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NEUROTOXICOLOGICAL INVESTIGATION OF THE NEW
HUNGARIAN PESTICIDE TOXURAZINE®

l. DESi, Judith Szlobodnyik, Maria Karmos-Varszegi, AgﬂES Strohmayer,
and Gy. Bakol

NATIONAL INSTITUTE OF HYGIENE, BUDAPEST AND BUDAPEST CHEMICAL WORKS,1HUNGARY

(Received September 30, 1981)

The new total herbicide Toxurazine® was subjected to general toxicologic and
neurotoxicologic examinations. Rats were treated with 1/80, 1/40 and 1/20 of the acute
oral LD50for three months. The animals showed a decrease in body weight and a transi-
tional anaemia. The product had a slight liver damaging effect. Renal function tests
and urine analysis were negative. With time, the learning ability of animals tested in
maze for 42 days became impaired dose dependently. At the end of the treatment, both
at rest and on flashlight stimulation, as well as in complex EEG activity and in each
frequency band there was a decrease in electric activity. In electroneuromyographic
tests no effect damaging the peripheral nervous system could be detected. The hot
plate method showed the reaction time of the animals to be slightly extended.

The results suggest that the compound should only be used in uncultivated
areas.

In agriculture, a revolutionary change was induced by the advent of
herbicides. The number of active ingredients is continuously increasing and
in spite of the severe health protective measures, the plant protective com-
pounds offer several possibilities for accidental or intentional intoxication.
Plants treated with herbicides may represent a harm for the whole community
caused by pesticide residues in foods. Therefore, the task of hygienic toxi-
cology is to detect the toxicity of chemicals in the environment, to determine
the conditions of their application, and to establish hygienic standards.

The present paper reports on the toxicological investigation and evalua-
tion of the new herbicide Toxurazine®.

Materials and Methods

Examined product: TOXURAZINE® (Budapest Chemical Works)

Composition: 15% atrazine, 15% chlorinol, 30% aminotriazole, 40% vehicle.

Duration of the experiment: Three months.

Animals: Male and female CFY-strain rats of 150 g body weight from the random
breed of LATI Go6dollé, Hungary.

Treatment: 1/80 (37.5 mg/kg/day), 1/40 (75 mg/kg/day), and 1/20 (150 mg/kg/day) of
the oral LDS0 of Toxurazine®.

Control: Vehicle (150 mg/kg/day).

Ten male and female animals each were used in all the groups. Toxurazine® was given
to the animals mixed into their food (8 g/100 g body weight) daily.

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982
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General toxicological tests

1. Measurement of body weight once a week.

2. Haematological tests (total and differential blood counts, haemoglobin and haematoc-
rit values) once a month.

3. Liver and kidney function tests [bromsulphophthalein (BSP)and phenolsulphophtha-
lein (PSP)] after 90-day treatment [8].
4. Urine analysis at the end of the third month.

Neurotoxicological tests

1. Psychophysiological examinations by the maze method in the first six weeks [2]).

2. In the 12th week of the experiment electrocorticographic records were taken by an
8-channel EEG apparatus (EMG 4751/2 Type) at rest and with light stimulus loading, by
silver electrodes implanted over the motor and visual cortex of rats anaesthetized with
40 mg/kg body weight pentobarbital. The EEG curve was separated into six different frequency
bands by an EMG 5204/B type frequency analyser-integrator. [3, 4].

3. Electroneuromyographic examinations [7] were carried out by a Medicor MG-231
type electromyograph and an EMG 4767 type electrostimulator on the 12th week of the ex-
periment. Concentric TE-1 type and bipolar FC1/2 type needle electrodes were used. Registra-
tion from the oscilloscope was done with a MFI-1 type photoregister. We determined the
conduction velocity on the tail nerve fibres of rats anaesthetized with 40 mg/kg body weight
of pentobarbital. The conduction velocity was defined as the quotient of the distance between
the two registering electrodes per the difference of the latency period of action potentials
evoked with supramaximal, 1 Hz, 0.2 ms stimuli.

4. Studies of the reactivity using the hot plate method [10]. In these tests the rats
were placed on a hot surface of 56 °C and the time was measured until the animals had licked
their paws in reaction to the heat. The changes were expressed in per cent values, so that the
suppressive effect of the compound was considered 100% if the reaction time of the pretreated
animals increased to 2.5 times the control value.

Results

General toxicological examinations

In the course of the 90-day subacute treatment, there was a (lose depend-
ent and significant (p < 0.001) lag in the gain of body weight from the 2nd
month of treatment as compared to the controls (Fig 1).

In the haematological study there was no significant change between the
treated and untreated animals. The haemoglobin and haematocrit values
showed a decrease after 60 days of treatment. At the end of the 3rd month
no sign of anaemia was detected.

In the liver tests 20 min after the i.v. injection of 50 mg/kg body weight
BSP, PSP retention increased significantly (p < 0.001) in all the three treated
male rat groups, while in the female rats a significantly increased retention
(P < 0.001) was observed only after the two higher doses (Fig. 2).

In the kidney tests 45 min after the i.v. administration of 10 mg/kg
body weight of PSP a serum level of 0.37 0.02 mg/dl was found in the control
male animals, and one of 0.4770.04 mg/dl in the females.

In the animals treated with vehicle and with different doses of Toxura-
zine® an insignificant dye retention was observed.

Urine analysis with N-Multistix in the 12th week of the experiment gave
normal values. The same was the case with the Erlich test and the sediment.
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Fig. 1. Body weight curves

BSP

Fig. 2. Liver function tests

Neurotoxicological examination

The learning process was studied in a maze. Under the effect of Toxura-
zine ® the running time of male and female animals increased dose dependently
and significantly (p <[ 0.001) hy the end of the experiment as compared to
the controls and to the rats treated with vehicle (Fig. 3). The number of
errors increased dose dependently and significantly (p <[ 0.001 in males;

1 Acta Physiologica Acadcmiae Scientiarurn Huneraicae 60, 1982
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Fig. 3. Maze test: running time

p 0.01 in females) in all the three treated groups on the 42nd day of treat-
ment (Fig. 4).

In the EEG reeords taken at rest during the 12th week of treatment,
both the bioelectric activity of the brain and the activity of each hand de-
creased significantly in both the male and female groups as compared with the
controls. Band analysis revealed in the animals treated with 1/40 and 1/20 of
the LDB50 of Toxurazine® a decrease of activity of the slow delta and theta
waves, as well as of the alpha waves of medium frequency and of the fast
betaj and beta2waves. In the gamma waves of the fastest frequency the activ-
ity was approximately the same as in the controls with the exception of the
change caused by 1/40 of the LD50 (Fig. 5).

Under flashlight loading a similar tendency was observed as on the records
taken at rest, only the changes were more definite (Fig. 6).

Electromyographic investigations showed that the reaction of the evoked
muscle action potentials was normal. The amplitude and duration of muscle
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Fig. 5. EEG, graphic plotting of curves taken at rest
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action potentials did not show alterations as compared to the controls. No
decrease in maximum motor conduction velocity was observed (Fig. 7).

As to the reactivity, an increase in nociceptive reaction time was observed
in the hot plate test after 3-month treatment. The most definite hut still not
significant effect was observed in the animals treated with 1/20 of the LDXI
of Toxurazine® (Fig. 8).

I 1 Vehicle

| Control

ffi  Toxurazin LD501/80
Toxurazin LD6J1/40

Fig. 6. EEG, graphic plotting of curves taken under 18 Hz flashlight stimuli

m/sec

Vehicle Control Toxurazin LD50 Vehicle Control Toxurazin LD5q Dose
leo 040 ilro 1l/e0 140 120

Fig. 7. Conduction velocity
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Fig. 8. Hot plate test: effect on reactivity

Discussion

According to the literature the three active ingredients of Toxurazine®
have the following properties:

Atrazine: acute oral LD50inrats: 3080 ing/kg body weight; percutaneous
toxicity in rabbits: 7500 ing/kg body weight [6]. Atrazine has no allergic
effect [11] or cumulative toxicity [9].

Chlorinol : acute oral toxicity in rats: 2100 mg/kg body weight; dermal
toxicity in rats: 7100 mg/kg body weight [6]; moderate skin-irritating effect
[1]. 3-month subacute treatment with 75 mg/kg body weight dose did not
induce pathological changes in rats. [5]).

Aminotriazol: oral LD in rats: 1100-2500 mg/kg body weight; percuta-
neous toxicity: 10 000 mg/kg body weight [6]; moderate skin-irritating effect.
A 68-week subacute treatment with 50 ppm daily did not cause changes in
rats [9].

According to our results, the acute LD of Toxurazine® for the rat was
3000 mg/kg body weight. An 80% aqueous suspension caused a mild transitory
skin inflammation. The product had no sensitizing effect. In the course of
12-week treatment we observed a loss of weight after the 3rd week of the
experiment. A mild anaemia was seen after 2 months treatment but it dis-
appeared by the 12th week. The product proved to have a liver-damaging
effect. Kidney function test and urine analysis gave normal results.
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Both the psychophysiological and electroencephalographic tests showed
that the central nervous system was affected. An impairment of the learning
ability was revealed by the maze test and an inhibition of brain activity by
the EEG records. Still, in the electroneuromyographic experiments, by evaluat-
ing the parameters of each potential evoked by supramaximum stimuli and
by determining the conduction velocity, no changes were observed after
Toxurazine® treatment. In the hot plate test the nociceptive reaction time was
slightly but not significantly lengthened. On the basis of the results Toxura-
zine® may be applied as a herbicide only in agriculturally uncultivated areas/
(beds of railroad, etc.), and in view of its toxicity strict safety measures must
be applied during its use.
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Results of this study showed that in a considerable number of patients with
duodenal ulcer a globulin of the IgG class was responsible for the enhancement of HC1
secretion. This secretagogue globulin appeared to combine directly with the H2receptors
of the parietal cells thereby increasing hydrochloric acid output without the formation
of antigen-antibody complex.

In the genesis of peptic ulcer which is a multicausal disease the imbalance
between the aggressive and defensive factors is of paramount importance [3,
7, 21]. In tin: pathogenesis of duodenal ulcer the aggressive factor, i.e. the
overproduction of HC1 is known to play a decisive role [3, 15, 32, 26, 62, 7].
In a number of patients with the active phase of this disease the secretion
escapes regulation and feedback control. The gastric mucosa becomes hyper-
trophic and is the target of secretagogue and trophic stimuli of unknown origin
[3,15,32,56,26,7]

In animal experiments duodenal ulcer can be induced only by enhancing
acid output by various means. Ulcer development can, on the other hand, be
prevented by the intraluminal application of sodium bicarbonate solution [18.
27, 52].

In the corpus of the stomach the mucosa undergoes hyperplasia [17,
15, 54] thus the defensive factors are steadily strengthened along with the
increase of aggressive ones and ulcers do not develop in this area. The self-
digestion occurs primarily in such regions where the anatomical conditions
favour such events, thus in the duodenum, due to the overproduction of HC1,
the bulbus becomes markedly acidified for a long period [2, 26] and the condi-
tions for 11+ back-diffusion are 45 times more favourable than in the corpus
of the stomach [35, 25].

Since the aggressive supcrsecretion of HC1 appears to be the key inducer
of duodenal ulcer, we searched for a hitherto unexplored factor which is
capable of stimulating the mucosa of the corpus of the stomach.

The immune system is known to play an important role in the direct
or indirect control and modulation of many functions of the body [12, 13, 14,
50]. The immune apparatus can produce soluble molecules (lymphokines)
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of lymphocytic origin and immunoglobulins with stimulating effects such as
LATS, TSI [1, 49, 54] which activate the target cells, eliciting their hyper-
function and hyperplastic responses. In the knowledge of these findings it
seemed reasonable to search for a secretagogue factor in the immunoglobulin
fractions of patients with duodenal ulcer.

Materials and Methods

We have first separated the total globulin fraction from the sera of patients with
superacidity. The serum was subjected to dialysis in phosphate buffer (pH 5.8) for 48 hours
and washed three times successively with distilled water to remove possible albumin and
polypeptide contamination. The sediment was redissolved in THIS buffer (pH 8.0). Control
sera drawn from healthy subjects were treated in the same way. The globulin solution separated
from 4.0 ml serum was lyophilized.

Effects of euglobulin solution were analysed using an in vivo rat stomach test (Ghosh-
Schild 31) slightly modified, i.e. following the 1 hour “basal” secretion the human globulin
was injected i.v. and the gastric secretion was continued to be monitored for an additional
8 hour period in Yiadril anaesthetised rats. A cannula was introduced into the stomach through
the cardia and another one via the pylorus. The stomach was perfused with 20 ml physiolog-
ical saline in one hour through the upper cannula, then the HC1 concentration in the fluid
collected via the pyloric cannula was titrated (NaOH 0.01 N) using a microburette. A total
of 75 bioassay procedures were performed utilizing the globulin fractions from 51 patients. In
a control series 18 rats were treated either with buffer solution, saline, or with the same con-
centration of pooled globulin fractions obtained from healthy subjects, or were not treated
at all.

From the sera of patients with secretagogue activity native 1gG was purified using
DEAE Sephadex A 50 in a batch method [22] and tested in the previously described bio-
assay system. The remaining total globulin fraction was also assayed in the same test system.

In the globulin fractions with or without secretagogue activity and in the sera immuno-
reactive gastrin concentrations were determined using the CIS RIA kit [38, 46].

Sections were prepared from the corpus and antrum of the rat stomach at a thickness
of 6 //m in a Pearse-Slee H type cryostat. The sections were incubated in the presence of globu-
lin or diluted 1gG with secretagogue activity, then FITC labelled antihuman globulin was
added and the binding of human globulin was detected by this immunofluorescent technique
[48, 5]. The same studies were performed with globulins derived from healthy control
subjects.

In another series of studies the sections were similarly incubated with the secretagogue
globulins but then reincubated with antihuman globulin in the presence of separated [10]
human lymphocytes and cooperativity [6, 53] was estimated. Thereafter the sections were
fixed and subjected to differential staining as described by Irvine [36].

The in vivo secretion test was also performed in cimetidine-treated rats. The drug
was administered (4 mg i.v. or 10 mg into the jejunum) after the basal secretion had been
recorded.

The in vitro immunofluorescent studies were also undertaken after preincubation of the
rat stomach corpus sections with various concentrations of cimetidine.

The rosette formation of H 2 receptor hearing human lymphocytes was also examined
by the addition of secretagogue and non-secretagogue globulins and various concentrations
of cimetidine in an assay system described by Kedar and Bonavida [40] as well as Kavai
et al. [39].

Globulins containing antibodies against parietal cells isolated from sera of patients
with pernicious anaemia were also tested in both the in vivo secretion test and in vitro immuno-
fluorescent incubation system with and without cimetidine preincubation.

A total of 51 patients were subjected to routine physical and laboratory examinations
including LE-cells [8], antinuclear antibody, Rose-W aaler test, organ directed (stomach and
thyroid gland crude antigen) antibody titer [9, 57]. Clinical data and history, the course of
the disease and laboratory values were grouped and evaluated according to carriers and non-
-carriers of secretagogue globulins.
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Results

Results are shown in Fig. 1. The values of HC1 secretion are referred to
BAO taken as unit. In 25 out of 51 patients the globulins produced an apparent
increase of secretion. The effect developed gradually, being the most pronounced
at 3 and 4 hours. Values for control and negative series remained within
the range of BAO. Reproducibility was checked by repetitive assays. There
were 18 control cases. In the first 18 of the secretagogue positive cases the
maximum HC1 output is given in fig as compared with the controls (Table 1).
It is seen that in the control group acid production decreased to less than
half of the initial value (2181 fig) whereas in the group treated with secretagogue
globulin it increased more than 2.5fold (7713 fig).

Table |

Total HCI production of the rat stomachs in the control group (n =18) and in the group (n HI)
treated with globulins having secretagogue effect

Control Secretagogue globulin
Hour I<g HCI Ne »Cl
Basal 4710 3002
3rd 2413 8180
4th 2181 7713

Fig. 1. HCI production of rat stomachs after i.v. administration of globulin derived”~from
patients with duodenal ulcer in comparison with control ones. The values are referred to the
“basal” secretion being taken as unit
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Fig. 2. Response of rat gastric HC1 secretion, expressed in basal secretion units, to total globu-
lins with secretagogue effect and to 1gGs derived from the same patients

Fig. 3. Response of rat gastric HCl secretion, expressed in basal secretion units, to total
globulin with secretagogue effect and total globulin free from 1gG derived from the same
patients

In the bioassay studies purified 1gG or total globulin fractions from sera
with secretagogue activity elicited similar secretory responses (Fig. 2). How-
ever, lhe IgG-free total globulin fraction had no secretagogue activity (Fig. 3).
Generally, 20-25 mg of IgG was required to induce secretory response in rats
weighing 200-250 g.

In the globulin fractions and sera with secretagogue activity immuno-
reactive gastrin was determined. No hypergastrinaemia was seen in these
sera. In globulin fractions isolated from sera the gastrin concentration de-
creased to less than 25% of the initial value which is about 2% of the mi-
nimal effective dose. Gastrin concentrations in globulins and sera with no
secretagogue action were also at this level (Table I1).
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Table 11

Gastrin contents of sera of patients with duodenal ulcer and total globulins in those having and not
having a secretagogue effect

IMMUNOREACTIVE GASTRIN pg/ml

Secretag ogue positive Secretagogue negative
Patient Serum Tot. glob Patient Serum Tot. glob.
Sz. B. 100 115 O.l. 85 8.2
D.L. 80 9.2 V.L. 75 4.6
F.l. 100 23.5 B.J. 92 12.7
N.J. 60 27.5 A.G. 65 30.5
Gy.E. 75 25.3 K.Z. 75 48.8
P 110 29.4 V.F. 100 53.8
Total 525 126.4 492 158.6
Mean 87.5 21.1 82 26.4
SEM 17.3 7.8 -11.3 19.6

Level of significance: secretagogue positive sera vs. tot. glob. P < 0.001
secretagogue negative sera vs. tot. glob. 0.05 > P > 0.02

Upon incubation of rat stomach sections with secretagogue globulins
we could show human globulin binding in the mucosa of the corpus (glandular
part) using indirect immunofluorescent technique (Fig. 4). No such binding
was observed in the antral region. By adding non-secretagogue globulins to
the incubation medium binding failed to occur even in the corpus.

Fig. 4. Indirect immunofluorescent appearance of rat gastric corpus mucosa. Binding of the
human globulin is seen in the glandular area
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Fig. 5. Lymphocyte cooperation phenomenon on rat gastric corpus mucosa after incubation
with globulin having a secretagogue effect, then with anti-human globulin and human lympho-
cyte suspension (107ml)

Fig. 6. Lymphocyte cooperation phenomenon on rat gastric corpus section stained by diffe-
rentiation staining. The cooperation is seen with the yellow parietal cells
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Fig. 7. Response of rat gastric HC1 secretion after administration of 1IgG having a secretagogue

effect and of simultaneously given cimetidine. The first columns represent the “basal”

secretions, the subsequent ones the hourly values after i.v. administration of globulins or
globulins and cimetidine

The sequential incubation of corpus sections with secretagogue globulin,
antihuman globulin, and human lymphocytes resulted in cooperativity in the
glandular part (Fig. 5). This indicates the binding of human globulins to the
gastric mucosa. The antihuman globulin added to the system formed an anti-
gen-antibody complex with the bound globulin, a number of lymphocytes being
attached to this complex. After fixation and differential staining it became
apparent that the lymphocytes were attached to parietal cells which stained
yellow. (Fig. 6).

Cimetidine the H 2receptor blocker administered to rats aftei the “basal”
secretion period was found to prevent the secretory response induced by
the secretagogue globulin (Fig. 7). Similar effect was observed in the in vitro
system, viz. preincubation of the corpus mucosa sections with various concen-
trations of cimetidine inhibited the binding of the secretagogue globulins to
the parietal cells (Fig. 8).

When secretagogue globulin was added to the histamine-induced rosette
formation system the rosette forming activity of T-lymphocytes was markedly
suppressed (Fig. 9). Similar effect was produced by cimetidine, but no change
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Fig. 8. Indirect immunofluorescent appearance of rat gastric corpus mucosa. The left field
shows the secretagogue globulin binding, the right field the inhibition of binding with
cimetidine

Inhibition of histamine rosette
forming by secretagogue 1gG

Fig. 9. Histamine rosette forming is inhibited by 1gG with secretagogue effect as well as
cimetidine 1gG without any secretagogue effect does not show inhibition of rosetta forming

was seen in rosette formation upon incubation with non-secretagogue globu-
lins.

In the bioassay studies tlu; administration of globulins derived from
patients with pernicious anaemia and containing the long known antibody
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Fig. 10. Response of rat gastric HC1 secretion, expressed in basal secretion units, to total
globulin given i.v. derive from patients with pernicious anaemia. The first columns represent
the “basal” HC1 secretion, the subsequent ones the hourly values

Fig. 11. Indirect immunofluorescent appearance of rat gastric corpus mucosa. The left field
shows parietal cell antibody binding, on the right field also parietal cell antibody binding
is seen which is not prevented by cimetidine

directed against parietal cell did not elicit any secretory response (Fig. 10).
W hen this “true” antibody was incubated with the corpus mucosa section of
the stomach in the presence of cimetidine, the H 2 receptor blocker failed to
prevent the binding of the globulin to the cells (Fig. 11).

Upon evaluating the clinical results we have found differences between
groups of secretagogue globulin carriers and non-carriers. Out of 25 carriers
3 patients had a record of previous perforations (Table Il1l1), 9 had macro-
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Table 111

Characteristics of the patients with secretagogue globulin (SG pos.) and without secretogogue globulin
(SG neg.) in their sera

Groups
Characteristics
SG pos. SG neg.
n=25 n=26
Perforation 3/25 2/26
Macroscopic gastrointestinal bleeding 9/25 1/26
Recurrence of G.l. bleeding 7125 0/26
Association with Graves’ disease 2/25 0/26
Association with rheumatoid arthritis 3/25 1/26
Association with chronic pancreatitis 1/25 0/26
Association with endarteriitis obliter-
ans 1/25 0/26
Association with exudative pleurisy 1/25 0/26
Association with primary amenorrhea 1/25 0/26
Total associated immuno-pathological
disease 9/25 1/26

Table IV

Clinical characteristics of the disease in the patients with secretagogue globulin (SG pos.) and with-
out secretagogue globulin (SG neg.)

Groups
Characteristics

SG pos. SG neg.
n=25 n=26
Stubborn persistency of symptoms 25/25 0/26
Good response to treatment 0/25 26/26

Need for parenteral or intragastric
treatment 24/25 0/26
Cobalt irradiation of the stomach 1/25 0/26
Pyloric spasm 19/25 1/26
Pyloric stenosis 2/25 0/26
Resection of the stomach 4/25 0/26
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Table V

The values ofbasal (BAO) and maximum acid secretion (MAQ) stimulated by Peptalon in patients
with duodenal ulcer having a globulin with secretagogue effect (SG pos.) and without this secretagogue
effect (SG neg.) in their sera

SG pos. SG neg.
Name Name
BAO MAO BAO MAO
N.J. 11.4 70.5 B.M. 6.6 145
V.Gy. 4.5 27.0 S.J. 7.9 28.5
F.B. 15.2 30.2 ZJ. 2.2 27.5
K.J. 10.2 20.2 O.l. 9.0 36.4
K.L. 13.8 62.4 Y.L. 5.4 50.8
Sz.B. 8.4 25.6 A.G. 7.0 34.7
D.L. 9.0 26.0 K.Z. 7.0 31.2
B.J. 15.8 25.0 Sz.G. 6.0 32.4
F.J. 20.5 74.5 0.J. 8.7 31.6
N.J. 9.6 28.9 V.F. 10.3 19.9
Gy.E. 5.1 28.8
P.J. 19.2 51.3
F.L. 12.0 60.0
T.1. 8.1 26.0
T.S. 20.4 50.4
Total 163.0 607.5 70.1 307.6
Mean 10.86 40.46 7.01 30.76
SEM 4.52 17.44 1.65 6.88
n= 15 n= 10

SG pos. BAO vs. SG neg. BAO = 4:28 (0.01 > P > 0.001)
SG pos. MAO vs. SG neg. MAO = 2:15 (0.01 > P > 0.001)

scopic gastrointestinal bleedings, 7 of them had recurrent episodes of melaena
or haematemesis. In the non-carrier group, however, there was only one per-
foration and one bleeding on the record. Among the secretagogue globulin
carriers several patients had records of earlier or concomitant diseases presum-
ably of immunopathologie origin such as 2 cases of Grave's disease, 1 case oi
chronic pancreatitis, 1 case of endarteriitis obliterans, 3 cases of rheumatoid
arthritis, 1 case of exsudative pleuritis and 1 case of primary amenorrhoea.
This means involvement in 9 instances out of 25 patients, whereas in the non-
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Table VI

Fasting serum gastrin levels (in pg/ml) ofpatients having globulin with a secretagogue effect (SG
pos.) and without such a secretagogue effect (SG neg.) in their sera and as well as controls

SG pos. SG neg. Control

name gastrin name gastrin name gastrin

B.J. 110.0 V.F. 100.0 Sz.Gy. 63.5

Gy.E. 75.0 K.J. 75.0 Sz.J. 37.7

V.F. 100.0 B.J. 92.0 K.Gy. 315

N.J. 60.0 V.L. 75.0 N.J. 48.4

F.l1. 100.0 O.l. 85.0 K.Gy. 33.1

Sz.B. 100.0 S.J. 74.7 ZJ. 70.0

K.L. 125.0 A.G. 65.0 L.A. 68.0

D.L. 80.0 M.F. 110.0

K.J. 41.0 L.I. 35.0

F.B. 35.0 Sz.l. 49.6

M .J. 31.4

S.L. 443

S.J. 23.7

S.G. 35.9

V.1 65.0

Total 826.0 566.7 747.4

Mean 82.6 80.9 49.8

SEM 25.7 11.6 175
n=10 n=7 n=15

SG pos. vs SG neg. P > 0.90
SG pos. vs control 0.30 > P > 0.20
SG neg. vs control 0.30 > P > 0.20

-carrier group there was only 1 case of rheumatoid arthritis in addition to
appendoctomy and influenza.

The time-course of the disease also differed in the two groups (Table
1V). In the carrier-group for instance the disease was more aggressive in
appearance, following onset the symptoms persisted for long and no periodicity
was seen. In response to conventional treatments there was a slow recovery
or no recovery at all. Parenteral and intragastric therapy was also applied,
iu one especially unresponsive case Co irradiation (1500 rad) was employed.
There was a frequent occurrence of pyloric spasm and functional gastric
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retention (19 cases), 2 of them developing pyloric stenosis. Due to the ineffi-
ciency of conservative treatment 4 patients underwent surgery (also included
are in this group 2 patients with pyloric stenosis). In the non-carrier group,
however, patients were responsive to treatment and no complications were
noted.

Values for HC1 secretion were also different in the two groups (Table
V). Although superacidity was present in all cases tested the mean BAO value
was 10 mmol HCL1 in the carrier-group and was ~ 7 mmol HC1 in the non-
carrier group.

Serum fasting gastrin concentrations did not differ between the carrier
and non-carrier groups (Table VI).

Routine clinical and laboratory tests including LE-cell reaction and
ANA did not reveal any differences between the groups.

Discussion

The HC1 overproduction is known to play a key role in the pathogenesis
of duodenal ulcer [3, 15, 32, 26, 7, 20]. The cause of this superseeretion is,
however, not clear. Under such conditions the mucosa is in a state of hyper-
function being constantly stimulated, however, neither enhanced vagal ac-
tivity [47, 31, 11] nor hypergastrinaemia [24, 44, 29, 61, 60] was seen. The
secretagogue role of the intestinal phase has been confirmed in experimental
animal studies [23, 37, 33, 42, 21, 42] but not in man [58]. According to some
earlier observations a “gastrin-like” substance is responsible for the super-
acidity [16]. Yakimets and Bondar [63] reported on a substance in the
thoracic duct lymph which is not identical with gastrin or histamine and stim -
ulates gastric HC1 secretion. Hansky et al. [34] found that out of 17 patients
with duodenal ulcer and normal serum gastrin concentrations estimated by
RIA the sera of 12 patients induced intense secretory responses in the rat
stomach.

The immune system while exerting an overall surveillance over the
integrity of the organism is directly or indirectly involved in almost all func-
tions of the body [13, 14, 15, 12, 50]. Since the immune system can induce
hyperplasia and hypertrophy in the thyroid gland [49, 55, 59], it is feasible
that in certain instances it can produce hyperfunction (and hyperplasia) in
the stomach, too. Considering the general mechanism of action in the immune
system, trophic stimulation should be mediated by a humoral factor [5, 28,
4, 50] which is probably in the immunoglobulin fraction.

In the present study we have found that out of 51 patients with duodenal
ulcer and apparent superacidity the globulins of 25 patients produced a marked
secretory response in the stomach of anaesthetised rats in vivo. The onset of
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the response occurred with some delay, developed gradually, peaked at 3—4
hours and was reproducible. After purification of the globulins the secretagogue
activity was linked to the 1gG globulins. The acid secretion enhancing effect
was not due to gastrin since the patients under study failed to have high
serum gastrin levels and the gastrin concentrations in the globulin prepara-
tions were lower than the minimal effective dose required to induce a biolog-
ical response. Using the indirect immunofluorescent technique the secretagogue
globulin was shown to be bound to the corpus mucosa in the stomach, moreover
the lymphocyte cooperation test indicated that the parietal cells were the
targets for this type of globulin molecules. The H2receptor blocker cimetidine
abolished the globulin-induced secretory response and the binding of the
globulin to the parietal cells was also inhibited by cimetidine as revealed by
the indirect immunofluorescent studies. It appears that the binding of the
globulins to the parietal cells occurred via the H2receptors. When the affinity
to the H?2 receptors of the secretagogue globulin was tested in a separate
system the secretagogue globulin exerted a significant inhibition under such
conditions, too.

Since the immunoglobulin, i.e. an antibody produced a stimulatory
action, we tested the “classical” antibody directed against the gastric mucosa
namely the globulin of patients with pernicious anaemia in the in vivo bio-
assay system and in the immuno-fluorescent study along with cimetidine.
Results showed that the “true” antibody did not induce secretory response
nor did cimetidine inhibit the binding of the antibody directed against the
parietal cell.

On the basis of the present findings it appears that in some patients
with duodenal ulcer and superacidity a humoral factor, an immunoglobulin,
accounts for the enhanced secretion, through exerting secretagogue effect on
the parietal cells by combinig with their H 2 receptors.

The clinical characteristics of the disease compiled from data of the 51
analysed patients seem to indicate that the secretagogue immunoglobulin
carriers are genetically more susceptible to develop immunological “imbalance”
such as autoaggressivity or autostimulation. This view is supported by the
more frequent occurrence of immunopathological diseases in the history of a
considerable number of these patients and the more aggressive, less periodical,
thereapeutically unresponsive manifestations which were often associated
with complications. The basal acid output (BAO) was markedly enhanced
being 4-fold higher than normal and the stimulated secretion (MAO) was also
higher than that in patients with no secretagogue globulins. Fasting gastrin
concentrations and routine laboratory data did not significantly differ in the
two groups.

Based on the present results in conjunction with the clinical symptoms
we suggest that in certain instances of duodenal ulcer which is otherwise a
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Fig. 6. Increase of spindle activity in response to capsaicin microinjection (top, n=17) and

thermal stimulation (bottom, n= 10) in the posterior hypothalamus. Dotted columns denote

the effect of stimulations. Small bars indicate standard error of means. Continuous lines mark

significant differences in the number of spindles with respect to the minute before stimulation
(Student’s i-test)

tions could not be obtained. Capsaicin injections into extrahypothalamic areas
were also ineffective though stimulation in the thalamus (Fig. 1) sometimes
induced slow wave activity.

Local heating in the PO-HYP resulted in EEG synchronization similar
to that described for the capsaicin microinjections: high amplitude irregular
delta waves and spindles appeared in a great number (Figs 5 and 6). The
latency of the reaction was 1-2 min and the synchronized activity continued
for about 1 min after termination of the stimulation. The effect of heating on
spindle activity was most pronounced when the posterior hypothalamus was
stimulated (Table I). In these experiments the increase of spindle activity was
significant 1 min after the onset of heating (Fig. 4). Heating in the mid-
-hypothalamic area was less effective and the number of stimulations that
facilitated spindles increased again when the preoptic region was heated. No
relationship between the stimulated area and the slow wave activity was
found. Extrahypothalamic heating without any effect was carried out in
5 rats.

Discussion

The mutual interaction between sleep and thermoregulation has repeat-
edly been reported. The thermoregulatory mechanisms are seriously altered
during sleep [11, 22]. A significant deviation from the neutral ambient temper-
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multicausal disease the impaired function of the immune system might play
a role. This abnormality is, however, not identical with that observed in
autoimmune (autoaggresive) diseases.
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In acute immobilized rats, the effect on the EEG of thermal and chemical
(capsaicin microinjection) stimulation of the warm sensors in the preoptic region,
mid-hypothalamic area and posterior hypothalamus were studied. Both localized
heating and capsaicin resulted in a sleep-like EEG with spindles and slow waves.
Stimulation in the posterior hypothalamus was the most effective and stimulation in
the mid-hypothalamus was the least effective in inducing spindle activity. Since capsai-
cin is regarded as a specific stimulant for the hypothalamic warm sensors, the results
suggest that the EEG effect, and probably the sleep-inducing effect, of heat are medi-
ated via the central thermoreceptors, and cannot be due to a non-specific activation
of the basal forebrain hypnogenic mechanisms.

Drowsiness is a common experience in a mildly warm environment.
Actually, local heating of the preoptic thermodetector area may induce EEG
synchronization and sleep [2, 8, 12, 24, 25]. The question whether this deactiva-
tion is the result of the excitation of warm sensors or rather a non-specific
activation of the basal forebrain hypnogenic mechanisms has not been settled.
This problem was the subject of our experiments: in addition to local heating
of the preoptic region-hypothalamus (PO-HYP), chemical stimulation of the
heat detectors was applied to elicit slow waves and spindles in the EEG of
acute immobilized rats. Capsaicin administered in a single small dose sub-
cutaneously or into the preoptic region induces thermolysis via stimulation
of the warm sensors [15, 16] while repeated treatment with the drug irre-
versibly damages thermoreceptors and severely impairs thermoregulation
[16, 18, 19]. At least in the PO-HYP, the effect of capsaicin seems to be
specific to the warm detectors [13, 17]. Based on these observations, the aim
of the present experiments was to compare the EEG effect of capsaicin micro-
injection to that elicited by local thermal stimulation. To avoid the inter-
ference with anaesthetics which seriously modify both the EEG and the thermo-
regulatory responses [4], acute immobilized rats were used.

*Supported by the Scientific Research Council, Hungarian Ministry of Health, 4—85—
0303-03-2/0.
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Materials and Methods

Altogether 78 male CFY rats (300-450 g) were used. Under ether anaesthesia the trachea
and the dorsal vein ofthe penis were cannulated. The skull was fixed in a stereotaxic apparatus.
Recording electrodes were placed bilaterally over the frontal and parietal lobes. Wound
edges and pressure points were infiltrated with procaine-HCI, and this procedure was repeated
hourly during the experiments. The animals were immobilized with i.v. gallamine triethiodide
and artificial respiration was introduced. The experiments were carried out in a heat box
which maintained the colonic temperature between 35 °C and 36 °C. Stimulation was started
1h after the anaesthesia had been discontinued.

The effect of capsaicin microinjection on the EEG was studied in 53 experiments.
The drug was applied in a volume of 1 containing 10 fig capsaicin dissolved in ethanol and
Tween 80 [14]. In 30 experiments the solvent without capsaicin was injected into the PO-HYP
contralaterally to the stimulated area. The microinjector needle (a glass pipette about 30 urn
in diameter) was lowered through a guiding cannula implanted 30 min earlier into the explored
area. The drug was injected by means of a microdriver in 30 s.

Local heating of the PO-HYP was carried out in 46 experiments. A coil (resistance
400 Q) described by Carlisle and Laudenslager [5] served asthe heating electrode: a nicrothal
wire, was wound around the tip of a stainless steel pin. The diameter of the electrode was
200 ,um. Direct current of 180 mW (two-thirds of the coagulation power) was used to heat the
coil. As determined in a separate experiment, this PO-HYP stimulation induced a 3-4 °C
rise of the tail temperature in urethanized rats. Since in an animal more than one area was
stimulated, the local PO-HYP temperature was not taken in order to decrease the tissue
damage.

Three regions of the PO-HYP were stimulated; the preoptic area, mid-hypothalamus
and the posterior hypothalamus (frontal planes 2.0, 0.0 and -1.6 in the stereotaxic atlas of
Pellegrino and Cushmann [23]). The electrodes were aimed 0.5 to 2.0 mm lateral to the
midline. In 20 experiments the electrode and cannula placements were verified histologically
while in the rest of the rats, gross examination of the frontal sections of the brain seemed to
suffice for localizing the electrode tracks. In some experiments extrahypothalamic regions
were also stimulated; they are indicated in Fig. 1.

The EEG was recorded on paper and was visually evaluated in 40 s epochs. Increases
in spindle and slow wave activity were treated as EEG synchronizations. The number of the
spindles/40 s in the bifrontal derivation was used to characterize the effects. In addition,
power density spectra were calculated from 40 s epochs in 15 experiments (7 with capsaicin
and 8 with PO-HYP heating).

Fr2.0 Fr 0.0 Fr-1.6

Fig. 1. Stimulation points in the brain. Dots: capsaicin microinjections. Crosses: thermal
stimulations. Numbers denote the number of experiments
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Results

The EEG of acute immobilized rats was characterized by a moderately
synchronized activity, predominantly with waves of the theta range. High
amplitude theta waves in the frontoparietal derivation often showed a regular
pattern. This activity continued for several seconds, sometimes for minutes.
It was regarded as a concomitant of the hippocampal rhythmic slow wave
activity (RSA) since RSA often invades the parietal EEG in the rat [31].
It could easily be elicited by sensory stimuli. The EEG of the bifrontal deriva-
tion was flat with high frequency waves. Spindles were absent or extremely
rare.

Capsaicin injected into the PO—HYP induced a powerful slow wave
and spindle activity (Fig. 2) or a marked slow wave activity without spindles.
Spindles appeared in a great number primarily in the bifrontal derivation.
The frontoparietal derivations were dominated by high amplitude irregular
delta waves resulting in a great increase of the power of delta range (Fig. 3).
In response to sensory stimuli (touching the tail) this activity was immediately
replaced by RSA over the parietal cortex and by fast waves over the frontal

LF-RF S B *
LP-RP
RF-RP H ¢ rlkL**
LF LP
1/J1 CAPSAICIN 1st min
LF-RF .
LP-RP <y, BA">A » N.ino*«” » .t
DCLD p
LF-LP
3rd min

LF RF -A*>AM*LIk

RF-RO

5th min
LF'RF \Y
LP RP
RF' RP

Fig. 2. EEG response to capsaicin injected into the preoptic region. Top traces show the EEG
before the injection. LF and RF: left and right frontal. LP and RP: left and right parietal.
Calibration: 100 pV, 1s
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50Nk

Fig. 3. Power density spectra obtained from 40-s records before and after capsaicin micro-
injection into the posterior hypothalamus

cortex. The synchronizing reaction to capsaicin had a latency of 1-4 min,
lasted for 20-30 min, and then the original activity gradually returned. The
EEG effects depended on the location of the cannula (Table 1). Stimulation in
the posterior hypothalamus resulted in the most consistent effect: an increase in
spindle and slow wave activity was noted in each experiment. The rise in the
number of spindles was gradual and significant from the second minute on
(Fig. 6). In contrast with the posterior hypothalamic stimulation, capsaicin
administered into the mid-hypothalamic area elicited spindle activity in one-
-third ofthe experiments. When the drug was applied into the preoptic region,
the number of effective stimulations increased again. The latency of the re-
sponse, however, tended to be longer in these cases than on stimulation of the
posterior hypothalamus: it was close to 4 min. No definite difference between
the areas studied was found with respect to the slow waves induced (Table
1). In the 30 experiments where the solvent was injected alone, distinct reac-

Tabke |

Spindle (SP) and sloiv wave (SW) inducing effect of capsaicin microinjections and local heating
in the PO-HYP. The effective/total number of rats is indicated for each frontal coordinate

Fr: 2.0 Fr: 0.0 Fr:-1.6
preoptic region mid-hypothalamus posterior hypothalamus
SP SwW Si sw SP Sw
Capsaicin 13/22 21/22 5/14 11/14 17/17 17/17
Heating 17/32 30/32 1/4 4/4 10/10 10/10
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—

Fig. 4. EEG response to thermal stimulation in the preoptic region. Calibration: 100 "V, 1 s

Fig. 5. Power density spectra of 40-s cortical EEG records obtained before, during and after

thermal stimulation in the posterior hypothalamus. Left side: values taken from bifrontal

derivations. Right side: power spectra calculated from EEG records in the right fronto-parietal

derivations. The three curves on the top were calculated from the EEG taken before stimula-

tion, the next three curves marked by a vertical bar represent the EEG taken before stimula-

tion. The three power spectra at the bottom were obtained after stimulation had been
discontinued
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ature generally results in a reduction of sleep [20, 22]. However, when the rise
in ambient temperature is moderate, total sleep or the percentage amounts
of some sleep stages may increase. As to which stages are affected, quite differ-
ent results have been reported depending on the method used (i.e. duration
of heat exposure, temperature, recording time, preexposure adaptation, the
rate of temperature variation, and the sleep scoring procedure) [10, 28, 29,
32]. On the one hand, sleep might be useful for thermoregulation since be-
havioural inactivity reduces heat production [27]. On the other hand, a prim-
ary behavioural response involving immobility to heat may facilitate the sleep
process. Actually, a specific thermolytic behaviour of this type has been
reported: it is a pronal extension of the body [6, 26, 29]. At more elevated
ambient temperatures thermolytic reactions antagonistic to sleep are also
activated: the rats groom vehemently and try to escape from the warm en-
vironment [6, 9].

The EEG synchronization obtained in acute immobilized animals should
be interpreted cautiously as a phenomenon identical to that appearing during
slow wave sleep. Still, in our experiments the synchronization seemed to be
the result of the activation of sleep mechanisms. Comparing the two pheno-
mena may therefore promote the understanding of these mechanisms. Local
thermal stimulation in the preoptic region which induced a sleep-like EEG
in acute immobilized cats, rabbits and rats [2, 8], facilitated sleep in freely
moving animals too: cats fell asleep [24], the length of paradoxical phases
increased [21]; in oppossums a sleep-like relaxation was found [25], in rats
slow wave sleep increased [28]. It is not known whether these effects were
due to the specific central thermodetectors. In the preoptic region, close to the
thermodetector area, the existence of a powerful hypnogenic mechanism was
reported [3, 30]; high frequency stimulation in this area induced sleep while
lesions brought about insomnia. Heat may activate cells which have nothing
in common with the thermodetectors [1]. Thus, a non-specific stimulation
of the hypnogenic mechanisms as the reason for the sleep eliciting effect of
heat could not be excluded. In this respect the experiments with capsaicin
which specifically activates and, in the case of repeated treatment, damages
the preoptic warm sensors, seemed to be decisive.

Our results showed that the effects of localized heating and capsaicin
microinjections were strikingly similar: a significant increase of spindle activ-
ity and a definite slow wave activity, i.e. an EEG pattern closely resembling
sleep. Some differences in the EEG responses with respect to the stimulated
area were noted in both the thermal and chemical stimulation experiments.
W hile slow waves could be elicited by stimulating any parts of the PO—HYP,
the spindle-inducing points were not distributed uniformly. Since the intensity
of the slow wave activity was not evaluated quantitatively in each experiment,
particular importance should not be attributed to this divergency. As to the
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increase of spindle activity, positive responses were obtained more frequently
from the posterior hypothalamus and preoptic region than from the mid-
-hypothalamic region. These differences in effectivity of the stimulation
corresponded to the distribution of the warm sensors: they are more densely
scattered in the anterior and posterior hypothalamus than in the mid-hypo-
thalamic region, moreover, the characteristics of the anterior and posterior
thermodetectors are also different [7]. Whether these differences may explain
that spindle responses could be obtained more readily on posterior stimula-
tion than on anterior one, is not clear. To our knowledge, in all the experiments
but one where the interaction of the central thermodetectors and sleep was
studied, the preoptic region was heated. The only exception [12], the experi-
ments of Hemingway et al. corroborated our findings: in dogs, thermal stimu-
lation of the posterior hypothalamus was more effective in eliciting sleep
than was the anterior hypothalamus.

To summarize, both localized heating and capsaicin microinjections in
the PO-HYP elicited slow waves and spindles in the EEG. The distribution
of the spindle-inducing areas was identical for both kinds of stimulation.
Since capsaicin, is regarded as a specific chemical excitant for the central
warm sensors, it seems that these receptors were responsible for the EEG
effects. The results are in favour of the view that the sleep facilitating effect
of heat is mediated by the PO-HYP thermodetectors.
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Low body weight premature babies bom before the 32nd gestational week were
studied to analyse the postnatal fall in plasma haemoglobin and in quantitative changes
in amino acid levels. Red blood cells of premature low body weight infants were found
to disintegrate more rapidly than those of mature newborns. Thin-layer ion-exchange
chromatographic studies showed that amino acids originating from the degrading
haemoglobin-F lead to rise in plasma amino acids. These amino acids might play a role
as substrates for gluconeogenesis in the energy supply of low body weight premature
babies during the special fasting state just after birth.

Perinatal medicine has experienced important new developments during
the last decades. Modern gynaecological and neonatal care have resulted in
the survival of an increasing number of very low birth weight babies. The
same population of infants is, however, also responsible for a large propor-
tion of newborn mortality as a result of immaturity (Fig. 1). It is of great
importance, therefore, to learn more about the details of the physiology and
adaptation of premature infants so that the unfavourable metabolic charac-
teristics originating from the absence of the last intrauterine period in their
development could be successfully influenced.

This study has been initiated by the clinical observation that immature
very low birth weight babies develop marked anaemia during the first week
of life. In addition to a detailed analysis of this anaemia, it has been aimed
at investigating the role of the degrading products of haemolysed red blood
cells in the process of neonatal metabolic alterations.

Materials and Methods

1. Patients. To measure haemoglobin (Hb) levels after birth, capillary blood samples
were taken from 43 pre-term infants of low body weight. Gestational age was calculated on
the basis of the last period of the mothers and checked by standard somatic and neurological
tests of the newborns. Average gestational age was 29.7 weeks with a range of body weight
of 750 to 1500 g (mean, 1225 g). In these patients no sign of general or specific organ bleeding
could be observed and no transfusion was applied.

2. Determination of Hb. Serum Hb was measured as cyano-Hb by spectrophotometry
using the Drabkin-reagent.
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Fig. 1. Mortality rate of 0—6 days old newborn infants in Hungary in 1980 (given in %) as

a function of birth weight. Dotted line shows mortality rate of all infants born alive, broken

line shows mortality rate of pre-term infants weighing less than 3000 g (based on the estimation
of the Central Statistical Office, Budapest, 1980)

3. Withdrawal and storage of blood-serum samples. Blood-samples were taken from peri-
pheral veins of mature healthy newborns (n=5) and from very low birth weight premature
newborns (n=8), the latter weighing 1050 g on the average with a gestational age of less than
32 weeks. After being left at room temperature for 30 min, the samples were centrifuged
(10 000 rpm for 10 min) and stored at —20 °C for less than two weeks. Because of the small
volume of the samples taken from infants of low body weight, the samples were pooled to get
a volume of 3 to 4 ml (n=5-8).

4. Extraction procedure. 3to 5 ml pools of serum samples were treated with 96% ethanol,
after adjusting the pH to 2.0 with a 1 N-solution of HC1 to remove proteins. The final concentra-
tion of ethanol was 70%. The supernatant of the centrifuged samples (see above) were dried
with vacuum-distillation at 37 °C and the residue dissolved in 0.1 N HCI (1 ml).

5. Thin-layer ion-exchange gel chromatography. Thin-layer ion-exchange sheets measur-
ing 200 mm X200 mm were used (Fixion 50X—8, Chinoin). The sheets were equilibrated in
a 0.02 mol Na-citrate buffer at a pH of 3.28 for 16 hours followed by drying at 25-30 °C for
one hour. At a distance less than 10 mm, 100 p\ samples of serum (see above) were transferred
to these chromatographic sheets and run at a temperature of 55 °C in a mixture containing
0.35 mol Na-citrate at a pH of4.15. This was followed by two drying periods at 50 °C for 40 min,
interrupted by a spray of ninhydride solution. The density of the spots appearing after this
procedure on the chromatogram, representing serum amino acids, were then measured with
high-speed densitometry using various concentrations of arginine as standard.

Results

In the first series of experiments Hb content of the blood taken from
43 very low birth weight infants born before the 32nd gestational week was
compared with respective samples taken from mature newborns, in both
cases the samples being taken at different times of the postnatal development;
in both groups a postnatal fall in Hb concentration was observed (Table I).
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Table 1

Postnatal changes in blood haemoglobin levels in mature newborn infants (adapted from Matoth
et al. \I 1]} and in premature infants born before the 32nd gestational week (present studies)

Preterm infants under

Term infants 32th weeks of gestation

Days
CNaf Hb, mmol I-1 (?\‘aosle Hb, mmol I-1
1-3 57 11.74+1.55 19 9.87+0.62
4-5 22 11.24+0.99 9 9.50+1.18
6-7 27 10.93+1.43 5 8.38+1.24

W eeks
1-2 32 10.74+1.43 22 8.26+1.18
2-3 11 9.69+1.61 8 8.63+1.30
3-4 17 8.82+1.30 15 8.07+1.30
4-5 15 7.89+0.99 8 7.89+0.81
5-6 10 7.39+£0.93 8 7.58+0.62
6-7 10 7.45+0.93 3 6.64+0.74
7-8 17 6.81+0.68 2 5.34+0.50

In mature newborn infants a gradual and slow fall in Hb concentration was
observed, with a slight fall (1.0 mmol I-1) occurring within the first week [11].
However, in premature low body weight infants, Hb concentration fell by
1.62 mmoll“1 within the first week, with a marked decrease starting from
day 4 and reaching the lowest level by the end of the first week. This marked
degradation of Hb, together with the immaturity of the conjugating and excret-
ing capacity of the liver, contributed to hyperbilirubinaemia which was the
highest on day 7 in premature babies instead of day 4 as common for mature
newborns. From week 5 to 6 onwards, the fall in Hb was more marked in
premature babies than in mature neonates. This phenomenon could be ex-
plained by a rapid synthesis of Hb-A after the 36th gestational week, at the
same time the synthesis of fetal Hb being already inhibited [4]. The concentra-
tion of fetal Hb started to fall rapidly at that time and total Hb concentra-
tion reached a critical low level by week 7 to 8 owing to the slow speed of
Hb-A production.

The fate of globin deriving from Hb is practically unknown, but it is
certainly split to amino acids. In the second part of this study the effect of
glohin catabolism on plasma amino acid levels was investigated.

According to other studies [1, 9] 70-90% of the Hb of cord blood taken
from premature infants is fetal Hb (Hb-F). The less mature the newborn,
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the highest is the proportion of Hb-F in it’s cord blood. The amino acid se-
quence of Hb-F [10] demonstrates that the dominant amino acids in one a
and y chain each are leucine, isoleucine, alanine, valine and lysine (Table I1).

Table 11

Relative incidence (mol°/0) ofthe individual amino acids, constituents offetal haemoglobin

VAL 9.06 ASP 8.71 HIS 592
LEU 12.19 LYS 8.01 GLU 5.92
ILE 1.40 THR 6.62 TYR 1.74
SER 7.66 TRY 1.40 ARG 2.09
PRO 3.83 PHE 5.23 CYS 0.70
ALA 11.15 GLY 6.97 MET 1.40

An attempt was made to reveal a relationship between the changes in
amino acid content and the composition of blood with the degrading products
of Hb—F. In these investigations premature and mature newborn infants not
previously given either exogenous protein or amino acids were studied. Plasma
samples taken at day 7 from low body weight infants contained higher levels
of amino acids (by several degrees of magnitude) than those of mature new-
borns of the same age (Fig. 2). The most marked rise occurred in tyrosine,

nr.

Fig. 2. Percentile difference (/1%) of serum amino acid levels in very low body weight pre-
mature infants as compared with mature newborns in the 7th day of life. The numbers in the
columns show amino acid levels in //mol 1-1
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leucine, isoleucine, phenylalanine and ornithine concentrations, with lysine
and histidine levels being also significantly higher in the premature group
than in the control one.

Discussion

Characteristic changes can be observed in serum levels of some metabol-
ites in the course of neonatal adaptation. The fall in blood glucose concentra-
tion after birth indicates a gradual depletion of carbohydrate stores. In
premature babies the level of hypoglycaemia is more marked [5]. A simul-
taneous rise in FFA level is a sign of substrate mobilization and usage from
other sources [6, 7].

In very low birth weight premature infants the caloric needs cannot
be met by oral alimentation, thus the obligatory fasting period is lengthened.
This brings about a deterioration of the process of cardio- respiratory adapta-
tion in premature infants. Consequently, parenteral (intravenous) alimenta-
tion is the method of choice after birth. The problems of parenteral feeding
in newborns have been extensively dealt with by various groups of authors [2,
8, 12, 13, 14]. A positive nitrogen balance, essential for an adequate growth
rate, can be achieved by a combined infusion treatment using glucose and
amino acids. However, this method of feeding has some side-effects such as
rises in non-protein nitrogen, ammonia, amino acid levels and aminoacidu-
ria, all known to exert harmful effect on the newborn infant.

Very low birth weight premature infants have been shown to have
higher amino acid levels than mature newborns, probably as a result of the
degradation of globin derived from Hb-F. This latter opinion is supported
by the present finding, in that the incidence of increased plasma levels of
leucine, histidine, lysine constituents of Hb-F, was very high in premature
babies (Fig. 4). The release of other amino acids (e.g. tyrosine, ornithine and
phenylalanine), being partly or completely absent from Hb—F, can be ascribed
to transformation of protein components in organs of the newborn during
neonatal adaptation with the result of transient appearance of various amino
acids in blood.

In the special intermediate metabolic adaptation of the newborn period
the amino acids, shown to be released in the present study, might be used as
an important energy source via metabolism in the gluconeogenetic pathway.
This helps the otherwise more susceptible premature infant to reduce the load
experienced at the beginning of extrauterine life.

Early amino acid infusions given to very low birth weight premature
infants present an even greater danger than for mature newborns. Taken into
consideration the perils of acidosis encountered as side-effect of infusions
with synthetic amino acids [3], it can be concluded that in very low birth
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weight premature babies aged less than 2 weeks amino acid infusion should
be accompained by monitoring of serum and urine amino acid levels.

In future studies the role of amino acids derived from Hb will be investig-
ated and the origin of other amino acids should also be clarified.
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The unknown enzymatic mechanism of enhanced protein breakdown in steroid
myopathy was studied in functionally and biochemically different muscles of rabbits
treated with dexamethasone for three weeks. After glucocorticoid administration the
fast-twitch glycolytic semimembraneous muscle of treated animals was atrophied,
whereas the weight of the slow-twitch oxidative soleus muscle was not altered. The
specific activity of the lysosomal endo- and exopeptidases (cathepsin D, E, B and L,
lysosomal carboxypeptidase A and dipeptidylpeptidase 1) was increased about 2-fold
in the atrophied white muscle. The activity of the cytosol enzyme Ca++-activated
neutral proteinase was also elevated, whereas that of the other cytosol endopeptidase,
chymotrypsin-like enzyme, was unaltered. The level of alanine aminopeptidase was only
slightly increased. On the other hand, there were no unequivocal changes in protease
activity in the soleus muscle. These findings are in agreement with the known differences
in glucocorticoid-sensitivity of the various muscles. Our results suggest that the lysoso-
mal proteolytic system and the Ca++-activated neutral proteinase may play an import-
ant role in the glucocorticoid-induced intracellular protein catabolism in muscle. The
inhibitor capacities of cathepsin B and trypsin detectable in muscle cytosol were not
altered after steroid treatment. Consequently, the increase in cathepsin B activity was
not due to the loss of its inhibitor.

Introduction

It is a well-known fact that chronic treatment of animals [11, 14, 17,
50, 51] and humans [31, 10] with glucocorticoid hormones leads to muscle
atrophy and weakness. Muscles containing a high proportion of fast-twitch
glycolytic fibres are preferentially involved in glucocorticoid-induced atrophy
[14, 17, 20, 33, 51].

Available data suggest that skeletal muscle is a target organ for gluco-
corticoids [33]. Excess amount of the hormones leads to a decreased rate of
muscle protein synthesis [17, 34, 39, 43] and an enhanced muscle protein
catabolism [10, 17, 51]. The enzymes responsible for the enhanced intracellular
protein breakdown are not known. In 1967 Buchanan and Schwartz could
not detect any activation of acid hydrolases in muscles of cortisone-treated
rats [6]. They measured non-protease enzymes in samples containing a mix-

* Supported by a grant from the Ministry of Health, Hungary, No. 4-02-6306-01-1,
and No. 4-25-0303-01-1.
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tlire ofhind-leg muscles. Mayer et al. [32] found an increased activity of the
“myofibrillar” protease in glucocorticoid-treated rats. However, this activity
is confined to mast cells [36, 54]. We, therefore, started a series of studies on
different muscles of rabbits treated with the synthetic glucocorticoid dexa-
methasone. The activities of several lysosomal and extralysosomal protelytic
enzymes derived from red and white muscles were measured, and the changes
in the proteases were correlated with the changes in muscle weight.

In recent years some proteinase inhibitors of the muscles were discovered
[42, 53]. It is possible that these inhibitors play a regulatory role in proteo-
lysis. Therefore, the trypsin and cathepsin B inhibitor capacities of the muscle
samples were also measured. A preliminary report of some of these findings
has already been presented [35].

Materials and Methods

Male adult New Zealand rabbits weighing about 2500 g were used. Eighteen animal®
received intramuscular injections of dexamethasone (Oradexon, Organon OSS, Holland)
into the foreleg triceps in a dose of 2 mg/kg every second day for a three-week period. Twelve
normal, untreated rabbits were used as controls. The animals were bled, and the hindleg
semimembraneous muscle, containing mainly fast-twitch glycolytic fibres and the soleus
muscle containing mainly slow-twitch oxidative fibres [37] were excised, cleaned of connective
tissue and minced with scissors. For enzyme measurements the muscles were homogenized
in 10 volumes of a solution containing 2% KC1 and 0.1% Triton X 100. For inhibitor and Ca+ +-
-activated neutral protease (CANP) measurements the muscles were homogenized in 3 volumes
of 25 mM Tris-HCI buffer, pH 7.4, containing 1 mM EDTA-Na2 The homogenization was
performed using a MSE-blender (2 X 30 sec), then a glass-teflon potter (B. Braun Melsungen)
for 30 sec. The tubes containing the homogenates were kept on ice during the procedure. The
homogenates were centrifuged at 20 000 g for 20 min and the supernatants were used for
measurements.

The activities of cathepsin D, E and B lysosomal carboxylpeptidase A (LCA) and dipepti-
dylpeptidase | (DAP 1) were determined essentially as described by Barrett [1]. Cathepsin L
activity was measured by incubating the muscle samples at 40 °C for 120 min in a final volume
of 1.0 ml containing 50 mM potassium phosphate (pH 6.0), 0.5% azocasein and 5 mM 2-mer-
captoethanol. In the blank tubes the reaction mixture contained 10 6 M Z-Phe-Phe-CH-N2,
a specific inhibitor of cathepsin L [27, 28]. CANP activity was assayed with azocasein as
substrate at pH 7.5, in the presence of 10 mM CaCL, and 10 mM 2-mercaptoethanol as activa-
tors [7, 25, 40, 41]. Chymotrypsin-like protease (CLP) was measured with acetyl-Tyr-p-
-nitroanilide (1 mM) as substrate at pH 8.0. Alanine aminopeptidase (AAP) was assayed as
described by Farr et al. [12], using Co++ ions (1 mM) for activation [22].

For measurement of inhibitor capacities the muscle supernatants were incubated with
purified cathepsin B and trypsin for 10 min. Residual cathepsin B and trypsin activities were
determined with benzoyl-D, L-Arg P nitroanilide at pH 6.0 and 7.5, respectively [1]. Cathep-
sin B was partially purified from rabbit liver by the method of Barrett [2]. Trypsin (Type
1X) was purchased from Sigma Chem. Co., St. Louis. Protein was determined by the micro
biuret method of Goa [16].

Results

The fresh weight of the white semimembraneous muscle of treated
rabbits decreased by approximately 35%, whereas the weight of the soleus
muscle was practically unaltered (Table 1).
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Table 1

Muscle weights in g in control and dexamethasone-treated rabbits

Muscle Control (12) Treated (18)
Semimembraneous 8.83+0.69 5.69+0.53*
Soleus 1.74+£0.12 1.70+£0.16

Means +S.D. In parentheses: No. of animals. *P < 0.01.

Protease in the semimembraneous muscle

The activities of lysosomal endopeptidases, such as cathepsin D, E, B
and L, and those of lysosomal exopeptidases LCA and DAP I, expressed per
gram soluble protein, showed an about 2-fold increase in the semimembraneous
muscle of treated animals (Table 11). The level of the cytosol enzyme CANP

Table 11

Protease activities in the semimembraneous muscle of control and treated rabbits

Enzyme Control (12) Treated (18)
Cathepsin D, nkat/g 19.2 +2.1 348 +3.8*
Cathepsin E, nkat/g 78 £1.1 142 +£2.6*
Cathepsin B, nkat/g 1.50+0.29 3.35+0.39*
Cathepsin L, ftg/s/g 1.58+0.18 3.32+0.36*
LCA, nkat/g 30.7 £3.7 53.3+5.5*
DAP I, nkat/g 3.67+0.52 6.83+0.62*
CANP, ng/slg 473 41 645 +£56*
CLP, nkat/g 1.75+0.13 1.69+0.19
AAP, nkat/g 100.2 *41 125.8 #8.1***

Means £S.D. In parentheses: No. of animals. *P < 0.001 **P < 0.01
***p < 0.05
Abbreviations: see Methods.

was also significantly elevated. The activity of the other non-lysosomal endo-
peptidase, CLP, was not changed. There was a slight but significant (P </ 0.05)
increase in the activity of the main cytosol exopeptidase, AAP.

Protease in the soleus muscle

There were no significant differences in either the lysosomal or the
extralysosomal protease activities in the soleus muscles of treated versus
control rabbits (Table I11).
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Table TO

Protease activities in the soleus muscle of control and treated animals

Enzyme Control Treated
Cathepsin D, nkat/g 287 + 17 292 + 13
Cathepsin E, nkat/g 13.7 + 0.8 140 + 2.0
Cathepsin B, nkat/g 2.83+ 0.37 3.00+ 0.29
Cathepsin L, /tg/s/g 2.84+ 0.27 2.88+ 0.15
LCA, nkat/g 60.1 = 7.2 63.3+ 9.5
DAP I, nkat/g 7.50+ 0.62 8.67+ 0.79
CANP, ng/slg 520 +61 563 +78
CLP, nkat/g 1.50+ 0.13 1.45+ 0.16
AAP, nkat/g 146 + 9 152 11

Means +S.D. Abbreviations: see Methods.

Changes in proteinase inhibitors

In control rabbits the trypsin and cathepsin B inhibitor capacities were
higher in the soleus muscle than in the semimembraneous muscle (Table V).
After dexamethasone treatment the inhibitor capacities of both muscles showed
a slight but no significant increase.

Table IV

Proteinase inhibitor capacities in semimembraneous and soleus muscles
of control and treated animals

Cathepsin B-inhibition  Trypsin-inhibition

Muscle (nkat/g) (/tkat/g)
Semimembraneous (C) 35.7+4.1 1.63+0.19
Semimembraneous (T) 39.3+4.9 2.04+0.24
Soleus (C) 58.4+7.0 3.46+0.42
Soleus (T) 68.9+8.8 3.62+0.47

Means *#S.D. C = control; T = treated.

Discussion

A prominent metabolic response to glucocorticoid hormone administra-
tion is the increased supply of amino acids from peripheral tissues to the liver,
where they serve as gluconeogenic precursors [13]. Prolonged treatment with
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glucocorticoids results in aloss of body weight, a negative nitrogen balance [30]
and muscle atrophy, which is more pronounced in fast-twitch glycolytic
muscles [14, 17, 33]. The quantity of sarcoplasmic and myofibrillar proteins
have been found to decrease in steroid myopathy [14, 21, 50]. Changes in lipid
composition have also been described [19, 20]. The finding that the activity
of the enzymes involved in glycolysis and the citric acid cycle are equally
decreased suggests that the changes in muscle protein synthesis and degrada-
tion are more fundamental than those in the energy-supplying metabolic
pathways [14]. The reduction of protein synthesis in steroid myopathy is due
to the loss of RNA and to an inhibition of translation resulting from an impair-
ment in peptide-chain initiation [39]. An increased rate of muscle protein
breakdown after glucocorticoid administration has been demonstrated, too
[17, 10, 51]. Tomas et al. [51] concluded that plasma concentrations of gluco-
corticoids within the normal range do not effect the rate of muscle protein
breakdown, whereas excessive plasma concentrations of these hormones
accelerate muscle protein breakdown [51].

The employed dexamethasone treatment resulted in typical steroid
myopathy in the semimembraneous muscle, whereas the soleus muscle was
practically unaffected [20]. In the atrophied semimembraneous muscles of the
treated rabbits we observed an about 2-fold increase in the specific activity
of the measured lysosomal protease (Table Il). In recent years it has been
established that lysosomes are present in skeletal muscles [3, 5] and play an
essential role in the catabolism of myofibrillar and sarcoplasmic proteins [4,
5, 15, 46]. The inhibition of lysosomal proteinases with protease inhibitors of
microbial origin can reduce muscle protein catabolism [48]. The main lysosomal
endopeptidases, cathepsin D, B, L and H are capable of degrading myofibrillar
proteins [42, 45]. The function of the lysosomal exopeptidases is to split
the protein fragments formed by the endopeptidases [1]. Our finding of an
equal increase in the activity of lysosomal endo- and exopeptidases points
to the hyperfunction of the lysosomal proteolytic system in steroid myopathy
and suggests an important role of lysosomal proteolysis in the development of
atrophy. Buchanan and Schwartz [6] failed to observe activation of acid hyd-
rolases in mixed fibre hindleg muscles of cortisone-treated rats [6]. Owing to
the great differences in the hormone responsiveness of the individual muscles,
their results cannot be regarded as evidence against the role of lysosomes in
steroid myopathy. The enhancement of lysosomal proteolytic activity has also
been observed in other conditions leading to muscle atrophy, e.g. after denerva-
tion [37, 49], in disuse atrophy [44], during starvation [3], in hyperthyroidism
[9, 52], in vitamin-E deficiency [24] and in dystrophies [23, 26].

The activity of the cytosol enzyme CANP was also increased in the
atrophied white muscle (Table Il). The function of this proteinase may be
the solubilization of myofibrillar proteins, facilitating their lysosomal uptake
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[4, 8, 18, 40]. The enzyme is activated by an increase in the intracellular free
Ca++ concentration [8, 18]. This activation of CANP requires concentrations
of ionized calcium about 100 times higher than that assumed to be present
in the activated muscle. However, the physiological level of Mg++ ions may
reduce the Ca++requirement of the enzyme [47]. Several authors have
demonstrated the presence of an inhibitor of CANP in the muscle [18, 53].
This inhibitor may play a role in the regulation of CANP activity, too. Elevated
levels of CANP in muscles have been observed in dystrophy [26] and hyper-
thyroidism [52], whereas no change has been found in denervation [26] and
in disuse atrophy [44].

The specific activity of the other cytosol endopeptidase CLP was not
altered in the atrophied muscle (Table 11). Similar observation has been
made in disuse atrophy of rabbit muscles [44]. AAP is the main aminopeptid-
ase of the muscle cytosol [22]. Its activity was slightly elevated in the white
muscles of treated rabbits (Table Il). Little or no change in AAP activity has
been found in other muscle atrophies [22, 26]. Our present knowledge about
the functions of CLP and AAP is insufficient to permit a discussion of their
significance in the increased muscle protein breakdown.

In our experiments the red soleus muscle of the treated rabbits was not
atrophied (Table I). Accordingly, there were no unequivocal changes in the
protease activities in this muscle (Table I11). The resistance of the red muscle
to glucocorticoid-induced atrophy may reflect differences in protein turnover
and sensitivity to catabolic stimuli between red and white muscles [29, 34].
The differences in glucocorticoid receptor density cannot explain the differences
in hormone responsiveness [43].

The alteration in inhibitor capacities was not significant in any of the
muscles investigated (Table 1V). This fact suggests that the increase in cathep-
sin B activity (Table 11) was not due to the loss of its inhibitor. The possible
role of cathepsin B inhibitor may be the neutralization of cathepsin B-released
lysosomes to the cytosol. The trypsin inhibitor of the muscles was described
by Waxman and Krebs [53]. Its function is as yet unknown.

The mode of protease activation during steroid myopathy requires
further investigation.
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Minced rat brain deprived of cerebellum was dissociated by trituration through
stainless steel screen and nylon meshes, then by velocity sedimentation technique
free-floating perikarya were separated from cell syncytia and cellular debris. The pres-
ence of Fc-receptor and C3b-receptor activities, as well as the absence of membrane-
-bound immunoglobulin and receptor for sheep red blood cells were demonstrated on
separated perikarya of the rat brain.

The putative immune pathomechanism of demyelination diseases
including multiple sclerosis has raised interest in the surface antigenic proper-
ties of brain cells. Interspecies normal brain cell surface antigens [2, 4, 9]
and HLA antigens on human brain tumour cells [17] have been described.
Cross-reactive T-lymphocyte normal brain cell membrane antigen, TH-1,
was first detected in the mouse [14], then specific human TH-1 type antigens
common to a subset of T lymphocytes and fetal brain have been reported [6,
16]. Recently, the demonstration of Fc receptors on microglia in cell cultures
of rat brain [13], and in brain tissue sections from patients with multiple
sclerosis [11] have suggested that the microglia may be related to cytotoxicity.

In the studies to be reported we examined the whole variety of rat brain
cells separated in vitro on the basis of size, for the presence of cells with Fc
receptors, C3b receptors, receptors for sheep erythrocytes and surface IgG.

Materials and Methods

2-6 months old W istar rats were decapitated, their entire brain was removed, cleaned
of connective tissue, and trimmed of cerebellum. The cerebral tissue was dissociated by tritura-
tion through stainless steel screen and nylon meshes of 74 /im aperture, and resuspended in
sedimentation medium (SM). SM contained Eagle’s minimal essential medium with 10%
heat-inactivated fetal calf serum, 100 IU/ml penicillin, 100 p.g/ml streptomycin, and 0.1%
sodium methyl cellulose. The pH was adjusted to 7.4 with sodium bicarbonate and Hepes.
Suspensions were regularly agitated with a magnetic stirrer.

Cell separation was performed by velocity sedimentation at 4 °C [3]. The sedimentation
chamber was loaded with 5 ml of SM containing 0.5% Ficoll, 10 ml of cell suspension with
4-5x10ecells/ml in SM, 10 ml of 0.5% Ficoll in SM, 30 ml of 0.5-2% linear Ficoll gradient in
phosphate buffered saline (PBS), and 20 ml of 2% Ficoll in PBS. The filling procedure lasted
25-30 min. After 60 min sedimentation interval, 10 fractions of 7.5 ml| were collected, and
numbered in the order of collection. After separation the fractions were washed twice, centri-
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fuged at 1500 rpm for 5 min, and resuspended in Ficoll-free SM. Every fraction was examined
microscopically without fixation and staining.

Cell fractions were tested for viability by dye exclusion with 2% trypan blue in PBS
at 4 °C, and then evaluated in 3-5 min by microscopic cell countings. Separated perikarya
of fractions 3-7 were tested for Fc-receptor activity with rosette technique using human
(0 Rht) erythrocytes sensitized by 1gG anti-Rh of the Ripley type [5]. Receptors for activ-
ated C3 (C3b) were tested by yeast-complement (YC) rosette technique [15]. Sedimented
fractions were treated with [fluoresceinated goat antiserum to rat gamma-globulin to detect
membrane-bound surface 1gG [7]. Formation of nonimmune rosettes (E-rosettes) was studied
with sheep red blood cells [8].

Results

During velocity sedimentation at unit gravity the separation of particles
takes place mainly according to size [10]. Large particles sediment faster and
can thus be collected earlier. In each of the collected ten fractions particles
of characteristic size could be observed. The fluid in the cone of the column
13.26 ml approx.) was taken up by the first two fractions containing mostly
cell aggregates and syncytia. In fractions 9, 10 and partly in fraction 8, pre-
dominantly homogeneous round dense bodies, presumably free cell nuclei
(approx. 7 pm in diameter), and further subcellular particles appeared. Discrete
cellular particles—perikarya—were seen in fractions 3-7 (from 20 pm to
7 pm in diameter). High purity of characteristic cell types could not be ob-
tained in any of the fractions after a single sedimentation step which proved
to be slightly harmful to surface structures of the perikarya [12]. Thus cell
separation resulted in three groups of dissociated particles: supracellular
(fractions 1-2), cellular (fractions 3-7), and subcellular (fractions 8-10).
Fractions 3-7 were taken for marker studies. Marker properties of cellular
fractions are presented in Table I.

Table 1

Marker properties of perikarya separated from the rat brain by velocity sedimentation

Frilcolflm Viability EA-RFC YC-RFC »IgG E-RFC

3 100 + 0.0 14 +5.8 10 *0.5 -

4 93.3+4.4 11 7.2 9 #1.0 - —

5 83.3x11.1 1.2+0.7 6.8+1.8 — —

6 96.6+ 2.2 7.5+4.7 10 7.7 - —

7 100 *0.0 6.4+ 4.8 17 +4.1 - —
Average of fractions 3— 94.6+3.5 8.0+£4.6 10.5+£3.0 —

Viability of cells was based on trypan blue negativity. EA-RFC: EA rosette froming
cells, YC-RFC: cells forming rosettes with complement-coated yeast particles, slgG: surface-
immunoglobulin tested by fluorescein-labelled goat antiserum to rat gamma-globulin, E-RFC:
cells forming nonimmune rosettes with sheep erythrocytes. Values represent mean percentages
+S.E.M. Numbers of samples: n=4.

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982



Fc AND C3, RECEPTORS ON RAT PERIKARYA 55

Fc and C3b receptors were present on separated perikarya of all rats
investigated. The mean percentage of EA-rosette forming cells (EA-RFC)
concerning all the cellular fractions was 8.0%. A mean of 10.5 per 100 perikarya
formed yeast-complement rosettes (YC-RFC). Surface IgG and receptors
for sheep erythrocytes were not detected on the perikarya, thus indicating
the absence of R and T lymphocytes in the preparations.

Discussion

The efficacy of velocity sedimentation was found to depend on two
main factors, cell streaming and formation of aggregates. Cell streaming was ef-
fectively reduced by choosing the suitable cell concentration of 4-5 X 10® cells/m|
in the suspension layered onto the gradient. Clumping of cells was inhibited
by adding 0.1% sodium methyl cellulose to SM. Accordingly, trypan blue
staining cell viability was slightly affected after a single separation step. A
more effective separation by discontinuous density gradient centrifugation
caused a serious damage to the surface structure and viability of the peri-
karya [12].

To investigate surface markers of brain cells, we used freshly separated
perikarya that allowed the simultaneous demonstration of Fc and C3b recep-
tors, whereas Nyitand et al. [11] failed to detect complement receptors in
human brain tissue sections from multiple sclerosis. Data are not sufficient to
provide a detailed comparison of these findings.

The presence of Fc receptors was demonstrated not only on the mi-
croglia [11, 13] but also on neurones and myelin sheaths [1] suggesting a ubiqui-
tous character of this marker in the nervous system. Detection of C3b receptors
referred to the possible role of brain derived cells in effector mechanisms of
immune and/or inflammatory processes via the complement system. Since
fixation and staining could not be achieved using rosette techniques in wet
preparations, further studies are needed for specification of Fc and C3b
receptor positive perikarya.
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The effects of peripherally administered cholecystokinin octapeptide sulphate
ester and its unsulphated form on the active avoidance behaviour of rats were studied.
The acquisition of avoidance behaviour was impaired, while extinction was facilitated,
following cholecystokinin octapeptide sulphate ester or unsulphated cholecystokinin
octapeptide treatment. These peptides had no action on open-field activity. It is conclud-
ed that peripherally administered cholecystokinin octapeptide influences acquisition
and extinction of active avoidance behaviour and this effect is unrelated to general
motor activity of the animals.

Peripheral peptide hormones, earlier associated only with peripheral
organs, have recently been discovered in the brain [for reviews, see 15, 16].
The peptide cholecystokinin (CCK) was first identified in, and isolated from,
different brain areas of several species [3, 4, 5, 13, 14, 17, 19, 20, 22, 24, 25,
26, 27, 30, 34, 35]. There are a few data suggesting that CCK might act as
a satiety signal [for review, see 21]. Subcutaneous injection of the COOH-
-terminal octapeptide of cholecystokinin (CCK-8) has recently been shown to
produce antinociceptive effects, palpebral ptosis and sedation in mice, to
inhibit their spontaneous rearing activity and to prolong the hexobarbital-
-induced sleeping time [37, 38].

In our earlier experiments it was shown that intracerebroventricular
administration of cholecystokinin octapeptide sulphate ester (CCK-8-SE)
modified the monoaminergic system in the brain [7, 11, 12, 31, 32, 33], whereas
the unsulphated cholecystokinin octapeptide was practically ineffective [9].
It was also demonstrated that in CCK-8-NS and CCK-8-SE treated animals
the acquisition of conditioned feeding behaviour was considerably impaired,
while the latency of passive avoidance behaviour was increased as compared
to the control [6, 8].

In the present paper the effects of peripherally administered CCK-8-NS
and CCK-8-SE on the active avoidance behaviour and exploratory activity
of rats have been studied.
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Materials and Methods

1. Animals

CFY adult male albino rats, weighing 150-180 g at the beginning of the investigation
were housed, 6-6 per cage, with free access to food and tap water. The animals were kept under
controlled lighting conditions (12 h light, 12 h dark), the light period starting at 6 a.m. Ex-
periments were carried out daily between 6 a.m. and noon.

2. Apparatus

(a) Active avoidance behaviour. The experimental apparatus was a bench-jumping
conditioning box, measuring 45 X 25 X 45 cm, with a Plexiglass window in the front. A Plexi-
glass bench (13 X9 cm) was fixed on one side of the box, 7 cm above the floor. The conditioning
stimulus was the light of a 45 W bulb. The unconditional stimulus was an electric shock of
1.0 mA AC delivered to the grid floor.

(b) Exploratory activity. An open-field box measuring 60 X60 cm, consisting of 36
squares measuring 10 X 10 cm each, was used to test the exploratory activity. The apparatus
was illuminated by a 200 W bulb.

3. Procedure

(a) Active avoidance behaviour

Acquisition: an experimental session of 10 min was performed daily. Each session
consisted of 10 trials with a mean intertrial interval of 60 s (range 50-70 s). The conditioning
stimulus was presented for a maximum of 15s. If the rat jumped onto the bench during the
first 10 s (conditioned avoidance response, CAR), the conditioning stimulus was terminated.
Failure of performance was associated with the unconditional stimulus in the third 5s of the
conditioning stimulus period. The avoidance training criterion was 80% or more CARs during
three consecutive days.

Extinction: after having reached the criterion of learning, the animals were subjected
to extinction. During extinction, the conditioning stimulus was not followed by electric
shock (unconditional stimulus).

(b) Exploratory activity

Open-field exploratory activity was scored by counting the number of squares crossed,
and the number of rearing, grooming and defecation activités during a 3 min session on three
consecutive days.

4. Treatment

Cholecystokinin octapeptide sulphate ester (CCK-8-SE) and unsulphated cholecysto-
kinin octapeptide (CCK-8-NS) were synthetized by Penke et al. [23]. Peptides were dissolved
in physiological saline solution and given intraperitoneally in doses of 4 nmol/kg (5 /xg/kg)
and 400 nmol/kg (500 /tg/kg) in a volume of 1.0 ml/kg. Control animals received physiological
saline solution in a volume of 1.0 ml/kg. All treatments were carried out 1 h before the session.

5. Statistical evaluation

The nonparametric ranking tests of Kruskal-W allis and Wilcoxon [36] were used
for statistical analysis of data. A probability level of 0.05 or less was accepted as the level of
significance.
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------ CONTROL (N=11)

------ CCK-8-NS.  ANMOLE/KG,IP. (N=12)
------ CCK-8-NS, 400 NMOLE/KG, IP (N=11)

—u- CCK-8-SE, 4 NMOLE/KG, IP. (N=15)
........ CCK-8-SE, 400 NMOLE/KG, IP. (N=12)-

Fig. 1. Effect of two different doses of CCK-8-NS and CCK.-8-SE on acquisition of active
avoidance behaviour. Number of animals is shown in brackets

Results

CCK-8-NS and CCK-8-SE in a 400 ninol/kg dose (Fig. 1) resulted in
a decline of the conditioned avoidance performance during the second three
days of acquisition (p < 0.05 versus control). The 4 nmol/kg dose of these
peptides had no effect on the acquisition.

Active avoidance behaviour
extinction

------ CONTROL  (N=11)

------ CCK-8-NS, 4 NMOLE/KG, IP (N=12)
------ CCK-8-NS, 400 NMOLE/KG, IP. (N=11 )
------ CCK-8-SE, 4 NMOLE/KG, IP (N=15)
........ CCK-8-SE, 400 NMOLE/KG, IP (N=12)

Fig. 2. Effects of two different doses of CCK-8-NS and CCK-8-SE on extinction of active
avoidance behaviour
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CCK-8-NS in 4 and 400 nmol/kg doses and CCK-8-SE in a 400 nmol/kg
dose caused facilitation (p < 0.05) of the extinction (Fig. 2).

Neither CCK-8-NS nor CCK-8-SE treatment could change ambulation
or the number of grooming, rearing and defecation activities in the open-
-field test (Table I).

Table |

Effects of intraperitoneal administration ofcholecystokinin octapeptide sulphate ester and unsulphated
cholecystokinin octapeptide in two different doses on the open-field activity of rats 1 h following
injection

Number of occasions on which activity was displayed*]
Dose

(nmolkg) Ambulation Rearing Grooming Defecation

Control 0 29.0%£4.0 4.2+0.7 2.8+0.3 2.8+0.3
CCK-8-NS 4 43.0%£7.7 7.7£1.7 3.0£0.7 2.7+x0.3
CCK-8-NS 400 34.0£5.0 6.0+1.0 2.7+0.7 2.7+0.3
CCK-8-SE 4 41.3%£6.0 6.3+0.7 4.0+0.7 3.3+x0.3
CCK-8-SE 400 22.3+4.3 4.0+0.7 2.0+0.7 1.9+0.3

*Mean value £+S.E.M. (n= 10-12) during a 3 min session on three consecutive days

Discussion

CCK is one of the gastrointestinal peptides which have been identified
in the brain. Although its physiological role is unknown, evidence has accumul-
ated implying that this peptide might play a role in the central regulation of
satiety. Several groups have shown that peripheral [21, 28] or central [2,
29] administration of CCK or related analogues inhibits eating behaviour
in fasting animals. In our previous experiments it was demonstrated that
intraperitoneally administered CCK-8-NS and CCK-8-SE were able to damage
the acquisition of conditioned feeding behaviour and to facilitate the extinc-
tion of conditioned feeding behaviour [6]. On the other hand, these peptides
increased the latency of passive avoidance behaviour of rats, showing that
CCK interfered with retrieval and/or consolidation processes [8].

In the present study both CCK-8-NS and CCK-8-SE slightly diminished
the acquisition and facilitated the extinction of the active avoidance behaviour
of rats, showing that these CCK octapeptides also interfere with fear-motivated
behaviour. The action of these peptides on peripheral organs (pancreas, gut,
etc.) could have caused discomfort, which might have affected the motor
activity. However, this can be ruled out, since the peripheral effects of CCK-
-8-SE are much stronger than those of CCK-8-NS [1, 18] and in our study
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there were no differences in any of the parameters of the open-field activity.
On the other hand, these peptides display similar actions on the active avoid-
ance behaviour following their intracerebroventricular administration [10].
The similarity between the influence of peripherally and centrally adminis-
tered CCK-8-SE and CCK-8-NS suggests that these peptides interact with
central nervous mechanisms independent of the route of administration.

fo

=

[N

10.

11.

12.

13.
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The escape of radioiodinated serum albumin (RISA) from the circulation and
lymphatic albumin transport was investigated in anaesthetized rabbits. The fraction
of RISA escaping each hour from the circulation was 0.0932 £+0.0075, lymphatic albu-
min transport in the thoracic duct was 0.0389 £+0.0026 in the hepatic lymph trunk
0.0115+0.016, in the intestinal trunk 0.0122+0.0037 and in the renal lymphatics
0.0185+0.0021. About 78% of the lymph and 91% of albumin transported by the
thoracic duct originated from the abdominal and renal lymphatics. The ratio of albumin
escape from the circulation versus lymphatic return was 2.36. From the first slopes of
the lymphatic RISA activity curves the albumin escape rates were calculated and found
to be 1.89 in the liver, 2.32 in the kidney, 0.69 in the intestine and 0.20 g h-1kg-1
tissue weight in the leg (skin). The lymph vessels returned 17% of the escaped albumin,
from the liver about 12% from the intestines and almost all from the kidneys. A very
strong correlation (r=0.996) was found between lymph to plasma albumin concentra-
tion ratios and the first slopes of the RISA equilibration curves, proving that pro-
tein concentration in the lymph is determined by the rate of protein escape from the
capillaries and that the rates obtained from the first slopes of the RISA cpm/g albu-
min in lymph per RISA cpm/g albumin in plasma equilibration curves are a measure
of capillary permeability to protein.

A substantial fraction of plasma proteins is located in the interstitial
fluid outside the vascular system, and there is a constant exchange between
the intravascular and extravascular protein pools. It has been generally
assumed that the mechanisms involved in the process are the leakage of
protein molecules from the capillaries by a flow dependent (convection)
process or by some mechanism independent of water flow (diffusion or vesicu-
lar transport) and subsequently the retransport into the circulation of the
escaped macromolecules by the lymphatic system [3]. The escape of plasma
proteins from the circulation was estimated by the kinetic analysis of the
early disappearance of labelled serum proteins from the circulating plasma.
Comparison, however, of the albumin transported by the lymphatic system
has revealed that only a fraction of the escaped albumin is returned by the
thoracic duct lymph which represents at least 80% of total body lymph
flow. It has been calculated that in the dog thoracic duct albumin transport
is equal only to 46.6% of the amount leaving the circulation [10].

On the other hand it has been shown [10, 15, 17] that labelled albumin
introduced into various tissues or serous cavities and enzymes escaping from
injured cells are removed not only by the lymphatics but also by the blood
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stream. These observations have demonstrated that macromolecules may
pass from the tissues into the blood capillaries. It has been assumed that the
large molecules move in the direction opposite to convective flow by diffusion
or vesicular transport. Consequently the net flux of macromolecules is equal
to the difference between outward movement and inward movement and it is
determined mainly by the transvascular concentration gradient of the respect-
ive molecule. The lymphatic transport of macromolecules is essentially equal
to their net flux. There are, however, no data about the relationship between
the escape of macromolecules from the circulation and their lymphatic return.
The calculations cited previously are based on data obtained in different
groups of animals in experiments not aimed at the solution of this question.
In the present investigations the escape of labelled protein from the circulation
and the lymphatic protein transport were therefore studied simultaneously i
the same group of animals. In other animals the contribution to transcapillary
protein exchange was studied in regions where protein leakage from the capillar-
ies is known to be important.

It has been pointed out already by Stariting [9] that the regional differ-
ences observed in the protein concentration of lymph may result from differ-
ences in capillary permeability. The rate of exchange of injected labelled
protein or other macromolecules between plasma and lymph varies also from
tissue to tissue. The equilibration is more rapid in the regions where the protein
content of lymph is relatively high [1, 5, 6, 11, 12, 13]. These findings are
also consistent with differences in blood capillary permeability to macro-
molecules. Consequently, the movement of the labelled protein molecules from
plasma to lymph may reveal data on the permeability characteristics of regio-
nal capillaries.

Materials and Methods

The experiments were made on rabbits of both sexes with an average body weight of
3.36+0.25 kg. The animals were anaesthetized with pentobarbital (35 mg/kg) additional
anaesthetic being injected whenever necessary. The animals were divided into 3 groups. In
Group 1the thoracic duct was cannulated by a polyethylene tube on the left side of the neck.
In these animals prenodal crural lymph was also collected in the second hour of the experi-
ment. In Group 2 of the animals the hepatic lymph trunk in the liver hilum and the intestinal
trunk were simultaneously cannulated. In these animals leg lymph was collected in the 4th
hour. In Group 3renal lymph was collected. This was done by two different methods. In about
half of the animals, in contrast to the situation in the dog, the renal lymph vessels unite into
a single duct. In these animals one of the renal lymph trunks, usually the left, was cannulated
with a plastic tube and the total flow rate of renal lymph was calculated by multiplying the
collected amount by two. In animals where the renal lymph trunk could not be cannulated
the abdominal thoracic duct was ligated below and above the orifice of the renal lymphatics
and a cannula was introduced into this part of the duct. All other lymphatics joining the
cannulated part of the duct were tied off. No difference was detected between the results
obtained by the two methods of lymph collection therefore the data were pooled in a single
group. In all experiments lymph was collected in 30-min periods for 4 hours. Radioiodinated
serum albumin (RISA) was introduced in a single intravenous bolus at the beginning of the
lymph collection and plasma samples were obtained also at half hourly intervals.
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Total protein concentration in plasma and lymph samples was estimated according
to Lowry. Albumin was estimated by microzone electrophoresis. Radioactivity was measured
in a weli-type Na/TI scintillation detector. Plasma and lymph activities were normalized by
dividing with total injected radioactivity.

Total circulating albumin mass was calculated from the plasma albumin concentration
and circulating plasma volume. The latter was estimated from injected total radioactivity
and plasma activity extrapolated to zero time. In the subsequent periods eventual changes of
plasma volume were calculated from arterial blood haematocrit. Albumin escape rate from
the circulation was obtained by the analysis of the exponential curve of the disappearance of
RISA from the circulation. Lymphatic return rates were calculated from lymphatic albumin
concentration, the hourly output of lymph and circulating albumin mass. All values are
computed for 1 kg body weight.

The results in the tables and figures are means +SEM.

Results

Escape of radioiodinated albumin. The slope of the plasma decay curve
(K;) was 0.093270.0075 in Group 1 with cannulated thoracic duct, in Group 2
(cannulated abdominal vessels) it was 0.093170.0026 and in Group 3 (cannul-
ated renal lymphatics and ligated abdominal thoracic duct) 0.086321-0.0052.
Thus in the rabbit about 9% ofthe introduced RISA and by inference the same
fraction of the circulating albumin mass leaves the circulation each hour.

Lymph flow and lymphatic albumin return. Lymph flow rates fluctuated
during the 4 hours of observation but the differences between the periods
were not significant (Fig. 1). The average hourly thoracic duct lymph output
was 2.3670-32 ml h-1 kg-1, hepatic lymph flow was 0.493;i;0.135 ml h_] kg-""1,
the intestinal flow 0.6182R0.165 mill-1 kg-1 and finally renal lymph flow
was 0.743+0.137 ml h-1 kg-1. The total output from the 3 cannulated regions
was 1.86 ml min-1 kg-1 or 78.6% of the thoracic duct lymph flow. Thoracic
duct albumin transport was calculated as being 39.82b3.8 mgh-1kg-1;
10.421229 mg h*“ 1h_1 was transported by the hepatic lymph trunk, 11.02hL 6
was obtained from the intestinal trunk and 14.72bL2 was transported by the

Table |

Extravascular circulation of plasma proteins

Thoracic duct Hepatic trunk Intestinal trunk Renal lymphatics

N 8 n 12 16
Lymph flow,

mlh-1kg-1 236 £0.23 0.493 + 0.059 0.618 *0.055 0.743 +0.070
Total protein, g/1 35.0 +2.9 48.6 + 3.8 33.3 +4.0 37.8 +2.2
Albumin, g/1 18.8 +1.5 22.4 + 0.8 16.2 +1.1 215 +1.2
L/P albumin 67.9 +1.8 87.7 +10.5 63.3 +7.6 80.5 +8.2
Albumin transport,

mg b-1kg-1 40.15 +2.87 11.05 + 161 10.45 +2.87 1470 +1.26
Albumin transport/cir-

culating albumin 0.0389+0.0185 0.0122+ 0.034 0.0115+0.041 0.0185+0.0029
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Fig. 1. Lymph flow rates in thoracic dnct, renal lymphatics, and intestinal and hepatic trunks
of anaesthetized rabbits
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Fig. 2. Lymphatic albumin transport in anaesthetized rabbits

renal lymphatics (Fig. 2). The total albumin transport in the 3 regions was
36.2 mg h_10r 90.9% of the thoracic duct transport. Obviously the comparison

of the data obtained from 3 different groups of animals may lead to errors,
as will be discussed later.
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The rate of thoracic duct return of albumin was calculated as being
0.0389ib0-0026, i-e-an amount corresponding to nearly 4% ofthe total circulat-
ing albumin mass was retransported by the thoracic duct each hour. The
transport rates in the hepatic, intestinal and renal lymph vessels were 0.022"
~0.0016, 0.011570.0037 and 0.018570.0021, respectively, adding up to
a cumulative rate of 0.0422, which is higher than the albumin transport in
thoracic duct lymph. The discrepancy is due to the differences in circulating
albumin mass. The animals of Groups 2 and 3 had lower serum albumin
concentrations and plasma volumes than those of Group 1. The differences
are greater than can be accounted for by the individual differences between
the animals and they are probably due to the more traumatising procedures
required for the cannulation of abdominal and renal lymph vessels.

Equilibration of labelled albumin in lymph. The appearance of RISA in
lymph is shown in Fig. 3. The rise of lymphatic activity was very fast in the
hepatic lymph, renal and intestinal lymph being slower. The slowest increase
of activity was observed in crural lymph which originates from the skin

2 3

Fig. 3. Appearance of RISA in lymph after a single bolus intravenous injection; activity
curves and first slopes of the curves

The same order was evident in the equilibration, i.e. the increase of specific
radioactivity. Figure 4 shows the increase of lymphatic specific activity as
a function of plasma specific activity (cpm g albumin 1 in lymph/cpm g
albumin-1 in plasma).
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Lcpm-goltfl
Pcpm-galb™”1

Fig. 4. Equilibration of RISA in the lymph (cpm g albumin-1) and first slopes of the curves

Equilibrium was not attained even in the liver, where the escape of the
labelled albumin was very fast. At the end of the 4th hour of the experiment
the specific activity ratio in the liver lymph was 0.94, in the mixed thoracic
duct lymph 0.66, in the intestinal one 0.40, in the renal lymph 0.67 and,
finally, 0.36 in the leg lymph.

Discussion

Relationship between protein escape and lymphatic return. Most methods
of lymph collection probably lead to an underestimation oflymph flow. Liver
lymph is, for example, collected in the hepatic hilum. Several lymph vessels
run, however, upwards with the hepatic veins. It was estimated in the dog that
about 30% of liver lymph is transported by vessels other than the hepatic
lymph trunk [16]. Furthermore not all of the intestinal lymph is carried by
the main intestinal trunk. Several small vessels can be seen in the mesentery
not joining this duct. From their number and caliber we estimated that they
may carry as much as 20 to 30% of the intestinal lymph. In the rabbit the
division of the thoracic duct in two branches is not uncommon [4] and there
may also be several small branches joining the veins. In the present exper-
iments the subsidiary branches were ligated and the main trunk cannulated,
nevertheless some vessels may have escaped detection. However, average
thoracic duct lymph flow rate in the present study (2.17 mlh-1kg_1) is
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similar to that reported in the literature (2.2 ml h-1) for anaesthetized rabbits
[8], and it is not without significance that the majority of authors observed
very similar flow rates in a variety of animals ranging from rat to horse [7].
It cannot be excluded that not all lymph is collected in every animal but it
can be safely assumed that the values presented here are not agross underestim-
ate of the true thoracic duct lymph flow and albumin transport. It should
be added that about 20% of the lymph formed in the body is not collected
by the thoracic duct but is carried to the circulation via other vessels (right
duct, right cervical trunk, etc.).

The escape of labelled albumin from the circulation is usually calculated
in the early stage, i.e. in the first 30 to 90 min after its injection. This seems
to be justified since labelled molecules accumulate progressively in the intersti-
tial fluid. The analysis of plasma decay curves after a bolus injection shows,
however, that there is only a single exponential slope up to the time when
equilibration is attained between the intravascular and extravascular albumin
pools. This is reached in different animal species in 8 to 24 hours. The equilib-
rium is, however, a dynamic one, i.e. the outward movement of albumin is
equal to its return by the lymph plus the inward movement by diffusion
and/or vesicular transport. In the present study lymphatic return is eliminated
by cannulating the thoracic duct, while the inward movement of albumin
molecules begins from the moment they appear in the extravascular fluid.
Accordingly, calculations made from the exponential plasma activity curves
may underestimate the outward movement of albumin molecules. The initial
stage of the plasma activity curve has been plotted therefore on a linear
scale and it was estimated that in the first 30 to 60 min the hourly escape
rate may be about 0.131, i.e. about 40% higher than calculated convention-
ally from the exponential curve. Accordingly, both outward movement of
albumin from the circulation and total lymphatic return might be underes-
timated by as much as 20 to 40%. The ratio of 2.36 for albumin escape to
lymphatic return obtained in the present study may be therefore very nearly
correct. In the dog this ratio calculated by a different method from data
compiled from various experiments and from the literature attained 2.15 [10].
This means that in the normal animals less than half of the plasma protein
escaping from the capillaries is returned by the lymphatic system.

Regional capillary permeability and extravascular circulation. The analysis
of regional transcapillary exchange is doomed by several difficulties. Only the
amount of protein transported by the lymphatics can be measured. In the
present study lymph flow per kg liver weight was 14.3 mlh-1. This is about
the half of the value observed in dogs [2, 14]. Accordingly, 316 mg kg-1
albumin is transported every hour from the liver. Albumin leakage is surpris-
ingly high in the kidney. At a lymph flow rate of 116 mlh 1 per kg organ
weight albumin escape was 2319 mg h-1 (Table I1).
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Table N

Albumin movement into the tissues and lymphatic removal
ing h~"kg-1 tissue weight

Tissue K1 Escape LI}’G’R]%TIZTC
Liver 0.00855 1.89 0.32
Kidney 0.00469 2.32 2.16
Intestine 0.00122 0.69 0.085
Leg 0.00037 0.20 (0.008)*

*From “missing” thoracic duct lymph.

It is difficult to estimate the mass of gastrointestinal tissue drained by
the intestinal lymph trunk. Assuming that this corresponds to about 10 to
15% of body mass lymph production would be 4 to 6 ml h“1per kg and albu-
min transport around 85 mgh_1kg—x

Assuming that thoracic duct lymph not accounted for by hepatic,
intestinal and renal lymph production comes chiefly from muscle and skin
which represent about 50% of the body mass, albumin transport from these
tissues would be as a rough approximation 8 mgh-1kg-1. That the basic
assumption is not totally unfounded is corroborated by the fact that the
albumin concentration of the lymph “missing” from the thoracic duct is
11.7 g/1 and the actual concentration found in leg lymph is 12.6 g¢/1.

The appearance of the labelled albumin in the lymph might be a measure
of regional capillary permeability. However, the rate of indicator appearance
declines with time. This is a consequence of the accumulation of labelled
albumin in the extravascular fluid and of the decrease of the transcapillary
concentration gradient. The first slopes of the lymphatic concentration curves
(KL) were therefore obtained by linear extrapolation (Table Il, Fig. 3). Assum-
ing that the concentration of labelled protein in lymph and tissue fluid are
equal, the amount of albumin moving from the circulation into the tissue can
be calculated as follows

Alb. mg h*“1kg“1= KLMA V

where MA is the circulating albumin mass in mg and V is the extravascular
interstitial fluid volume in ml per kg organ weight.

Unfortunately no data are available about the extravascular interstitial
fluid volume in the individual tissues of the rabbit. As an approximation the
values for rats obtained from another study were used. Table Il shows that
the computed albumin escapes into the tissue fluid. It can be concluded that
the amount of protein escaping from the capillaries per unit tissue weight
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is similar in the liver and the kidney, while in the liver only about 17% of
the escaping albumin is carried away by the lymph vessels. In the kidney the
lymphatics transport almost all albumin filtered or diffusing into the tissue
fluid. Albumin escape rate in the intestines is about one third of the renal or
hepatic values and the lymph vessels transport again only about 12% of the
albumin moving out from the blood capillaries.

The crural lymph vessels carry mostly skin lymph. Albumin escape
calculated from the appearance of RISA in the lymph is about 10 times
slower than in the liver and kidney. The comparison of albumin escape into
the leg (skin?) with the lymphatic albumin transport calculated from the
“missing” thoracic duct lymph is not made because it would be loaded with
many unverifiable assumptions.

In the 4 hours of the experiment full equilibration of radioiodinated
albumin with the unlabelled molecules is approached only in the liver lymph.
In other regions the RJR p is lower, and it decreases in the same order as the
L/P albumin concentration ratio. This proves only the obvious: the greater
the permeability of the capillaries, the higher will be the protein concentra-
tion in the lymph flowing from the organ. The analysis of the curves in Fig.
4 shows, however, that the rate of RL/Rp equilibration decreases with time.
In the course of the analysis the first slopes of the curves were considered.
A non-linear correlation with a hyperbolic regression line was found between
the first slopes and the -L/P albumin concentration ratios, accordingly a
linear correlation exists between the L/P ratios and the reciprocals of the
slopes, i.e. of the equilibration times (T). The correlation coefficient of this

Fig. 5. Relationship between equilibration constants (K) obtained from the first slopes in
Fig. 4 and the L/P albumin concentration ratios. The straight line shows the relationship
between the equilibration times (7 ) and the albumin concentration ratios
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relationship was extremely high (r = 0.996). The reciprocal of the rate con-
stant KL is equal to the time (T) during which equilibrium is attained if the
equilibration would proceed at the initial rate. The extremely close correlation
means that the protein concentration in lymph (and tissue fluid) is determined
by the rate of protein movement from the capillaries and that the rate con-
stant obtained from the first slope of the equilibration curves is a measure of
the capillary permeability to albumin.
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The three true cholinesterase inactivating factors isolated from the venom of
Dendroaspis angusticeps, when tested on isolated pharmacological test objects showed
potentiation of contractile responses to endogenously released as well as exogenously
applied acetylcholine. The fractions are distinct and separate polypeptides which were
confirmed by the determination of their molecular weight and electrophoretic mobility.

In our previous study we have shown that the whole venom of Dendro-
aspis angusticeps possesses anticholinesterase activity. Column chromatography
of the venom yielded three fractions with anticholinesterase activity with
maximal inhibition against true cholinesterase.

In the present paper, attempts were made to characterise by molecular
weight determination the three fractions which have been shown to be distinct
compounds. Anticholinesterase activity of each fraction has been further
tested on suitable pharmacological test preparations.

Materials and Methods

Sodium dodecyl sulphate (SDS) polyacrylamide gel electrophoresis

Gel electrophoresis [5] was carried out in the presence of sodium dodecyl sulphate
(SDS) using standard molecular weight markers (BDS). Sample loads of the crude venom or
the fractions were 600 //gt 11%. The electrophoresis was done at 8 mA per tube for 3 hours
at 4 °C with bromophenol blue as tracker dye.

The gels were stained with Kenacid blue R and destained with 7.5% glacial acetic

acid. Mobility was expressed as the ratio of the distance moved by t_@_g_Pro_t_g_l_q__)_(___l_(_)_O_.

distancemoved by the tratker dye
Electrophoretic mobilities were plotted against log,0 of the molecular weight of the marker
standards (BDH product No. 44223 2U). By comparing the mobility of the protein fraction
with those of the markers, a close estimate of the molecular weight of the unknown protein
was obtained.

*The work reported here was undertaken in partial fulfilment of the requirements for
the degree of PhD of University of Nairobi.

Acta Physiologica Academiae Scientiarum Hungraicae 60, 1982



76 J. WANGAI et al.

Pharmacological experiments

The isolated cholinesterase inhibiting fractions were tested on isolated rabbit jejunum,
rectus abdominis muscle of the frog and coaxially stimulated guinea pig ileum [3].

The guinea pig ileum was mounted between two coaxially situated platinum electrodes.
Parameters of electrical stimulation were: frequency, 0.2 Hz; pulse width, 2 msec; voltage,
90 Y. The duration of stimulation was 2 min.

Results

SDS polyacrylamide gel electrophoresis

Polyacrylamide gel electrophoresis was performed on the whole venom
as well as on fractions displaying inhibitory activity on mouse brain cholines-
terase. These fractions obtained by column chromatography on CM-Sephadex
C-25 were designated DalY (T24), Day|l (T24) and T39.

Fig. 1. SDS polyacrylamide gel electrophoresis of anticholinesterase fractions of the venom of

Dendroaspis angusticeps. Bands are numbered sequentially from the point of application of

the whole venom or fraction. Whole venom or fraction ioad was 600 fig per tube. Electro-
phoresis was carried out at 8 mA per tube for 3 hours

10sec

Mobility expressed as a per cent referred to that of bromophenol blue

Fig. 2. Semi-log plot of molecular weight against percentage mobility on SDS gels of standard

molecular weight markers (MW 14 300-71 500). Mobility expressed as percentage referred

to that of bromophenol blue (tracker dye). Molecular weights of the markers: monomer 14 300;
dimer 26 600; trimer 42 900; tetramer 57 200; pentamer 71 500; hexamer 85 800
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Eleven bands were obtained after electrophoresis of the whole venom.
Fraction DalV showed one major dark band while Davl and T3 produced one
band each (Fig. 1).

Table I shows the molecular weight values of these proteins (from each
fraction). These values were obtained from the standard curve in Fig. 2 plotted
from the results obtained by electrophoresis of standard molecular weight
markers.

Table 1

Molecular weight of cholinesterase inhibiting fractions obtained by column chromatography of the
crude venom of Dendroaspis angusticeps

inhibiting fractions  mobility  Molecular weight

DalVv

Band 1 13 70 800
Band 2 25 50 100
Band 3 37 34 700
Band 4 40 30 900
Band 5 43 28 800
Davl 13 70 800
T 65 14 300

The fractions DalV, DaVl and T39 obtained by column chromatography
of the venom were tested on the above preparations. The period of incubation
of each fraction with the tissue was 20 min.

Contractions of the rabbit jejunum were elicited by acetylcholine
(0.01 jUg/ml). The contractile response to acetylcholine was again tested after
addition of the fractions DalV (4.8 pg/ml), DaVv1 (1.5 [xg/nil) and T39 (1.5 /ig/ml).
There was potentiation of the contractile réponse after addition of each of the
fractions (Figs 3A, 4A, 5A).

Similarly, fractions DalV (12 /xg/ml), DaV1 (0.8 /g/ml) and T39 (1.5 ug/ml)
potentiated the response of coaxially stimulated guinea pig ileum (Figs 3B,
4B, 5B).

Contraction of the frog rectus abdominis muscle was elicited by acetyl-
choline (0.05 jUg/ml). The contractile response to the same dose of acetyl-
choline was potentiated after addition of each of the fractions DalV (23 p.g/ml),
DaYl (23 f,g/ml) and T39 (20 pg/ml) to the organ bath (Figs 3C, 4C, 5C).
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Fig. 3. Effect of fraction DalY isolated from the venom of D. angusticeps on coaxially stimul-
ated guinea pig ileum, acetylcholine induced contractions of| rabbit jejenum and frog rectus
abdominis muscle. A(a) Acetylcholine (0.01 /tg/ml) induced contractions of rabbit jejunum.
(b) Potentiation of contractile response to acetylcholine 20 min after addition of fraction
DalV (4.8 /tg/ml). Volume of bath, 10 ml. B(a) Contractions of coaxially stimulated guinea pig
ileum (6, c) potentiation of contractile response after addition of DalV fraction (12 /tg/ml).
Volume of bath, 10 ml. Parameters of stimulation: frequency 0.2 Hz, pulse width 2 msec,
voltage 90 V. Duration of stimulation 2 min. C(a) Acetylcholine (0.05 /tg/ml) induced contrac-
tions of frog rectus abdominis muscle. (6) Potentiation of contractile response to acetylcholine
20 min after addition of fraction DalV (23 /tg/ml). Volume of bath, 20 ml
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Fig. 4. Effect of fraction DaV | isolated from the venom of D. angusticeps by column chromato-
graphy on the acetylcholine induced contractions of frog rectus abdominis muscle, isolated
rabbit jejunum and coaxially stimulated guinea pig ileum. A(a) Acetylcholine (0.01 /(g/rnl)
induced contractions of rabbit jejunum. (6) Potentiation of contractile response to acetyl-
choline 20 min after addition of fraction Davl (1.5 fig/ml). B(a) Contractions of coaxially
stimulated guinea pig ileum. (6, c) Potentiation of contractile response after addition of fraction
DaVv 1 (0.8 jJUg/ml). Parameters of stimulation same as in Fig. 3B. C(a) Acetylcholine (0.05 /tg/m1)
induced contractions of frog rectus abdominis muscle. (6) Potentiation of contractile response
20 min after addition of fraction DavI (23 //g ml)
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Fig. 5. Effect of fraction T39 isolated by column chromatography from the crude venom (D.
angusliceps) on acetylcholine induced contractions of frog rectus abdominis muscle, isolated
rabbit jejunum and coaxially stimulated guinea pig ileum. A(a) Acetylcholine (0.01 /ig/ml)
induced contractions of rabbit jejunum, (b) Potentiation of contractile response to acetyl-
choline 20 min after addition of fraction T39(1.5//g/ml). B(a) Contractions of coaxially stimulat-
ed guinea pig ileum. (6, ) Potentiation of the response after addition offraction T39(1.5 //g/ml).
Parameters of stimulation the same as in Fig. ZB. C(a) Acetylcholine (0.05 /ig/ml) induced
contraction of frog rectus abdominis muscle. (6) Potentiation of contractile response 20 min
after addition of fraction T 39 (20 //g/ml)
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Discussion

The study confirms the cholinesterase inhibiting activity of various
fractions of the venom of Dendroaspis angusticeps. The fractions potentiated
the contractile response of exogenously applied acetylcholine on the guinea
pig ileum and the frog rectus abdominis muscle as well as the endogenously
released acetylcholine in the coaxially stimulated guinea pig ileum. The
potentiating effect of these fractions on the pharmacological preparations
could be explained on the basis of inhibition of acetylcholinesterase enzyme.

An acetylcholinesterase inactivating factor was found in the venom
of Naja atra [1]. It is nony known that the inactivating factor corresponds
to one of the cardiotoxins contained in the venom [2]. This has been confirmed
in our earlier work where fraction T39 has been shown to be cardiotoxin [4].

These fractions are distinct and separate polypeptides with varying
cholinesterase inhibiting activity, which has been confirmed after determina-
tion of their molecular weights. Of them, DalV had the highest molecular
weight while T39 the lowest. Their percentage mobility was also different with
T3having greater mobility (65%) than DaY landD alY (Band 1) which possessed
the least mobility (13%), being a heavier polypeptide.
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Three fractions were isolated from the venom of Dendroaspis angusticeps by
column chromatography on CM-Sephadex C-25. All the three fractions were shown
to possess acetylcholinesterase inhibiting activity. The toxicity of the fractions as
tested on mice were variable. Although the toxic signs were identical, fraction DaY|l
was highly lethal (LD50 1.9 fig/g) whereas fractions DalV and T39 were less lethal, the
LDS5i being 3.6 |Ug/g and 4.1 fig/g respectively. The three fractions significantly inhibited
true acetylcholinesterase to the extent of 91-95%.

In the course of our experiments on Dendroaspis angusticeps venom it
was found that the whole venom reversed the blocking effects of d-tubocurarine
on the isolated rat phrenic nerve diaphragm.

The present work was undertaken to establish whether D. angusticeps
venom possesses anticholinesterase activity. Three cholinesterase inactivating
factors have been isolated by column chromatography and their cholinesterase
inhibiting property has been characterized by a biochemical method.

Materials and Methods

Column chromatography

The venom was fractionated by column chromatography on CM—Sephadex C-25 accord-
ing to the method of Patel and Excell [9]. Samples of 100 mg of the venom dissolved in
0.005 M sodium phosphate buffer (pH 6.0) were applied to the equilibrated resin in a column
of 30 X2 cm. Elution was carried out at room temperature with a two-stage solium phosphate
linear gradient buffer system. The flow rate was 30 ml per hour and 7.5 ml fractions were
collected after passage through a UY analyzer (280 nm) connected to a potentiometric recorder
(LKB system).

The protein content of each fraction was determined [5].

Cholinesterase inhibiting activity

True cholinesterase was obtained from the homogenate of mouse brain [6]. Whole
brains removed from three freshly decapitated mice were homogenized in 0.25 M sucrose
solution at 4 °C. After centrifugation at 4000 r.p.m. for 20 min, the solution was decanted
from the cell debris.

*This work reported here was undertaken in partial fulfilment of the requirements for
the degree of PhD of University of Nairobi.
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A 0.2% (v/v) brain supernatant was utilized for the experiments. Pseudocholinesterase
was obtained from the plasma of adult rats after bleeding, a 2% (v/v) solution of plasma being
used. The assessment of cholinesterase inhibiting activity of the venom was carried out by the
method of Ellman et al. [2]. Enzyme activity was determined by adding 0.1 ml of the enzyme
solution to the reaction flask containing 4.9 ml of sodium phosphate buffer (0.2 M: pH 8.0)
of 5,5-dithiobis-2 nitrobenzoic acid (DTNB: 0.01 M). The hydrolysis was started by adding
0.1 ml of 0.05 M acetylthiocholine and snake venom to the reaction flask. Control experiments
without the venom were performed on a flask containing only the enzyme. The absorbance
at 412 nm was determined at intervals of 2 min up to 6 min.

Percentage inhibition by the venom was calculated from the residual cholinesterase
activity. The cholinesterase activity in the control experiments was considered 100%.

Measurement of LD 50

The toxicity of each fraction was assayed in mice (National Health Laboratory strain:
17—23 g) by i.p. injection. The required concentration of the toxic dose was made up in normal
saline and the volume of injection did not exceed 0.1-0.2 ml. The LD60 and slope function
were calculated by the method of Litchfield and Wilcoxon [4].

Desiccated whole venom obtained from Baringo Snake Farm (Nakuru, Kenya) was kept
in a referigerator at 4 °C prior to use.

Statistical analysis of the data and the level of significance was determined at 99%
confidence limits. Values of P greater than 0.01 were considered not significant.

Results

Column chromatography

Column chromatography of the venom (100 mg) on CM—Sephadex C-25
using phosphate buffer for elution produced a profile with nine peaks as
illustrated in Fig. 1. Protein recovered as estimated in all fractions was 84%
of the total proteins present in 100 mg of the venom. Among the nine fractions
isolated, fraction DalV (Tube 24) constituted 29% of the total proteins followed
by fractions DaYl (15%) and T39 (2%) corresponding to tubes 28 and 39,
respectively. The LD50 and slope function values of these fractions (Table 1)

Table |

LD 50 and slopefunction of the crude venom and fractions of Dendroaspis angusticeps on mice

LDs0(ip) in

Fraction mice(pg/g) Slope function Potency ratio*
Crude venom 2.4(2.2-2.6) - 1
Dolv 6.3(5.2-7.5) 1.23(1.13-1.34) 0.4
Davli 1.9(1.3-2.8) 1.71(1.47-1.98) 1.3
T 4.1(3.2-5.2) 1.32(1.19-1.46) 0.6

*The potency ratio of crude venom in mice was considered 1.
Figures in parentheses denote 95% confidence limits.
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Fig. 1. Column chromatography of Dendroaspis angusticeps venom on CM—Sephadex C-25.
Elution pattern of D. angusticeps venom (100 mg) on a CM Sephadex C-25 column (30 X 1.0 cm)
using a two-stage sodium phosphate buffer system. Gradient: (i) 0.005 m (pH 6.0)-0.2 M
(pH 7.3); (ii) 0.2 M (pH 7.3)-0.5 M (pH 8.0). Elution was carried out at room temperature.
Shaded areas represent fractions DalY, DaV |l possessing anticholinesterase activity. Fraction
T3, showed zero absorbance but contained 100 Mg/ml of protein (see text for explanation)

showed that fraction DaVl exhibited the highest toxicity compared with the
rest of the fractions. The toxic symptoms produced in mice by each fraction
were almost identical. Flaccid paralysis and convulsions preceded death from
respiratory failure within a few hours.

Cholinesterase inhibiting activity

Rat plasma, 0.1 ml in a total volume of 5.0 ml hydrolysed acetylthio-
choline iodide (0.05 M) at the rate 0f 0.090 6 absorbance units per minat 412 nm.
Er1iman [2] showed that the extinction coefficient for a molar solution of the
coloured anion formed in the reaction between released thiocholine and DTNB
to be 1.30X 10-2. Thus the rate of hydrolysis of the substrate is given by the
formula:

Rate of hydrolysis = ——-A X V—nmoi/mjn
' J 1.36X1HO -2

where AA is the rate of change in absorbance units and V is the volume of
the solution in ml. Thus the rate of hydrolysis of acetylthiocholine by 2% rat
plasma is 33.3 nmol/min.

Similarly 0.2% of mouse brain homogenate hydrolysed acetylthiocholine
(0.05 M) at the rate of 0.190 absorbance units per min. Thus the rate of hydro-
lysis by 0.2% mouse brain homogenate is 69.8 nmol/min.
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Fig. 2. Effect of snake-venom on the in vitro hydrolysis of acetylthiocholine by rat plasma and

mouse brain homogenate. Ordinate: residual cholinesterase activity (%). Abscissa: concentra-

tion of venom (ug/ml). g ------- 4o hydrolysis of acetylthiocholine by 2% rat plasma (pseudo-

cholinesterase); a ------- A hydrolysis of 0.2 mouse brain homogenate (true cholinesterase).
Each point represents mean of 18 estimations; horizontal bars denote +SE

Whole snake venom at different concentrations inhibited the hydrolysis
of acetylthiocholine by rat plasma or mouse brain homogenate (Fig. 2).

Table Il shows that the whole venom at a concentration of 0.16 /ig/ml
inhibited cholinesterase activity in rat plasma by 57% whereas cholinesterase
activity in the mouse brain homogenate was inhibited to a maximum of 94%.
The enzymic activity in rat plasma was not completely abolished even when
high doses (500 jUug/ml) of the venom were used. The three fractions exhibited

Table 11

Inhibition of true and pseudocholinesterases (ChE) by whole venom of
Dendroaspis angusticeps

Rate of hydrolysis i ityE Percent
of acetylthiocholine* Mean 'es'ﬂ/:alcgg activity inhibition oftotal
nmol/min + SE activity
True Pseudo
True ChE Pseudo ChE True ChE Pseudo ChE ChE ChE
Controls 69.8+5.1 33.3+2.0 100 100 — —
Whole venom
*
(0.16 /tg/ml) 4.1£0.4%« 14.240.7** 5.9+0.S 42.6+2.3 94 57

* Rate of hydrolysis of acetylthiocholine in the controls was taken as 100%.
**Values were significantly (P < 0.01) different from the controls.

maximal inhibition of true cholinesterase at concentrations as low as 0.04 jug/ml
(Table I11). The residual true cholinesterase activity of these fractions was
significantly different (p < 0.01) from the controls. The control experiments
were performed without addition of the venom or fraction, the buffer acting
as control.
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Table 11

Inhibition oftrue cholinesterase in the mouse brain homogenate after treatment with fractions isolated
by column chromatography of the crude venom of Dendroaspis angusticeps on
CM-Sephadex C-25

Rate of Mean residual
No. Fraction hydrolysis of true . Percent
_of (0.04 fxg/ml)  acetylthiocholine  cholinesterase inhibition of
estimations (nmol/min +SE) (%+SE) total activity
18 Controls* 69.8+5.1 100 -
12 DalVv 5.5+x0.4 7.9+0.6 92
12 DaVvl 3.6x0.3 5.2+0.4 95
12 T39 6.0£0.4 8.6+0.5 91

*Values were significantly different (P < 0.01) from the controls which were performed
with the buffer only.

Discussion

The discrepancy between our results and those of Barrett and Har-
vey [1] could be attributed to the use of intact chick biventer cervicis muscle
as their source of true acetylcholinesterase. It is generally known that in many
species and particularly in the chick the enzyme activity decreases about
20-fold between hatching and adulthood [7, 8]. Besides the acetylcholin-
esterase enzymes found in avian tissues particularly those of the chick show
intensitivity to specific inhibitors of true and pseudocholinesterase [3].

In the present study, whole venom inhibited only true cholinesterase.
There was residual hydrolysing activity in the rat plasma and the percentage
inhibition of total activity of the enzymes was 65% in the presence of a large
amount (500 /ig/ml) of the venom. Activity of the enzyme in mouse brain
homogenate was considerably reduced and high percentage inhibition (94%)
was obtained with very low concentration (0.16 ~g/ml) of the venom. lon
exchange chromatography of the whole venom yielded three fractions which
in very low doses were shown to exhibit maximal inhibition of acetylthio-
choline by mouse brain homogenate.

Fraction T39 had near zero ultraviolet absorbance but a considerably
high protein concentration. The fraction is probably deficient in aromatic
amino acids (tyrosine, tryptophan and phenylalanine) and hence shows low
absorbance [10].

Mouse brain homogenate [6] exhibits exclusively true cholinesterase
activity and hydrolyzes acetylcholine at a higher rate than other choline
esters. On the other hand, rat plasma [7] contains large amounts of propionyl-
cholinesterase the properties which differ in various respect!.
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The significant difference in the LDS0 of these fractions confirms that

the fractions have a distinct toxicity of its own which is not dependent on
other substances present in the venom.
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The effect of calcium chloride injected into the cerebral ventricles of group-
-housed unanaesthetized cats upon vocalization (rage, hissing and snarling), fighting
(attack with paws and claws, defense with paws and claws and biting), mydriasis,
tremor and clonic-tonic convulsions produced by carbacol and eserine injected similarly
was investigated. Calcium chloride depressed or almost completely abolished the vocali-
zation and fighting due to carbachol and eserine. On the other hand, mydriasis, tremor
and clonic-tonic convulsions evoked by carbachol and eserine were not significantly
changed by calcium chloride. It is apparent that calcium chloride can “dissociate”
vocalization and fighting from autonomic and motor phenomena such as mydriasis,
tremor and clonic-tonic convulsions caused by carbachol and eserine. Calcium chloride
inhibited the vocalization and fighting produced by carbacol and eserine most probably
by a nonspecific stabilizing action on central muscarinic cholinoceptive sites. These
results further support the view that calcium ions in excess have an atropine-like action
also in the central nervous system.

Cholonomimetics and anticholinesterases injected into the hypothalamus
[10, 23, 24, 31] or into the cerebral ventricles [1, 2, 4, 5, 13, 14, 16, 20, 21]
of cats are known to evoke emotional behaviour and aggression associated
with autonomic and motor responses. In addition, it was found that these
drugs injected into the cerebral ventricles of conscious cats elicited aggressive
behavioural phenomena mainly by an action on central muscarinic cholinocep-
tive sites [1,4,5]. Similarities in the ganglionic action of calcium and atropine
have already been pointed out [30]. Moreover, it was shown that the sensitiv-
ity of the longitudinal muscle of guinea pig ileum to muscarinic drugs depended
on the concentration of calcium in the bathing medium [3, 7]. In the light
of these observations it seemed worth to investigate whether calcium in
excess possess also an atropine-like action on central muscarinic cholinoceptive
sites.

Materials and Methods

Cats of both sexes weighing between 2 and 4 kg were used in the experiments with
injections being made into the left lateral ventricle. A Collison cannula, described by Feld-
berg and Sherwood [12], was screwed aseptically into the skull through a hole which was
drilled and taped 7 to 8 mm from the zero line and 4 to 5 mm from midline during pento-
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barbitone sodium (35-50 mg/kg i.p.) anaesthesia. The lower end of the cannula shaft was made
of polythene tubing with a side opening 1 mm from its closed tip and positioned with the
lumen towards the foramen of Monro. Dye studies post-mortem indicated that the injected
material passes from the lateral ventricle into the third and fourth ventricles. Postoperatively,
penicillin was administered intramuscularly and an interval of 5 days had been allowed to
elapse before the cats were used for the experiments.

The substances injected into the cerebral ventricles were dissolved in sterile and pyrogen-
-free 0.9% sodium chloride. The solutions were injected by hand from a 1 ml syringe under
aseptic conditions in a volume of 0.1 ml over a period of 15-20 seconds and washed with 0.1 ml
of saline under the same conditions as the substances. All the tested animals, thereafter, were
observed for a period of 4 hours and intermittently for 24 hours.

In this study vocalization, fighting, mydriasis, tremor and clonic-tonic convulsions
were observed, measured and scored in a wire mesh cage measuring 110x130x150 cm. On
the day of the experiment the cats were habituated for at least 1 hour before the intracerebro-
ventricular injection of drugs. The duration of vocalization, fighting, mydriasis and tremor
was measured and clonic-tonic convulsions were scored by two experienced observers. Both
observers were blind with regard to the applied drugs. The correlation coefficient for these
checks ranged consistently between 0.92 and 0.98.

Statistical analysis was performed for the duration of vocalization, fighting, mydriasis
and tremor using analysis of variance, while for the appearance of clonic-tonic convulsions
the chi-square test was used.

The applied compounds were: calcium chloride, carbachol chloride and eserine sulphate.
The drug doses and concentrations refer to the salts.

Results

The fighting behaviour is best studied when several cats are kept to-
gether in the same cage [4, 5]. Singly-housed cats present only vocalization
without fighting [4, 5]. Therefore in these experiments group-housed (4-6)
cats were used.

In control experiments injections of 0.3 ml 0of 0.9% NacCl into the cerebral
ventricles of 4 unanaesthetized cats did not produce any visible behavioural,
autonomic or motor changes. However, seldom a transient miaowing was
noted.

Carbachol, eserine and aggressive behaviour

The most impressive effects of intracerebroventricular carbachol
(0.01-0.03 mg) and eserine (0.4-1 mg) are various emotional changes (restless-
ness, irritability, rage, fear and threat) and aggression (attack, defense and
fighting).

In carbachol and eserine treated cats any sudden movement of the cat
often triggered the attack, the aggression occurring even when the other
cats remained motionless. The animals crouched, trembled, retracted their
ears, jumped, hissed and snarled, and attacked each other with paws and claws.
Intermittent periods of adynamia lasting from a few seconds to a few minutes
occurred after enhanced motor activity. Finally, the cats savagely bit each
other, although in the initial part of the attack the animals clearly used their
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Fig. 1. The effect of calcium chloride on vocalization caused by carbachol (A) and eeerine (B).
In A, o - e various single doses of carbachol, 0 ------ 0 calcium chloride in concentration
of 13.6 mmol plus carbachol, a - A calcium chloride in concentration of 33 mmol plus
carbachol and v ——T calcium chloride in concentration of 68 mmol plus carbachol were
injected into the cerebral ventricles of unanaesthetized cats. In B, « e various single
doses of eserine, O ------- O calcium chloride in concentration of 13.6 mmol plus eserine, a -------- A
calcium chloride in concentration of 34 mmol plus eserine and V¥ ------- v calcium chloride in
concentration of 68 mmol plus eserine were injected into the cerebral ventricles of unanaesthe-
tized cats. Ordinate, duration of vocalization in minutes. Calcium chloride was injected 15
to 20 minutes prior to intracerebroventricular carbachol (A) or eserine (B). Each symbol
represents the mean of four experiments. Each cat was used only once for the experiment.
**p < 0.01

claws. Vocalization (rage, hissing and snarling) and fighting (attack with paws
and claws, defense with paws and claws and biting) were the main character-
istics of aggressive behaviour. As shown in Figs 1 and 2, vocalization and
fighting were dose-dependent and long lasting.

Carbachol, eserine and autonomic and motor effects

The aggressive behaviour produced by carbachol (0.01-0.03 mg) and
eserine (0.4— mg) injected into the cerebral ventricles of unanaesthetized cats
was associated with autonomic (mydriasis, salivation, piloerection, dyspnoea,
defecation and urination) and motor (scartching, circling, tremor, rigidity
and weakness with adynamia) phenomena. Of these symptoms mydriasis and
tremor were the most characteristic ones. However, mydriasis (Fig. 3) and
tremor (Fig. 4) produced by interacerebroventricular carbachol and eserine
were less dose-dependent while lasting longer than the vocalization and fight-
ing produced by these drugs.
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Fig. 2. The effect of calcium chloride on fighting caused by carbachol (A) and eserine (B).
In A, » -—-+ various single doses of carbachol, O ---—--- O calcium chloride in concentration of
13.6 mmol plus carbachol, a —----A calcium chloride in concentration of 34 mmol plus carba-
chol and T — v calcium chloride in concentration of 68 mmol plus carbachol were injected
into the cerebral ventricles of unanaesthetized cats. In B, ¢ ------ e various single doses of
eserine, O -—-- O calcium chloride in concentration of 13.6 mmol plus eserine, a —-—-A
calcium chloride in concentration of 34 mmol plus eserine and V¥ ------- v calcium chloride in
concentration of 68 mmol plus eserine were injected into the cerebral ventricles of unanaesthe-
tized cats. Ordinate, duration of fighting in minutes. Calcium chloride was injected 15 to 20
minutes prior to intracerebroventricular carbachol (A) or eserine (B). Each symbol represents
the mean of four experiments. Each cat was used only once for the experiment.
*P < 0.05, **P < 0.01

Carbachol only in doses of 0.03 mg and eserine in doses of 0.8 and 1 mg
injected into the cerebral ventricles of unanaesthetized cats evoked clonic-
-tonic convulsions (Fig. 5).

Effect of calcium chloride on vocalization and fighting produced by carbachol
and eserine

In this series of experiments calcium chloride (13.6-68 mmol) was
injected 15 to 20 minutes before carbacol (0.01-0.03 mg) and eserine (0.4-1 mg)
into the cerebral ventricles of unanaesthetized cats. The vocalization as well
as the fighting response to carbachol and eserine were inhibited by calcium
chloride (Figs 1 and 2). Calcium chloride in low concentrations had no effect
on the vocalization and fighting produced by carbachol (P > 0.05), while
depressing the vocalization (P <[ 0.01) as well as fighting (P <C0.05) evoked
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1 Eserine
Control ,13.6mmol. .3ATTO!, 68Trriol(

CacCl,

Fig. 3. The effect of calcium chloride on mydriasis caused by carbachol (A) and eserine (B).

Ordinate, duration of mydriasis in minutes. The first three columns (hatched) in A and B

represent the control experiments. Calcium chloride was injected into the cerebral ventricles

of unanaesthetized cats 15 to 20 minutes prior to intracerebroventricular carbachol (A) or

eserine (B). Each column represents the mean ;5.K.M. of four experiments. Each cat was
used only once for the experiment

by eserine. By raising the concentration of calcium chloride to 68 mmol the
vocalization and the fighting caused by carbachol and eserine were almost
completely abolished (P <T 0.01).

Effect of calcium chloride on mydriasis, tremor and convulsions caused by carbachol
and eserine

Mydriasis (Fig. 3) tremor (Fig. 4) and clonic-tonic convulsions (Fig. 5)
produced by intracerebroventricular carbachol (0.01-0.03 mg) and eserine
(0.4-1 mg) were not significantly (P 0.05) altered when calcium chloride
(13.6—68 mmol) was injected into the cerebral ventricles of unanaesthetized
cats 15 to 20 minutes prior to the administration of these drugs.
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Control 136 mmol, ,34 mmol, ,68 mmol
CacCl,

Fig. 4. The effect of calcium chloride on tremor caused by carbachol (A) and eserine (B).

Ordinate, duration oftremor in minutes. The first three columns (hatched) in A and B represent

the control experiments. Calcium chloride was injected into the cerebral ventricles of un-

anaesthetized cats 15 to 20 minutes prior to intracerebroventricular carbachol (A) or eserine

(B). Each column represents the mean +S.E.M. of four experiments. Each cat was used only
once for the experiment

Discussion

The effect of calcium ions on the nervous system are complex and
numerous [28]. The most important of these effects are the stabilization of
electrogenic membranes and the participation in the neurotransmitter re-
lease [30]. The action of calcium chloride in the present experiments is, therefore,
best to analyze considering transmitter release and postsynaptic membrane
functions.

Kuno and Rudomin [19] reported that an increase in the calcium level
had no significant effect on the amount of acetylcholine release, measured
in the effluent from the perfused lumbosacral cord. Furthermore, Bjegovic,
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Fig. 5. The effect of calcium chloride on convulsions caused by carbachol (A) and eserine (B).

Ordinate, percentage of cats showing convulsions. The first three columns in A and B represent

the control experiments. Calcium chloride was injected into the cerebral ventricles of un-

anaesthetized cats 15 to 20 minutes prior to intracerebroventricular carbachol (A) and eserine

(B). Each column represents the mean of four experiments. Each cat was used only once for
the experiment

Randic and Padjen [6] obtained variable results with solutions containing
twice the normal concentrations of calcium chloride on the acetylcholine release
from the stimulated and unstimulated cortex of the cat. In the present ex-
periments calcium chloride in excess inhibited vocalization and fighting, while
it had no significant effect on mydriasis, tremor and clonic-tonic convulsions
produced by carbachol and eserine. If calcium chloride acted through increased
release of acetylcholine, vocalization, fighting, mydriasis, tremor and clonic-
-tonic convulsions evoked by carbachol and eserine would have been enhanced.
Alternatively, diminished release of acetylcholine due to excess calcium could
contribute to the inhibitory effect of the ion. Since the predominant site of
action of carbachol and acetylcholine is the postsynaptic membrane it is
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hard to believe that the inhibitory effect of calcium chloride in excess was due
to the insufficient release of acetylcholine.

The predominantly postsynaptic site of action of calcium in the central
nervous system has already been pointed out [17, 18, 29]. In addition, an
increase in the amount of calcium in the cerebrospinal fluid depresses the
autonomic reflexes [21] and produces a sleep-like state in freely moving cats
[2, 15]. An atropine-like action of calcium in the sympathetic ganglia has also
been established [30]. Moreover, it was shown that the sensitivity of the
contractile response in the longitudinal muscle of guinea-pig ileum to muscar-
inic drugs was reduced when the bathing fluid contained increased amount
of calcium [3, 7]. Similarly in the present experiments when the concentration
of calcium chloride in the cerebrospinal fluid was elevated the carbachol-
and eserine-induced vocalization and fighting responses were depressed or
almost completely blocked. On the other hand, the increase of the calcium
concentration in the cerebrospinal fluid failed to affect significantly mydriasis,
tremor and clonic-tonic convulsions. Of equal interest is that the elevation
of magnesium in the cerebrospinal fluid in unanaesthetized cats depressed or
abolished the vocalization and the fighting evoked by intracerebroventricular
injections of carbachol and eserine [25]. However, carbachol- and eserine-
-induced tremor was not appreciably changed [26]. By contrast, atropine
blocked the tremor caused by carbachol injected into the cerebral ventricles
and into the caudate nucleus of the cat [1, 8]. In this context it should be
mentioned that no change was found in the tremorigenic action of tremorine
after simultaneous intracaudate injections of atropine and tremorine [9].
An interesting finding is that intracerebroventricular magnesium blocked the
convulsions caused by eserine, but had no effect on convulsions caused by
carbachol [25, 26].

The antagonism by calcium chloride of vocalization and fighting pro-
duced by carbachol and eserine appears to be related to an action on the central
atropine sensitive cholinoceptive sites. As reported previously atropine blocked
the vocalization and fighting responses evoked by carbachol and eserine [27].
However, atropine in suitable doses blocked the convulsions, but not the
vocalization and the fighting caused by carbachol and eserine [27]. In high
doses atropine abolished vocalization, fighting as well as the clonic-tonic
convulsions produced by carbachol [1]. In the present experiments calcium
depressed or abolished the vocalization and the fighting responses, but not
the convulsions elicited by carbachol and eserine. Similarly calcium in excess
has been shown not to significantly change the sensitivity of the end-plate
region of striated muscle to applied acetylcholine [11]. One of the possible
explanation is that pharmacologically heterogenous cholinoceptive sites
are present in the central nervous system and that only some of these sites
are sensitive to the blocking action of calcium. The finding that calcium inhib-
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ited the cholinoceptive sites in the central nervous system, which are also
inhibited by atropine, indicates that these sites are probably sensitive to the
inhibitory action of nonspecific neuronal stabilizers.
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Recensiones

A. H. Adrian, E. Helreich, H. Holzer, R. Jung, O. Krayer, R. J. Linden, F. Lynen,
P. A. Miescher, J. Piiper, H. Rasmussen, A. E. Renold, U. Trendelenburg, K. Ulrich,
W. Vogt, A. Weber (eds)

Reviews of Physiology, Biochemistry and Pharmacology
Vol. 89. Springer Verlag, Berlin, Heidelberg, New Y ork 1981. 254 p., 39 figures. Price US $ 43.80

One could say that each review published in this series belongs to the standard texts
within the field. As in the earlier ones, in the present volume, too, the topics are of current
interest and they offer valuable information for both the specialist and for those in teaching
who wish to become acquainted with recent aspects of old problems.

There are three reviews in the present volume. The first by Ph. D. Snashall and J. M.
Hughes deals with lung water balance, a subject important in clinical physiology. It gives
a sound theoretical introduction which includes pressure relationships, and one finds a critical
evaluation of the techniques available for measurement of lung water. The next chapter by
D. D. Bikle, R. L. Morrissey, D. T. Zolock. and H. Ramussen is a most needed review
on the intestinal response to vitamin D. It summarizes the recent data in this rapidly expand-
ing subject and the reader is told that apart from the accepted effect of vitamin D derivatives
on the appearance of calcium-binding proteins in the intestinal epithelium there are some
effects of the vitamin-D hormone independent of de novo mRNA synthesis. The chapter ends
with a novel model of vitamin D action on the gut and it includes an impresive list of 476
references. The third review by P. D. di Pramero discusses the energetics of muscular exercise.
It begins with a historical introduction and after this there is a rigorous physical treatment of
efficiency. The greatest part of the paper however, deals with the whole-animal and human
approach including oxygen debt. The list of references after each review includes full titles of
the quoted papers.

The book begins with the obituitary of Walter Wildbrandt, a pioneer in biological
membrane transport, written by E. Heinz, giving for future generations a felicitous picture
of this great man of science.

A. Fonyé

E. Altenahr, W. Bocker, G. Dohm, W. Gusek, Ph. U. Heitz, G. Kl1oppel, H. Lietz,
H. Mitschke, W. Saeger, H. J. Schafer, J.-J. Staub, H. Steiner (eds)

Pathologie der endokrinen Organe

Springer Verlag Berlin, Heidelberg, New York 1981. Two volumes, 1309 p., 669 figures.
Price DM 780 approx. US $ 409.50

The two volumes are published in the series “Spezielle pathologische Anatomie” (eds:
W. Doerr and G. Seifert). This comprehensive handbook was written by twelve authors,
all outstanding pathologists in the Federal Republic of Germany and Switzerland. The two
main features of this handbook are the functional view of endocrine disorders and the presen-
tation of data obtained with up-to-date morphological methods (electronmicroscopy, immuno-
histology, cytochemistry). Emphasis is laid on human pathology. Experimental data are
quoted only exceptionally for the explanation of complicated relationships between various
organs or regulatory processes.

The first eight chapters recall the traditional classification of endocrinology: pituitary
gland, pineal body, thyroid gland, parathyroid gland, endocrine pancreas and diabetes mellitus,
adrenal cortex, adrenal medulla, and vegetative ganglia. The 9th chapter deals with the phy-
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siology and pathology of diffuse endocrine cells, i.e. hormone production by non-endocrine
organs. The next chapter is an excellent survey of pluriglandular endocrine disturbances with
special emphasis on autoimmune diseases. The last chapter deals with paraneoplastic endo-
crine syndromes. Each chapter begins with an anatomical, embryological and histological
introduction. This is followed by a concise description of present knowledge on hormone
synthesis, the mode of hormone action, and the regulation of hormone secretion by the gland
in question. The latest discoveries of endocrinology including e.g. the molecular anatomy of
peptide hormones, may be found in these subchapters. In this way the book is a very useful
handbook of physiology for pathologists. The subsequent subchapters deal with pathological
disorders according to conventional classifications (developmental disorders, circulatory
disorders, metabolic diseases, hyperplasia, tumours etc.).
The handbook is illustrated with excellent photomicrograms.
A. Spat

A. Azzi, U. Brodbeck, P. Zahler (eds)

Membrane Proteins. A Laboratory Manual
Springer Verlag, Berlin, Heidelberg, New York 1981. 256 p., 76 figures. Price US $ 22.30

This small paperback volume contains the protocols of the FEBS-SKMB course on
membrane proteins organized in Bern in 1980. The Swiss courses have gained international
reputation in the last years and it is a valuable contribution to international research activ-
ity that techniques employed have become available in booklet format also for those who
could not participate in person. The single chapters are written by scientists of international
reputation, all of which being familiar with the method described.

The first part deals with analytical techniques including two-dimensional electropho-
resis, quantitative detergent-electrophoresis, two-dimensional thin-layer chomatography and
the combination of gas liquid chromatography and thin-layer chromatograpy as applied for the
study of membrane components, proteins as well as lipids. In the second part methods of
protein isolation are described with particular emphasis on affinity chromatography. Re-
constitution techniques for various transport systems are discussed in the third part. Some of
them give minute details which are essential for successful reconstitution but are usually
omitted from other publications for lack of space. This section includes experiments with the
pure acetylcholine receptor, the mitochondrial ADT/ATP carrier, the purple membrane and
the anion transporter protein of the red blood cell membrane. Modification techniques are
given in the fourth part, including crosslinking. Various other techniques for the investigation
of membranes are described in the next two sections, including spin-labelling, fluorescence
spectroscopy, potentiometric dyes and circular dichroism measurements. Essential references
are given after each method.

The reviewer considers this book not only useful but even indispensable in laboratories
where graduate students and post-doctoral fellows do membrane research. Many of the proto-
cols may even be of value to senior staff members who finished their studies at a time when
many of these methods had not yet been known.

A. Fonyo

I.J. Chopra

Triiodothyronines in Health and Disease

Monographs in Endocrinology. Vol. 18. (Ed.: Gross, F.). Springer Verlag, Berlin, Heidelberg
New York 1981. 145 p., 76 figures and 18 tables

The new analytical techniques, mainly the specific radioimmunoassays of the 1970s
revealed several iodothyronines in human biological fluids, including reverse triidothyronine
(rT3), diidothyronines, acetates of thyroxin (T4 and T3 etc.). This monograph gives an over-
view of thyroid physiology and biochemistry, with special emphasis on the production, biolog-
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ical effects and analysis of triiodothyronines. Special attention is paid to the following problems:
1. Is T4a prohormone of T3or is it also a hormone? 2. Is rT3a biologically effective product?
3. What factors control the monodeiodination of T4to T3and rT3? 4. W hat factors are respons-
ible for the changes in the ratio of the concentration of T3 and rT3 in various physiological
and pathological conditions? 5. W hat is the potency of various triiodothyronines in suppress-
ing TSH?

The monograph contains nine chapters as follows: Description and history; Transport
of iodothyronines; Molecular structure and biological function of triiodothyronine (by Y.
Cody); Concentration of T3and rT3in serum and other biological fluids; Kinetics of peripheral
metabolism and production rates of T3; Sources of T3s; Control of production of T3s from T4;
Routes of T3 metabolism; Biological effects of iodothyronines.

The monograph contains about 500 references to studies conducted between 1969
and 1978. It provides an excellent introduction into modern thyroid physilogy for physiologists
and clinicians.

A. Spat

Robert M. Dowben and Jerry W. Shay (eds)

Cell and Muscle Motility
Plenum Press, New York and London 1981. X1V -f- 400 p., 115 figures and 7 tables. Volume I.

This is the first member of a new multivolume series envisaged to present recent advan-
ces in the study of various aspects of the motile systems. The book contains 10 chapters written
by outstanding experts of the field.

Chapter 1: Contractile function as a determinant of muscle growth by Radovan Zak.
Chapter 2: Studies of sarcomere length by optical diffraction by Roger McCarter. Chapter 3:
The sarcoplasmic reticulum of skeletal and cardiac muscle by Giuseppe Inesi. Chapter 4:
Myosin phosphorylation: A biochemical mechanism for regulating contractility by Roger
Cooke and James T. Stull. Chapter 5: Fine-structural and related aspects of nonmuscle-cell
motility by lan K. Buckley. Chapter 6: The role of intermediate (10-nm) filaments in the
development and integration of the myofibrillar contractile apparatus in the embryonic
mammalian heart by John W. Fuseler,Jerry W. Shay, and Howard Feit. Chapter 7: Creat-
ine kinase and intermediate filaments in cultured mammalian cells, by Barry S. Eckert,
Stephen J. Koons, and C. Richard Zobel. Chapter 8: Polymorphic assemblies of tubulin by
Paul R. Burton. Chapter 9: Action structure in fibroblasts: Its possible role in transformation
and tuinorigenesis by Patricia F. Maness. Chapter 10: Nuclear magnetic resonance studies
of muscle constituents in living tissue by C. Tyler Burt.

The book supplies important of information for those interested in the vast field of cell
and muscle motility. The book can be recommended to all researchers and workers in cell
biology, biochemistry, physiology, molecular biology, biophysics and microbiology.

E. Varga

H. L. Koénig, A. P. Krueger, S. Lang and W. Sénning

Biologic Effects of Environmental Electromagnetism
Springer Verlag, New York 1981. 332 p., 1942 illustrations. Price US $ 75.70

This volume is an important member of the series “Topics in Environmental Physiology
and Medicine” edited by K. E. Schaefer.

The book covers nearly all the diverse topics related to the biological effects of natural
as well as artificial environmental electromagnetic fields, electric and magnetic fields, air
ions and other phenomena of atmospheric electricity, being the first comprehensive treat-
ment of these subject. It even deals with parapsychological observations, heliobiology etc.,
luckily for the volume’s reputation only in the Appendix. Perhaps some other chapters like
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“Project seafarer” and “The divining road phenomenon” would also have their place in the
Appendix rather than in the neighbourhood of such well-developed topics as e.g. “The electro-
magnetic environment”, “Electrophysical forces of natural origin”, “Biological activity of
the material accessible and useful to a wide array of readers including public health officials
and researchers, physicians, biologists, engineers, veterinarians, city planners and architects,
environmentalists, meteorologists, and all specialists involved in the production and utiliza-
tion of electric and electromagnetic energies. The basic statements and conclusions of the book
should became an integrative part of our general culture.

E. Monos

Peter, J. Morgane and Jaak Panksepp (eds)

Behavioural Studies of the Hypothalamus

Handbook of the Hypothalamus. Vol. 3. Part A.
Marcel Dekker, New York, Basel 1980. 499 p. Price SFr. 195,00

This part ofthe Handbook ofthe Hypothalamus deals with the role of the hypothalamus
in regulating body temperature, water and energy balance, feeding and drinking behaviour
and alertness. Chapter 1 by J. A. Boulant gives an excellent, well illustrated, thorough survey
of the neurophysiological basis of the hypothalamic control of thermoregulation. In Chapter 2
neurochemical mechanisms of this control are summarized by R. D. Myers in a very critical
and excellent way. The two chapters are well coordinated. Chapter 3 by T. L. Powley and
his coworkers is concerned with the role of the hypothalamus in energy homeostasis. In this
well written chapter disturbances produced by ventromedial and by lateral hypothalamic
interventions are reviewed. Chapter 4 by S. F. Leibowitz discusses noradrenergic, adrenergic,
dopaminergic, serotonergic, cholinergic, histaminergic, GABA-ergic and peptidergic systems
in relation to the control of feeding and drinking behaviour, as well as water-electrolyte excre-
tion. The complexity of the control system and the integration of multiple neurotransmitter
systems are emphasized. Description of the anatomy of the various neurotransmitter systems
does not seem to be necessary in this chapter, because it has already been dealt with in Volume
1. The last chapter by E. T. Rolls deals with the activity of hypothalamic and related neurones
in alert animals.

All research workers and clinicians interested in the homeostatic systems will find this
volume an extremely useful, stimulating and a very important source of references.

B. Halasz
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ACTA PHYSIOLOGICA

TOM 60-BblT 1-2

PE3IOME

HEMPOTOKCUKO/IOTMYECKOE WCCNELOBAHME HOBOIO BEHIEPCKOIO
MNECTNUNOA TOKCYPA3SHA

M. A3WNn, KO CNOBOAHUK, M. KAPMOLW, A WITPOTMAWEP n Ab. BAKO

ABTOpPbI BbINOAHUAW UCCNefoBaHME 06X U HEAPOTOKCUKOOMMUYECKUX CBOWCTB HOBOIO
ToTanbHOro necTuumMaa TokcypasmHa. NMpenapaT BBOAUICA KPbICam NepopasibHO B TeyeHue Tpex
MecsiLeB, 0 KonmyecTBe 1/80, 1/40 n 1/20 yactn 3HadeHmsa J150. Y »MBOTHbIX Haboanoch 3a-
Me4neHne npubasneHns B Bece. OTMevanacb ymepeHHas aHemus. [MpenapaT okasbiBan cnaboe
noBpexxgaroLLiee [eCTBME Ha MeyveHb. Pe3ynbTaTbl MUCCNEA0BaHMSA (PYHKLMM MOYEK U aHanmsa
Moun 6bUM OTPULLATENbHBIMMN.

C yBenM4eHneM umucna onbIToB NPOrpeccMpoBasio 40303aBUCKMOE CHUXKEHUE CNOCOGHOCTM
K 06yYeHMIo, KaK nokKasanu pes3ynbTaTbl 42-AHEBHbIX OMNbITOB B NnabupuHTe. MNocne nccneposa-
HWIA, BbINOMIHEHHbIX B MOKOE WM MPU MUTAIOLLLEM C Pa3HOW YacTOTON CBeTe, B KOHLIE KOPMJIEHUS
MOHM3NNACh 3NEKTPUYECKas aKTUBHOCTb KaK B KOMM/IEKCHOWN aeaTenbHocTM J3IT, TaK U B OT-
[enbHbIX ee yyacTKax.

3neKTpoHepoMuorpamyeckme 1CcCnefoBaHNs He BbISBUIN MOBPEXAAMOLLEro feAcTBUSA
necTMumaa Ha nepugepryecKyto HEPBHYHO CUCTEMY.

OnpegeneHHoe MeTogom «hot plate» naTeHTHOe Bpems peakLuW HECKONbKO YA/IMHWUAOCH.
Pe3ynbTaTbl NOKa3bIBAOT, YTO UCC/EAYeMbI MpenapaT MOXHO NMPUMEHATb TO/IbKO Ha He obpa-
60TaHHbIX CeNbCKOX03SANCTBEHHbIX Y4YacTKax.

PO/Ib UMMYHOIJTIOBYNNHA-CEKPETAITOrA B CEKPEUUWWN >XXENYAKOM
COTAHON KUCMOTHI

w. nOBbW n b. NEHKEW

Pe3yNbTaTbl NPUBOAUMbBIX B CTaTbe 3KCMEPUMEHTOB NMO3BOMSIOT CAeNAThb BbIBOA, YTO, Npu
A3Be 12-NepPCTHOM KULLIKKW, B 3HAUMTE/IbHOM YacTW CllyyaeB, 3a U3BbITOUHYHO CEKPELIMIO COMSIHOM
KUCNOTbI ABNSIETCS OfMH rNo6ynuMHceKpeTaror u3 rpynnbl 1gG, KOTopblit CBA3bIBAETCS C Mepue-
Ta/IbHLIMM KNETKaMMW TakuM 06pa3oM, UTO 06pasyeT C HAMU He KOMMJIEKC aHTUreH-aHTUTeNo a
NPUCOEANHSAACL K H2 KNETOUHbIM peLienTopam, CTUMY/IMPYeT OTAeNEHNe CONSIHOM KUCMOTbI.

TEPMUWYECKOE N XMMWYECKOE PA3APAXEHWE TEMN/IOBbIX PELIEMNTOPOB
MMMNOTANIAMYCA: BIVNAHME HA 33r

I BEHEAEK, ®. OBAT MJ1., 3. NEJIKEW n ®. OBAIJ

B onbITax Ha MMMOGU/M3MPOBAHHBIX KPbiCax U3ydanu AeiicTBME TEPMUYECKOT0 U XUMU-
Yeckoro (MUKPOMHBLEKLIMSI KancauumHa) pasapakeHuidi NpPeonTUUeckKoi 06/1acTi, cpeaHero
rMnoTasamMmmueckoro OTAena W 3agHero runotanamyca. Kak MecTHoe corpeBaHuie, Tak U BBefeHe
KancauuyHa BbI3blBaM Ha KprBoii 3 M3MeHeHUsl, HanoMWHaloLLMe TaKoBble BO BPEMsl CHa



(BepeTeHa H Mef/ieHHble BOMHbI). Hanbonee aieKTUBHBLIM C TOUKU 3PEHUS MOSIBIEHNS] BepeTeH
ObII0 pasgpaxeHue 3afHEro runoTanamyca, pasfpakeHue XXe cpefHeli yacTu runotasamyca
HanmmeHee 3hheKTUBHBIM. MOCKOIbKY KancamuyH CUUTaOT creuuimnyeckium Bo3byamTesiem Teno-
BbIX CEHCOPHbIX 06pa3oBaHWii runoTanamyca, To pesy/bTaTbl HACTOSLLMX OMbITOB YKa3blBatoT,
4TO BAMSIHME Tenna Ha I3 1, BEPOSITHO, Ha HACTYN/EHNE CHA TOXe NepeaaeTcs vepes LeHTpaslb-
Hble TEPMOPELIENTOPbI, a He ABMSAETCA CNEACTBUEM He-CreuunUYecKoro aKTUBMPOBAHUA TUMHO-
reHHbIX MeXaHW3MOB 6a3a/IbHOr0 MepeaHero mosra.

PO/b PACMNALA ®ETA/IbHOIO NrEMOIrNMOBNHA B SHEPTETUYECKOM OBMEHE
Y HEAOHOLWEHHbIX AETEN, POAMBLUNXCHA C OYEHb MAJIbIM BECOM

A. BOKAM, M. UAEW, M. TPO®, B. BIOKW n A. MEHbXAPT

ABTOpbI, 6epsi 3a OCHOBY K/MHWYeCKWe HabMOAeHWsl, WUCCNedoBany MOCTHATA/IbHOE,
YMeHbLLEHVE YPOBHSI remMOornobuHa y HefoHOLLEHHbIX AeTell, pOAMBLUMXCA nepeq 32-i Heaeneit
6epemMeHHOCTM C OUYeHb MasibiM BECOM, a TaKXKe OMpPefensi/ii B CBA3M C 9TUM KO/IMYECTBO aMMHO-
KMCOT B CbIBOPOTKE KPOBU.

OHU YCTaHOBU/N, UTO 3PUTPOLUTbI Y HE3PENbIX, HEAOHOLLEHHbIX AeTel, UMEBLLUX Masblii
BEC NPU POXKAEHNM, UMEtOT 60/1ee BbICOKYIO CKOPOCTb pacnaja B NepByto Heaesto NocTHaTa/IbHOM
YKU3HW, YeM Y 3PefibIX JOHOLLIEHHbIX HOBOPOX/AEHHbIX. C MOMOLLbI0 METOAa TOHKOC/IOMHOM MOHO-
06MeHHOI XpomaTorpaumn nNoKasasm, YTo KOHLEHTPaLUMs Nia3MeHHbIX aMUHOKMCIOT MOBbILLAET-
€A 0THACTK 3a CYET aMUHOKUC/IOT, NMOSIBASIIOLLMXCA NPU pacnaje (eTaslbHoro remorno6uHa.

MpyHMMas BO BHUMaHWe MOCNEPO0BOe 0COB0e «To/I0HOE» COCTOSIHME O6MeHa BELLECTB,
aBTOpPbI MpeanonaratoT, YTO aMUHOKMC/IOTbI, MOSIBASIOLWMECS BCeACTBUE pacnaja eTasbHOro
reMorno61Ha, MoryT Urpatb posib — NyTemM MeTaGoNmM3aL My Yepe3 roKOHeoreHes — B CHabKe-
HUW 3HEPTU1ei He[OHOLLEHHbIX AeTeli, POAVBLUMXCS C HU3KUM BECOM.

AKTVBHOCTb MHIMBUTOPOB MPOTEA3 U MNMPOTENHAS3DLI PU
3KCMNEPUMEHTA/IbHOW MWOMATWUW, BbI3BAHHOW MMKOKOPTUKOWAOM

V. LWOXAP, . HALb, . XEMHEP, 3. KOBAY n ®. T'YBA

MbI nccnefoBasin HEU3BECTHbIN AH3VMATNYECK MY MeXaHW3M YCUIEHHOMo 6eN1KOBOro pacna
[ia, KOTOpbI/i HabngaeTcs Moj BO3AENCTBMEM CTEPOMAHOW MMONAaTWMW, BbI3BaHHOM BBeAEHVEM
[eKcaMeTasoHa B TeYeHWe TpexX Hefeslb, B YHKLMOHAIbHO N BUOXUMNYECKN Pa3/IMUHbIX CKeneT-
HbIX MblLLAX Kpo/uka. lMocne BBefeHUS TIMKOKOPT MKOMAOB, ObICTPOCOKpALLAOLLAACS Noy-
nepernoHyaTtas MbillLa, UMelLwasn rNKONNTUYECKUI TUM 06MeHa BELLECTB, aTpofupoBanach, B T0
)Xe BpeMs BeC KambasoBUAHOW MblLbl, C MELNEHHbIM TUMOM COKPALLEHNS U OKUCAUTE/bHbIM
06MeHOM BelLlecTB, He M3MeHmca. Cneunduyeckas aKTUBHOCTb JIM30COMHbIX 3HAO- WM 3K30nemn-
Tngas (katencuH D, E, B n L, nM3ocomHasi kapbokcunenTtugasa A n gunentuamnnentugasa 1)
yBenmMumaacb NpubnnsnTenbHO B ABa pasa B aTpomMpoBaHHOM 6e10/ Mbllwile. AKTUBHOCTb Aeii-
CTBYIOLLEN B LMTO30/1e M aKTUBMPOBaHHOW Ca2+ HelTpasibHOW NpOTeMHasbl TOXe MOBbICUACh,
B TO )Ke BPeMs aKTMBHOCTb APYroi LMTO30MbHON 3HAOMENTUAA3bI — XUMOTPUNCUHOMOA06HOIO
3H3UMa — He M3MeHWNacb. ITW [aHHble XOPOLUO COF/acyloTCa C YXKe W3BECTHOW pasfnyYHON
YYBCTBUTENbHOCTHIO K FIMKOKOPTUKOMAAM MbILLL, pa3Horo Tuna. MonyyeHHble pesynbTaTbl Mo-
3BO/IAIOT cAenaTb BbIBO4, YTO /IM30COMHAsA 6eIKOBOpAaCLLenIaoLan CUCTEMa N aKTMBMPOBaHHas
Ca2+ HeWTpasibHas MPOTeMHasa MrpalT BaXHYH POSb B Mpouecce BHYTPUKIETOYHOrO pacLle-
nneHnsa 6enKoB, MHAYLMPOBAHHOM FIMKOKOpTUKoMaaMu. OnpegensieMas B LUTO30/1€ UHIMOK-
TOpHas aKTMBHOCTb, HampaB/ieHHas NPOTUB KaTencuHa B v TpuncuHa, nog Bo3aeicTerem obpa-
60TKN He M3MeHuNacb. V13 3aToro cnegyet, UTO aKTMBHOCTb KaTercuMHa B B 6e10i MbiLlLe €O
CTepOMAHON MMonaTvei NOBbICUIACH He M3-3a U3MEHEHUS KOHLEHTpauum NHrmbutopa.



OBHAPY>XEHWE Fc N C3s PELLENTOPOB HA MNMEPUKAPNOHAX Y KPbIC
A. TEP/l, 6. ®EKETE, M. TEPTEV n A. KOBAY

Mocne NpoaaBnMBaHWA Yepes CTasibHYH0 U HEeOHOBYHO CETKM JMLLIEHHOW MO3XeuKa
TKaHW ro/l0BHOI0 Mo3ra KpbIC, B M0/Ty4eHHOM TKAHEBOM CYCMeH31M aBTOPbI OTAE/MAN, C MOMOLLbHO
CKOPOCTHOTO 0CaX/EHUS!, CBOBOAHbIE MEPUKAPUOHBI OT KIETOUYHOTO CUHLIMTUS U KNETOYHbIX 06-
/IOMKOB. B BblfiefleHHbIX M3 MO3ra KpbIC MepnKapuoHax OHW OTMeYasnin akTUBHOCTbL Fc n C3B
PeLienTopoB, 0HAKO CBSA3aHHbIV C MeMBPaHO HMMYHIOGYIMH 1 PeLienTopbl 3pUTPOLMTOB 6apaHa
06HapYXWUTb He yAanoch.

B/IMAHNE CYJIb®ATHOIO 3CTEPA OKTAMEMNTUAA XOJIELUMNCTOKNHUWHA U HE
CYNb®ATUPOBAHHOIO OKTAMEMNTUNAA HA AKTUBHOE OBOPOHWTEJ/IbHOE
MOBEAEHWME KPbIC

M. ®EKETE, M. BOKOP, 6. MEHKE n 4. TENTEr 4N

Mb! nM3yyanu BAUsIHWE, OKa3biBaeMOe Ha aKTWMBHOe 0G0POHWTE/IbHOE MOBefEeHUE KpbiC
cynbaTHbIM 3CTEPOM OKTarenTuaa XOMeUUCTOKUHMHA U He CyNb(aTUPOBaHHbLIM XOMELUCTO-
KVHWHOM, NpU nepudepryeckom nx BeedeHun. Ob6a nentuga oTpULATE/IbHO BAMSIN Ha MpoLiecc
BbIpaboTKN 060POHMTENBHOIO MOBEAEHMS, ycunmBas ero yraweHue. Open-field akTuBHOCTbL nog
BO3/elicTBMEM MENTWUAOB JOCTOBEPHO He M3MeHsiNacb. Ha OCHOBaHWMM 3TUX [aHHbIX MOXHO AYy-
MaTb, YTO BBEAEHHbIN Mepuepryeckn OKTamnenTug X0MeLMCTOKMHMHA OKasbIBAaeT BMSAHME Ha
npoLecc BbIPaboTKN aKTUBHOMO 060POHUTENIBHOMO NMOBEAEHNAM Ha ero yratlieHue He Yepes 061yt
[BUraTeNbHyl0 aKTUBHOCTb YXXUBOTHbIX.

DPAPMAKO/IOIMMYECKAA OUEHKA W ONMPEAENTEHNE MONEKYNAPHOIO BECA
®PAKUMIMN B 3MEVMHOM AAE DEXDROASP1S ANGUSTI1CEPS, KOTOPbLIE
VHIMBUPYIOT AUETWU/IXOJ/IMH3CTEPA3Y

A. BAHTAU, K. TXAUPY, B. C. BXAPAW n 6. B. TEJTAHT

Ha 13011MpoBaHHOM (DapMaKo/IorMyeckoM TecT-06beKTe aBTOpbl M3ydasv Tpu (akTopa,
06/1aal0LLMX  CNOCOGHOCTLIO MHIMGMPOBaTL HATypaslbHYI0 aueTWUIXoMMHacTepasy. daKTopbl
YCUNMBAIN COKpaLLatoLLiee AeiiCTBME aLeTUIXO/IMHA, KaK 0CBOGOX/AI0LLLErocsi SHAOMeHHOro, Tak
N 3K30reHHOro.

®aKTopbl ABNSAOTCA PA3MYHLIMK NOMMMENTUAAMM, YTO NOATBEPXKAAETCS X PasHbIM MO-
NEKYNAPHBLIM BECOM W HEOAMHAKOBOW 3/1eKTPOBOPETNUECKON MOABUKHOCTbIO.

OMPEJENEHVE W BbIAEMEHVE TPEX ®PAKUUWA, VMHAKTUBUPYIOLLNX
ALETUNTXOJIMH3CTEPA3Y B 3MEVMHOM AJE DENDROASPIS ANOUST1CEPS

A. BAHTAU, K. TXAUPY, B. C. BXAPAW nb. B. TENAHT

C nomoubto XxpomaTtorpagmm Ha KonoHkax CM-Cedagekc O 25 aBTopbl M301MpOBav TpU
(hpakumn, KoTopble 06/1a4al0T CNOCOGHOCTBIO MHAKTMBMPOBATbL aLeTUIX0NNHICTEPa3sy.

Mpur3HaKky TOKCUYHOCTA BblIN 0AVHAKOBbLIMM, HO MPOLEHT NeTasIbHOCTM Bbl pasHbIM, Npu
NPYMeHeHUN pasHbIX (pakumin. dpakuyma Da VI BbidbiBasia BbICOKYH neTasibHocTh (LD 1,9
MKTr/T), ABe Apyrue dpakuumn 6onee HM3KyHO; y dpakuumn Da IV LD50 6bina 6,3 MKr/T, y dpakuun
T3 LD 4,1 mKr/r. Bce Tpy (pakumm 04eHb 3HaUUTeNbHO — B 91 —95% WHrnbuposann Ha-
Typa/lbHY0 XO/IMH3CTepasy.



3KCTPABACKY/IAPHbIA OBOPOT M/IASMEHHbIX BEJ/IKOB

Ab. CABO n X. MAObAP

B akcnepuMMeHTax Ha HapKOTM3MPOBaHHbLIX KPOAMKax aBTopbl M3yvanu WCUe3HOBEHWE
MeYeHHOro paguousoTonom ioga (134) anbbymmHa M3 KPOBAHOIO pycna W MOsiBMEHWE ero B
numde. Vcuesarowlan n3 KpoBoobpalleHWs MponopuMs MeYeHHOro asbbymMuHa cocTaBnsnia
0,0932 + 0,0075, BO3BpaLjalOLLasAcsa Yepe3 FPYAHOM MPOTOK (hpakums Torja >ke paBHSIACb
0,0389 + 0,0026, TpaHCNOPT Yepe3 AMM@paTNYecKne cocyabl neveHn coctasnsan 0,0L15 £ 0,0016
B yac, 4yepe3 numdaTtmyeckme cocyabl KuwevHuka 0,0123 + 0,0037 n numdatnyeckme cocyabl
noukn — 0,0185 + 0,0021. 78% >uakoctn M 91% anbbymnHa, TpaHCNOPTUPYEMbIX 4epes
rpygHoi NPOTOK, MPOUCXOAAT M3 GPIOLLHbBIX M NMOYeYHbIX AMM§aTnyeckmx cocyioB. COOTHOLLe-
HVYe MeXAy anbbyMWHOM, NOKUAAKLMM KPOBSIHOE PYC/o, U afibbyMMHOM, BO3BpaLLaoLLMMCA
06paTHO Yepes MMdaTYecKue cocyabl, coctasnsno 2,36.

OnpefgeneHne Kon4yecTBa MeYeHOro anbbymuvHa M3 MepBoro HakoHa (slope) KpuBbix
aKTMBHOCTM MOKa3aso, YTo U3 pasHbIX OPraHoB B TeYeHVe Yaca BbIXOAWT CrledytoLiiee KONMYecTBO
anbbymmHa: 13 neyveHmn 1,89 r.kr-1, ns novku 2,32 r.kr-1, ns KuweyHmka 0,69 r.kr- 1m n3 KoHeu-
HocTn (Koxa) 0,2 r.kr-1 JSlumdartmueckune cocyfbl YHOCAT 17% anbbyMuHa, BbIXOAALLErO U3
neyeHn, 12%, BbIXOAALLEr0 U3 KULLEYHNKA, U MOYTU BCE KOMMYECTBO afibOyMMHA, BbIXOASALLErO
13 KPOBEHOCTHbIX KanuinsipoB B Noyke. BbissBUnach 40BOMbHO TecHasa Koppenaumsa (r = 0,996)
MeXay KoamumeHTamy KOHUeHTpaumMm anbbymyHa B Mmde 1 nnasme 1 nepBbiMM HaK0HaMun
YCTaHOBMBLUUXCA KPYBbIX aKTUBHOCTW MeYeHoro anbbymmHa B nvmde. MNocneHee ykasbiBaeT Ha
TO, UTO KOHUEHTpauunio 6e/1KoB B IMMde onpeaensieT CKOPOCTb BbIXoAa 6e/1KOB M3 Kanuaisipos u
YTO MEPBbIA HaK/IOH KPMBOM aKTMBHOCTW, paccyMTaHHOW Ha 1 r anbbymunHa B numde/nnasme
[eCTBUTENbHO SABNASETCA Mepoii KanunispHOM NPOHMLLEaeMOCTK.

BIMAHWNE XNOPNCTOIO KANbUMA HA 3BAMETHbLIE NSBMEHEHNA MOBEAEHWA
Y KOWEK, BbI3BAHHbIE KAPBEAXOJ/IOM W 33EPMHOM

O.6. BENEWNNH, P. CAMAPA3NY, W. K. KPCTN4Yu M. LLUTPBEAY

ABTOPbI M3yyann AeiiCTBME XJIOPUCTOTO KasblWs, BBEAEHHOTO B MO3TOBOW Xenyaoyek
pyuHOIi 60APCTBYIOLLEA KOLLKKM, HA PeaKLW, Bbi3BaHHbIe BBEEHEM TaKXe B Xe/ly[o4eK Mosra
Kap6axona W 93epuHa: 3BYKOBble (LLUMMEHWe, ypuaHue), HanageHnst (HanageHus, npyu KoTOpoM
NyCKalTCs B XOf Manbl U KOrTW, 060poHUTENbHAs peaklins, Koraa Kollka yaapsieT nanoi, a
TakXKe MyCcKaeT B X0[ famnbl W KOITW), pacllMpeHne 3paqKoB, ApoXKaHue (TPEMOP) U TOHUKO-
KNOHUYECKMEe Cyl0poru. XOpUCTbIV KaslbUmii YMeHbLUAM UK MOYTW NOSTHOCTBLI0 OTMEHSIN Bbl-
3BaHHble Kap6axo/ioM 1 93epMHOM 3BYKOBbIe PeaKLMK, HO He 0Ka3blBasl JOCTOBEPHOI0 BMSIHWS Ha
Muapuas, TPEMop M TOHUKO-KOHUYecKUe cyaoporn. OUeBUAHO, UTO X/IOPUCTbINA KanbLuii MOXeT
«OT/INYATL» BOKA/IM3ALMIO 1 aTaKyHoLLY0 peakuuio OT Bbi3BaHHbLIX Kapbaxosiom 1 33epUHOM Mo-
TOPHbIX (TPEMOP, TOHMKO-K/IOHWYECKIME CyJOpOr) 1 aBTOHOMHOIO (Muapuas) aBneHnin. Xnopuc-
Thili KaNbLMii CKOpee BCEro TOPMO3W/ Bbl3BaHHbIE Kap6axo/ioM 1 33eprHOM BOKaM3aLmio 1 aTta-
KYIOLLYI0 peakuuto nyTeM He-creuuduueckoro CTabuamnsMpoBaHusl LEHTPasIbHbIX XONMHIpPIU-
YECKMX PEeLLenTOpoB MyCKapWHOBOro Tuna. MosyuyeHHble pesy/bTaTbl NO-NPeXXHEMY MOAAepPXKU-
BalOT B3I/1514], MO KOTOPOMY MOHbI KasibLysl B 60/bLLMX KOMMYECTBaX 06/1a4atoT aTponmnHo-Nogo6-
HbIM IeACTBMEM M HA LiEHTPasIbHYIO HEPBHYIO CUCTEMY.



«Acta Physiological ny6nkyT TpakTaTbl M3 061acTV 3KCNEPUMEHTa/IbHOW MegULMH-
CKOW HayKM Ha PYyCCKOM W aHTINACKOM Si3biKa.

«Acta Physiological) BbIX0AAT 0TAeNbHLIMU BbIMyCKaMM pasHOro o6bema. HeckonbKo
BbIMYCKOB COCTaBMSOT OfWUH TOM.
MpegHasHayeHHble AN Ny6AMKauum pyKonucu cnegyeT HanpaBnsiTb No ajpecy

Acta Physiologica, H-1445 Budapest 8. Pf. 294.

Mo aTomy >Xe afpecy HanpaeNATb BCAKYIO KOPPECMOHAEHUMIO ANA pefaKkuuv 1 agmu-
HUCTpaLmu.

3akasbl NpUHUMaET NpeanpuaThe Mo BHelwlHel Toproene «Kultdra» (H-1389 Budapest
62, P.O.B. 149. Tekywmii cuyeT Ne 218-10990) mnnM ero 3arpaHuuyHble MpeacTaBUTENLCTBA
MCMOMHOMOYEHHbIE.
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STATEMENT

HUNGARIAN PHYSICIANS FOR THE PREVENTION OF NUCLEAR WAR

On 12 March 1982 six hundred Hungarian Physicians, research workers and outstand-
ing representatives of the health service of the country met in the assembly hall of the Hun-
garian Academy of Sciences to sign the Statement launching the movement of Hungarian
doctors for the prevention of nuclear war. The number of those signing the document is steadily
increasing. It should be realized, however, that participation in the movement means more
than just signing a statement, it must become integral part of our every-day medical practice.

In early 1981 a committed group of American, British and Soviet doctors
initiated an international movement to prevent nuclear war. This movement
has been expanding ever since. Today, doctors from 25 countries are united
in it to achieve a goal which cannot be a matter of indifference to any doctors
who sincerely believes in his calling.

The steadily growing accumulation of nuclear weapons and missiles and
the increasing destructive power of the newer and newer weapons is threaten-
ing all of mankind and the whole global environment with catastrophe. We,
who have taken the Hippocratic Oath to devote all of our knowledge and
ability to curing our fellow-man, to alleviating pain and suffering and to pre-
venting disease must feel that it is our obligation to take position against this,
the greatest threat to human life. We are the people who are best acquainted
with the immediate and delayed destructive effects of nuclear war. The 14
kiloton uranium bomb dropped on Hiroshima in 1945 killed 100,000 people
and destroyed 60,000 buildings. Today 60,000 strategic and tactical nuclear
weapons are known to exist, and their combined destructive power in one
million times stronger than the bomb dropped on Hiroshima.

In 1970 the United States had sufficient strategic weapons to have been
able to destroy every city in the Soviet Union with a population of over 100,000
fifty times over, while the Soviet Union had twenty times the amount suffi-
cient to destroy the cities of the United States. Despite this the nuclear arms
race has continued to accelerate, which, most recently, has been combined
with an extremely rapid improvement in quality, i.e. in accuracy in aiming.

Today there are six countries (the United States, the Soviet Union,
Great Britain, France, China, and India) which have nuclear weapons that

1 Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982



104 STATEMENT

have been officially accounted. It is most probable that other countries, i.e.
Pakistan, South Africa, Israel, Argentina, Brazil and Spain also have a nu-
clear striking force.Taiwan and South Korea can easily become new members
of the group of countries with nuclear weapons.

Proclamation of the doctrine that “limited” nuclear war is possible and
that in this case the loss in civilian lives can be kept to an “acceptable” level,
while buildings and large-scale industrial bases can be protected is an irre-
sponsible and anti-humane deed. The history of our own century has twice
proved that “limited” war in Europe is impossible, even with conventional
weapons. The international and socio-political realities of today even more
strongly preclude the tenability of maintaining a possible conflict with nuclear
weapons within a “limited” framework.

The geographic and military policy situation of our country, which has
suffered heavily in destructive war, is such that a so-called “limited” nuclear
war in Europe would wipe our ten million people from the face of the Earth.

But even without the outbreak of war, a good part of the world’s eco-
nomic resources are being swallowed up by preparations for this mass destruc-
tion, which is in direct opposition to rational human thinking. The arms race
is preventing the wonderful achievements of science, technology, biology and
medicine from being used to the benefit of mankind. Even in the most advanced
industrial countries, it is seriously reducing the funds available for welfare and
culture. Today, when nee have been able to synthetize the genetic material
which controls the production of human hormones and other proteins, devel-
oped synthetic vaccine against infectious hepatitis, today when we are able
to cure a high percentage of childhood leukemia and we are on the verge to
disclose the mechanism of malignant transformation at a molecular level,
today when gene transfer may become a reality in the treatment of inherited
diseases, today when infectious diseases could be eradicated if financial means
were available, increasing military expenditure diverts scarce resources from
medicine and public health needs.

We bear an even greater responsibility if we think of the health situation
of the developing countries, which make up two-thirds of the world. Smallpox
could be eradicated by a single day’s military expenditure budget. Malaria,
which Kills millions of people and which up till notv has resisted prophylactic
measures, could be eliminated with the world’s three week military expenditure.
To conquer lethal infections, blindness and other widespread but preventable
diseases caused by lack of food, sanitation and housing, requires the coopera-
tion of every doctor in the world, not only in actual treatment but also in
fighting to raise the necessary financial means for prevention. In many coun-
tries of the world serious social inequality, and poverty destroying body and
soul alike, are also sources of conflicts, increasing thereby the threat of
nuclear war.
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The threatening horror of nuclear war damages the human psyche and
destroys normal, cultured human relations. The feeling of defencelessness in
face of danger, the continuous threat to one’s own future and the future of
one’s family undermines the faith in the sense of individual life and respect
for human values. The atmosphere of fear and misconfidence incites to brutal
and aggressive actions, and limits the possibilities for peaceful human coex-
istence.

There is but a single effective medicine against all this: action. And the
sense to this action, to this fight lies in the fact that in the 20th Century, the
role and significance of public opinion has increased. Can we, doctors, influence
public opinion ? The undersigners of this statement feel that we can.

We, doctors, have taken an oath to treat all patients in need, to alleviate
all pain, and to prevent diseases if we can, irrespectively of political or religious
belief and nationality. There are no national frontiers between doctors, we
speak a common language. We have the chance to inform one another and
our co-workers in health service. We can educate our patients about the
medical consequences of nuclear war. Together with the international move-
ment of doctors we call upon everyone to act for peace and for a reduction in
nuclear arms. We take a position calling upon the United Nations Organization
to pass a resolution banning the use of nuclear weapons just as it had banned
the use of toxic gases and biological weapons. We, doctors must explain the
almost inconceivable mass of death and environmental destruction caused by
nuclear war. We must clearly see that the situation of the small percentage of
physicians who may survive will be the most shamefully depressing. There
can be no worse nightmare to a doctor who loves his calling than to stand
helplessly among the dying, among the people suffering inconceivable pain
of burns, blasts, and of consequences of radiation disease. There will be no
hospitals, no water, no transport and no drugs. Doctors will not even have
the possibility to ease pain or help slowly agonising people to a peaceful
death. They have to stand without any hope to prevent long term fatal conse-
guences of increased malignancy, malformations and other genetic defects.

By signing this statement every one of our colleagues and health workers
can become a member of this movement. We have but a single request. Before
signing this statement think over whether or not you will become a true
comrade-in-arms, based on conviction. Join us if you have truly understood
the goals of our movement and wish to help us actively, so that, in cooperation
with peace-loving people we be able to raise a barrier against this irrational
nuclear arms race and guarantee a peaceful, secure and creative life for the
generations living today and those to follow us.

Budapest, March 1982
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CARDIOVASCULAR REACTIONS FROM
HYPOTHALAMIC SELF-STIMULATION IN THE RAT

E. A. Yumatov and E. A. KIYATICIN

ANOKHIN INSTITUTE OF NORMAL PHYSIOLOGY. USSR ACADEMY OF MEDICAL SCIENCES, MOSCOW

(Received July 17, 1981)
(Accepted July 26, 1982)

Arterial blood pressure (BP) and heart rate (HR) were continuously recorded
during lateral hypothalamic self-stimulation with optimal stimulus parameters in rats.
Hyper-hypotensive, hypertensive and hypotensive reactions were observed during
separate self-stimulation, and the biphasic type considerably prevailed over other
types of reactions. During the single cycles of self-stimulation hyper-hypotensive and
hypertensive reactions with different heart rate reactions also occurred. In this case
the biphasic type was seen in 75% of all reactions, whereas the hypotensive type
occurred in 25% of the cases. The main type of BP reaction (92%) during continuous
self-stimulation for 60—240 min was a gradual increase of the mean BP level from
15 to 40 mm Hg against initial values (p < 0.001), that depended on the duration of
self-stimulation. Changes of HR were more variable: tachycardia and bradycardia
were seen approximately with the same frequency. Comparative analysis of cardio-
vascular reactions during hypothalamic SS and escape reactions provoked by ventro-
medial hypothalamus stimulation revealed some peculiarities of autonomic mani-
festations during positive and negative emotional reactions. The results of this com-
parison raises the question of a stress-reaction during self-stimulation behaviour.

In a number of studies [1, 3, 6, 10, 12, 17, 25, 30, 32, 34, 50] it was shown
that self-stimulation (SS) is always accompanied by definite peripheral auto-
nomic and hormonal responses which may be connected with a rewarding
effect of stimulation. This finding pointed to a simultaneous and rather
complicated involvement in SS behaviour of the sympathetic and para-
sympathetic systems.

Angyan Showed [1, 2, 3, 4, 5, 6] a close relationship between changes
of autonomic functions in particular arterial blood pressure and lever pressing
behaviour. A close correlation was observed also between the autonomic and
behavioural effects of SS from different brain areas [6].

The biological significance of positive and negative emotional reactions
[8, 9] and the fact that negative reactions may cause cardiovascular distur-
bances [7, 39, 40] has called for a study of the cardiovascular reactions during
hypothalamic SS in the rat and to compare this with haemodynamic changes
during negative emotional reactions.
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Methods

A total of 32 male W istar rats weighing 200—300 g was used in the experiments. Bipolar
nichrome electrodes of 0.3—0.5 mm tip diameter were implanted in the area hypothalamica
lateralis according to the coordinates of the Thompson atlas [42].

The electrical stimulus consisted of monophasic square waves of 50—100 imp/s fre-
quency, 0.7—1.8 pulse duration and 0.3—0.6 pulse train duration (“Physiovar”, Alvar-
Electronic, France). The stimulus voltages used were minimal for stable SS, usually 2.75—5V.
For arterial blood pressure recording a chronic polyethylene catheter was tied in the abdominal
aorta via the caudal artery [38] one day before the SS experiment. EMT-34 pressure trans-
ducer and Mingograph-81 polyphysiograph (Elema-Schdénander, Sweden) were used.

Recording of cardiovascular reactions was performed during SS behaviour in a standard
Skinner box 6—8 days after implantation of the electrodes.

In the interval of 1 min for a period of 2—5 hours the mean of the values of the single
waves of arterial blood pressure (BP) and their maximal and minimal differences (index of
dispersion), mean BP, heart rate (HR) and lever pressing rate (PR) were analysed.

After the experiments the animals were sacrificed by and overdose of ether. Localiza-
tion of the electrode tips was determined in 30—60 fixa slices by routine histological techniques.

Results

SS behaviour for the analysis of cardiovascular reactions was studied
from several aspects.

Single voluntary lever pressing separated from previous and subsequent
lever pressings by more than 4 s was considered a separate SS. Separate SS
were seen throughout the whole experiment, but most frequently they occurred
at the beginning of the session.

SS behaviour consisted mostly of bursts, i.e. groups of consequent lever
pressings divided by free intervals. The bursts were called single cycles of SS.
The number of lever pressings per cycle amounted from 4 to 120, with inter-
cycle intervals from 4 to 45 s.

Voluntary lever pressing behaviour for 2—5 hours was considered a
continuous SS. Frequency of SS rate varied in different rats from 600 to 4200
lever pressings per hour (mean, 1527 lever pressings per hour).

A substantial increase in locomotor activity, urination and defecation
were observed during SS. Ejaculation was seen in 75% of the cases. No change
in SS rate was observed during 1—3 hour sessions if a constant stimulating
current was used.

According to the character of SS extinction after switching off the
current the animals were divided into two groups. In the first group a rapid
decline of the lever pressing rate occurred after 4—10 non-reinforcements.
In the second group the extinction was slower, the rats continued to press
the lever for 5—7 min without reinforcement, making about 100—200 of non-
reinforced reactions in this period. During SS session, these animals when put
in the opposite side of the cage have tried to return to the lever. Lever pressing
rate in this group was lower than that of the rats with slow extinction curve.
No correlation was observed between SS extinction rate and the time of
electrodes being in the brain.
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Following the increased locomotor activity thatis typical of SS behaviour,
a decline of this activity was observed after 2—4 min of current switching off.
Slow and forced breathing, sometimes active grooming was seen in this period.
Normal levels of BP and HR in conscious rats before SS training were,
for BP; 11596 + 1.34 mm Hg (SD = 6.56): and for HR: -428.38 = 7.22

beats/min(SD = 34.40). Individual variations of HR (coefficient of variability
C = 8.26%) was higher than those for BP (C = 5.65%).

Cardiovascular reactions during separate SS

In 19 rats 534 cardiovascular reactions were studied and three types of
BP response were observed.

Hyper-hypotensive reaction with 10—45 mm Hg hypertensive phase and
8—30 mm Hg hypotensive phase was observed in all rats in 84% of all cases
(Fig. L.A).

~Hypertensive reaction of 5—40 mm Hg and 1.5—2 s time of peak reach-
ing was observed in 11% of all cases (Fig. I.B).

A hypotensive reaction of 5—10 mm Hg was seen in 2% of all cases.
In 3% no BP reaction was seen during SS with optimal parameters of cur-
rent used.

No differences between BP reactions were seen during elicited single
stimulation and voluntary single lever pressing.

Cardiovascular reactions during the single cycles of SS

In 19 rats 612 single cycles were studied and two different types of BP
response were revealed.

The first biphasic type BP response (Fig. 2.a) was found in all of the
19 rats. In this type BP increased during all periods of lever pressing and
decreased after cycle termination. The pressure was 10—50 mm Hg and the
depressor phase varied from 5 to 30 mm Hg and lasted from 3 to 240 s
(usually 4—38 s).

Two opposite HR responses of biphasic type BP reaction were observed.
In 11 rats the HR decreased to 3—18% of the initial level before the beginning
of the cycle and reinstated for 8—120 s in the intercycle period. In all cases
HR reinstating time was longer than the BP one. The second HR response
was tachycardia and this type of reaction occurred in 9 rats.

The second hypertensive type of BP response (Fig. 2.b) was observed in
16 rats. The BP increase varied from 5 to 50 mm Hg. Bradycardia and tachy-
cardia were also seen in this type of BP response.

Considering the shape of the hypertensive reaction, two main types of
BP response were analysed. In some cases the peak BP increase occurred at
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Fig. 1. Arterial blood pressure (AP) reactions during the separate self-stimulation. (Abbrevia-
tions: AP: in mm Hg; t: time in s; A: hyper-hypotensive reaction; B: hypertensive reaction)
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Fig. 2. Arterial blood pressure (AP) reactions during the single cycles of self-stimulation.
(Abbreviations as in Fig. 1.)

the beginning of the cycle. In others a gradual summation of single BP reac-
tions occurred and the peak BP coincided with the maximal rate of lever
pressing or it was near the end of the cycle.

In most cases the two types of BP response alternated in SS behaviour.
The biphasic type of BP response prevailed. It was seen in 75% of all reactions,
whereas the monophasic hypertensive type occurred in 25% of the cases.

As the magnitude of BP changes depended on the current level, in 6 rats
224 cardiovascular reactions were analysed with different rewarding currents.

W ith a threshold current for SS behaviour, only 10—20 mm Hg BP
hyper-hypotensive fluctuations were observed without any change of the
mean level.
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With a 1.5—2 threshold current the SS rate increased to the maximal
level and BP reaction types became more obvious. In these cases the hyper-
tension increased parallel with the increase of the current.

Increasing the voltage of the current to 2—4 times the threshold level
caused in most rats a decrease in the response rate or in some rats a termina-
tion of SS behaviour. It was accompanied by an increase of the hypertensive
phase and a stabilization or decrease of the hypertensive phase. In this period
the rate of biphasic BP reactions decreased. The peak HR always occurred
at a weaker current than peak level of BP.

An increase of the current to 4—6 times the threshold level caused the
termination of level pressing in all rats and stimulation of these regions pro-
duced a defence-like reaction.

It could be shown that in the majority (80%) of the experiments changes
in the polarity of the stimulating current did not significantly influence SS
behaviour and its cardiovascular reactions. But 10% of the residual cases
showed quantitative and qualitative alterations of the cardiovascular reactions
without marked changes in lever pressing rate and the SS pattern. In the other
10% of these residual cases changes of the current polarity led to a decrease
in the lever pressing rate or a termination of SS. In the latter case neutral,
ambivalent, exploratory and defence-like reactions were caused by elicited
stimulation, then hypertensive reactions prevailed over hyper-hypotensive
reactions and indicated also an increase in their duration.

Cardiovascular reactions during continuous SS

BP and HR were analysed during SS behaviour for 60—240 min under
constant current parameters optimal for stable SS.

The main type of BP reaction (22 rats 92%) revealed a gradual 15 to
40 mm Hg increase in the BP level as compared with the initial values (Fig.
3.A), accompanied by 40—70 mm Hg fluctuations. This BP type showed
three different HR reactions; first, a decrease in (7 rats); second, an increase
in (7 rats); third, variations without changes in the mean HR in 8 rats. Sta-
tistical comparison between mean BP before SS training and those of different
periods of SS behaviour showed significance (p < 0.05) from the 16th min of
SS (Fig. 3.B). Subsequently mean BP increased to 142 + 5.4 mm Hg in the
96th min of SS (p < 0.001). BP variation indices of a SS period were signifi-
cantly higher (p < 0.001) than with prestimulation controls. A mean BP varia-
tion in the 96th min SS of 34.94 + 3.1 mm Hg was measured to a control
value of 9.89 + 2.14 mm Hg. Mean HR at various moments during the SS
period did not differ significantly from the control.

After switching off the current the time of BP recovery compared with
control values varied from 6 to 40 min or more whereby from the 16th min
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Fig. 3. Arterial blood pressure (BP) and heart rate (HR) reactions during continuous sell-

stimulation. A) Individual reactions. (Abbreviations: SR-self-stimulation rate; t: time in min;

T: artificial termination of self-stimulation; — initial levels of AP and HR); B) Results of

statistical analysis. (Abbreviations: S-fluctuations of AP in mm Hg; on off-time of self-stimula-
tion; m : statistical significance of the differences; (p < 0.05))

mean BP did not significantly exceed the control level in contrast to the BP
variation values of 25.62 + 3.9 mm Hg (p < 0.05).

Two rats demonstrated different haemodynamic reactions during contin-
uous SS.

In the first rat (Fig. 3) which showed burst-like lever pressing, BP
decreased to 9—95 mm Hg combined with variations of 40—70 mm Hg,
while HR increased from 430 to 540 beats/min.

The second rat (Fig. 3.B) characterized by a high and rather constant
lever pressing rate BP increased during 25 min to a peak of 185—190 mm Hg.
Simultaneously with this BP increase the HR decreased from 480 to 350/min.
At peak BP the SS behaviour was terminated. During the following 4 min,
BP decreased to 155—150 mm Hg then it decreased slowly to 145—140 mm
Hg by the 70th min after the termination of SS. In this period elicited stimula-
tion was not priming for SS resumption.
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Fig. 4. Arterial blood pressure (AP) and heart rate (HR) reactions during continuous self-
stimulation. (Abbreviations as in Fig. 3.)

Discussion

The present results support earlier reports that SS elicits definite cardio-
vascular responses [1, 3, 6, 10, 12, 21, 25, 30, 34, 50].

A study of SS from several aspects allowed to reveal typical cardio-
vascular reactions during separate SS, single cycles and continuous SS be-
haviour.

The change of BP was the most stable index of cardiovascular reaction,
the main type of which was on increase of BP of different duration and sta-
bility. HR changes were more variable; tachycardia and bradycardia were
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seen approximately with the same frequency. This may be one of the reasons
of the conflicting results reported concerning the effect of SS on HR [21, 24, 29].

Considering the shape of BP reaction, the hypertensive phase produced
by a separate SS was followed by a hypotensive phase. This type considerably
prevailed over hypertensive reactions.

Two types of BP response were observed in a case of single cycle SS
behaviour, but in this case a biphasic type of BP response prevailed over the
hypertensive one at the beginning and during the first hour of SS session.

The gradual increase from 20 to 40 mm Hg ofthe mean BP level depended
on the duration of SS. It was the most typical response in the case of contin-
uous SS. If continuous SS resulted in a more expressed BP increase (60 —75
mm Hg), a termination of SS behaviour was observed.

Angyan [1, 2, 3, 4, 5, 6] connected an SS displaying cyclic bursts with
hypertensive dynamics. In our experiments the current was weaker than that
applied by Angyan and the BP reaction was weaker too. Still, in each case
SS behaviour was cyclic. Thus the cyclic pattern of lever pressing cannot be
ascribed to BP fluctuations alone.

The correlation between mean BP and the duration of continuous SS,
and the fact of termination of lever-pressing behaviour in the case of a rapid
and considerable increase of BP allows to assume an essential role of the
mean BP level in determination of the duration of continuous SS. This vari-
able increase may, however, reflect deviations of the levels of different bio-
logically active substances produced regularly by self-stimulation.

One of these substances might be corticosteroids, the blood levels of
wdiich increased during SS [18, 33,41, 44]. Intravenously administered cortico-
steroids gradually decreased the rate of lever pressing behaviour [13] and
increased the mean BP [16].

Our results concerning cardiovascular reactions during hypothalamic SS
and escape reaction evoked by ventromedial hypothalamus (VMH) stimulation
in the rat [50] allow to compare the haemodynamic changes in these opposite
emotional reactions.

Both a separate SS and a short stimulation of YMH produced hyperten-
sive reactions similar in magnitude and duration accompanied by two dif-
ferent types of behaviour. In the case of separate SS the hypertensive reaction
was followed by a hypotensive phase in 84%. In the case of escape reaction
the biphasic type of BP response appeared only in 23%. During short stimula-
tion of VMH the main type of BP response was a hypertensive reaction with
a prolonged descending curve.

A similarity in the magnitude, duration and shape of the BP response
was shown in the case of single cycles of SS and periodical stimulation of VMH
by similar current parameters. A biphasic BP response, typical of the single
cycles of SS in the case of escape reactions was, however, practically absent.
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Continuous stimulation of VMH (current parameters and stimulation
sequence as in the case of typical SS) for 2—4 hours led to an increase of 20—40
mm Hg in mean BP. The intensity of this increase depended on the duration
and parameters of stimulation.

In the case of aversive stimulation an increase in current voltage, pulse
train duration and quantity of stimulation led to more pronounced hyper-
tensive reactions. Transitory hypertension produced by YMH stimulation has
been earlier described [39, 40].

In the case of rewarding stimulation negligible changes in the current
parameters caused a suppression of lever pressing behaviour. Elicited stimula-
tion of these positive sites was accompanied by the same behavioural and
haemodynamic changes as were observed during escape and exploratory
behaviour. If continuous SS was accompanied by a more pronounced increase
in mean BP, a termination of lever pressing behaviour occurred. Elicited
stimulation used in this period was not priming for the resumption of SS
behaviour and was similar to aversive and exploratory reactions.

Thus, the results of these experiments indicate that the most important
feature of SS behaviour is the active choice and constant control by the animal
according to the applied current and the intervals between self-stimulations.
Any quantitative and qualitative changes of these conditions which take place
during replacement of natural SS in experimenter-produced “SS” and during
artificial stimulation of the positive brain sites make it impossible for the
animal to control its own state and the moments of each stimulation.

In this case the emotional reaction is inverted and leads to characteristic
alterations of the haemodynamic reactions produced by stimulation. Numerous
data concerning the autonomic and hormonal responses to artificial stimulation
of emotional positive brain sites [11, 12, 22, 25, 43] support this idea. It might
therefore be assumed that there is no reason to consider artificial stimulation
of the positive brain sites even if they had previously been tested as SS sites,
as a model of positive emotional reaction.

Relations between behaviour and current stimulation in this case differ
principally from natural brain reinforcement which is realized in SS behaviour.

In the case of natural rewarding behaviour the following may be assumed.

Priming stimulation of the reward site of the brain led to appearence
of the drive and as a manifestation of this drive to exploratory behaviour
which caused the first lever pressing and brain rewarding stimulation. Then,
after brain stimulation accompanied by autonomic and hormonal responses
different in duration, a comparison between this drive and the former brain
rewarding stimulation is made. Feedback mechanisms from different homeo-
static levels probably play an essential role in this stage. As first suggested
by Valenstein [46, 47] and shown experimentally by Angyan [1—6].

After suppressing the drive by effects of stimulation, restoration of the
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drive occurred and was now followed by purposeful searching of the lever as
the source of reward.

The time interval between lever pressings and other behavioural indices
of SS such as the duration of lever pressings, cycles and continuous SS are
determined by the animal according to its available drive.

Modification of the experimental conditions during SS (sexual indiffer-
ent partner, sexual significant partner, escape reaction of partner) led to sig-
nificant changes in the rate and pattern of SS [23, 25, 49]. Artificial limitation
of animals motility led to marked modifications of SS. Thus, (unpublished
data) rats previously taught to receive rewarding stimulation by nasal contact
with special circuites after some time of natural SS, were immobilized in a box
with free access to the circuiter. This led to the termination of SS in each ani-
mal. Interestingly, in these cases an artificial stimulation caused behavioural
and haemodynamic changes similar to escape reactions. It was found that
after a definite time interval only few animals reassumed SS but at weak
current. In this case the rate of lever pressings was 5—20 times lower than
that of natural SS behaviour.

The comparison of electrophysiological, hormonal and autonomic reac-
tions with opposite emotional reactions raises the question of a stress-reaction
during SS behaviour.

During SS, forced artificial stimulation of the positive sites, active avoid-
ance and stimulation of the negative sites of midbrain tegmentum were revealed
with similar changes in NA and DA concentration in the brain [22, 23, 28, 37],
corticosteroid levels [28, 33, 41, 44] and the corticosteroid-sensitive hepatic
enzyme tyrosine-aminotransferase [28].

Stimulation of the lateral hypothalamic area, the main positive brain site
[27] as in the case 0of VMG stimulation atthe main negative brain site [27] led to si-
milar changes ofthe plasma ACTH and corticosteroid concentrations [18, 19].

During SS the typical manifestations of the stress-reaction such aslymph-
oid tissue involution, acceleration of blood coagulation and suppression of
immune processes [20] were described.

Long-term stimulation of the negative and positive sites of the hypo-
thalamus in rabbits led to a similar increase of adrenal weight with hyper-
trophy and hyperplasia of all its layers [36].

It has been shown that activation of the same regions of the hypothala-
mus may provoke different behavioural patterns [15, 47]. In certain condi-
tions it was possible to elicit SS behaviour with high lever pressing rate by
activation of the YMH, the stimulation of which also led to stress- reaction
manifestations [31, 39, 40].

It is possible to transform SS behaviour into ambivalent and negative
emotional reactions by slight changes in the parameters of the current and
by modification of the experimental conditions [27, 35, 49].
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Thus it is possible that stress-reactions developing during SS by their
autonomic and hormonal reactions are similar to stress-reactions developing
in the case of natural conflict situations and during stimulation of the
negative brain regions.

It is known that under natural conditions positive emotional reactions
in contrast to negative ones cannot lead to arterial hypertension and cardio-
vascular disturbances [7, 40].

These facts can be explained by Anokhin’sbiological theory of emotions
[8, 9] according to which the natural positive emotional reactions are always
short in duration and appear after terminating the behavioural act when the
goal is achieved.

Therefore, they cannot be summarized in time. During SS the animal
can control the parameters of the reward. Furthermore, SS behaviour is sup-
pressed regularly by definite changes in the main homeostatic indices that
exclude the possibility of development of pathological reactions.

Apparently, the central neurochemical organization of opposite emotional
reactions may show differences, thus explaining the fact that alternations of
the positive and negative emotional reactions under natural conditions exclude
the pathological consequences of the negative emotional reactions. Therefore,
probably, the main mechanism of the organism’s stability to emotional stress
consists in a constant alternation of negative and positive emotional reac-
tions [8, 9, 40].
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ELEVATED OPIOID ACTIVITY IN SERA
OF CHRONIC SCHIZOPHRENICS

M. ldei, J. Grof, J. Menyhart and A. Pajor

UNITED RESEARCH ORGANIZATION OF THE HUNGARIAN ACADEMY OF SCIENCES AND
THE SEMMELWEIS UNIVERSITY MEDICAL SCHOOL:
2nd DEPARTMENT OF GYNECOLOGY OF THE SEMMELWEIS UNIVERSITY" MEDICAL SCHOOL

The effect of native serum samples from schizophrenic and control patients
on the electrically induced contractions of the isolated mouse vas deferens (MVD)
preparations was investigated.

It was demonstrated that only the samples of schizophrenic origin elicited a
naloxone dependent inhibition on the contractions of the MVD preparations, while
sera from healthy individuals and those from non schizophrenic hut mentally ill patients
proved to he ineffective in this respect.

By using ultrafiltration and gel chromatographic techniques, four fractions
disclosing MVD related biological activity could be separated from schizophrenic
samples. Chemical analysis revealed an elevated quantity of ninhydrin and Lowry
positive materials as well as of unidentified carbohydrate components in the active
fractions. Molecular mass of the serum ingredients carrying opioid activity was found
to range between 0.5 and 5.0 KD. It is speculated that new appearance or the accumula-
tion in the sera of several, and partly at least, unknown peptides and glycopeptides
disclosing opioid activity might be characteristic of schizophrenia.

W agemaker and Cade [14] reported in 1977 on the successfull hemodial-
ysis of patients with chronic schizophrenia. The effectiveness of the treatment
seemed to indicate, that the development and/or the maintenance of the
schizophrenic symptoms might be causally related to endogenous substances
demonstrable also in the serum, which penetrate through the common dialys-
ing membranes. After the observation by Wagemaker and Cade, several
investigations with considerably divergent results were carried out to check
the validity of this hypothesis and to identify the substances postulated to be
specific for schizophrenia.

In the present paper, we report on the results obtained by partial purifi-
cation, biological and chemical characterization of a group of serum compo-
nents seemingly characteristic of schizophrenia.

Materials and methods
Collection of samples

Serum samples were collected from chronic schizophrenics (n = 51) from non schizo-
phrenic but mentally ill patients (n = 38) and from healthy individuals (n = 43). The exact
diagnosis of the patients was known neither to the person who collected nor to those who
carried out the analysis of the samples.
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Ultrafiltration of serum samples

30 ml portions of sera were ultrafiltered through an Amicon YM 5 membrane (nominal
limit of permeability: 5 KD) at 4°C and at a pressure of 4.105 Pa. Then, the protein free
ultrafiltrates were concentrated on an Amicon UM 05 membrane (nominal limit of permeability:
0.5 KD) under the conditions specified above.

Gel chromatography

3 ml portions of the Amicon YM 5 ultrafiltrates were chromatographed on a Sephadex
G-25 (SG-25) fine gel column previously equilibrated with normal saline solution (0.9% NacCl).
The volumetric parameters of the column were as follows: Vt= 61.7 ml; = 21.0 ml;
Vb = 21.6 ml and Vx = 19.1 ml. The separated fractions were characterized by their distribu-
tion coefficients (Kav), by their biological activity (v. inf), and by some of their chemical
properties. Flow diagram demonstrating the steps of the separation is shown in Fig. 1

pooled plasmapheretic samples

Physico-chemical characterization of the active components

Heat resistance: 1 ml portions of the YM 5 ultrafiltrates were boiled for 5 h
centrifuged, and the supernatants (90 p\) tested for their biological activity.

Acid hydrolysis: 0.5 ml portions of the YM 5 ultrafiltrates were hydrolyzed
by 6 N HC1 for 36 hours. After the HC1 had been carefully removed by repeated azeotropic
distillations, the samples were reultrafiltered (desalted) on an Amicon UM 05 membrane.
The retentates were dried (vacum-distillation at 37 °C), and subsequently diluted by 0.5 ml
distilled water. This was used for testing posthydrolytic biological activity of the samples.

Trypsin digestion: was performed as described in Dévényi and Gergely’s
monograph [4]. Enzyme protein was removed by boiling the samples for 10 min followed by
centrifugation (10 min, 104 rpm, room temperature). The supernatant was used for testing
biological activity.

Chemical analysis: total and free alfa-amino-nitrogen (ninhydrin reaction),

and total carbohydrate [12] content as well as the amount of Lowry positive materials [9]
were determined both in the YM 5 ultrafiltrates and the SG-25 fractions.

Measurement of the biological activity
Biological activity of the native serum samples and of their fractions obtained by ultra-

filtration and by gel filtration was tested under in vitro conditions by using electrically sti-
mulated vas deferens preparations isolated from 20 g male mice (CFLP strain). The organ
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bath consisted of Mg2+-free Krebs’ solution (37 °C) which was continuously bubbled through
with a gas mixture of 95% 02 5% CO02 Contractions of the preparations were evoked by
square-wave impulses of 70 V amplitude and of 2.2 ms duration generated in every 12 s. Volume
of the samples used for testing biological activity varied between 45 and 250 fil.

Results

Electrically induced contraction of the MYD preparations were decreased
by 50% by native sera collected from schizophrenic patients in a concentration
of 0.01 + 0.012 ml serum per ml (ID50). The 50% inhibition could be antag-
onized by 0.18 + 0.018 “~mol per ml naloxone, a morphine antagonist.
In sharp contrast to this, native serum samples derived from healthy individ-
uals or from patients with other neuropsychiatrie diseases did not affect the
MVD preparations even in a concentration as high as 0.1 ml sample per ml
(Fig. 2).

Ultrafiltration experiments revealed that, while YM 5 ultrafiltrates dis-
played full biological activity, UM 05 ultrafiltrates were completely devoid of
such activities. This is interpreted that biological activity is bound to serum
components with molecular mass ranging between 0.5 and 5.0 KD.

Biological activity in YM 5 ultrafiltrates was completely lost following
acid hydrolysis.

It was a conspicuous finding, that the amount of Lowry positive materials
was approximately five times higher (25.4 + 12.7 pmol/l) while that of the
total carbohydrate was approximately 17.5 times higher (52.2 j.; 5.2 mmol/1)
in YM 5 ultrafiltrates of schizophrenic origin than the Lowry positive material
(5.2 + 2.4 jumol/l) and the total carbohydrate (3.0 + 1.2 mmol/l) content of
similar ultrafiltrates derived from healthy individuals.

schizophrenic effect of Naloxone non schizophrenic

Effect of plasmapheretic samples on the electrically stimulated contractions
of isolated mouse vas deferens

Fig. 2
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Elution conditions:

V, :47.2ml eluens:0.9NaCl (bacterium free)
L:3Q7cm flow rate:Q6ml/min
diameter:0.7cm fraction volume:4ml

detection :254 nm sample volume: 3ml

Separation of schizophrenic sample on SEPHADEX G-25 column

Fig. 3

According to the gel-chromatographic analysis (Fig. 3), at least four
serum fractions are to be made responsible for the biological activity detectable
in the unseparated native sera. All of them absorb light at 254 nm, but they
have different molecular weight and physico chemical properties (Kav values
of the four SG-25 fractions areas follows; 1: 0.00; Il: 0.51; 111: 0.84; IV: 1.59).
Though each SG-25 fraction contained ninhydrin, and Lowry positive materials
as well as carbohydrates, their relative amount varied from fraction to frac-
tion. Carbohydrate was most abundantly present in fraction 11, while fraction
I was the richest in the Lowry positive materials.

Discussion

Thoten et al. reported in 1960, that haemodialysis, introduced to fight
uremic intoxication in a patient with chronic schizophrenia, was effective not
only in alleviating the uremic symptoms hut also the schizophrenic ones [13].
This fascinating finding, however, remained unobserved in the literature until
W agemaker and Cade published similar resultsin 1977 [14]. Based on their
observations, the latter authors raised the possibility that schizophrenia might
be causally related to the appearance or the accumulation of some diffusible
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metabolites in the body fluids of chronic schizophrenics which can effectively
he removed by haemodialysis. This was seemingly supported by Palmour’s
observation [11] who reported on the presence of an elevated amount of leu-
endorphin in the hemodialysate of a few schizophrenics. However, several
subsequent attempts have failed to demonstrate an evident improvement of
schizophrenic symptoms by haemodialysis [5, 7, 8, 10,]. Similarly inconsis-
tent results were obtained in experiments aimed at demonstrating an eleva-
tion in the quantity of known opioid peptides of one kind or another in the
body fluids of schizophrenic patients [1, 2, 3, 10]. In most experiments
published in the literature radioimmunoassay (RIA) techniques were used
for quantitative detection of individual opioid peptides in sera or CSF. How-
ever, it is worth to recall, that quantitative determination of anv substance
by RIA is based on a reaction taking place between strictly determined chemi-
cal region of the interacting antigen with known chemical structure and the
antibody molecules, and that such a reaction has nothing to do with the
biological activity of the molecule to be determined. Thus, while RIA methods
are suitable for the quantitation of individual opioid peptides with already
known chemical structure, they can used neither for simultaneous detection
of several materials disclosing opioid activity, nor for detection of substances
with unknown chemical structure. Thus, when the detection of some kind of
biological activity in a given biological fluid is the primary aim of an experi-
ment, and the experimentator is uninterested in knowing the number and
sort of the materials responsible for such an activity, it is better to replace
RIA techniques with less specific methods capable of detecting biological
activity instead of chemical structure.

In the experiments presented here, we gave up the specificity provided
by the RIA techniques and also the possibility to determine individual sub-
stances in sera of schizophrenics. Instead, we wanted to know whether an
elevated serum opioid activity is or is not an accompanying feature in schizo-
phrenia, irrespective of the sort and number of molecules carrying such an
activity. This led us to use MVD preparation, and naloxone, a specific opioid
antagonist for monitoring opioid activity in the samples tested.

By using MVD preparations, it could be demonstrated that all sera of
schizophrenic origin disclosed a naloxone dependent (opioid) biological activ-
ity, while those derived from non schizophrenic psychiatric patients or from
healthy individuals, did not. The fact that YM 5 ultrafiltrates maintained,
but UM 05 ultrafiltrates lacked opioid activity indicated that the molecular
mass of the serum component(s) carrying the opioid activity ranged between
0.5 and 5.0 KD. It was also a characteristic finding, that both Lowry positivity
and total carbohydrate content of YM 5 ultrafiltrate of schizophrenic origin
surpassed significantly those found in the non schizophrenic samples. By SG-25
chromatography, YM 5 ultrafiltrates of schizophrenic origin could be resolved
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into four fractions disclosing MVD related biological activity. All of these
fractions displayed Lowry and ninhydrin positivity and one fraction was
positive also for carbohydrate. The observation, that sera from schizophrenic
patients regularly disclosed elevated opioid activity may help in explaining
inconsistencies of the results obtained by quantitative determination of
opioid peptides in the body fluids of schizophrenic patients by RIA tech-
niques. The finding namely, that the consistently elevated opioid activity in
sera of chronic schizophrenics, wras not accompanied by consistent elevation
in the concentration of known opioid peptides determined by RIA technique
might be interpreted, that elevated serum opioid activity is to he attributed
to an elevated quantity of probably several endogenous opioid substances
partly with unknown chemical structure. This is supported by our present
observation, that schizophrenic sera could be resolved by SG-25 chromatog-
raphy into at least four serum components disclosing opioid activity. Nin-
hydrin, Lowry and partial carbohydrate positivity of the separated serum
fractions indicate, that opioid activity detected in sera of schizophrenics
might be mediated by several peptides and/or glycopeptides also including
presently unknown ones. Further purification and structural identification of
these serum components are in progress in our laboratory.
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A number of changes in peptide components could be demonstrated in sera of
patients with end stage malignant diseases. Total and free alfa amino-N content of such
sera was shown to be significantly higher than those in sera of patients with no sign
of malignancy. In addition, a significant increase was found in one of the serum frac-
tion obtained by Sephadex G-25 chromatography. This increase was shown to be due
to an increase in the amount of one of the isotachophoretically separated serum compo-
nents of anionic character as well as to the appearance in sera of tumour bearing patients
of two additional isotachophoretic components never detected in non tumour bearing
patients. Based on their chromatographic behavior as well as on observations made
in earlier experiments, the peptide nature of the two isotachophoretic serum compo-
nents seemingly characteristic of sera of tumour bearing patients is highly probable.

Introduction

The end stages of malignant tumour diseases are associated with clinical
symptoms (cachexia, CNS disturbances etc.) which indicate their toxic origin
and which are, in many respects, resembling those observed in other endog-
enous intoxications, (advanced stages of renal and hepatic failure). It would,
certainly have both practical and theoretical significance to prove the correct-
ness of this hypothesis and to recognize its biochemical background as well as
those features of the latter which are common with those observed in other
endogenous intoxications.

Literary data suggest that quantitative and qualitative changes take
place in the spectrum of serum oligopeptides in end stage malignant tumour
patients [1, 2, 3, 5, 6, 7, 8, 9].

However, neither the exact chemistry of these oligopeptides nor their
potential role they might play in induction or maintenance of toxic symptoms
associated with end-stage malignant diseases have satisfactorily been eluci-
dated. Even the methodology applicable to the preparation and exact anal-
ysis of these particular serum components has not been acceptably delineated.

The present experiments the first in a series that are designed to see
whether changes in serum peptide components are or are not taking place
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that are characteristic of tumour bearing patients; whether these changes are
or are not responsible for the toxic symptoms at the molecular level and
finally to seewhether the changes observed can or can not be used for diagnostic
purposes. In the present paper results obtained by simple chemical methods,
by Sephadex chromatography and by isotachophoresis (ITP) of sera from
patients with end stage malignant tumour diseases and from those with no
sign of malignancy will be reported.

Materials and methods

1. Collection and storage of samples

Blood samples were obtained from the cubital vein of patients in the last stage of
malignant tumour diseases (n = 18) and of patients with no clinical sign of tumour disease
(n = 17). The samples were kept at room temperature for 30 min and then centrifuged (10 min,
104rpm, room temperature). The samples then were frozen and kept at —20 °C until processing
or 2 weeks at most.

2. Acid ethanol precipitation

Of the samples 10 ml portions were mixed with 96% ethanol pH = 2.0 under contin-
uous stirring until final ethanol concentration reached 80%. The precipitate was removed
by centrifugation and the sediment was redissolved in 8 ml 80% ethanol and centrifugation
was repeated. The ethanol supernatants were mixed and kept at 40 °C overnight. The fine
precipitate was removed by filtration. The clear ethan ol filtrate was concentrated to approxi-
mately 2 ml in vacuum at 37 °C and then filled up to 10 ml by distilled water. The suspension
was centrifuged (15 min, 104rpm, 4 °C). The clear supernatant was stored at —20 °C.

3. Gel-chromatography

Of the samples prepared as described above, 60/d portions were analysed by chromatog-
raphy in a 6x940 mm SEPHADEX G-25 (SG-25, superfine) gel column. Volumetric param -
eters of the column were determined by routine techniques. Conditions of the elutions were
as follows eluent: 0.9% NaCl; Mony rate: 0.17 ml/min; detection: 206 nm; paper speed: 120
mm/h. The fractions separated on the column were characterized by their Kav values.

4. Ultrafiltration

Ultrafiltration was introduced with the aim to prepare a sample that, quantitatively
and exclusively contains only those components of the acid ethanol and water soluble serum
fraction whose molecular mass are ranging between 0.5 and 5.0 KD. In order to achieve this
goal, the serum fraction mentioned above was subjected to ultrafiltration through t\vo mem-
branes with different permeability. As a first step, the serum fraction was ultrafiltered (4 °C,
4 atm, N2gas) through an Amicon YM 5 membrane (nominal limit of permeability: 5.0 KD).
By repeting fourtimes the ultrafiltration through this membrane, when dilution with water
alternated with reconcentration of the samples, the components with a molecular mass of
less than 5.0 KD could be practically quantitatively transferred into the pooled ultrafil-
trates. This was indicated by the binding, that less than 2% of the amount of such components
could be detected in the retentate discarded. As a subsequent step, the pooled YM 5 ultrafil-
trates nyere quantitatively ultrafiltered through an Amicon UM 05 membrane (nominal lim-
ited of permeability: 0.5 KD). Repeated ultrafiltrations \vere carried out also through this
membrane. By this procedure, a retentate could finally be obtained in mblcll the amount of
components with a molecular mass of less than 0.5 KD was a fraction of 1% only. As the
final UM 05 retentate was concentrated to one fifth of the original volume of serum, con-
centration of serum ingredients with a molecular mass between 0.5 and 5.0 KD was about
fivefold as high in this retentate as that of those in the original serum.
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Isotachophoresis (ITP)

30 /N1 portions of the acid ethanol soluble and ultrafiltered serum fraction were analysed
on a LKB 2127 Tachophor equipped with a 0.5x630 mm capillary and a thermal and UV
(254 nm) detector. The leading electrolyte was a solution containing 5 mmol/1 CI- and 0.5 g°0
hydroxylpropylmethylcellulose (HPMC). The solution was titrated to pH 4 by beta-alanine.
The terminating electrolyte was a 5 mmol/1 capronic acid solution. The analysis was carried
out with constant current (65 /uA) and alternating voltage (5—30 kV). The Joule-heat generated
by different changes in the field strength of the individual materials of different mobility was
detected by a thermocouple built in the capillary. The transmittance of each component was
detected continuously by an UV detector at 254 nm. The paper speed was 3 cm/min. The
effective mobility (meff = meXpK; where ineis the electrical mobility of the material) of the
mobile fractions was expressed in percents of the effective mobility of the terminating electro-
lyte. The relative change in the quantity of the individual fractions (A%) was calculated on
the basis of the length of the thermal steps and it was expressed in per cents of the control.

Chemical analysis

Free (F) and total (2J) alfa-amino N (aaN) content of the samples were determined by
the ninhydrin reaction performed before and after an alkaline hydrolysis and the bound (B)
aaN content calculated (BaaN = aaN-FaaN) carbohydrate content was determined by the
orcin-sulphuric acid reaction. Alkaline hydrolvsis was performed in NaOH (2.5 mol/liter) at
90 °C for 2.5 h.

Results
1. aaN and carbohydrate content of blood serum preparations (Fig. 1)

The aaN content of the acid ethanol and water soluble serum compo-
nents was significantly higher in patients with malignant tumour (x = 14.6 +
f 432 mmol/l; p < 0.05) than in patients having no malignant tumours
(x = 8.2 ' 3.31 mmol/l). The same was true for the FaaN content of these

Fig. 1. Total (27), free (F) and bound (B) a-aminonitrogen (aaN) and carbohydrate content of
blood serum originating from patients in the last stage of malignant tumour disease (T) and
from patients with no sign of malignancy (C)
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fractions tumour: (x = 8.7 + 0.83 mmol/l; control: (x = 2.5 + 0.75 mmol/1;
p 0.01). On the other hand the BaaN content was not significantly different
in the two groups investigated. Tumour: x = 5.8 —2.53 mmol/1; control:
X = 5.7 + 3.33 mmol/l; p< 0.9. There was no difference between the two
groups in the blood serum carbohydrate content either. Tumour: x = 3.7 +
+ 1.31 mmol/l; control: x = 4.1 - 1.25 mmol/l; p < 0.5.

2. The SG-25 fractions of blood serum preparations

The acid ethanol and water soluble blood serum preparation could be
separated into three fractions (A, B and C) by SG-25 chromatography. The
size of the B fraction with Kav= 0.77 + 0.026 (determined by planimetry)
was significantly larger in patients with malignant tumour (x = 95.0 + 35.96
cm?2) than in those with no clinical sign of malignancy, (x = 43.4 + 3.07 cm2)

(Fig. 2).

Kav

Fig. 2. SG-25 chromatographic profile of blood serum from patients with (----) and without

(-----) tumour. The A, Bj, B2 and C fractions were eluted from the column at a ICav value of

0, 0.67 + 0.023, 0.77 + 0.026 and 1.49 + 0.051, respectively (ordinate). Abscissa: absorbance
at 206 nm

3. Results of isotachophoretic analysis (Fig. 3)

The acid ethanol and water soluble blood serum fractions of patients
with no malignant disease could be resolved by ITP into three components
(1, 2 and 3) with anionic properties at pH 4.0 (pi > 4). The mobility of these
was as follows. Component 1: 36.9 ; 0.85%; component 2: 50.3 + 1.06%;

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982



TUMOUR RELATED CHANGES IN SERUM OLIGOPEPTIDES 133

Fig. 3. I?otachophoretic pattern of blood serum fractions separated by alcoholic extraction
and ultrafiltration. Upper half of the figure illustrates transmittance (T%) and the lower
half the thermal steps of the zones

component 3: 67.0 0.99%. The corresponding blood serum fraction of
patients with malignant tumour contained two additional isotachophoretic
components (A and B), which, in the present system behaved as anions. The
mobility of these two components, was A; 27.1 + 0.54% and B; 40.1 + 0.80%.
In addition to this qualitative difference, there was a quantitative difference
in the sera between the two groups investigated. The amount of component 1
calculated from the length of the thermal step, was significantly larger in
patients with malignant tumour (zI% — 85; p 0.01) than in tumour-free
patients.

When ITP and SG-25 gel chromatography were used in combination
it was found that the isotachophoretic serum components from tumour-free
patients (components 1, 2 and 3) and those from patients with malignant
tumour (components A, 1, B, 2 and 3) were equally eluted from the gel column
at the Kav = 0.67 value.

Discussion

As it was stated in the introduction, the primary aim of these investiga-
tions was to see whether qualitative and/or quantitative changes in serum
oligopeptides characteristic cf end stage malignant diseases can or cannot be
detected. It was demonstrated that quantitative changes in FaaN and 27ocaN
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content of the ethanol and water soluble serum fraction could he detected in
patients with end stage malignant diseases in comparison to appropriate
controls. Similarly, quantitative changes could be shown in one of the serum
fractions obtained by SG-25 chromatography. However, since similar changes
also can he detected in other pathological conditions, for example in uremic
intoxication [4] these changes cannot be regarded as characteristics of patients
with end stage malignant diseases. On the other hand, the qualitative changes
detected by isotachophoresis in acid ethanol and water soluble serum fraction
of tumour bearing patients seem to be a characteristic feature of sera of such
patients. These isotachophoretic components were shown to be eluted in a
SG-25 chromatographic fraction the peptide content of which had been demon-
strated in earlier experiments [4]. As the appearance on the isotachophoreto-
gram of these components appears to be characteristic of end stage tumour
bearing patients they deserve particular attention in subsequent investiga-
tions. Studies aimed at confirming present results in a larger number of patients
and at characterising further the chemical and physicochemical properties of
these serum peptide components as well as attempts to isolate them in a
chemically pure form are in progress in this laboratory.
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In the experiments presented here, serum samples were collected both from
psoriatic (PS) (n = 8) and non-psoriatic (NPS) patients (n = 8) and were analyzed by
the combination of fractional precipitation (80% ethanol, pH 2) and gel filtration
techniques as well as by chemical methods. It was demonstrated that, in comparison
to the non psoriatic samples, concentration of the free alfa-amino group bearing and
the Lowry positive components as well as total carbohydrate content was significantly
elevated in the acidic ethanol soluble serum fraction of psoriatic samples. In psoriasis,
the quantity of serum components with UY light absorbing capability at 206 nm, and
with a molecular mass between 0.3 and 5.0 KD (estimated by chromatographic criteria)
also was elevated in one of the fractions obtained by Sephadex SG-25 chromatography.
Results presented in this paper indicate, that psoriasis is accompanied by changes in
quality and in quantity of middle size molecular weight serum components with chemi-
cal properties suggesting their peptide — and/or glycopeptide-like character.

Introduction

Several aspects of the molecular mechanisms connected to the induction
of psoriasis, a multifactorial disease have already been studied in considerable
details. The presently available, and mostly symptomatic therapy of the disease
is based on the results of these studies. One of the therapeutical approaches
introduced recently is haemodialysis of psoriatic patients. This sort of therapy
is based on the hypothesis that the induction and/or the maintenance of some
of the psoriatic symptoms might be attributed to some unidentified endogenous
substances of 0.3—5.0 KD molecular mass, whose elevated serum concentra-
tion could be ascribed to their increased production or their accumulation in
body fluids of psoriatic patients. Haemodialysis, by removing these components
from the serum would alleviate some of the symptoms characteristic of
psoriasis [1,3].

In order to check the validity of this hypothesis, blood serum fractions
were analyzed by fractional precipitation and SG-25 chromatography as well
as by chemical analysis of serum samples collected both from psoriatic and
non psoriatic patients.
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Materials and methods

Collection and storage of samples

Blood was sampled from the cubital vein of psoriatic (PS) (n = 8) and non psoriatic
(NPS) (n = 8) patients. The blood samples were kept at room temperature for 30 min, and
centrifuged thereafter (104 rpm, 10 min, room temperature). The serum samples were stored
at —20 °C until processing.

Acid ethanol extraction of samples

To 5 ml portions of the samples, 96% (v/v) ethanol (pH 2.0) was added under continuous
stirring, until the final concentration of the ethanol reached 80% (v/v) in the samples. The
precipitate was removed by centrifugation, the sediment redissolved in twofold volume of
80% ethanol (pH 2.0) and recentrifuged. The procedure was repeated three times. The ethanol
supernatants of psoriatic and non psoriatic origin were separately pooled and kept at —4 °C
overnight. The fine precipitate regularly formed under the cooling period was removed by
filtration, and the filtrate concentrated in vacuum (37 °C) to 50% of the original volume of
the native serum.

Gel chromatography

The samples prepared as described above were chromatographed on a Sephadex G-25
(SG-25) column (column size: 0.6x94.0 cm; elution fluid: 0.9% NacCl; flow rate: 0.17 ml/min;
detection: 206 nm; paper speed: 6 cm/h). Elution peaks appeared on the chromatograms
were characterized by their Kav values. Samples were applied to the column, in volumes of
250 fil and were washed into the gelby 150 //1 of normal saline (0.9 NaCl) solution. The amount
of serum components absorbing at 206 nm was estimated by calculating the area covered by
the chromatographic peaks and was expressed in cm2

Chemical analysis

Free (F), bound (B) and total (— alfa-aminonitrogen (aaN) content of the samples were
determined by the ninhydrin reaction performed both before and after alkaline hydrolysis.
Total carbohydrate content was determined by the orcin sulphuric acid reaction [4], and the
peptide content by Folin’s method as modified by Lowry et al. [2].

Results

In psoriasis, BaaN content (x = 10.9 + 4.07 mmol/liter) of the acid
ethanol soluble serum fraction was practically identical to that of the non-
psoriatic patients (x = 9.2 + 3.82 mmol/liter; p > 0.5). The same was true
for the BaaN content released by alkaline hydrolysis (PS: x = 7.3 + 3.08
mmol/liter; NPS: x = 6.0 + 2.92 mmol/liter; p > 0.5). On the other hand,
the FaaN content of PS samples (x = 3.6 + 0.83 mmol/liter) was significantly
higher (A°/0 = 44%; p < 0.05) than that of the sera from NPS patients (x =
= 25 + 0.67 mmol/liter).

The amount of the Lowry positive components in PS samples (x =
= 27.2 + 9.38 mmol/liter) was significantly higher (A% = 78%); p < 0.05)
than that in the NPS samples (x = 15.2 + 6.89 mmol/liter). The same was
true for the carbohydrate content of the samples (PS: x = 7.7 + 2.04 mmol/1;
NPS: x = 4.1 + 1.25 mmol/liter; A% = 86; p < 0.01) (Fig. 1).
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Fig. 1. Chemical composition of the acid ethanol soluble serum fraction collected from non
psoriatic (NPS) and psoriatic (PS) patients. PB: Lowry positive materials; F, B and aaN: free,
hound and total alpha-amino-nitrogen; CH: carbohydrate

A {206 nm)

Kav

Fig. 2. Sephadex G-25 gel filtration profile of serum preparations of psoriatic (- - -) and of
non psoriatic (——-) origin. Ordinate: absorbance at 206 nm. X-axis: Kav = average distribu-
tion coefficient. A, B and C represent individual fractions

The amount of serum components represented by one of the UV (206 nm)
absorbing SG-25 peaks characterized by a Kav= 0.68 + 0.023 (indicating a
distribution in the effective permeation volume of the column, and thus a
nominal molecular mass ranging between 0.3 and 5.0 KD) was higher by 26%
(p < 0.02) in the PS (x = 48 A 8.2 cm2) than in the NPS samples (x = 38 +
+ 10.6 cm2). It was also a consistent finding that, while B2was the dominant
subfraction of fraction B in NPS samples, it was subfraction Bj which domi-
nated in the PS samples (Fig. 2).
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Discussion

The observation that some of the psoriatic symptoms could be beneficially
influenced by haemodialysis [1, 3] led to the assumption, that substances of
endogenous origin with molecular size allowing their diffusion through com-
monly used haemodialysis membranes might be participating in molecular
etiology of the disease. The present study performed on a small group of
psoriatic patients lends some support, though of a limited value only, to such
a hypothesis. It was namely demonstrated, that concentration of the sub-
stances with ninhydrin, Lowry and carbohydrate positivity in the acid ethanol
soluble serum fractions from PS samples, surpassed significantly those found
in the corresponding fraction of NPS samples. It was also shown, that quantity
of the serum components with an UV light absorbing capability at 206 nm,
and with a molecular mass between 0.3—5.0 KD (by chromatographic criteria)
was also higherin one ofthe SG-25 fractions of PS origin than in that of the
NPS samples. The data presented also indicated, that the substances with an
estimated molecular weight that allows their penetration through dialysis
membranes, and the concentration of which are elevated in psoriasis disclosed
peptide and/or glycopeptide-like character might be the serum components
whose removal by haemodialysis from the serum of psoriatic patients has been
postulated and connected to the improvement of the disease in earlier experi-
ments. Studies aimed at characterizing the chemistry of these serum compo-
nents as well as clarifying the role they might play in molecular etiology of
the disease are in progress in this laboratory.
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Sulfhydryl substances (cysteine, glutathion, cysteamine and BAL) provide pro-
tection against experimental gastric ulcer induced by indomethacin while being ul-
cerogenous in stress-ulcer.

Experimental data indicate the necessity to distinguish between “real” and
“occasional” cytoprotective drugs.

Recently Szabs [5], Szabs et al. [6] and Konturek et al. [3] have
published data indicating that cytoprotection is a property not only of prosta-
glandin analogues (PGs), as it was proposed by Robert [4] who first described
this phenomenon, but several other compounds of various structure and prop-
erty may exert such an effect.

According to Robert [4] the protective action of PGs is due to increased
mucus secretion in the stomach.

Szabo et al. [6] suggest that the cytoprotective action may be related
to the presence of sulfhydryl groups, since the gastric mucus contains reduced
glutathion in high concentration [2].

Substances containing sulfhydryl groups are capable of chemically bind-
ing various free radicals and so they may influence the physical and chemical
properties of the gastric mucus.

Since these data suggest the importance of sulfhydryl groups in the
pathomechanism of gatsric ulcer we investigated the effect of four sulfhydryl-
containing substances [cysteine, glutathion; dicaptol (BAL) and cysteamine]
on experimental gastric ulcer of the rat.

Materials and methods

Female Wistar rats of 200—230 g body weight were used, and prior to experiment
they were fasting for 24 hours, hut they received water ad libitum. The animals were assigned
in groups, each one consisting of 20 animals. A total of 260 rats were used.

a) Indomethacin-ulcer

The animals received 30 mg/kg indomethacin suspension intraperitoneally at the begin-
ning of the experimental period; they were killed 4 hours later and their stomach was removed.
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b) Stress-ulcer

The animals were immobilized, lying on their back; they were killed 24 hours later and
their stomach was removed.

The removed stomach was opened in both experimental series and the structural changes
of the mucosa were evaluated by “ulcer-index” (TJ.l) [1].

The chemicals were of usual purity and the appropriate amount of their aqueous solu-
tion was administered orally by gastric tube. Dicaptol (BAL) was injected intraperitoneally
thus avoiding the possible local action of the oily solvent material on the gastric mucous
membrane.

The experimental design was as follows:

Table |
Experimental design
Indomethacin-ulcer Stress-ulcer

Treatment (single dose)

0. min and 2nd hour 0. min, 6th, 12th and

18th hour
Control none none
Cysteine 100 mg/kg p.o. 100 mg/kg p.o.
Glutathion 100 mg/kg p.o. 100 mg/kg p.o.
Dicaptol (BAL) 10 mg/kg i.p. 10 mg/kg i.p.
Cysteamine 100 mg/kg p.o. 100 mg/kg p.o.

Mean values +S.E.M. were calculated in all animal groups. Statistical analysis was
performed by Student’s two-paired i-test and significant differences were assumed when the
probability was less than 5%. The experimental design was the same in the so-called comple-
mentary experiments, with the exception that 200 mg/kg glutathion was administered.

Results

The experimental results are demonstrated in Fig. 1 and in Tables Il
and I11.

n =20 9/group
C =control

CA=cysteamine
100 mg/kg po.

B =BAL

10 mg/kg ip.
CY=cysteine

100 mg/kg po
GL=glutathione

100 mg/kg po
indomethacin

30 mg/kg ip
restraint

2Ahe

. =p<0.05
«se =p<0.005

C CA B Cr GL C CA B

Fig. 1. Detailed description see in the text
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Table Il

Effect of sulfhydryl-containing substances on experimental gastric ulcer of the rat

Indomethacin-ulcer Stress-ulcer
U.l, x+ SEM. (%) U.l., X £ SEEM. (A%)

Control 10.4 = 2.06 (100.0) 7.9+ 199 (100.0)
Cysteamine 9.9 + 3.32 (95.2) 29.4 + 6.39*** (372.2)
Dicaptol (BAL) 5.7 £+ 1.80* (54.8) 9.0+ 2.25 (113.9)
Cysteine 3.6 £+ 0.82*** (34.6) 15.2 + 3.11* (192.4)
Glutathion 6.6 + 2.91 (63.5) 126 + 2.14 (159.5)

n 20/group

*

p < 0.05 vs control
p < 0.005 vs control

Fkk

Table 11

Complementary experiment

Indomethacin-ulcer Stress-ulcer
U, x+ SEM. (J%) U.l, x = SEM. (A%)

Control 144+ 273 (100.0) 124 +£1.13 (100.0)
Cysteamine 100 mg/kg 6.6 + 2.08 (45.8) 216 +1.19* (174.2)
Glutathion 200 mg/kg 2.6 £1.05*** (18.1) 27.9 + 1.14*** (225.0)

n = 10/group

* = p < 0.05 vs control
*** = p < 0.005 vs control

Discussion

From the experimental results the following conclusions can be drawn;

1) The suggestion of Szabe [5] that sulfhydryl groups in the mucous
membrane of the stomach may exert protective action was verified only in
part of the experiments. Indomethacin-induced ulcer was significantly inhib-
ited by BAL and cysteine, but the effect of glutathion was only trend-like.

2) The above mentioned protective action could not be shown if the
ulcer was induced by immobilization (stress), the addition of sulfhydryl-con-
taining drugs being even ulcerogenic. This was statistically significant in the
case of cysteine and cysteamine.

3) It was shown in both ulcer types that cysteine was more effective
than glutathion if similar doses were used. As far as their chemical structure
is concerned cysteine is a simple amino acid, while glutathion is a cysteine
containing tripeptide. It is possible that the difference in effectivity is due to
the relatively lower amount of sulfhydryl groups per molecular weight. This
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assumption was further emphasized in the complementary experiment where
the effect of 200 mg/kg glutathion was compared to that of 100 mg/kg cysteine.
Glutathion was as effective as cysteine in this case. The ratio of the molecular
weight of the two substances is 1.00; 1.75.

4) There was a remarkable difference between indomethacin induced
and stress-ulcer as far as their protection is concerned. Sulfhydryl containing
substances inhibited indomethacin-ulcer but they potentiated the ulcerogenic
effect in the case of stress-ulcer. This experimental result provides further data
for the difference of the pathomechanism of various experimental ulcers and
thus their direct extrapolation to the human disease and to its treatment needs
extreme caution.

5) On the basis of the present results it seems substantiated a differentia-
tion to be introduced between “real” and “occasional” cytoprotective substances.
According to our opinion “real” cytoprotective substances are those materials
which exert protection in all kinds of experimental ulcer models, while “occasion-
al'” cytoprotective agents give protection only in one experimental ulcer type.
The term “cytoprotection® should however be maintained for the description
of agents which exert protection in a dose not capable of influencing gastric
secretion. According to this classification we consider prostaglandin-analogues
as “real”, and the sulfhydryl-containing substances as “occasional” cytopro-
tective agents.
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OF PROSTACYCLIN ON GASTRIC EPITHELIAL
CELLS OF RATS BY COLCHICINE

Gizella, Karacsony, G. A., Balint, Gy0rgyi, Lukacs and V. Varro
FIRST DEPARTMENT OF' MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED

(Received March 2, 1982)

The effect of prostacyclin (PG12 and colchicine on fundic gastric mucosa of
sexually mature female W istar rats was investigated histochemically after restraint
stress. Under PG 12 treatment the ulcer index decreased significantly; this effect was
moderately inhibited by colchicine. The mucus content of epithelial cells was decreased
during restraint and was increased by PG Il2treatment. This protective action was also
inhibited by colchicine. The nuclear volume of fundic epithelial cells increased signifi-
cantly in restraint and decreased following colchicine application. These phenomena
were not influenced by PG 12

According to our results the cytoprotective effect of PG12is not accompanied
by nuclear volume changes.

In experimental animals cell proliferation is blocked in the course of
restraint stress, even before erosions appear. DNA synthesis is inhibited, chro-
mosomes do not duplicate, mitotic activity and cell divisions are absent.
These changes together with the acid secretion of the stomach result in the
development of gastric erosions after the application of stress in the rodent
[4,5 6,7].

For several years there have been numerous attempts to block these
ulcerogenic processes. In one of these studies the so-called “cytoprotective”
effect of prostaglandins has been discovered [8].

In the present study the effect of prostacyclin (PG12) on the nuclei of
fundic epithelial cells was examined by histochemical methods.

Materials and methods

W istar female rats weighing 150—250 g were used; for 24 hours prior to the experiment
food was restricted while water was allowed ad libitum. The animals were assigned into the
following groups (Table I):

100 /rg/kg PG 12 was given i.p., solved in 0.05 M tris-buffer [1].

Colchicine (Alkaloida, Hungary; lot. No: 14770668) was given i.p. in aqueous solution
in a dose of 50 fig/hg.

In the 24th hour of the experiment the animals were killed, their stomach removed
and the gastric mucosal damage (“Ulcer Index™) scored as follows: each mm2lesion represented
1 point, bleeding: further 5 points, perforation: further 10 points (2). The stomach was fixed
in 10% neutral formol-saline, embedded in alcohol and paraffin. Mucus staining was done for
periodate reactive glycyoproteide (PRGP) with the PAS method, for acid mucopolysaccharide
(AMPS) with the Alcian blue method. For karyometry slides stained by Feulgen’s method
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Table |

Experimental Design

Treatment (at the start of the experiment and in the

Group n 6th, 12th and 18th hr)
I 15 None (Control)
2. 15 Restraint stress for 24 hours
3. 15 Restraint stress -f- PG12
4. 10 Restraint stress + Colchicine
5. 10 Restraint stress + PGI2 -f- Colchicine
6. 10 PGI2
7. 10 Colchicine

were prepared. Measurement of mature fundic surface epithelial cells was done according to
Hintzsche [3] with the help of the formula 4 a2jt/3. Data were given in /A Each group repre-
sents 900 —1000 nuclei, i.e. 100 cells per animal.

The mean values £+S.E.M. were calculated and analysed statistically using Student’s
t-test for paired data.

Results
Experimental results are given in Tables Il through 1Y as well as in
Figs 1 through 6.
Table 11

Effect of restraint stress, PG 12 and colchicine treatment on gastric ulcer of rats

Group n U.1.o nn.%
- 15 - —
2. 15 12.2 £ 1.76 100
3. 15 3.8 £ 0.58* 31.1
4, 10 11.7 £ 1.38 95.9
5. 10 8.2 + 0.97 67.2
6 10 — —
7 10 — —

* = p < 0.05 vs. restraint (Group 2)
O = ulcer index

Normal AMPS content can be seen in Fig. 1.

The mucus content decreased markedly in restraint stress (Fig. 2).

An elevated mucus production is shown after PG12 treatment during
restraint (Fig. 3).
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Table 111

Changes of mucus content offundic epithelial cells

Group n PRGP . AMPS
l. 15 +4/15 + 2/15
2. 15 +4/15 -8/15
3. 15 +10/15 +13/15
4. 10 -5/10 -5/10
5. 10 -5/10 —5/10
6. 10 +8/10 +9/10
7. 10 -4/10 —3/10

4* increase of mucus content of the fundic epithelial cells
— decrease of mucus content of the fundic epithelial cells

Table IV

Changes of nuclear volume offundic mature epithelial cells

Nuclear volume -4-SE.M.

Group n +
. 9 176.41 * 7.19
2. 9 333.72 + 25.91***
3. 9 329.41 + 36.6**
4. 9 147.29 + 6.8**
5. 10 139.49+ 3.40***
6. 10 181.73+ 5.39
7. 10 176.17 + 10.94

*p < 0.02 vs. control vs. control]

**p < 0.005 vs. control
*** p < 0.001 vs. control

Fig. 1. A normal AMPS content can he seen in the fundic epithelial cells. Alcian blue, X 160

Acta Physiologica Acadcmiae Scientiarum Hungaricae 60, 1982



146 GIZELLA KARACSONY et al.

Fig. 2. There is no mucus staining of the fundic epithelial cells. Alcian blue, X 160

Fig. 3. An increased mucus production is shown after PGI2treatment. Alcian blue, X160

Fig. 4. Control: well maintained nuclear structure of fundic epithelial cells. Feulgen, X390
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Fig. 5. There is a marked enlargement of nuclei. Feulgen. X390

Fig. 6. There is nuclear shrinkage following colchicine treatment. Feulgen, X390

A well maintained nuclear structure of fundic epithelial cells is shown in
a control animal (Fig. 4).

There is enlargement of nuclei with pale staining during restraint (Fig. 5).

Small, oval nuclei can be observed after colchicine treatment during
restraint (Fig. 6).

Discussion

The stimulating effect of prostaglandin analogues on mucus production
is well known [9]. Our results with PO-12 confirm these observations. The
enlargement of the nuclei of fundic epithelial cells can be explained by an
increased sodium influx. This is primarily caused by degenerative processes.
We have no explanation for the decrease of nuclear volume after colchicine
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treatment. The karyometric data show, however, [1] that the application of
PG-12in itself does not increase nuclear volume, [2] neither does it influence
the significant nuclear swelling caused by stress and, [3] that it does not
significantly affect the nuclear shrinkage following colchicine treatment.

According to our results the cytoprotective effect of PG-12is not accom-
panied by nuclear volume changes.
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Gastric ulcer was provoked by indomethacine (20 mg/kg s.c.) in rats. The ulcer
protection by prostacyclin and cimetidine as well as the changes of tissue cAMP level
in the gastric fundic mucosa — during ulcer-provocation and ulcer protection — were
studied.

The animals received prostacyclin (125, 250 and 500 /ig/kg) and cimetidine
(2.5 and 50 mg/kg) together with indomethacine. Evaluation of the results was under-
taken 4 hours after the administration of the provoking agent. The number and severity
of the ulcers as well as the cCAMP level of the gastric fundic mucosa were measured.

The following results were obtained:

(1) cAMP level of the gastric fundic mucosa remained unaltered at the time of ulcer
provocation; (2) cimetidine and prostacyclin reduced the number and severity of the
ulcers in a dose-dependent manner; (3) cCAMP level of the gastric fundic mucosa was
reduced after cimetidine and prostacyclin treatment in a dose-dependent manner, the
extent of which however did not show any correlation with the degree ofulcer-preventive
action.

The experimental results indicate that
(1) the development of indomethacine-induced gastric ulcer is independent of the
ATP — adenylate cyclase — cAMP system of the gastric fundic mucosa; (2) the ulcer
protective action of cimetidine and prostacyclin is independent of tissue cAMP system
of the gastric fundic mucosa in this model.

Clinical observations have shown that nonsteroidal anti-inflammatory
agents induce gastrointestinal bleeding by causing damage to the gastric
mucosa [1].

Djahanguiri [2, 3] induced gastric ulcer by indomethacine. Indometha-
cine-induced ulcers develop in the glandular stomach (fundus) [2, 3]. It is
well known that indomethacine inhibits prostaglandin synthetase thereby
reducing the synthesis of prostaglandins [13].

In our earlier experiments we analysed in detail the biochemical changes
in the gastric fundic mucosa of pylorus-ligated animals [6, 7, 8], of pylorus-
ligated + adrenaline and salicylate treated animals [9], of stress-animals [9]

*Visiting scientist from'Instituto Superior de Sciencias Médicas, Facultad 1, Departa-
mento de Farmacologia, Habana, Cuba.
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and in animals treated by 0.6 M HCI, 0.2 M NaOH, 96% ethanol and 25%
NaCl [9]. We found that during the development of gastric mucosal lesion
the functional equilibrium between gastric mucosal energy-producing systems
(ATP — membrane ATPase — ADP and ATP — adenylate cyclase — cAMP)
deteriorated, leading to significant changes in the neural, hormonal and drug
regulation of the two energy producing systems [7, 9, 11, 12].

In an attempt to extend these earlier studies the biochemical analysis
of an ulcer model was undertaken in which the prostaglandin synthesis was
inhibited without ligation of the pylorus. The most optimal model for such
an analysis seemed to be the indomethacine-induced gastric ulcer. The purposes
of the present study were: (1) to analyse the role of the ATP — adenylate
cyclase — cAMP system of the gastric fundic mucosa in the development of
indomethacine-induced gastric idcer; (2) to analyse the ulcer-protective action
of cimetidine and prostacyclin and its relationship with the tissue cAMP
changes of gastric fundic mucosa.

Materials and methods

Experiments were carried out on CFY-strain rats of both sexes weighing 180 to 210 g
No food was given for 24 hours before the experiments but water was allowed ad libitum.

On the morning of the study the animals received 20 mg/kg indomethacine subcutane-
ously. The animals were killed 4 hr thereafter.

The number and severity of ulcers were determined according to the score-system
described previously [4].

The cAMP level of the gastric fundic mucosa was determined by radioimmunoassay
(Becton Dikinson, Orengeburg, USA). The results were expressed for mg protein content.
The protein content was determined by the method of Layne [5].

Drug administration was carried out at the time of indomethacine treatment. Cimetidine
(Tagamet; Smith, Kline and French Laboratories, Ltd.) was dissolved in physiological salt
solution. Prostacyclin (CHINOIN, Budapest) was dissolved in tris-buffer (pH 8) immediately
before administration.

The results were expressed as mean ~"S.E.M . Statistical analysis of the data was carried
out by Student’s (-test and by the Mann—W hitney method, the latter being used for the
analysis of the severity of ulcers.

Results

Tissue cAMP content of the gastric fundic mucosa remained unaltered
during the development of indomethacine-induced ulcer (Fig. 1).

Cimetidine reduced the number and severity of ulcers as well as the
tissue cAMP-level of the gastric fundic mucosa in a dose dependent manner
(Fig. 2). There was no correlation between the extent of ulcer-protection and
of cAMP-level changes.

Prostacyclin reduced the number and severity of ulcers. Tissue cAMP
level of the gastric fundic mucosa decreased as well, however there snras no
correlation with the ulcer-protective action (Fig. 3).
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Fig. 1. Tissue cAMP-levels in the gastric fundic mucosa of rats in the control (NaCl-treated)

and indomethacine-treated (20 ing/kg, s.c.) groups (mean iS.E.M .). The number and severity

of lesions (ulcers) demonstrated in the right side of the figure represent the results obtained

in the indomethacine-treated group, since there were no ulcers found in the NaCl-treated
control group, “n” represents the number of animals examined

indomethacin (s.c.)
and

Fig. 2. Effect of cimetidine on the number and severity of gastric ulcers provoked by indo-

methacine as well as on the cAMP content of the gastric fundic mucosa. The animals in the

control group were treated by physiological salt solution (cimetidine was dissolved in NaCl
as well). The numbers in parenthesis represent the number of animals

indomethacin (s.c.) and
o0 (1M1 cimetidine or saline (i.p.) kill -5
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Fig. 3. Effect of prostacyclin on the number and severity of indomethacine-induced gastric

ulcer as well as on the cAMP content of the gastric fundic mucosa. Control animals received
1 ml Tris-buffer (pH 8). The symbols are indentical to those of Fig. 2
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Discussion

Indomethacine-induced gastric mucosal lesions are well reproducible and
easy to evaluate. The exact mechanism of such ulcers is not known, nevertheless
tissue hypoxia as an etiological factor can be excluded [3].

It is well known that indomethacine inhibits the prostaglandin synthetase
thereby reducing the synthesis of prostaglandins [13]. Previous studies showed
that the transformation rate of ATP — adenylate cyclase — cAMP system
decreased significantly in the gastric fundic mucosa of animals with ligated
pylorus [7, 8], with ligated pylorus and treated by adrenaline [9] or salicylate
[9]. Furthermore it was decreased in animals during the development of
gastric mucosal lesions evoked by the administration of 0.6 M HC1, 0.2 M
NaOH, 96% ethanol and 25% NaCl [9].

In all these models tissue level of cAMP was increased during the protec-
tion of the gastric mucosal damage [4, 9, 10, 11]. During the development of
stress ulcer gastric mucosal cAMP-level increases [9], while it decreases in the
case of ulcer-protection [9].

The present experiments showed that tissue cAMP-level of the gastric
fundic mucosa remained unaltered during the development of indomethacine-
induced gastric ulcer. At the same time cimetidine and prostacyclin decreased
the number and severity of indomethacine-provoked ulcers in a dose-depen-
dent manner and tissue cAMP-level of the gastric fundic mucosa reduced by
both drugs in parallel with the ulcer-protective action; however, the extent of
protection did not correlate with the decrease of tissue cAMP-level.

These investigations show that gastric mucosal lesions may develop in
the absence of changes of the gastric mucosal cAMP system, which is in sharp
contrast to the results of our previous investigations. On the other hand,
however, the present data demonstrate that ulcer protection can be achieved
irrespective of significant cAMP-level reduction. Nevertheless, it is essential
to note that the normal cAMP-level of the gastric fundic mucosa obtained
during the development of ulcer protection was reduced. Prostacyclin enhances
the ATP —ADP and ATP—cAMP transformation [4, 12] in ulcer models in
the absence of prostaglandin synthesis inhibition. Thus the effect of prosta-
cyclin on the energy systems depends on prostaglandin synthesis, while that
of cimetidine is not.

The present and previous results indicate that (1) gastric mucosal lesions
may develop as a consequence of various biochemical mechanisms; (2) normal
gastric fundic mucosal cAMP-level represents normal tissue metabolism during
the development of ulcer and ulcer-protection, while normal cAMP-level alone
is not the sole index of the integrity of the gastric fundic mucosa.
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The effect of the Ca-chelators EDTA and EGTA on sinoatrial activity and heart
irritability was studied in dog experiments by perfusing the artery supplying the
sinoatrial node. Beside the usual ECG recordings left and right atrial and left and right
ventricular epicardial electrograms, His-bundle electrogram and the early activity of
the sinoatrial node were recorded. In addition action potentials were recorded from the
left auricle and right ventricle of the dog hearts. Local application around the sinoatrial
and atrio-ventricular nodes of EDTA and EGTA caused sinus bradycardia and later
sinus arrest within 1 min after introduction of the drugs.

For substitution of the sinus rhythm junctional (seldom lower atrial) escape
rhythm developed. One to two minutes later it was followed by atrial premature beats
and even later atrial flutter and fibrillation could be recorded.

In one third of the cases atrial fibrillation was followed by secondary ventricular
fibrillation. Atrio-ventricular impulse conduction was prolonged in the av node by
EDTA and EGTA.

Atrial action potentials and the slow (Ca dependent) ventricular action potentials
were depressed by EDTA and EGTA.

Introduction

Calcium (Ca2+) influx, the “slow calcium channels”, play a decisive role
in the depolarization of the cells of the sinoatrial and atrio-ventricular (av)
nodes.

Thus, the inhibition of Ca2+-influx can considerably influence the pace-
maker activity of the sinoatrial node and impulse conduction of the av node.
The Ca2+-antagonist verapamil and similar compounds significantly inhibit
the activity of the sinoatrial node and the impulse conduction of the av node
if they are applied in high concentration to the respective areas. Adenosine
derivatives inhibit sinoatrial node activity by blocking the Ca2+-channels [19].

It seemed therefore interesting to study the effect of other Ca2+-antag-
onists (the Ca2+-chelator EDTA and EGTA) on cardiac pacemaker activity,
impulse conduction and irritability.
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Materials and methods

Electrophysiological-pharmacological experiments

The experiments were carried out on 22 anaesthetized (30 mg/kg pentobarbital i.v.),
artificially ventillated open-chest dogs. The initial and middle portions of the right coronary
artery were isolated. Two muscle branches, supplying the right ventricle, originate from the
artery immediately before the origin of the artery, supplying the sinoatrial node. Thin rubber
bands were placed underneath the origin of this artery and the right coronary artery distal
to the former. A thin catheter was placed into the right coronary artery proximal to the origin
of the sinoatrial node artery. The other and of the catheter was introduced into the right
common carotid and the right coronary artery was perfused at constant 10—15 ml/min rate
by a peristaltic pump. By intermittent stretching of the rubber loops, isolated perfusion of the
sinoatrial node artery, the proximal portion of the right coronary artery or the muscle branches
of the right ventricle could be performed. By injecting Evans-blue into the sinoatrial node
region, part of the right atrium and auricle and the av-node region were stained. The experi-
mental model is illustrated in Fig. 1.

Fig. 1. Isolated perfusion of the sinus node artery. The sinus node artery is perfused through

a catheter fixed into the right carotid artery and by a perfusion pump. Muscle branches origi-

nating from the initial portion of the right coronary artery are ligated by a rubber band. The

dye injected into the perfusion system stains the vicinity of the sinus node, the adjacent parts
of the right atrium and auricle and the area of the av-node

The Ca2+-chelators EDTA (disodium-ethylenediaminoacetate) and EGTA (ethylene-
glycolacetate) were injected into the isolated coronary circulation in the dose-range of
0.01-0.04 mM (30-120 //g).

ECG recordings served for the analysis of pacemaker activity and impulse conduction
before and after drug application. Beside the usual extremital bipolar ECG recordings epi-
cardial atrial and ventricular electrocardiograms were performed by placing unipolar electrodes
on the right and left atria and on the right and left ventricles.

For better analysis of atrio-ventricular impulse conduction, His-bundle ECGs were
recorded by placing a 6-pole electrode in the vicinity of the av-node and His-bundle through
the right subclavian vein. A 15—100 Hz frequency-range preamplifier was used for recording
of the His-bundle electrograms.

Unipolar electrodes were fixed in the vicinity of the sinoatrial node for detailed analysis
of the pacemaker activity of the sinoatrial node. In part of the experiments the electrical
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signal of sinoatrial node activity, the small wave before the right atrial wave, was recorded
by a 15 Hz frequency amplifier.

Cellular microelectrophysiological studies were also performed in 12 dogs by action
potential recording. The chest was opened in sodium-pentobarbital anaesthesia and after
ligation of the large vessels the heart was excised. Action potentials were recorded in tissue
piecesremoved from the left auricle and from the trabecular musculature of the right ventricle.

A capillary glass microelectrode filled with 3 M KC1 was used for recording of the action
potentials. The preparations were superfused by Tyrode solution bubbled with 95% 0 2 and
5% CO02 mixture at 37 °C. Square-wave impulses of 0.5 msec duration and 1 Hz frequency
were used for electrical stimulation of the muscle preparations. Membrane potential and its
first derivative were simultaneously recorded on an oscilloscope [12].

Results

Administration of EDTA or EGTA into the artery of the sinoatrial node
caused first bradycardia and later a transient cessation (sinus arrest) of pace-
maker activity. Bradycardia as well as asystole were observed. Afterwards
the sinus rhythm was replaced by a supplementary rhythm; more frequently
junctional rhythm and seldom lower atrial-coronary sinus rhythm developed.
Atrial irritability increased significantly 2 to 3 min after injection of drugs:
multifocal atrial premature beats and transient atrial flutter were observed.
The frequent and variable atrial arrhythmia corresponded to the clinically
well known chaotic atrial arrhythmia. After a few minutes the pacemaker
activity of the sinoatrial node was resumed but in some cases a “moving”
of the sinoatrial pacemaker activity (wandering P-wave) could be observed.
Under the effect of either EDTA or EGTA atrial fibrillation developed in all
cases. In the majority of cases (66%), however, atrial fibrillation was transient.
Fibrillation often developed in one atrium only. Ventricular fibrillation
occurred in 40% of the cases. It was always secondary, i.e. atrial fibrillation
was followed by frequent ventricular tachycardia and later by ventricular
fibrillation. Ventricular fibrillation never developed if the drugs were applied
directly through the coronary branches supplying the right ventricle.

Severe arrhythmia (sinus arrest, atrial chaotic arrhythmia, atrial and
ventricular fibrillation) never occurred if EDTA or EGTA were administered
intravenously (30 mg/kg by slow i.v. infusion). Only a slight bradycardia
accompanied by simple atrial premature beats were observed in these cases.

The change of impulse conduction was characteristic after EDTA or
EGTA injection. Atrio-ventricular impulse conduction was prolonged and the
PQ interval lengthened after injection of EDTA or EGTA into the sino-
atrial-node artery.

The protraction of impulse conduction occurred in the av node. These
disturbances of pacemaker activity and impulse conduction were charac-
teristic and constant and they could be reproduced in the same animal; the
acute effect lasted only 10 min. ECG changes following EDTA or EGTA injec-
tion are illustrated in Tables I and II.
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Table |

Effect of ED TA on cardiac pacemaker activity and impulse conduction (14 dogs)

Type of arrhythmia Nucmats):Sr of
Sinus bradycardia 12
Sinus arrest 12
Junctional escape rhythm 11
Lower atrial escape rhythm 2
“Moving” P-wave 4
Frequent atrial premature beats 14
Chaotic atrial rhythm 11
Atrial fibrillation transient 10
permanent

Ventricular secondary fibrillation
PQ (A—H) prolongation 12

Table 11

PEGTA on cardiac pacemaker activity and impulse conduction

Type of arrhythmia Nurcnat;:Sr of

Sinus bradycardia 9
Sinus arrest 9
Junctional escape rhythm 7
Lower atrial escape rhythm 2
W andering P-wave 3
Frequent atrial premature beats 10
Chaotic atrial rhythm 9
Atrial fibrillation transient 7

permanent 3
Ventricular secondary fibrillation 4
PQ (A—H) prolongation 8

The rhythmic disturbances and changes of impulse conduction can not
always be analysed by usual ECG recordings. Epicardial atrial and ventricular
ECGs as well as the His-bundle ECG and the recording of sinus node activity
were of great help in the recognition of junctional rhythm, sinus arrest or
the impulse conduction disturbances of the av-node. The EDTA- and EGTA-
induced characteristic aA'hythmogenic effects are demonstrated in Figs
2 to 5.
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Fig. 2. Early effects of EDTA on sinus node activity and on atrial (heart) irritability. Record-

ing of right atrial (upper tracing) left atrial (middle tracing) and left ventricular epicardial

electrograms (lower tracing) at 50 mm/sec paper speed. EDTA decreases sinus pacemaker

activity which is followed by complete sinus arrest. Junctional escape rhythm occurs, but
atrial premature beats can also be observed

Fig. 3. Atrial fibrillation after EGTA treatment. Right atrial (upper tracing), left atrial (middle

tracing) and right ventricular (lower tracing) ECG recorded at 25 mm/sec paper speed. On the

left side of the figure normal sinus rhythm can be seen 30 sec after EGTA injection, while

the right side demonstrates the occurrence of atrial fibrillation 90 sec after EGTA injection

(low-amplitude irregular atrial fibrillation waves on the right atrial ECG, the left atrial ECG
while in more regular flutter at a lower frequency can be observed)
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Fig. 4. Chaotic arrhythmia after EGTA treatment. Right atrial ECG (upper tracing) His-

bundle ECG (middle tracing) and left ventricular ECG (lower tracing); recordings at 50 mm/sec

paper speed 60 sec after EGTA administration. Following EGTA treatment frequent, multi-

focal atrial premature heats can be observed, which is followed by the occurrence of chaotic
atrial arrhythmia

Fig. 5. Atrial and secondary ventricular fibrillation after EDTA administration. Right atrial

(upper tracing), left atrial (middle tracing) and left ventricular epicardial ECG (lower tracing);

recorded at 25 mm/sec paper speed. Atrial premature beats and later atrial fibrillation devel-

oped 90 sec after EDTA injection. They were followed by the occurrence of tachycardia and
ventricular fibrillation
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The effects of EDTA or EGTA on atrial and ventricular action potentials
are also characteristic. The atrial action potential was significantly depressed
after the addition to the solution of 2—4 x kO -5 M EDTA or EGTA. Testing
potential and depolarization velocity were decreased (the rate of rise of phase 0)
and the plateau was shortened. EDTA or EGTA even in higher dose had no
effect on papillary muscle action potentials. The action potentials of papillary
muscle depolarized by 25 mM K +-Tyrode’s solution (inhibition of the Na+-
channel) and then stimulated by isuprel (depolarization due to Ca2+-transport)
were almost totally depressed by EDTA or EGTA.

Discussion

Ca2+-transport i.e. Ca2+-influx into the cell through the “slow” calcium
channel — seems to be of primary importance in the pacemaker activity of
the sinus node.

Verapamil, the blocker of slow Ca2+-channel, induces pronounced brady-
cardia and even sinus arrest [2, 14, 24, 25]. As a consequence of sinus arrest
following verapamil administration, junctional subsidiary rhythm may develop
[4, 5, 19].

Beside the activity of the sinus node, verapamil and its derivatives
inhibit atrio-ventricular impulse conduction as well, and impulse conduction
is protracted in the av node [1, 10, 18).

Verapamil and related Ca-antagonistic compounds block the slow Ca2+-
channel inhibiting thereby the slow Ca2+-entry without influencing the rapid
Na +-entry [9, 16].

Injection of adenosine and adenosine derivatives such as adenosine tri-
phosphate into the sinus node artery causes bradycardia and a consequent
escape rhythm [7, 19]. Our previous studies indicate that adenosine acts on
the activity of the sinoatrial and av nodes by the inhibition of Ca2+-channels
and so the effect is closely similar to that of verapamil [19].

The Ca2+-chelator EDTA was originally used as an antiarrhythmogenic
agentin the treatment ofdigitalis intoxications, in digitalis induced arrhythmia.
Since Ca2+ play an important role in the action mechanism of digitalis, the
application of EDTA was effective in the treatment of digitalis arrhythmia
[13, 20, 22, 23]. Otherwise neither EDTA nor EGTA have antiarrhythmogenic
effects. According to James [7] administration of EDTA into the sinus node
artery is followed by bradycardia after a transient tachycardia and atrial
premature beats also occur. Calcium EDTA was ineffective.

According to our investigations EDTA or EGTA injected into the area
of the sinoatrial node or av-node causes a decrease of pacemaker activity of
the sinus node: bradycardia and sinus arrest develop. For substitution of
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sinoatrial node pacemaker activity an escape rhythm can be observed, usually
a junctional and rarely a lower atrial rhythm.

These effects of the Ca2+-chelator EDTA or EGTA are similar to those
of the Ca2+-channel blockers verapamil or adenosine [19]. Late effects of
EDTA occurring 1 to 2 minutes after its injection into the sinus node artery
are different. They are characterized by increased irritability of the heart,
first of all of the atria: frequent multifocal atrial premature beats, atrial flutter
and fibrillation, often localized to one atrium only, are detected. Chaotic
atrial rhythm develops often. Ventricular irritability (arrhythmogenic ability)
is not increased; there occurred, no ECG changes if EDTA or EGTA were
injected into the right ventricular myocardium.

The effect of EDTA and EGTA on cardiac action potentials is very
characteristic. Action potentials of ventricular trabecular or Purkinje-fibre
preparations are not influenced by the Ca2+-chelators. In auricular prepara-
tions, however, they depress the action potential, since that of the auricles
and atria are dependent not only on Na+-entry, but slow Ca2+-entry also
contributes to their development.

Their effect on the plateau phase (2nd phase) is of utmost importance;
the amplitude of the plateau depends on the slow Ca2+-entry. In contrast to
the data of Cranefietd [3], we observed a significant shortening of the length
of the plateau in the presence EDTA or EGTA. High external potassium con-
centration depolarizes the ventricular muscle cells and sodium transport is
totally inhibited. Catecholamines (noradrenaline) activate the action potential
in depolarized preparations which are Ca2+-dependent [17, 21]. EDTA or
EGTA totally abolished the action potentials in these preparations. Both the
electrophysiological studies following sinus node artery perfusion and the cel-
lular microelectrophysiological observations indicate that EDTA and EGTA
influence the pacemaker activity of the sinus node and the impulse conduction
of the av-node by a Ca-antagonistic effect (Ca2+-transport blockade). The
exact cause of this is not known.

It is suggested that the Ca2+-chelators have a dual action on cells of
the sinus and av-nodes. After binding outside the cell membrane they penetrate
into the cells. After a certain time the bound Ca2+ is released and the intra-
cellular Ca2+ concentration increases.

An other mechanism may also play a role in the mentioned arrhythmo-
genic effect of the Ca2+-chelators: the tight couplings between the cells are
disturbed [11, 15] and this leads to a disturbance of impulse conduction be-
tween the sinus node and the atria, thus the development of the reentry-type
arrhythmia is assumed.

The changes in cardiac pacemaker activity, impulse conduction and
irritability after EDTA or EGTA administration indicate that complex Ca2+-
binding may play some role in the pathomechanism of some arrhythmias.
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Although the available clinical data are not sufficient, the development of
chaotic atrial arrhythmia and atrial fibriallation after EDTA or EGTA ad-
ministration may support this hypothesis.
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In the present study the dose-related effects of linear and cyclic somatostatin
were compared on the self-stimulation rate of rats. Twenty fig of linear somatostatin
administered intracerebroventricularly (icv.) markedly decreased the self-stimulation
rate, while 5 pg and 10 pg was ineffective. Cyclic somatostation in a dose of 1 fig caused
a transitory but not significantincrease in the self-stimulation rate, which later returned
to the control level. Five fig and 10 fig of the peptide decreased the self-stimulation rate.

These results indicate that the cyclic somatostatin is more effective in inhibiting
the self-stimulation rate than the linear one.

The effects of somatostatin in the different behavioral tests are contro-
versial. The reason for this controversy might be the difference in the structure
of the various preparations. For example, cyclic somatostatin increases loco-
motor activity [5], while the same dose of linear somatostatin decreases
activity to the point of catalepsy [3].

Some reports have suggested that excitatory or inhibitory action of the
hormone depends the employed dose [1, 3, 6, 7, 8, 9]. The administration of
lower doses induces primarily behavioral activation and excitation, while larger
doses produce only transient excitatory behavioural effects followed by marked
restriction of movements [10].

Previously we have reported that cyclic somatostatin significantly
decreases the self-stimulation rate, however a transitory, non-significant
increase was found with lower doses [14]. In the study the effect of linear and
cyclic somatostatin was compared on the self-stimulation behaviour using
different doses in rats.

Materials and methods

Adult male Wistar rats weighing 200 —250 g at the time of the operation were used for
the experiments. Under anaesthesia (sodium hexobarbital), one pair of enamel-insulated steel
electrodes was implanted stereotaxically in the right lateral hypothalamus [4, 11] for intra-
cranial stimulation, and sealable cannula was inserted in the left lateral brain ventricle. One
week was allowed for recovery following the operation.

By pressing a lever in the experimental cage, the rats could activate an electric stimula-
tor to apply trains of 50—90 square pulses through the connected electrodes (frequency,
125 Hz; pulse width, 0.1 —0.2 msec; amplitude, 5.6—6.8 V). The current was continuously
monitored on an oscilloscope by measuring the voltage drop across a 100 ohm resistor in series
with the rat.
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The rat was connected to the stimulation circuit by a swivel commutator in order to
prevent twisting of the leads. Lever operations per minute were recorded by an electric counter.
W hen the performance of each rat reached a stable level, drug treatment was started [11].

After the first 15 min of the experimental session, linear somatostatin (5 fig, 10 fig,
20 fig) and cyclic somatostatin (1 fig, 5 fig, 10 fig) dissolved in saline were injected icv. through
the ventricle cannula without handling of the animal (liquid volume 5 fil, injection time 60 sec).
The rats were free for self-stimulation for 60 min following application. Normal saline solution
was given under the same conditions in control sessions.

Placement of the electrodes was examined histologically. The animals were killed with
an overdose of hexobarbital and the brains were perfused with 10% formaldehyde solution.
The localization of the electrodes was undertaken in 100 fi frozen sections.

Somatostatin (linear and cyclic) (Serono, Italy) was used in our experiments. Mann —
W hitney’s non-parametric test was used for statistical analysis.

Results

The icv. administration of 5 fig linear somatostatin had no influence on
self-stimulation, while 10 fig was able to produce a slight decrease. Twelve
min after the administration of 20 fig, the peptide produced a deep depression
of self-stimulation (p < 0.01) which lasted throughout the whole experimental
session (30th min, p < 0.05; 57th minute, p < 0.05) and returned to the
control level only by the 60th minute (Fig. 1/A).

Fig. 1. The dose-related effect of linear and cyclic somatostatin on the self-stimulation behav-

iour of rats. A (linear somatostatin): X ------ X saline (14); ¢ ---—-- e 5 fig somatostatin (7);
0O----0 10 fig somatostatin (8); W----B 20 fig somatostatin (4). B (cyclic somatostatin):
X mmeem X saline (18); o——--0 1 fig somatostatin (12); ¢ ------- « 5 fig somatostatin (8);
0 - 0O 10 fig somatostatin (8). Number of animals are given in parantheses. *P < 0.05;

** P < 0.01; NS = P > 0.05
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The icv. administration of 1 fig cyclic somatostatin increased self-stimula-
tion activity in the first 3 min after the application, however this change was
not significant. Five fig somatostatin markedly decreased (p < 0.01) self-
stimulation 6 min after the administration. Twenty-four min after the admin-
istration the level of the self-stimulation activity returned to the control
level, thereafter again showing a tendency to decrease. In the 30th minute
the self-stimulation activity became significantly lower compared to the control
(p < 0.05). The administration of 10 fig peptide induced similar changes. The
self-stimulation rate decreased between the 6th (p < 0.01) and 21st minute
(p < 0.05) (Fig. 1/B).

Discussion

These observations have demonstrated that both linear and cyclic
somatostatin can influence hypothalamic self-stimulation activity. Immediately
after the administration of high doses of the peptide (linear, 20 fig; cyclic,
5 fig and 10 fig) grooming,washing,head shaking and left or right turning could
be observed in most of the cases. In one case (cyclic somatostatin) barrel rota-
tion could be seen which had been reported also by others [3].

While cyclic somatostatin markedly decreased the self-stimulation rate
in a dose of 5 fig, the linear somatostatin was less effective and decreased
the self-stimulation only in a dose of 20 fig. These results show that both linear
and cyclic somatostatin are able to decrease the hypothalamic self-stimulation
activity, however, the cyclic is more potent.

In another biological test (inhibition of growth hormone secretion) linear
and cyclic somatostatin have the same potency [13].

Somatostatin stimulates both the synthesis and utilization of dopamine
and noradrenaline in the brain [5], while substances that release catechol-
amines rapidly from functional stores facilitate self-stimulation [12]. The
transitory, however not significant increase in the activity of self-stimulation
after the administration of low concentrations of cyclic somatostatin might
be related to the increased activation of the catecholaminergic system.

From earlier investigations it seems that at higher concentrations somato-
statin might act, at least in part, through cholinergic mechanisms [3]. Pharma-
cological activation of the acetylcholine system usually supresses self-stimula-
tion and pharmacological blockade often facilitates the self-stimulation be-
haviour [12]. It is possible that the decrease in the level of self-stimulation at
higher concentration of the peptide is due to activation of the cholinergic
system. However, since somatostatin is present in the brain [2], it may influence
the self-stimulation behaviour directly as well. Whether the action reported
here is a direct one, or it is mediated by altered transmitter activates, remain
to he seen.
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Recensiones

H. Autrum (ed.)
Handbook of Sensory Physiology

Vol. VII. (6) C, Comparative Physiology and Evolution of Vision in Inverte-
brates. Part C: Invertebrate Visual Centers and Behavior Il

Springer Verlag, Berlin—Heidelberg—New York 1981, 663 pages with 216 figures, Price
DM 290,—; approx. US $ 131.90

The series Handbook of Sensory Physiology comes to its conclusion by this Volume
V11/6 on the comparative Physiology and Evolution of Vision in Invertebrates. This book, the
third part of Volume V I11/6 appeared with the title Invertebrate Visual Centers and Behavior II.
In the first one H. Authum (Minchen) gives a meticulous survey on the adaptation processes
in invertebrates, providing the most up-to-date electrophysiological, behavioral and membrane
aspects of adaptation. The next chapter is “Comparative Physiology of Vision in Molluscs”
by J. B. Messenger (Sheffield). Like their body constitution the visual organs of the mol-
luscs also reveal an extraodinarily variability. The chapter describes the characteristics occur-
ring in the seven molluscean classes. The third chapter “Organization and Physiology of the
Insect Dorsal Ocellar System” by L. J. Goodman (London) deals with the ocellar system which
is a peculiar visual organ situated between the two eyes of the insects. Finally the fourth
chapter “Spatial Vision in Arthropods” by K. Wehnar (Zirich) offers a critical review of the
immense amount of data obtained in this field. In summary, the reader finds an excellent
summary of the topic at a very high scientific level. As part of tlied landbook of Sensory Phys-
iology series the volume merits to be found on the shelves of every bioscience library. It is
of interest for all the physiologists, zoologists and morphologists working in visual physiology
and related fields.
F. Obal

H. COLEEWLN
The Oculomotor System of the Rabbit and its Plasticity

Springer Verlag, Berlin—Heidelberg—New York 1981, 240 pages with 128 figures, Price
DM 79,—; approx. US $ 36,—

The volume is part of the series Studies on Brain Function. The author gives a survey
of his own studies concerning the oculomotor system of the rabbit and expresses his opinions
on the functioning of this intriguing mechanism. The six chapters of the volume deal with
spontaneous eye movements, eye movements occurring during passive oscillation, processing
the signals obtained during eye movement as well as with the adaptation of the oculomotor
system. It adds significantly to the value of the book, that a chapter on “Investigations on
Optokinetic Nystagmus” by J. W. G. Ter. Braak was included in the volume as an appendix.
This paper appeared in German in 1936. J. Collewijn’s translation makes it available also
for the English readers. The volume offers a valuable reading for all the scientists and clinicians
interested in the oculomotor system and related fields.

F. Obal

5% Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982



170 RECENSIONES

D. Garlick (ed.)
Festschrift for F. C. Courtice

(The School of Physiology and Pharmacology. The University of New South Wales, P.O. Box 1,
Kensington, N.S.W. Australia 2033: 1981, 252 pages, with 101 illustrations.)

This book is dedicated to professor Frederick Colin Courtice, a prominent Australian
scientist in the field of physiology and experimental pathology, by colleagues and former
students on the occasion of his seventieth birthday.

The volume covers 23 exciting topics focusing largely on the physiopathology of arterial
hypertension, microcirculation and lymphatic physiology, written by 38 contributors from
Australia (30), Japan (1), New Zealand (4) and the USA (3): some of the titles are “The causes
of hypertension” by P. B. Korner, “Touch and Txture” by Jan DariaN-Smith, “The role
of biliary phospholipids in fat absorption” by W. J. Simmonds, “Steroid and steroid conjugate
excretion” by W. Steinbeck, “The evolution of experimental approaches to studying aspects
of lymphatic physiology”, by Bede Morris, “Arterioles, capillaries and blood-tissue exchange”
by G. Outteridge and D. Garlick etc.

The vitality and fruitfulness of this Australian medical research school founded by F. C.
Courtice is reflected by the high scientific standard of the comprehensive chapters too. It is
worth mentioning that many of the authors contribute also to the Organisation of the 29th
International Congress of Physiology to be held in Sydney (28th August—3rd September,
1983), including F. C. Courtice, who is acting as the treasurer of the Congress.

E. Monos

Lawrence I. Gilbert and Earl Frieden (eds.)
Metamorphosis

A problem in developmental biology. 2nd edition 578 pages. Plenum Press, New York and
London 1981

Metamorphosis, as pointed out by Wald in this volume, is a misnomer. Actually, not
only and not mainly the change of the form is concerned but biochemical, adaptation, nutrition-
al, etc., alterations are involved which basically alter the living organism. Metamorphosis
as a subject of research provides partly a phytogenetic and partly an ontogenetic model for
the biologist. It was probably the first target of studies in developmental biology, and observa-
tions in this field have allowed to construct the modern basis of contemporary developmental
biology.

Metamorphosis is observed in several species such as worms, insects, echinodermata,
vertebrates, etc. It often occurs with different characteristics even in closely related species
but always produces basic alterations. Metamorphosis is regulated by metamorphosis which
act at the gene level by rescheduling repression, depression and in some instances the same
programme isreversed during the life cycle (secondary metamorphosis). The hormones generally
appear in sets of two, and the prevalence of one of them determines the direction of changes.

The hormones of metamorphosis and their actions are now the subject of active investiga-
tion. The results are promising but the field is not yet fully explored. Earlier the thyroid hor-
mones (T4 and T3) were thought to be the sole essential factors in tadpole metamorphosis.
Now we know that their cooperation with prolactin is indispensable. The tadpole kept in the
larval state by prolactin is transformed and becomes aland animal under the effect of thyroxine,
that goes into the water to lay eggs under the influence of prolactin. In response to a thyroxine
injection it is reoriented towards the land from the water.

Thus, metamorphosis in every animal species is associated with marked changes which
can be studied by morphological and biochemical methods from various aspects. The 23
contributors to this volume are from among those who have probably dealt the most with
these problems and they cover both the basis of the subject and the 13-year progress that has
been achieved since publication of the first edition by Etkin and Gilbert.

The contribution of senior investigators along with those of the younger generation
proved to be fruitful since in thatway the wisdom of the elders in intermingled with the molec-
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ular biology oriented dynamic knowledge of the young. The volume actually encompasses
everything on metamorphosis which is worth knowing at the postgraduate level. Moreover,
it also provides much new information to experts especially interested in metamorphosis.
One might criticize the number of references which is not proportionate at the end of the
chapters, but this has no influence on the value of the book.
The volume will be of interest not only to experts engaged in metamorphosis studies
but also to those who are interested in developmental biology.
Gy. Csaba

D. T. Krieger

Cushing’s Syndrome
Monographs on Endocrinology

Springer Verlag, Berlin—Heidelberg—New York 1982, 142 pages, 27 figures and 24 tables,
Price DM 88,—; approx. US $ 41.00

The most important advantage of the monograph is that it summarizes not only the
topic given in the title but also the most recent results of physiological and pathophysiological
studies of the CRF-ACTH-adrenocortical system. In doing so the monograph provides impor-
tant informations for the reader about ACTH and related peptides.

The first introductory chapter states that Cushing disease is of hypophyseal origin
while the Cushing syndrome isaprimary adrenal disease. The second chapter deals with the
regulation of ACTH-release and discusses its biochemistry. The characteristics of the precursor
peptide are described and it also deals with the other peptides: ACTH, MSH, LPH and end-
orfins. This chapter is followed by a short description of the biological aspects of ACTH-
release and a review of its physiology. The discussions about CRF in the last decade are
reviewed including vasopression in this connection. The report on present knowledge ends
with the results of Vale et al. (1981) concerning the peptide structure of CRF. The next pages
deal with the neurotransmitter regulation of ACTH-release and a schematic diagram illustrates
the inhibiting and releasing properties of various neurotransmitter substances. The next sub-
chapters summarize the neuro-anatomy of ACTH-release, the various modes of feed-back
regulation and the diurnal periodicity of the release. Similar problems of LPH and other
related peptide hormones are also discussed.

The next chapter deals with the actions of ACTH describing and explaining the effects
of various fragments and the action of ACTH on adrenal morphology and steroid genesis.
A short subchapter describes the extraadrenal actions of ACTH. The next chapter discusses
the biological activity of adrenocortical hormones and their synthesis, but it does not contain
too much new informations.

The description of the clinical picture of Cushing disease and syndrome is the next
topic involving the characteristics of the familiar diseases, the connection with pregnancy
and the clinical problems of the Nelson syndrome. As a supplement to this chapter the author
summarizes the experimental data obtained in two animal species with a condition correspond-
ing to Cushing disease. After a description of the pathology of micronodular adrenocortical
hyperplasia, adrenocortical hyperplasia and adrenocortical tumours, the problems of pituitary
tumors consisting of ACTH-releasing cells and the “silent” pituitary tumours are discussed.
This in followed by a long chapter on actopic ACTH release.

The next large chapter deals with the laboratory diagnostics of Cushing disease and
syndrome. The description of routine tests is at the textbook level. Interesting subchapters
deal with the diagnostic importance of the plasma ACTH level and that of other related pep-
tides. This part of the monograph describes the latest diagnostically and physiologically impor-
tant but somewhat controversial results concerning abnormal TRH and GnRH reactions, the
somatostatin and STH reponses and the prolactin metabolism of patients with Cushing disease.

The chapter about differential diagnostics summarizes the hormonal tests, the modern
X-ray techniques of visualizing the pituitary and adrenal gland, and the computer tomographic
ultrasound, radioscanning and angiographic methods.

The therapeutical chapter describes the possible drug treatments, the methods and
results of adrenal and pituitary surgery, the effect of pituitary irradiation and the drug therapy
influencing the neurotransmitter system. The clinical effects of these methods is somewhat
overestimated as far as the present situation is concerned.

I. Hollo
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Y. N. Najjar, Martinus Nijhoff (eds.)

The Wondrous Career of an Amino Acid Developments in Molecular and
Cellular Biochemistry

Yol. 1: The Biological Effects of Glutamic Acid and Its Derivatives

Dr. W. Junk Publishers, The Hague—Boston —London 1981, 405 pages. ISBN 90-6193-841-4.
Reprinted from Molecular and Cellular Biochemistry Vols. 38 and 39. 1981, Price Dfl. 195,—;
approx. US $ 85,00

During the past one and a half decades glutamate has made a fantastic career throwing
its amino acid companions into the shade. Practically two major functions had formerly been
ascribed to glutamate. First, it occurs in abundance in some proteins and beside aspartate it
is one of the amino acids determining the number of negative charges in the polypeptide chain.
Secondly, glutamate is a metabolite establishing a link between amino acid and carbohydrate
metabolisms through the tricarboxylic acid cycle. Further, it had also been known since long
that its nitrogen accumulating function is performed by the action of transaminases.

It has since been clarified that, whether glutamate functions as a free amino acid or it
is built in the polypeptide chain, its function is not restricted to such everyday duties. The
formation of free glutamate by the action of glutamate dehydrogenase protects the central
nervous system against the toxic effect of ammonia on the one hand and, on the other, it is
a precursor of y-aminobutyric acid (GABA) which is involved in neurotransmission. The y-
carboxyglutamyl side chains, derivatives of glutamate formed in proteins by the action of
vitamin K, ensure that blood clotting is restricted to the immediate vicinity of the injury,
and clots are not normally formed elsewhere in the circulation. It seems probable that y-
carboxyglutamyl side chains are also involved in other processes related to Ca-binding, such
as the building of the inorganic components of bones. The study of the function of y-glutamyl
transpeptidase looks back only on a short history. The function of this enzyme is to supply
the cells with glutamate by means of an appropriate transport mechanism, and to maintain
redox equilibrium by means of glutathione synthesis. It is a relatively recent finding that folic
acid occurs and functions in the form of polyglutamate both in procaryotic and mammalian
organisms.

This volume is composed of a series of papers. It contains 24 papers mostly of the mini-
review type which have originally been published as Vols. 38 and 39 of Molecular and Cellular
Biochemistry (1981). The book obviously provides new information in abundance for the
researcher of this field, and it may as well be very useful, if not even more useful, for researchers
of bordering fields, and finally it may be of particular importance for those who “ex officio”
are supposed to be well-informed, and for those who are engaged in teaching biochemistry at
the universities.

It is said in the Foreword that this volume comprises the first one of a series. The second
one will deal with immunologically active peptides. The material of the second volume has
already been published. It certainly will soon appear, if it has not appeared yet, in the form
of a separate volume of this series.

Since this volume is representational in its contents, the editor could have arranged
the papers according to their topics. It would have probably served the reader if the papers
on glutamate and GABA, i.e. the antagonistic action of the two compounds in the nervous
system, would have been arranged close after each other. Similarly, the papers on y-carboxy-
glutamate and those on the uterin derivatives etc. could have been grouped together, helping
there with the reader to find a logical order in the selection of publications. Despite this neglig-
ible drawback, which makes orientation in the volume merely inconvenient, this collection
of papers certainly provides much valuable new information for those concerned with research
in this field.

P. E1é&di
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J. T. Wilke
A Neuropsychological Model of Knowing

University Press of America, Washington, 1981, 77 pages

The book is a review of the data dealing with physiological mechanisms of human cogni-
tive processes. Emphasis is placed upon the fundamental nature of the role of the limbic
system and reticular formation in the acquisition, recognition, and knowledge. The implications
at the cognitive level for such issues as tacit knowledge, the nature of meaning, and the modes
of knowing of each of the two cerebral hemispheres are presented.

The book will be of use to neurophysiologists and psychologists.

T. Kukorelli
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ACTA PHYSIOLOGICA

TOM 60 BbIT.3

PE3FOME

KAPONOBACKY/IAPHBIE PEAKUWW Y KPbIC TP CAMOPA3OPAXEHUU
MMMNOTAJTIAMYCA

E. A. IOMATOB un E. A. KUTATKWH

MbI pernucTpmpoBany apTeprasnbHoe AaBeHNe Y YacToTy cepALebueHnii y KpbIc BO BpeMst
camopasfpaxeHusi naTepasibHOro rurnoTanamyca, Npy oNTUMasIbHbIX NapamMeTpax pasfpaxeHust.
Mpu 1301MPOBAHHOM CamMopa3fpaXeHW OTMeYasIUCh TUMep-rMNoTeH3UBHbIE, TMMNePTEH3VBHbIE
W TUMNOTEH3VBHbIE peakLuu, Yallle ApYrux TUMOB BCTpeuvasicst AByXdasHblli Tvn peakuuu. Mpu
OIHOLIMK/I0BOM CamMOpasfpaXeHnn Habniojanncb rUNeprunoTeHsBHbIE U TUMNepPTEH3VBHbIE
peakummn ¢ pasnIMyHOM YacToTol cepauebrneHnii, 75% Bcex peakuuii 6bIn ABYXasHOro Tuna,
a rMnepTeH3VBHbIN TUN peakuuii Ha6nofancsa TonbKo B 25% BCeX WUCC/eA0BaHHbIX Cy4aeB.
naBHbIM TUMoM (92) peakuunii apTeprasbHOro KPOBSIHOMO AaB/IeHUsI B Nepuofbl GecnpepbIBHOIO
60—140-MUHYTHOIO pa3fpaXkeHUs1 SIBMSNOCH MOCTENEHHOE MOBbILLIEHWE YPOBHSI CPeAHEro
[aBneHns Ha 15—40 MM pT. CT. Bbllle UCXOAHOTO ypoBHA (p > 0,001), BeNMuMHa KOTOPOro 3a-
BMCENa OT MPOAO/DKUTENbHOCTU pasfpaxeHusi. Yactota cepAaLebueHnini n3mMeHsinacb pasHoo6-
pasHee: Taxvmkapaus 1 GpagvKapaMs BCTPeYasiCb MOYTU C OfVHAKOBOW 4acToToi. CpaBHU-
TeNbHbI/ aHaN3 KapAuoBacKysipHbIX peakLuii, BO3HUKAOLLMX BO BPeMs FMMOTasiaMUYecKoro
camopasfpaxeHusi, N escape- peaKuUWid, BbI3bIBaeMbIX pa3fpakeHNeM BEHTPO-MeLNasIbHOro
runotanamyca, nokasasn cBoeo6pasvie aBTOHOMHbIX SIB/IEHWI BO BPEMS MOMOXUTENbHbIX U OTPU-
LaTeNlbHbIX 3MOLMOHANbHbLIX peakumnidi. Pe3ynbTaTbl CPaBHUTENbHOIO aHain3a MOAHUMAKT BO-
Mpoc 0THOCUTE/IbHO CTPECCOBbLIX PeaKLMii NoBeeHUsI NPY caMopasfpakeHUn.

BENONOI'MYEKOE, XUMWNYECKOE N ®UN3NKO-XMMNYECKOE W3YYEHWE
KOMMOHEHTOB BEVONIOMMYECKUX XXNAKOCTEN, UMEKOLWMX MOJIEKYNAPHYIO
MACCY OKOJ10 500-5000 A4A/IbTOH, ¥ BOJIbHbIX LWN30O®PEHWNEN

M. UAEWN, N. TPOD, 9. MEHbXAPT n A. ®ANOP

1 HaTuBHas KpoBsiHas MnnasMa M CbIBOPOTKA 60/bHbIX, CTPAfaloLLMX LUM30DPeHEN,
cofep>aT BeLlecTBa, KOTopble, MO-BUAMMOMY, SABASKOTCA CNeLupUYecKUMn 4ns aToro Helipo-
NCMXMaTPUYECKOro 3ab60eBaHnsA, 1 KOTOPble, B YC/IOBUAX in vitro, MHIMOUPYIOT PeaKTUBHOCTb
vas defens K3/1eKTPUYECKOMY PasfpaxKeHuHo.

2. 3a 6ronornyeckoe JencTeme aTUX XMAKOCTeM OTBETCTBEHHA reTeporeHHas pakuus,
COCTOSILAast U3 KOMMOHEHTOB C MOJIEKY/ISAPHON Maccoii oT 500 o 5000 ganbToOH, panaraeMasi Ha
4 noadpakumm xpomartorpaguen SG-25, abcopbrpyemas npu AnvHe BoSHbI 254 HM, cofepiKa-
Was rnasHbIM 06pa3oM HUHIMAPUHOBbLIE U Lowry — MoNoXuTeNnbHble BELLECTBA W Yr1eBoAbl,
TepmocTabunbHas, He nepeBaprBaemas TPUMNCUHOM, HO TMAPOM3MpPYyeMast CoNAHOM KUCOTOMN.

KAYECTBEHHbIE 1 KOJIMYECTBEHHbLIE USMEHEHWA KOMIMOHEHTOB
KPOBAHOWM CbIBOPOTKW, UMEKOLLNX OAUTOMENTUAHYIO MPUPOLY (MOJI.
MACCA = 500- 5000 AA/IbTOH), ¥ BOJIbHbIX C 3/ITOKAYECTBEHHbLIMU
onyxoaamMm

X. PUBAW, K. BAJINEHT, N. TPO®, 4. MEHbXAPT n M. NAEWN

ABTOpbI NPOBE/N CpPaBHUTE/IbLHOE UCC/ef0BaHNE BOLHOPACTBOPMMON (hpaKLmK, 3KcTpa-
rMPOBaHHOM KMC/bIM 3TAHO/IOM, U KPOBSIHOW CbIBOPOTKM 60/IbHbIX C 3/10KA4YECTBEHHBIMU OMYX0/1-
AMW, C NOAOGHON e dpaKLmed, NONyUeHHOW OT MHOAEN, He CTpajaroLLmX 3/10KaYeCTBEHHbIMU
HOBO0O6Pa3oBaHUSIMU. BbINU NonyyeHbl cCnegytoLmMe pesynbTaTbi:



1. o6Hapy>XeHO XapaKTepHOe XMMWYECKOe KO/IMUYECTBEHHOE M3MeHeHMe. 3TO U3MeHeHue
NposiBASIETCS B YBeNMYeHUU cofepxxaHnsa (pakumii SaaN n FaaN

2. aHaM3bl, BbIMO/IHEHHbIE XpoMaTorpacdueil Ha rene, ynbTpadunbTpaLmeid 1 n3oTaxo-
thope3om, UM KoMGUHaLWeld 3TUX MEeToAoB, MOKasann, YTo:

a) KOMM4ecTBO (PpaKLMmn, UMEIOLLIEN FeTEPOreHHbIA COCTaB U 0603HAYeHHOM Hamm 6YKBO
B (Bj n B2, kotopas pacnpegensietca (Kav = 0,77) B 3(hheKTUBHOM MPOHMKAIOLLEM 06BbeMe

(Vett) rens SG-25 n abcopbupyetcsa npy 206 HM, BO3pacTaeT;

6) B OCHOBE 3TOr0 YBe/IMUYEHMS — MO0 KpaiiHeli Mepe, 0THaCTW, —1eXUT yBe/IMYeHNe KO-
yecTBa OfHOr0 M3 KOMMOHeHTOB (I-51 chpakums) ¢ monekynsipHoi maccoii 500 —5000 fasibToH,
antonpyemoi npyn Kav = 0,67 (hpakumsa B,) n BegyLuein ce6s Kak aHWMOH B Hallein n3otaxodope-
TUYEKOI CUCTEME, NN XKe MOosIBNeHMe XapaKTepHbIX 4151 3TOW 60/1e3HN IBYX «HOBbIX» KOMIMOHEH-
ToB (hpakuymn A un B).

NCCNELOBAHVE BELWECTB C CPEAHE/ MOJIELWLIAPHOW MACCOWN (MS = 300—
500 O /1) B CbIBOPOTKE KPOBW BOJIbHbIX C MCOPVA30OM

N. PEIMEPAH, N. TPO®, M. UAEN n 9. MEHbXAPT

B CbIBOPOTKE KPOBU GOMBLHBIX C MCOPUA3OM U L, Y KOTOPbIX Ncopuas He Gbln NoaTBep-
XAEH K/IMHUYECKM, Mbl OMPEfEeNsi/IN KayeCTBEHHblE W KOMMYECTBEHHbIE OTHOLLUEHWS (hpaKum,
cofep)Kalleli BelecTBa ¢ MoneKynspHoi maccoii 300- 5000 ganbToH, NOAb3ysiCb KOM6UHaL el
METO0/0B (hpaKLMOHHON NpeuMnuTauumn n xpomatorpacum Ha rene (SG 25). MccnepgoBanach Tak-
e XMMUYecKasi Lowry, cofepXaHue CBOGOAHOMO M CBA3AHHOMO asbhaamMmmMHoas30Ta 1 YrieBoja).

Bb1nn nonyyeHbl cnefytoume pesynbTaTbl: 1. B 0AHOM rpymnne 60/bHbIX C NCOPUa3oM Kou-
YecTBO abcop6upyowmx nNpu 206 HM COCTaBAAKOLWIMX, pacnpefensolmxcs (MonekynspHas
macca = 300—5000 [) BachheKTBHOM npoHuKatowem oobeme (Veff) rens Cedagekc G 25 —no
CPaBHEHMIO C KOHTPOJSIbHOW FPYMMoi /L, He CTpajalolimMx NcoprasoM, — YBEIMUUBAETCS B
3HAUYUTENIbHON CTeMNeHW; 2. Ha 3afiHEM MJiaHe 3TOro YBE/IMUYEHUSI KOJIMYECTBA CTOMT BO3pacTaHue
COEPXKaHUS KOMMOHEHTOB, COAEPXALLUX MONIOKUTENbHbIA KOMMOHEHT Lowry (4 % = 78),
cB060AHbIN anbta-amnHoasoT (L % = 44) n yrnesog (4 % = 86).

3TN pesynbTaTbl, NOBUAVMOMY, MOATBEPXKAAIOT FMMOTE3y, COrNlacHO KOTOPOM, Yy OAHOW
YacTu 60MbHBIX C MCOPUA3oM, B BOSHUKHOBEHUWN U/WNWN MOAJEPXKaHUM KIMHUYECKOR CUMMTOMA-
TUKU NPUHUMAIOT y4acTue TakKe BeLLeCTBa, MeHeTPUPYIOLLME Yepe3 NPUMEHsIEMble B KIMHUKE
ananusvpyolime MembpaHbl. XUMWYECKU 3TV BelecTBa OTHOCSATCA K onuronentugam (Mos.
Macca < 5000 O).

O UMTOMPOTEKTVBHOM [JENCTBUU COEAVMHEHWIA, COOEPXALLLUX
[CYNbOTUAPUIBHYIO TPYMMNY

. A. BAJIVHT n B. BAPPO

ABTOpbI MOKa3a/n, YTO COeAMHEHMUSI (LUCTEMH, T/IIOTATWUOH, LUMCTeaMUH WU AMMepKanpos
(BAL)), cogepxalime cynbhrugpunbHy0 rpynny, OKasbiBalOT BbIPaXEHHOe 3alUUTHOe (4ei-
CTBUE Ha S13BY Xe/Ny/Ka, BbI3BaHHYH MHAOMETALMHOM 1 B TO Xe-BpeMsi 06/1a7atoT BbIpaXKEHHbIM
YNbLEPOreHHbIM [eCTBMEM B C/lyYae 5i3Bbl, BbI3BAHHOIN CTPECCOM.

Ha ocHOoBaHMM pe3ynbTaTOB UCCMefoBaHWUA aBTOpPbl MOAHMMAOT BOMPOC O Heobxoau-
MOCTY pasnnyaTh «UCTUHHbIE» U «HE-UCTUHHbIE» LIUTOMPOTEKLMOHHbIE CPeACTBa.

BANAHUE KONXUUMHA HALUNTOMNPOTEKUVOHHbIV 30 dEKT,0KA3BIBAEMbIN
MPOCTAUMK/TMIHOM HA SMNMMNTENNANBHBLIE KNETKW XXENYAKA

. KAPAYOHDb, I'. A. BAJIUHT, Ab. TYKAY n B. BAPPO
B onbiTax Ha Kpbicax nuHUn Buctap CSKCHepMMEHTaﬂbHOﬁ S13BOA, Bbl3BaHHOM CTpeccom

(MMMO6MNM3aLIMST), aBTOPbI UCCEA0BAN BAMSIHWE NPOCTarNaHanHa 121 KONXMLHA Ha CIIMBUCTYIO
060/104KY >KenyaKa, Nofb3ysacb rMCTOXUMUYECKMM METOAaMMU. AA3BEHHbI MHAEKC CHUXaNCS B



0TBET Ha BO3eNCTBME MpocTarnaHauHa 12 BBefeHMe KOMXWULMHA 40 HEKOTOPOU CTeneHu npef-
0TBpaLLAI0 YMeHblLeHVe uHaekca. CnvsncToe CoAepXXMMOoe Noj BO3AelCTBMEM CTpecca YMeHb-
LUMOCh, BBEIEHWE NpocTarfiaHanHa 12 npeaoTepaLLano aToT ageKT. B cBO ovepeab, BBeaeHWe
KOMXMLMHA MOAABNANO0 9Ty 3alMTHY0 peakuuto. O6bem siapa anuTenanbHbIX KNeTOK npu Uv-
MOGUNN3ALIMI OCTOBEPHO YBENUMBANCS, NPU BBEAEHUN XK€ KOMXMLMHA [OCTOBEPHO YMeHb-
wancs. MpocTarnaHanH 12 He OKasblBasl BAMSIHUA Ha 3TW SAIBNEHUS.

Pe3y/bTaTbl HACTOALLEr0 WUCCMEAOBAHMS MOKa3bIBAOT, UTO LMTOMPOTEKTUBHOE ANCTBUE
npocTarfaHanHa 12 He CONPOBOXAAETCA M3MEHeHWs1 SAepHOro o6bema.

CMPOBOLIMPOBAHHOE VHAOMETALVIOHOM OBPA30OBAHUE A3Bbl XXENYAKA.

CBSA3b MEX[JY TOPMOXEHMEM OBPA3OBAHUSA A3Bbl (UMMETUAVHOM W

MPOCTALIMKIVHOM) UICUCTEMOW LIMKIMYECKOIO AEHO3/IH-MOHO®OCHATA
(CAMP) B C/IM3NCTON OBOJTIOUKE XEN1AKA

®. MOPOH, T. ABOP, M. BATA, M. PUTNNEP n 1. MOXWK

BBegeHveM WHAoOMeTalMaHa KpbicaMm Bbi3bIBIM Y HUX 06pasoBaHUe A3Bbl XXenyfka.
VHgoMeTauHH BBOAUIICA MOAKOXHO, B f03e 2 MI/KI. ABTOpbI M3y4vanu 3alimMTHOe JelicTBMe, OKa-
3bIBaEMOe NPOCTAUUKINHOM W UMMETUAMHOM Ha £3BY, @ TakxXe onpegensnu yposeH CAMP B
CNN3NCTON XenyfKa Bo Bpems 06pa3oBaHNs A3Bbl U NPU 3a4epXNBaHNN A3B00OPa30BaHuS.

MpocTaumknHH (125, 250, 500 MKI/Kr) 1 uMmMeTuamH (2, 5, 50 Mr/Kr) BBOAUAN XXMBOTHbIM
OJHOBPEMEHHO C UHAOMEeTaLHHOM. O6paboTKy XXUBOTHbLIX — M0C/e MPYMEHEHUS MPOBOLMPYIO-
LLero areHta — Npou3BoAnav Yepes 4 yaca. Onpegenany KoMYecTBO A3B U CTEMEHb X TSXKECTH,
a TakXXe ypoBeHb CAMP B CIM3MCTON 060/104Ke Xenyaka.

ABTOpPbI MoKasasnu, YTo:

" Bo BpemMsi 06pa3oBaHns 5138, BbI3BaHHbIX BBEAEHVNEM WMHAOMETaUMHA, YpoBeHb CAMP B
CNN3NCTON 060/10UKeE XenyaKa He U3MEeHSieTCs; 2. UMMETUAMH U NPOCTaLUMKIHH [0303aBUCMMO
YMEHbLLAKOT YMCMO0 A3B W CTEMNeHb UX TSXKECTU; 3. BO BPeMS LeCTBUSA LMMETUAMHA U NPOCTaUmnK-
JIMHa, TOPMO3ALLMX 06pa3oBaHNe $A3Bbl, [03032BUCUMO CHVKAETCA YpoBeHb CAMP B CvM3MCTOM
XKeNnyaKa, Ho 3T0 M3MeHeHWe ypoBHA CAMP He CBS3aHO C CTeneHbi0 MPOTUBOA3BEHHOIO apeKTa.

ABTOPLI Npuwnn K CnefytoLwwymM BbIBOAAM:

1. o6pasoBaHue A3BbIXeNyAKa noj BANSHUEM BO3AENCTBUS MHAOMETAUMHA He 3aBUCUT OT
cuctembl ATP — afieHunymknasa — cAMP — ageHnnuymknasa — cAMP CimsncToid Xenyaka;

2. MPOTMBOSA3BEHHOE [eCTBME MPOCTaLUK/AMHA U UUMETUANHA B YCNOBUAX AaHHOW MO-
[lenn A3Bbl He 3aBUCUT OT CUCTEMbI TKaHeBoro cAMP.

BTIMAHWE CBA3bIBAKOLWNX Cat++-KOMIMNEKC EDTA N EGTA HA AEATE/IBHOCTb
CVMHYCHOIO ¥31A N APUTMUYECKYIO NOTOBHOCTb CEPALA

®. WOoNTKn, W. XAC-HAAb, B. KEHKEMETW, 3. YAKO, B. HEME n B. KEKEWW

B akcneprmMeHTax Ha cobakax, MeTOAoM nepdly3vnm apTepun WHYCHOro] ysna," aBTopbl
nsyyanu snusHve EDTA n EGTA, cBasbiBatoLmx Cat++-KOMMIEKC, Ha feATeIbHOCTb CUHYCHOIO
y3/1a N apuTMUYECKYIO TOTOBHOCTL cepgua. Kpome ctaHzapTHbIx SKIT npoussognnv asnnkapam-
a/bHble 3/1EKTPOrpaMmmbl NPaBoro 1 1eBOro NpeACcepaunii, NPaBoOro 1 NEBOr0 XeNyL04KOB, Nyvka
'nca n perncTpmpoBasiv PaHHIOW aKTUBHOCTL CMHYCHOrO y3na. OTBOAWAM TakXe MoTeHuunan
[efCcTBMA 13 NEBONO YLLIKa W nNpasoro npeacepans. MpumeHeHne EDTA n EGTA B paiioHe CMHycC-
HOr0 1 aTpro-BEHTPUKYSPHOrO Y3/10B BbI3bIBU10 CUHYCHYIO 6pafuKauunio, nocne KOTopoi — B
TeyeHVe MUHYTbI MOC/e BBEfEeHNA — HacTynana CoTaHOBKa AeATe/IbHOCTU CUMHYCHOro ysna. B
TakKux Cny4vyassx CUHYCHbIA PUTM 3aMEHSNCHA HOHKUNOHAIbHBIM (MHOTAa HUXKHE-NpeAcepaHbIM)
puTMOM . Benef 3a aTuM (Yepe3 1—2 MWH) BO3HUKaW NpefcepaHble 3KCTPacuCToNbl U TpeneTaHme
npeacpefHniA, Nocne Yero Hactynana ubpunaaumsa npeacepanii (No3gHUA apheKT).

B opHoli TpeTn Cny4aeB mbpunnaums npeacepanin conpoBoXjanab BTOPUYHON (Knb6-
punnauuen xenygoukos. lMpoBefeHne BO30OYXAEHMA MeXAY NPeACepAvsMU 1 KenyfouKamu
nocsne BeefeHnss EDTA n EGTA 3amefnsanocb B aTpoMo-BeHTPUKYNAPHOM y3rie. [pu peructpa-
U1 noTeHumana AencTBUS OTMeYanachb [enpeccus MoTeHLManoB AencTBUA NpeAcepans U megd-
NeHHbIX (Ca  -3aBUCKMbIX) NOTEHLMA0B AENCTBUSA XKeyLo4KOB B OTBET Ha BBeaeHWe EDTA nnm
EGTA.



CPABHUTE/IbHbIE MOBEAEHUYECKUWNE NCCNELOBAHUA BANAHNA NTMHENHOIO
N UMKNMNYECKOIO COMATOCTATUHA HA CAMOPAS3APAXEHWE Y KPbIC

. BEYEH, X. WBAPUBEPI v . TENErAN

B HacToAWMX 3KCMEpMMEHTaX Ha Kpbicax NPOBOAWM CPaBHWUTENbHbIE UCCNeA0BaHUS
3aBMCMMOCTM [103a-300(heKT, KacatoLMECs BIMAHUA NIMHEAHOTO 1 LMK/IMHYECKOr0 COMaTOCTaTMHA Ha
noBefeHYecKmne peakLnm XXBOTHbIX (camopasapaxeHue). Beneg 3a BBefeHMeM 20 MKT NIHeliHo-
ro comaTocTaTiHa B 60KOBbIE XeNy0UKM MO3ra, HacToTa CaMopasApaXeHuii CUIbHO CHMKaAch,
MeHblLLIME Xe [03bl — 5 1 10 MKI — 0Ka3anucb HealheKTUBHBIMM.

BBeefeHMe | MKI LMK/IMYECKOro COMaToCTaTMHA BbI3BA/I0 KPATKOCPOUHOE YBe/MueHue
4acToTbl camopasapakeHuii (pasnuuue CTaTUCTUYECKU HedocToBepHo). Mocne BBeAeHWs 5 u
10 MKT NenTuaa B MO3TOBbIE Xe/TyA0UKI UHTEHCMBHOCTb CaMOpPa3fpaXKeHNs1 YMeHbLLINAC.

Pe3yNbTaTbl HACOALLMX 3KCMEPUMEHTOB MOKA3bIBAIOT, UTO LIMK/IMYECKMWIA COMATOCTaTUH
ath(heKTUBHEE TOPMO3UT PeaKLMio CamMopasapaXkeHuns, Yem ropmMoH, UMEIOLLWIA IMHEHYI0 CTPYK-
Typy.



«Acta Physiological Ny6/IMKYIOT TpaKTaTkl 13 06/1aCTW 3KCMEPUMEHTANTbHBIX MEAULIMHCKON
HayK1 Ha PYCCKOM W aHT/INIACKOM 3bIKe.

«Acta Physiologica» BbIXOAAT OTAE/bHLIMW BbINyCKaMM pPa3Horo o6bema. HeckosbKo
BbINYCKOB COCTABNAOT OAWH TOM.

MpeaHasHaueHHble A8 Ny6AUKOALMU PYKOMUCK CreayeT HanpasBnaTh Mo aapecy:

Acta Physiologica, H-1445 Budapest 8. Pf. 294,

Mo aTomy e ajpecy HanpaBnsATb BCAKYH KOPPECMOHAEHLMIO 415 pejakumym 1n agmu-
HUCTpaLUN.

3akasbl NpUHMMAET NpeanpusATMe MO BHeLUHel Toprosne «Kultira» (H-1389 Budapest
62, P.O.B. 149. Tekywmii cyeT Ne 218-10990) WM €ro 3arpaHWYHble MpeacTaBUTENbCTBA W
YMO/THOMOYEHHbIE.
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Differential distribution of gross, particulate and soluble forms of hexokinase
in the cerebrum, cerebellum, pituitary, hypothalamus and thalamus and medulla
oblongata was studied in 9 inland teleosts of different phylogenetic age to clarify the
compartmentation of glucose metabolism. Enzyme activity (gross) was maximum in
the cerebrum and minimum in the medulla oblongata, suggesting that glucose metabol-
ism is more intensive in the former structure. The activity in the particulate fraction
was highest in the cerebellum followed by the cerebrum, midbrain and medulla oblon-
gata. Gross, particulate and soluble fraction of the enzyme was higher in major carp
species than in cat fish or snake head species. Total particular and soluble fraction
was highest in the cerebrum, cerebellum and midbrain. The distributional trend of
the enzyme was similar in the 9 fishes.

Functional heterogeneity and lack of uniformity in energy metabolism
is a unique property of the brain. Different regions of the brain vary in their
metabolic properties due to metabolic compartmentation. Several workers
have studied in various animal groups the biochemical compartmentation
and intracellular heterogeneity of the brain [1, 2, 6, 8, 10, 11, 12, 13, 14, 15,
16, 17, 22].

Glucose is the main source of energy available to the brain tissue because
glycolysis is the major pathway in the central nervous system. Therefore,
studies of hexokinase (ATP: D-glucose-6-phosphotransferase EC) 2.7. (1.1)
one of the key enzymes of glycolysis in different regions of the brain may be
of considerable importance to understand the role of the enzyme. Though
several reports have appeared on the distribution of hexokinase in various
types of cells and different layers of specific brain areas, a general conclusion
has not been reached concerning the distributional pattern of hexokinase in
the cerebrum, cerebellum, midbrain and medulla [5]. Besides, all these re-
ports were related to higher vertebrates.

In fishes from tropical environment the question does not seem to have
been investigated. Therefore, in the present work a study was made of the
differential distribution of total, particulate and soluble forms of hexokinase
in 4 regions of the brain in 9 fresh water teleosts belonging to various phylo-
genetic levels. The fishes under study were Catla catla (Ham), Labeo rohita
(Ham), Cirrhina mrigala (Ham), Heteropneustes fossilis (Bloch), Clarias
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batrachus (Linn), Mystus seenghala (Sykes), Channa striatus (Bloch), Channa
punctatus (Bloch) and Channa marulius (Ham).

Material and methods

Healthy, mature and well fed fish of the above 9 species, ranging in size from 18 to
20 cm, were obtained locally and kept in the laboratory on their natural diet [14] for 6 days
before starting the experiment. Ten fish of each species were decapitated and the cerebrum,
cerebellum, pituitary, hypothalamus and thalamus and medulla oblongata were removed.

Homogenate preparation

Tissue homogenates (10%) were prepared in the Potter-Elvehjem homogenizer in ice
cold buffer solution pH 7.3 containing 0.02 M triethanol amine, 0.25 M sucrose and 0.01 mM
dithiothreitol. About 2 ml of each homogenate was dialysed against the same medium at 4 °C,
for Ih. The dialysed extracts were centrifuged (K-70 Refrigerated Centrifuge with eight
column disks) at 14000 rpm for 20 min to obtain soluble (supernatant) and particulate (pellet)
fractions. The pellets were suspended in the above medium to the original concentration of the
homogenate. The pellet suspension and whole homogenates were treated with 0.2% Triton
X-100 (final concentration) and kept at 4 °C for 30 min before use to release the enzyme.

Enzyme assay

The enzyme assay mixture contained in a final volume of 1.25 ml, 0.1 M Tris-HCI
buffer pH 7.5: 16 mM MgCI2: 16 mM ATP/Mg2+ complex pH 7.0: 0.37 mM NADP, 5 mM
glucose and one unit of glucose-6-phosphate dehydrogenase. The reaction was started by the
addition of 0.01 ml of the tissue extract. A Zeiss spectrophotometer was used for following
the rate of reduction of NADP at 340 /nT for 6 min. A nnit ofthe enzyme activity was defined
as //mol of NADPH formed per g fresh tissue weight at 25 °C [4, 15].

Results

It is evident from Table | to Il that regional differences were recorded
in the hexokinase activity in whole, particulate and soluble homogenate
fractions in four different compartments of 9 teleosts. Whole homogenate
(gross) hexokinase activity was maximum in the cerebrum and minimum in
the medulla oblangata. The distributional profile of enzyme activity as noticed
in the whole homogenate of the 4 brain regions was not reflected in the partic-
ulate and soluble fractions. Particulate hexokinase activity was highest in
the cerebellum, followed by the cerebrum, midbrain and medulla oblongata.
The optimum of soluble enzyme activity was found in the midbrain region.
The total, particulate and soluble fractions were highest in the cerebrum,
cerebellum and midbrain, respectively. The distributional trend was the same
in the four brain regions of the 9 fishes.

Among the fishes, the soft, herbivorous and major carp species (C. catla,
L. rohita and C. mrigala) contained the highest total, particulate and soluble
forms of hexokinase (Table I) then the catfish (H.fossilis, C. punctatus and
C. marulius) (Table I11).
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Table |

Hexohinase in various regions of the brain-major carps

Regions of brain Fish

(a) Cerebrum C. catla
(b) Cerebellum
(c) Pituitary thalamus and

hypothalamus

(d) Medulla oblongata

Whole brain

(a) Cerebrum L. rohita
(b) Cerebellum
(c) Pituitary thalamus and

hypothalamus

(d) Medulla oblongata

Whole brain

(a) Cerebrum C. mrigala
(b) Cerebellum
(c) Pituitary thalamus and

hypothalamus

(d) Medulla oblongata

Whole brain

Hexokinase (unit/mg protein)

Whole
homogenate

0.39
+0.05

0.24
+0.04

0.20s*
+0.03

0.17s*
+0.03

0.47
+0.10
0.30
+0.03

0.21s*
+0.02

0.18s*
+0.02

0.14**
+0.03

0.41
+0.08
0.25
+0.03

0.19
+0.02

0.15
+0.02

0.12
+0.02

0.37
+0.08

Particulate

0.20
+0.02

0.32s*
+0.03

0.16¢c*
+0.01

0.14a* b**
+0.01

0.38
+0.09
0.18
+0.04

0.26
+0.03

0.13b**
+0.01

0.12b**
+0.01

0.32
+0.08
0.15
+0.02

0.22
+0.02

0.12
+0.02

0.10
+0.02

0.28
+0.07

177

activity

Soluble

0.08
+0.006

0.06
+0.005

0.10
+0.003

0.05
+0.002

0.12
+0.03

0.06
+0.002

0.05
+0.001

0.07
+0.003

0.04
+0.001

0.10
+0.02

0.05
+0.001

0.04
+0.001

0.09
+0.003

0.03
+0.002

0.12
+0.04

Values (Unit/mg protein) are mean +SD of 6 estimations. The data were subjected to

analysis of variance and “F”
P < 0.05%, P < 0.01**

Discussion

The activity of a glycolytic enzyme in a particulate compartment of
the brain indicates its capacity for glycolysis in the region [20]. If the hexo-
kinase activity is less in white fibre tracts of the brain, it indicates a lower
capacity of energy production via glucose metabolism [21]. The maximum
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Table 11

Hexokinase in various regions of the brain-catfish

Regions of brain Fish

(a) Cerebrum H.fossilis
(b) Cerebellum
(c) Pituitary thalamus and

hypothalamus

(d) Medulla oblongata

Whole brain

(a) Cerebrum C. batrachus
(b) Cerebellum
(c) Pituitary thalamus and

hypothalamus

(d) Medulla oblongata

Whole brain

(a) Cerebrum M. seenghala
(b) Cerebellum
(c) Pituitary thalamus and

hypothalamus

(d) Medulla oblongata

Whole brain

Values (Unit/mg protein) are mean +SD of 6 estimations. The data were subjected to

analysis of variance and “F” test
P < 0.05* P < 0.01**

and minimum levels of hexokinase in the whole homogenate of the cerebrum
and medulla oblongata proves that the rate of glucose metabolism is higher

in the cerebrum than in the medulla.

On the other hand, the major component of the medulla is made up of
white fibra tracts and white matter, while the cerebrum and cerebellum are
rich in grey matter. Even the glucose utilization rate, oxygen consumption

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982

Hexokinase (Units/mg protein) activity

Whole
homogenate

0.23
+0.03

0.18
+0.02

0.13**’p*
+0.02

0.11a**
+0.02

0.29
+0.06
0.20
+0.03

0.15
+0.01

0.12a*
+0.01

0.09"*
+0.01

0.24
+0.07
0.16
+0.02

0.11
+0.02

0.09"*
+0.01

0.07**
+0.02

0.19
+0.04

Particulate

0.13
+0.002

0.20"*
+0.02

0.10b**
+0.02

0.09b**
+0.01

0.24
+0.05
0.11
+0.01

0.09“*
+0.02

0.10
+0.01

0.07%*
+0.01

0.19
+0.07
0.09
+0.01

0.16"*
+0.03

0.07b*
+0.02

0.06b*
+0.03

0.15
+0.06

Soluble

0.04
+0.002

0.03
+0.001

0.07
+0.002

0.03
+0.001

0.06
+0.001

0.05
+0.001

0.02
+0.001

0.06
+0.002

0.02
+0.005

0.07
+0.02

0.04
+0.007

0.02
+0.001

0.04
+0.001

0.01
+0.001

0.06
+0.01
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Table 11

Hexokinase in various regions of the brain-murrel

Hexokinase (Unite/mg protein) activity

Regions of brain Fish
Whole .

homogenate Particulate Soluble

(a) Cerebrum C. striatus 0.14 0.08 0.02
+0.01 +0.02 +0.003

(b) Cerebellum 0.10 0.11 0.02
+0.02 +0.01 +0.004

(c) Pituitary thalamus and 0.08a* 0.06°** 0.04
hypothalamus +0.01 +0.02 +0.002
(d) Medulla oblongata 0.07%* 0.04b** 0.01
+0.02 +0.01 +0.001

Whole brain 0.16 0.13 0.04
+0.02 +0.05 +0.001

(a) Cerebrum C. punctatus 0.10 0.07 0.02
+0.02 +0.02 +0.001

(b) Cerebellum 0.08 0.09 0.02
+0.01 +0.02 +0.001

(c) Pituitary thalamus and 0.07 0.05 0.04
hypothalamus +0.01 +0.01 +0.001
(d) Medulla oblongata 0.05“* 0.03b* 0.01
+0.02 +0.01 +0.001

Whole brain 0.12 0.09 0.03
+0.03 +0.03 +0.001

(a) Cerebrum C. marulius 0.08 0.05 0.01
+0.02 +0.01 +0.001

(b) Cerebellum 0.06 0.07 0.01
+0.01 +0.02 +0.001

(c) Pituitary thalamus and 0.05 0.06 0.04
hypothalamus +0.02 +0.01 +0.002
(z) Medulla oblongata 0.04 0.02b-°* 0.01
+0.02 +0.001 +0.001

Whole brain 0.10 0.07 0.04
+0.03 +0.02 +0.01

Values (Unit/mg protein) are mean +SD of 6 estimations. The data were subjected to
analysis of variance and “F” test
P < 0.05*, P < 0.001**

and local cerebral blood flow are higher in the grey than in the white matter
[18, 19]. It is further known from many in vitro studies that the metabolic
rate in the grey matter is higher than in the white matter [9]. From all this
it may he concluded that in the cerebrum and cerebellum, regions rich in grey
matter, the metabolic rate is higher while in the medulla, rich in white matter,
it is lower than in any of the other regions.

Acta Physiologica Academiae Scientiarurn Hungaricae 60, 1982
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The regional variations observed between particulate and soluble frac-
tions might be explained by the distribution of neurons and glia in different
regions of the brain, as the cytoplasmic enzyme is located in the glia and
particulate hexokinase in neurons. It is assumed that the brain compartments
are different in neuronal and glial composition which difference may manifest
itself with variations of the ratio of particulate versus soluble fractions [3, 7].

Among the three groups of fishes, optimum hexokinase in total, particu-
late and soluble homogenate fractions was recorded in the major carp species.
This indicates that the phylogenetically older major carps have more grey
matter than the other two groups of fish.

An indirect relationship has been observed between the course of evolu-
tion and the fall in the total, particulate and soluble fractions of hexokinase.
Further, the phylogenetically younger parts of the brain (cerebrum) contain
more hexokinase than the older parts. The regional variations might be related
to the diet and its involvement in metabolism. This means that phylogeny has
some effect on the animal in general and its organs in particular as regards
biochemical compartmentation [12, 13, 14, 15, 16, 17].
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CHANGES OF WATER AND ELECTROLYTE
METABOLISM IN RUMINANTS AFTER WATER
DEPRIVATION AND NaCl LOAD

B. Szegedi, B. Juhasz and M. Keresztes
DEPARTMENT OF PHYSIOLOGY, INSTITUTE FOR ANIMAL NUTRITION, HERCEGHALOM, HUNGARY

(Received November 2, 1981)

The regulation of Na+ and water metabolism was studied in sheep with rumen
fistula after water deprivation for 48 hours. Na+ and K+ concentrations were deter-
mined in blood plasma, blood, urine and saliva, with or without NaCl load.

The results showed that the water content of the ruminal fluid plays an impor-
tantrolein the control of electrolyte and water metabolism. The absorption of water
and Na+ from the rumen favours the maintenance of isosmolality and isovolaemia
until the concentration of Na+ in the ruminal fluid has exceeded that in blood plasma.
Thereafter the balance of water movement between rumen and extravascular space
is shifted towards the rumen inhibiting thereby a further increase of Na+ concentration
and ensuring the life conditions for the ruminal microbial population.

During water deprivation not only water islostbut as a result of Na+ excretion
relative hyponatraemia also ensues as can readily be assessed from the ratio of salivary
Na+ and K+ concentrations. Upon NaCl load the salivary Na+/K + ratio was increased
indicating the extent of Na+ supply.

W ith regard to the productiveness of ruminants the importance of the
NaCl supply and of the regulation of water balance is widely accepted. A
deficient supply in sodium results in reproductive anomalies as described by
Ahilswede [1], Lotthammer and Ahiswede [5], Moustafa et al. [6]. Accord-
ingto Fredrik et al. [3]in cattle there is no such correlation between the serum
Na+ and K+ levels and the Na+ and K+ supply which might be used for
diagnostic purposes. This explains the importance of the investigations of
Skydsgaard [8], Kemp and Hartmans [4] and of Reichel etal. [7], describ-
ing the correlation between salivary Na+ and K+ concentrations and sodium
supply. We have studied how the salivary Na+ and K+ concentrations and
water metabolism are influenced by the regulatory mechanisms in sheep after
transient water deprivation and under a consecutive NaCl load.

In large-scale animal breeding it may namely occur that, due to some
failure, no drinking water is available for 1 or 2 days. The fodder is supple-
mented with NaCl as generally prescribed and not according to a chemical
analysis, thus the addition to the fodder of NaCl in excess may often result
in a NaCl load.

Methods

Eight Hungarian merino sheep weighing 47-48 kg were used after water deprivation
for 48 hours. The composition of the fodder which was offered even during the water depriva-
tion period was starch, 56.2%: protein 14.1%: water content 15.1%: NaCl-content 0.65%.

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982



184 B. SZEGEDI et al.

Before the studies a rumen fistula was created and catheters were inserted into the parotid
duct, ureter and jugular vein for collecting samples. Extracellular fluid volume was estimated
using 24N a isotope. The water content of the ruminal fluid was determined by polyethylene
glycol. The dose of NaCl was 12.8 mmol/kg body mass dissolved in 300 ml water and given
into the rumen via the fistula. The solution also contained 7.5 MBq 24Na+. Data are given in
means *S.D.

Results and discussion

W ater deprivation for 48 hours was found to influence the salt and water
metabolism of sheep. Water content of the ruminal fluid and the serum Na+
concentration were decreased significantly. Na+ concentration in saliva also
diminished whereas that of K+ increased. Extracellular fluid volume did not
change significantly (Table 1). The reduction of serum Na+ concentration
appeared to be related to the low Na/K ratio in the saliva; this interpretation
however, requires futlier studies.

The enhanced NaCl concentration of the ruminal fluid induced by the
intraruminal load decreased markedly after 1 hour, but increased again be-

Table 1

Changes in parameters after 48 hour water deprivation in sheep

Before water

After water

deprivation deprivation
Ruminal fluid
Na+ mmol/l 101 + 6.2 83 +49 >0.05
K + mmol/1 34.2+11.2 21.8+10.5 >0.05
W ater content ml/body mass (kg) 70.7+10.7 39.0%£10.3 <0.05
Serum
Na+ mmol/1 153.7+ 2.8 1458+ 5.7 <0.05
K + mmol/1 410+ 0.45 415+ 0.25 >0.05
Saliva
Na+ mmol/l 181.2+ 4.2 156.8+ 9.0 <0.05
K + mmol/1 5.08+ 0.72 15.37+ 6.93 <0.05
Na+/ K+ mmol/l 35.6 10.2
Urine
ml/min 299+ 1.70 0.43+ 0.15 <0.05
Na+ mmol/l 39.3 +35.6 15.0 +11.0 <0.05
K + mmol/1 1095 +134.1 294.0 +69.0 <0.05
K +/Na+ mmol/1 2.78 19.60
Extracellular fluid volume
ml/kg body mass 186.0 + 2.6 181.0+11 >0.05
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WATER AND ELECTROLYTE METABOLISM IN RUMINANTS 185

tween 90-150 min in association with a reduction of K + concentration. Three
hours post-loading a value below 160 mmol/l was noted (Fig. 1). In another
series the water volume ofthe ruminal fluid was found to decrease until 120 min,
thereafter it increased transiently but significantly while the Na+ concentra-
tion fell below 150 mmol/1 (Fig. 2). Serum Na+ concentration was augmented
after the load and decreased steadily until 180 min and increased thereafter

W K* Na*
imp/mg mM/I

Fig. 1. Changes in ruminal fluid Na+ and K + concentrations and in 24Na specific activity
after NaCl load

transiently. The alterations of the serum Na+ concentration were associated
with unchanged serum K + concentration (Fig. 3).

The NaCl load exerted an effect on the concentration of Na+in the saliva
too, and raised it to a value over 180 mmol/l, whereas K+ dropped below
5 mmol/l. The Na+/K + ratio dropped from 35 (before water deprivation) to
10 (after water deprivation). In response to the load it increased continuously,
to 20 after 50 min, to 35 after 90 min, and even higher thereafter (Fig. 4).

Under the NaCl load the haematocrit dropped from 33 to 27. The extra-
cellular fluid volume between 180—240 min was 18% less than the initial value
(Fig. 5).

These data unequivocally indicate that the changes in electrolyte and
water metabolism were due to the water deprivation for 48 hours. No signif-
icant alterations were seen in extracellular fluid volume or the haematocrit.
During water deprivation the fluid requirement of the animals was replenished
from the water content of the ruminal fluid in association with a reduced
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experi- control
mental Na»  Na*

Fig. 2. Changes in ruminal fluid volume after NaCl (experimental) and water (control) loads

2ANa*
plasma blood K* Na*
imp/mg mw/I
* o o *

Fig. 3. Changes in serum Na+ and K+ concentrations and in blood 24N a specific activity after
NaCl load

Acta Physiologica Academiae Soientiarum Hungariat* 60, 1982



WATER AND ELECTROLYTE METABOLISM IN RUMINANTS 187

K< Na*
mM/I
o .

of. Na* overcharge

Fig. 5. Changes in extracellular fluid volume after NaCl load

diuresis. The water content of the ruminal fluid decreased significantly. The
water absorbed from the rumen is capable of compensating for the transient
water loss of ruminants. Urinary output of Na+ was depressed whereas that
of K+ was enhanced: the K+/Na+ ratio was elevated from 2.8 to 19.6. All
these appear to indicate a Na+ retention and a relative Na+ deficiency. The
relative hyponatraemia was also reflected by the salivary Na+/K+ ratio
which decreased from 35 to 10. The Na+ concentration of the ruminal fluid
is low therefore it could not compensate for the urinary loss of Na+.
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Ruminal fluid is known to play an important role in the water metabol-
ism of sheep. According to Engelhardt [2], 7-12 1 of saliva is swallowed
into the rumen during 24 h and the same volume passes into the omasum,
abomasum and intenstinal canal. On the other hand, across the Avail of the
rumen 50 1water passes daily in both directions.

The intraruminal administration of NaCl raised the Na+ concentration
and water content of the ruminal fluid. The absorption of Na+ from the rumen
gradually increased the specific activity of 24Na in the serum. The high Na+
concentration in the serum that developed during the first half hour post-
load decreased gradually while the ruminal fluid lost water, too. The reduction
of ruminal fluid volume resulted in an enhancement of its Na+ concentration
and the reversed Na+ gradient augmented the reexcretion of water into the
rumen in association with a repeated increase in serum Na+ and a reduction
in the ruminal fluid N a+ concentration. This mechanism prevents the prolonged
increase of osmotic pressure in the rumen after transient water deprivation
which would otherwise destroy the ruminal microorganisms that are essential
for ruminal digestion. According to the results the salivary Na+/K+ ratio
reliably reflects the hypo- and hypernatraemic states produced by water
deprivation and NaCl load.

In agreement with other data we may conclude that the saliva test is
one of the most suitable diagnostic methods available to control the salt
supply of ruminants.
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COMPUTER SIMULATION FOR STUDYING
CALCIUM DEPENDENT ABNORMALITIES IN
FIRING MECHANISM OF MOLLUSCAN NEURONES
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Computer modelling technique is proposed to assist in physiological research
on invertebrate neuronal membranes. The firing mechanism of a single patch of inver-
tebrate neuronal membrane has been studied in dependence on maximum Ca++ conduc-
tance. The calculations are based on modification of Hodgkin—Huxley’s data completed
by a straight line approximation between experimental points of the kinetic parameters
of Ca++ current and early transient potassium current. The time course of conductance
changes is assumed to be proportional to m2h for Ca++ current. Three distinct potassium
currents are involved into the model, viz. transient potassium current, delayed potas-
sium current and Ca++-dependent potassium current. The modified Euler method run
on a digital computer has been used for numerical integration of kinetic equations.

Significant effects of Ca++ conductance on spike broadening, plateau develop-
ment and spike afterhyperpolarization are represented. In the range of small Ca++
conductance an infinite spontaneous activity can be triggered by a short (suprathresh-
old) current pulse which may be considered a model of pacemaker activity. Plateau
development resulting from potassium blocking or decreasing potassium equilibrium
is facilitated by Ca++ conductance in the range of greater Ca++ conductance. The
effects of voltage sensitivity of the coupling coefficient describing the current of Ca++-
dependent K + channels were studied and compared to the voltage independent case.
The coupling coefficient seems to be a crucial factor in broadening the range of Ca++
conductance responsible for pacemaker activity. For greater values of Ca++ conduc-
tance, a decrease of the coupling coefficient leads to a transition from prolonged burst-
ing to interruption of burst activity by burst-afterhyperpolarization.

The blocking effect of 4-aminopyridine on fast outward current has been studied
by the model which has a practical significance considering that aminopyridine is
known as a convulsive agent. We suppose that it is reasonable to study the convulsive
effects of aminopyridine by the model based on the kinetics of the isolated neuronal
membrane. The model may help in understanding the ionic background underlying
abnormal network activity during epileptic discharges of mammalian neurones.

The primary purpose of this paper was to develop a computer modelling
technique for the analysis of modifying effects of the Ca++ system in molluscan
neurones. Recent results of voltage-clamp measurements describing the char-
acteristics of the transmembrane ionic currents in isolated neurones of the
ganglia of molluscs allowed to summarize the available data by means of a
digital computer and perform different model experiments.

The kinetics of inward currents were investigated by means of micro-
electrodes and intracellular dialysis of nerve cells [4, 5, 6, 14, 15, 22, 23].
Sodium and calcium currents underlying the inward current of the membrane

* Present address: Second Department of Anatomy, Semmelweis University Medical
School, Budapest, Hungary
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were successfully separated and the activation and inactivation kinetics of the
Ca++ current have been clarified [1,14, 15, 16, 17]. The general form of inward
current containing a small Ca++ current in molluscs is similar to that described
for the squid axon [12] but its time course is considerably slower [4, 5, 6, 22,
23]. Potassium currents were intensively studied under voltage-clamp con-
ditions and separated into three distinct components [26] viz. transient
potassium current 14 which is blocked by externally applied 4-aminopyridine
[4-Ap]; delayed outward current IKwhich is not affected by 4-Ap and Ca+ +-
dependent potassium current lk,ca- A good correlation has been found be-
tween the change in intracellular Ca++ concentration and Ik,Ca [8] suggest-
ing that 1k,ca is not voltage dependent. In contrast, the results of Gorman
and Thomas [9] have shown that the activation of K+ conductance underly-
ing lk,ca also depends on voltage.

The participation of ionic conductances in development different firing
patterns of the membrane has been studied during the normal repetitive
state [4, 5, 6]; pacemaker activity [2, 3, 7]; plateau development resulting
from K+ channel blocking [20, 28, 29]; prolonged spike or burst-afterhyper-
polarization of the membrane potential [18]; and depolarizing shift activity
coinciding with burst development [11, 27]. Our model experiments proved
the significant role of Ca++ conductance and Ca++-mediated K + conductance
in developing or influencing the previously listed activity patterns. A modifica-
tion of the coupling coefficient between Ca++ and K+ channels may lead to
the inhibition of pacemaker bursting by evoking prolonged burst-afterhyper-
polarization. We present also the results as regards 4-Ap effects which show
similarities with bursting activities of units observed in 3-Ap-treated mamma-
lian cortex [25].

Model equations and numerical procedure

The governing relationship for membrane current per unit area is expressed by

W = Cme— m+ gNae(V—Ew)+ gca *(V- Eca)+ gA+(V—Ea)+
+ gK ¢ (V—EK) + gce+(V-Ec)+ gLe(V—EI)+ e (1)

The symbols for (1) and other expressions are listed in Table I. The time and voltage-dependent
ion conductances are expressed by

gNa = gNa ' mNa ' hNa; gCa= gCa *mga hca;
(2)

gA “ gA mA «"Ai gK = AK " nK’ gc = gea » OK, Ca

where m~a, h®radenote the H—H variables with decreased rate functions; T”aand /iCarepresent
the activation and inactivation kinetics of Ca++ current; va, hg denote the activation and
inactivation parameters of the early potassium channel; n”™ is the H-H variable of the delayed
potassium channel including decreased rate functions and ca Is the coupling coefficient
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Table 1

Data employed in calculations

Constants

Cm membrane capacity 6.64 jiiF/cm2
Em sodium equilibrium potential 100.0 mVv
Eu= Eg= Ec¢ potassium equilibrium potential - 200 mv

Eca calcium equilibrium potential 190.0 mV

El leakage equilibrium potential calculated to give a

balance of inward and outward currents for resting
membrane potential

(All potentials are referred to resting potential of 0 mV)

gNa,n peak value of sodium conductance 11.0 mRB-1/crn2
(Suffix n denotes the normal value; without note always g, = g, ,,
where i = Na, Ca, A, K or L.)
gCa, N peak value of calcium conductance C-r2.5 infi_l/cm!
A n peak value of early potassium conductance 26 mad-ycm2
gK, n peak value of delay ed potassium conductance 1.3 mfi'Vcm!
gL, n leakage conductance
cK.Ca K +-Ca++ coupling coefficient 0.083
a steady-state or pulse current input in fiA/cm2
F Faraday constant 96 493 C/mole
z charge of calcium ion 2
R gas constant 8.314 J/K*®
T absolute temperature 293 °K
5 electrical distance of Ca++ binding site through
the membrane from the inside 0.49

inii time constant of the activation of g\ 18.0 ms
THA time constant of the inactivation of g\ 250.0 ms
amSa multiplicative constants modifying 0.248
bTsb the rate functions of Na+ activation 0.248

N> multiplicative constants modifying 0.252
bitsa the rate functions of Na+ inactivation 0.252
aflk multiplicative constants modifying 0.080
bnK the rate functions of K + activation 0.080
Functions
\V membrane potential in mV, a function of time
gNa sodium conductance in mfi_l/cm2

gCa» gA>gK’gc similar to ghjafor calcium, early potassium, delayed
potassium and Ca++-sensitive potassium channels,
respectively

XTua forward rate function in ms-1 for state variable m”~a
«»,, *0.1exp (-V + 25)/(exp((—V + 25)/10) - 1)
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Table I. continued

/W a

a%a

B«

mCa(°°)

Tmca

mCa(°°)

aa(®®)

OtnK
BnK
T/Mua
mNa(°°)
T/INa9 T«K

ANai00)? nk(°°)
m Na-

n/\

oK Ca(lh)

backward rate function for

6mSa « 4 exp (—V/18)

forward rate function for /i\a

a/'Na » 0.07 exp ( ¥Y/20)

backward rate function for hfja

bW (exp((-V + 30)/10) + 1)

steady-state value of mca calculated by straight

line approximations between the experimental
points given in Table Ill of Akaiké et al. [1]

time constant of m¢ain msec estimated similarly
to mCa(°0)

steady-state value of mca calculated by straight
line approximation of the experimental data
given in Fig. 3C of Thompson [26]

0 V ~—60
4/V/50 + 1.2 —60<V<—10
1 vA —10
steady-state value of hA calculated similarly to
mA((0°)
1 vV A —90
—V/40 —1.25—90<V <—50
0 VvV "~ —50

forward rate function for
anl m0.01 «(-V + 10) *(exp((—V + 10)/10)—I)~*
backward rate function for n”
bnK m=0.125 exp(—V/80)
voltage-dependent time constant of m”a
I/(amNa + BmSa)
steady-state value of mta
a«W (am Na + /W a)
similar to Tm8a for hNa and n”, respectively

similar to mNa(°°) f°r I'Na and nK’ respectively
H-H-like state variables for sodium conductance,
described by (3)
H-H-like state variable for potassium conductance,
described by (3)

voltage-dependent coupling coefficient (dimen-
sionless) between calcium and potassium current
if the absolute value of resting potential is E =
= V-40 (mV)

ck>ca ‘ exP (ZFOE ¢ 10-3/RT)

denoting the ratio of the momentary Ca++ conductance and the third component of potas-
sium conductance. Each kinetical variable is described by simple first-order kinetics:

™= et @)
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where Tx is the voltage-dependent time constant and x(°0) the steady-state value of state
variables (k= m”a. Aua, m<ja, hca> mA- /1§ or n”). The constants amKa 6mMN, aftNa, bftNa, aftk
and bnk used for multiplying the Il H rate functions to give a slower time course are evalu-
ated by means of experimental data given in the literature [14, 26]. Using the experimental
results of Thompson [26], the functions Ta(c«), 64(°°) are approximated by straight lines as
it is given in Table I. Both the voltage independent and voltage dependent calculations of
CK Caare taken into consideration as has been done for the results of Gorman and Thomas [9].
The peak values of conductance representing inward current or outward potassium currents
are calculated on the basis of experiments of Connor and Stevens [4, 5, 6]. Comparison
of the peak values of Na+ and Ca++ conductances was summarized by Kostyuk and Krishtal
[14] where the urh law was proposed for calcium current.

In Fig. 1the simplified flowchart of the computer program run on a digital computer
can be seen. The new values of state variables are estimated at the next time step by the
modified Euter method [19]. If x(t) denotes one of the state variables at the present time
step, x(t + zlt) is calculated by

x(t + At) = x(t) + At m[— (ax + Bx) m(x(t) + 0.5 mzlt«(— (ax + Bx) mx(t) + ax)) + ax] (4)

where ax, Bx are the forward and backward rate functions, respectively. In cases, where no
explicit function is available for the rate functions currents A and Ca++ they are estimated
by means of rx and x(0°), supposing a two-state kinetical scheme. To obtain a reasonably
accurate result At must be kept small. The error due to a finite value of zlt is estimated by
calculating the firing frequency for different values of Zlt, accepting that the “true” value of
the frequency results at ZIt which approaches zero. We suggest zlt = 0.2 msec to be sufficiently
small because in this case the error in frequency is <J3%.

Results

First, the pure Na+ spike is demonstrated by the model (Fig. 2). Apply-
ing a current stimulus of short duration, the mixed Na+—€a++ spike shows
a small broadening on the falling phase and a prolonged afterhyperpolariza-
tion depending on gca (Fig- 3a). A slight depression of excitability results
from an increase of leakage conductance (Fig. 3b). The picture of stimulus-
evoked firing with constant c”ca is given in Fig. 4. There is a narrow range
of gca near 1.0 mi2_1/cm2 which determines the state of membrane develop-
ing an infinite pacemaker activity evoked by a suprathreshold current pulse.
The only condition to evoke this state of the membrane which is characterized
by a constant firing frequency for long periods is the suprathreshold excitation
and, independently of its amplitude and duration, a single pulse starts the
activity. This result supports the view that Ca++ has a significant role in
pacemaker activity. A high Ca++ content of membrane conductance enhances
plateau development and increases the afterhyperpolarization which seems
to be fixed, at least in the model time, at a steady-state level of hyperpolariza-
tion (Fig. 4). Constant depolarizing current input also evokes irreversible
afterhyperpolarization (Fig. 5).

Modifying effects of potassium channels

An increase of the normal value of potassium conductances (gA_ n)
depresses excitability of the membrane (Fig. 6b). The decrease of potassium
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Fig. 1. Flowchart of the program in FORTRAN IV which simulates Ca++-dependent firing
of neuronal membrane. Tm denotes the time constant of membrane and F(°0) is the steady-
state value of potential calculated at the beginning of each time step. The time interval of
integration is Z( (= 0.2 msec) and the scale factor is ,iimax which defines resolution of the
output. The matrix Voltage (fc -j-1,i) stores the voltage distribution for the peak Ca++ con-
ductance gca + k ezlgca- Loop 1 calculates the voltage at the next time step. Loops 2 and 3
evaluate the voltage for the whole time period and whole range of gCa, respectively
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Fig. 2. Sodium spikes induced by current stimuli of different intensities (in/iA/cm2) and 4 msec-
Time bars every 100 msec. Voltage bars here and in other figures every 50 mV

Fig. 3. Sodium-calcium spikes as a function of gca with normal (a) and enhanced (b) leakage

conductance. Note prolonged afterhyperpolarization resulting from an increase of gca,- The

amplitude of the input stimulus is 10 /rA/cm2and its duration, 4 msec. The excitability of the

system considerably increases as compared to the case with gCa = 0,0 (Fig. 2). Time bars
every 100 msec

Fig. 4. Picture of gca-deperident firing. The parameters of stimulus are 5/iA/cm2 (amplitude)

and 8 msec (duration). Note development of post-spike plateau and prolonged hyperpolariza-

tion at gca = 25 mRB-l/cm2 and pacemaker activity with constant interspike intervals at
gCa = 1-0mB_1/cm2 Time bars every 400 msec

Fig. 5. Constant current input (ci = 0.4 iiA.cm ) induces infinite repetitive activity at gCa =

= 1.0 mfi_lcm! and prolonged hyperpolarization. Time bars every 200 msec
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Fig. 6a-d. Effects of increase and decrease of potassium conductances and Eca on firing
mechanism of the model under constant stimulus condition (c| = 0.3 /iA/cm2. Time bars
every 50 msec

conductances leads to plateau development at greater gca and duration of
the finite plateau is reduced by a decrease of f?ca (Fig- 6¢, d). Figure 7a, b shows
the effects of the decrease and increase of g\,n and £k, n for a longer period
of model time. The range of gca responsible for infinite repetitive firing is
displaced by the change of potassium conductances in contrast to the pattern
seen in Fig. 5. The finite depolarizing shift results from the summed effects
of a decrease of potassium equilibrium and an increase of gca (Fig. 7c). A
suprathreshold current pulse of short duration also evokes depolarizing shifts
if the equilibrium potential of the K+ ion decreases (Fig. 8a, b).

Changes in firing mechanism as a result of involvement of voltage-dependent
li+—C€a++ coupling coefficient into the model

Modification of eKjca by a multiplicative factor c® ca(F) leads to some
interesting changes in firing mechanism. No significant effects were observed
at greater gca range in the steady-state level of afterhyperpolarization
contrast to the voltage independent case and in both cases afterhyperpolar-
ization practically did not depend on ck;,ca (Fig. 9). The range near gca= 1-0
Ww n'Ycm2was investigated using small steps ingca and the results are present-
ed in Figs 10 and 11. Figure 10 shows the dependence of pacemaker activity on
the changes of potassium and calcium equilibrium potentials. There is a pro-
portionality between Q<,Caand the width of the range of gca which is favour-
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Fig. 7a. Infinite plateau develops at greater gca as a result of the blockage of potassium

conductances, b Increase of g.\ and g|< influences the gca-dependence of infinite repetitive

activity, c Finite depolarizing shift develops on decreasing the equilibrium potential of potas-
sium ions (c] = 0.4 jttA/cm2). Time bars every 200 msec

Fig. 8a, b. Decrease of potassium equilibrium potential modifies the firing patterns when
a single current shock is applied (q = 5 fiA/cm2, duration 4 msec). Time bars every 200 msec
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Fig. 9. Decrease of voltage-dependent K+-Ca++ coupling coefficient has no significant effect
on afterhyperpolarization (gca = 2.0 mD_1/cm2). Time bars every 200 msec, ¢\ — 10 jitA/cm2
duration 8 msec

able for starting infinite pacemaker activity by a suprathreshold pulse (Fig.
11). On applying steady-state current input an infinite plateau develops for
higher gCa after decreasing the potassium equilibrium potential (Fig. 12a).
Spontaneous abnormal bursting coinciding with depolarizing shifts can be
evoked by a single stimulus if the potassium equilibrium potential decreases
(Fig. 126). There is a distinct range of CK,ca(F) where prolonged, spontaneous
bursting is disrupted by burst-afterhyperpolarization (Fig. 13).

Fig. 10a, b. Decrease of equilibrium potential of potassium ions influences the gca'dependence

of pacemaker activity in contrast to the normal state. The model involves the voltage-depen-

dent K +-Ca++ coupling coefficient, ¢ Slight decrease of Eca produces some changes in firing.
Stimulus parameters: C] = 10 fiA/cm2; duration 8 msec. Time bars every 400 msec
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Fig. lia, b. Changes of coupling coefficient between K+ and Ca++ currents influence the
gCas'dependence of pacemaker activity (c[= 10 /iA/cHr, duration 8 msec). Time bars every
400 msec

Fig. 12. Effects of decrease of potassium equilibrium potential, a Infinite plateau with small

oscillations develops when steady-state current input (cj = 0.4 /rA/cT2 800 msec duration)

is applied, ifgca= 2.0 mii-'/cm2 Atgca= 1.0 mil~'/cm2the repetitive activity ceases after

following the end of the stimulus which results from displacement of the range of pacemaker

activity, b Single stimulus evokes prolonged or pacemaker bursting at gCa= 2.0 m (-1/cm2
(c] = 10 /iAlem2, 8 msec duration). Time bars every 400 msec
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Fig. 13. Decrease of coupling coefficient leads to a change in the structure of prolonged burst

activity. There is a narrow range of Cawhere burst activity is disrupted by steady-state

afterhyperpolarization (gca = 2.0 T#~%cT2 ej = 10 /(Alcm2 8 msec duration). Time bars
every 400 msec

Modelling aminopyridine effects

4-Ap influences the peak value of  which decreases togA~0.52 m 3-1/cm2
and rhA which increases to about 1250 msec, according to the data of
Thompson [26]. Under normal conditions the previous modifications of the
kinetic parameters of current A have no significant effect on the gca"depen-
dent firing pattern (Fig. 14a). To evoke a prolonged bursting with depolarizing

Fig. 14. Modelling aminopyridine effects. The model involves a voltage-dependent coupling
coefficient between K+ and Ca++ ions, a No significant change can be observed at a normal
value of the potassium equilibrium potential, b Decrease of potassium equilibrium potential
evokes prolonged bursting at greater gfa- For gca — 1-0 + 1.5 m R _1/cm2 steady-state

afterhyperpolarization develops (c| = 10 fiA/cm2, 8 msec duration). Time bars every 400 msec
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Fig. 15. Modelling aminopyridine effects using ca(E). a gca‘dependence of firing pattern
at pacemaker state remains essentially unchanged as compared to the pattern without 4-Ap
effect (Fig. 10a). Hyperpolarizing current shock of -5 jttA/cm2 amplitude and 8 msec duration
has no significant influence, b Similarly the state with no 4-Ap effect (Fig. 10b) the decrease
of potassium equilibrium potential tightens the range of pacemaker activity, ¢ Additional
decrease of g and E « leads to complete abolishment of pacemaker activity in a small gca
range and a spike doublet develops (cj = 10 /iA/cm2, 8 msec duration). Time bars every 400 msec

shift activities it is necessary to reduce the equilibrium potential of potassium
ions to -10 mV (Fig. 146). Detailed analysis of firing in the range of gca respon-
sible for pacemaker activity shows strong influences of the reduction of Epf
and jEk (Fig. 15).

Discussion

Our aim was to present a modelling method by means of which the firing
mechanism of neuronal membrane of invertebrates can be interpreted to an
extent allowed by the present experimental results. The model includes the
calcium system and the calcium-sensitive potassium system which seems to be
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of great importance in developing spike-afterhyperpolarization, pacemaker
activity, prolonged bursting, slow depolarizing potentials, finite and infinite
plateaus of membrane potential. We suggest that the described computer
model is suitable for a detailed analysis of the membrane mechanisms listed
previously. Our purpose was not the application of the method for the analysis
of the characteristics of conductance and current underlying the voltage
changes, nevertheless the method is suitable for visualizing the changes of
ionic currents and conductances too. In practice the model is useful for study-
ing the abnormal firing and ionic background of convulsive unit activity. The
use of aminopyridine as a convulsive agent [24, 25] and the information avail-
able concerning K + channel blocking effects [26, 30] facilitates the understand-
ing of the ionic control of epileptic activity. Using mathematical tools, trials
have been carried out to realize the functional role of ionic conductances dur-
ing epileptic activity in the mammalian nervous system [21].

From the results of the modelling procedure it is concluded that the
involvement of Ca++ current in the Kinetic description of the membrane
significantly modifies the findings of the original investigations including the
N a+—K + mechanism [12, 13]. The calcium system produces a specific insta-
bility in the Na+-K + system pacemaker spiking and bursting and beside the
resting potential as a stable level of membrane potential, there appear the
prolonged spike and burst after hyperpolarization and finite and infinite
plateaus as new stable levels of the membrane potential. A detailed analysis
of the stability and oscillatory characteristics of this complex system becomes
possible by studying the limit cycle behaviour in phase-plane as a function
of peak calcium conductance. The limit cycles have already been applied for
the investigation of stimulus control of repetitive firing in squid axon mem-
brane [10].
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The Minimal Steric (Topologie) Difference method was applied to map some
prostaglandin receptors. Experimental data concerning luteinizing activity of corpora
lutea, and pressor respectively depressor activity on sheep blood were considered.
The linear correlation coefficients obtained were r = 0.927 (IV =12) for luteinizing
activity, r = 0.943 (N = 15) for depressor activity, and r = 0.943 (IV = 12) for pressor
activity. Similarities and differences between these three receptors are discussed.

Quantitative Structure Activity Relations (QSAR) do not seem to have
been extensively used in prostaglandin research. As ubiquitus local hormones,
prostaglandins take part in several biological mechanisms [1, 2]. The corre-
sponding PG-receptors are most probably different for each kind of biological
activity. At least, prostaglandins have a large variation of activity for rela-
tively small changes in steric structure and an adequate account of the steric
factors seems to be some sort of bottleneck in most QSAR-procedures. Here
we want to demonstrate the possibility of obtaining QSAR’s for prostaglandins
by use of the MTD procedure.

In the MTD-procedure [3, 4] one constructs a topological network, the
hypermolecule (H) by an atom per atom superposition of the studied molecules
(H atoms are neglected). The steric structure of an “i” molecule is described
by a set of M binary Xy variables, with Xu = 1if vertex “y” is occupied by the
molecule “i” and x( = 0 if it is not. The M vertices j of the hypermolecule
are attributed by an optimization procedure either to the receptor cavity
(*“good” vertices, Ej = —1), to the receptor walls (“bad”-vertices, £¢= -f-1)
or to a steric irrelevant region (Ej = 0). The regressional equation for this
method and the minimal steric difference (MTD) are given by the equations,

A= a—/VID "
M
MTD,. = 8 + Ej XjJ (2)

where s is the number of cavity (sj = —1) vertices, a and R are usual regressional
coefficients. Other structural parameters may also be included in the regres-
sional equation (1).
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Method and results

The series of compounds used for QSAR and the data for PG-binding to ovine corpora
lutea, for depressor and pressor activity for sheep blood are taken from a review by Jones [1].
The compounds are listed in Tables I, Il and Ill. In these tables A1 is the logarithm of the
inverse relative association constant ofthe PG’s from ovine corpora lutea (A1 = 0 for PGF2);
A g and Ap are the logarithms of the inverse relative PG-concentrations producing depressor
or pressor activity in sheep blood (AD= 0for PGE2 Ap = 0for PGD23). The plasma of sheep
contains little or no prostaglandin isomerase [1] and therefore the primary depressor effect
following intraaortic injection of prostaglandin in sheep is considered a valid measure of the
potency at the receptor site.

The hypermolecule H which results from the atom per atom superposition of these
molecules is shown in Fig. |I. The pentacycle and most of the 1-7 and 13—20 chain atoms fit
in H, constituting vertices common for all compounds. Only those vertices are numbered
(j from 1to 17) which are not occupied in all compounds. As example, in PGE2the two chains
occupy verticesj = 1,2 and 17, the ketonic Oooj = 6, the OH(4aj-group j = 4, the OH(153)-
group j = 5, the carbonylic O atom of the COOH group j = 12. PGF2 has instead of the
ketonic 0(9 and OH(9) group at j = 3. C-atoms with sp2hybridization are considered to
produce only minor modifications in the stereochemistry of the pentacycle. The 1-7 chain
in PGB’s occupies vertices j = 1.15 (instead of 1.2) and vertices j — 10.11 in 8-iso PGE4
The 13-20 chain of PGB’s and PGC’s occupies vertex j = 16 (instead of j = 17). For the
C6-C6 and CI13C,4hydrogenated compounds we assume conformations similar to the cis and
trans configurations of the parent unsaturated prostaglandins.

Regarding the optimisation procedure, as the number of molecules in the studied series
and the number of vertices is small, the molecules were arranged in decreasing order of activity,
and several Ey-attributions tried, until the best possible antiparallelism between the activities
A and the MTD-values is obtained. Then the receptor map so obtained is tested for optimality
conditions [4].

Concerning the binding to the receptor from ovine corpora lutea (Table 1), the optimized
receptor map obtained by the MTD procedure is

= —1): 12,412,115 3,4,12
= 0): 3,59-11,16,17 or (SE): 1,2,5,9,15-17

ile=+1): 678 6,7,8,10,11.

Experimental and calculated Tt?ﬁelﬁi}ing activity of prostaglandins

. Structure al mtdl A1} H*n = i)

1 PGF2a 0.00 1 -0.54 1-5, 12, 17

2 15-methyl-PGF2a -0.15 1 -0.54 1-5,9, 12,17

3 13,14-dihydro-PGF2a -0.36 1 -0.54 1-5, 12,17

4 PGFla -1.30 1 -0.54 1-5, 12, 17

5 pge?2 -1.43 2 -1.99 1,2,4-6,12, 17
6 PGF2j -1.86 2 -1.99 1,2,4,5,7,12,17
7 13, 14-dihydro-15-0x0-F2c -2.04 2 -1.99 1-4,8,12, 17

8 PGE]j -2.53 2 -1.99 1,2,4-6, 12, 17
9 1-hydroxymethyl-PGF2a -2.58 2 -1.99 1-5, 17

10 8-is0-PGEj -3.41 3 -3.45 3-5,10-12,17
11 pga?2 -3.41 3 -3.45 1,2,5,6,12, 17
12 pgb?2 -3.41 3 -3.45 1,5,6,12,15,16

Legend: see section Method and Results: j(xy — 1) indicates the vertices of H, occupied
by each molecule.
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Table 11

Experimental and calculated depressor activity of prostaglandins

« Structure MTDd AP(7) IEHER))

1 pge?2 0.00 0 -0.15 -2.17 1,2,4-6, 12,17

2 15-methyl-PGE2 -0.04 I +0.09 -3.32 1,2,4-6,9,12,17
3 PGE]j -0.11 0 -0.15 -3.30 1,2,4-6, 12, 17

4 PGE,, -0.38 0 -0.15 -4.43 1,2, 4-6, 12,17

5 pgc?2 -0.89 1 -1.33 -2.17 1,2,5,6, 12, 16

6 PGCj -0.97 1 -1.33 -3.30 1,2,5,6,12,16

7  1ll-desoxy-PGE1 -1.11 1 -1.33 -2.17 1,2,5,6,12, 17

8  1ll-desoxy-PGEO -1.32 | -1.33 -3.30 1,2,5,6, 12, 17

9 1l-desoxy-PGE2 -1.36 1 -1.33 -4.43 1,2,5,6, 12, 17
10 PGAO -1.62 1 -1.77 -4.43 1,2,5,6,12, 17
11 PGA, -1.76 1 -1.77 -3.30 1,2,5,6,12,17
12 pga?2 -1.91 1 -1.77 -2.17 1,2,56,12,17
13 15-methody-PGE2 -2.00 1 -1.32 -3.15 1,2, 4-6, 12, 13, 17
14 15-oxo-PGE2 -2.50 2 -2.51 -2.17 1,2,4,6,8, 12, 17
15 R-15-hydroxy-PGE2 -2.74 2 -2.51 -3.15 1,2,4,6,9, 12, 17

Legend: see Table I. Ap(7) are pressor activities calculated with MTDp values for Sp
and eq. (7).

Table M1

Experimental and calculated pressor activity of prostaglandins

i Structure Ap MTDp AP(7) AD(®) =1

1 pgd?2 0.00 0 -0.18 -3.69 1-3, 5, 12, 14, 17
2 PGDj -1.02 0 -1.31 -3.69 1-3, 5,12, 14, 17
3  15-o0x0-PGF2a -1.12 | -1.18 -3.69 1-4, 8, 12, 17

4  R-15-hydroxy-PGF2a -1.76 2 -2.14 -3.69 1-4, 9, 12, 17

5 PGF2a -1.84 1 -1.16 -1.33 1-5, 12,17

6  15-oxo0-PGFla -2.15 1 -2.29 -3.69 1-4,8,12,17

7 15-methoxy-PGF2a -2.22 2 -2.14 -2.51 1-5,12, 13, 17

8 15-methyl-PGF2a -2.31 2 -2.31 -2.07 1-5,9, 12, 17

9 PGFla -2.51 1 -2.29 -1.33 1-5, 12,17

10 PGD,, -2.87 0 -2.44 -3.69 1-3, 5,12, 14, 17
11 15-0x0-PGF0a -3.00 1 -3.42 -3.69 1-4, 8, 12,17

12 15-0x0-PGF2% -3.23 3 -3.12 -2.51 1,2,4,7,8,12,17

Legend: see Table I. Ap,(6) are depressor activities calculated with MTDq values for Sq
(with £3= £14= +1) and eq. (6).
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13 15 17 19

la.

1b.

Fig. la. Prostaglandin skeleton with numbered atoms
Fig. Ib. Prostaglandin hypermolecule “H” with numbered vertices j — 1,2, ..., 17, where
only vertices not occupied in all molecules are numbered

The two receptor maps are equivalent, i.e. they produce the same order of MTD-values
for all molecules of the studied set. Thus, eitherj = 1,2,15 are cavity (ty = -1) vertices and
j = 10,11 irrelevant (ey= 0), or j — 1,2,15 are irrelevant and j = 10,11 are wall (sy= + 1)
vertices. The regressional equation is

AL= 091—145MTDI; r= 0.927; EY = 88% (N = 12) (3)

For the receptor for depressor activity in sheep blood:

[Je= - 1): 45
SD {j(e = 0): 16,17
[je = + 1): 89,13
A4= -0.14-1.18 MTDd; r = 0.810; (N = 15) (4)

while for the receptor for pressor activity, if one restrains to the “2”-class prostaglandin

Iy(e=-1): 3,14

splis= 0: 458
[i(e = + 1): 7,9,13
A5= —0.21—0.98 MTDP; r = 0.945; (N = 7) (5)

The regressional equations (4) and (5) can be improved by introducing two indicator variables;
Oand A (or A"). For the presence of an O atom in position 15a (j = 5), 6 = O, while for the
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presence of a CH3group, 0 = 1. For depressor activity (A = 1ifa cyclic A10"n double bond is
present (A = 0 if absent), while for pressor activity A' = 0.1 or 2 as there is none, a A3>u
or a A3 14 and a Abe double bond are present. The corresponding regressional equations (see
also Tables Il and I11) are,

AD = —0.15—1.18 MTDd + 1.42<5-0.44zl ; r = 0.943; EV = 89% (N = 15) (6)
AP = -2.44—-098 MTDp—0.170 + 1.13/1’; r = 0.943; EV = 89% (N = 12) (7)
The MTD values calculated with the optimized maps Sj_, Sq and Sp are also listed in
Tables I to Il1l1. We remind that for the empty or occupied verticesj in all molecules of a given

series, nothing can be inferred by the MTD-procedure; therefore, attributions for such vertices
are not listed in the optimized receptor maps (SL, Sp and Sp).

Discussion and conclusions

According to the optimized receptor map Si (Fig- 2) the structural
requirements for the luteinizing activity of PG’s are,

— the C%atom with a configuration of the OH-group (e3= 0 for9a-OH,
e6= +1 for a 9-keto group, e7= +1 for a 9/9-OH group)

— Cuy with a configuration for the OH-group (eu = —1)

— C8 not ~-substituted, which means a-configuration or sp2-hybridiza-
tion (el= e2= el5= —1, but el0= eu = 0)

— presence of a carboxyl group at Cl(el2 = —1).

Thus, the pentacycle ofthe PGF molecule should fit optimally into the receptor
cavity, as well as the C7 and C6 atoms of the Cj—C7side chain, if C8is not R-
substituted. The requirement of a Cj-carboxyl group (ionized at pH 7) is prob-
ably electrostatic and not steric in nature. For the C13—C2side chain, steric
requirements seem less severe (5= e9= ele= slI7= 0; e8= +1)e

The receptors for depressor and pressor activity (Sp and Sp, Fig. 2)
put somewhat different requirements on the prostaglandin molecules. The
resulting common feautures are,

— the C9 and CI15 atoms with a-OH groups as substituents (e3= 0,
e5= —1, in SD, e3= —1, f5= 0 in SP)

— substituents at CI15, larger than the OH-group or not in a-configura-
tion, penetrate the receptor walls (e7= e8= e9= el3= +1 in
So and Sp).

Distinct requirements for depressor activity (see So and eq. (6))

— aOH-group at Cn (fid= —1)

— aCH3 instead of aOH at C15 strongly enhances depressor activity
(Sg may have a small rigid hydrophobic region at thej = 5 vertex),

— a cyclic AI0n double bond decreases depressor activity.
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Fig. 2. The most active prostaglandin in the studied series with respect to the indicated receptor
is given in parantheses

Distinct requirements for pressor activity (see Sp and eq. (7)),

— keto group at Cn (eld= —1, ei = 0)

— A56 and A13 l4double bonds enhance pressor activity (probably
steric fit requirements for the cis configuration of the C4—C7 side
chain and for the trans configuration of the C13—C2 chain).

The unfavourable effect upon depressor activity of the cyclic Zin n
double bond cannot be explained in the framework of the MTD procedure;
it could he due to some metabolic inactivation process.

Pressor and depressor activities are complementary, therefore pressor
substances should become depressors only at sensibly higher concentrations
than those at which their pressor effect is already exerted and the reverse
should also be true. A detailed review of the complex interactions between
arachidonic acid metabolites and the renin angiotensin system was published
recently [5]. This can be used to test the real predictability of the receptor maps
S and Sp and the regressional equations Ad and Ap. Unfortunately, Jones
lists only molar potencies relative to PGE for depressor, and to PGD2a for
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pressor activity. Also, vertices j = 3 and 14 are inoccupied in all depressor
PG’s of Table Il they will be considered as “bad” vertices, £3—£14— +1
for So in calculating depressor activities for the pressor PG’s of Table II1I.
The two activity “scales” can be compared for PGFOasuggested [1] to give
a biphasic response: the calculated activities for PGF@ (MTDg = 3, MTDp =1)
are rather similar Aqg = —3.69; Ap = —3.42.

The calculated pressor activities of depressor PG’s (using Sp and eq. (7))
are listed in Table Il; the calculated depressor activities for pressor PG’s
(with So and eq. (6)), in Table I1l. Only one of the 15 depressor PG’s of Table
Il have a calculated Ao higher than Ap.

The MTD procedure thus yields information about the structural char-
acteristics of prostaglandin molecules, required for a certain biological
activity. This information is contained in the optimized receptor maps, which
give information about the shape of receptor cavities corresponding to the
physiologically active state (i.e. of the receptor combined with the correspond-
ing prostaglandin effector).
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Rats were exposed to whole body vibration horizontally for four hours at 5 Hz
frequency and 2 cm amplitude. Of the components of the plasma kallikrein-kinin
system the free (spontaneous) and kaolin-activated kallikrein (prekallikrein) activities,
the concentration of bradykinin, the hradykinin splitting total kininase activity, total
kallikrein-inhibitor activity and the concentration of a,,-macroglobulin, a major plasma
kallikrein inhibitor, were estimated.

Results showed that in response to acute vibration plasma free kallikrein activ-
ity was increased significantly in association with a significant reduction of prekallik-
rein concentration. The concentrations of bradykininogen and total kininase activity were
significantly elevated, too. Neither total kallikrein-inhibitor activity nor the concentra-
tion ofalpha2macroglobulin were changed indicating that the plasma kallikrein inhibitors
did not play aroleinthe alterations of plasma free kallikrein and prekallikrein activities.

During acute vibration the plasma kallikrein-kinin system was activated prob-
ably by the enhanced catecholamine secretion. We suggest that the biological impor-
tance of thisphenomenon is in the defense againstthe impaired microcirculation caused
by catecholamines.

Several experimental findings [8, 9, 10] and clinical observations [5]
prove that noxious vibration plays a role in the genesis of various civilization
diseases such as peptic ulcer, hypertension and myocardial infarction. As a
harmful byproduct of urbanization, intensified industrial development and
extensive urban and highway transport a novel civilization disease has been
recognized as vibration disease [14]. Both the civilization diseases and the
vibration damage are characterized by microcirculatory changes in some
organs and organ systems [4, 13].

In addition to the vegetative mediators (norepinephrine, acetylcholine),
the renin-angiotensin-aldosterone system, prostaglandins, serotonin and hista-
mine, the kallikrein-kinin system is known to play an important role in the
control of local microcirculation [17].

In order to elucidate the mechanism of action of the vibration damage,
the changes in the components in the kallikrenin-kinin system were studied
in rats exposed to acute vibration. No such data are available in the literature.
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Methods

Male rats of the CFY strain weighing from 120 to 150 g were used after a 16-hour
starvation period. The animals were divided into two groups, one control and one experimental
with a single exposure to a 4-hour vibration. Parameters for vibration: 5 Hz frequency, 2 cm
amplitude, horizontal. During exposure the rats could move freely in their vibration chamber.

Immediately after the termination of the vibration exposure the rats were exsangui-
nated via the femoral artery. Haematocrit was also estimated. The blood was collected in two
polyethylene tubes at 4 °C with or without isosmotic sodium citrate as anticoagulant. The
components of the kallikrein-kinin system were determined in the citrate plasma, whereas
the alpha2macroglobulin in the sera.

Plasma-free (spontaneous) kallikrein, kaolin activated kallikrein (prekallikrein) activ-
ities and total kallikrein-inhibitor activity were estimated according to Coi.man et al. [3]
with the modification of Gomozkov et al. [11]. The principle of the assay: the inactive pre-
kallikrein in the plasma is activated by kaolin. The activated kallikrein splits the benzoyl-
arginine-ethylester (BAEE) substrate and the aethyl group thus released forms a green prod-
uct with 2-hydrazino-2,3-dihydro-3-methyl-benzothiazol-HCI (MBTH). This can be measured
by photometry. Into tubes I and 11 0.48 ml, tubes Il and 1V 0.46 ml Tris buffer (100 mmol/1,
pH 8.0) and 0.5 ml BAEE solution (20 mmol/1) were pipetted. To tube | (blank) 0.2 ml 10%
ZnS04 and 20 /N1 non-activated plasma were added. Into tube Il 20 [A non-activated plasma
was pipetted.

Meanwhile 0.3 ml plasma was incubated with 0.3 ml kaolin suspension (10 mg kaolin
was suspended in 10 ml physiologic saline-phosphate buffer 100 mmol/1, pH 7.6) in a water

bath at 25 °C. After a 1-min incubation 40 /1 was transferred into tube IIl, and after 3 min
incubation the same volume was transferred into tube IV. All four tubes were then incubated
at 37 °C for 30 min; the reaction was stopped in tubes 11 Il and IV by 10% ZnS04 and

the precipitate was centrifuged (7000 rpm). From the resultant supernatant fluid 0.4 ml
aliquots were transferred into four other test tubes and to these subsequently 0.2 ml distilled
water, 0.2 ml 1% KM nO04dissolved in 10% KH S04and five minutes later 0.2 ml of 1% NH40H
were added. After the solution had been bleached to the tubes 1.5 ml of 1% MBTH were
added, 20 min later 1.5 ml 2% NFI4Fe(S042+ 12 H2 and 60 min later the optical density
of the solutions was measured in tubes Il, Il and IV at 635 nm against tube | (blank). Since
the solution in tube | was generally not quite colourless we also used an absolute blank (0.5 ml
phosphate buffer — 100 mmol/l1 pH 7.6 — and 0.1 ml 10% ZnS04) and the absorbant of tube
| was read against this blank. The optical density thus obtained was subtracted from the values
for tubes Il, Il and IV. Concentrations were read using calibration curves constructed using
ethanol and kallikrein activités and were expressed in /;mol ethanol/ml plasma/h. The free
(spontaneous), kallikrein activity was obtained from tube Il, whereas the concentration of
prekallikrein was calculated from the difference between values for tubes Il and Ill. The total
kallikrein-inhibitor activity was expressed on the basis of the percent reduction of kallikrein
activity between tubes Il and IV.

Alpha2macroglobulin was estimated by the method of Veremeyeinko and Volohons
kaya [19]. The alpha2macroglobulin forms a complex with the trypsin added to the serum
and this complex releases nitroaniline from N-alpha-benzoyl-DL arginine-4-nitroanilide
hydrochloride (BAPNA) which can be estimated by photometry. The amount of the nitro-
aniline formed and the amount of alphazmacroglobulin present are proportional.

The serum was diluted 20-fold by phosphate buffer (50 mmol/1, pH 7.6). To 0.3 ml of
diluted serum 0.3 ml 20 mg% trypsin were added dissolved in phosphate buffer 50 mmol/1,
pH 7.6 then 0.2 ml of 50% soy-bean trypsin inhibitor (REANAL) was added to neutralize
the excess trypsin. The alpha2macroglobulin-trypsin complex is not sensitive to the inhibitor.
After 15 min the volume was brought to 1 ml and incubated for 2 min at 20 °C in a water
bath. Then 3.2 ml of 10 mmol/l BAPNA (50 mmol/1 dissolved in phosphate buffer pH 7.6)
were added and the incubation was continued for a further 30 min period. The reaction was
stopped by 1.4 ml 5% phosphotungstenic acid. The precipitate formed was removed by centri-
fugation and the absorbance of the supernate was read at 385 nm against blank treated alike,
except that trypsin was added after the addition of the phosphotungstenic acid. The concentra-
tion of the alphazmacroglobulin was expressed in g/1.

The bradykininogen (kallikrein substrate) assay was performed according to Diniz et al.
[6]. Trypsin splits the bradykininogen and releases the free bradykinin; this was estimated
and from its amount the bradykininogen concentration could be calculated.

Citrate plasma, 0.1 ml and 1.0 ml of 0.2% acetic acid were incubated for 30 min in
a boiling water bath; after cooling, the solution was neutralized with NaOH (0.5 mol/1). One
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ml Tris-buffer (100 mmol/1, pH 7.5) and 0.2 ml 100 mg% trypsin solution dissolved in Tris
buffer were then added. The incubation lasted for 30 min at 37 °C. The reaction was termi-
nated by the addition of 0.2 ml of 200mg% SBTI. The amount of bradykinin released was
estimated using a rat-uterus bioassay system. The uterus from rats in oestrus was suspended
in organ bath containing 10 ml de Jalon solution bubbled with oxygen and kept at a constant
temperature by an ultrathermostat. The bradykinin-induced uterine contractions were trans-
formed to electric signals and recorded using a RADELKIS recorder. The amount of brady-
kinin was calculated from calibration curves constructed from responses to known amounts
of bradykinin. Results were expressed as the amount of bradykinin released from 1 ml of
plasma, as ng/ml.

The bradykinin splitting total kininase activity was estimated in a bioassay system
according to Erdés [7], modified by Veremeyenko [18].

To 50 ,dplasma, 1.75 mI TRIS-HC1 buffer (100 mmol/1, pH 7.2) and 0.2 ml bradykinin
solution (4000 ng) were added and incubated at 37 °C. The enzyme reaction was stopped by
boiling. After the incubation the remaining bradykinin was bioassayed in 0.2 ml aliquots
using the aforementioned in vitro uterus preparation. Total kininase activity was expressed
as the amount of bradykinin split by 1 ml plasma in 1 min, as ng/ml/min.

Statistical analysis of the data was performed by Student’s independent t test.

Results

Results are illustrated in Figs 1, 2 and 3. Figure 1 shows the changes in
plasma spontaneous kallikrein and prekallikrein activities. Plasma free kalli-
krein activity was increased significantly (p < 0.05) by about 50% to acute
vibration exposure.

The kaolin-activated kallikrein (prekallikrein) activity showed opposing
changes being significantly (p < 0.05) decreased by about 30%. Figure 2
demonstrates alterations in the concentration of bradykininogen and the total
kininase activity in rats after vibration.

As is seen the level of kallikrein substrate was increased fourfold (p<0.05)
in response to a single exposure to vibration. The total kininase activity was
markedly augmented (p < 0.05). Figure 3 shows the plasma total kallikrein-
inhibitor activity and the concentration of alpha2-macroglobulin, a major
plasma kallikrein inhibitor. It appears that neither total kallikrein inhibitor
activity nor alpha2-macroglobulin concentration were changed by vibration.

Discussion

Results of this paper show that the applied acute vibration exposure
induced changes in the kallikrein-kinin system. In response to a single four-
hour vibration the free plasma kallikrein activity was significantly reduced.
These findings seem to suggest that under the effect of acute exposure to
vibration the conditions favour the activation of kallikrein (factor Ill activa-
tion, tissue hypoxia and acidosis). The simultaneous increase in the concentra-
tion of kallikrein substrate indicates and enhanced mobilization of brady-
kininogen from the liver. The elevation of total kininase activity was probably
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Fig. 1. Changes in plasma free (A) and kaolin activated (B) kallikrein activities in response to
llacute vibration. C = control, ¥ = vibration, Means +S.E.
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Fig. 2. Changes in plasma concentrations of bradykininogen (A) and total kininase activity
(B) in response to acute vibration. C = control, V = vibration, Means +S.E.

a regulatory response against the predominance of bradykinin. Thus, under
the effect of acute vibration the activity of the kallikrein-kinin system was
enhanced or shifted towards an increased bradykinin production. The kalli-
krein inhibitors did not appear to be involved in these changes.

In our oppinion the vibration-induced alterations in the kallikrein-
kinin system occurred due to the hormonal imbalance accompanying vibra*
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Fig. 3. Changes in plasma total kallikrein-inhibitor activity (A) and serum concentrations of
alpha2macroglobulin (B) in response to acute vibration. C = control, V = vibration, Means
+S.E.

tion. It is known that vibration markedly increases the blood levels of nor-
epinephrine and glycocorticoids [1]. Changes of the former predominate after
acute vibration, whereas longlasting vibration produces more marked elevation
of the concentrations of glycocorticoids. Rotenhitd et al. [15] have shown
that epinephrine increases the conversion of prekallikrein to kallikrein and the
release of bradykinin from the liver which is a direct consequence of the epi-
nephrine-induced tissue hypoxia and acidosis as suggested by Dietzel et
al. [5]. The glycocorticoids exert an opposing action on the activity ofthe kinin
system. Ciline and Melmon [2] have found that glycocorticoids inhibit the
activation of prekallikrein, whereas Lancberg et al. [12] have reported on
enhanced Kkinin splitting kininase activity.

Since the release of catecholamines occurs faster, their prevalance dur-
ing acute vibration is highly probable.

In summary, we suggest that the kallikrein-kinin system plays an impor-
tant role in the development of the microcirculatory alterations induced by
vibration. The biological importance of these phenomena is probably the
defense against tissue hypoxia produced by the increased release of catechol-
amines.
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The authors studied the effect of drugs with different mechanisms of action on
the prevention of stress ulcer production in the rat. Stress ulcer was induced by a method
developed by the authors: intact, starved rats were swimmed in water at 23 °C for
5 hours.

1. Atropine (0.1-0.5 and 1.0 mg/kg i.m.), cimetidine (1.0-5.0 and 25 mg/kg i.p.),
prostacyclin (PG12) (5.0-25.0 and 100 jug/kg i.p.) and phentolamine (0.35-1.75-3.5 and
7.0 mg/kg i.m.) were shown to decrease the production of stress ulcers significantly,
in a dose-dependent fashion.

2. Propranolol (0.35-1.75-3.5 and 7.0 mg/kg i.m.) did not influence the produc-
tion of stress ulcers. The finding that drugs with different actions could considerably
reduce or prevent the production of stress ulcer appears to indicate the complexity
of the neural, hormonal and biochemical processes involved in the pathogenesis.

On the basis of the present results the authors suggest the use of a preventive
therapeutic regimen in clinical practice with an appropriate combination of drugs.

Factors such as gastrotoxic (ulcerogenic) drugs, some severe diseases
(acute pulmonary or cardiac insufficiency, sepsis, acute renal or hepatic failure,
complex burn injuries, long-lasting surgery) acute intracranial pressure eleva-
tions (brain surgery and injury, stroke), etc. are known to be responsible for the
production of acute erosions of the gastric and duodenal mucosa. These are
called stress ulcers irrespective of the morphology and pathogenesis.

There are several methods known for inducing experimental stress ulcers
[1, 3, 4, 18, 19] which are suitable for the study of the pathogenetic factors.
As for the underlying pathogenetic events, opinions vary widely, and thus no
uniform standpoint has been adopted to date with regard to drug prevention
and therapy. The objective of the present paper was

1. to study the effects of drugs with different mechanisms of action on
ulcer production in a stress ulcer model developed in our laboratory;

2. to establish the role of neural and humoral factors in the pathogenesis
of stress ulcer produced in swimmed rats.

Methods
Experimental animals

A total of 166 W istar rats of either sex weighing 210 to 250 g were used. Animals were
starved for 24 hours while free access to water was allowed. Rats were forced to swim contin-
uously for a period of 5 hours in a deep concrete tub with a water temperature of 23 °C. No
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Fig. 1. The stress-ulcer model: rats with intact stomach were forced to swim for 5 hours in
water at 23 °C

extra weights were applied. The pylorus had not been ligated (Fig. 1). Swimming in water
below body temperature resulted in the production of acute haemorrhagic lesions (principally
erosions) in the glandular part (area of parietal cells) of the stomach in all the rats. Only a few
rats succumbed.

Drugs

Conscious rats were pretreated immediately before swimming. Drugs were dissolved
in physiologic saline (4.0 ml/kg).

1. Cimetidine (Histodil'0', Gedeon Richter Pharmaceutical Works, Budapest) 1.0-
5.0—25.0 mg/kg i.p.

2. Atropine (Atropinum sulfuricum ®, EGYT, Budapest) 0.1-0.5—1.0 mg/kg i.m.

3. Prostacyclin (PG 12 (Chinoin, Bu dapest) immediately before study freshly dissolved
and diluted as prescribed 5.0-25.0-100 jUg/kg i.p.

4. Propranolol (Inderal® ICI, Cheshire, England) 0.35-1.75-3.50-7.0 mg/kg i.m.

5. Phentolamine (Regitine Ciba-Geigy, Basel, Switzerland) 0.35-1.75-3.50-7.0 mg i.m.

All groups had their matching controls injected with physiologic saline i.p. or i.m.

Examination ofthe gastric mucosa

After termination swimming the animals were killed by aether. The stomach was
removed and opened along the greater curvature and the mucosa rinsed carefully with tap
water and examined using a 10X magnification lens. The following characteristics were
recorded:

1. Average count of lesions

2. Severity index established according to a score described elsewhere [15, 16]:

Grade 0, intact stomach

Grade 1, diameter of the erosion less than 1 mm
Grade 2, diameter of the erosion from 1to 2 mm
Grade 3, diameter of the erosion from 2 to 4 mm
Grade 4, diameter of the erosion more than 4 mm
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Fig. 2. Effect of various doses of cimetidine on the production of stress ulcer, n = number of
animals in one experimental group. Points indicate means, vertical lines are S.E.M.

The severity index was calculated by summing up the scores for the individual erosions.
The antiulcerogenic effect of drugs was calculated according to the formula:

Antiulcerogenic effect (%) = bdex,ontroi - ulcer indextreated
ulcer mdexcontroi

Statistical evaluation

Data are means + S.E.M. Data were analysed for statistical significance by Student’s
unpaired t test (average count of lesions) and by the Mann-W hitney test (severity index),
significance p < 0.05.

Results

The 5-hour swimming produced stress ulcer in all of the rats without
pylorus ligation after fasting for 24 hours. Acute lesions (principally oval-
linear haemorrhagic erosions) were observed in the glandular part, i.e. parietal
cell zone of the rat stomach. The rumen and the antrum were found intact
by gross examination.

1. Effect of cimetidine

The H2 receptor inhibitor cimetidine prevented the acute stomach
lesions (ulcer score and severity index) in a dose-dependent fashion. At a dose
of 25 mg/kg the antiulcerogenic effect was significant (p < 0.05) (Fig. 2).

2. Effect of PGI12 (prostacyclin)

PGI12 also exerted a dose-related protection tested on the basis of both
ulcer parameters. The dose of 100 /rg/kg had a strongly significant antiulcero-
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Fig. 3. Effect of prostacyclin (PG 12 on the production of stress ulcer in rats forced to swim.
For symbols, see legend to Fig. 2

genic action as shown by both the ulcer score (p < 0.01) and ulcer index
(p < 0.0001) (Fig. 3).

3. Effect of atropine

Atropine provided a protective effect on the gastric mucosa of the rats.
A dose of 0.5 mg/kg already afforded an almost 100% protection (p < 0.001)

(Fig. 4).

4. Effect of propranolol

The beta blocker propranolol had no appreciable effect on the stress
ulcer production in the rats (Fig. 5).

Atropine
n: 6 6 6 7
Fig. 4. The antiulcerogenic action of various doses of atropine. For symbols, see legend to Fig. 2
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Fig. 5. Effect of propranolol on the production of stress ulcer

5. Effect of phentolamine

The alpha receptor blocker phentolamine was potent in reducing the
score and severity index of the stress ulcers at doses of 3.5 and 7.0 mg/kg

(Fig. 6).
The antiulcerogenic actions of the various drugs tested are illustrated

in Table 1.

200
m3150
“400
e 50

ol-

Fig. 6. Effect of phentolamine on the production of stress ulcer in rats forced to swim. For
symbols, see legend to Fig. 2
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Table 1

Inhibition by various drugs of the production ofstress ulcer in ratsforced to swim

Drug Dose Antiulcerogenic Significance
action
Atropine 1.0 mg/kg i.m. 98% p < 0.001
Cimetidine 25.0 mg/kg i.p. 44% p < 0.05
pgi2 100.0 ,ug/kg i.p. 75% p < 0.01
Phentolamine 7.0 mg/kg i.m. 56% p < 0.01
Propranolol 7.0 mg/kg i.m. 0.6% p > 0.05
Discussion

There are several pathogenetic factors considered to he of importance in
the genesis of experimental stress ulcer, e.g. the degranulation of mast cells
in the gastric mucosa [7], the elevation of tissue histidine decarboxylase
activity [9], the change in the secretion of the protective mucus [8], and var-
ious biochemical alterations [4, 11].

The same holds true for the pathogenesis of human stress ulcer. Table 11
contains the factors that might play a role in the pathogenesis of the human
stress ulcer based on the literature.

Data by others and our own observations suggest that the incidence of
gastrointestinal ulcers is currently on the increase. In our intensive care unit
the incidence reaches 20%. It is often serious, resulting in the deterioration of
the patients’ conditions in many cases leading to death (intractable bleeding,

perforation).
Table 111

|. Gastric hypersecretion (Cushing ulcer)

Il1. Reduction of mucosal resistance

1. Disturbance in blood supply
a) Cardiorespiratory insufficiency
b) Sympathetic activity
¢) Microthrombi (DIC)
Sepsis
Burn (Curling ulcer)

2. Disturbance of cellular metabolism

3. Altered mucus secretion
Quantitative
Qualitative

I1l1. H +rediffusion

Bile acids, lysolecithin
Drugs
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Thus the prevention and therapy of stress ulcer is a common problem in
clinical practice. On the other hand, there is no satisfactorily applied and uni-
form regimen for the therapy or prevention. A wide variety of somatic and
emotional stress might produce acute ulceration both in man and animals.
In our opinion this does not necessarily mean that the pathologic processes
involved in the production of lesions are essentially different. There is general
agreement among investigators that for the production of stress ulcer the
simultaneous action of several noxious factors is absolutely necessary. The
assessment of these factors is of paramount importance for effective ulcer
prevention and therapy. The many confliciting data and problems not fully
understood justify the attempts for further exploration of this problem.

We have tested the antiulcerogenic effects of drugs using a readily
reproducible stress ulcer model. Results obtained by drugs with different
mechanisms of action shed light on the importance of neural and humora
factors involved in the pathogenesis of stress ulcer.

Atropine, cimetidine, PGI2 and phentolamine, with some differences in
their potencies, exerted a significant antiulcerogenic action on the production
of stress ulcer in rats forced to swim for 5 hours.

Atropine, cimetidine and prostacyclin might act principally by suppress-
ing acid output. It is known that during the development of stress ulcer the
gastric acid secretion is reduced [2, 12], although the presence of hydrochloric
acid still plays an important role in the onset of mucosal lesions. Further
suppression of gastric acid secretion or the neutralization of free hydrochloric
acid in the stomach by various antacids prevent the development of stress
ulcer.

Prostaglandins [5, 10, 14] and atropine [13] are known to exert a favour-
able effect on the gastric mucosa independently of the action on acid secretion.
This is the so-called cytoprotective action which results in enhanced resistance
of the mucosal cells to a wide variety of noxious effects. This cytoprotection
might have also occurred in our experiments, increasing the defense of the
mucosa against the humoral and metabolic changes elicited by the stressors.

Catecholamines and adrenergic activity also play an important role in
the production of stress ulcers [1, 3, 4, 6]. Adrenaline and noraderenaline treat-
ment caused acute haemorrhagic erosions in the glandular part of the stomach
in pyloric ligated rats [16, 16] which were similar in appearance to stress ulcer.
These lesions could be prevented by phentolamine.

In the present study also the alpha blocker phentolamine reduced the
incidence of stress ulcer in rats, whereas propranolol afforded no protection
compared to the controls. Other investigators using the restraint-ulcer model
report on a preventive action principally of beta blockers [17].

The results suggest that the production of stress ulcer in the rats forced
to swim depended on complex neural and humoral factors; among them the
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importance of the parasympathetic and sympathetic alpha adrenergic activity
is obvious.

The favourable effect of drugs suppressing hydrochloric acid output
underlines the importance of the aggressive action of acid in the stomach.

Among the pathologic processes involved in the genesis of stress ulcer
no hierarchy can be established since the suppression or abolishing of any of
them will result in the reduction or prevention of stress ulceration.

On the basis of the present results a reasonable combination of drugs
might be promising in the prevention of stress ulceration. This requires further
studies in this field.
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EFFECT OF LASER IRRADIATION AND
PROSTAGLANDIN F2a ON THE PRODUCTION
OF GASTRIC MUCUS IN HUMAN PATIENTS

l. Sztamka, L. Kovacs and A. Torok

FOURTH DEPARTMENT OF MEDICINE, JANOS HOSPITAL, BUDAPEST, HUNGARY

(Received March 2, 1982)

An increase in gastric mucus production was observed after PGF2a administra-
tion and low dose argon-laser irradiation in human patients. The effect of PGF2a on
functioning of the gastric mucosa is opposite to that of the PGE group. The observed
increase in mucus production is a new aspect of the bio-stimulatory effect of laser

irradiation.

One of the main functions of the gastric mucosa besides the secretion
of hydrochloric acid and pepsinogens is the production of mucus [3]. New
data have been published recently which help to understand the physiological
role of the gastric mucosal lining. According to recent results [10], the speed
of diffusion of hydrogen ions through a mucus layer is one-fourth of that
observed through a water layer of the same thickness. This slowing down of
diffusion is accounted for by the water-coat covering the mucus and also by
the water drops adhering to the interstitium of the mucus because of their
inaccessibility to diffusion. Such physicochemical phenomena explain the
protection provided by the gastric mucus against the harmful effects of hydro-
chloric acid [7]. The acid diffusing into the mucosa in spite of this protection
is neutralized by bicarbonate ions produced there.

The effect of prostaglandins have mostly been studied on the female
genital apparatus. Prostaglandin F2a (PGF2) has proved to be useful in
inducing abortion and labour. Few data are available about the effects of
PGF2a on the gastric mucosa.

In the field of medical applications of laser the phenomenon of bio-
stimulation has gained prominence [9]. This effect can be observed with low
dose laser; in the case of argon-laser this corresponds to 300-500 mV. No
data could be found about the effect of argon-laser on functioning of the gastric
mucosa. The aim of the present study was therefore to investigate the effect
of PGF2a and argon-laser irradiation on the production of gastric mucus in
human patients.

Methods

Patients of either sex 30 to 50 years were selected for the investigation, in whom pri-

mary chronic superficial gastritis was previously diagnosed on the basis of histologic examination

of samples obtained by endoscopy. Determination of mucus content was carried out by the
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method of Hamerman and Schuster [6]. Following the introduction of a rubber stomach
tube the gastric juice was removed and its volume measured. While leaving the tube in place,
either an injection of PGF2a or laser irradiation was done. One hour later the gastric juice
was removed again, its volume measured and the concentration of mucus determined. The
dose of PGF2a (Chinoin) injected subcutaneously was 1 mg.

Laser irradiation was carried out by using an Argon-Laser-Photocoagulator (Spectra
Physics Type 770). Argon-laser can be directed via a flexible fibre-optic system made of
quartz, similarly as the Nd YAG laser [1]. This characteristic of the argon-laser allows the
irradiation of various parts of the gastrointestinal tract through a flexible endoscope. The
argon-leser operates at 0.45 and 0.51 m/t wavelengths, in the blue-green range of the visible
spectrum. The antrum was irradiated with 500 mW for 200 s, the cumulative dose being 100 J.
Since the irradiated surface area of the gastric mucosa was 50 cm2 the energy density of the
irradiation amounted to 2 J ecm-2.

Results

The fasting concentration of gastric mucus was in the normal range.
One hour after the injection of PGF2c the concentration increased markedly,
while the volume of gastric fluid was unchanged (Fig. 1).

One hour after laser irradiation a significant augmentation of gastric
mucus production was measured (Fig. 2).

Discussion

The observed effect of PGF2s on function of the gastric mucosa was the
opposite of that of PGE” Gastric juice production was found to be reduced

Before injection One hour
after injection

Fig. 1. Effect of @ subcutaneous (s.c.) injection of PG F” on gastric mucus production
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by PGEI5 while after PGF2t treatment both total acidity and pepsinogen
concentration were augmented [5]. In the present study the stimulatory effect
of PGF2 on a third parameter of gastric function, mucin production, has been
observed.

Laser irradiation is now applied extensively in medicine in view of its
special advantages. Its main use in gastroenterology is primarily connected

Fig. 2. Effect of argon-laser on gastric mucus production

with the thermic effect causing photocoagulation. This effect is best utilized
to stop bleedings which need [1, 2, 4, 8] high energy irradiation.

The non-thermal effect of low energy laser irradiation is connected with
its polarized light characteristic [9]. This bio-stimulatory action is ascribed
by some authors to enzyme activation. The present experiments have furnished
additional evidence of this bio-stimulatory effect.

The stimulatory effect of PGF2a and laser irradiation on the gastric
mucosa may be explained either by their influence on the mucosal barrier
or else by changes of mucosal serotonin function.
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It was established that oxidosis evoked by methylene blue during k-strophanto-
side and acetylcholine contractures in skeletal muscle was accompanied by an increase
in the changes of (K+]O0activity, while redosis evoked by ascorbate under the same condi-
tions was accompanied by a decrease in the changes of [K+]0activity. These changes in
[K~]10activity parallelled the alterations of contractures caused by oxidosis or redosis
suggesting that changesin the [K+]Otransient play an important role in these phenomena.

In the past few years increasing attention has been paid to the questions
of redox regulation in excitatory and muscle contraction processes, as it was
reviewed by us earlier [5]. It has become clear that in excitable systems there
exists — beyond those already known — a fairly complicated regulatory
mechanism which consists of (i) redox state potential (E6)variations of exo-
genous or metabolical origin and (ii) tissue sites which are sensitive to these
variations.

While studying the redox regulation of excitatory processes it was
observed in our laboratory that k-strophantoside (STR)-induced contractures
of the frog rectus abdominis muscles were increased by an exogenous oxidant
(methylene blue) but they were decreased by reductants (ascorbate and dithio-
threitol) [1]. It was also established that methylene blue increased (47%)
while ascorbate decreased (65%) the acetylcholine-induced contractures [7];
(on the other hand, the changes of [K+]0activity were increased in the former
and decreased in the latter study (Puppi, unpublished results).

The aim of the present study was to evaluate the possible role of [K +]0
in the variation of ion fluxes caused by oxidants and reductants.

Materials and methods

Experiments were performed on the isolated rectus abdominis muscle of the frog
(Rana esculenta) at 23 °C. An OP-K-711 type K+ sensitive electrode (measuring range: pX
mol/dm3 0............. 6 10°.in 10e, reproducing capability: 1.5 mV) was used around the
membrane to which a 1 mm thick rubber ring was fixed. The muscles were also fastened to the
electrode shell drum. As a result of this procedure a chamber of 25 mm3capacity was formed
between the surface of the muscle and the ion-selective membrane of the electrode. This
limitation of the extracellular space allowed for near optimal application of the electrode and
at the same time insured the standardization of the extracellular space. Because of the drum-
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like fixation, the muscle contractures were isometrical and did not influence the volume of the
chamber. The electrode with the muscle was submerged into Ringer solution, which was in
contact with a KC1 reservoir through an agar bridge. The reference electrode in this reservoir
was an Ag/AgCl one. Chemical agents were added to the Ringer solution bathing the muscle.
The measure of the increase (+ daj/dt) or decrease (-daf/dt) of the activity of extracellular
K + (a?) was determined at 1 min intervals and expressed in per cent of the respective control
values.

Generally the K + selective membrane of the electrode was facing the distal side of the
muscle. Since in some preliminary experiments it was found that the results were the same
when the electrode was facing the proximal side of the muscle, the possiblity of measuring an
oriented transport from one side of the muscle to the other could be excluded.

The kinetics of the potential changes measured by the electrode was monitored partly
on a potentiometer of high input resistance (OP-205) and partly on a potentiometric recorder
(OH-814) connected to the former. The solution was continuously aerated. Prior to treatments
the calibrated concentration of [K+]0in the chamber varied between 2.6-3.3 mM. For each
muscle variation in the daf/dt values of [K+]0activity was expressed as the per cent change of
the daf/dt values of [K +]0 activity before treatment.

The following chemicals were used (in final concentrations): acetylcholine hydrochloride
(ACh), 10 j«M; methylene blue — as oxidant — (MB), 0.1 mM,; ascorbate — as reductant —
(ASC), 0.1 mM; k-strophantoside (STR), 0.1 mM. All these solutions were buffered to pH 7.4
before use with TRIS-HC1. This agent — per se —- did not influence the electrode potentials.

According to our earlier observations, 3 min after their application, MB (0.1 mM)
increased the Eqvalue by 16 mV and ASC (0.1 mM) decreased this parameter by 25 mV in
the frog rectus abdominis muscle [7].

Results and discussion

Application of MB or ASC per se did not evoke significant changes in
the da”/dt values of [K+],, activity. Three min after the addition of STR the
do/°/dt of activity of [K+]0was increased by 20%, with a contracture of 25%
of the maximum. Upon simultaneous application of STR and MB, the da”/dt
of [K+]0activity rose by 66% and the contracture attained 45% ofthe maximum.
A possible explanation for this finding is that both oxidation [6, 3, 4, 2] and
STR inhibit (Na+ K +) ATP-ase in an additive manner.

Simultaneous application of STR + ASC (reductant) resulted in a 45%
decrease in the da”/dt of the activity of [K +]0and only 10% of the maximal
contracture was attained. One of the reasons for this may be an increase in
active [K +]0influx, since reduction is known to increase active transport [6, 3,
4, 2]. Three min after the application of ACh a 52% increase in the da”/dt
of [K+]0 activity was observed along with a 60% contracture. This effect could
have resulted from the action of ACh both on the active and passive move-
ments of K+.

Simultaneous application of ACh and STR produced an additive effect
both in the increase in the dal/dt of [KT]0activity (75%) and contracture
(85%). Simultaneous addition of STR -|- MB -f- ACh caused some increase in
both the contracture (82%) and the da/°/dt value of [K+]0 activity (95%).

Following the simultaneous application of STR ASC -f- ACh, i.e.
by making the milieu more reducing, there was a 18% increase in the da /dt
of [K +]0activity, which was equal to the net effect of the individual actions of
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Fig. 1. Changesj[in the dak/dt value of [K+]0O activity (A) and amplitude of contractures (B)
in per cent of maximum following k-strophantoside (blocks 1), methylene blue + k-strophan-
toside (blocks 2), ascorbate -f- k-strophantoside (blocks 3), acetylcholine (blocks 4), acetyl-
choline -f- k-strophantoside (blocks 5), acetylcholine + methylene blue -f- k-strophantoside
(blocks 6), and acetylcholine + ascorbate + k-strophantoside (blocks 7) treatments during
contractures of the frog rectus abdominis muscle caused by k-strophantoside and acetyl-
choline 3 min after the application ofthe agents. Numbers at the bottom ofthe blocks designate
per cent changes, while those above the ordinate represent correlation coefficients between
the da* /dt values of [K+]Oactivity and contractures. Vertical bars: £+S.E. In the case of only
methylene-blue and ascorbate treatments neither contractures nor changes in [K+]0activities
were observed

STR, STR + ASC and ACh, both STR and ACh increasing this parameter,
while ASC decreasing it. The degree of contracture, however, did not exhibit
this additivity. To elucidate this single case when the correlation between the
dal/At of [K +]0activity and the contracture level was low, the following consider-
ations might be of value. In the case of simultaneous application of STR-|- ASC,
the former, by inhibiting the (Na+ -f- K+) ATPase promotes a depolarizing
tendency, while ASC — as a reductant — stimulates the (Na+ -f- K+) ATP-
ase [6, 3, 4, 2]. In the case of simultaneous use of STR -}- ACh -)- ASC, both
STR and especially ACh promote depolarization, and it appears that the hyper-
polarizing action of ASC is already not capable to compensate for the effects
of two depolarizing agents. Though this action is not reflected in the changes
of the da* /dtvalues of [K+]Onevertheless it might be assumed that there were
changes in the movement of the Na+ and/or Ca2+ ions playing no lesser role in
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the excitation processes than K+. Experiments are in progress to test this
assumption.

In conclusion, there is a very high positive correlation between the level
of contractures and da”/dt when an oxidation or reduction modifies the STR,
ACh contractures. In view of this the importance of K+ transient as an effector
in the response to alterations of redox state potential on the mechanical activ-
ity of skeletal muscles seems to be beyond doubt.
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Effects of intraperitoneal administration of cholecystokinin (CCK)-related
peptides were studied on retention of single-trial learning passive avoidance behaviour.
The COOH-terminal octapeptide of CCK (CCK-1-8-SE), the unsulfated octapeptide
(CCK-1-8-NS), as well as the COOH-terminal tetrapeptide of CCK (CCK-5-8), admin-
istered immediately after the learning trial, facilitated passive avoidance behaviour.
The data indicate that these peptides may influence memory consolidation processes.

In recent years the efforts of endocrinologists, neurochemists and bio-
chemists have revealed that the mammalian brain contains a number of
neuronally localized peptides. Several peptides have been recognized as
occurring in the gastrointestinal endocrine cells and in the central and periph-
eral nervous system [see reviews: 17, 21]. Gastrin-like immunoreactivity was
originally demonstrated in the central nervous system by Vanderhaeghen
et al. [30], however, it seems to be clear by now that the peptide which reacted
with gastrin antiserum was in fact the cholecystokinin octapeptide (CCK-8)
[3,24,27, 29]. Chromatographic separation of porcine cortical peptides reveal-
ed that CCK-8 is the principal CCK-like peptide, and smaller amounts of
CCK-33, CCK-12 and CCK-4 are also present [28]. The brain contains only
trace amounts of true gastrin although appreciable amounts are found in the
pituitary gland of the pig [27]. The small amounts of true gastrin in the
mammalian brain probably originate from the vagal nuclei where true gastrin
has been found [27]. This gastrin has been shown to be transported down
the cervical vagus nerve [16] to the gut where it presumably contributes to the
vagal reflex. Golterman et al. [14] showed that CCK is synthesized in the
brain, mostly in the cells of the ventral tegmental area (A 10 group) and trans-
ported intra-axonally to the terminal areas of this group [4, 17].

The physiological role of “brain-born” CCK and their fragments has not
yet been properly elucidated. Earlier it was shown that peripheral administra-
tion of CCK-8 sulfate ester (CCK-1-8-SE) and unsulfated CCK-8 (CCK-1-8-NS)
increased the step-through latency of single-trial learning passive avoidance
behaviour [7], the most effective dose being 400 nmol/kg intraperitoneally.
It has also been demonstrated that CCK-1-8-SE and fragments of this peptide
containing tyrosine-sulfate-methionine residue are able to modulate the mono-
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amine contents of different brain areas, as well as the plasma corticosterone
level [6, 12, 13], however CCK-1-8-NS is practically without effect on the mono-
amine content of the discrete brain areas or adrenocortical activity [6, 8].
The present study was carried out in order to measure the activity of
a number of cholecystokinin fragments in a dose of 400 nmol/kg on the step-
through latency of single-trial learning passive avoidance response.

Materials and methods
Animals

Male CFY rats of an inbred strain weighing 150-180 g were used. The animals were
housed 5-6 per cage at room temperature (20-21 °C). All animals had access to commercial
food and tap water ad libitum and were kept on a controlled illumination schedule (lights
on between 6 a.m. and 6 p.m.). Experiments were carried out daily between 6 a.m. and noon.

Passive avoidance behaviour

Animals were trained in a step-through-type one-trial learning passive avoidance test,
as described previously [1, 7]. Animals were treated 30 s after the learning trial and they were
tested 24 h later.

Treatment

CCK-1-8-SE (Asp-Tyr/SO3H/-Met-Gly-Trp-Met-Asp-Phe-NH2), CCK-1-8-NS (Asp-
Tyr-Met-Gly-Trp-Met-Asp-Phe-NH2, CCK-2-8-SE (Tyr/S03H/-Met-Gly-Trp-Met-Asp-
Phe-NHj), CCK-3-8 (Met-Gly- Trp-Met-Asp-Phe-NH2, CCK-4-8 (Gly-Trp-Met-Asp-
Phe-NH2, CCK-5-8 (Trp-Met-Asp-Phe-NH2, CCK-6-8 (Met-Asp-Phe-NH2, CCK-7-8
(Asp-Phe-NH2, CCK-1-4-NS (Asp-Tyr-Met-Gly-NH2 and CCK-2-4-SE (Tyr/S03H/-M et-
Gly-NH?2 were dissolved in physiological saline and given intraperitoneally in 400 nmol/kg
dose in a volume of 1.0 ml/kg 30 sec after the learning trial. Control animals received the
physiological saline solution in a volume of 1.0 ml/kg.

The peptides were synthetized by one of us (Dr. B. Penke), the method, yield, purity
have been published elsewhere [6, 25, 26].

Statistical analysis

Statistical analysis of the results was performed by analysis of variance.

Results

The effects of CCK-1-8-SE, CCK-1-8-NS and their fragments on avoid-
ance latency of one-trial learning passive avoidance behavior are shown in
Fig. 1. CCK-5-8, CCK-4-8, CCK-3-8, CCK-2-8-SE, CCK-1-8-SE and CCK-1-8-
NS significantly facilitated passive avoidance behaviour, while fragments
without the COOH-terminal tetrapeptide residue of CCK-8 did not change
avoidance latency.

Discussion

Although CCK has been demonstrated to be present in high concentra-
tions in the brain [2, 20, 24,27], little is known about its effects on the central
nervous system. CCK is a putative short-term satiety hormone which may
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PASSIVE AVOIDANCE BEHAVIOUR

SE N5 SE SE N5
400 NMOLE/KG.IP.
lasp-tyr-met-gly-trp-met-asp-phe-nh-
) .
SOsH
Fig. 1. Effect of cholecystokinin-related peptides on avoidance latency of single-trial learning

passive avoidance behaviour. Data are means +S.E.M. « = p < 0.05 vs. control;
C = control

regulate meal size and the intermeal interv al [22, 23]. It has also been suggested
that this peptide might play a role in pain perception [18], furthermore zetier
[31] showed that high doses of peripheral administered CCK produced analgesia
in mice. In our previous reports it was shown that both peripherally and
centrally administered CCK-1-8-SE or CCK-1-8-NS impaired acquisition and
facilitated extinction of conditioned feeding behaviour and bench-jumping
active avoidance behaviour [5, 11]. In these test situations, the similarity
between the effect of peripherally and centrally administered CCK-1-8-SE
and CCK-1-8-NS suggests that these peptides interact with central nervous
mechanisms rather than peripheral ones. Earlier it was also shown that CCK-
1-8-SE, CCK-1-8-NS, CCK-5-8, CCK-4-8, CCK-3-8, CCK-2-8-SE following
intracerebroventricular administration facilitated passive avoidance behav-
iour [10]. In the present study we showed that peripheral administration of the
same CCK-related peptides increased the latency of single-trial learning pas-
sive avoidance response, showing that these peptides affect the central nervous
system independently of the route of administration, furthermore that the
effects in one paradigm can be generalized to other behaviour. Nevertheless,
following intracerebroventricular administration 0.001 times the dose of these
CCK-related peptides is needed to cause the same effect on avoidance latency
as compared to peripheral (intraperitonel) administration of the peptides. It
is noteworthy that with other neuropeptides (ACTH-like peptides, vasopressin,
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(S-lipotropin, etc.) this ratio is 1:100 [15]. It seems that the absorption, metab-
olism and passage through the blood-brain barrier of these CCK-related pep-
tides are different.

The present data, together with previous findings [10] clearly indicate
that the COOH-terminal tetrapeptide of CCK-8 is the shortest sequence
which affects passive avoidance behaviour of rats, while the NH2-terminal
part of this molecule (Tyr/S03H/-Met) is responsible for changes in brain
monoamine metabolism and pituitary-adrenocortical activity [6].

In this behavioural paradigm sedative effects of CCK-8 can be ruled
out, since in our previous study there were no differences in any of the param-
eters of the open-field activity following intraventricular or intraperitoneal
administration [11, 19]; on the other hand, in this passive avoidance test
situation animals were tested 24 h after peptide treatment and it is unlikely
that the sedative effect of CCK-related peptides would last so long [32, 33].
It is possible that the facilitating effect of these peptides is based on interfer-
ence with memory consolidation processes; data following intracerebroventric-
ular administration of CCK-antiserum strengthen this assumption [9], although
further analysis is needed to show the mechanism of action of CCK-related
peptides in this behavioural paradigm.
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The effects of intracerebroventricular administration of two different chole-
cystokinin antisera were tested on acquisition and extinction of active avoidance
behaviour as well as on acquisition, maintenance and extinction of conditioned feeding
behaviour ofrats. Both antisera delayed the extinction of active avoidance and condi-
tioned feeding response, while they were ineffective on acquisition and maintenance.
These data suggest that the endogenous CCK of the brain might be a physiological
modulator of extinction processes.

There are abundant data on the relationship between the COOH-terminal
octapeptide of cholecystokinin (CCK-8) and food intake [e.g. 15, 23, 25],
however, relatively little attention has been payed to other behaviours. In a
series of experiments with mice, Zet1er [38, 39, 40, 41] found that CCK-8
had analgesic, sedative, anticonvulsant and neuroleptic-like properties.
Recently, Crawiey et al. [2] have observed that CCK-8 reduces exploration
and social interactions in mice and rats. In our earlier investigations it was
shown that both peripheral and intracerebroventricular administration of
cholecystokinin octapeptide sulfate ester (CCK-8-SE) or unsulfated chole-
cystokinin octapeptide (CCK-8-NS) impaired acquisition of active avoidance
and conditioned feeding behaviour, while these peptides caused a facilitated
extinction of active avoidance and conditioned feeding behaviour of rats [7,
8, 13]. On the other hand, it was also shown that these peptides increased the
step-through latency of single-trial learning passive avoidance behaviour
of rats, indicating that CCK interfered with retrieval and/or consolidation
processes [10].

If endogenous CCK has an important role as regards the active avoid-
ance and conditioned feeding behaviour, then administration of the specific
antiserum into the lateral cerebral ventricle of rats might neutralize the endo-
genously produced and released CCK, in this way causing a deficit of CCK in
the central nervous system, with opposite effects as compared to CCK-8.
This approach has been successfully used earlier by us, demonstrating that
the actions of CCK-8 on brain monoamine content as well as on passive avoid-
ance behaviour could be reversed by CCK-antiserum [9, 12, 20], furthermore
by Derra-Fera et al. [5] showing that CCK antibody injected in cerebral
ventricles stimulated feeding in sheep.
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The present experiments were designed to clarify the role of endogenous
CCK on active avoidance and conditioned feeding behaviour of rats, by means
of the intracerebroventricular administration of two different CCK antisera.

Materials and methods
Animals

CFY adult male rats, weighing 150-180 g at the beginning of the investigation, were
used. The animals were housed 5-6 per cage with free access to tap water and housed at room
temperature (20-21 °C). The animals were kept on an artificial light schedule (12 h light,
12 h dark), the light period starting at 6 a.m. The training and experimental sessions were
carried out daily between 6 a.m. and noon.

Surgery

Forthe intracerebroventricular administration of CCK antisera a cannula was implanted
into the lateral cerebral ventricle under pentobarbital (35 mg/kg, i.p.) anaesthesia as described
earlier [14]. The rats were allowed to recover for 7 days. The correct positioning of the cannula
was checked individually by injection of methylene blue after the experiments had been
completed.

Behavioural procedures

Active avoidance behaviour. Acquisition and extinction of active avoidance behaviour
were studied in a bench-jumping situation; the experimental apparatus and procedure have
been described previously [13, 34]. These animals had free access to commercial food ad
libitum. One group of animals was treated 12 h prior to the first acquisition session and they
were tested on day 16 of acquisition. The total number of conditioned avoidance responses
scored by each animal during the first three and second three sessions of 10 trials served as
the index of avoidance behaviour. The other group of animals was treated 12 h after having
reached the criterion of learning (i.e. 80% or more conditioned avoidance responses during
three consecutive days) and they were subjected to extinction of active avoidance behaviour
for 6 days. The total number of conditioned avoidance responses scored by each animals during
the first three and second three sessions of 10 trials served as the index of extinction of avoid-
ance behaviour.

Conditioned feeding behavior. Acquisition, maintenance and extinction of conditioned
feeding behaviour were studied in a special conditioning (Skinner-type) box. The experimental
apparatus and whole procedure have been described previously [7, 13]. In this experiment the
rats were deprived of food for three days before training and for 18 h before each session.
After each experimental day the animals were placed into their own cage to be fed ad libi-
tum (6 h).

One group of animals was treated 12 h prior to the first acquisition session of conditioned
feeding paradigm and they were tested on day 1-6 of acquisition. The total number of condition-
ed feeding responses scored by each animal during the first three and second three sessions
of 10 trials of acquisition served as the index of acquisition of conditioned feeding behavior.
The second group of animals was treated 12 h after having reached the criterion of learning
(i.e. 70% or more conditioned feeding responses during three consecutive days) and they were
subjected to maintenance of conditioned feeding behavior for 6 days. During maintenance the
conditioned stimulus was applied together with reinforcement. The total number of conditioned
feeding responses scored by each animal during the first three and second three sessions of
10 trials of maintenance of conditioned feeding behavior served as the index of maintenance of
conditioned feeding behaviour. The third group of animals was treated 12 h after having
reached the criterion of learning (i.e. 70% or more conditioned feeding responses during three
consecutive days) and they were subjected to extinction of conditioned feeding behaviour
for 6 days. During extinction the conditioned stimulus was not followed by reinforcement.
The total number of conditioned feeding responses scored by each animal during the first
three and second three sessions of 10 trials of extinction of conditioned feeding behavior was
considered as the index of extinction.
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Treatment

Two kinds of CCK antisera were used. One of these (CCK-4 antiserum) was obtained
from Dr. J. . Rehfeld (Institute of Medical Biochemistry, University of Aarhus, Aarhus,
Denmark); it had been raised in rabbits against synthetic human gastrin-17 as described by
Rehfeld et al. [29]. This antiserum (No. 4562) is specific for the four COOH-terminal amino
acids (Trp-Met-Asp-Phe-NH2, which are identical in gastrin and CCK [28]. The other CCK
antiserum (CCK-33 antiserum) was obtained from Dr. J. C. Thompson (The University of
Texas Medical Branch, Galveston, Texas, U.S.A.); this had been raised in rabbits against
16% pure CCK-33. The antibody is primarily directed against the NH2terminal portion of
the CCK molecule. The method of preparation and the specificity of the CCK antiserum were
described earlier [22, 26]. The liophylized antisera were dissolved in 0.9% saline, and 1:10
and 1:2 dilutions in 5 /1 were injected through the cannula of freely moving, conscious animals.
The control animals received normal rabbit serum in the same dilutions and volume.

Statistical analysis

Kruskal-W allis’ and Mann-W hitney’s non-parametric ranking tests [36] were
used for statistical analysis of the data. A probability level of 0.05 or less was accepted as
a significant difference.

Results

As can be seen from Table I, intracerebroventricular treatment 12 h
prior to the first acquisition session with CCK-4 or CCK-33 antisera did not
change acquisition of the bench-jumping avoidance response either on days
1-3 or on days 4—6. On the other hand, the same antisera injected 12 h prior
to the first extinction session, both in 1:10 and 1:2 dilutions, delayed the ex-
tinction of the bench-jumping active avoidance response, as compared with
that of the control animals treated with normal rabbit serum.

Administration of CCK-4 or CCK-33 antiserum 12 h prior to the first
acquisition session or 12 h before the first maintenance session of conditioned
feeding paradigm was ineffective on the response rate of conditioned feeding
behaviour (Table I1). Postlearning treatment with these CCK antisera 12 h
prior to the first extinction session significantly increased the conditioned
avoidance responses (i.e. delayed extinction of this behaviour) both in 1:10
and 1:2 dilutions, and both on days 1-3 and on days 4-6.

Discussion

Cholecystokinin (CCK) is a peptide hormone originally identified in the
gut and recently found in the neurons of the central nervous system. CCK
has been localized in the cerebral cortex of several mammalian species as well
as in various extracortical areas including the striatum, hippocampus, hypo-
thalamus, olfactory bulb and pituitary [1, 6, 18, 24, 27, 33, 35]. CCK-contain-
ing cell bodies and fibres have been found in the A 10 dopamine cell group of
the ventral tegmental area [1, 35, 37], and it has been shown that CCK and
dopamine may coexist in a subpopulation of these mesolimbic neurons [19].
This finding is of special interest since the mesolimbic dopamine pathway
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Table 1

Effects of CCK antisera in two different dilutions on the acquisition and extinction ofactive avoidance behaviour of rats

Acquisition Extinction
Treatment
N Day 1-3 Day 4-6 N Day 1-3 Day 4-6
Normal rabbit serum 1:10 8 8.4+1.5* 18.0+1.5 8 19.3+x1.4 5.8£1.0
CCK-4 1:10 8 6.5+1.4 16.5+1.9 8 24.4+1.2a 10.9+l.1a
CCK-33 antiserum 1:10 8 7.7+1.5 21.9+1.3 8 24.8+1.1a 11.8+1.2a
Normal rabbit serum 1:2 8 8.0+1.4 18.9+1.3 8 20.0£1.3 6.9£1.0
CCK-4 antiserum 1:2 8 7.6x1.7 19.4+1.9 8 26.6+0.8a 16.3+1.0a
CCK-33 antiserum 1:2 8 9.0+2.0 19.4+2.2 8 27.4+0.7a 17.0£1.0a
*= Mean *S.E.M.
a= p < 0.05 vs. control
Table 11
Effects of CCK antisera in two different dilutions on the acquisition, maintenance and extinction of conditioned feeding
behaviour of rats
o Acquisition Maintenance Extinction
Treatment Dilution
N Day 1-3 Day 4-6 N Day 1-3 Day 4-6 N Day 1-3 Day 4-6
Normal rabbit serum 1:10 8 6.9+1.3* 16.1+2.0 6 24.4+1.3 23.4+1.1 6 13.7+1.4 11.0£0.9
CCK-4 antiserum 1:10 8 6.4+1.3 17.0+1.9 6 23.8+1.7 22.2+1.5 6 18.5+1.6a 14.3+1.0a
CCK-33 antiserum 1:10 8 6.9+1.4 17.3£2.0 6 24.0+1.3 21.3+0.9 6 19.5+1.2a 13.7+1.2a
Normal rabbit serum 1:2 8 7.5+1.3 15.8+2.0 6 24.0+1.3 24.7+1.0 6 13.5+1.5 9.8+1.1
CCK-4 antiserum 1:2 8 8.3+1.3 16.9+1.9 6 22.0+1.1 22.0+1.4 6 20.8+1.3a 16.7+0.7“
CCK-33 antiserum 1:2 8 6.6+1.2 18.0+£1.9 6 23.8+1.5 22.5+1.5 6 21.3+1.2a 17.2+0.7a
* = Mean *S.E.M.
a= p < 0.05 vs. control
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has been implicated in the regulation of behaviour, including schizophrenia
[3, 31, 32]. As a result it has been suggested that CCK may play a role in this
disorder, perhaps modulating the release of dopamine [11, 18, 19, 31].

The present study indicates that endogenous CCK of the brain may be
involved in the processes of extinction of bench-jumping active avoidance or
conditioned feeding behaviour. Both CCK antisera delayed extinction of these
behavioural responses. This effect is opposite to that induced by the intra-
cerebroventricular administration of sulfated or unsulfated CCK-8 [13]. It is
noteworthy that intracerebroventricular administration of the same CCK
antisera attenuates the passive avoidance response of rats, while intracerebro-
ventricular injection of CCK-8-SE and CCK-8-NS facilitate it [10, 12]. In the
present study we failed to find any significant effect of the intracerebro-
ventricularly injected CCK antisera on acquisition and maintenance, although
CCK-8-SE and CCK-8-NS impaired the acquisition of both active avoidance
and conditioned feeding behaviour of rats [7, 13]. It is possible that in these
test situations the demonstration of facilitation is a more difficult task. Another
explanation could be that the effect of CCK-8 peptides on acquisition processes
is not a specific one. It is also possible that CCK-8-SE and CCK-8-NS are able
to attenuate the attention, motivation or to modify the arousal of animals.
It seems unlikely that these peptides have sedative effects, since following
intracerebroventricular administration of CCK-8-SE and CCK-8-NS we
failed to find any effect of these peptides on open-field activity [13, 21].
Furthermore it is not possible to establish whether the CCK-8 induced disrup-
tion of avoidance responding and of conditioned feeding responding reflected
general sedative or neuroleptic-like properties of CCK-8 since sedatives and
neuroleptics both exert similar effects on avoidance [16]. The reported analge-
sic properties of CCK-8 [38] were probably not responsible for the disruption
of avoidance since low to moderate doses of morphine enhance avoidance
performance [4, 17]. On the other hand, CCK-8 facilitated the extinction of
avoidance when shock was not present (extinction and conditioned feeding
paradigm).

The present experiments suggest that endogenous brain CCK may,
under physiological conditions, modulate the extinction of active avoidance
and conditioned feeding behaviour, however, further experiments are needed
to unravel the attenuating influence of CCK-8-SE and CCK-8-NS on active
avoidance and conditioned feeding paradigms.
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The relaxant effects of prostacyclin (PG12 and its stable 7-oxo-analogue, a
product of Chinoin Pharmaceutical Works, were compared on isolated canine cerebral,
bovine coronary, rabbit coeliac and human mesenteric arterial strips. The resting
tone of the coronary, cerebral and human mesenteric arteries as well as the stimula-
tion- or noradrenaline-evoked tone of coeliac vessels were reduced by both prostanoids.
The relaxant action of 7-ox0-PGI2 was slow in onset and lasted until it was washed
out. The IC5 values were 4 to 40x10-9 mol/l1 for PGI2and 1to 6x10-7 mol/l for 7-
oxo-PGI12 Compared to PG 12, 7-0x0-PGI2was more potent in relaxing coronary arter-
ies than the other vessels studied. Isolated tracheae from guinea-pigs were contracted
by PGI12while relaxed by 7-oxo0-PGI2

Since the discovery and chemical identification of prostacyclin a number
of analogues have been synthesised. Some of them were reported to have
biological properties similar to those of PGI2 [1, 4-7, 9-10, 12-17]. Here we
describe the actions of a stable analogue of PGI2 (7-0x0-PG12) on the tone of
smooth muscle of isolated cerebral, coronary and mesenteric arteries. 7-oxo-
PGI12 was synthesised in the Chinoin Pharmaceutical Works, Budapest;
a report on the haemodynamic and antiaggregatory effects of the substance
has been published by Kovacs et al. [10].

Methods
Isolated arteries

Helically cut strips of canine basilar, bovine coronary, rabbit coeliac and human
mesenteric arteries were suspended in muscle chambers containing 5 ml Krebs’ solution at
37 °C. The human arteries were obtained from operated patients. Basilar, coeliac and human
mesenteric arteries were stretched to a baseline load of 5mN and the initial tension of coronary
strips was adjusted to 20 mN. Changes in vessel tone were monitored by means of force-
displacement transducers and recorded on potentiometric recorders (Radelkis OH-814). The
effects of PG12 and 7-0x0-PGI12 were studied either on the resting tone (cerebral, coronary
and human mesenteric) or on increased tone produced by noradrenaline or electrical stimula-
tion. For transmural nerve stimulation rectangular pulses (0.5 ms in duration, 120 V), were
delivered by a Grass S 48 stimulator via a pair of platinum electrodes placed on the top and
bottom of the organ chamber. The frequency and duration of stimulation were varied accord-
ing to the responsiveness of the tissue. The substances tested were injected into the organ
bath in volumes not exceeding 0.1 ml. The solvents used at this volume did not affect either
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resting or high tone of the vessel strips. IC5 values (concentrations that produced 50% reduc-
tion of spontaneous or enhanced tone) were calculated from dose-response curves and the po-
tencies of PGI12 and 7-oxo-PG 12 were compared.

Isolated tracheal spirals

Spirally cut tracheae [3] from guinea-pigs were equilibrated under an initial tension
of 5 mN for 150 min in Krebs’ solution at 37 °C bubbled through with 5% CO02in oxygen.
Changes in tension were measured isometrically as described above for isolated arteries. PG 12
and 7-oxo-PGIl2were dissolved in Tris buffer (pH 8.2) and added to the bath at small volumes
(up to 0.1 ml) in concentrations that were equipotent for relaxing bovine coronary arteries.

Results
Isolated arteries

Both PGI2 and 7-ox0-PGI12 reduced the tone of the artery strips in a
concentration dependent manner. Figure 1 shows the effects of these two sub-
stances on the spontaneous tone ofabovine coronary artery. The high concentra-
tion of prostacyclin (1.4 ,umol/l) was added in order to establish full relaxation.
The relaxant action ofthe 7-oxo-analogue developed somewhat slower than that
of PG12 This can be seen mostly at higher concentrations. The duration of
action of these two prostanoids in vitro was also studied in three experiments.
The effect of the 7-oxo-analogue lasted until it was washed out whereas PGI12
due to its unstable character, gradually lost relaxant activity (see also Fig. 2).

The two prostanoids also relaxed canine isolated cerebral arteries which
had been previously contracted by 1 /tmol/l1 PGF2a (Fig. 2). This tracing shows
that (i) indomethacin potentiates the contractile responses to PGF2a; (ii)
PGl2and its 7-oxo-derivative reduce the PGF2X-induced tone; (iii) the relaxant

01 16
0.04 14 0.4

pmoi/l PGlj /jmol/l  7-ox0-PGI2

Fig. 1. The relaxant effect of PG12and its stable analogue 7-0x0-PGl2on the tone of a bovine
coronary artery strip in the presence of 3 /(mol/] indomethacin
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20min

S S
27 82 27 2.7 82 27 0.13 0.39 13
nmol/l PGI2 pmol/l 7-0x0-PGI2

m3(jmol/l Indomethacin
mtimol/l PGF2of

Fig. 2. The contraction-potentiating effect of indomethacin and the inhibitory effect of PG 12
and 7-ox0-PGl2on phasic and tonic contraction induced by PG F2a (10~6 mol/1)

action of PGI12 develops faster than that of 7-oxo0-PGI12; (if) PGI2 gradually
loses its relaxant effect whereas 7-oxo0-PGI12 does not, when keeping these
substances in the bath for 12 to 15 min.

The electrically or noradrenaline-evoked contractions of rabbit isolated
coeliac artery strips were markedly reduced by PGIl2and its analogue. Figure 3
shows the inhibitory action of the two prostanoids on contractions produced
by electrical stimulation. 7-oxo-PGI12was added to the bath 15 min prior to
stimulation, while PG12 2 min prior to it.

nmol/l 7-oxo-PGI2  nmol/l PGI2
¢ 5Hz 60s

Fig. 3. Inhibition by PGI12 and its 7-oxo-derivative of stimulation-evoked contractions of
a rabbit coeliac artery strip. Indomethacin (3 /anol/l) was present throughout
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Table 1

Relaxant effect of PGL, and 7-ox0-PGIl2on the smooth muscle cells of isolated artery strips.
Indomethacin (3 fimol/1) was present throughout the experiments

. ic,, Gmol/1)
Type of artery Tone induced by ) potency n
pgi2 7-0x0-PG 12
Bovine coronary 0.04 0.4 0.1 6
(0.025-0.055)  (0.25-0.55)
Dog cerebral - 0.015 0.6 0.025 5
(0.01 -0.02) (0.4 -0.8)
Babbit caeliac noradrenaline 0.01 0.5 0.02 6
(0.3 /rmol/1) (0.007-0.013) (0.4 -0.6)
electr. stim. 0.005 0.23 0.022 5
(5 Hz for 2 min) (0.003-0.007) (0.18-0.28)
Human mesenteric — 0.004 0.12 0.03 5

(0.003-0.005) (0.08-0.16)

IC0-values with their 95% confidence limit for PG12 and its 7-oxo-derivative are given in
jitmol/1. Relative potency: ratio of IC%0 for PGI2 and 7-0x0-PGI2 n: number of experiments

Like animal tissues, strips of human mesenteric arteries were also relaxed
by PGI2and its 7-oxo-analogue. The smooth muscle cells of this human vessel
appears to be at least as sensitive as those of rabbit coeliac artery.

The summary of the results is presented in Table I. When comparing the
IC%0 values, both prostanoids were more potent in relaxing mesenteric vessels
than coronary or cerebral arteries. The relative potency (a ratio of IC5 for
PGI2 and 7-oxo-PGl2) was higher in coronary arteries than in other vessels
studied.

Isolated tracheal spirals

The effect of the two prostanoids on the resting tone of isolated tracheal
strips of guinea-pigs was studied in 5 preparations. Since 7-ox0-PGI12 was
10 times less potent in relaxing coronary arteries, its concentrations used in the
study on tracheal smooth muscle were 10 times higher than those of PGI2
In other words, as regards their coronary relaxing action, they were used in
equipotent concentrations. Interestingly, 7-oxo-PGI12 produced concentration-
related relaxation whereas PGI2 caused concentration-dependent contraction,
a well-known effect of prostacyclin [2, 8, 11]. Table Il summarizes the results
of these experiments.

Discussion

7-oxo-PGIl2 appears to be very similar to prostacyclin with respect to
actions on the tone of isolated coronary, cerebral and mesenteric arteries. Its
potency is about one order of magnitude lower than that of PGI2. This is in
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Table 11

Contraction by PGl12and relaxation by 7-oxo-PG12oftracheal smooth muscle ofguinea-pigs

Contraction (mN+S.E.M.) by PGI2 (/imol/1) (5) Relaxation (mN+S.E.M.) by 7-oxo0-PGI, fnmol/lj (5)
0.08 0.26 0.80 0.8 2.6 8.0
0.44+0.1 1.22+0.5 1.60+0.6 0.37+0.09 0.79+0.14 1.45+0.47

In brackets: number of experiments

line with the findings of Kovacs et al. [10] who reported that 7-oxo-PGI12
was 15 and 50 times less potent in inhibiting platelet aggregation and lowering
blood pressure of dogs, respectively. Also, the 7-oxo-derivative of prostacyclin
was found to he 25 times weaker than the parent compound in causing hypo-
tension in anaesthetized rats (Hadhazy et al.,, unpublished data).

All these results suggest that prostacyclin and its 7-oxo-analogue might
have the same profile of action. However, the opposite effects of the two
prostanoids on the tone ofisolated tracheae of guinea-pigs represent a substan-
tial difference between their action on smooth muscle cells. This interesting
and important finding shows that there is a chance of synthesizing selective
prostacyclin analogues.

The effect of PG12 — owing to its chemical instability — gradually de-
clined whereas the action of its 7-oxo-analogue lasted until it was removed from
the organ bath. Kovacs et al. [10] determined the stability of 7-oxo-PG12 by
using UY spectroscopy and they did not see any change after 26 days at room
temperature in buffers of pH 6.7 to 10.7. Thus, this substance appears to
be quite resistant to hydrolysis. The duration of vasodepressor action of
7-0x0-PGI12 in dogs [10] and rats [Hadhazy et al. unpublished data] was,
however, not longer than that of the parent compound. This indicates that
the 7-oxo-analogue undergoes enzymatic transformation in the body.
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ACTA PHYSIOLOGICA

TOM 60-BbIl. 4

PE3FOME

BUOXMMWNYECKAA KOMMAPTMEHTALUUA TKAHEN PbIb.
COOBLWEHNVE VI. TEKCOKNHE3A B NOJIOBHOM MO3Iry

C. A WADDN

ABTOp M3y4an pacnpefe/ieHne aKTUBHOCTM FeKCOKMHAa3bl B FOIOBHOM MO3re, MO3XeUKe,
runogmse, runotanamyce, TasaMmyce M MPOACNATroBaTOM MO3re, B rpy6oM romoreHusaTe K/eToK,
YyacTuuax KeToK MU B pacTBOpUMOl (pakumu, y 9 BUAOB KOCTUCTbIX Pbi6 pasHOro uioreHeTun-
yeckoro Bo3pacTta. Llenb mccnegoBaHUsi 3aknioyanack B OMpejenieHny o6MeHa r/oKo3bl B OT-
[eNbHbIX YaCTAX HEPBHOM CUCTEMbI. AKTUBHOCTb 3H3MMa rpy6oii hpakuum bblna caMoli BbICOKOM
B r0/IOBHOM MO3re, CamMOi HU3KO — B MPOAOAroBaTOM MO3re, MO-BUAMMOMY MOTOMY, 4TO B
ro/I0BHOM MO3re O6MeH r/10K03bl 60/1ee MHTEHCMBEH. AKTUBHOCTb 3H3MMa K/IETOUHbIX YacTul
Gblna BbllLie BCEFO B MO3XEUKe, 3aTeM B rO/IBHOM MO3re, AMaHLedaioHe U NPOLOroBaTOM MO3re.
AKTUBHOCTb Le/IbHbIX YacTUL, U PacTBOPMMOI (hpakumu 6blna Hambonee BbICOKO B FO/I0BHOM
MO3ry, MO3Xeuke U AuaHLUethanoHe. PacnpeaeneHune sH3MMa 6bI10 CXOAHLIM Y BCEX UCC/eA0BaH-
HbIX 9 BMAOB pPbl6.

M3MEHEHWE BOAHO-3/IEKTPO/IMTHOIO OBEMEHA Y XXBAYHbLIX B YCJ/TIOBUAX
NMNMWEHWA BOAbI N HATPY3KW XNOPUCTbIM HATPUEM

b. CETEAW, B. OXAC n M. KEPECTEL

ABTOpPbI M3y4asin U3MEHEHUSI PEerynsumMm o6MeHa 3/1EKTPO/IUTOB M BOAbl Y  KBauHbIX
¢ (hucTynoii py6ua, B yCNoBUAX 48-4acoBOro /ULLIEHNS BOAbl W HArpysKn X/IOPUCTLIM HaTPUEM.
B 3KcrepyMeHTax onpeaensiivi CocTaB COAEPXXMMOro py6Lia XXMBOTHbIX, KOHLEHTpaLMIO HaTpus
W Kanus B Nnasme, KPOBU W BbIAENEHUSIX C/IIOHHBIX Xenes, a Takke M3MeHeHUst 3TUX MoKasa-
Tesleid Nof BAVSIHUEM HarpysKu X/I0pUCTbIM HaTPUEM.

PesynbTaTbl MPOBEAEHHbIX 3KCMEPUMEHTOB MOKasasn, 4To, B PEry/vpoBaHuWM BOAHO-
3M1eKTPOSIMTHOrO 06MeHa, CYLLLECTBEHHYIO PO/ib MUIPaeT CofepXKaHue Bodbl B XUAKOCTU py6La.
BcacbIBaHMe BOAbl M HATPUS U3 py6lia 0KasbIBaeT KOMMEHCUPYIOLLEe BAUSHWE HA NoaaepyKaHue
M300CMOTUYECKMX U M30BOMIEMUYECKMX OTHOLLIEHWI 10 TeX MOop, NMOKa KOHLEHTpaUMsi HaTpus B
XWUAKOCTY py6ua He NPeBbICUT KOHLIEHTPALMIO HaTpUa B Maa3me KpoBu. I1oc/e aToro HapyLueH-
HOe paBHOBECME BOAHOrO 06MeHa MeXAy PY6LOM M BHYTPMCOCYAWUCTbLIM MPOCTPAHCTBOM CMeLla-
eTca B CTOPOHY py6La v 3aepXK1BaeT fasibHelillee yBennUyeHne KOHLIEHTpaLUmMn HaTpusi, 6naro-
,qagﬂ yemy 06ecreunBaloTCs MOAXOAALME YCMOBUS KU3HEAEATENIbHOCTU ANS MUKPOQIOpbI
pybLa.

Mof BAMSIHMEM NWLLIEHUS] BOAbI XXMBOTHOE He TOMIbKO TepsieT BoAy, HO, BCNEACTBUE Bbl
BefIeHVs1 HATPWsi, YCTAaHAB/IMBAETCA COCTOSIHME OTHOCUTE/IbHOM FMNOHATPEMMWM, UYTO XOPOLLIO Mo-
Ka3sblBaeT COOTHOLLEHVE KOHLEHTPALMIA HAaTPUA 1 Kaua B CItoHe. Moc/ie Harpy3Ku X0pucTbiM
HaTpreM, NPOMNOPLMA HaTpUS/Kanuii B CNIlOHE YBeNMUMBAETCS, NOKa3sbiBasi CTeneHb 06ecredeHuns
MOHaMKN HaTpus.



MPUMEHEHMUE BbIYNCINTE/IBHO-MALUMHHOW CUMYNALNN ANA N3YYEHUSA
Ca-3AB/ICUIMbIX OTK/IOHEHWW, HABAIOLAEMbIX B PA3PALAX HEMPOHOB
YNNTKWN

®. NMOHIPAL n M. CEHTE

Lna [ononHeHWs (U3MOMOTUYECKUX WCCNEA0BaHUA HEPBHbIX MeMOpaH MSArKOTeNbiX
aBTOpPbl PEKOMEHAYIOT MPUMeHATb OBM-MogenvMpoBaHue. MexaHn3M 3a/inoB € HeGOoMbLLIOro
yyacTka Mem6paHbl OHU M3yYanu B 3aBUCUMOCTM OT MaKCUMasibHOl Ca++-KOHAYKTaHUuW. Bbl-
YMC/EHNS OCHOBbLIBAOTCA Ha Mogudumkaumm paHHbix Hodgkin—Huxley, 6yayun A0MNOMHEHbI
npsIMOiA  annpoKcMmaumeld 3KCNePUMEHTaTbHbIX KUHETUYECKMX MapameTpoB, MOJTyYEHHbIX Ha
TeueHne Ca++ W MePexoHOro TeueHWs1 Kanvsl. ABTOpbI MOMaratoT, UTO M3MEHEHWEe KOHAyKTa-
LMK Bo BpeMsi Toka Ca++ nponopuuoHanbHo T?h. Mogenb yUuTbIBaeT TPU OTAENbHbIX Ka/INEBbIX
TOKa: TPaH3UTHOro, 3ameffieHHoro u Ca++-3aBMCMMOro Kaausi. HomepHoe [MHTerpupoBaHue
KMHETUYECKNX YPaBHEHWI MPOM3BOANIIOCE MOAN(MLMPOBaHHLIM MeTOA0M Jiinepa Ha AUrUTaNb-
HOW BbIYNCANTENBHON MalLVHe.

Pe3ynbTaTbl AeMOHCTUPY HOT 3HAUNTENIbHOE BMSIHWE KOHAYKTaHUMM Ca++ Ha pacLuvpeHue
cnalika, (hopMMpoBaHMe NaTo CNakiKoBYO AOMOTHUTEIbHYIO FNepnonspusaumio. B ManeHbKol
06M1acTn Ka/bLUMeBOA KOHAYKTaHUMMW My/bCOM KOPOTKOro (HajmoporoBoro) TOKa MOXHO Bbl-
3BaTb 6ECKOHEUHYIO CMOHTaHHYI aKTUBHOCTb; 3TO SIB/IEHVE MOXHO MPUHSTL B Ka4ecTBe MOJeNn
neiicMekepHoli akTnBHOCT. ObpazoBaHWe N1aTo, BbI3BaHHOE 6/IOKMPOBAHMEM Kasiusi UM YMeHb-
LLEHHbIM PaBHOBECMEM Kanusi, KOHAyKTaHuusi Ca++ noBblllaia B 06/1aCTU 6O/bLUEA KOHAYK-
TaHuun Ca++. Vi3yyann BAWSIHWE YYBCTBUTE/IbHOCTM HAMNPSOKEHUSI CBS3bIBAOLLEro Ko3dhu-
LMeHTa, onvcbiBatollero Ca++-3aBUCUMbIA KaMeBblli TOK U CpaBHMBa/IN C HE3aBUCUMbIM C/ly-
YaeM HanpsiKeHus. Ces3blBalOWMA KOIWULMEHT KaKETCS CyLLECTBEHHbIM (haKTOpOM B YBesu-
YeHUM 0611acT KoHAyKTaHuum Ca++, 0TBETCTBEHHO 3a NelicMeKepHYt aKTUBHOCTb. Mpu 60/b-
LIMX 3HAYEHUAX KOHAYKTaUMU KanbLUs YMeHbLUEHWE CBA3bIBAIOLLEr0 KoahuLmeHTa NpUBOAUT
K MpepbliBaHMIO 3aTAHYTON B3PbIBHOM aKTUBHOCTY (Burst), nponcxogsileil ¢ B3pbIBHOM A0MNON-
HUTE/IbHONM rrnepnonspusaumen.

Ha 3Toli Mogenu usydanu Takke 6/10KUpYyHOLLee AecTBUE 4-aMUHONUPUAMHA Ha BbICT-
pbili BbITEKAIOLMIA TOK. ITO UCCnefjoBaHUE MMeeT MPAKTUUECKOe 3HAYeHWe, MPUHUMAasi BO BHU-
MaHVie WM3BECTHOE CY[OPOXHOe AeVCTBUE aMUHOMMPUAMHA U HOBble 0GBSCHEHMS, KacatoLimecs
MOHHOr0 (PoHa 3TOro sBMeHUsI. ABTOPbI NPeArnonaratoT, YT0 BO3MOXHO U3yUeHUe CYLOPOXKHOr0
abtheKTa aMUHONMPOMAMHA C MOMOLLBI0 MOJENM, OCHOBAHHOW Ha KUHETWKE W30MMPOBaHHOWN
HepBHOI Mem6GpaHbl. Mofenb MOXeT 0Kas3aTb MOMOLLb B MOHMMaHUM MOHHOTO (hoHa, Perynupyto-
LLIEro anunenTUYecKne paspsifibl HelipOHOB M/IEKOMUTAOLLMX.

NMPUMEHEHME METOAA MTD A/1A KAPTOIPA®UMPOBAHUNA
MPOCTAITAHANHOBbLIX PELUEMNTOPOB

3. WAMOH un ®. KEPEK

MbI NPUMEHWUN METO4 MUHMUMA/IbHOW NPOCTPAHCTBEHHOM pasHuupl (MTD) ana «kapTo-
rpagmpoBaHmns» NpocTarnaHAMHOB. PacueTHble AaHHble OblNn B3ATbI U3 Pe3ybTaToB 3KCMeprMe-
Ta/lbHbIX W3MEPEHWI MHOTEVHU3NPYIOLLETO U NU3MEHSIIOLLEro KPOBAHOe faBneHue (Y OBeL) Aei-
CTBMA pasHbIX MpocTarfaHAVHOBbIX MPOU3BOAHbLIX. JIMHElHaA Koppensaums paccyUMTaHHbIX
MT/[ v M3MepeHHbIX pe3yNbTaTOB COCTOBASNA B CAyyae JIIOTEUMHU3PYIOLWEro  adipekTa:
r=0,927 (N = 12), B cny4ae NOHMXKAILLEro KpoBsiHOe AasrieHue gencteus: r = 0,943 (N = 15),
B C/lyyae nosbiwatowlero: r = 0,945 (N = 15). 3Tum MeTofoM yaanocb 06prcoBaTb OAMHAKOBbIE
MW pasnyaloLLmecss 0CO6eHHOCTM TPexX TUMOB MpocTarnaHANHOBLIX PeLenTOpoB.

OCTPOE B/IMAHUE BUBPALIMN HA AKTUBHOCTb KANNMKPEMHKWHNHOBOW
CUNCTEMBbI

T.TATW, N. BYJABAPW, . COMBAT un [ib. TOWOHLUWN

ABTOpPbI U3yyann BAWsHVWE BUGpPALMM, AeWCTBYIOLLEA B TeueHMe 4 4 Ha Bce Teno, Ha
OCHOBaHWM OMNpefeneHna CreayloWmMx nokKasartesnein: cpeam KOMMOHEHTOB MAa3MeHHON Kannu-
KPENH-KUHUHOBOW CUCTEMbI KOHLEHTPALUMM 1 aKTUBHOCTY CBOGOAHOMO (CMOHTAHHOT0) W aKTUBU-
pYemMoro Kao/MHOM KannukpenHa (npekaninkpenHa) akTMBHOCTU 6pagvKMHMHOTEHA U pac-
LennsoLLel 6pagnKMHUH CYMMApHOW KMHMHa3b!, faniee akTUBHOCTY CYMMApPHOr0 KaulIMKPeUH-



MHTM6MTOPa B Niasme, a TaKXKe KOHLEHTPaLMUW OHOT0 U3 FaBHbIX MHIMGUTOPOB KasiIMKpenHa
— anba2makpornobynmHa. lMapameTpbl BUGPaUMK 6bIIU  CriedyloLLMMA: YacToTa 5 repl,
amnuTyga 2 cM, HanpaefieHne — ropu3oHaT/IbHOE.

ABTOpbI NOKa3an, uTo, Noj BAVSHWEM BUBPALMKN, aKTUBHOCTb CBOGOAHOIO KasIMKpenHa
nnasMbl JOCTOBEPHO MOBbILLAETCS, KOHLEHTPAUMA e MIasMeHHOro MpeKasiMKpenHa napan-
nenbHO noHmkaeTcsl. KOHUEHTpauus GpagvKMHUHOTEHA [OCTOBEPHO YBE/IMUMBAETCS, TAKXKE
KaK U CcyMMapHasi akTUBHOCTb KMHa3bl. HU CyMMapHasi akTUBHOCTb MHIGUTOpA KanMKpeunHa,
HW KOHLIEHTpaLVMs anb(a2MaKpornobynHa He U3MEHSIIOTCS, YKasblBasi Ha TO, UTO, B U3MEHEHUN
aKTUBHOCTU CBOGOAHOIO Ka/i/IMKpeMHa W MNpeKa/yIMKpeMHa B MiasMme, MNiasMeHHble MHIM6M-
TOPbl Ka//IMKPeNHa ponn He urpatoT. COrnacHo MonydyeHHbIM pesynbTatam, BO BPeMsi OCTPOM
BMOPALMN Ka/IMKPENH-KVHWHOBAA CUCTEMA M/1a3Mbl aKTUBU3NPYETCS, UTO BbI3bIBAETCS, BEPO-
SITHO, MOBbILLIEHHOW CEKPELIMEi KaTexonaMnHOB, M 6MOOrMUYECKOe 3HaUeHMe 3TOro 3aK/oHaeTes
B YPaBHOBELUMBAHUM HE6M1AronpUSTHOIO AeCTBUA KaTeX0MaMUHOB Ha MUKPOLMPKY/ISILMIO.

BAVAHWE NNEKAPCTB HA OBPA3OBAHMWE CTPECCOPHOW A3Bbl ¥ KPbIC
Nn. HAOb, O. MOXWH, M. TN EP, 3. TEPBEP, T. MALWUT, )X. BESEKEHW nT. ABOP

B 3kcneprvMeHTax Ha Kpbicax aBTOpbl UCCNeAoBav 3(eKT pasNnyHbIX (hapmakosoru-
YeCKMX CPeACTB Ha MpefynpeXxieHne BO3HWKHOBEHWS Y XXUBOTHbIX CTPECCOPHON A3Bbl. [Mo-
ABMEHMe CTPECCOPHON $3Bbl aBTOPbI BbI3bIBa/IM C MOMOLLLIO pa3paboTaHHOro UMW MeToda: KpbIC
C WHTaKTHbIM >Xe/ly4KOM, Mocne ronojaHus, 3actaBnsann nnasaTb B Boge (23°C) B TeyeHue
5 yvacos.
Pe3ynbTaTbl 9KCNEPUMEHTOB MOKa3aun, YTo
1. aTponuH (0,1 0,51 1,0 MI/KI BHYTPUMBILLIEYHO),
unmeTmnanH (1,0—5,0 n 25 Mr/Kr BHyTPUOPHOLLNHHO),
npocTaymknnd (Mr1a (5,0—25,0 n 100,0 MKr/Kr BHYTPMOPIOLUNHHO) 1”1
theHTOonamuH (0,35—1,75—3,50 n 7,00 Mr/Kr BHyTPMMbILLEYHO) 40303aBUCMMO U JOCTOBEPHO
YMeHbLLAN BEPOATHOCTb BO3HUKHOBEHWS CTPECCOPHONM A3Bbl.

2. MponpaHonon (0,35—1,75- 3,50 1 7,00 Mr/Kr BHyTPMOPIOLLMHHO) He OKasbiBas BAUSHUS Ha
0b6pasoBaHNe CTPECCOPHON SA3BbI.

ToT (hakT, 4TO pasnuHble (hapmMaKo/iormyeckme npenaparbl CAOCO6HbI 3HAYUTESBHO
YMEHbLUNTL WAN MPefoTBPaTUTb BO3HUKHOBEHWE SA3Bbl B OTBET Ha CTPECCOPHOE BO3LAElCTBUE,
yKasblBaeT Ha MHOroobpasvie HepBHbIX, FOPMOHA/IbHbIX Y BUOXUMUYECKMX MPOLECCOB, WUrpato-
LMX posib B NaToreHese A3Bbl.

Ha ocHoBaHWW pe3ynbTaToB MCCNeoBaHWIA, aBTopbl 06pallaloT BHMMaHWe Ha BO3MOX-
HOCTW MPEBEHTUBHON MeAMKAMEHTO3HON Tepanuu, WUCNOSb3yeMol B paumoHasibHbIX KOM6WHa-
LUsIX.

B/IMAHUWE MPOCTAIMMMAHANHA N NA3EPHOIO J1IYYA HA BbIPABOTKY C/N3U
B XXE/NNYAKE YEKOBEKA

N. CNAMKA, 1. KOBAY u A. TEPEK

ABTOpbI OTMeYa/IM yBeNNYEHWE BbIPABOTKMN XEeNy[0UHON CNM3N MOA BAMSHWEM MpocTa-
rnaHgvMHa 2-anbta. Manble [03bl aproHOBOr0 Jla3epHOro 06/1yYeHMs MOBbILAM MPOAYKLMIO
cnusn B Xenyake. MNpoctarnaHanH 2-anbha (POF) aeicTBYeT MPOTMBOMNOMOXHBIM 06pa3oM Ha
[eATeNIbHOCTb  C/IM3UCTOM 060/MI04KM KeNyAKa, HEeXenu npocTarnaHiuvHbl rpynnsl E (POF).
B 0651acTv BbIpaGoTKUN XKeNyf0UHON CM3N NosydeHbl HOBbIE flaHHble OTHOCUTE/IbHO BGUOCTUMY-
NIMPYIOLLIEro felACTBUSI NA3epHOro syya.



CBA3b MEXXAY TKAHEBbIM PEAOKC-NMOTEHUWMAIOM N N3MEHEHUWAMMW daf/dt
AKTVBHOCTUW K+0MPV BBEAEHUNUN K-CTPO®AHTO3NLA NN ALETUAXONTNHA,
BbI3bIBAOLWWX COKPALLEHWVA

A. BUTTMAHH, A. NYMNMX v M. JENU

Mokasanu, 4To 3HauyeHUst aKTUHOCTK [K+]0, onpeaensieMble NapaniesbHo C KOHTpakK-
Typamu, BbI3BaHHbIMU K-CTPO(AHTO3MAOM W aLeTUNXOIMHOM, YBENMUMBAOTCA B C/lydyae OKCM-
1033, BbI3BaHHOr0 METW/IEHOBLIM CUHUM, M YMeHbLLAIOTCS B C/lyvae peao3a, BbI3BaHHOMO ackop-
6aToM. MOCKOMbKY MeXAy YMOMSHYTbIMU U3MeHeHVsiMM akTuBHocT [K+]0 n cBsisaHHbIMK C
KOHTPAKTYPOii M3MeHEHUAMY BbISIB/SIETCA TecHas KOppensiLums, To ecTb OCHOBaHWe npeanona-
ratb, UTO OfIHUM M3 3(hDEKTOPHBIX (PAKTOPOB PErynnpoBaHns PeaoKca MbllLeYHbIX KOHTPaKTYyp
ABNAETCA Npexoasiuee, COOTBETCTBEHHO HarpaB/ieHWe M3MeHeHue K+,

BNMNAHWUE NENTUNAOB XONEUNCTOKMHUHOBOIO TMTPONCXOXAEHNA HA
NMACCVBHOE OBOPOHUWTEJ/IbHOE MOBEAEHWVE

MATbALW ®EKETE, BOTOHA NMEHKE n AKOJTA TENEr AN

Hamun usyyanocb BAMSiHWME MenTMAOB, WUMEHOLMX XOneumcTokmHuHosoe (CCK) npowc-
X0X/eHWe, Ha PeTeHUMIO OAHOKPATHO COYETAaHHOro MaccCMBHO-060POHUTENILHOMO NOBELEHUS,
nocsie BBeAeHMA UX BHYTPMOpPIOLINHHO. Byayumn BBegeHbl cpasy nocne learning trial, COOH-Tep-
MUHaNbHbIA oKcTanenTng CCK (CCK-1-8-SE), CCK okTanenTtug 6e3 cynbaTHOi rpynnbl n
COOH-TepmnHanbHbii TeTpanentng (CCK-5-8), cTUMynMpoBain MacCUBHO-060POHUTENIbHOE
noBefeHWe. 3TU JaHHble MO3BOMSAKT MpeAnonaraTb, YTO yKasaHHble MenTuabl MOryT OKasblBaTb
B/IMSIHWE Ha MPOLEeCCbl KOHCOMMaauny namsaTu.

BJANAHNE XOJNIELWMCTOKMHMHOBOW AHTWCLIBOPOTKW, BBEAEHHOW B

BOKOBOW XE/NYLOUYEK MO3rA, HA AKTVBHOE W KOHAWUWOHUPOBAHHOE
MMNWEBOE MOBEAEHWE KPbIC

MATbAW ®EKETE, MAPUA BANAX n OKOJIA TENErAn

Hamu 13yyasnocb BO3aeiicTBME BBEAEHHbLIX B G0KOBOM Xefly0HeK Mo3ra ABYX PasfnyHbIX
aHTUCLIBOPOTOK XOMELMCTOKMHMHA Ha 06y4YeHWe W yracaHue aKTUBHOFO 060POHUTESIbHOMO
NoBefeHNs, a TaKXXe Ha MpoLecchbl 06ydeHUs, NoAAepXaHUsl U yracaHusi KOHAMLMOHMPOBAH-
HOro NULLEBOro noBedeHNsl. O6e aHTUCLIBOPOTKYM 3aMe/If/ NPOLIECC yracaHWsl akTUBHOMO 060-
POHWUTENBHOIO U YC/IOBHOTO MULLIEBOFO OTBETOB, HO HE OKasblBa/u BMSIHUSI HA MPOLECChI 06Y-
YeHWs1 U MOALEPXKAHMA 3TUX PedeKCoB. Pe3ybTaTbl HACTOSILLMX IKCTIEPUMEHTOB MOKa3bIBatoT,
YTO XONMEUMUCTOKUHMH MOXET UrpaTb Po/ib B (DU3MOMOrMYECKON Perynsiuuy npoLeccoB 3Kc-
TUHLMN.

PENAKCALIMOHHOE JENCTBWE MPOCTALMK/AVNHA (P012 U 7-0KCO0-P012 HA
N30/IMPOBAHHBIE MO3IOBbIE, KOPOHAPHbIE W BPbI)XEEUHBIE COCY/bl

B. MATOMBENbBAW, M. XAAXA3N, K. MALbAP, K. KAHAW n B. WWWMOHWNAEC

Ha npenapaTax M30/1MPOBaHHbIX apTepuii pasHbIX BULOB XXUBOTHbIX 1 Tpaxee MOPCKOWA
CBMHKM aBTOPbI M3y4asin MOHMXKaKoLLLee TOHYC INafKoli MycKynaTypbl fe/icCTBMe HOBOrO Mpena-
pata — CTOWMKOro aHasora npocraumknmHa (7-okco-P012, — paspaboTaHHOro Ha apmaueBTu-
yeckom 3aBoge Chinoin, a Takxe P012



CnunpasibHO McCeYeHHble MOMOCKM COCYA0B M Tpaxel YKpennsanu (nogseluvsanu) Bpac-
TBope Kpebca, onpegenss Takke U30METPUYECKM U3MEHEHUSI TOHyca. W13 mponopummn Bbi3biBa-
towmx 50% paccnabneHne NamM TOPMoXKeHME KoHUeHTpauwuii (ECH), BbICUMTaHHbIX 13 ypaBHEHWI
PerpeccroHHbIX NPAMbIX KPUBOK [03a-3(hdeKT, onpefensnn OTHOCUTENbHYI 3(EeKTUBHOCTb B
| THOLIEHMN aHanora NpocTauuKaMHa.

Kak POK Tak n aHanor npoctaumknmHa (7-okco PLLI2) ognHaKoBO yMeHbLUaNM 6asanb-
Hbli TOHYC BEHEYHbIX COCY[OB TefleHKa, COCYA0B MO3ra cobaku U Me3eHTepuasibHbIX COCYLOB
YesioBEKa, a TaKkXKe TOPMO3WAM COKpaLLeHUs OTMpenapapuvpoBaHHON Y Kpo/nKa YpeBHON apTe-
pun (NONOCOK), BbI3BaHHbIX 3IEKTPUHECKUM pasfpaKeHneM 1 HopagpeHaMHOM. B 3aBncumocTu
OT COCYAMCTOr0 npenapaTa W Bbi3bIBAIOLLEr0 TOHYC PasfpaXUTeNs BbICUMTaHHbIe 3HaveHUss ECS0
paBHANUCL: P012: 5 40xHO-9 U 7-okco-PG12: 1—6XHO ~7 monb/nntp. CHMXKawoWas cocy-
OMCTbIA TOHYC M TOPMO3SLLAA COKpalleHue 3P(eKTUBHOCTb Y 7-OKCO-aHasora 6blia Ha OAuH
nopsgoK MeHbLUe, Yem y PGJ2. Mpenapat Tpaxen MOPCKOM CBUHKM PGI2 cokpalwan, Torga Kak

7-0KCO-aHanor — fJaxke U B CTOKPATHOM KOHUEHTpauuM — OKasblBasl Ha npenapart penakca-
LIMOHHOE [fieficTBMe.






«Acta Physiological Ny6/IMKYIOT TpaKTaTbl M3 06/1aCTW 3KCNEPUMEHTA/IbHBIX MeAULIMHCKON
HayKM Ha PYCCKOM U aHT/INIACKOM Si3bIKe.

«Acta Physiologica» BbIXOAAT OTAEMbHBLIMA BbIMyCKaMU pa3HOro o6beMa. Heckonbko
BbIMYCKOB COCTaB/SAOT OAWNH TOM.

MpeaHasHaueHHble ANn1A Ny6AMKaLuMnM PyKONUCK cregyeT HanpaBsiTh Mo agpecy:

Acta Physiologica, H-1445 Budapest 8. Pf. 294.

Mo aTomy e afpecy HanpaBnATb BCAKYIO KOPPECMOHAEHUMIO AN pefjakumvm v agMu-
HUCTpauun.

3akasbl NPUHUMaET NPeAnpUATME MO BHELUHeR Toproefe «Kultira» (H-1389 Budapest
62, P.O.B. 149. Tekywmin cyeT Ne 218-10990) mnm ero 3arpaHvuyHble MNPeACTaBUTENLCTBA U
MO/THOMOYEHHbIE.
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