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The a lkaloid  n iva l ine  (galanthamine)  is rather widely used in the c l in ic  in the t rea tment  of the diseases of the 
per ipheral  and central  nervous system of various e t io logy [4, 7, 12, 16, et  a l l .  

It has been established [5] that  n ival ine  reduces the ac t iv i ty  of cholinesterase and s t imulates  chol inergic  r ecep-  
tors, i .e . ,  it  belongs to ant ichol inesterase substances. The pharmacolog ica l  character is t ic  of n ival ine  has been studied 
in de ta i l  [5, 9]. 

But there is no single opinion in the problem concerning the mechanism of act ion of this preparat ion.  Some 

authors consider that  in the centra l  act ion of n ival ine  its effect  on the ret icular  formation of the midbrain  plays a 
definite role [2, 6]. The studies of a number of researchers demonstrated a dist inct  effect  of the preparat ion on the 
b ioe lec t r i ca l  ac t iv i ty  of the cerebra l  cortex [7, 11, 20]. The data are ava i lab le ,  according to which nival ine  affects 
both the cerebral  cortex and the subcort ical  formations and re t icular  formation of the midbrain  [3, 8]. 

In this invest igat ion we a t tempted  to study the changes in the structure of neurons of cer ta in  regions of the 
brain under the effect  of nival ine,  which wil l  enable  us to draw nearer to the solution of the problem concerning the 

mechanism of its act ion.  

M E T H O D  

The exper iments  were carr ied out on 30 white rats and 10 cats. Nivaline was in jec ted  subcutaneously and in -  
t ramuscularly in doses of 1, 6, and 12 mg/kg .  The animals  were k i l led  60 min after the in ject ion of the preparat ion.  

In the invest igat ion we used the methods of Nissl, and in a number of cases staining by Van Gieson. The control  an i -  
mals  were in jec ted  with a physiological  salt solution. We studied the changes of the neurons in the cortex of the 

cutaneomotor ,  auditory, and visual analyzers ,  in the tha lamic  nuclei ,  genicula te  bodies, corpora quadrigemina,  in 
the centra l  gray substance of the midbrain,  and in cer ta in  nucle i  of the re t icular  formation and hypothalamus.  

R E S U L T S  

Upon inject ing n iva l ine  in a dose of 1 m g / k g  the animals  became  more ac t ive ,  and in cer ta in  of them there 
occurred f ibri l la t ions of the head muscles,  tremor, spasmodic jerking, which was enhanced under the effect  of audi -  
tory and t ac t i l e  st imuli ,  and minor disorders of vege ta t ive  functions. The number of hyperchromat ic  cel ls  and cel ls  
in a state of swelling and chromatolysis  in the cortex increased.  As a rule, the former was most frequently encount-  
ered in the cortex of the cutaneomotor  analyzer  (Fgi. la )  and the la t ter  in the co r t i ca l r eg ions  of the visual (Pig. lb)  
and auditory (Pig. lc )  analyzers.  The dendri te  system of the neurons of the cortex of the cutaneomotor  analyzer  did 
not apprec iab ly  differ from the control,  In the cortex of the visual ana lyzer  we frequently encountered neurons 
whose dendrites had irregular outlines and a reduced number of branches, whereas, in the cortex of the auditory ana l -  
yzer  we saw neurons with a varicose appearance  as the distal segments of the basal  dendrites.  

In swollen cells in a state of segmenta l  chromatolysis  were e l i c i t ed  in the dorsomedial  and ventrola tera l  nu-  
c le i  of the thalamus more frequently than in the control.  The outlines of the dendrites of the neurons were irregular,  

with few branches; the distal  segments of cer ta in  dendrites were varicosely thickened and without branches. 
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Fig. 1, Neurons of layer tII of the cerebral cortex of a rat upon injection of niva-  
line in a dose of 1 mg/kg,  a) Cortex of cutaneomotor analyzer; b) cortex of via- 
us1 analyzer; c) cortex of auditory analyzer. Staining by Nessl's method. Mag- 
nification 7g0x.  (Immersion.) 

The number of hypochromatic cells somewhat increased in the medial  gent.iculate body. In the neurons of the 
corpora quadrigemina we observed, simultaneously with chromatolysis, the phenomena of the disappearance of baso- 
phil granules; the distal segments of the dendrites of many neurons were varicosely thickened. In the inferior coll i-  
culi we encountered cells resembling shadow cells (Fig. 2a), and the structure of the dendrite apparatus was more ap- 
preciably altered (Fig. 2b). 

In the neurons of the central gray substance of the midbrain we found: swelling, chromatolysis, vacuolation, 
sometimes the phenomena of hyperkaryochromia (Pig. 2c). The dendrites of the neurons had irregular outlines, cer-  
tain of them were varicose!y thickened and without branches (Fig. 2d). 

The number of hypochromatie and moderately hyperchromatic cells increased in the reticular formation of the 
brainstem. The small-  and medium-sized neurons were mainly subjected to alterations; the hyperchromatic ceils 
were most frequently encountered in the reticular formation of the medulta oblongata (Fig. 3a) and the hypochro- 
mat ic  cells at the level of the midbrain (Fig. 3b). The degree of varicose aIteratiou of the dendrites varied, but the 
structure of the dendrites of the small neurons, whose varicose swelling extended to all dendrites and over their en-  
tire length, was always more severely changed (Fig, 3c). 

The changes in the neurons of the hypothalamus were similar to those in the reticular formation of the brain- 
stem, but were always more evident in the anterior and dorsomedial nuclei in comparison with the ventromedial 
nucleus. 

Upon increasing the dose of nivaline to 6 mg/kg,  fibrillation of the head muscles and anterior part of the trunk, 
spastic jerking, and autonomic disorders (increase of respiration, defecation, urination, salivation) occurred in all 
animals. As a rule hyperchrornatic staining and chromatolysis in the cortex were enhanced. In the cortex of the 
cutaneomotor analyzer the hyperchromatic cells were elicited not only in the upper layers but also in Iayer V. 
Along with intense staining of the eel1 body, swelling of the dendrites was also observed. After silver impregnation 
many neurons with varicosely modified distal segments of the basal dendrites were found. 

The number of modified neurons in the nuclei of the thalamus and in the geniculate bodies increased; there 
were more hypochromatic cells in the medial  geniculate body than in the lateral. 

The structure of the neurons of the corpora quadrigemina and the central gray substance of the midbrain was 
simi!ar to that described above upon injection of nivaline in a dose of ! mg/kg.  

In the reticular formation of the brain stem changes were noted in individual large neurons, the dendrites of 
which had irregular contours and varicose thicl~enings in the distal segments. 
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Fig. 2. Structure of neurons of the inferior col l icul i  and central  gray sub- 
stance of the midbrain  upon inject ion of nival ine in a dose of 1 mg/kg .  
a, c) Staining by Nissl's method.  Magnif icat ion 750x ; b, d) staining by 
Golgi 's  method. Magnif icat ion 250 x .  

The number of swollen cel ls  witla phenomena of chromatolysis  and hyperkaryochromia increased in the hypo- 
thalamus and the structure of the dendrites was more severely a l tered especia l ly  in the anterior hypotha lamic  nu- 

cleus where the swellir~g and thickenings a l ternated with severely th inned-out  sections; the process of varicose swel l -  
ing reached the perikaryon.  

Upon inject ing n iva l ine  in a dose of 12 m g / k g  strong general  exci ta t ion  of the animals,  ton ico-c lon ic  spasms, 
apprec iab le  disorders of the autonomic functions, and subsequently a state of adynamia  developed.  

The structure of the neurons ei ther  resembled that  upon inject ion with 6 m g / k g  nival ine,  or most cel ls  of the 
formations studied were in a state of swelling and chromatolysis.  In these cases, the structure of not only the basal 
but also the ap ica l  dendrites in the cortex appreciably  change.  

In cats n ival ine  caused more evident  changes in behavior  than in rats. With an intramuscular in ject ion of 
6 m g / k g  after  15-18 min, and with in ject ion of 12 m g / k g  after 7-10 min there developed severe motor exci ta t ion,  
ton ico -c lon ic  spasms, impai rment  in the coordinat ion of movements ,  and severe disorders of the autonomic nervous 
system (increase in the respiratory rate,  tales, l ac r imat ion ,  profuse sal ivat ion,  defecat ion,  urination). 

In the morphologica l  invest igat ion we observed in some animals  in the upper layers of the cerebral  cortex 
many hyperchromat ic  cel ls ,  whereas in the lower layers we more frequently encountered swollen neurons and indiv i -  
dual  vacuolated cells .  In the cortex of other animals  we noted swelling and vacuolat ion of the cytoplasm of the 
cel ls  of al l  layers, which were espec ia l ly  evident  in the auditory area of the cortex. 

The structural changes of the nuclei  of the thalamus were more evident  in the cats. A difference was noted in 
the react ion of the neurons of the genicula te  bodies: vacuolat ion,  swelling of the cel ls ,  chromatolysis  (which was 
quite corlsiderable) in the med ia i  genicula te  body and cel ls  with cytoplasm intensely stained along the periphery or 
those modera te ly  hyperchromat ic  made up the ground substance in the la te ra l  genicula te  body.  
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Fig. 3. Structure of the neurons of the re t icular  formations of the brainstem 
upon inject ing nival ine  in a dose of 1 m g / k g ,  a) Magnocel lular  nucleus of 

medul la  oblongata;  b) cuneate  nucleus of midbrain.  Staining by Nissl's 
method.  Magnif icat ion 750• ; c) varicose swelling of dendrites of smal l  
neurons of the re t icular  formation.  Staining by Golgi 's  method.  Magni f ica -  

tion 250 •  

In the neurons of the hypothalamus we observed swelling, chromatolysis,  and vacuolat ion of the cytoplasm. 
In the re t icular  formation of the brain stem we noted groups of hypo- and hyperchromat ic  cells .  In the lat ter  we 
were also able  to observe swelling of the dendrites. Chromatolysis most frequently had a segmenta l  character .  

Changes were observed main ly  in neurons of smal l  and medium size; large neurons remained almost  Unchanged. On 
invest igat ing the brain of cats the phenomena of perivascular  and per ice l lu lar  swelling and pseudoneuronophagia 

around individual  neurons were more significant.  

The results of the invest igat ion showed that  on inject ion of n ival ine  in doses of 1-12 mg/kg ,  signs character is -  
t ic  for the act ion of ant ichol inesterase substances were noted in the behavior  of the animals .  Our morphological  
data indica te  that n ival ine  affects both the cerebral  cortex and the subcortical  formations and ret icular  formation of 

the brain stem. 

Disorders of the autonomic functions of the exper imenta l  animals  were associated in part icular  with the effect  

of n ival ine  on the re t icu lar  formation of the brain stem and hypothalamus,  where not iceable  structural changes of 
the neurons were noted. We could also observe a defini te  s imi lar i ty  in the changes of the neurons of the re t icular  
formation and hypothalamus,  which, probably, is expla ined by their morphological  s imi lar i ty  [1]. 

Since disorders of the fine structure of the neurons were e l i c i t ed  at a l l  levels of the re t icular  formation of the 
brain stem, i t  is impossible to agree with the point of view of Rinaldi and Himwich [18], according to which the 
mesodieneepha l ic  ac t iva t ing  system is the specific p lace  of act ion of chol inergic  substances. 
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k is interesting that  in the midbrain  i tself  the morphological  changes were e l i c i t ed  not only in the re t icular  

formation but also in the central  gray substance and corpora quadrigemina.  

The changes of the neurons of the central  gray substance can be attr ibuted to the direct  effect  of n ival ine  on 

this formation, but they are apparent ly  connected to a greater degree with the effects from the hypothalamic  region 
which has abundant connections with the central  gray substance of the midbrain [15, 19]. As for the corpora quad-  
r igemina,  their  connections with the cortex of the auditory and visual analyzers  and with the re t icular  formation of 

the brain stem are well  known [18, 17]. 

Our observed disorders of the cor t ica l  neurons under the effect  of n ival ine  can be considered as the result of the 
d i rec t  effect  of the preparat ion on the cortex, for which the presence of chol inoreac t ive  structures is character is t ic  
[11]. This is in agreement  with the physiological  data indicat ing the dist inctly evident  changes of condit ioned reflex 

ac t iv i ty  [8, 14] and b ioe lec t r i ca l  ac t iv i ty  of the cerebra l  cortex [3, 6, 8, 11, 20] under the effect  of nival ine.  

When we used neurohistological  methods of investigations we were able  to demonstrate a difference between 

the changes arising in the neurons of the cor t ica l  regions of a number of analyzers after the inject ion of nival ine in 
doses up to 12 mg/kg .  If in the cortex of the cutaneomotor  analyzer  we observed a more or less evident  hyperchro-  

mar ie  staining of the cel ls ,  then in the visual and espec ia l ly  in the auditory analyzer  the processes of swelling, chro-  
mamlysis ,  and varicose changes of the dendri te system of the neurons was apprec iably  more expressed. The structure 

of the subcort ical  regions of the auditory analyzer  also changed more profoundly. 

The picture of the structural changes of the neurons in various analyzer  systems upon the in ject ion of large 
doses of nival ine  revealed  s imilar  features, which was apparent ly caused by severe overexci ta t ion of the nerve cells 
during spasms and by the deve lopment  of postconvulsive depression. It should be pointed out that  in cats the changes 

of the neurons were more evident  than in the rats, espec ia l ly  in the cerebra l  cortex and subcort ical  formations. 

It is interest ing to note that the structural change of the neurons in the cortex under the effect  of n iva l ine  have 

much in common with those under the effect  of eserine,  the effect  of which on the structure of the neurons, b ioe l ec -  
t r ica l  ac t iv i ty  of the cortex, and condit ioned reflex ac t iv i ty  was studied ear l ier  in the investigations of S. A. Sarki-  

soy and associates [9, 10]. 

S U M M A R Y  

The study was devoted to changes in the neurons of cer tain parts of the brain in rats and cats under the inf lu-  

ence of nival ine.  Nivaline was in jec ted  subcutaneously and intramuscular ly in 1, 6, and 12 m g / k g  doses. It was 
found that n ival ine  inject ions in smal l  doses were followed by an increase in the number of hypo-  and hyperchro-  
ma t i c  cel ls  in the brain cortex and the ret icular  formation of the brain stem, these cel ls  being represented in various 

correlat ions in different parts of the brain cortex. 

In the subcort ical  formations, the central  gray mat ter  of the midbrain,  and the corpora quadrigemina the 
changes were mainly  manifes ted by swelling, chromatolysis  and vacuol iza t ion  of the neuron cytoplasm. The changes 

in the hypothalamus neurons resembled those in the re t icular  formation of the brain stem. 

With an increase in n iva l ine  dosage, changes in the neurons and par t icular ly  their dendri te  systems increased 

too. Upon inject ion of large doses of the preparat ion the structural changes of neurons in different analyzer  systems 

showed similar  features. 
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A l l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  of  the  a b b r e v i a t i o n s  as  g iven  in the  o r i g i n a l  R u s s i a n  journal .  Some or  alI o f  th i s  per i -  

o d i c a l  l i t e ra ture  m a y  we l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  th i s  i s s u e .  
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