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The localization of acetylchol ines terase  (ACE) activity was determined his tochemical ly in 
some nuclei of the caudal part  of the medulla (parvocellular,  ventral ,  and gigantocellular  
re t icu la r  nuclei, vest ibular  nuclei, and the regiQn of the t rac tus  solitarius).  Topographic 
schemes of the localization of ACE activity in the various morphological  s t ruc tures  of the 
medulla were drawn up. Schemes of localization of cells possess ing  chol inesterase  act iv-  
ity were prepared  f rom the resul ts  of microscopic  investigation of the re t icu lar  nuclei. 

The resul ts  of experiments  undertaken to study the neurochemical  organization of the re t icu lar  f o rma-  
tion of the medulla and pons suggests that the principal  media tor  in this par t  of the brain is acetylcholine 
[1, 7, 11, 12, 14]. However, chol ines terase  activity is low in the medulla [3, 5, 8]. 

The resul ts  of his tochemical  investigations are  conflicting. Some workers  [13] repor t  ve ry  low acetyl-  
chol ines terase  (ACE) activity in the medul lary  re t icular  formation,  while according to others [4, 6, 10], the 
nuclei of the re t icular  formation and severa l  other s t ruc tures  of the medulla possess  marked chol ines terase  
activity. Moreover ,  the p r ima ry  purpose of these his tochemical  studies was to determine the general  pat-  
te rn  of localization of the enzyme without determination of its activity at different levels of the individual 
medullary s t ruc tures .  

The object of the present  investigation was to study ACE activity in various medullary s t ruc tures  and 
to prepare  topographic schemes of localization of the enzyme detected by a his tochemieal  method. 

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

Gerebtsoff ' s  method [9] was used to detect active ACE and butyrylchol ines terase  (BCE). Sections 
were cut to a thickness of 15 p on a freezing mierotome.  The plane of section was perpendicular  to the 
surface of the rhomboid fossa.  The localization of the detected ACE was studied at different levels of the 
medulla in accordance with schemes of t r ansve r se  sections of the cat medulla [2]. The incubation t ime (1 
h) and the conditions of process ing  and staining the mater ia l  were s t r ic t ly  identical in all experiments.  

After  the his tochemical  react ion the sections were subjected to histophotometry.  So that the d i s t r i -  
bution of par t ic les  of absorbent (in this case, cells 10-100 p in diameter) could be taken to be sufficiently 
uniform, comparat ively  large fields were examined photometrical ly.  

The type MF-4  microphotometer  was used for this purpose,  and its operating conditions were chosen 
so that the area of the field examined was 100 • /z 2. Photometry  was car r ied  out consecutively in a lon- 
gitudinal direction, so that about 2500 fields were examined in each section. 

The pre l iminary  assessment  of the relative intensity of staining of the field obtained by photometric  
examination was made in conventional units (c.u.). Since the intensity of staining of the field was de te r -  
mined relat ive to the least stained part  of the section examined, the intensity of staining of this part  was 
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Fig. 1. Scheme of quantiative distribution of ACE activity in 
the medulla at the level of the middle third of the facial nerve 
nucleus (similar schemes were prepared for all sections in- 
vestigated). Conventional units were used for the scale of in- 
tensity. 8) Serial No. of scheme of transverse section through 
medulla at level of middle third of facial nerve nucleus in ac- 
cordance with Grantyn's atlas of the cat's medulla and pons [2]. 
N.t.sp.V) Nucleus of spinal tract of trigeminal nerve; R.Gc) 
gigantoeellular reticular nucleus; R.pc) parvocellular reticular 
nucleus; VII)facial nerve nucleus. 

Fig. 2. Scheme of localization of reticular cells containing 
different amounts of ACE at the same level of the medulla as 
in Fig. 1 (similar schemes were prepared for all sections ex- 
amined). Triangular cells are represented by triangles, oval 
and fusiform cells by circles, trapezoid cells by rectangles, 
and multipolar cells by figured circles. Different sizes of the 
conventional symbols correspond to different sizes of the cells: 
from 10 to 20, from 21 to 30, from 31 to 40, and over 41 g. 
Black figures represent cells with well defined outlines and 
in tens ive ly  s ta ined cytoplasm;  shaded f igures  r e p r e s e n t  ce l l s  
in which ACE is de tec ted  at the ce l l  b o r d e r  and in the cy top lasm,  
but the in tens i ty  of s ta ining is only s l igh t ly  different  f rom the 
background of the sect ion;  unshaded f igures  r e p r e s e n t  ce l l s  in 
which ACE is de t e rmined  only at the ce l l  bo rde r ;  x denotes  
f ibe r s  r evea l ed  by s taining for  ACE. Conventions of r e p r e -  
senta t ion  of r e t i c u l a r  nuclei  a r e  the same  as in F ig .  1. 

taken as the ze ro  level  in each sect ion.  In this  way the data were  made su i tab le  for  s t a t i s t i c a l  ana lys i s ,  
t he reby  reducing the e r r o r  of the r e su l t s  and, in p a r t i c u l a r ,  v i r tua l ly  e l imina t ing  any inaccu racy  of quant i -  
ta t ive  pho tomet r ic  a s s e s s m e n t  due to s l ight  d i f fe rences  between the ze ro  levels  in the sec t ions .  

A p a r a l l e l  m i c r o s c o p i c  study was made  of the sect ions  (ocular  m i c r o m e t e r  15 • objec t ive  40 • in 
which ACE had been r evea led ,  and a lso  of sec t ions  s ta ined  with toluidine blue.  The number  of ce l l s  of the 
d i f ferent  shapes  and s i ze s  was counted at the leve ls  of the r e t i c u l a r  fo rmat ion  examined.  

The r e su l t s  of the pho tomet r ic  and m i c r o s c o p i c  inves t iga t ions  were  compared  (Figs .  1 and 2). 
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Fig. 3. Different types of re t icu lar  cells con- 
taining ACE: a) cells with s t rongest  staining 
near  border  (400 • b) cells with high chol- 
ines terase  activity, cytoplasm strongly 
stained (200 • 

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

AND D I S C U S S I O N  

ACE was detected at all investigated levels of 
the medulla f rom the middle third of the facial  nerve 
nucleus to the middle third of the infer ior  olive. Topo- 
graphic schemes of distribution of ACE activity in the 
section, based on the resul ts  of photometry  (Fig. 1), 
and schemes of localization of cells possess ing  chol-  
ines terase  activity, based on the resul ts  of m i c r o -  
scopic examination of these sections (Fig. 2), were 
prepared  for  all levels. Specific nuclei of the medulla 
(nuclei of the cranial  nerves,  infer ior  olives, etc.) were  
charac ter ized  by bright staining, and the photometric  
values var ied  f rom 18 to 60 c.u. (the maximum).  A low 
content of the enzyme {from 0 to 10 c.u.) was found in 
the region of the spinal t rac t  of the t r igeminal  nerve 
and the dorsa l  spinocerebel lar  and spinothalamic t rac t s .  
The rubrospinal  and vestibulospinal t rac t s  gave a high 
intensity of staining, measur ing  14-30 c.u. 

The intensity of staining in the nuclei of the re t i -  
cular  formation was low: the few darkest  areas  c o r -  
responded to 25 c.u. The parvocel lular ,  gigantocellular,  
and ventral  re t icu lar  nuclei, vest ibular  nuclei, and zone 
of the t ractus  sol i tar ius were investigated in greates t  
detail. 

In the parvocel lu lar  re t icu la r  nucleus the l a rg -  
est amounts of ACE were found in the dorsa l  and ventral  
parts ,  where the intensity of staining reached 20 c.u. 
(against a general  background of 12-14 c.u.), along the 
border  with the nucleus of the spinal t rac t  of the t r i -  

geminal nerve,  and at the level of the middle third of the infer ior  olive, along the border  with the nucleus 
of the t ractus  sol i tar ius.  Comparison of the resul ts  of investigations of sections stained with toluidine 
blue with the his tochemical  data showed that only a few of the large ceils (40-50 # or  more) in the parvo-  
cellular  nucleus contain ACE, and that most  of the cells which stained were  t r iangular  in shape. Only a 
relat ively small  proport ion of the small  cells,  which constitute the bulk of this nucleus, gave a positive r e -  
action for ACE, and most  of the ceils which were  stained were t r iangular  or  oval in shape. 

During photometry of the ventral  nucleus the ACE content was equivalent to an intensity of staining 
of, on the average,  12-16c.  u . .  An increase  in the intensity of staining (to 20-25 e.u.) was observed in the 
ventral  and ventrola tera l  regions of the nucleus, including the region of the nucleus ambiguus, and also along 
the medial  and lateral  borders  of the nucleus. Microscopic  examination showed that the chol inesterase  ac-  
tivity is located mainly in small,  oval-shaped cells. Large neurons gave a positive react ion for  ACE re la -  
t ively less frequently. 

In the gigantocellular re t icu lar  nucleus ACE was localized mainly in the ventral  par t  (along the border  
with the medial  lemniscus,  with the ventribulospinal t ract ,  and with the nucleus of the facial  nerve),  and to 
a l e s se r  extent in the dorsal  par ts ,  giving an intensity of 18-25 c.u. compared with the general  background 
of 14c. u . .  Intensively stained zones also were found at the border  with the parvocel lu lar  nucleus and in 
the medial  part  of the gigantocellular nucleus (Fig. 1). In the gigantocellular  nucleus (just as in the other 
nuclei), the number of smal l  cells staining for  ACE was small  by compar ison with thei r  total number;  these 
cells were mainly oval in shape (Fig. 2). Most of the large neurons which gave a positive react ion for ACE 
were  oval or  fusiform, while in the more  ros t r a l  par ts  of the nucleus stellate neurons also showed up. The 
total number of cells possess ing  aeetylchol inesterase activity increased in the ros t r a l  direction.  

In all the re t icu lar  nuclei investigated, some increase  in the ACE content was observed on the border  
with the s t ruc tures  surrounding these nuclei. 
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In the vestibular spin~/l nucleus the ACE content was higher throughout its extent than in the medial 

nucleus. In the caudal parts of the vestibular spinal nucleus fields with high cholinesterase activity were 

located mainly inthe dorsal, dorsolateral, and medial parts of the nucleus. In the rostral parts of the nu- 

cleus, areas of high cholinesterase activity were more common on the lateral than on the medial side. In 

the vestibular medial nucleus intensively stained fields were few in number, and in sections at all investi- 

gated levels they were localized in the ventral part and along the lateral border of the nucleus. The re- 
maining regions of the nucleus had a low content of active ACE. 

In the rostral part of the nucleus of the tractus solitarius most fields were rated at 12-16 c.u., and 

only a few areas with a higher enzyme content were found. In the caudal parts (at the level of the upper 
and middle thirds of the inferior olive) the ACE content was sharply increased, and the results of measure- 

ments of all fields ranged from 20 to 24 c.u. or more. 

Cells of the r e t i cu l a r  fo rmat ion  staining post ivety  for  ACE differed f rom each other  in the intensi ty  
of the i r  staining. Some cel ls  stained s t rongly,  o thers  weakly, and the la t ter  were  difficult to pick out against  
the background.  The dis t r ibut ion of the enzyme inside the cell  a lso var ied:  ACE could be found only along 
the cel l  bo rde r ,  or  it could be detected in the cy toplasm of the neuron (Fig. 3a, b). The dis tr ibut ion of cel ls  
giving a posi t ive  reac t ion  for  ACE agreed  comple te ly  with the topography of the mos t  intensively stained 
pa r t s  of the nuclei,  giving high photometr ic  readings (see F igs .  1 and 2). 

The d i f ferences  in the intensity of staining of the individual medu l l a ry  s t ruc tu r e s  in the reac t ion  for  
ACE revea led  by these  exper imen t s  co r respond  to observa t ions  made  by other  w o r k e r s  [5, 10]. This  study 
of the dis t r ibut ion of ACE in different  pa r t s  of each of the invest igated nuclei demons t r a t e s  that the cholin-  
e s t e r a s e  act ivi ty  va r i e s  f r o m  one par t  to another .  The local izat ion of cel ls  containing ACE in the p a r v o -  
ce l lu la r  and gigantoeel lu lar  nuclei coincides with the local izat ion in these  nuclei of neurons which a re  s ens i -  
t ive to applicat ion of acetylchol ine [15]. 
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