
1.0 this  means  that phagocytosis  is complete .  According to our data, ICP of s taphylococci  by macrophages  
f r o m  intact  rabbi ts  was 1.9 ~- 0.2 and for  m i c r o c o c c i  ICP was 9.2 �9 1.1. 

P a r a l l e l  inves t igat ions  of the function of digest ion of the t es t  m i c r o o r g a n i s m s  by AM by the two methods 
(microscopic  and bac ter io logica l )  showed conclusively that the resu l t s  were  constant ly uniform. Each method 
has it own advantages :  Microscopic  analys is  g ives  some idea of both the ingest ive  and the digest ive act ivi ty 
of the macrophages ,  whereas  the bac te r io log ica l  method re f lec t s  only the end resu l t  of the phagocytic reac t ion  
and c h a r a c t e r i z e s  the defensive function of the cell as a whole. Meanwhile the bac ter io logica l  method of de-  
t e rmina t ion  of ICP,  wMle comple te ly  re l iab le ,  i s  l e s s  tedious and labor ious  and can be r ecommended  for  use 
in r e s e a r c h .  

The technical  i m p r o v e m e n t s  desc r ibed  above thus faci l i ta te  the work and save t ime,  and the modified bac-  
te r io logica l  method of de te rmina t ion  of the comple teness  of phagocytosis  can be r ecommended  for  a s s e s s m e n t  
of the defensive function of mac rophages ,  both para l l e l  with m i c r o s c o p i c  invest igat ion,  making the resu l t s  more  
re l iab le ,  and as an independent method.  
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A p romis ing  t rend  in diagnostic  medicine  is observa t ion  both of the luminescence  of luminescent  sub-  
s tances  (LS) in t roduced into the body and se lec t ive ly  accumulat ing in cer ta in  organs  and t i s sue s ,  and also of 
in t r ins ic  luminescence  of the t i s sues .  F o r  example ,  m e a s u r e m e n t  of in t r ins i c  t i s sue  luminescence  was used 
in [1] to study oxidative me tabo l i sm  of the dog hear t  in vivo during acute i s c h e m i a  and hypoxia. Advances in 
f iberopt ie technology,  so that  exci t ing luminescent  radia t ion can be introduced inside the body and also led out, 
has g rea t ly  widened the scope for  the use of luminescence  methods and has s t imulated the i r  fu r the r  develop- 
ment .  F o r  ins tance ,  in [2] a hematoporphyr in  der iva t ive  was used as LS, enabling mal ignant  t u m o r s  to be diag- 
nosed in s i tu in the e a r l y  stage by means  of f iberopt ie  l a s e r  f luorescent  bronchoscopy.  The sea rch  for  other  
LS suitable for  use in the luminescence  diagnosis  of d i seases  of the internal  organs  or  t i s sues ,  e spec ia l ly  those 
suitable for  inves t igat ions  by f iberopt ic  techniques,  is of much in te res t .  

P y r r o l e  de r iva t ives ,  which are  widely used in the manufac ture  of chemotherapeut ic  p repa ra t ions ,  are ev i -  
dently noteworthy f r o m  this point of view. Compounds with spasmoly t i c  and loca l - anes the t i c  p rope r t i e s  [3], 
with an act ive effect  on the centra l  and autonomic nervous  s y s t e m  [4] and capable of lowering blood p r e s s u r e  
[51, a r e  known. The an t i a r rhy thmic  ac t iv i ty  of compounds of this  type also has been descr ibed  [61, which en -  
courages  the hope that they may  accumulate  p re fe ren t i a l ly  in cor responding  zones of the hear t  and, i f  they are  
in the LS category,  that they can be used for  luminescence  diagnosis  of these zones.  
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Fig. 1. Absorpt ion  s pec t rum  of aqueous solution of PI .  Here  and in Fig. 
length (in am); ordinate ,  in tensi ty  of luminescence  {relative units). 
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Fig. 3 

2: absc i s sa ,  wave-. 

Fig. 2. Luminescence  of septa l  region of rabbit  hear t :  a) immedia te ly  a f t e r  in t ravenous  in-  
ject ion of PI;  b) 3 h a f te r  injection.  

Fig. 3. Luminescence  of septal  region of r ight  a t r ium (a) a r e a s  o f h e a r t m u s c l e  (b) of r a b -  
bit a f t e r  in t ravenous  inject ion of PI,  of septal  region of right a t r i um of control  rabbi t  (c), and, 
for  compar i son ,  aqueous solution of PI (d). Absc i s sa ,  wavelength (in am); ordinate ,  in tens i ty  
of absorpt ion.  

The aim of this investigation was to study the possibility of using one of these pyrrole derivatives, namely 

3, 6, 7, 8-tetramethyl-4-isobutyl-2-carboethoxy-6H-pyrrolo-3, 2, 5-indolyzine (pyrroloindolyzine - PI), for 
stimulating luminescence of individual areas of the heart in experimental animals. The choice of PI as LS is 
determined by its high solubility in water, high intensity of luminescence, and also its biological activity which 
was mentioned above. 

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

PI  was obtained by the method in [7], r e c r y s t a l l i z e d  seve ra l  t imes  f rom glacial  ace t ic  acid and e ther ,  and 
i ts  phys icochemica l  cha r ac t e r i s t i c s  cor responded  to those given in the l i t e r a tu re .  

The absorp t ion  s pec t rum  of an aqueous solution of PI was r eco rded  with the SF-26 spec t ropho tomete r .  
Luminescence  spec t r a  were  exci ted by the 4th ha rmonic  of an LTI PCh-5 l a s e r  on YAG:Nd (N266 am) and the 
s p e c t r a  were  r eco rded  by means  of an MDR-3 m o n o c h r o m a t o r  and F E P - 3  photoe lec t r ic  a t tachment .  With this 
method of exci tat ion,  luminescence  s p e c t r a  of both prote ins  and PI  can be obse rved  s imul taneous ly  in the hear t  
t i s sues  chosen for  study, provided that PI accumula tes  in them.  

An aqueous solution of PI  was injected in t ravenous ly  into rabbi t s .  Exper iments  were  ca r r i ed  out on 20 
cabbits weighing 1.5-3 kg, seven  of which consti tuted the control group, which did not rece ive  PI.  The quantity 
of PI injected into the b l o o d s t r e a m  var ied  f rom 5 to 30 m j k g  body weight. The t ime in te rva ls  f rom injection 
of PI  until sac r i f i ce  of the an imals  and r e sec t i on  of the hear t ,  and compar i son  with p ieces  of pec to ra l i s  musc le ,  
lungs,  and l ive r ,  va r ied  f r o m  a few minutes  to 3 h. 

EXPERIMENTAL RESULTS 

The absorption spectrum of an aqueous solution of PI is illustrated in Fig. i. The main peak of absorp- 
tion lay in the ultraviolet region and overlapped quite well with the 266 nm laser line used to excite lumines- 
cence. The luminescence spectrum of this same solution is shown in Fig. 3d. Its peak lay in the initial short~ 
wave region of the visible spectrum (430 am), i.e., it was appreciably shifted relative to the ultraviolet protein 
luminescence [8]. 

After injection of PI, luminescence of the resected heart tissues was observed in the blue region of the 
spectrum (peak 430 nm), characteristic of aqueous solutions of PI. Luminescence was not observed in other 
tissues taken for investigation. The greatest effect was achieved when the rabbit was killed within a few min- 
utes after injection of PI (Fig. 2). The most intensive luminescence in this region of the spectrum was charac- 
teristic of structures of the atrial septum (Fig. 3). Figure 3 shows luminescence curves of these structures 
and areas of myoeardium of the rabbit after injection of PI (Fig. 3a, b) and of the same structures of a control 
rabbit heart (Fig. 3c), normalized relative to the peak of luminescence in the ultraviolet region of the spectrum, 
corresponding to luminescence of proteins contained in them. In this way the intensity of luminescence in other 
regions of the spectrum in different parts of the heart of the same or different rabbits could be compared di=- 
rectly. It will be clear from Fig. 3 that luminescence observed in the 430 am region on the ultraviolet lumi- 
nescence curve of proteins was due to PI injected via the blood stream. 
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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 
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