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The l i terature devoted to the influence of changes in g lycemia  on the functioning of various levels of the ner -  

vous system [6, 7, 13, 14] contains l i t t le  information on the transmission of exci ta t ion in the sympathet ic  gangl iaun-  
der these conditions. This problem is of great  theoret ica l  and prac t ica l  interest. 

Ganglionic transmission is ef fec ted  by a whole series of physicochemieal  processes, the synthesis, release,  and 
hydrolysis of ace ty lchol ine  playing an important  role. According to numerous data,  the synthesis of ace ty lcho l ineby  
nerve tissue is closely re la ted to carbohydrate  metabol ism and the transformations of macroergic  phosphorus c o m -  
pounds associated with it [5, 18]. 

In experiments  involving perfusion of the superior cerv ica l  ganglion of the cat with Ringer-Locke's  solution con- 

taining glucose, Brown and Feldberg [10] showed that continuous ace ty lchol ine  synthesis occurs on te tanizat ion of the 
pregangiionic nerve trunk at  the gangl ionic-synapse level .  The transmission of exci ta t ion deteriorates when the per-  
fusate contains no glucose [17]; this results ei ther from a decrease in ace ty lchol ine  synthesis [15] or from an a t tenu-  
ation of the react ion of the chol inergic  ganglionic structures to ace ty lchol ine  [19]. 

In these works the data were obtained during perfusion of the ganglion, which to some extent  disrupts the m e t a -  
bolism of the neural structures [19]. In addition, the humoral influences which the organism exerts on the ganglion 
are e l imina ted  under these conditions. 

When the blood supply of the superior cervical  ganglion of the cat is left  undisturbed the exci ta t ion threshold 
of the preganglionic fibers and the ampl i tude  of the contractions of the nic t i ta t ing membrane  on supernormal s t imu-  
lat ion do not vary not iceably  in the presence of hypoglycemia  [4]. However, as Was shown in another work [9], hy-  
poglycemia  reduces the functional  lab i l i ty  of the ganglionic cells under such conditions, 

We set ourselves the task of making a more de ta i led  investigation of the gangl ionic  transmission of exci ta t ion  
in the intact  organism in the presence of varying degrees of hyperg lycemia  and aggravated insulin hypoglycemia ,  

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

Our work was conducted on 50 mature  cats under acute  exper imenta l  conditions; the animals  were under 
chloralose-urethane anesthesia (60 + 500 mg/kg) .  Some of the experiments were performed on spinal animals.  The 
subject  of our investigation was the inferior mesenter ic  ganglion of the cat.  We s t imulated the 2nd inferior splanch-  
uic nerve (n. splanchnici  inL) and used the ipsela teral  hypogastric nerve (n. hypogastricus) as the lead following 
Lloyd's scheme [16]). The pregangl ionic  sympathet ic  trunk was s t imulated with supermaximal  square pulses of vary-  
ing frequency for 0.1 msec. The act ion currents were taken off through implanted  pla t inum electrodes,  which re-  
mained fixed to the nerves throughout the entire experiment .  The electrograms were recorded on pa ra l l e l - connec ted  
ENO-1 and MPO-2 oscillographs, with the aid of a UBPI-01 amplif ier .  
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Fig. 1. Dynamics of e lect rophysiological  indices of 
conduction of exci tat ion through the inferior mesen-  
teric ganglion in developing hypoglycemia  (averaged 
data from 15 experiments).  The values of the e lec t ro-  
physiological  indices (in % of the in i t ia l  value) and 

the blood sugar level  (in rag-%) are shown along the 
ordinate. The t ime in hours is shown along the ab-  
scissa. 1) Blood sugar; 2) labil i ty;  3) exci tabi l i ty ;  
4) functional resistance; 5) latent  period of reaction.  
The arrows indicate:  I) inject ion of 5 40  units of in-  
sulin; II) inject ion of 2-5 ml of 40% glucose. 

The hyperglycemia  was induced by intravenous in-  
ject ion of a 40% glucose solution (0..5~5 ml), whiie the hy-  

poglycemia  was produced by inject ion of insulin (g-10 

units/kg). The blood sugar content was determined by the 
Hagedorn-Jensen method. 

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

hasulin hypoglycemia  is accompanied  by a gradual 
deterioration of the transmission of exci tat ion in the sym- 
pathet ic  ganglion. During the first 3 h after inject ion of 
insulin, when the blood sugar level  drops from 140-150 to 

75-66 mg-%,  there is a gradual decrease in the exc i tab i l -  
ity of the preganglionic nerve trunk and a drop in labi l i ty  
from 60-80 to 30-35 st imuli  per second. The so-ca l led  
functional resistance of the neural substrate [2], i .e . ,  the 
abi l i ty  of the ganglion to conduct high st imulat ion fre-  
quencies for a prolonged period (Fig. 1), is also reduced. 
A slight rise in labi l i ty  is occasional ly  observed at the end 
of the first period of hypoglycemia .  

in more marked hypoglycemia ,  when the blood sugar 
content is reduced to 85-30 rag-% or less, the exci tabi l i ty ,  
labi l i ty ,  and functional  resistance drop sharply and almost 
comple te  blocking of ganglionic exci ta t ion transmission 
sets in (Fig. 2). 

Cutting short the insulin hypoglycemia  by inject ing 
glucose into the bloodstream more or less comple te ly  re-  
stores ganglionic exci ta t ion transmission (see Fig. 1). 

insulin hypoglycemia  thus reduces the functional labi l i ty  of the cells of the sympathet ic  ganglion. The per iod-  
ici ty which we noted for this process may be at tr ibuted not only to the increasing influence of the low blood sugar 
level  on the various elements  of the ganglion, but also to compensatory processes, which, judging from the data in 
the l i terature,  consist in hyperadrenalemia  [1, 11, 20]. 

in the experiments involving hyperg lycemia  we also found that the values of the b ioe lec t r ic  characterist ics  
were a clear,  s ta t is t ical ly  re l iable  function of the blood sugar content.  Beginning at a level  of 400-600 mg-% or 
more the pessimum shifts toward lower frequencies and functional resistance decreases (Fig. 3). 

The blocking of synaptic transmission at  high blood sugar contents may apparent ly be caused by reversible 

"glycogen pseudohypertrophy" of the presynaptic endings [8] or by disturbances of the ace ty lchol ine  cyc le  [8, 12]. 

It follows from our experiments that there is a range of normal blood sugar level  fluctuations (70-800 rag-%) 
within which there is no marked disruption of ganglionic excitat ion transmission. Either a decrease or an increase in 
blood sugar content causes a deteriorat ion of ganglionic exci ta t ion transmission. 

Taking into account the fact that the dependence of the functional labi l i ty  of nerve cel ls  on disruptions of car -  
bohydrate metabol ism is apparently manifested to a greater extent under functional stress, in a number of experiments  
we conducted.prolonged st imulat ion of the preganglionic trunk at  opt imum frequencies. In hypoglycemia  (40-50 mg-  
%) the abi l i ty  of the ganglionic cells to reproduce the optimum st imulat ion frequencies for an extended period was 
sharply reduced. Even at  a frequency of 20 st imuli  per second fatigue usually set in within 3-5 rain, while in the con- 
trol experiments this frequency could be reproduced without transformation or loss of ampl i tude  for 30 min or more. 
Against a background of fatigue a single in ject ion of 0.1 ml of 0.1-0.4% glucose into the a. mesenter ic i  inf. increased 
the ampl i tude  of the responses. This restorative effect-lasted 80-60 see. When the hypoglycemia  became more se- 
vere the restoration was briefer and less marked.  
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Fig. 2. Potentials of me postganglionic fibers of the inferior mesenreric  
ganglion. I) Before inject ion of 5 units of insulin; II) 4.5 h after i n j e c -  

tion of insulin (blood sugar c o n t e n t - 5 0  rag-%).  St imulat ion frequencies: 
A) 15 st imuli  per sec; B) 30 st imuli  per sec; C) 60 st imuli  per see. 
T ime  from beginning of s t imulat ion,  in seconds: 1) 1 sec; 2) 2 sec; 3) 
10 see. The diagram at the left  shows the positioning of the electrodes 
on the inferior mesenter ic  ganglion: 4) s t imulat ing electrodes;  5) t ake -  

off electrodes.  

Fig. 3. Potentials of the postganglionic fibers of the inferior mesenter ic  
ganglion in hyperg lycemia .  The numerals at  the bottom indica te  the 
blood sugar content (in rag-%). A) St imulat ion frequency of 15 st imuli  
per sec; B) 60 st imuli  per sec. The ampl i tude  marker  is 50 gV and the 
t ime  marker  50 msec.  

S U M M A R Y  

The e lec t rophysiologica l  indices of transmission through the inferior mesenter ic  ganglion during hypo- and hy -  
pe rg lycemia  were studied in experiments  on 50 spinal and anesthesized cats (urethane and chloralose).  It was shown 
that the decrease in the blood sugar leve l  was accompanied  by a certain decrease in the sympathet ic  ganglia  l ab i l i ty  
and functional resistance. It was possibIe to see two stages in the course of this process: 1) slow decrease in lab i l i ty  
and, 2) fast decrease in labi l i ty .  During the hyperg lycemia  the ganglionic transmission also decreased.  

The normal iza t ion of g lycemia  improved ganglionic transmission. 
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All abbrev ia t ions  of pe r iod ica l s  in the above  b ib l iography are le t te r -by- le t te r  t r ans l i t e r -  
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