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An e l ec t ron -mic roscop ic  investigation of the ce rebra l  cor tex of cats and monkeys af ter  t r ans -  
cranial  micropolar iza t ion (TCMP) revealed u l t ras t ruc tura l  changes the sever i ty  of which de-  
pended on the intensity of the cu r ren t  and the duration of its action. In the focus of exposure 
the cu r ren t  acted di rec t ly  on the bra in  t issue,  but the ce rebra l  cor t ical  cells differed in their 
sensi t ivi ty to different conditions of TCMP. The most  react ive  t issue was the glia, followed 
by the bodies of neurons and synaptic s t ruc tures .  In a reas  of brain remote  f rom the focus of 
TCMP the u l t ras t ruc tura l  organizat ion of the synapses  was pr incipal ly altered.  The morpho-  
logical  changes d iscovered  were  not pathological.  
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Exposure of various brain s t ruc tu res  to an electr ic  field is an effective method of t reat ing cer ta in  d is -  
eases of the brain  [4]. It has also been shown that micropolar izat ion (MP) of neocort ical  and deep brain s t ruc -  
tures  can be used to exert  a controlled influence on conditioning and on learning and memory  p rocesses  [7, 6]. 
Meanwhile, most  neurophysiologieal  and morphological  investigations have been undertaken by the use of e lec-  
t rodes implanted d i rec t ly  into the brain t issue [2, 7, 6]. The method of t ranscrania l  micropolar iza t ion (TCMP), 
suggested by G. V. Gal 'dinov and S. P. Shklyaruk working in the w r i t e r s '  laboratory,  is a more  sparing method 
and offers  wide opportunities for  acting on the brain  not only for  experimental  purposes ,  but also, under c e r -  
tain conditions and within cer ta in  l imitat ions,  in clinical pract ice.  

The object of the p resen t  investigation was to study the u l t ras t ruc tu re  of the ce rebra l  cor tex af ter  TCMP. 

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

The brains  of cats  and monkeys exposed to var ious  reg imes  of TCMP in acute experiments  were used 
(the physiological  inv'estigations were  ca r r i ed  out by G. V. Gal 'dinov and S. P. Shklyaruk). The following in- 
tensit ies of TCMP were  used: 1) 0.5 mA for  5-7 rain; 2) 0.5-1 mA for  30 min; 3) 1-2 mA for 2-3 h. Pe rcu tan-  
eous agar  e lectrodes  1.5 cm 2 in a r ea  were  used to produce TCMP. TCMP was applied to the temporal ,  occ i -  
pital, prefrontal ,  and frontal  regions of the cortex.  The middle l ayers  of zones of the cortex beneath the e lec-  
t rodes  and of distant zones were studied with the e lectron microscope.  The  bra ins  of intact animals  served  as 
the control.  

Material  was fixed by the immers ion  method success ive ly  in 2.5% glutaraldehyde in 0.1 M cacodylate  
buffer, pH 7.4, and in 1% OsO 4 solution in the same buffer, then dehydrated in alcohols of increasing concent ra -  
tions and embedded in Araldite.  Ultrathin sections were  cut on the LKB Ultrotome, stained with uranyl ace -  
tate solution and lead ci t rate ,  and studied and photographed in the IEM-7A and IEM-100B electron microscopes .  
Attention was concentrated on morphological  changes in neurons, synapses,  and glia. 

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

Ul t ras t ruc tura l  analysis showed that different components of the cor t ical  nerve t issue of the brain differed 
in their  sensi t ivi ty to different reg imes  of TCMP. 
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Fig. 1. Cerebral cortex of monkey after exposure to TCMP: a) swollen astrocytic pro- 
cesses inmiddle layers  of motor cortex (current 0.5 mA, 5-7 min, 15,000 x); b) nucleus and 
cytoplasm of neuron in layer HI of visual cortex (current 0.5-1 mA, 30 min, 15,000 x); 
c) axodendritic synapse with a few synaptic vesicles grouped near presynaptic membrane 
(current 1-2 mA, 2-3 h, 25,000 x); GA) Golgi apparatus; AP) astrocytic processes; VP) 
vacuole-like profiles; L) lysosomes; M) mitochondria; PrM) presynaptic membrane; PsM) 
postsynaptic membrane; SV) synaptic vesicles; ER) endoplasmic reticulum; N) nucleus. 

In areas of the cortex where very weak polarization was applied with a current of not more than 0.5 mA 
for 5-7 rain, a marked glial response was primarily observed (Fig. la): an increase in the number and swell- 
ing of the processes of the astrocytes, a decrease in the electron density of their matrix, vacuolation, and 
fragmentation of the cristae in the mitochondria. Among the oligodendroeytes, fewer modified cells were ob- 
served than among the astrocytes. Structural changes in eomponents of the nerve cells were not significant. 

Glial cells respond to different procedures sooner than neurons. For instance, the glia has increased 
sensitivity to neuropharmacological agents, to the action of a magnetic field, to x rays, and to the development 
of cerebral edema [i, 12, 15]. In other words, with its protective and barrier functions, the glia apparently 
takes the first "shocks" of any procedure and responds by various structural changes. 

Under the influence of a current of 0.5-1 mA for 30 rain, morphological changes were found not only in 
the glial cells and their processes, but also in the perikaryon of a certain proportion of neurons (Fig. ib). In 
such neurons the nuclear chromatin was distributed irregularly and there were many deep invaginations of the 
nuclear membrane, and the perinuclear space was widened. An increased number of vesicular structures, 
lysosomes, multivesicular bodies of varied electron density, widening of the cisterns of the Golgi apparatus, 
swelling of the mitochondria with localized areas of translucency of the matrix and with partly destroyed cris- 
tae were observed in the cytoplasm of some cells. In other neurons, widening of the cisterns of the endoplasmic 
reticulum, disappearance of a sharp reduction in the number of ribosomes on the membranes of the tubules, 
vacuole-like profiles, and absence of organelles from some segments of the cytoplasm were observed. Under 
these circumstances synapses whose structural components showed signs of submicroscopic changes were 
found in the neuropih swelling of many of the mitochondria and a decrease in the number of cristae, the appear- 
ance of polymorphic synaptic vesicles, changes in the number of vesicles, and changes in the electron density 

of the synaptic membranes. 
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The mos t  marked  morphologica l  changes in the ne rve  and glial cel ls  were  obse rved  in a r e a s  of the c o r -  
tex where  s t r onge r  po la r iza t ion  with a cu r r en t  of 1-2 mA and an exposure  of 2-3 h was used. The number  of 
synapses  with s t r u c t u r a l  changes a lso  was apprec iab ly  increased  (Fig. lc ) .  These  changes cons is ted  of a 
ma rked  d e c r e a s e  in the number  of synapt ic  ves ic l e s ,  the i r  concentra t ion  in a single complex  c lose  to the p r e -  
synapt ic  m e m b r a n e ,  the appea rance  of vacuo le - l ike  prof i les  or  lamina ted  membranous  s t ruc tu res ,  and swell ing 
and t r ans lucency  of the ma t r ix  of the axon t e rmina l s .  At the s a m e  t ime,  synapses  with agglutination of the 
synaptic  ves i c l e s  located in the cen te r  of the t e rmina l  or  filling it ent i re ly ,  and with inc reased  e lec t ron  densi ty  
of the synaptic m e m b r a n e s ,  w e r e  found. In unpolar ized a r e a s  of the cor tex  r e m o t e  f rom the focus of exposure ,  
va r ious  changes a lso  were  found in some  synapses .  

Under acute exper imen ta l  condit ions,  TCMP thus causes  u l t r a s t ruc tu ra l  changes in the c e r e b r a l  cortex,  
the s eve r i t y  of which depends on the intensi ty of the cu r r en t  and the durat ion of its action. 

In the focus of exposure  the cu r r en t  acts  d i r ec t ly  on the b ra in  t i ssue ,  but d i f ferent  s t r uc tu r e s  of the c o r -  
tex differ  in the i r  sens i t iv i ty  to d i f ferent  TCMP r e g i m e s .  Most sens i t ive  is the glia,  followed by the bodies of 
neurons  and synapses .  In a r e a s  of the bra in  r e m o t e  f r o m  the focus of TCMP the u l t r a s t ruc tu r a l  organizat ion 
of the synapses  was m o s t  affected,  evidence of the t r an s - synap t i c  influences of loci  of MP on dis tant  bra in  
s t ruc tu r e s .  

It is difficult  at p r e s en t  to identify the morphologica l  changes which a r e  pure ly  functional in c h a r a c t e r  
f r o m  changes thay may  subsequently b e c o m e  i r r e v e r s i b l e  and pathological .  Changes in the functional s ta te ,  
with an i n c r e a s e  o r  d e c r e a s e  in functional act ivi ty  of ne rve  t i s sue  a r e  of neces s i ty  accompanied  by fine u l t r a -  
s t ruc tu ra l  changes.  Such u l t r a s t r uc t u r a l  changes have been found in the CNS under the influence of amphe t -  
amine ,  ch lo rp romaz ine ,  photic s t imulat ion,  moto r  over loads ,  and e l ec t r i ca l  s t imulat ion [5, 8, 9, 14]. The 
authors  ci ted r e g a r d  these  changes as a re f lec t ion  of the intensif icat ion of m e t a b o l i s m  in the event of the i r  
"act ivat ion,"  i .e. ,  they p lace  these  u l t r a s t r u c t u r a l  changes in the ca tegory  of functional changes.  

In the p r e sen t  exper imen t s  the va r i ed  intensi ty of the s t ruc tu ra l  changes in the ne rve  t i s sue  point to a 
high deg ree  of po lymorph i sm and he terogenei ty  of the r e sponse  to TCMP. The po lymorph i sm was pe rhaps  due 
to d i f fe rences  in the functional background of act ivi ty  of the cel ls  and, cor respondingly ,  to d i f ferences  in the i r  
sens i t iv i ty  to the act ion of the cur ren t ,  as in the case  of r e sponses  to var ious  pharmaco log ica l  and other  agents  
[9]. S imi lar  submic roscop ic  changes in the synapses  during exposure  to var ious  fac to r s  have led some  w o r k e r s  
to r ega rd  the s t ruc tu ra l  changes as di f ferent  "deg rees"  of functional s t r e s s  [9, 14]. Ecc les  [13], in pa r t i cu la r ,  
cons ide rs  that  changes in p resynap t ic  s t r u c t u r e s  a r e  evidence of act ivat ion of synapses .  

Consequently,  the d i rec t  and ind i rec t  evidence obtained sugges ts  that the u l t r a s t ruc tu r a l  changes do not 
go beyond the l imi t  of functional changes taking place  in the c e r e b r a l  co r t ex  a f te r  TCMP. 

The p r o c e s s  of s to rage  and r e t r i e v a l  of informat ion  is linked by many w o r k e r s  with pa r t i cu la r  changes 
in ne rve  t issue;  informat ion p rocess ing  is based both on act ive in terac t ion  between neurons and glial  ce l ls  and, 
on inc reased  conductance of the synapses .  The m o r e  s t rongly  the synapses  and the whole of the neuronal  pa th -  
way a r e  act ivated,  the m o r e  effect ive the m e m o r y  [3, 10, 11, 13]. 

The p r e sen t  exper imen t s  showed that  TCMP causes  submic roscop ic  changes in the glia, neurons ,  and 
synapses ,  proof  of the ef fec t iveness  of this type of p rocedure  on bra in  t i ssue.  Fu r the r  invest igat ions will 
p robably  help to r evea l  the connection between these  changes  and t r ace  fo rmat ion  - a mos t  impor tan t  p ro p e r ty  
of ne rve  t i ssue .  
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S P E C I F I C  S E C R E T O R Y  I N C L U S I O N S  I N  T H E  

P Y L O R I C  P A R T  OF T H E  M O U S E  S T O M A C H  

I .  N.  B o r i s o v  a n d  A .  L .  Z a s h i k h i n  UDC 591.433.3-932.34 

Specific granules  w e r e  found in the epi thel ium of the pylor ic  pa r t  of the mouse  s tomach  on 
staining with a ldehyde-fuchsin .  They w e r e  PAS-negat ive  and did not s ta in  with lead hema toxy-  
lin. T h e i r  product ion in intact  mice  is  l imi ted  to a sma l l  zone of the py lorus ,  with the a p p e a r -  
ance of a c i r c u m s c r i b e d  spot .  ~ - A d r e n e r g i c  s t imulat ion caused widening of the zone in which 
these  g ranu les  we re  found. Combined t r e a t m e n t  with Indera l  and genera l  cooling led to a sha rp  
i n c r e a s e  in the zone of d is t r ibut ion of the ce l l s  containing these  granules .  

KEY WORDS: epi thel ium of pylorus ;  s e c r e t o r y  granules ;  ad rene rg ic  s t imulat ion;  exposure  to 
low t e m p e r a t u r e s .  

Inclusions of mucoid  andmucin and inclusions containing en te rohormones  a r e  found in the epithel ial  ce l l s  
of the gas t ro in tes t ina l  t r ac t .  

This  p a p e r  gives  the r e su l t s  of expe r imen t s  showing the p r e s e n c e  of spec ia l  and hi ther to undescr ibed 
inclusions in the s tomach,  r evea led  by staining with a ldehyde-fuchsin .  In intact  an imals  these  inclusions a r e  
found only in a na r row  zone of the py lorus .  In other  pa r t s  of the s tomach  and in the in tes t ine ,no  such inc lu -  
sions a r e  found and, for  that  r ea son ,  they a r e  cal led specif ic  inclusions.  

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

The py lor ic  p a r t  of the s t o m a c h  of albino mice  was invest igated.  Exper imen t s  w e r e  c a r r i e d  out on 15 
mice,  of which six w e r e  intact.  Seven mice  r ece ived  injections of ad renob lockers  fo r  1 week: Two an imals  r e -  
ceived Indera l  (propranolol) ,  3 r ece ived  dihydroergotoxin,  and 2 r ece ived  both ad renob lockers  s imul taneously .  
The o ther  two mice  r ece i ved  Indera l  and exposed to genera l  cooling at 5~ Mater ia l  f r o m  the exper imenta l  
an imals  was f ixed by Bouin 's  method and that  f r o m  the control  animals  in Bouin 's  o r  Ca rnoy ' s  fluid or  fo rma l in  
and embedded in paraf f in  wax. Ser ia l  sec t ions  w e r e  cut t r a n s v e r s e l y  and longitudinally to the pylorus  and 
s tained with a ldehyde-fuchs in  (p re l imina ry  oxidation with pe rmangana te ,  counter  staining with hematoxyl in -  
orange) ,  and lead hematoxyl in  and by the PAS reac t ion .  

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

On staining the epithelial  ce l ls  with a ldehyde-fuchsin,  the apices  of the cel ls  containing mucoid stained 
diffusely.  In addition, in a smal l  p ropor t ion  of ce l l s  br ight  da rk  viole t  g ranules  could be seen.  They had d i s -  
t inct  outl ines and w e r e  d i s t r ibu ted  throughout  the cy top lasm.  The concentra t ion of these  granules  was not 
p redominant ly  high in the apical  or  basa l  pa r t s  of the cel ls  (Fig. 1). Somet imes  the granules  we re  concent ra ted  
around the  nucleus (Fig. 2). In intact  m ice  ce l l s  with granules  of this type were  found in a sma l l  zone of the 
py lorus ,  c lose  to its junction with the duodenum. The zone was oval in shape and contained 20 to 30 pits .  The 
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