
These resu l t s  thus indicate that in t ravenous inject ion of PI  p romotes  its rapid absorpt ion  in the hear t  of 
expe r imen ta l  an imals  (rabbits) ,  and that luminescence  of PI  on ul t raviolet  exci ta t ion (X = 266 nm) is observed  
main ly  in the septal  region of the r ight  a t r ium.  This encourages  the hope that  PI  will be used as LS in the 
future for  luminescence  probing of the hear t  as an aid to the solution of medica l  diagnostic  p rob l ems .  
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The use of focused ul t rasound (FUS) to obtain r e v e r s i b l e  changes in the CNS is  useful both in expe r i -  
menta l  physiology and in medica l  p rac t i ce .  Fo r  example ,  during u l t rasonic  neurosurg ica l  opera t ions  r e v e r s -  
ible ( temporary)  blocking of an a r e a  of b ra in  t i s sue  could se rve  as a function tes t  for  set t l ing the issue of 
whether  final ( i r r eve rs ib le )  des t ruc t ion  of a given s t ruc tu re  is  acceptable  depending on the resu l t  obtained. 

It has been  shown that r e v e r s i b l e  blocking of some bra in  format ions  by FUS is  poss ib le  in pr inciple  [4, 
5]. The doses  requ i red  for  functional blocking of nerve  s t ruc tu r e s  were  found to be so close to des t ruc t ive  
doses that the use of this p rocedure  in p rac t i ce  s eemed  to be contraindicated.  

The w r i t e r s  have studied the poss ib i l i ty  of using i r r ad ia t ion  with FUS under  conditions known to be non- 
des t ruc t ive  in o r d e r  to produce changes leading to the t e m p o r a r y ,  r e v e r s i b l e ,  blocking of conduction of in for -  
mat ion along the optic t r a c t .  Evoked potent ia ls  ( t~s)  of the b ra in  centers  of the visual  s y s t e m  were  used as the 
ind ica tor  of functional changes.  

To ver i fy  the functional c h a r a c t e r  of the action of the chosen doses  of FUS, an e l e c t r o n - m i c r o s c o p i c  in- 
ves t igat ion was made of endings of the optic t r ac t  (OT) f ibers  in the supe r io r  colliculus (SC). 

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

The exper imen ta l  appara tus  enabled FUS to be applied to the optic t r a c t  and, at the same t ime ,  e l ec t r i ca l  
act ivi ty  f r o m  different  pa r t s  of the visual  s y s t e m  to be r eco rded  [1-3]. 

Exper imen t s  were  ca r r i ed  out on 40 adult cats  anes the t ized  with pentobarbi ta l .  Ul t rasound was applied 
through a b u r r - h o l e  above the par t  of the b ra in  to be i r r ad ia ted ,  and the uninjured dura  m a t e r .  A cannula, con- 
s is t ing of a hollow cyl inder  made of t r a n s p a r e n t  p las t ic  (Fig. 1), f i l led with physiological  saline 2 heated to 
37~ was fixed he rme t i ca l ly  to the an ima l ' s  head above the b u r r - h o l e .  The center  of the focal region of the 
gene ra to r  3 was made to coincide with the t es t  s t ruc tu re  4 by means  of a coordinate sys t em.  The coordinates  

Bra in  R e s e a r c h  Inst i tute,  AU-Union Mental H e a i t h R e s e a r c h C e n t e r ,  Academy of Medical Sciences of the 
USSR, Moscow. Trans l a t ed  f r o m  Byul le ten '  ]~ksper imeutal 'noi  Biologii Meditsiny, Vol. 97, No. 6, pp. 760-762, 
June, 1984. Original  a r t ic le  submit ted  July  1, 1983. 
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Fig. 1. Scheme of apparatus for  local ap- 
plication of focused ultrasound to ca t ' s  optic 
t r ac t :  1) cannula, 2) physiological saline, 
3) focusing ul t rasonic  genera tor ,  4) center  
of focal region of generator .  

of the center  of the part  of the optic t rac t  to be i r radia ted  were determined by means of J a spe r  and Ajmone-  
Marsan ' s  atlas [5]. To moni tor  the blocking effect, e lec t rodes  were implanted in the optic t rac t  and occipital 
cortex. A focusing genera tor  with resonance frequency of 0.975 MHz, focal distance of 2.5 cm, and plate 1.8 cm 
in d iameter  were used. The apparatus included an electrophysiological  sys tem designed to record  EPs and 
photic st imulation of the experimental  animal ' s  retina. 

The experimental  procedure consisted of applying ultrasound in the form of success ive  pulses of assigned 
duration and f requency to the s t ructure  chosen for  i r radiat ion.  The retina was illuminated with flashes of light 
at the same frequency, but with a time lag relative to the ul t rasonic pulse. By this method the beginning of the 
change in bioelectr ical  activity of the s t ructure  tested could be identified precise ly .  

Mainly a pulsed ul t rasonic current  was used. The intensity, averaged over  the a rea  of the focal region, 
ranged f rom 7 to 63 W/cm 2, the pulse duration f rom 5 to 50 msec,  the pulse repeti t ion frequency f rom 0.5 to 
50 Hz, and the duration of the i r radia t ion procedure f rom 10 sec to 1 min. For  the e l ec t ron -mic roscop ic  study 
the animals were perfused with a mixture of 1.25% glutaraldehyde solution and 1% paraformaldehyde solution 
in phosphate buffer (pH 7.2--7.4). Pieces  of t issue f rom the superficial  layers  of SC were cut in the frontal plane, 
fixed with 1% OsO4 solution, dehydrated, and embedded in a mixture of Epon and Araldite.  Semithin and ul t ra-  
thin sections were cut on an LKM ul t ramicro tome.  The sections were stained on grids with uranyl acetate and 
lead citrate and examined in the NI-11E e lec t ron  microscope .  

EXPERIMENTAL RESULTS 

Under the influence of FUS on the region of the optic t ract ,  changes in amplitude and temporal  pa ramete r s  
of EP were observed in the la t ter .  The charac te r  and duration of the changes were determined by paramete r s  
of the dose of i r radia t ion  and varied widely when these were al tered.  Inhibition of EPs could be complete, par -  
tial, o r  variable.  The t e r m  variable implies a change in EP when the mean values of the amplitude and the other  
pa ramete r s  were p rese rved  but the dispersion of these values was much wider  than normally.  According to the 
cr i ter ion of recovery ,  the effects were completely o r  part ial ly revers ible  or  i r r evers ib le .  In certain cases ,  in- 
stead of inhibition of EP, its amplitude was t empora r i ly  increased.  Different combinations of the effects could 
be observed.  
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F ig .  2. R e s p o n s e  of op t i c  t r a c t  to FUS.  On 
l e f t  of  a r r o w s  -- E P s  of  o p t i c  t r a c t  in  r e -  
s p o n s e  to f l a s h e s  b e f o r e  a p p l i c a t i o n  of u l t r a -  
sound;  a f t e r  a r r o w s  - at  end of  a p p l i c a t i o n  of  
FUS.  N u m b e r s  denote  t i m e  (in rain) a f t e r  end  
of a p p l i c a t i o n  of  FUS.  I) V a r i a b l e  changes ;  
II, IV) c o m p l e t e l y  r e v e r s i b l e  inh ib i t ion ;  III) 
p a r t i a l  i nh ib i t i on ,  V) i r r e v e r s i b l e  i nh ib i t i on ,  
VI) changes  in  EP in v i sua l  cor~tex du r ing  
c o m p l e t e  r e v e r s i b l e  b l o c k i n g  of e l e c t r i c a l  
a c t i v i t y  of  o p t i c  t r a c t  by FUS.  

Some e x a m p l e s  of  r e s p o n s e s  of  the  op t i c  t r a c t  to  FUS (pulsed)  a r e  g iven  in  F i g .  2: I) v a r i a b l e  change in 
E P  o b s e r v e d  u n d e r  the  fo l lowing cond i t ions  of a p p l i c a t i o n  of u l t r a s o u n d  (US): i n t e n s i t y  of US a v e r a g e d  o v e r  a r e a  
of  foca l  r e g i o n  I = 7 W / c m  2, p u l s e  d u r a t i o n  t = 30 m s e c ,  pu l se  r e p e t i t i o n  f r e q u e n c y  f = 10 Hz, to ta l  d u r a t i o n  of 
i r r a d i a t i o n  T = 20 s ec ;  II) c o m p l e t e  i nh ib i t i on  of E P  fo l lowed  by c o m p l e t e  r e c o v e r y  of  a l l  p h a s e s  5 min  a f t e r  end  
of i r r a d i a t i o n  (I = 25 W / c m  2, t = 50 m s e c ,  f = 10 Hz,  T = 40 sec ) ;  III) p a r t i a l  i nh ib i t ion  of e l e c t r i c a l  a c t i v i t y  of 
op t i c  t r a c t ,  e x p r e s s e d  as  a t e m p o r a r y  d e c r e a s e  in  a m p l i t u d e  of p h a s e s  of the  E1 ~ (I = 7 W / a m  2, t = 30 m s e c ,  
f = 20 Hz, T = 1 ra in) ;  IV) c o m p l e t e  i nh ib i t i on  of  EP  fo l lowed  by r e c o v e r y  (I = 7 W / c m  2, t = 30 m s e c ,  f = 10 Hz, 
T = 1 min) ;  V) c o m p l e t e  i r r e v e r s i b l e  i nh ib i t i on  of E P  (I = 63 W / c m  2, t = 10 m s e c ,  f = 50 Hz,  T = 1 min) .  

In the  c a s e s  e x a m i n e d  above  the  e f f ec t  of i nh ib i t i on  of E P  in  the  op t i c  t r a c t  thus  a p p e a r e d  10-60 s e c  a f t e r  
the t i m e  of a p p l i c a t i o n  of FUS.  C o m p l e t e  b l o c k i n g  of conduc t ion  in  the  op t i c  t r a c t  l a s t e d  f r o m  a few s e c o n d s  to 
a few m i n u t e s ,  but  s o m e t i m e s  f ina l  r e c o v e r y  of E P  was  not o b s e r v e d  unt i l  a f t e r  1 h. D a t a  (Fig.  2, II, IV) s h o w -  
ing  that  t e m p o r a r y  i nh ib i t i on  of E P  can  be ob t a ined  b y  m e a n s  of  FUS,  fo l lowed  by c o m p l e t e  r e c o v e r y  of i t s  
shape  and a m p l i t u d e ,  a r e  of the g r e a t e s t  p r a c t i c a l  i n t e r e s t .  When the d y n a m i c s  of changes  in  EP  in the  v i sua l  
c o r t e x  was  s t u d i e d  d u r i n g  c o m p l e t e  r e v e r s i b l e  inh ib i t ion  of conduc t ion  in  the op t i c  t r a c t  u n d e r  the  in f luence  of 
FUS, in  s o m e  c a s e s  e f f ec t s  s i m i l a r  to t hose  d e s c r i b e d  above  w e r e  r e c o r d e d .  S o m e t i m e s ,  h o w e v e r ,  the  e f fec t  
did  not  a p p e a r  unt i l  a f t e r  a d e l a y  of 4 -5  min  c o m p a r e d  wi th  t h i s  p a r a m e t e r  in  the  op t i c  t r a c t ,  a l though the  t i m e  
c o u r s e  of  the  p r o c e s s  was  the s a m e .  In s o m e  c a s e s  i nh ib i t i on  of EP  was  p r e c e d e d  by a t r a n s i e n t  i n c r e a s e  in 
i t s  a m p l i t u d e .  A n  e x a m p l e  of t h i s  e f f ec t  i s  g i v e n  in F ig .  2, VI. A f t e r  a p p l i c a t i o n  of  FUS a c o n s i d e r a b l e  i n c r e a s e  
in  a m p l i t u d e  of EP  was  o b s e r v e d  in the  v i s u a l  c o r t e x ,  and a f t e r  4 ra in  t h i s  was  r e p l a c e d  by t o t a l  i nh ib i t i on  of  
b i o e l e c t r i c a l  a c t i v i t y .  EP  r e c o v e r e d  a f t e r  9 ra in ,  when i t s  a m p l i t u d e  was  a l i t t l e  h i g h e r  than  tha t  o b s e r v e d  b e -  
f o r e  i r r a d i a t i o n .  Evoked  a c t i v i t y  did not  r e c o v e r  unt i l  17 ra in  a f t e r  the  end of a p p l i c a t i o n  of  u l t r a s o u n d .  
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Temporary inhibition of EP followed by recovery of its shape and amplitude cou/d thus be obtained by 
means of FUS. 

To study the character of the ultrastructural changes produced by the different conditions of ultrasonic 
irradiation, endings of optic tract fibers (optic terminals, OT) were investigated in SC 20 min-I h after the 

end of application of ultrasound, i.e., in the period of recovery of electrical activity in the optic tract. 

Terminals containing round synaptic vesicles and mitochondria with a pale matrix and a few eristae were 
identified previously as optic. From 20 rain to 1 h after ultrasonic irradiation a reduction in the number of 
synaptic vesicles was observed in a small proporation of OT compared with normal, together with the appear- 
ance of vacuole-like inclusions, in some large OT there was an appreciable increase in the number of synaptie 
vesicles; as well as round vesicles, flattened vesicles also appeared, and osmiophiliaofthe matrix of OT in- 
creased. In some endings, with a diameter of 2 #,hyperproduotion of mitochondria was observed, whereas in 
other terminals, with an increased number of synaptic vesicles, destruction of individual mitochondria could 
be observed. In postsynaptic components of synapses formed by these terminals, no visible ultrastructural 
changes were present. In the opposite hemisphere no marked structural changes could be detected in OT. The 
ultrastructure of synapses formed by terminals of nonoptic origin in SC on the ipsilateral and contralateral 
sides likewise remained unaffected. 

The possibility of using FUS to obtain reversible changes in brain structures was thus investigated~ In 
partic'alar, the effect of reversible functional blocking of the optic tract and blocking of conduction of visual in- 
formation through the action of FUS on the optic tract was reliably recorded. The study of the ultrastructure 
of endings of optic tract fibers in SC showed that in the period of recovery of electrical activity after complete 
reversible blockade of the optic tract, the changes observed were reversible in character, and expressed mainly 
as changes in the number of synaptic vesicles and in their shape, and also changes in the state of the mitochon- 
dria. 

This investigation was conducted jointly with n0_embers of the staff of the N. N. Andreev Acoustic Institute, 
Academy of Sciences of the USSR. The authors are grateful to L. R. Oavrflov for is/ring part in the discussion 
of the results. 
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