limb on the ipsiIateral side relative to injury was drawn up. This period was regarded as the time 
of onset of asymmetry.  The whole brain of the donor together with the cerebellum was removed 17-20 h after 
its onset and kept at -17~ The brain was thawed and homogenized in a mixture of chloroform and methanol 
(2 : 1), containing 1% concentrated HC1 [8]. The homogenate was centrifuged at 10,000g for 30 min, after  which 
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Fig. 1. Introduction of polyethylene cather  
into lumbosacra l  segment of spinal cord af- 
te r  t ransect ion.  

Fig. 2. Appearance of a symmet ry  in intact recipients during direct  injection of bra in  ex- 
t r ac t  of Wright-sidedW asymmet r i ca l  rats  into subdural space of spinal cord:  a) position 
of r a t ' s  limbs af ter  end of movement of catheter;  b) appearance of tonic convulsions of 
hind limbs during injection of brain extract;  c) development of typical postural  a symmet ry  
af ter  d isappearance of convulsions; d) pers is tence  of a symmet ry  next day. 

the a q u e o u s -  methanol phase was separated and f reeze-dr ied .  The f r eeze -d r i ed  product was subjected to mo-  
lecular-weight  fract ionat ton on a column with Sephadex G-25, after  which the active f ract ion with a molecular  
weight of 1000 to 2000 daltons was collected [1]. To t reat  100 mg of the active fract ion 2 mg of pronase (from 
Serva,  West Germany) was used. Hydrolysis  was ca r r i ed  out for  10 h at 37~ in 0.1 M NaHCO 3, pH 8~ The 
effect iveness of proteolysis  was a s sessed  by the disappearance of the active fract ion and the appearance of a 
pool of f ree  amino acids on fract ionat ion of the digest on Sephadex G-25. In 55 rats  under pentobarbital  anes-  
thesia  laminectomy was per formed in the region of thoracic  segments T7-T9. The spinal cord was taken up 
accura te ly  on a ligature and completely t ransected.  Extract  (15-20 rag) and control solutions (0.1 ml in vol- 
ume) were injected subdurally into the distal port ion of the t ransected  spinal cord through a polyethylene cathe- 
t e r  (Fig. 1). The onset or  absence of a symmet ry  was recorded  15-60 rain after  injection of the extract .  
A s y m m e t r y  was regarded  as significant it it  amounted to 5 ram o r  more .  In normal  animals  the natural 
a s y m m e t r y  did not exceed 3 tara. 
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TABLE 1. Onset of Asymmet ry  in Spinal Animals after  Subdural 
Injection of Brain Extract  and Control Solutions 

Substance 

Brain extract from rightvsided donors 

Brain extract from right-sided donors, treated 
with oronase 

Brain extract from left-sided donors 

Brain extract from control animals 
Physiological saline 
Ethimizole* 

16 

7 

8 

7 
7 
8 

A symmetrical 
recipients 

16 (right-sided 
asymmetry) 

0 

8 (left- sided 
asymmetry) 

0 
0 
0 

§ 

+ 

* Accelera tes  fixation of postural  a symmet ry  in the same way as 
extract  of pathological bra in  when given by intraperi toneal  in- 
jection. 

E X P E R I M E N T A L  R E S U L T S  

In the experiments  of se r i e s  I the active fract ion of ,,right-sided,, ext rac t  was injected into the animals.  
As the catheter  was advanced to the lumbosacra l  :segments of the spinal cord, small  twitches of the hind limbs 
were somet imes  observed,  but these disappeared completely when movement of the catheter  ceased. The ani- 
ma l ' s  limbs remained symmet r i ca l  (Fig. 2a). Next, 0.1 ml of extract  was slowly' injected from a tuberculin 
syr inge connected to the catheter.  On injection of the extract  the recipient  ra t  developed tonic convulsions of 
the lower half of the body, which lasted for  10-15 min (Fig. 2b). The convulsions gradually diminished and dis-  
appeared, and flexion of the r ight  hind l imb with slight extension of the left developed (Fig. 2c). The amount of 
a s y m m e t r y  var ied  f rom 5 to 12 mm and remained stable for  many hours .  Nor was it reduced the next day 

(Fig. 2d). 

In the experiments  of se r ies  1I the active f rac t ion was t rea ted  with pronase.  The effectiveness of p ro -  
teolysis  was judged f rom the appearance of a pool of free amino acids and di- and tripeptides during passage of 
the f rac t ion through a column with Sephadex G-25. The f rac t ion  when t rea ted  with pronase lost its activity: 
none of the seven ra ts  into which it was injected developed a symmet ry  af ter  the end of the convulsions. These 
observat ions point to a peptide nature of the fac tor  causing postural  a symmet ry  in the recipient  ra ts .  

In the experiments  of se r ies  Ill, to test  the specificity of action of the extract  relat ive to the side of in- 
jury,  brain  ext rac t  f rom donors with injury to the anter ior  lobe of the cerebel lum on the left side was injected 
into 8 ra ts  without p re l iminary  molecular-weight  fractionation. All the animals developed lef t-s ided flexion 
and r ight -s ided extension of the hind limbs. 

Series IV consis ted of control  experiments .  Physiological  saline was injected by the same method into 
seven animals.  Neither convulsions nor a s y m m e t r y  could be observed in any of the animals.  Extract  of intact 
bra in  was injecte d into another seven animals.  All animals developed convulsions s imi la r  to those descr ibed 
above, but none of them developed a symmet ry .  Finally, eight ra ts  received an injection of ethimizole in a dose 
of 3 m g / k g  by the same ru les , s ince  previot t sobservat ions  showedthat  this shortened the t ime of fixation of 
pos tura l  a s y m m e t r y  in the original  model. In this case,  just  as when physiological saline was injected, neither 
convulsions nor a s y m m e t r y  could be observed.  

The resul ts  a re  summar ized  in Table 1. 

A fac tor  of peptide nature, specific with respec t  to the side of injury, thus part ic ipates  in the format ion 
of a stable pathological state of the spinal centers  af ter  injury to the cerebel lum. The prec i se  site of f o rma-  
tion of this fac tor  remains  unknown, but what is cer tain is that 17-20 h af ter  injury it accumulates  in large 
quantities in the brain.  Injection bf this peptide fac tor  into an intact spinal animal, into the subdural space of 
the spinal cord, causes pers i s ten t  spinal a symmet ry  s imi lar  to that ar is ing after  injury to the cerebel lum. 
This suggests  that the peptide fac tor  contains information on the cha rac te r  of the ce rebe l la r  injury and some-  
how induces changes in the recipient '  s spinal cord charac te r i s t i c  of this type of cerebe l la r  lesion. 

If the ce rebe l la r  model is found not tobe  unique and it can be shown that s imi la r  fac tors  are  produced in 
the p resence  of other bra in  lesions, a number of new problems requir ing basical ly  f resh approaches to their  
solution a r i se  in the f ie ld  of bra in  pathology and mechanisms of compensation. 
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SOME PATHOGENETIC FACTORS IN EXPERIMENTAL 

"INDOMETHACINE" HYPERTENSION 
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The concentra t ions  of cyclic nucleotides (AMP andGMP) in the blood plasma,  urine,  and t i ssues ,  
and morphological  changes in the blood vesse l  walls of the kidneys were  studied in ra ts  with a r -  
t e r i a l  hyper tens ion  induced by chronic  inhibition of prostaglandin synthesis .  Considerable  thick-  
ening of the walls of the inter lobular  and arcuate  a r t e r i e s  and marked cons t r ic t ion  of the lumen, 
mainly on account of hyper t rophy and swelling of smooth-musc le  cel ls ,  were  observed.  Mean- 
while the cycl ic  GMP concentrat ion was increased,  the cyclic AMP level lowered, and the cyclic 
A M P / c y c l i c  GMP rat io  reduced in the biological  fluids. It is suggested that changes in the me-  
tabol ism of the cycl ic  nucleotides are  connected with organic  and functional changes in the pe-  
r iphera l  vascu la r  sys tem which lie at the basis  of the increased  genera l  vascu la r  res i s tance  
associa ted with a r t e r i a l  hyper tension.  KEY WORDS: indomethacine; prostaglandin; cyclic nuc- 
leotides; smooth-musc le  cells;  a r t e r i a l  hyper tens ion.  

In a paper  published previously  two fo rms  of a r t e r i a l  hyper tens ion  (AH) were  descr ibed  in ra ts  following 
adminis t ra t ion  of indomethacine,  an inhibitor of prostaglandin (PG) synthesis ,  af ter  unilateral  nephrectomy or  
sal t  loading [1]. The ant ihypertensive effect  of 1~ may be connected with the i r  local action at the level  of/~he 
pe r iphe ra l  vascu la r  sys tem,  changes in which a re  cha rac te r i s t i c  of all fo rms  of AH. It has been shown that 
I ~  counterac ts  the va socons t r i c to r  effect  of the p r e s s o r  hormones  and blocks the sec re t ion  of catecholamines  
by nerve  endings [6, 7]. 

The ul t imate physiological  action of 1:~ in the t i ssue  and, in par t icu la r ,  in the smooth-musc le  cel ls  of 
the blood vesse l s  is mediated through a sys tem of cycl ic  nucleotides [3]. It has been shown that cyclic AMP 
has a marked  re laxant  effect ,  and cycl ic  GMP a vasocons t r i c to r  action [3, 5, 9]. It is also interest ing to note 
that cycl ic  nucleotides have opposite effects  on pro te in  synthesis  and on cell  p ro l i fe ra t ion  in ce r ta in  t i ssues  
[2, 4]. 

The object  of this invest igat ion was to compare  the cycl ic  AMP and GMP levels in biological  fluids and 
t i ssues  with the morphological  state of the per iphera l  vesse l s  in ra t s  against the background of chronic  inhibi- 
t ion of PG synthesis .  
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