
study of the effect of HBO on intact lung tissue [8]. The schedule and duration of HBO chosen 
evidently created conditions under the circumstances of the investigation which, on the one 
hand, maintained the necessary level of activation of metabolism in the lung tissue [3, 9] 
and, on the other hand, were insufficient to give rise to toxic lung damage by oxygen. The 
stimulus obtained as a result of this procedure evidently facilitates the formation of a 
stable defensive and adaptive response at different levels, including the whole organ (lung), 
even in the presence of severe diffuse involvement of this tissue. Our results, confirm 
the previous concept, according to which HBO has an adaptive effect also in acute respiratory 
failure due to the development of the so-called "wet lung." 
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The role of the sympathetic nervous system (SNS) in the regulation of the exocrine and 
endocrine functions of the pancreas is generally accepted. However, its role in the develop- 
ment of the various pathological processes and their pharmacologic correction by sympathico- 
tropic agents have been studied very inadequately. 

The aim of this investigation was to undertake a combined morphologic, biochemical, 
and pharmacologic investigation of the adrenergic components of the autonomic innervation 
of the pancreas in various types of experimental pathology of its exocrine and endocrine 
divisions. 
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EXPERIMENTAL METHODS 

Experiments were carried out on 250 noninbred male rats weighing 180-200 g and on 160 
male Chinchilla rabbits weighing 2.8-3.2 kg, obtained from the Rappolovo Nursery, Academy 
of Medical Sciences of the USSR. Damage to the pancreas was produced in three ways: in series 
I acute pancreatitis was induced by cooling the pancreas with a jet of ethyl chloride [I], 
in series II the endocrine part of the gland was exposed to the action of alloxan (I00 mg/kg, 
intravenously), and in series III Pean's forceps were applied to the reflexogenic pyloroduo- 
denal region for 15-20 min [5]. The noradrenalin (NA) concentration in the pancreatic tissue 
was determined biochemically [4] and by the Falck-Hillarp histochemical method with glyoxylic 
acid. Blood catecholamines were measured by the method in [3]. The creatine phosphate (CP) 
concentration in the pancreatic tissue also was investigated [8]. Blood levels of sugar 
[9], ketone bodies [6], and insulin were determined by a radioisotope method using kits from 
CEA-Sorin (France). 

EXPERIMENTAL RESULTS 

The histochemical investigations showed that the pancreas is rich in adrenergic fibers, 
which are located mainly in the walls of blood vessels, where they gave intense fluroescence 
in the control animals. In acute pancreatitis severe dystrophic changes were observed in 
the stroma and the exocrine part of the pancreas, although damage to the endocrine part was 
slight. There was a significant decrease in the number of'fluorescent fibers per unit area, 
and the intensity of their fluorescence in all parts of the gland was reduced by half, and 
some of them became bead-shaped. 

In the group of animals exposed to cold twice a day for 2 days and subsequently treated 
with benzohexonium, the intensity of fluorescence was significantly higher and was close 
to that observed in the control animals. Thus the use of the ganglion blocker prevented 
exhaustion of the mediator in adrenergic nerve structures developing during excessively strong 
stimulation of the pancreas. 

In the case of damage to the endocrine part of the pancreas by alloxan, on the 30th 
day after its injection, when the animals had signs of diabetes, besides hyperglycemia and 
hyperketonemia, their immunoreactive insulin (IRI) level also was observed to be lowered 
and the blood catecholamine concentrations were raised, mainly on account of adrenalin. It 
can be tentatively suggested that the predominant increase in the adrenalin concentration 
was due to activation of its synthesis in the adrenals, for adrenalin gives rise to a stronger 
mobilizing effect than noradrenalin [7]. Single injections of the ~-adrenoblocker dihydro- 
ergotoxin (0.066 mg/kg) or the $-adrenoblocker propranolol (3 mg/kg) into the animals did 
not cause any change in the blood IRI level. Meanwhile, in the control rabbits, ~-adreno- 
receptor blockade caused a fall; whereas 8-adrenoreceptor blockade caused a rise of the IRI 
level in response to injection of adrenalin in a dose of 5 mg/kg. Desensitization of the 
adrenoreceptors of the islet cells to adrenalin during diabetes is evidently due to distur- 
bance of carbohydrate and lipid metabolism, for we know that adrenoreceptors are related 
in their chemical structure glycoproteins that are incorporated into the cell membrane [7]. 

The histochemical study of the adrenergic structures of the pancreas showed that the 
intensity of fluorescence of the adrenergic plexus of the vessels in animals with alloxan 
diabetes was much weaker than in the control, and thenumber of varicose expansions was signif- 
icantly reduced. The results are evidence that selective damage to the endocrine part of 
the pancreas gives rise to secondary morphological and functional changes in adrenergic nerve 
structures of the pancreas, which may play an essential role in the pathogenesis of distur- 
bances of the functions of the gland as a whole. 

Cathecholamine deprivation of the adrenergic structures of the pancreas also developed 
in another experimental model of pancreatic damage obtained by excessively strong stimulation 
of the reflexogenic zone of the duodenum, which is intimately connected by innervation and 
function with the pancreas. Biochemical tests showed that the NA level in pancreatic tissue 
3 h after stimulation was only 4%, rising to 36% of the control value after 48 h. Adminis- 
tration of the NA precursor L-dopa, formation of which is the limiting stage of catechol= 
amine biosynthesis [2], before stimulation prevented the fall of the NA concentration in 
the gland, whereas injection fo L-dope for 2 days after the operation restored the NA con- 
centration to the control level (Table i). The positive effect of L-dope indicates that 
the fall of the concentration of NA is the results of its inadequate resynthesis, compared 
with its excessive utilization. The protective action of L-dope also was manifested in rela- 
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tion to the tissue energy resources. The concentration of the high-energy compound CP in 
the pancreatic tissue 3 h after stimulation was 14% of the control level, but preliminary 
injection of L-dopa prevented its fall. Meanwhile, L-dopa was effective also when used 
after stimulation, i.e., when the imbalance of the tissue energy resources had already de- 
veloped. Whereas the CP concentration in the pancreatic tissue of the animals 2 days after 
the operation was 45% of the control level,in animals receiving L-dopa after the operation, 
the CP concentration was identical with normal values (Table i). There is reason to suppose 
that the beneficial action of L-dopa on the energy supply of the tissue is effected mainly 
through normalization of the NA level in the pancreatic tissue. 

Other evidence of the important role of SNS in the development of pancreatic lesions 
induced by stimulation of the duodenal reflexogenic zone is given by the results of experi- 
ments involving the use of drugs preventing neurotransmission in the autonomic ganglia and 
synapses of effector organs. Preliminary injection of the ganglion blocker benzohexonium 
prevented the fall of the CP concentration induced by trauma to the pyloroduodenal region. 
The peripheral muscarinic chloinolytic atropine protected the pancreas insufficiently effec- 
tively against the development of a deficiency of energy resources in its tissue. Meanwhile 
the use of drugs preventing the conduction of sympathetic impulses showed that they have 
a distinct protective action. The ~-adrenoblocker phenoxybenzamine and the 8-adrenoblocker 
propranolol were shown to prevent exhaustion of CP in pancreatic tissue due to excessively 
strong stimulation (Table I). To summarize the results of the experiments with peripheral 
neuroblockers it can be concluded that the last stage in the transmission of efferent im- 
pulses causing a disturbance of energy metabolism in the pancreas after stimulation of the 
pyloroduodenal region is composed mainly of sympathetic nerves. Participation of adrenergic 
mediation in the development of pancreatic lesions in response to excessively strong stimu- 
lation also was confirmed by experiments with NA. Intraperitoneal injection of large doses 
of this mediator (2.5 mg/kg) caused a sharp fall of the pancreatic tissue CP level by 83%, 
i.e,. the same as was observed during stimulation of the reflexogenic zone of the duodenum. 

These results showed that some pathological processes in the pancreas, associated with 
damage to its endocrine and exocrine parts, are characterized by considerable morphological 
and functional changes in sympathicoadrenal structures. This suggests that the SNS plays 
an essential role in the etiology and pathogenesis of many pancreatic diseases, and that, 
consequently, their treatment and prevention by sympathicotropic drugs is a promising new 
development. 
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