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INFLUENCE OF AUGMENTATION OF EXCRETORY
RENAL MASS ON RENAL FUNCTION AFTER
«-RECEPTOR BLOCKADE

Hilda Tost, R6zsa Herceg and Gy. Kovér

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL,
BUDAPEST

(Received June 18, 1981)

The effect of renal function of an augmentation of the excretory renal mass was in-
vestigated in 10 dogs without drug treatment and in 10 animals with a-receptor blockade.

In the untreated group, augmentation of excretory renal mass by transplanta-
tion into the neck of one pair of kidneys isolated from another animal caused the
following changes in the kidneys in situ', marked elevation in Cpau, slight decrease
in Cjnujjn, slight diminution of urine excretion and a pronounced fall in sodium excre-
tion. The amount of urine and sodium excreted by the four kidneys was identical with
that previously excreted by the two kidneys in situ.

In animals with a-receptor blockade, augmentation of the excretory renal mass
had the following consequences in the in situ kidneys, CPAH, and Cjnulin remained
unchanged while urine and sodium excretion decreased to the same extent as in the
untreated control group. The amount of urine and of sodium excreted by the four
kidneys was the same as that excreted by the kidneys in situ, prior to transplantation
of isolated kidneys, i.e. before the augmentation of excretory renal mass.

It seems that the decrease in sodium excretion of the kidneys in situ was not
due to the haemodynamic changes evoked by the load on the circulation; it was rather
consequence of some quick, presumably humoral, regulation.

The diminution of sodium excretion in the kidneys in situ after augmentation
of the excretory renal mass has been ascribed to an increased utilization by the four
kidneys of the natriuretic factor(s), i.e. to a diminution in the plasma level of the
natriuretic hormone.

Unilateral nephrectomy causes an about twofold increase in the urine
and salt excretion of the persisting kidneys without any change in salt and
water intake. Thus, even one kidney is capable of maintaining the salt and
water equilibrium of the organism. The polyuria observed in the persisting
kidney is presumably due to an alteration in the function of the nephrons;
the mechanism of the phenomenon, however, is not clear.

It has been shown that renal excretion is regulated by several factors
beside alterations in glomerular filtration rate (GFR) and aldosterone secre-
tion. Recently, increasing attention has been paid to the role of the so-called
natriuretic factor(s). Independently of the fact whether or not the hypothetic
natriuretic hormone is renal [23, 26, 31] or extrarenal [13] in origin, the dim-
inution or augmentation of the excretory renal mass will certainly influence
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the rate of hormone utilization and, thereby, the effect of the hormone on the
kidney.

In previous experiments [18] we have studied the influence of the aug-
mentation of secretory renal mass on the function of the kidneys. After trans-
plantation of isolated kidneys, i.e. when the excretory renal inass had been
augmented, a definite decrease was seen in the urine and sodium excretion
of the kidneys in situ. These findings have been explained by an increased
utilization of the natriuretic factor. Transplantation of the isolated kidneys
(alteration of circulatory resistance) was, however, accompanied by a decrease
of the PAH and inulin clearance of the kidneys in situ. Thus, it could not been
clarified to what extent was the diminution in diuresis and natriuresis to be
ascribed to the altered renal haemodynamics and to the increased utilization
of the natriuretic factor. In the present experiments the effect on renal func-
tion of the augmentation of excretory renal mass has been studied after
a-receptor blockade, an intervention excluding or minimizing the effect of trans-
plantation on renal haemodynamics.

Materials and Methods

The experiments were performed on mongrel dogs of both sexes under intravenous
pentobarbital 25 mg/kg anaesthesia. Body weight of the donor animals ranged between 10
and 12 kg, and that of the perfusors between 20 and 30 kg.

The animals were deprived of food for 24 hours prior to the experiment.

The isolated kidneys were transplanted on the neck of the perfusor dogs. These animals
were divided in two groups. One group served as control and received no drug treatment either
prior to, or during, the experiment. The second group consisted of animals which received
a daily subcutaneous dose of 0.75 mg/kg of reserpine for three days before the experiments,
in order to deplete the noradrenaline stores. Then, at the beginning of the experiments, 15 mg/kg
of phentolamine was given in one injection intravenously; during the experiment proper
the drug was administered at a rate of 10 //g/kg/min in intravenous infusion.

After anaesthesia, the perfusor animals received Ringer solution of body temperature,
in an amount corresponding to 1% of their body weight. Thereafter, the femoral artery and
vein were prepared and cannulated on both sides. The bladder was exposed through inferior
median laparatomy, and polyethylene catheters were introduced into the urethers supra-
vesicularly.

The left carotid artery and the right jugular vein were prepared from a median cervical
incision and cannulated with glass cannulae.

Paraamino hippuric acid (PAH) and inulin were dissolved in 40 ml Ringer solution of
body temperature. As a priming dose this solution was injected intravenously in such an
amount as to produce 2 mg/dl and 30 mg plasma concentrations, respectively. The maintain-
ing dose was infused intravenously at a rate of 0.25 mg/kg/min. After the infusion we waited
60 min for the equilibrium state to set in; this was followed by urine collection for 3x10 min
control periods. At the middle of the urine collection periods, arterial blood samples were
taken for determination of plasma PAH and inulin concentrations. Blood samples were centri-
fuged immediately; after removing the plasma we suspended the red corpuscles in physiolog-
ical saline and re-infused them intravenously. Arterial blood pressure in one of the femoral
arteries was continuously measured by a mercury manometer and recorded kymographically.

Blood clotting was prevented by the intravenous injection of 0.1 mg/kg of heparin.

After the control period the kidneys of another dog isolated according to 5 were con-
nected with the circulation. The donor animals were anaesthetized and eviscerated, the supra-
renal veins ligated and the kidneys removed together with a piece of the aorta and inferior
caval vein. The isolated kidneys were then connected to the circulation of the perfusor animal
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through the common carotid and the aorta stump as well as the stump of the inferior caval
vein and the external jugular vein.

Thin polyethylene cannulae were introduced in the ureters. The duration of renal anoxia
during transplantation did not exceed two minutes.

After transplantation of the isolated kidneys we waited ten minutes for the new equilib-
rium to set in,then the function of the in situ and isolated kidneys was investigated during two
consecutive 10 min periods.

Thereafter, 25 ml/kg Ringer solution was infused into the perfusor animal over 60
minutes, during which the changes in the parameters of the in situ and the isolated kidneys
were followed for three more consecutive 20 min periods.

Renal blood flow of the isolated kidneys (outflow' from the inferior caval vein) was
measured at the middle of each period, using a graduated cylinder and stop watch.

PAH concentration in the urine and plasma was determined according to Smith et al.
[29]; inulin according to Little [22],sodium and potassium by flame photometry, and osmotic
concentration with Fiske's osmometer. The haematocrit value was determined by means of
HawsMey's microhaematocrit, and plasma protein concentration with the biuret method.

Clearances (Cpgy, Cjnuun) were calculated according to the usual formula. The values
given refer to ICO g of kidney weight, except the vascular resistance of isolated kidneys,
which was calculated for kg of renal mass (Rkidney/kg). f or statistical analysis either the one
tailed or two-tailed t test was used.

Results

Renal parameters were studied in 10 non-treated (control) dogs and in
10 animals with a-receptor blockade (in the following), these animals will be
referred to as blocked dogs.The first three periods in theTables show the param-
eters measured in the in situ kidneys during the three 10 min urine collec-
tion periods prior to transplantation of the isolated kidneys. In Period 4 and
Period 5 the function of the isolated and of the in situ kidneys, respectively,
was studied after transplantation of the isolated kidneys. Thereafter, EC
hypervolaemia was augmented according to the procedure described in
Methods, and the changes in the parameters of the kidneys were followed for
three 20 min periods (Periods 6—7—8). The Figures show the mean values and
SEM., the full line the control and the broken one the blocked animals.

Figure 1 and Fig. 2 show the parameters of the kidneys in situ.

As seen in Fig. 1, mean arterial blood pressure in the control animals
was 132+6 mm Hg at the beginning with no essential change either during,
or at the end of the experiments (137+4 mm Hg). In the blocked animals the
initial blood pressure amounted to 103+4 mm Hg; it did hardly change and
remained significantly lower than in the control group throughout the experi-
ment (P < 0.001).

Initial Cpan was 23512 ml/min in the control and 23119 ml/min
in the blocked animals. During the three control periods there was no signifi-
cant difference between the two groups. After transplantation of the isolated
kidneys Cpan decreased from 251%16 ml/min to 18615 ml/min in the
control dogs (p </ 0.001) and remained at this low level throughout the experi-
ment. In the blocked animals CpgH did not change during the experiment.

Initial Cjnuiin was 75.5+6.3 ml/min in the control and 79+6.9 ml/min
in the blocked group. After transplantation of the isolated kidneys the value
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n the in situ kidneys of the control animals was 72.0 £6.3 ml/min and decreased
to 64.9+1.9 ml/min (p < 0.05). Then, with progressive augmentation of the
extracellular hypervolaemia it began to increase and reached 84.8+7.6 ml/min
by the end of the experiment. In the blocked animals, Cjnuijn of the in situ
kidneys did not change after transplantation of the isolated kidneys; then,
upon the effect of hydration, it increased to 92.0+5.6 ml/kg by the end of
the experiment.

Figure 2 shows the changes in urine and sodium excretion as well as those
in the osmotic concentration of the urine of the kidneys in situ.

Initial urine excretion was 1.21+0.21 ml/min in the control group and
1.52+£0.27 ml/min in the blocked group. The difference was not significant
statistically (p 0.60). During the third control period the values were
quasi-identical, being 1.73+0.37 ml/min and 1.79+0.38 ml/min, respectively.
Urine excretion slightly decreased in both groups after transplantation of the
isolated kidneys, from 1.73+0.37 ml/min to 1.27+£0.30 ml/min in the control
group (p <[ 0.05) and from 1.79+0.38 ml/min to 1.22+0.24 ml/min in the

control
x* SEM .— . oc.rec.block.
n=10 transpl. of the isolated kidneys
25ml/kg 1
mmH i i i
o g Ringer iv. ]
p 150
<
a. el
o 100 it
0
9]
[en)
12 3 4 5 6 7 8period
ml/min v l
T
I, .1 T
X 200 —1— T
<—§ 100

2 3 4 5 6 7 8period

Fig. 1. Parameters of the kidneys in situ in the course of the experiments. Full line = control
(untreated); broken line = animals with a-receptor blockade
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123 4 5 6 7 8 period

Fig. 2. Urine and sodium excretion and osmotic pressure of the kidneys in situ. For
explanation see Fig. 1

blocked group. Hydration caused an augmentation in both groups; by the
end of the experiment the values were 4.44+0.85 ml/min in the control and
4.44+x0.88 ml/min in the blocked animals.

Sodium excretion was practically the same in both groups. After trans-
plantation of the isolated kidneys it fell from 20661 [|uEg/min to 104%31
and, later, to 78+24 juEg/min in the control animals (p < 0 .01), and from
158+42 pEg/min to 70£18 and 60+16 ~iEqg/min, respectively, in the blocked
dogs (p < 0.01).

Hydration caused sodium excretion to increase to 180x30 /A g/min
in the control group and to 195+62 /iEg/min in the blocked group. At the
beginning, total osmolarity of the urine amounted to 632+36 mosm/1l in
control animals and to 52578 mosm/l in the blocked group. The difference
was not significant statistically.

Transplantation of the isolated kidneys failed to cause any change in
total osmotic activity of the urine obtained from the kidneys in situ. Then,
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following hydration, it decreased below the osmotic activity of the plasma in
both experimental groups. At the end of the experiment, osmotic concentra-
tion of the urine was 213730 mosm/linthe control animals and 23895 mosm/1
in the blocked dogs.

Figures 3 and 4 show the changes in the parameters of the isolated kidneys.
Period 4 and Period 5 correspond to the mean values obtained during the two
10 min periods following transplantation of the isolated kidneys, while Periods
6 to 8 show the mean values during the three 20 min hydration periods.

As seen in Fig. 4, renal blood flow in the isolated kidneys perfused from
the control group was 493735 ml/min at the beginning and 514738 ml/min
during the second perfusion period. Upon the effect of hydration it exhibited
a slight initial decrease to 415745 ml/min (NS) and reached the value of
468rh46 by the end of hydration. In animals perfused from blocked donors
the initial RBF in the isolated kidneys was 537739 ml/min, with no further
change throughout the experiment.

isolate! N FF-rec.j.cck.
«SEM
n=10 . . .
ml/min 25mi,'’kg Ringer iv.
600 1
[ o]
L300
£
t
nos 6 7 8period
2.0
X
>
0» 19
X
m _—
4 5 6 7 8period
ml/min
300
oo
C! 100
4 5 6 7 8period

Fig. 3. Blood flow, renal resistance and PAH clearance of isolated kidneys. Period 4 and

Period 5 show the values obtained during the two urine collection periods after transplantation

of isolated kidneys. Periods 6—7—8 demonstrate the results obtained after augmentation

of the EC hypervolaemia. Full line = control; broken line = parameters of isolated kidneys
perfused from a-receptor blocked animals
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isolated kidneys s—econtrol «rec. block
xi SEM
n=10 . .
ml/min 25ml/kg Ringer iv.
100
6" 50

Operiod

Fig. 4. Inulin clearance, urine and sodium excretion of isolated kidneys. For explanation
see Fig. 3

At the beginning of perfusion, vascular resistance was 1.59+0.13 in
the isolated kidneys perfused from control animals and 1.23+0.05 in the
kidneys perfused from the blocked dogs (p <C0.02).

Vascular resistance of the kidneys perfused from control animals slightly
augmented at the beginning of hydration; the value was 2.16+0.25 and it
remained significantly higher (p < 0 .01) than that of the isolated kidneys
perfused from blocked dogs.

Initial Cpan was 210£14 ml/min in the isolated kidneys perfused from
control animals and 246+30 ml/min in those perfused from the blocked group.
The values remained practically unchanged in both groups, the difference
between them being at the limits of mathematical significance (p = 0.05).

Figure 4 shows that the C)nmup values of the two groups were in good
agreement, and that they did not undergo any significant alteration during the
experiment.

At the beginning of the perfusion, urine excretion was 1.27+0.64 ml/min
in the group perfused from control dogs and 1.05+0.25 ml/min in that per-
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1
Plasma Na+ 143+1.58
maeq/1 147+3.16
Plasma K+ C 4.06+0.33
maeq/1 3.92+0.37
Plasma osm. 308+6.0
mosm/1 309+5.6
Ht% 39+1.31
41+2.02
Plasma protein level c 5.60+0.35
g/d) B 4.90+0.14
x iS.E.M. C: Control, B: animals

Control

2

144+2.53
146+3.17

3.88+0.25
3.57+0.31

306+5.4
310+5.8

39+1.46
42+2.02

5.72+0.36
4.94+0.14

Table |

Plasma parameters

Transplantation of
isolated kidneys

3 4
143+3.16 142+2.84
148+3.16 148+3.10

3.95+0.32 3.48+0.19
3.61+0.26 3.15+0.29
304+5.5 307+4.1
311+4.2 320+6.8
41+1.38 44+1.19
42+2.08 42+1.04
5.99+0.27 5.73+£0.36
4.90+0.16 4.82+0.14

with a-receptor blockade, n = 10

5

141+1.26
148+3.48

3.42+0.23
3.27+0.30

311+5.7
315+5.2

44+1.38
43+2.27

5.55+0.34
4.70+0.13

142+2.53
148+3.48

3.61+0.16
3.31+0.28

309+3.5
321+4.2

39+1.18
43+1.61

5.11+0.31
4.36+0.12

Hydration

7

140+1.26
152+3.16

3.70+£0.19
3.39+0.22

310£3.5
324+4.6

37+1.63
40+1.61

5.00+£0.26
4.15%0.15

00

141+1.58
151+3.26

3.76%0.16
3.57+0.25

3U+3.8
324+4.8

‘le 18 1SOL vaiH

36+1.67
39+2.47

4.71+£0.28
4.10%0.17
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fused from a-receptor blocked animals; the difference was not significat statis-
tically (p 0.60). As a rule, hydration augmented urine excretion in both
groups; at the end of the experiment the values were 5.15+0.13 ml/min in
the control and 5.04+£1.24 ml/min in the oc-receptor blocked animals.

At the beginning of the perfusion, sodium excretion was 133+84 /tEgq/min
in the control group and 108+47 /tEg/min in animals perfused from a-receptor
blocked donors (NS). Hydration caused an increased sodium excretion in
both groups: the corresponding values were 24079 /Aqg/min and 230 /tEg/min,
respectively, at the beginning of the experiment.

The changes of plasma parameters are shown in Table I. Disregarding
the diminution of the haematocrit value, hydration failed to cause any signif-
icant alteration in plasma parameters, neither did the prehydration parameters
significantly differ in the two groups.

Discussion

The amount of sodium and water excreted by the kidneys is given by
the difference between the amount filtered in the glomeruli and the amount
Te-absorbed in the tubuli. Due to the glomerulo-tubular equilibrium, changes
in GFR influence only slightly the excreted amount of sodium and water,
much greater changes are caused by occasional alterations in tubular reabsorp-
tion. Tubular sodium transport can be influenced by 1) changes in the plasma
concentration of mineralocorticoids; 2) changes in the sodium concentration
of the plasma; 3) changes in the Starling forces in the peritubular capillaries;
4) activity of renal afferent nerves; 5) presence and amount of occasional
natriuretic factor(s).

The short duration of our experiments makes it unlikely that an altera-
tion of the plasma aldosterone level should be responsible for the changes in
sodium excretion observed during perfusion of the isolated kidneys. Hyper-
natraemia decreases while hyponatraemia increases the sodium re-absorption
in the tubules. Since plasma sodium concentration did not change in our
experiments, neither can this factor be made responsible for the diminished
sodium excretion of the kidneys in situ following transplantation of the iso-
lated kidneys.

Proximal water and sodium absorption may considerably be influenced
by intrarenal physical factors. It is profoundly altered by changes of the
colloid osmotic pressure in the peritubular capillaries; these changes are
consequences of alterations in plasma protein concentration [11, 14, 18, 19,
20, 24]. In the present investigations, however, transplantation of the isolated
kidneys was not followed by any change in plasma protein level; thus, neither
this factor can be responsible for the altered sodium excretion.
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It is true that, in the control series of experiment, the transplantation of
the isolated kidneys was followed by a slight, non-significant decrease in the
arterial blood pressure of the perfusor animal, and that CpgH and C;nun
diminished significantly in the kidneys in situ. These factors could influence
urine and sodium excretion partly by changing the hydrostatic pressure in the
peritubular capillaries and partly by altering the tubular load. The alterations
of urine and sodium excretion were, however, identical in both the control
and the a-blocked animals, and no post-transplantation change occurred in
the above parameters of the latter group after transplantation of the isolated
kidneys. It is therefore assumed that the above-mentioned factors were not
responsible for the diminished sodium excretion.

The phenomenon of denervation polyuria and natriuresis has often been
investigated. The majority of the authors ascribes the phenomenon to a
diminished water and sodium excretion in the proximal tubuli [1, 2, 3, 4,
10, 28, 30]. The increase of sodium absorption in the proximal tubuli after
stimulation of the renal nerves has recently been attributed to an a-dependent
mechanism [10, 28]. If this were the case, sodium excretion should have been
at unchanged CpgH and GFR augmented in our a-receptor blocked animals.
This was, however, not the case, so the finding has probably to be ascribed
to the decreased arterial blood pressure of these animals. Decreased arterial
blood pressure can namely lead to a diminution of hydrostatic pressure in the
peritubular capillaries. As a consequence, re-absorption by the switch-off of
the adrenergic mechanisms.

Transplantation of the isolated kidney was followed by a significant and
quantitatively identical decrease in sodium excretion of the kidneys in situ
in both the control and the a-receptor blocked groups. Therefore, we do not
ascribe any significance to a-mimetic mechanisms in the phenomenon. Never-
theless, such mechanisms do influence re-absorption in the proximal
tubuli.

K nox et al. [16] observed increased sodium excretion under the effect
of an augmentation of blood volume, without any change in either RBF or
GFR. This observation is indicative of the existence of such a circulating
humoral substance that is capable of augmenting sodium excretion without
altering the renal haemodynamics. The investigations of Kaloyanides and
Azer [15] and of Lichardus and Nizet [21] led to a similar conclusion.
Rector [25] assumed the presence of a certain “factor” in the plasma of dogs
and rats loaded with physiological saline; this factor would decrease sodium
re-absorption in the proximal tubuli. The investigations of Gonick and
Saldanha [13] indicate that natriuretic factor(s) may be formed not only in
the kidneys but in other organs as well. According to Godon [12], the natriuret-
ic factor can modify sodium transport both in the kidney and extracel-
lularly.
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Though the chemical structure and the origin of the natriuretic factor(s)
are not yet elucidated, there is no doubt about the existence of one or more
substances which can modify sodium excretion without altering renal haemo-
dynamics; it is also certain that neither of them is identical with aldosterone
[6, 7, 8, 9].

The extent of inhibition of sodium transport in the nephron depends
on the amount of the natriuretic factor.

When a pair of isolated kidneys was connected with the circulation of
the perfusor animals, CpaH decreased in the kidneys of the control animals,
together with a slight diminution of the GFR. At the same time, there was
some decrease in urine excretion and a fall to 1/2 or 1/3 of the control value in
sodium excretion. Practically identical changes were found in the urine and
sodium excretion of the a-receptor blocked animals, hut without haemodynam-
ic alterations and no change in GFR. This finding indicates that the decreased
sodium excretion of the kidneys in situ after transplantation of the isolated
onesis not due to haemodynamic changes. At the beginning of the perfusion of
the isolated kidneys, their sodium excretion fell to half or one-third of the
original value; at the same time, the amount of sodium excreted by the four
kidneys (in situ -f- isolated) was the same as the amount excreted by two
kidneys before perfusion. This shows that sodium excretion is under a precise
and flexible regulation that adapts itself to new conditions within a few
minutes. Similar results were obtained from a comparison of the present
findings with those obtained in previous experiments (Tost et al. [32]). In
the latter study no transplantation of isolated kidneys was performed and the
response of the kidneys in situ investigated during an EC hypervolaemia of
similar extent (25 ml/kg of Ringer solution intravenously over 60 min). In
those experiments sodium excretion was 405+77 /rEg/min at the beginning of
hydration; in the present study, the corresponding value was 180+79 ,uEqg/min
for the kidneys in situ and 240+79 jiiEq/min for the isolated ones. This
means that the four kidneys together excreted the same amount of sodium
as did two kidneys in previous experiments performed under otherwise iden-
tical conditions.

The results of our experiments can easily be explained in such a way
that the natriuretic factor is utilized to a greater extent by four than by two
kidneys. The natriuretic factor can namely be assumed to undergo inactiva-
tion while it affects the permeability in the nephron. Thus, when four kidneys
are connected to the circulation, the natriuretic factor will he destroyed more
rapidly, and its plasma concentration decreases; these events will then be
manifest in an antinatriuretic action.

Comparison of the parameters of isolated kidneys in the two experimental
groups revealed that renal blood flow and CpgH were higher, while renal
resistance was lower in the control than in the a-receptor blocked animals.
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At the same time, the inulin clearance as well as the urine and sodium excre-
tion of the isolated kidneys were identical in hoth groups. Neither urine nor
sodium excretion was elevated in the a-receptor blocked animals, in spite of
the high RBF. This can be explained by the significantly lower blood pressure

in

this group of dogs.
Summing up, it seems that the diminution of sodium excretion in the

kidneys in situ after augmentation of the functioning renal mass is very likely
due to an increased utilization by the four kidneys of the natriuretic factor(s).
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EFFECT OF HISTAMINE AND BRADYKININ ON
LYMPH AND TISSUE FLUID COMPOSITION IN THE
RABBIT HINDLIMB:

EVIDENCE FOR TWO COMPARTMENTS IN
TISSUE FLUID*

G. Szabo and ZS. Magyar

NATIONAL INSTITUTE OF TRAUMATOLOGY, BUDAPEST

(Received June 25, 1981)

In the rabbit hindleg lymph and tissue fluid were collected before and during
close intraarterial infusions of histamine (2.5 and 10 /tg/min) or bradykinin (0.4 /tg/min).
Protein concentration was higher in the tissue fluid than in the lymph. During the 2h
of the experiment in the control animals protein concentration increased in the lymph
and decreased in the tissue fluid. Lymph flow decreased in the controls and it was not
significantly influenced by histamine but was in the majority of animals (14 of 20)
grossly augmented by bradykinin. Lymphatic protein and LDH fluxes were increased
both by bradykinin and histamine. In animals where the vasoactive agents failed to
alter lymph flow LDH concentration in the lymph increased significantly without
comparable changes in the tissue fluid. On the other band, in experiments where lymph
flow was increased lymphatic LDH activity decreased but the activity in tissue fluid
remained unchanged. It is concluded that the interstitial fluid is composed of two
compartments. Only the perivascular compartment of tissue fluid is drained directly
by the lymph vessels and lymph is essentially a recent microvascular filtrate. The second
compartment of the interstitial fluid is rinsing the cells and connective tissue fibres,
it is parallelly coupled and in exchange with the perivascular compartment.

Recently, it has been shown that there are marked differences between
the composition of subcutaneous or muscle tissue fluid and that of the lymph
draining from the same region. In dogs and rabbits protein concentration was
higher in tissue fluid than in lymph [12] and in rabbits activity of the cellular
enzymes was also higher in tissue fluid than in simultaneously collected lymph
samples [12, 14]. The observations suggested the presence of two compart-
ments in tissue fluid.

The above hypothesis has been corroborated by observations made
during ischaemic and burn injury where it was found that the activity of the
enzymes escaping from the injured cells rise to much higher levels in tissue
fluid than in the regional lymph [12, 15]. The procedures led to widespread
tissue injury compounded with a lesion of the microvascular wall. In the
present investigations the effects of histamine and bradykinin, i.e. substances

* Supported by the Ministry of Health, Hungary, Grant No. 6-080301-1/Sz
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increasing microvascular permeability and formed or released during local
tissue reactions, were studied in rabbits. It was reported previously that in the
dog and cat limb both histamine and bradykinin increased lymph flow and
lymphatic protein concentration, eventually leading to oedema formation
[3, 4, 5, 6, 10].

Materials and Methods

Rabbits of both sexes with a body weight of 3.5 to 4.0 kg were anaesthetized with an
intravenous injection of 30 mg/kg pentoharbital. A plastic cannula was introduced in one of
the afferent lymph vessels of the popliteal node. The carotid artery was cannulated for measure-
ment of arterial pressure. In some animals a cannula with a 3-way stopcock was placed in
the femoral vein for blood flow measurements. The venous outflow was measured before and
during the infusions with a graded cylinder and stop watch. After a preliminary tissue fluid
sampling and lymph collection the infusion of 10/ig/min or 2.5 /ig/min histamine base or
0.4 /ig/min bradykinin in physiological saline was started into the femoral artery. The rate
of fluid infusion was 0.05 or 0.5 ml/min. The infusion was continued for the next 2h. One
group of animals received 2 mg/kg phenoxybenzamine intravenously 30 min before the start
of histamine infusion. Lymph collection in 30-min samples was continued during the infusion.
To ensure a constant flow of lymph the extremities were passively moved by manually bend-
ing the leg in the knee joint with a frequency of 30/min. Tissue fluid was collected before and
during the infusion. The first sample was obtained from the contralateral leg during the hour
preceding the infusion and the second from the infused leg in the second hour of infusion. To
this purpose 3 to 4 cotton wicks 4—6 cm long, previously soaked in physiological saline were
sewn into the subcutaneous tissue of the shank and the paw. The wicks were pulled out after
1 h and the fluid expressed from them. Using this method about 0.02 to 0.05 ml of tissue fluid
could be gained from each region. Lymph was collected in preweighed heparinized vials and
its amount was determined gravimetrically. The circumference of the legs was measured below
the knee joint at the beginning of the experiment and at its end. Each measurement was
repeated 5 times and averaged.

Lactic acid dehydrogenase (LDH) was estimated in blood plasma, lymph and tissue
fluid according to Wroblevszky and LaDue [16], glutamic-oxalacetic transaminase (GOT)
by the method of Reitman and Frankel [11] and total protein according to Lowry et al. [7].
The results presented in the text and Tables are means standard deviation of the means
(S.D.). Statistical evaluation was made using the paired t test.

Results
Lymph flow

The average lymph flow in the 64 rabbits in the first 30 min after the
cannulation of the prenodal leg lymphatic was 7.29;b1-07 mg/min. In the
control group receiving only an intra-arterial infusion of 0.05 ml/min physiolog-
ical saline lymph flow declined markedly during the 3h observation period.
In the animals receiving 0.5 ml/min saline there was also a sharp decline after
the first 30 min of the experiment. In the last hour lymph flow increased
again, without, however, attaining the “control” level, i.e. the flow rate ob-
served in the first half hour, before the start of the infusion. Histamine 2.5 or
10 /ig/min introduced with 0.05 or 0.5 ml/min saline had only negligible effect
on lymph flow rate. A clear-cut evidence for the effect of histamine on lymph
flow was seen only in the animals receiving 2.5 /ig/min histamine in 0.05 ml/min
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Table |

Effect of histamine and bradykinin on crural lymphflow in the rabbit

N Infusion Lymph flow mg/ Tiin AC AP

mi/min —30—0 0—30 30—60 60—90 90—120 % mm Hg

Control 7 0.05 7.16 4.30 3.17 2.83 3.03 4.25 - 50
+S.D. 4.14 2.30 2.14 1.79 1.53 0.53 8.7
Histamine 2.5 pg/min 6 0.05 9.31 7.13 6.80 9.52 13.03 5.95 -10.0
+S.D. 1.28 1.77 0.63 2.33 3.15 0.12 8.7
Bradykinin 0.4 Atg/min 7 0.05 7.39 10.01 12.10 15.82 18.87 9.95 -12.2
+S.D. 1.42 5.11 6.45 7.28 5.22 0.28 6.7
Control 8 0.5 8.16 5.82 4.98 6.92 6.87 5.35 - 86
+S.D. 3.69 2.79 2.49 4.23 3.12 0.24 9.0
Histamine 2.5 /tg/min 7 0.5 8.88 7.09 6.71 6.67 6.67 4.90 -10.0
+S.D. 2.74 4.72 5.10 4.42 3.74 0.08 5.0
Histamine 10 /tg/inin 8 0.5 7.54 4.50 5.62 7.29 8.83 -0.25 -24.4
+S.D. 3.58 2.87 3.01 4.21 3.82 0.05 10.7
Phenoxybenzamine -f- Histamine 8 0.5 9.86 8.13 7.97 7.30 9.03 -32.2
10 jug/min iS.D . 5.06 5.13 6.53 6.77 7.01 8.7
Bradykinin 0.4 /tg/min 6 0.5 5.83 3.72 5.98 5.30 6.95 6.05 -24.2
+S.D. 1.81 1.93 4.71 3.25 3.41 0.18 9.7
Bradykinin 0.4 /tg/min 7 0.5 6.11 8.48 17.37 27.77 33.67 11.35 -26.7
+S.D. 2.62 6.08 5.21 22.52 29.72 0.58 4.1

AC: Change of the circumference of the limb during the 2h infusion
/IP Difference between systemic arterial pressures measured before the start and at the end of infusion
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saline. Here in the control group lymph flow rate decreased from 7.2 to 3 mg/min
while in the animals receiving histamine the flow rate, after an initial
decrease, increased from 9.3 mg/min in the preinfusion period to 13 mg/min
in the last half hour of histamine infusion (Table 1). Pretreatment with phen-
oxybenzamine did not influence the response to histamine. Half of the animals
(6 of 13) receiving 0.4 /ig/min bradykinin in 0.5 ml/min saline did not respond
with any appreciable change in lymph flow. In the other half of these animals
there was, however, a very marked, about 5-fold increase of flow. The animals
receiving the same bradykinin infusion but reacting in a different way were
considered separately in the discussion. The lymph flow increased significantly
(p < 0.05) also in the animals receiving bradykinin in 0.05 ml/min saline (from
7.4 mg/min to 18.9 mg/min).

Lymphatic and tissue fluid protein concentration

Similarly to previous observations [13, 14] total protein concentration
was in the 64 animals in the control period, i.e. during the first hour of the ex-
periments, significantly, by 18.7% higher in tissue fluid than in lymph. Total
protein concentration in the lymph was 24.5+2.2 and in the subcutaneous
tissue fluid of the shank it was 29.1 £3.9 mg/ml. In the fluid collected from the
paw protein concentration was markedly higher than in that obtained from the
shank: 38.7£9.9 mg/ml (Table Il). In all animals including the control groups
receiving only saline infusion protein concentration increased in the lymph
and decreased in tissue fluid. Consequently, protein concentration in the tissue
fluid sampled during the 2nd hour of infusion was lower than in the simulta-
neously collected lymph. This is not a consequence of the intra-arterial fluid
infusion and/or fluid and protein loss from the cannulated lymph vessel. In
6 rabbits two tissue fluid samples were obtained, one in the first hour imme-
diately after tying the animals to the operating table and the administration
of the anaesthetic, and the second 2 h later. The animals did not receive
infusion, the lymphatics were not cannulated and the leg was not moved as
in the other groups. In this group tissue fluid protein concentration decreased
during the 3 h of the experiment by 20%, from 26.0+4.0 to 21.3+3.9 mg/ml.
This was probably a consequence of the dilution of the extracellular fluid.
The circumference of the shanks increased during 3 h by 4% corresponding
to an about 8% increase of volume. If this is due to fluid accumulation in the
extracellular space it corresponds to an about 29% expansion of the extra-
cellular fluid as a result of anaesthesia and the immobilization of the animals.
Visible oedema was formed only in animals reacting with a significant increase
in lymph flow. In these two groups the circumference of the shank increased
by 10 and 119%, respectively. In the other groups the changes in cirumference
did not differ from those observed in the controls. The only exception was
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Table M

Effect of histamine and bradykinin on total protein concentration in tissue fluid and lymph (mg/ml)

Tissue fluid
Lymph Plasma
Shank Paw
Nooonfusion a0 0 0—30 3060 60—90 90—120 —60—0 60—120 60—0  60—120  —30 120
minutes minutes minutes
Control 7 0.05 255 28.3 28.0 28.8 28.1 23.8 19.4 61.0 56.2
S.D. 3.9 31 45 6.8 4.4 4.7 2.8 5.0 4.0
Histamine 2.5 fig/min 6 0.05 22.0 25.3 27.0 26.7 26.2 29.0 20.7 54.5 50.2
S.D. 0.4 2.8 4.9 2.0 3.0 1.3 15 35 5.1
Bradykinin 0.4 /<g/mina 7 0.05 214 28.5 335 33.3 32.6 23.0 25.6 54.1 51.1
S.D. 3.1 7.9 6.6 5.7 55 4.1 8.3 55 6.5
Control 8 0.5 26.3 29.0 29.4 28.4 28.0 29.0 17.4 66.8 58.4
S.D. 2.0 3.9 5.7 6.9 6.8 5.3 3.7 7.6 7.2
Histamine 2.5 fig/min 7 0.5 24.6 25.2 29.8 30.5 29.3 34.8 28.1 64.5 55.2
S.D. 4.3 6.3 8.5 7.4 6.2 4.4 9.2 5.7 10.5
Histamine 10 /tg/min 8 0.5 21.7 22.0 25.7 28.9 29.2 29.3 25.3 51.8 40.8
S.D. 4.3 4.0 3.0 3.3 3.3 3.1 3.4 4.3 3.1
Phenoxybenzamine -f- Histamine 8 0.5 25.5 23.7 24.8 24.8 21.9 30.7 19.3 64.6 55.0
10 /tg/min, S.D. 4.9 1.7 3.8 4.0 4.1 6.3 3.7 9.8 6.8
Bradykinin 0.4 /tg/min 6 0.5 26.9 27.6 29.7 31.6 32.4 30.7 23.9 38.8 30.5 59.7 45.3
S.D. 6.1 3.7 2.2 4.4 4.2 53 7.2 9.9 111 5.8 8.8
Bradykinin 0.4 /zg/min3 7 0.5 26.9 30.0 35.4 34.4 31.1 31.2 27.0 38.4 28.7 59.7 44.0
S.D. 5.6 5.0 8.7 55 6.5 6.0 7.7 9.5 4.5 4.5 6.0
Anaesthesia -f- supine pos. 6 26.0 21.3 53.2 53.2
S.D. 4.0 3.9 7.8 6.5
64 24.5 29.1 59.6
2.2 3.9 5.2

Animals with high lymph flow rates
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Li>/L60-120 Lp9'/*

Fig. 1. A: Relationship between lymph and tissue fluid protein concentration during histamine

or bradykinin infusion. The points represent the mean values for protein concentration in

lymph and tissue fluid during the 2nd hour of infusion derived from Table Il. B: Relationship

between lymph and tissue fluid protein concentration changes. (Calculated from the mean
values in Table 11)

the group receiving 10 [ig/min histamine where leg circumference did not
increase. Lymphatic protein concentration was higher in the animals receiving
bradykinin or histamine than in the controls. At the end of the experiment
lymphatic protein concentration was augmented in the two control groups

Table LW
Lymphatic proteinfluxes
(ug/min)
N Infusion Before infusion  During infusion
ml/min
Control 7 0.05 183+12 85» + 4
Histamine 2.5 /ig/min 6 0.05 204+11 240+ *+76
Bradykinin 0.4 /ig/min* 7 0.05 158+10 458*++70
Control 6 0.5 215+28 172*% +21
Histamine 2.5 /ig/min 7 0.5 218+25 194 11
Histamine 10 /ig/min 8 0.5 164+15 203+ 56
Phenoxybenzamine +
Histamine 10 /ig/min 8 0.5 214+25 194 10
Bradykinin 0.4 /ig/min 6 0.5 160+22 190*++30
Bradykinin 0.4 ~“g/mina 7 0.5 164+15 718*++180
62 186+26

* Significant change (p < 0.05) compared to the preinfusion period
+ Significant change (p < 0.05) compared to the control group
» Animals with high lymph flow rates
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by 11 and 8%, respectively. In the two groups where bradykinin increased
lymph flow lymphatic protein concentration was raised by 34% and 54%,
while in the group where it did not influence the flow the change wasonly 17.5%.
Finally, in all three groups receiving histamine infusion protein concentration
increased by about 22%. No change or a slight decrease of lymphatic protein
content was seen only in animals pretreated with phenoxybenzamine before
histamine administration.

The lymphatic protein fluxes which declined in the controls as a result
of diminished lymph flow increased in almost all animals receiving bradykinin
or histamine. Marked changes were seen in the bradykinin infused animals
with high lymph flow rates. In the two groups lymphatic protein transport
increased 3 and 5 times, respectively. In previous investigation under normal
conditions and at increased venous pressure and/or hypoproteinaemia a high
correlation was detected between tissue fluid and lymph protein concentra-
tions. A similar correlation was detected also during bradykinin or histamine
infusion. There was also a strong correlation (r = 0.90) between the changes
of tissue fluid and lymph protein concentration (Fig. 1).

Enzyme activities in tissue fluid and lymph

As it was established previously [12, 14, 15] LDH activity is much
higher in tissue fluid than in regional lymph. In the present study in 64 rabbits
LDH activity in the crural lymph was 181748 mU/mIl and in the tissue fluid
of the shank 280+40 mU/mIl. The tissue fluid obtained from the paw of the
animals contained 432 mU/ml LDH (Table 1V). During the 3h of the experi-
ment in the control animals similar changes could be detected in LDH activ-
ities as it was observed for total protein: a slight increase in lymph and decrease
in tissue fluid. Due to the decrease in lymph flow rate lymphatic fluxes were
slightly decreased or unchanged. Both histamine and bradykinin increased
lymphatic LDH transport in all experimental groups and consequently the
release of the enzyme from the cells (Table V). In the experimental groups
where histamine or bradykinin did not increase significantly lymph flow
lymphatic LDH concentration increased significantly in face of no or only a
moderate change in tissue fluid LDH activity. In the two groups with greatly
increased lymph flow total LDH transport by the lymph increased about 2
to 3 times while lymphatic concentrations decreased markedly. This is ob-
viously a dilutional effect, because there was a strong negative correlation
between lymph flow rate and lymphatic LDH activity (Fig. 2). The results
concerning the effect of histamine and bradykinin on GOT activities in plasma
and lymph were inconclusive (Table VI). The only significant change was the
increase in tissue fluid and lymph GOT during the 10 /ig/min infusion of hista-
mine.
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LDH mp/ml

Lmg/ min

Fig. 2. Correlation between lymph flow and lymph LDH in the two groups of animals reacting
with an increased lymph flow rate to bradykinin infusion. (The points in the Figure are mean
values for the individual periods from Tables | and 1V)

Discussion

FHistamine and occasionally bradykinin too failed to increase lymph
flow and did not lead to oedema formation in rabbits. In the animals where
histamine or bradykinin did not increase lymph flow the circumference changes
of the limbs were not greater than in the controls. On the other hand, a larger
dose of histamine produced a small, not significant decrease in hindlimb
circumference. In dogs and cats a close arterial infusion of the two agents
into the extremities leads to oedema formation, increased lymph flow rate
and lymphatic protein concentration [3, 4, 5, 6, 11]. It has been suggested
that these effects are due to increased microvascular pressure as well as to
a pressure independent action [2]. The latter seems to be the increased micro-
vascular permeability [14]. The changes were associated with large increases
in blood flow and small vein pressure. When histamine was infused intra-
venously in dogs it decreased forelimb vascular pressure and blood flow. Fore-
lilnb weight decreased falling well below control by the end of the 4h in-
fusion period [1, 9]. In the present study in rabbits, small doees (2.5 /zg/min)
of histamine failed to influence blood flow. During a 5—10 min infusion of
10 /zg/min histamine femoral venous flow decreased, however, from 5.372.5
to 3.772.! ml/min. Systemic arterial pressure dropped in these animals by
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Table 1V

Effect of histamine and bradykinin on LDH activities in tissuefluid and lymph (ml’/ml ;S.D.)

v
Control 7 0.05
S.D.
Histamine 2.5 ft*/min 6 0.05
S.D.
Bradykinin 0.4 /tg/min3 7 0.05
S.D.
Control 6 0.5
S.D.
Histamine 2.5 7g/min 7 0.5
S.D.
Histamine 10/ig/min 8 0.5
S.D.
Phenoxybenzamine -f- Histamine 8 0.5
S.D.
Bradykinin 0.4 ftg/min 6 0.5
S.D.
Bradykinin 0.4 //g/mina 7 0.5
S.D.
64

aAnimals with high lymph flow rates

—30—0

212
115
297
70
172
117
129
40
153
44
172
82
135
72
239
156
217
)
181
49

0—30

259
102
278
70
156
97
171
65
124
49
154
58
169
93
191
155
189
95

Lymph

30—60

minutes

249
74
298
126
105
43
150
51
158
38
284
126
175
93
296
177
150
38

60—90

251
95
259
92
94
45
140
52
203
63
486
229
192
111
345
184
107
58

90—120

258
110
321
101

85

40
152

50
327
210

98
208

96
416
177
130
108

—60—0  60—120

301

78
395

29
357
247
250

95
296
102
207

68
271
130
268
157
291
120
280

40

Shank

259

92
338

81
378
236
235
119
292

95
313
105
293
109
284
158
207

94

Tissue fluid
Paw
—60—0 60—120

minutes

414 387

106 203

438 445

81 132

426 207

81 91

Plasma

—30

minutes

48
17
45
27
57
35
39

9
37

9
29
14
40
16
44
20
44
20
39
11

120

38
16
36
15
40
14
23

27
10
38
16
30
14
40
20
40
20
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Table V
Lymphatic LDH fluxes
mUjmin
N Infusion —30—0 90— 120 min
ml/min
Control 7 0.05 1.45+0.48 0.78* +0.17
Histamine 2.5 /xg/inin 6 0.05 2.29+0.07 4.17**+£0.30
Bradykinin 0.4 /xg/mina 7 0.05 1.39+0.17 2.89**+0.21
Control 6 0.5 0.99+0.15 1.04 +0.16
Histamine 2.5 /xg/min 7 0.5 1.36+£0.12 2.18* +0.78
Histamine 10 /xg/min 8 0.5 1.30+0.29 6.18**+0.37
Phenoxybenzamine +
Histamine 10 /xg/min 8 0.5 1.33+0.36 1.88* £0.67
Bradykinin 0.4 /xg/min 6 0.5 1.27+0.28 1.60* +0.60
Bradykinin 0.4 /xg/mina 7 0.5 1.32+0.23 4.37**+0.32
62 1.32+0.15

Significant changes compared to preinfusion period *p < 0.05
**p < 0.01-0.001
* Animals with high lymph flow rates

24.4710.7 mmHg and there was no significant change in local vascular resis-
tance. Accordingly, the decrease of flow was largely due to the diminished
driving force. Hypotension is usually associated with an increased reflex
sympathoadrenal discharge and histamine might also cause a direct release of
catecholamines [9]. When histamine was infused simultaneously with cate-
cholamines into the dog brachial artery, oedema formation and increased
lymph flow were greatly reduced and lymphatic protein concentration did not
increase significantly. Phentolamine failed to prevent the antagonism of cate-
cholamines and histamine [10]. In the present study sympathetic «-receptor
blockade by phenoxybenzamine did not influence the action of histamine.
This is consistent with the assumption that catecholamines antagonize the
action of locally infused histamine independent of «-receptor activity [10].

Bradykinin infused into canine forelimbs perfused at constant inflow
with autologous blood from haemorrhaged animals failed to increase lymph
protein concentration or to produce visible signs of oedema formation [8].
This antagonistic effect was attributed to substance(s) in the blood liberated
by haemorrhage which antagonized the action of bradykinin on the micro-
vascular membrane. It was actually shown that some vasoactive agents, e.g.
catecholamines [14], vasopressin, serotonine, méthylprednisolone [12] possess
the unique ability to prevent the increase in protein efflux by bradykinin.
The lack of action of bradykinin observed in some animals similarly as in the
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Table VI

Effect of histamine and bradykinin on GOT activities in lymph and tissuefluid

v e
Control 7 0.05
S.D.
Histamine 2.5 [ig 6 0.05
S.D.
Bradykinin 0.4 fig 7 0.05
S.D.
Control 6 0.5
S.D.
Histamine 2.5 fig 7 0.5
S.D.
Histamine 10 fig 8 0.5
S.D.
Phenoxybenzamine + Histamine 10fig 8 0.5
S.D.
Bradykinin 0.4 fig 6 0.5
S.D.
Bradykinin 0.4 fig 7 0.5

S.Dt

—30—0

36
17
23
15
18
14
14

9
17
10
15

7
26
16
33
23
20
14

0—30

34
12
23
16
16

6
16
10
12

8
16

9
20
13
37
13
24
20

Lymph

30—60

minutes

36
13
28
15
16

7
15

9
13

9
16
10
27
18
34
19
24
18

* Significant difference (p < 0.05) compared to the preinfusion samples

60—90

38
11
29
15
16

13

11

21
14
27
19
32
30
23
17

90—120

46
16
29
13
18

15
12
16

8d
13
30
17
30
26
28
23
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19
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histamine infusion experiments might be due to some of the above substances
being liberated as a result of hypotension induced by infusion of the two
agents.

On the other hand, the observations support our previously expressed
opinion that subcutaneous tissue fluid consists at least of two compartments.
Under normal conditions the concentration of macromolecules, both of tissue
origin (LDH) and of those escaping from the microvasculature (plasma pro-
teins), is higher in tissue fluid than in lymph. A diffuse tissue injury induced
by ischaemia or burning leads to a massive release of cellular proteins includ-
ing intracellular enzymes. The best indicator of this process is the change of
LDH activity in tissue fluid and lymph [18]. After 4 h of limb ischaemia
LDH activity in the regional lymph increased, e.g. from 200+48 to 3900 +
+ 1870 mU/mI, at the same time tissue fluid activity increased from 400+40 to
36,300 + 11,500 mU/ml [18]. Thermal or ischaemic trauma leads also to vas-
cular injury. This is reflected by the increased protein concentration both
in tissue fluid and lymph and the disappearance of the difference in protein
concentration between the two fluids [17, 18]. In the present experiments
intra-arterially infused bradykinin and histamine failed to cause diffuse tissue
injury. Tissue fluid LDH activity, with the exception of a single experimental
group, did not change significantly. On the other hand, in all 4 experiments
where bradykinin and histamine failed to affect significantly lymph flow
there was a marked increase in lymphatic LDH. The greatest change was
observed in animals receiving 10 /tg/min histamine. LDH in the lymph in-
creased from 170 to 700 mU/m1 and in this group there was also a minor in-
crease in tissue fluid LDH: from 207 to 303 mU/ml. The release of LDH into
the lymph was markedly augmented also in animals where bradykinin produced
an increase in lymph flow rate, however, in these animals LDH in the lymph
was diluted by the fluid escaping from the circulation, its concentration
consequently becoming significantly lower than before bradykinin administra-
tion. At the same time LDH in the tissue fluid samples was not or only moder-
ately diluted. It is concluded that the vasoactive agents leaving the micro-
vessels induce a cell injury localized at the perivascular interstitial space.
The results suggest that only this perivascular interstitial fluid is drained
directly by the lymph vessels and that lymph represents essentially recent
microvascular filtrate. The second compartment of the interstitial fluid rinsing
the cells and the connective tissue fibres is parallelly coupled with the first
and seems to be in exchange with it. This conclusion is supported also by the
oppositely directed changes in tissue fluid and lymph protein concentrations.
On the other hand, the correlation between lymphatic and tissue fluid concen-
tration changes suggests a ready exchange between the two compartments.
The interstitial matrix seems, however, to offer a substantial resistance to
bulk flow and to macromolecular diffusion. This is reflected by the concentra-
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tion gradient of proteins of cellular origin which may be quite considerable if
their release is enhanced by tissue injury or by the action of vasoactive sub-
stances and by the lack of concentration equilibrium of extravascular plasma
proteins between tissue fluid and lymph.
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Epinephrine, dopamine and isoproterenol (10-3 M) stimulated glucose consump-
tion of Tetrahymena of the GL strain, while ephedrine was without effect. Epinephrine
(10-e M) increased glycogen content in the absence of exogenous glucose, the other
drugs not having such an effect. However, in the presence of glucose, glycogen content
was increased to the same extent after addition of the drugs with the exception of
epinephrine, the effect of which was less pronounced.

The protozoon Tetrahymena contains several hormones [1, 14, 16, 17]
and it responds to several other hormones as well which are present in higher
organisms only [2, 3]. Its glucose metabolism is influenced by epinephrine [7]
and insulin [6] both of which are present in this protozoon, the phagocytotic
ability is influenced by histamine and serotonin [8], the latter substance being
present in cell division is affected by thyroxine and its precursors [10], and
RNA synthesis is influenced by steroid hormones [11], by polypeptide hor-
mones of the hypophysis [12], and by various plant hormones as well [13].
The ability of the receptors to select seems to be very specific, although over-
lappings do occur. This organism can differentiate histamine and serotonin
from its derivatives when assessed by measuring phagocytosis index [9]
and thyroxin from its precursors as shown by determination of cell division [10].

The present experiments were designed to study the effect of epinephrine
and of other sympathomimetic drugs on the glucose metabolism of Tetra-
hymena, and to obtain information about the differentiating ability of the
receptors in this organism.

Materials and Methods

Two days-old-(exponential phase) Tetrahymena pyriformis cultures from the GL strain,
incubated in 1% trypton (Difco, Michigan) and I°/oe yeast extract at 28 °C, were used in the
experiments.

In order to starve the cultures they were kept in Losina physiological salt solution for
24 hours prior to the experiments.

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982



30 ZSUZSA DARVAS et al.

1. Detection of glucose metabolism

Tetrahymena cell suspensions were placed into glucose solution (final glucose concentra-
tion: 100 mg per 100 ml) diluted by Losina solution in the absence (control) or in the presence
of increasing concentrations (10~5—10-4—10-3 M) of sympathomimetic drugs (treated

roups).
‘ P )The drugs used were as follows: dopamine (Fhika, Switzerland); isoproterenol (Fluka,
Switzerland); epinephrine (Richter, Budapest) and ephedrine (Chinoin, Budapest).

Hormone and glucose were added simultaneusly for 10 minutes. The experiments were
carried out in groups consisting of 10 cultures and they were repeated four times. Thus 40
measurements were made in all experimental groups. Deproteinization was carried out by
perchloric acid after hormone, or glucose treatment and the glucose content of the supernatant
was determined spectrophotometrically by the Boehringer (Mannheim) GOD-Perid method.
Glucose consumption was calculated for one Tetrahymena.

2. Measurement of changes in glycogen content

The experiments were carried out similarly to that described above with the exception
that there were always cultures in the hormone-treated groups which were not treated with
glucose. In these cultures we studied the effect of the hormones (in Losina solution) on the
amount of PAS positive material. A further difference was that hormones and glucose were
not added at the same time in this series, but the 10-min glucose treatment followed hormone
treatment by 20 to 30 or 40 min. Tetrahymena were thereafter washed out from the solution,
they were fixed in Carnoy solution and the PAS reaction was carried out the intensity of which
as well as its amount in the cell was determined by a Zeiss Amplival cytophotometer at 434 nm
in the scanning mode. Thirty Tetrahymena were investigated in all experimental groups. The
results are expressed in cytophotometric (arbitoiry) units, which was standard in the whole
experimental series.

Statistical significance of the results was estimated by the Student’s t test in both
experimental series.

Results and Discussion

Significant effect on glucose consumption of Tetrahymena was achieved
by the drugs at a concentration of 10~3M (Fig. 1). Lower concentrations of the
drugs were also effective, but they were not statistically significant (the
effective concentration is very high as far as the mammals are concerned,
however, the mammalian doses are not valid for the Tetrahymena). After
epinephrine, dopamine and isoproterenol treatment Tetrahymena consumed
8 to 10 times more glucose than under control conditions, while ephedrine
caused only mild elevation of glucose uptake which did not prove to be statis-
tically significant. These results agree well with previous data obtained in
Planaria [4], where epinephrine and dopamine proved to be the most potent
and ephedrine the less active sympathomimetic agent. As far as the difference
between the action of epinephrine and ephedrine is concerned, they are similar
to the sequence observed in the human [15]. It may be assumed that the
epinephrine precursor dopamine is a “more important hormone” than epi-
nephrine itself on the low level of phylogenesis. This assumption has been
put forward in previous experiments [4].

Glucose consumption was significantly influenced by the highest drug
concentration only, while the lowest hormone concentration (10~6M) exerted
a statistically significant effect on the amount of PAS positive material. The
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Fig. 1. Glucose consumption of Tetrahymena in the presence of 10-3 M sympathomimetic
drugs

possibility exists that the sensitivity of the two methods differs considerably,
or also that the hormones in physiological concentration influence primarily
endogenous process rather than exogenous glucose uptake itself. This sugges-
tion is confirmed by the present finding that the glycogen contents of Tetra-
hymena incubated in the absence of exogenous glucose increased significantly
after epinephrine treatment for 20 min indicating endogenous glycogen syn-
thesis from endogenous glucose sources (Fig. 2).

p<

Fig. 2. The change of glycogen content of Tetrahymena after 20-min treatmentby sympathomi-
metic drugs in the presence and absence of exogenous glucose. (The mean value of PA'S positive
material is expressed for one animal)
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The fact that the effect of epinephrine in vertebrates is opposite is not
astonishing since in Tetrahymena the effects of epinephrine and insulin on
glucose metabolism are similar [9].

Remarkably enough during the 20-min treatment, only epinephrine
increased cellular glycogen content, while the other sympathomimetic anal-
ogues were ineffective. At the same time, these derivatives increased intracellular
glycogen content in the presence of exogenous glucose, although to a much
smaller extent than epinephrine, and there was no difference between the effects
of ephedrine and that of the other drugs.

p<

Fig. 3. The change of glycogen content of Tetrahymena after 30-min treatment by sampatho-
mimetic drugs in the presence or absence of exogenous glucose. (The mean value of the amount
of PAS positive material is expressed for one animal)

Fig. 4. The change of glycogen content of Tetrahymena after 40-min treatment by sympatho-
mimetic drugs in the presence or absence of exogenous glucose. (The mean value of the amount
of PAS positive material is expressed for one animal)

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982



CLUCOSE CONTENT, GLYCOGEN CONSUMPTION AND SYMPATHOMIMETIC DRUCS IN TETRAHYMENA 33

Since epinephrine is present in the Tetrahymena under normal condi-
tions [1, 16] it is possible that this hormone regulates glycogen accumulation.
This means that exogenous epinephrine does not act on the membrane receptors
of Tetrahymena but rather penetrates into the cell and increases intracellular
glycogen content in such a way. However, all other drugs are foreign materials
and they can not exert such an intracellular action, however, they stimulate
glucose consumption (uptake) by interaction with membrane receptors, which
leads to an increase of intracellular glycogen content (epinephrine was also
able to stimulate glucose uptake). This suggestion is confirmed by the present
finding that during long (30 to 40 min) treatment with epinephrine analogues
the glycogen content increased, while at the same time such a long lasting
treatment with epinephrine caused a decrease of glycogen accumulation
(Figs 3 and 4). It is possible that the analogues, as foreign substances, need
longer time for the stimulation of glycogen synthesis than epinephrine does.

In conclusion the present experiments demonstrate that epinephrine
stimulates both glucose consumption and glycogen accumulation in the Tetra-
hymena. Glucose uptake is stimulated only by high hormone concentrations,
while glycogen accumulation is increased by lower concentrations as well.

As far as glucose consumption is concerned Tetrahymena can not differ-
entiate between epinephrine, dopamine and isopreterenol, but the organism
is insensitive to ephedrine. However, there are large differences between the
effects of epinephrine and its analogues as far as the endogenous glucose-
glycogen transformation is concerned, this differences being much less pro-
nounced if exogenous glucose is also present.
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It is assumed that the normal formaldehyde equilibrium in the or'—wism is
governed by a biological control mechanism, which is thought to be closely connected
with 1l-arginine and indirectly with the arginase enzyme. Arginine reacts with
formaldehyde in a spontaneous equilibrium reaction yielding methylol derivatives,
thus mobilizing! formaldehyde. The methylol derivatives of arginine were found in
serum and urine; they seem to have an inhibitory effect on cell proliferation.

In biological systems, Ne-methylated lysine derivatives may be present
in free and bound forms [2, 12]. Methyl groups come partly from methionine
[1, 11]. In the presence of methionine adenosyl transferase (EC 2.5.1.6.) and
ATP, L-methionine is transformed into S-adenosyl-methionine which
contains a high energy methyl-sulphonium group. The latter compound is
able to methylate lysine in the presence of methyltransferases. At the same
time, S-adenosyl-methionine, after losing a methyl group, is transformed into
S-adenosyl-liomocysteine. Though methionine plays a fundamental role in
méthylation processes, it is formed by méthylation of homocysteine. The
methylating agent in this reaction is N5-methyl-tetrahydrofolate.

In biological systems a “pool” of Cx methyl groups has a basic signifi-
cance. Ne-methyl-lysine-oxidase catalyse the decomposition of NEmonomethyl-
L-lysine to L-lysine and formaldehyde. The resulting endogenous formaldehyde,
if it is in excess, may hypermethylate nucleinic acids and histonic proteins
beside the direct enzymatic transmethylation. Several concepts are known in
connection of biological méthylation and malignant cell proliferation [15, 4,
9]. Formation of endogenous formaldehyde, which can have a purely chemical,
enzymatically not supported, methylating effect, can take place from nitro-
samines as well. This reaction is catalysed by N-demethylase [16, 3]. Environ-
mental factors like viral infections also have an influence on the formation
of formaldehyde in vivo [5].

It seems that there exists some mechanism that controls the enzymatic
and chemical (via formaldehyde) méthylation processes so that these remain
within normal limits. Hyperméthylation can take place because of some defect
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in the controlling system. There seems to be a mechanism that prevents the
accumulation of endogenous formaldehyde. This mechanism works so that
the undesirable surplus of formaldehyde should react with some formaldehyde-
acceptor and is eliminated after having been changed structurally due to this
interaction. It is supposed that in this respect first arginine and then certain

nh2 nh2 nh-ch2oh N—CH20H

S = c=n-ch2oh c=n-ch2oh c=n-ch2oh

1
L L HCH®. Nl HCHO' NH
1 1
ICH2)3 (CH2)3 (CH2)3 {CH2>3
H-C-NH3 H-C-NHs H-C-NH3 H-C-NHs
1 J 1 J
CoO0* coo" coo” coo”
1 u 1 v

Fig. 1. Scheme of the hydroxyméthylation reaction between L-arginine and formaldehyde

mobile compounds, e.g. cysteine or glutathione containing thiol groups, and
the formaldehyde-reducing ascorbinic acid should be taken into consideration.
The guanidino groups of arginine react rapidly with formaldehyde. The rate of
this reaction is higher than that of any other reaction of formaldehyde taking
place in biological systems. The ability of arginine to bind formaldehyde makes
it possible to mobilize formaldehyde in the form connected to arginine. The
product of this interaction is the methylol derivative of arginine. The methylol
structure is a weak chemical bond, that is easily split by environmental
changes to arginine and formaldehyde [13].

The experimental section of the present paper deals with the hydroxy-
meéthylation reaction between arginine and formaldehyde. The arginine shows
great affinity towards formaldehyde. A general idea of how this spontaneous
reaction takes place is given in Fig. 1.

We believe that hydroxyméthylation takes place first on the imino
part of the guanidino group and then on the primary amino group. The ratio
of the products depends on pH; the less it is, the more the equilibrium shifts
to the left. The methylol structure was proven by NMR — spectroscopy.
The methylol derivatives of arginine were detected from both urine and
blood [14].

In our experiments the rate of reaction was studied under physiologic
conditions of pH and ionic strength, at different initial concentrations.

The rate constant and the order of the reaction were calculated.
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Materials and Methods

M aterials used:

— L-arginine, a.lt. (Reanal, Budapest)

— formaldehyde, 35% aqueous solution (Reanal, Budapest)

— Sephadex G-15 (Pharmacia, Uppsala)

— phosphate-buffer according to Sorensen pH 7.34; 1.82 g KH2P 04 diluted to 1000 ml
in 950 g Na2HP 04«2 H2 distilled water.

Formation of the methylol derivatives of arginine was studied using the differential
spectrophotometric method with a deuterium lamp as light source at a wave length of 220 nm.
This method was chosen because it allowed to study the course of the reaction while other
methods, which determine the amount of the residue, e.g. specific reagents for formaldehyde
or the guanidino group, give indirect results.

Results

First, a mixture of mono, di- and trimethylol arginine was prepared.
3.0 mM arginine was dissolved in 4.0 ml of a solution of 5% formaldehyde and
95% buffer and the mixture was kept in a closed vessel at 27 °C for 24 hours.

Then 3.0 ml of the mixture was applied to a Sephadex G-15 column
equilibrated with distilled water and was eluted with distilled water. 10 ml
fractions were collected and analysed spectrophotometrically. Spectrally
responsive fractions appeared from 70 ml on. The first compounds to come
down from the column were tri-, di- and monomethylol arginine, which have
molecular weights greater than that of arginine. It was known from preparatory
tests that arginine was to appear in the 12th while formaldehyde in the 17th
fraction. Thus fractions 7— 11 were combined and dried at room temperature
to yield a white crystalline mixture of mono-, di- and trimethylol arginine.

Data concerning reaction kinetics of the hydroxyméthylation of arginine

The reaction can be examined quantitatively by differential spectro-
photometry. Examinations were carried out under physiological conditions
(pH 7.38; room temperature). Reaction mixtures contained formaldehyde in
excess; the absolute concentration was 0.5%. As formaldehyde can not be
characterized spectrally in the UV range, the first step concerning kinetics
was to measure the relative extinction of a 1:1 mixture of 1.0 mmol/1 arginine
and 1-0% formaldehyde solutions against a reference arginine solution of
0.5 mmol/1 concentration and to examine the change of extinction during the
reaction.

The graphs in Fig. 2 suggest that absorbancy is proportional to concen-
tration at the wave length of 220 nm. As formaldehyde was in excess in the
system, the rate of the reaction can be modelled with first order kinetics.

To determine the rate constant, four reaction mixtures 4.0 ml each of
different initial concentrations were studied at room temperature. The initial
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Fig. 2. Spectral tracking of the formation of methylol-arginine. Conditions: room temperature,
pH 7.38; concentration of arginine = 0.5 mmol/l. Specord UV—VIS (Zeiss) type spectro-
photometer. 1. 4 min; 2. 8 min; 3. 12 min; 4. 16 min; 5. 20 min; 6. 24 min; 7. 60 min

concentrations of arginine and formaldehyde were 1.0—-166.7; 0.75— 166.7;
0.50— 166.7 and 0.25—166.7 mmol/1, respectively. The value of 166.7 mmol/1
corresponds to 0.5%. Concentrations of arginine in the reference samples were
equal to the initial concentrations of arginine in the four reaction mixtures.

Figure 3 shows the change of extinction during the reactions correspond-
ing to different initial arginine concentrations.

It can be seen from Fig. 3, that the higher the original concentration,
the more steeply the curves start. This means that the rate of reaction is
proportional to the concentration of arginine.

The rate constant of a first order reaction is given by the expression,

k = ! In {Aje " (1), where in our case
t (A)o- X ~
K = rate constant (min-1);
(A)0 = initial concentration of arginine, mmol/1;
X = concentration of arginine at “t” time, mmol/l;
t = time of the reaction, min.

The above formula can be transformed as follows. If EOrepresents the relative
extinction of the initial reaction mixture and Ec represents the relative
extinction when the reaction is complete then EO0—E ® is proportional to the
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initial concentration, i.e. (A)0O= b(E0O—Ek,). This is how much the relative
extinction changes before the hydroxyméthylation had reached equilibrium.
In the above equation b = constant. If, at a particular “t” time, the relative
extinction of the solution is E, then the concentration of arginine reacted so
far can be expressed as: X = b(EO0—E).

Substituting the above expressions into (1) we get

K= — In E°~ Em-; (2), where
t E —
K = rate constant (min-1);

EO0 = relative extinction at t = 0 (zero in our case);
E.,p = extinction(s) in equilibrium;

E = extinction(s) at “t” time;

t = time of reaction (min-1).

On the basis of equation (2), reaction rate constants corresponding to 0.25
and 0.50 mmol/l concentrations of arginine were determined graphically from
curves 1 and 2, of Fig. 3 (where equilibrium is represented byjhorizontally
ending curves).

Fig. 3. Time dependence of hydroxyméthylation of arginine at different initial concentrations.
Specord UV —VIS (Zeiss) spectrophotometer. Wavelength: 220 nm. Concentrations of arginine:
1. 0.25 mmol/1; 2. 0.50 mmol/1; 3. 0.75 mmol/1; 4. 1.00 mmol/1
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Fig. 4. Diagram used to determine the rate constant. Data derived from curves 1 and 2 of
Fig. 3

In EO — —values were calculated and plotted against time to yield
E —E,
straight line(s). The rate constant was determined from the slope of the line(s).

The fact of linearity is another evidence of the first order reaction (Fig. 4).

tg a of the above line(s) is: tga = — = 0.035; and the calculated rate constant:
K

K = 28.57 min-1.
Discussion

Our concept of the mechanism of the hydroxyméthylation of arginine
is supported by the fact that its aqueous solution is neutral. This is only possible
if the twin ion form of the molecular structure remains unchanged, i.e. there
is no free primary amine on the guanidino group; otherwise the solution would
be basic. The fact that the a-amino group remained intact was shown us by
the positivity of the ninhydrine test. Formaldehyde, mobilized in the form of
hydroxymethylated arginine which is present in both blood and urine, can have
access to cell components it could not attain spontaneously. In this respect
methylol-arginine can be regarded as a formaldehyde donor. The methylol-
derivative of arginine can thus bring formaldehyde into a biologically effective
state (biophase) that it otherwise could not reach, being hindered by various
barriers. Under given ionic strength and pH conditions, the methylol deriva-
tive is likely to bein equilibrium with the concentration of intact arginine and
free formaldehyde in the system. In our model, the endogenous or exogenous
accumulation of arginine in a biological system would result in a decrease of
the free endogenous formaldehyde concentration or in an increase of the
methylol-derivative of arginine. A decrease of arginine would cause the amount
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of free endogenous formaldehyde to increase or that of the methylol derivative
to decrease. In another interpretation this means that the increase of endog-
enous formaldehyde due to some exogenous reason will lead to a decrease of
the free arginine level and thus a shift in the arginine equilibrium. In this
respect arginine, an amino acid that eliminates formaldehyde, can be regarded
as a defensive agent. If the amount of arginine mobilized from the reserves

Table 1

Effect of different materials on the activity of arginase and methionine-adenosyl transferase

Inhibitors Activators Reference
Arginase E. C. 3.5.3.1. L-ornithine; Zn2+;
Hg2+; L-lysine;
Ag+; citrate Mn2+ > Co2+ > Fe2+ (7)
Methionine adenosyltransferase
E. C.25.1.6. K+;NH/; Rb+ Mg2+ > Mn2+ > Zn2+
> Co2+ > Ni2+ (8)

is insufficient to eliminate the undesirable surplus of formaldehyde, the
accumulation of endogenous formaldehyde will result in hyperméthylation.

Summarizing the above findings, the control of endogenous arginine can
ensure a biological equilibrium, the desirable level of endogenous formaldehyde.

As to over-, and hyperméthylation, we suppose that its control is limited
to the control of arginine, and indirectly to the control of arginase enzyme and
enzymatic transmethylation by methionine adenosyltransferase. Taking this
into consideration we may state that hyperméthylation will be avoided if the
two enzymes in question are inhibited.

Some of the known activators and inhibitors of arginase and methionine
adenosyltransferase are listed in Table 1.

In in vivo systems, inhibition of enzymatic méthylation is not advisable
because of the side effects of the inhibiting monovalent ions. As t» arginase,
excessive amounts of its activators cause the arginine equilibrium to shift
to lower arginine levels. If excessive amounts of Mn2+, Co2+, Fe2+ and Mg2+
ions reach the organism from foods and fluids, they may increase méthylation
to an undesirable extent. The effect can be counterbalanced by Zn2+, citrate
ions and lysine.

Thus if the ratios of the above ions and the two amino acids lysine and
arginine are unfavourably shifted, the equilibrium of the system will be upset
and hyperméthylation will take place. As the global amount of metal ions can
be decreased by complex forming substances, moderate dosage of certain
complex forming substances might help to restore the equilibrium of the
corresponding metal ions.
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Another possible conclusion is that an inhibition of arginase slows
down indirectly the operation of the ornithine decarboxylase shunt which
originates in the urea cycle. Polyamines are known to play a significant role in
the development of certain kinds of tumour [6]. Inhibition of arginase neight
result in a decrease of the amount of these polyamines.

Formaldehyde which is always present in blood and urine, was observed
to disappear in the final phase of cancer [10]. This is probably a consequence
but if it were a cause, then formaldehyde would have access to the organism
in the form of neutral methylol-arginine. Taking into consideration the fact
that arginine derivatives are complementary substances to the cell prolifera-
tion stimulating trimethyl-lysine, methylol-arginines may be regarded as
inhibitors of cell proliferation. It would be worthwhile to study the effect
of arginine and its different methylol derivatives on malignant cell prolifera-
tion in tissue cultures and animal experiments.
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DISTINCT EFFECT OF CONTRACTION AND ION
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LACTATE PRODUCTION IN UTERINE SMOOTH
MUSCLE
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The present studies were designed to monitor metabolic perturbations follow-
ing changes in contractile activity and ion transport in rat and rabbit myometrium by
simultaneous measurement of NADH fluorescence, lactate production and isometric
force. Stimulation (127 mM K+) and inhibition (Ca2+-deficient solution) of isometric
force development induced a decrease/increase of fluorescence intensity corresponding
to a more oxidized/reduced state of tissue pyridine nucleotides, respectively. If tension
development was abolished by EGTA, fluorescence changes due to altered ion transport
could be monitored. Slow progressive stimulation of the sodium pump by Ca2++-deficient
solution resulted in an ouabain (10-3 M) sensitive monophasic NADH oxidation,
which was reversed by inhibition of the pump by isotonic K+ solution. If, however,
stimulation of the pump was rapid and maximal (addition of 30 mM KC1 to Na+-
loaded tissues) the fluorescence response was triphasic and ouabain sensitive: it con-
sisted of an initial NAD reduction followed by a transient NADH oxidation and a
second slow NAD reduction. These fluorescence changes are interpreted in terms of
separate redox changes in the cytoplasm and mitochondria. The ouabain sensitive
stimulation or inhibition of Na/K transport was always accompanied by parallel
changes in uterine lactate production irrespective of the actual contractile state of the
myometrium. The present tresults show that 1 fluorescence technique can be applied
to monitor metabolic perturbations in the uterus evoked by changes in contracti-
lity or ion transport; and 2 aerobic glycolysis and Na/K transport are tightly coupled
in the myometrium.

lon transport and contractile activity are dependent on metabolic
energy derived from both oxidative and glycolytic ATP productions in the rat
myometrium [17, 24]. Previous observations suggested that there was a
difference between the sources providing ATP for ion transport and contrac-
tion in smooth muscle, but the data are controversial. Bueduvg et al. [2]
argued that glycolytically generated ATP is more readily available to the
contractile mechanism in the guinea pig taenia coli. In contrast, Gluck and
Paul [12] suggested that in porcine carotid artery aerobic glycolysis is coupled
to Na/K transport rather than to overall cellular energy demands. More
recently, Paul et al. [22] presented evidence that in the porcine coronary
artery oxygen consumption bears little relation to Na/K transport even though
it is strongly associated with increases in isometric force, and that aerobic
glycolysis and Na/K transport are tightly coupled in this tissue. Studying the
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effect of ionic environment on 0 2 uptake and lactate production in the rat
myometrium, Kroeger [17] found that the activation of the ion pump and
contractile mechanisms caused strictly parallel changes in the rate of oxidative
and glycolytic processes. Thus a distinction between various energy sources
providing ATP for ion transport and contraction in the myometrium remained
to he elucidated.

In vivo surface fluorometry proved to he a valuable tool for nondestruc-
tive kinetic readout of cytoplasmic and mitochondrial redox changes following
various metabolic perturbations in skeletal [6, 13, 16, 28] and cardiac muscles
[9, 25, 29], but there are no reports available on the application of this tech-
nique in smooth muscle.

The present experiments were carried out on the isolated rat and rabbit
uteri and metabolic perturbations following changes of ion transport and
contractions were monitored by tissue NADH fluorescence and simultaneously
by lactate production. Experimental conditions were chosen which allowed
to study metabolic consequences of ion transport independently of contractions.
The present study provided evidences that aerobic glycolysis and Na/K trans-
port are tightly coupled in the myometrium and that changes in fluorescence
are preferentially associated with contractile energy demands. Cellular redox
changes associated with ion transport can be detected only in the absence
of parallel changes in isometric force development.

Materials and Methods
Preparation of tissue

Twenty-day pregnant rats of the W istar strain (n = 35) and 25-day pregnant white
New Zealand rabbits (n = 7) were killed by a blow on the head, their uterine horns were
removed, cut longitudinally along the mesometrial border and the placentae and fetuses were
carefully removed. Longitudinal uterine strips (25 mm long and 15 mm wide) were excised
and incubated either in normal Krebs solution for 1 hour (fresh tissues) or in K+-free Krebs
solution at 4 °C for 18 to 24 hours (Na+-rich tissues) [24].

Isometric force recording

The tissues were mounted isometrically in a special water-jacketed and thermostated
(37+0.5 °C) muscle chamber which allowed parallel measurement of isometric force, NADH
fluorescence and lactate production (see below). The longitudinal uterine strips were fixed
on a U-shape plexy frame by 8 pins. The free upper edge ofthe muscle was connected to a force
transducer via a platinum hook and chain. The frame was fixed to the bottom of the chamber.
Spontaneous and evoked contractions were recorded by a Grass FT03C force displacement
transducer connected to an amplifier and an Estcrline Angus rectiliner. A resting axial tension
of 1.0 to 1.5 g was applied to all uterine strips.

Fluorometric measurements

Tissue NADH fluorescence measurements were made using a fluorometer basically
similar to that introduced by Chance et al. [7]. Excitation light was generated by a 100 W
air-cooled DC mercury arc lamp (OSRAM HBO 100 \Y) and the 366 nm ultraviolet excitation
wave length was filtered by a Corning glass filter (No. 5874). The excitation light was guided
on the muscle surface by means of one branch of a Schott trifurcated quartz light pipe, which
was placed into the muscle chamber through a hole in the w ” 1 mm from the muscle surface.
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The lamp current was electrically stabilized and optical feedback control was achieved by
a second quartz lightpipe and a vacuum photodiode (Hamamatsu, R 330). The stability of the
excitation light was better than 0.1% at 366 nm. The slow DC drift of the lamp was less than
0.2% per hour. Fluorescence (F) and reflected (R) light were guided by two further branches
of the light pipe to end-window photomultipliers (EM1 4524 B) through an interference (F)
(450 nm) and a second Corning glass filter (R) (366 nm), respectively. The DC outputs of the
phototubes were amplified and recorded by a two-channel Esterline Angus rectilincr. The
optical difference signal (F—R = corrected fluorescence (CF)) was produced from F and R
signals after filtration and amplification by an electronic differential circuit. The correction
factor ¢ was 1. Although theoretically this simple correction does not allow a total compensa-
tion of all “tissue density” and “movement” artifacts originating from the special disadvanta-
geous viscoelastic properties of the uterine smooth muscle, the CF signal represented metabolic
changes, since the fluorescence responses were either more prolonged and/or had a different
time course than the isometric force response.

Since this optical technique required total darkness, the muscle chamber was placed
into a well insulated black box (60x30x30 cm) provided by various connections in the wall,
which allowed gas supply, solution exchange, drug administration and bath sampling during
the experiments.

The fluorescence intensity obtained under basal incubation conditions was deliberately
chosen as the 100% level, and changes were expressed in per cents of this value.

Lactate production measurement

Tissue lactate release was measured in aliquots of total bathing solution (20 ml). Samples
(1.5 ml) were periodically withdrawn from the bath and immediately frozen (—22 °C) until
assayed for lactic acid by the enzymatic method described by HohorST [15]. The volume
withdrawn was immediately replaced. The dilution effect resulting from this procedure (about
7.8%) and the mixing of dead volume in the polyethylene sampling cannula (about 65 pi)
were corrected as described by Peterson and Paul [23]. The contribution of bacterial contam-
ination to lactate production was minimized by bacteriostasis. Bathing solution lactate
concentration was measured in total lactate production (i.e. lactate in tissue plus bath) since
this allowed serial measurements from a single muscle in various conditions, and changes of
lactate release qualitatively reflect changes in total lactate production [19, 23]. Preliminary
experiments repealed that following an induced change in the lactate production rate, the rate
of appearance of lactate externally was constant in less than 15 min under the given experi-
mental conditions. Lactate production rate was always characterized by steady state values
and expressed as /tmoles e gram wet weight-1 eminute-1. Control measurements indicated
that background lactate production from all sources was less than 3% of tissue rates.

Solutions

Composition of the normal physiological Krebs—Ringer bicarbonate buffer (KRB)
in millimoles per liter was as follows: NaCl 120, NaHC03 24, KC1 4.6, KH2P 04 1.18, MgS04
1.18, CaClj 2.5, D-glucosc 5.5, and insulin 10 mU/m]l. Isotonic (127 mM) KC1 solution (K+—
KRB) was prepared by replacing iSa' for K+ on equimolar basis. K+-deficient solution was
prepared by ommiting KC1 and replacing KH2P 04 for NaH 2P 04. Ca2+-deficient solution
was made by ommitting CaCl2and adding EGTA (0.5 mM) to the solution. All solutions were
equilibrated with a gas mixture of 95% 02-]-5% CO02o0r 95% N2+ 5% CO02to give a pH
of 7.4.

Chemicals

The following reagents were used in the experiments: EGTA (ethyleneglycol-bis)
/9-amino ethyl ether (-N,N'-tetraacetic acid) (Sigma Chemicals Co.), ouabain (Sigma Chemicals
Co.), lactic dehydrogenase, hydrazine buffer and nicotinamide adenine dinucleotide (NAD)
(all from Boehringer Mannheim).

Statistical analysis

The mean and standard error of the mean (xiSE) were calculated and the results were
expressed in these terms unless otherwise noted. The statistical difference between samples
was estimated by the paired and unpaired Student t test, and was regarded as significant if
p~ 0.05.
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Results

Incubation of rat uterine strips in Ca2+-deficient solution caused a pro-
gressive decline of the intensive spontaneous contractile activity which finally
disappeared within 10 min (Fig. 1). The cessation of isometric force develop-
ment was accompanied by a considerable increase of fluorescence intensity
(-]-14%) and lactate production rate (from 0.26 to 0.48 /nnol ¢ g-1 *min-1)
(Fig. 1). Replacement of Ca2+-deficient solution for isotonic K +-KRB resulted
in an immediate increase of isometric force accompanied by a rapid decrease
of fluorescence intensity (—11.5% max) and a significant suppression of lactate
production rate to 0.06 “mol mg-1 *min-1 (Fig. 2).

The redox changes of uterine pyridine nucleotides following alterations
of isometric force development agreed well with previous findings in skeletal
[16, 28] and cardiac muscles [8].The aerobic glycolytic rate was reported to be
linearly related to isometric force in vascular smooth muscle [21]. In this
study, however, lactate production rate increased when contractions were

R20%b

CF20%'

TOnin
Fig. 1. Effect of Ca2+-deficient Krebs solation on spontaneous isometric force development (T),
fluorescence (F), reflectance (R) and corrected fluorescence (GF) (see Methods) and rate of
lactate production in uterine strip isolated from a 20-day pregnant rat. The tissue was incubated
in normal Krebs solution for 1 h when the bathing solution was replaced by Ca2+-deficient
medium containing 0.5 mM EGTA (vertical line) F, R and GF increase are denoted by an
upward deflection of the respective traces in this and in all subsequent figures. The dashed
area atthe bottom represents steady state value of lactate production te under basal conditions
and in Ca2+-deficient solution
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Fig. 2. Record of isometric force (T), fluorescence (F), reflectance (R) corrected fluorescence

(CF) and steady state value of lactate production (see Fig. 1) in a rat uterine strip presoaked

in Ca2+-deficient solution for 30 min and stimulated by isotonic K+-Krebs solution at the time

marked by the vertical line. Time course of the fluorescence change is very fast after the small
stimulus artifact due to exchange of the bathing solution

abolished in Ca2+-deficient solution and it decreased when isometric force
was increased by K+-KRB. These findings suggest that the two ionic condi-
tions used to inhibit and activate uterine contraction might induce changes
(of opposite direction) in other energy-requiring cellular process(es) which
masked or even reversed the effect of isometric force on aerobic glycolytic
rate.

Ca2+-deficient solution was reported to cause membrane depolarization
in the rat myometrium due to the increase in membrane ion permeability
primarily for Na+ ions [3, 20]. These permeability changes might have acti-
vated the coupled Na/K transport in the present experiments. This assumption
was confirmed by the finding that the presence of ouabain (10-3 M), a well-
known inhibitor of the sodium pump, prevented the stimulation of lactate
production by Ca2+-deficient solution (Table 1). On the other hand, isotonic
K+ solution was demonstrated to inhibit Na/K pump activity in the rat
uterus [17] and the significant reduction of lactate production rate may have
been its consequence (see Discussion).

To clarify the relations between lactate production and Na/K transport
on the one hand, and between NADH fluorescence and the sodium pump on
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Table |

Steady slate values ofisometricforce (T ), correctedfluorescence changes (ACF) and lactate production
rate (LPR) in thefresh and Na+-loaded rat myometrium under various ionic conditions and auring
anaerobiosis+

Fresh
lonic conditions
ICF B
K+ Ca*+ T(g) (per cent)+ + LPRAmol «g"1emin"1)

(m M)
1 5.8 2.5 3.2¢0.2% 0 0.372+0.028
2. 5.8 0 nil. + 15.6+2.18§ 0.469£0.0328
3 5.8 0 nil. + 14.5¢2.8§8 0.328£0.022

-(-ouabain

4 1217 2.5 4.9+0.38 S16.24+1.88 0.060£0.0388%§

02 0.6 0.288§ + 31.8+2.58§ 1.240+0.0658

Na+ Loaded
K+ Car+ icF
T(g) (per cent) LPR («¢mol *g-1+min”

(m M)
1 0 0 0.4+0.2 0 0.266+0.010
2. 30 0 nil triphasic** 0.640£0.052 8§
3 30 0 nil 0 0.295+0.023

ouabain
4 127 2.5 4.340.388 — 14.8+2 188 0.055£0.024"

n o2 nil + 30.5+2.28 1.27740.072°8

+Mean”"SE of data from experiments of 12 fresh and 12 Na+-loaded rat uterine strips.
W ith the exception of ouabain treatment (which was studied in separate experiments) the various
experimental conditions were used successively in each uterine strip at approximately 30 min
intervals

++ Corrected fluorescence intensity during basal incubation conditions (first row in each
part of the Table) was chosen as the 100% level and changes were expressed as differences from
it in per cents. An increase/decrease of CF intensity is noted by a plus/minus sign, respectively

*Mean amplitude of the spontaneous isometric tension development

**The characteristic triphasic fluorescence response is demonstrated in Figure 4

Statistical differences between basal (first row) and all other experimental conditions:

§ p< 0.05; 8 p< 0.001

the other hand, the metabolism of the myometrium was studied under condi-
tions which allowed to alter the ion transport independently of contractile
activity.

Ca2+-deficient solution did not alter isometric force development in the
25-day pregnant rabbit myometrium, since in this muscle spontaneous contrac-
tions are lacking due to the suppressive action of the progesterone block [9].

The removal of external Ca2+ induced an increase in lactate production rate
in this tissue as well (from 0.31 to 0.49 pmol mg-1 *min-1), but caused a de-
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crease of fluorescence intensity (—14.5%) (Fig. 3). If the sodium pump was then
inhibited by K+-KRB, which did not increase the isometric force due to the
absence of external Ca2+ and the presence of EGTA, metabolic changes were
of opposite direction: fluorescence intensity increased and lactate production
dropped to a low level (Fig. 3).

Further experimental confirmation of the relationship between ion
transport and metabolism was achieved by studying the effect of various ionic
conditions in Na+-loaded tissues. The addition of 30 mM KC1 to the K+- and
Ca2+-free Krebs sulotion (in which Na+-rich rat uterine strips were incubated
at 37 °C for 1 hour, produced a significant increase in lactate production rate
(from 0.24 to 0.69 /imol «g-1 *min-1), a transient relaxation and a triphasic
fluorescence response consisting of an initial NAD reduction followed by a
transient NADH oxidation and a second slow NAD reduction (Fig. 4). These
changes were most probably due to the stimulation of Na/K transport since
rouabain (10-3 M) prevented them (Table 1I).

The existence of the Pasteur effect in this tissue was demonstrated by
endcring the muscle hypoxic by equilibrating the bath with a gas mixture of

Fig. 3. Record of isometric tension (T), fluorescence (F), reflectance (R), corrected fluorescence
(CF) and lactate production (see Fig. 1) in a 25-day pregnant rabbit uterine strip during a se-
quence of various ionic conditions. Due to the effective progesterone block, spontaneous
contractile activity is lacking. The progressive decrease of fluorescence intensity in Ca2+-
deficient solution (first vertical line), corresponding to a more oxidized state of pyridine nucleo-
tides, was rapidly reversed on replacing the bathing solution for isotonic K+-Krebs solution
containing no Ca2+ and 0.5 mM EGTA (second vertical line). The significant stimulation of
lactate production was inhibited by K+-Krebs solution. Note that all these metabolic changes
developed in the absence of isometric force development
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Fig. 4. Record of isometric force (T), fluorescence (F), reflectance (R), corrected fluorescence
(CF) and steady state value of lactate production rate (see legend to Fig. 1) in a Na+-loaded
rat uterine strip incubated in K +-free Krebs solution at 4 °C for 22 h and subsequently in
K +-free and Ca2+-deficient Krebs solution at 37 °C for 1 h. Anaerobiosis (Na-hypoxia for 10
min) increased fluorescence intensity and significantly stimulated the lactate production rate
(4.6-fold increase). Stimulation of the Na/K pump by the addition of 30 mM KC1 to the solution
(vertical line) caused a transient slight relaxation of the muscle, induced a triphasic fluorescence
response and an increase of lactate production rate

95% N2+ 5% CO02for 10 min, which resulted in an aerobic-anaerobic transi-
tion of fluorescence and a significant 4.6-fold increase in lactate production
(Fig. 4).

Table I summarizes the mean steady state values of isometric force,
corrected fluorescence and lactate production rate in various experimental
conditions in the fresh and Na+-loaded rat myometrium. Basal isometric
force development and lactate production rate were significantly higher
(p < 0.01) in the fresh than in the Na+-rich uteri. Ca2+-deficient solution
induced a significant increase of lactate production in the fresh myometrium.
This effect nras totally prevented by the presence of ouabain (10-3 M), while
the increase in fluorescence following cessation of spontaneous contractions
was not influenced by ouabain. The addition of 30 mM KC1 induced a complex
fluorescence response (see Fig. 4) and a significantly increased lactate produc-
tion rate inNa+-rich tissues, both of which proved to be ouabain-sensitive.
Equimolar replacement of N a+ for K+ in the Krebs solution evoked an increase
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in isometric force and a significant decrease fluorescence intensity and lactate
production rate below unstimulated levels in both tissues. N2-hypoxia caused
a significant increase of lactate production in the fresh (3.3-fold) and Na+-
rich tissues (4.8-fold), with a parallel aerobic—anaerobic fluorescence transition
of 131.8 and +30.5%, respectively.

Discussion

The present results showed that: 1) pyridine nucleotide fluorescence
reflects changes in the cellular redox state associated with altered contractile
activity in the myometrium, similar to those observed in skeletal and cardiac
muscle; 2) metabolic perturbations following changes of ion transport induce
specific complex NADH fluorescence responses only in the absence of parallel
changes in isometric force; and 3) stimulation and inhibition of Na/K transport
is always accompanied by parallel changes in uterine lactate production irre-
spective of the direction and extent of changes in contractile activity.

Pyridine nucleotide fluorescence

It is generally accepted that when a tissue is exposed to UY light of
366 nm, the fluorescence emission around 450 nm provides an index of the
oxidation—reduction state of the nicotinamide-adenine dinucleotides. NADH
is fluorescent and NAD+ is not, so that a decrease of the fluorescent light
intensity corresponds to a more oxidized state of the coenzyme, while an
increase corresponds to a more reduced state. Fluorescence techniques have
been applied to the measurement of the redox state of pyridine nucleotides
in a number of intact tissue preparations. In spite of the fact that skeletal
muscle was among the first tissues in which this method was successfully
applied [6] and intensive fluorometric studies helped to elucidate the energy
metabolism of the heart muscle [9, 25, 29], there are no reports on the applica-
tion of the method on smooth muscle. The present results demonstrate that
in spite of the disadvantageous viscoelastic properties and relative low mito-
chondrial yield [11] of the uterus, the technique allowed to monitor reproduc-
ible and consistent NADH fluorescence changes during a series of metabolic
transitions imposed successively on the myometrium.

Contractile activity is the main energy-consuming physiological event
in smooth muscle [21]. Metabolic perturbations following activation and in-
hibition of isometric force development of the myometrium induced marked
changes in the myometrium of the rat and rabbit. Sustained force develop-
ment by high K+ was accompanied by a rapid change of the pyridine nucleo-
tides toward a more oxidized state (Fig. 2) which is reminiscent of the changes
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produced by twitches in excised skeletal [6, 16] and heart muscles [8]. In
analogy with studies on respiratory control in isolated mitochondria [5],
the conclusion can be reached that these changes were due to stimulation of
mitochondrial respiration by ADP and phosphate released during the muscle
contraction (State 4 to 3 transition). This suggestion was confirmed by the
finding that inhibition of spontaneous contractions by Ca2+-deficient solution
induced opposite changes in fluorescence intensity (i.e. NAD reduction) (State
3 to 4 transition) (Fig. 1).

Our findings concerning the changes of fluorescence intensity by ionic
conditions which alter the coupled Na/K transport, were more complex.
If ionic conditions were able to alter ion transport and isometric force simul-
taneously, NADH fluorescence changes reflected only alterations in contractile
activity (see above). If, however, experimental conditions were chosen which
allowed to induce changes in Na/K transport independent or in the absence of
contractions, NADH fluorescence responses due to altered Na/K pump activ-
ity could be monitored. When the stimulation of ion transport developed
slowly (as in the case of the 25-day pregnant rabbit uterus soaked in Ca2+-
deficient solution; Fig. 3), the fluorescence intensity decreased progressively,
most probably due to the stimulation of mitochondrial respiration by ADP
and phosphate released during activation of the transport ATPase (State 4
to 3 transition). This assumption was supported by the rapid reversal of fluo-
rescence changes when the pump activity was inhibited by isotonic K.+ solu-
tion. These fluorometric observations correspond to the previous demonstra-
tion of increase/decrease of uterine 0 2 uptake by stimulation/inhibition of
the coupled Na/K transport in the rat myometrium [17].

If, however, stimulation of the sodium pump by 30 mM K+ in the
N a+-loaded tissue was rapid and maximal [1,4,17], the accompanying fluores-
cence response was triphasic (Fig. 4). These complex changes of the fluorescence
are interpreted in terms of separate responses of the pyridine nucleotides in the
cytoplasmic and mitochondrial spaces, with the initial increase of fluorescence
corresponding to an increase of cytoplasmic NADH and the subsequent fluo-
rescence decrease being due to an oxidation of the mitochondrial component.
The third phase may be attributed to interaction(s) between the two spaces
either by the operation of a shuttle mechanism via the malate-aspartate cycle
[30] (the existence of which has not yet been proved in the myometrium),
or due to the stimulation of the mitochondrial tricarboxylic cycle producing
NADH at a slower rate [13].

The previous [17] and the present findings showing that the stimulation
of Na/K transport is always accompanied by an increased lactate production
rate in the myometrium (see below) indicate that the flux through the glycolytic
pathway is greatly enhanced under these conditions. These results support
the rapid accumulation of cytoplasmic reduced pyridine nucleotides by glycer-
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aldehyde-3-P-dehydrogenase, similarly as that observed in the heart muscle
after epipnephrine-induced stimulation of glycogenolysis [29] or after Ca2+
activation of the metabolism [25]. The absence of the initial increase of fluores-
cence in the rabbit myometrium may be explained by the lack of an initial
very rapid and maximal flux through the glycolytic pathway which results
in a less of an imbalance between the rate of cytoplasmic NADH production
and its removal (i.e. reoxidation by cytoplasmic enzymes or by a shuttle
mechanism). The fact that these fluorometric changes were ouabain-sensitive
indicate that they were really evoked by changes of the Na/K transport mech-
anisms. This effect of ouabain proved to be specific, since fluorescence
changes due to altered contractile activity were not sensitive to ouabain
(Table 1).

Further experimental confirmation of the distinction between redox
changes in the cytoplasmic and mitochondrial spaces can be expected from

future studies using specific metabolic inhibitors and various exogenous sub-
strates other than glucose.

Lactate production

Aerobic glycolysis and consequent lactate production under normoxic
conditions have been reported in vascular [22, 23], intestinal [4, 26] and uterine
smooth muscle [17]. The present results obtained in the rat and rabbit myo-
metrium support these earlier observations. The cause of aerobic glycolysis
is unclear. Tissue hypoxia, insufficient capacity to oxidative phosphorylation
and high levels of glucose in experiments in vitro were all ruled out as possible
explanations of its occurrence in vascular smooth muscle [21] and they can
be ruled out on the same basis for the myometrium as well. The concept that
aerobic glycolysis indicates a defect in the Pasteur effect [18] can also be ruled
out since anaerobiosis was accompanied by a significant severalfold increase
of lactate production (see Table 1). The possibility that aerobic glycolysis
exists due to its firm coupling to ion transport [22], which is of superior impor-
tance in the smooth muscle, was supported by the present data on uterine
smooth muscle.

The rate of aerobic lactate transport was reported to be related to iso-
metric force in vascular smooth muscle [12, 14, 23]. These findings were
confirmed for the uterus as well, since the spontaneously active rat myo-
metrium produced significantly more lactate (0.3727°0.028 pmo\ *g-1 * min-1)
than the inactive 25-day pregnant rabbit uterus (0.27870.022 /miol «g-1 »
emin-1, p < 0.05), under the same incubation conditions.

Exceptions to the concept that aerobic lactate production is dependent
on isometric force development were presented in the porcine carotid [12]
and coronary artery [22], and in the rat myometrium earlier by K roeger [171

Acta Pkysiologica Academiae Scientiarum Ilungaricae 59, 1982



56 G. RUBANYI et al.

and now in the present study (Fig. 2 and Table I). In these cases lactate pro-
duction did not increase with enhanced isometric force (stimulated by isotonic
K + solution) but rather remained unchanged or even decreased below the
unstimulated level. This differential effect of high K+ on lactate production
may be explained by the suggestion that aerobic glycolysis is coupled to an
energy-requiring process which is inhibited by isotonic K +-Krebs solution.
This cellular mechanism may be the coupled Na/K transport which was
reported to be inhibited by the total replacement of Na+ for K+ in arteries [22],
in the intestine [4] and in the myometrium [17].

An alternative explanation suggests a direct inhibition of aerobic glycol-
ysis by high K+.Glycolytic enzymes could be inhibited by intracellular changes
induced by isotonic K+ medium. There is, however, no direct evidence to
support this mechanism.

The findings for Na +-rich tissues helped to elucidate the relation be-
tween lactate production and Na/K transport in the myometrium. In the
absence of external K+, the sodium potassium pump is inhibited [4, 24]
and this led to a significantly lower lactate production rate (Table I). As
observed by Kroeger [17] and Casteels and Wuytack [4], this low rate
was significantly stimulated by the addition of 30 mM K+ to the K +-free
solution, which was shown to stimulate maximally Na/K transport in the Na+-
loaded tissues [1]. Since ouabain abolished this effect (Table 1), the stimulation
of lactate production by 30 mM K+ was certainly due to the activation of
Na/K transport under the present experimental conditions as well. These
findings strongly suggest that like in the vascular smooth muscle [22], aerobic
glycolysis and Na/K transport are tightly coupled in the rat myometrium.

Rat and rabbit uteri produced more lactate in Ca2+-deficient solution
than in the presence of external Ca2+ (Figs 1 and 3; Table I). Similar observa-
tions were made by Kroeger in the rat myometrium [17], but Casteels and
W uytack [4] found no difference in anaerobic lactate production by the
guinea pig taenia coli incubated in the presence or absence of external Ca2+.
The difference may be explained by the anaerobic conditions used in the
latter study or may be attributed to tissue differences. Another explanation
can be related to the fact that removal of external Ca2+ may induce several
cellular processes, which influence tissue metabolism in different directions.
The lack of external Ca2+ increases membrane ion permability in the myo-
metrium [3, 20], which may stimulate the sodium pump. On the other hand,
the energy-requiring Ca pump is inhibited under these ionic conditions [17].
The third mechanism is related to the fact that the presence of Ca2+ is needed
to the activation of glycogenolysis by the phosphorylase system [10].

The observed significant increase of lactate production in Ca2+-deficient
solution indicates that in spite of the opposite effects of the two mechanisms,
stimulation of Na/K transport determined the rate of aerobic glycolysis. The

Acta Physiologica Academiae Scienliarum Hungaricae 59, 1982



OXIDATIVE AND GLYCOLYTIC METABOLISM IN THE UTERUS 57

assumption that Na/K transport was accelerated in Ca2+-deficient solution
was supported by the finding that ouabain abolished the lactate production
stimulating effect of the Ca2+-deficient solution (Table I).

Although the exact nature of the relationship between aerobic glycolysis
and Na/K transport is not known, coupling of the two events via membrane-
bound glycolytic enzymes would appear to be a plausible model [22, 27].

Finally, the present results indicate that the tight coupling between ion
transport and aerobic glycolysis may be a property of smooth muscles in
general, and also that smooth muscle can be a good experimental model for
a further elucidation of intracellular compartmentalization of energy produc-
ing metabolic processes and for the distinction between the sources providing
ATP for various energy-requiring cellular mechanisms.
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Seasonal function of the gonads, thyroid gland, adrenal cortex have been investi-
gated in male and female rooks, collected in their natural biotop during the character-
istic periods of their life cycle. In males, plasma testosterone concentration was found
to increase faster than testicular weight at the beginning of couple formation. The
thyroxine level increased simultaneously with testosterone concentration. The plasma
corticosterone content increased with a phase delay, about one month later. At the end
of the reproductive period, testicular weight decreased considerably with a delay of
a half month. Before and during prenuptial moult, high triiodothyronine, thyroxine
and corticosterone levels were detected. During the resting period in autum and winter
the plasma sexual steroid, thyroxine and glycocorticoid concentrations were low. In
females, white and small yellow follicles were in an increasing during the nesting-nest-
reparing period. During this period the progesterone, an in a smaller degree oestrone
and testosterone levels increased. Simultaneously, thyroxine and corticosterone levels
increased considerably. During mating, the ovaries were characterized by large yellow
follicles. Plasma progesterone and testosterone concentrations decreased, while that of
the oestrogens failed to change. The plasma thyroxine and corticosterone contents
decreased markedly while the triiodothyronine level increased in a smaller degree.
During egg-laying (periovulation phase), the increase in progesterone and oestrone
levels was accompanied by an increase in the thyroxine and corticosterone levels.
During hatching, the plasma concentration of all the sexual steroids, thyroid hormones
and corticosterone showed a decrease. The ovaries regressed rapidly during period
before and during postnuptial moult, the quantity of sexual steroids decreased further,
while the thyroxine and corticosterone contents increased considerably. In males, the
thyreo-adrenocortical synergism, while in females, the progesterone — corticosterone
and the thyroxine-corticosterone synergisms appear to play a fundamental role in the
regulation of the hormone levels characteristic of the different phases of the seasonal
cycle.

There is little information on the seasonal endocrine cycle of birds.
Most of them were performed in domesticated or captive birds. Seasonal
variations of sexual steroids have been investigated in the drake [1, 4, 7, 9, 10],
the domestic hen [8, 31], in male domestic pigeon [11], in male ring dove
[6, 15] and in the canary [17]. Among male birds held in captivity, the gonadal
cycle of the sparrow [5], the teal [13, 16], the starling [33] and the Agelaius
[14] has been described. On the other hand, there are few eco-physiological
data on the seasonal cycle of gonads of non-domesticated populations. Seasonal
variations of the sexual steroid concentration in the blood plasma has been
investigated by Wingfield and Farner in Zonotrichia [35] and by Péczely
and Pethes [22] in the collared dove.
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The seasonal cycle of thyroid function and glycocorticoid production
is known only in few species. Seasonal changes of the thyroxine level and its
connection to testicular function were investigated in the domestic duck [2,
3, 12] and the teal [13].

Seasonal cycle of thyroxine and triiodothyronine has been described
in the sparrow and Zonotrichia [32] as well as in the collared dove [25].

Seasonal variations in adrenocortical function have been investigated
in the drake [2], in male and female Passeriformes [18], in Zonotrichia [34]
and in the collared dove [25].

In the present work, the function of gonads, thyroids and adrenal
cortex of the rook has been analysed in free-living populations. Comparing the
seasonal changes ensuing in the plasma hormone concentration, conclusions
have been drawn concerning the possible role of hormonal interactions in the
regulation of the seasonal functions.

Materials and Methods

In the period 1978 —1980, 130 mature and young male and female rooks were collected
in their natural biotop in County Pest. The point of time of collection was chosen according
to the life cycle of the animals. Accordingly, sexually inactive birds were collected between
the middle of October and the middle of March and sexually active rooks between the end
of March and the end of April while others were shot after hatching, as well as before and after
moult (end of May, July).

The birds were shot between 10 and 13 o’clock. Blood was taken from the shot birds
and was stored in cooled (6—8 °€) heparizined centrifuge tubes for 2—4 hours. Wounded
birds were not used. The blood was then centrifuged at 3000 rpm, and until analysis, the plasma
was stored in polyethylene tubes at —20 °C.

The state of the gonads was controlled by dissection. The weight of the gonads, thyroids
and adrenals was determined with an accuracy of 0.2 mg.

Among the sexual steroids, the fraction of progesterone (PROG), testosterone (TEST),
oestrone (Ej) and 17 /j-ocstradiol (E 2) was determined from the diethylether extraction of the
plasma, applying Sephadex LH-20 column chromatography [28]. The hormones were deter-
mined by the use of the RIA methods described previously [24].

The plasma thyroxine (T4) and triiodothyronine (T3) contents were determined with
direct RIA methods applied without extraction and separation [26, 27].

The plasma corticosterone content was determined from the dichlormethane extract
applying direct RIA method without previous separation.

Intra- and interassay accuracies of the radioimmunological methods applied have been
found to be appropriate (2—10% expressed in variation coefficients). For evaluation, varia-
tion analysis was applied.

Results
I. Seasonal cycle of gonadal function
a) Female birds

Weight of ovaries and the plasma sexual steroid concentration were
found to be the same in young and sexually inactive birds. In adult rooks
collected in the autumn—winter period, the plasma oestrogene concentration
proved to be higher.
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At the beginning of the reproductive period, couples had formed: within
the population this resulted in a loosening of the groups. Courting and agressive
behaviour appeared. The groups retired to the nesting area the couples began
to repare the nests and to build new ones. During this period, the weight of the
ovaries was found to be quadrupled: the white follicles were enlarged and small
yellow follicles were also formed. The plasma PROG level was tripled, and the
Ej and E 2levels also increased to a smaller degree.

Table 1

Seasonal cycle of ovarian function

i iovu- Feedin Postnup-
Youg imcive folide”  follde iaton  Hatching of young tial
birds moulting

PROG a b C d

X 695 699 2300 1502 2293 943 970 77
+SD 275 359 880 548 633 428 324 280

n 6 21 8 8 10 11 6 5

TEST e f

X 343 462 757 284 390 264 293 472
+SD 195 209 293 110 238 141 124 136

n 6 21 8 8 10 11 6 5

Ex B h d i

X 198 286 513 480 727 398 340 186
+SD 59 99 250 168 279 114 120 36

n 6 21 8 8 10 11 6 5

Ej

X 206 312 294 292 151 106 170 368
+SD 112 110 128 104 79 33 81 181

n 6 21 8 8 10 11 6 5
Ovarian weight a i K i

X 47 53 237 2860 3774 494 430 292
+SD 18 16 126 517 1359 270 180 85

n 6 21 8 8 10 11 6 5

Abbreviations: PROG — progesterone, TEST — testosterone, Ej — oestrone, E2 — 17/3 —
oestradiol
All sexual steroid values are given in pg/ml
0.001 v.s. sexually inactive
0.05 v.s. increasing follicle
0.05 v.s. large follicle
0.01 v.s. periovulation
0.05 v.s. sexually inactive
v.s. increasing follicle
0.02 v.s. sexually inactive
0.05 v.s. large follicle
0.05 v.s. feeding of young birds
0.001 v.s. increasing follicle
0.001 v.s. periovulation
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Just before hatching, nuptial flight in pairs was observed and adherence
of the couples to the nest was more expressed. Where mating took place,
large yellow follicles dominated in the ovaries: their weight was ten times that
measured in the previous period. The plasma PROG and TEST levels de-
creased, but Exand E 2 levels failed to show any change. Thus the relative
concentration of oestrogens increased as compared to that of PROG.

During egg-laying, the females stayed in the nest throughout the day:
they left it to collect food only for short periods in the morning and afternoon.
Ovarian weight increased further, the tertian yellow follicles with stalk were
characteristic. Eggs were frequently found in the wholly developed oviduct.
In this periovulating phase, the increase of plasma PROG and Ej concentra-
tions was characteristic while E2 level decreased.

During hatching, the females left the nest only for short periods. The
hatching female could frequently be seen to be fed by the male. At the begin-
ning of this period, the characteristic hatching spot developed within one-two
days. The weight of the ovaries decreased to one eight: they were characterized
by calices and degenerating secondary follicles in the white follicles showed
no change in number and size. The plasma concentration of the sexual steroids
decreased during hatching: the decrease reached the highest degree in the case
of PROG and Ej.

In the first two—three weeks after hatching, the young birds remained
in the nest and were fed by both parents. In this period, the hatching spot
started to regress, then it disappeared. Ovarian weight did not show any
significant change, though calices could not be observed any more. The con-
centration of sexual steroids did not differ from that detected in the hatching
birds. After taking flight, the groups spent the days in larger grasslands and
returned to the nests only for the night. At this time, about a month after
the hatching, postnuptial moult started. This period was characterized by
a further decrease of ovarian weight: the yellow follicles disappeared complete-
ly and the number and size of the white follicles decreased. The plasma con-
centration of PROG and especially that of Ex decreased, while the TEST
and E 2levels increased. This was the only period, when the oestrogen sprectum
was characterized by the domination of E2 (Table 1).

b) Male birds

The weight of the testicles of young male birds collected in the autumn-
winter period was about half of those of adult male rooks collected in the same
period. Differences could also he observed in their spectrum ofsexual steroids. In
young birds, the Ex+ E 2value was higher than that of TEST. In contrast, the
total concentration of oestrogens was the same as the TEST level in adult,
sexually inactive birds. The PROG level was somewhat higher in young rooks. As
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regards the sexually inactive male and female birds, all the steroids investi-
gated occurred in identical concentration in their plasma and there was no
difference between the two sexes.

At the beginning of the reproductive cycle, aggressive behaviour of the
males could he observed in the course of mate selection. During this early
period, the weight of the testis increased therefold but the vas deferens showed
only little change in thickness. A rapid increase of the plasma TEST concentra-
tion was characteristic: it was four times higher than in inactive, winter
animals.

Table 11

Seasonal cycle oftesticularfunction

Iovomg SR cowmng  wang AR P

PROG

X 940 744 840 1061 790 677
+SD 374 349 230 363 174 81

n 6 24 6 6 5 8

TEST a b c d

X 440 535 2010 4484 1318 699
+SD 230 242 331 2066 415 271

n 6 24 6 6 5 8

Ex

X 132 239 230 202 243 214
+SD 74 132 143 119 102 95

n 6 24 6 6 5 8

Es e c d

X 430 258 114 32 178 288
+SD 256 187 36 23 87 98

n 6 24 6 6 5 8
Testis weight

(™g) f % h i

X 20 43 47 3038 2610 165
+SD 6 15 68 1367 875 82

n 6 24 6 6 5 8

Abbreviations as in Table |

All the sexual steroid values given in pg/ml
0.001 v.s. sexually inactive
0.05 v.s. courting

0.01 v.s. mating

0.05 v.s. after batching
0.01 v.s. courting

0.01 v.s.young

0.02 v.s. sexually inactive
0.001 v.s. courting

0.001 v.s. after hatching

SQ w0 Q0 T
L 1 1 A VO 1
heR-R-E-R-E-R-E R}
ANNNNANANNANNANANNA
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In the days of the nuptial flight and mating, the weight of the testes
increased eighty times, to that measured in the resting period while the plasma
TEST concentration to double previous level. This means that the phase of
rapid increase in the TEST level preceded the increase in testicular weight
accompanying the gametogenesis. A decrease of the oestrogen level mainly
of E2 was characteristic of the mating period.

During hatching, the females were fed by the males, and the males went
to collect food together with the sexually immature rooks hatched in the
previous year. After hatching, the males took part in the feeding of the young
birds. In this period, the females hatched in the previous year and now becom-
ing sexually mature, took up with older males. These male birds had presum-
ably no mate. During the hatching period and especially atits end, the plasma
TEST concentration decreased, markedly though the weight of the testicles
showed little change. In some birds the testes regressed only in a small degree,
but the TEST level did not differ from that of inactive birds.

After hatching, the colonies including the young birds went together
to collect food. Behavioural patterns characteristic of the reproductive cycle
were now followed by social behaviour patterns (indication of food or enemy,
alarm, collective movement, collective spending of night, etc.). The weight of
the testicles decreased considerably, and the sexual steroid spectrum was
characteristic of inactive birds. Moult of the males took place in this period
(Table I1).

Il. Seasonal cycle of thyroid function

a) Female birds

Thyroid weight as well as T3 and T4 levels showed the same values in
young and sexually inactive birds. In the period of follicle growth, a decreas-
ing tendency of the plasma T3 concentration was detected, while the T4 level
increased considerably and thyroid weight remained unchanged.

During the development of large follicles, the T3level increased and that
of T4 decreased markedly while the weight of the thyroid gland remained
unchanged. During the periovulatory phase, the weight of the thyroid gland
began to decrease, with an unchanged T3, and a markedly increased T4 level.
During hatching, the weight of the thyroid increased due to the increase in
its colloid content. At the same time, the T3 and T4 levels decreased.

Before and during the moulting period in summer, thyroid weight
was characterized by a further decrease, but beside an unchanged T3 level
a remarkable increase in T4 could be detected.

In three young female birds being in the state of praenuptial moult in
spring, a three-times higher T4 level (4.73;b0.36 ng/ml) was found than in
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Tabic 11

Seasonal cycle of thyroid function in female rooks

Sexuall ldcreasin Large Periovu- | : Feeding Postnup-
Young  nactve  follicle . follice lation  Hatching 1 of young tial
irds moulting
T3 a b
X 0.67 0.67 0.45 0.48 0.63 0.36 0.40 0.45
SD 0.16 0.61 0.26 0.29 0.14 0.23 0.27 0.24
n 6 21 8 8 10 11 6 5
T4 ¢ 4 e b f
X 1.53 1.49 4.35 1.35 2.97 1.80 2.05 5.93
+SD 0.94 0.64 1.79 0.40 1.27 0.97 0.99 1.46
n 6 21 8 8 10 11 6 5
Thyroid weight
m
g( 9 41 49 46 45 40 6% 58 55
+SD 11 10 13 17 18 10 12 13
i 6 21 8 8 10 11 6 5

Abbreviations: T3 — triiodothyronine, T4 — thyroxine

Thyroid hormone values are given in mg/ml

< 0.05 v.s.increasing follicle
0.05 v.s. periovulation

0.001 v.s. sexually inactive
0.001 v.s. increasing follicle

0.01 v.s. large follicle

0.001 v.s. feeding of young birds
0.01 v.s. periovulation

Q4020 T
Wononononon
T T T T T T T
ANNANANN

non-moulting young birds coll ected in the same period. Plasma T3 concentra-

tion and thyroid weight did not differ from the values in non-moulting birds
(Table 111).

h) Male birds

Thyroid weight as well as plasma T3and T 4concentrations were identical
in young and sexually inactive birds.

During the courting and mate-selecting periods, the T3 level decreased,
while that of T4 exhibited an increasing tendency. Thyroid weight failed to
change. In mating male birds with maximum testicular weight, a considerable
increase occurred in the T4 level while T3 concentration and thyroid weight
remained unchanged.

During and after the hatching period, the T 4level increased further, and
the plasma T3 concentration and thyroid weight also increased.

Similarly asin the females, a three-times higher T4level (4.8470.97 ng/ml)
was found in four young male rooks in the state of praenuptial moult as
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Table IV

Seasonal cycle of thyroid function in male rooks

Thyroid weight

(mag)
X

+SD
n

Abbreviations:

Sexually
Young inactive
0.41 0.69
0.21 0.32
6 24
1.56 1.83
0.73 0.90
6 24
49 55
13 25
6 24
as in Table 11
Thyroid hormone values are given in mg/ml
a p < 0.05 v.s.sexually inactive
b p < 0.001 v.s. after hatching
¢ = p < 0.001v.s.sexually inactive
d p < 0.05 v.s. after hatching
CRT
X
+SD
n

Courting

0.30
0.22

5.39
1.51

Table V

Mating

0.32
0.18

4.75
1.93

Seasonal cycle of adrenocorticalfunction infemale rooks

Young

4.88
2.77

Adrenal weight

g(mg)

+SD
n

Abbreviation:

CRT — co

Sexually Increasing
inactive follicle
a
3.15 9.25
1.88 3.18
21 8
45 50
9 8
21 8

rticosterone

Corticosterone values are given in ng/ml

® QLo T

0.001 v.s.
0.001 v.s.
0.05 v.s.
0.01 v.s.
0.001 v.s.

T T T TO
ANNNNANAN

Acta Physiologica Academiae

sexually inactive
increasing follicle
large follicle
hatching

Large
follicle

4.00
1.25

feeding of young birds
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Periovu-

lation

5

0.

10

58

10

.95

88

After
hatching
0.58
0.27
5
5.70
2.10
5
74
22
5
Feeding
Hatching of young
birds
d
4.71 8.10
2.10 3.80
11 6
62 64
6 8
11 6

Postnuptial
moulting

1.40
0.38

6.40
0.45

108
42

Post-
nuptial
moulting

14.59

1.77

73
19
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compared to non-moulting birds. The weight of the thyroid gland and plasma
T3 concentration did not, however, differ from those of non-moulting animals
(Table 1V).

I1l1. Seasonal cycle of adrenocortical function

a) Female birds

In young and sexually inactive birds, adrenal weight and plasma CRT
concentration were essentially similar.

In the growing phase of the follicles, CRT level increased threefold
beside an unchanged adrenal weight. Refore egg-laying (dominance of large
follicles) and during egg-laying (periovulation phase), adrenal weight increased
gradually. At the same time, the plasma CRT content decreased considerably:
its value was similar in both periods.

In hatching birds, the CRT level was low, and adrenal weight decreased.

After hatching, in the summer period both adrenal weight and plasma
CRT concentration increased (Table V).

b) Male birds

Adrenal weight and plasma CRT concentration were identical in young
and sexually inactive birds.

At the beginning of the reproductive period in the spring, adrenal weight
displayed an increasing tendency, while the CRT level did not change. During

Table VI

Seasonal cycle of adrenocorticalfunction in male birds rooks

Young Sexually Courting Mating After Postnuptial
inactive hatching moulting

CRT a b

X 3.61 2.72 1.94 6.79 6.90 14.25
+SD 1.28 1.20 0.78 2.23 1.80 4.09

n 6 24 6 6 5 8
Adrenal weight

(mg)

X 48 49 56 54 59 62
+SD 10 11 5 12 8 10

n 6 24 6 6 5 8

Abbreviation: as in Table V

Corticosterone values™are given in ng/ml
a p < 0.001 v.s. courting
b p < 0.001 v.s. after hatching
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the mating period, adrenal weight did not change, but the CRT level increased
threefold.

During and after hatching, adrenal weight and CRT level increased
further, maximum values were measured in summer in the postnuptial moult
(Table V).

Discussion

Rooks are typical monocyclic birds, hatching once a year. The gonadal
cycle of the male birds is similar hut more expressed, than that of the smaller
Passeriformes hatching usually twice [18, 35]. The testes function actively
from the third part of March to the middle of May: this is a one month longer
period than that of gonadal function of the females. This postponement might
be due to the fact, that the young females hatched in the last year and reach-
ing sexual maturity with a delay of about a month, will frequently mate with
older males which presumably have remained alone. During sexual matura-
tion, the TEST level increased to eight times, similarly as in the collared dove
[22]. It was also characteristic that the increase in weight of the testes and
of the TEST level did not run parallel. The increase in testicular function was
followed with a certain delay by the increase of their weight. This was pre-
sumably due to the effect of TEST upon spermatogenesis and by its stimulatory
influence upon sexual behaviour (sexual behaviour affects sexual maturation).
The considerable increase in E 2level appearing together with the high TEST
concentration shows that during sexual maturation there are qualitative
changes in biosynthesis and or metabolism of the sexual steroids. Thus, the
endocrine background of the sexual behavioural patterns appears to be the
increased TEST level and the simultaneously decreased E2 concentration.
In the last quarter of the reproductive cycle, a gradual decrease in TEST level
had begun: this was followed by a regression of the testes with a delay of a half
month the opposite of the process observed in spring.

In male rooks, the seasonal cycle of thyroid function differs from that
type described by Astier et al. [3] and by Assenmacher etal. [2] in the drake,
as well as by Jarrageas et al. [13] in the male teal, since in the rooks the
antagonistic function of the testis and the thyroid cannot be shown at the
beginning of the reproductive period. In the rook, the plasma TEST and T4
content increased simultaneously during the period of mate choosing and
mating, though the rate of T 4increase was slower than that of TEST a similar
phenomenon was observed in male collared doves [25]. The simultaneous
increase of both hormones in the spring could be explained by the fact that
thyroid function is stimulated by the prolongation of day light. This results
in an increased T4level in doves and rooks, in spite of the inhibitory effect of
TEST. This hypothesis appears to be supported by our observation, according
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to which the plasma T4 level of photostimulated, castrated Japanese quails
was higher than that of short-day castrated birds [20]. After hatching, and
before and during moult, a further increase in the T4 level could he detected
also in rooks, parallel with the marked decrease of TEST concentration. It
resulted in the summer maximum of the T 4level. Thus, the reciprocal changes
of TEST and T4 can he found also at the end of the reproductive cycle of this
species.

The low T4level of birds collected in winter shows that in rooks the per-
manently high plasma T4 concentration fails to play a role in the adaptation
to cold.

The plasma CRT content of male rooks did not change in the period
of TEST increase, but was considerably enhanced during the further part of
the reproductive cycle. Similar changes were found in the collared dove [25]:
in this bird the increase in TEST level was accompanied first by a decrease
then with an increase of the CRT level. Thus, adrenal function of free-living
birds shows that under natural circumstances of life there is no antagonism
between the testis and the adrenal cortex [19, 21] evoked by experimental
interventions such as castration or TEST administration. The simultaneous
increase in the TEST and CRT levels observed in spring might have exogenous
and endogenous causes. Adrenocortical secretion is simulated by the prolonga-
tion of day light [23] and CRT secretion is increased by thyroid hormones [19,
21, 23]. It may therefore he supposed that the plasma T4 concentration in-
creasing gradually in spring and the summer might play a role in the simul-
taneous increase of the glycocorticoid level.

Through central mechanisms, activity of the adrenal cortex could
presumably also be stimulated by sexual behaviour and also by the increased
aggressivity characteristic of this period.

The CRT maximum detectable after the reproductive cycle in summer
can also be found in the collared dove [25] and in several Passeriformes [18].
The thyreo-adrenal synergism might have an important role in the appearance
of this CRT maximum. Roth T4 and CRT levels were found to be enhanced
further by the decrease of the TEST concentration ensuing during regression
of the testes, and in this way the characteristic high plasma concentration
of both hormones appears when the rooks enter the period preceding their
postnuptial moulting.

Comparing the function of the testes, thyroid gland and adrenal cortex
of the rook and of the collared dove, one may conclude that the increase in T4
plasma concentration plays a fundamental role in evoking the postnuptial
moult. This is accompanied by a low TEST and a high CRT level in both
species. Praenuptial moult of young rooks could also be observed. Moulting
birds were collected when the feathers of young age had become brown and
those around the bill were lost.
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Accordingly, it was the first phase of the entire process, when the feathers
of metallic lustre appearing during sexual maturity could not yet be observed.
During this moulting period, the high plasma T4concentration was accompa-
nied by a low TEST and CRT level. Female rooks in the state of prae-, and post-
nuptial moult were also characterized by hormonal changes similar to those
detected in males. The hormonal background of the post hatching moulting
of females seems to he the high T4 and CRT levels, while in the first part of
praenuptial moulting, only T4 appears to have a fundamental role.

According to data in the literature, T4 plays a fundamental role in
evoking the postnuptial moult in Passeriformes [32] and in the domestic
duck and teal [3, 13], while CRT has no such a general role. In the drake, the
seasonal peak of the CRT level was found in early spring, while that of TEST
one month earlier [2]. In both male and female Zonotrichia, the CRT maximum
recurred in summer, during the second hatching [34]. At the time of postnup-
tial moulting, the glucocorticoid level was found to be low in drakes and Zono-
trichia.

The cycle of gonadal activity has characteristic periods alsoin female rooks.
Comparing the growing period of the follicles and the phase of the large follicles,
similarly as in the collared dove [22] the small and yellow follicles produce
more PROG than the secondary and tertiary follicles. This means that in
these birds, a high PROG level appears during maturation, in contrast with
the follicular oestrogen phase characteristic of mammals. In the collared
dove the oestrogen shows a peak in the period of the large follicles, i.e. after
the PROG phase. In rooks, their concentration is identical in the growing
ovaries and in those with large follicles. In this species, all the sexual steroids
showed a maximum during the period of white and yellow follicles. Because
of the decrease in PROG level, in rooks the highest value of the oestrogen/
progesterone ratio was found in the next period of ovarian development. As
to the qualitive distribution of sexual steroids, in the sexually mature female
rook the Exconcentration exceeded that of E2 in contrast with the Japanese
quail [24], the domestic hen [30, 31] and the collared dove [22]. Similar obser-
vation has been described in Zonotrichia [34]. Further investigations are needed
to decide whether Exdominancy was characteristic of other species of Passeri-
formes.

As to TEST, its concentration was found to reach a maximum in both
the female collared dove [22] and the rook during the growing period of the
follicles. This shows that TEST plays an important role in the maturation of
the oviduct starting in this period and also, in the aggressive behaviour of
the birds.

The second PROG peak appearing in the periovulation phase underlines
the role of this steroid in the regulation of ovulation, described in every species
of birds so far investigated.
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During hatching, the plasma sexual steroids concentration exhibited
a sudden decrease and ovaries quickly regressed, presumably in consequence
of the antigonadotropic effect of prolactin produced in large quantities.

In the reproductive period, the low T4 level characteristic of young
and sexually inactive female birds showed a significant increase. Similarly as
in the collared dove [25], parallel changes in the PROG and T4 levels could
be observed during the phases of this period. In adult Japanese quails [24]
laying eggs continuously the plasma T4 concentration was decreased, thus an
ovary thyroid antagonism occurred. On the other hand, when sexual steroids
were administered to ovariectomized quails the plasma T4 concentration
decreased following TEST and oestrogen treatment while it increased after
PROG administration [29]. Thus, the common inhibitory effect of oestrogens
and TEST dominates in the periovulatory phase of quails, while in the collared
dove and the rook, in which the sexual steroid level increases much less, a
relative dominancy of PROG could be observed. It seems that in female birds,
the character of the ovary—thyroid connection depends on the quantitative
relations of the sexual steroid spectrum.

Similarly as in the collared dove [25], in rooks the T4 level decreased
during hatching. The phenomenon might be due to the presumably inhibitory
effect of prolactin and to the significant decrease of the PROG level.

In female birds, a peak T4 level could be detected during postnuptial
moult in summer. In females, in which the decrease in the sexual steroid level
appeared considerably earlier than in males, the increase in T4 after hatching
could hardly be explained by its interaction with the sexual steroids. The
change could be evoked rather by the posthatching increase of the plasma
CRT concentration. The effect of CRT to increase the T 4level has been shown
in both female and male Japanese quails [21]. The effect of T4 to stimulate
moulting appears to be supported by the fact that the plasma T4 concentra-
tion in young birds at the beginning of praenuptial moulting was found to be
threefold that of non-moulting birds of similar age.

During the reproductive period, the plasma CRT concentration showed
seasonal changes parallel with the alterations detected in the oestrogen,
PROG and T4 levels. This suggests the stimulatory effect of these hormones
found in Japanese quail under laboratory circumstances [23].

During hatching, the CRT level exhibited a decreasing tendency, similar
to that described in Zonotrichia [34] and the collared dove [25]. The decrease
of CRT could be connected white the simultaneous decrease of sexual steroids
and thyroid hormones. On the basis of the seasonal maximum of CRT at
the time of praenuptial moulting, one may conclude that also in the rook, the
thyroid adrenocortical synergism might play an important role in the hor-
monal regulation of moulting.

The present findings and the few oecopliysiological investigations show
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that the seasonal cycles in hormone secretion should he interpreted on the
basis of their interactions. In addition, they emphasize that the systematical
position of birds, and differences in their way of life might result in differ-
ences in the realization of hormonal interactions.
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Following stimulation with NaCl of different concentrations, responses from one,
two or three receptor cells of the sensillae could be recorded, one of them being always
“dominant”. The other one or two secondary cells showed a lower frequency and a faster
adaptation. The responses of the dominant cells proved to be variable, even to repeated
stimulations using the same concentration of the same substance. Increasing the con-
centration from 0.01 mol/1 to 1.0 mol/1, the initial frequency may increase or decrease,
however, frequency minimum or maximum may also occur at an intermediate concentra-
tion. These findings indicate a less specialized stage of the receptor cells. The individual
characteristics of the receptor cells may be surpassed when averaging the responses
of sufficiently high number of cells.

On the dome of each maxillary palp about 370 sensillae can be found,
the majority (93%) with an open end on them [3]. To each sensilla 6—10
neurones belong, the dendrites of which terminate in the vicinity of the orifice
of the sensillae [6]. On the basis of both the morphological and electrophysiolog-
ical characteristics of the sensillae it has been suggested that their function
might be chemoreception [9, 10].

According to Haskell and Schoonhoven [11], a phase-tonic concentra-
tion dependent (0.01— 1.0 mol/l) response could be registered following the
stimulation of the sensillae with NaCl, saccharose and other substances. In
the course of these experiments, the frequency of the responses was found to
increase parallel with the increase of the concentration. According to the results
of the above authors, one, rarely more cell(s) per sensilla responded to the
stimulation, while generally two or three, rarely one or more than three active
receptor cells were found by Blaney [4, 5]. Blaney’s investigations [4, 5]
supported the former authors’ finding [11], namely, different responses of
the sensillae could be registered following identical stimulation. Furthermore,
it was also shown by Blaney [4, 5], that different responses could be obtained
from a sensilla even applying the same (10 min) stimulation intervals.
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Specific salt, sugar and ‘neem’ receptors have been distinguished by
Schoonhoven [15], and an interaction between them have been established.
This latter has been explained by others suggesting adaptation, and the
existence of specific receptor cells being sensitive only to one substance has
been questioned [4, 5]. According to Braney [4], the concentration dependence
of the frequency of the sensilla responses is also different, since by increasing
the concentration (0.01—0.5 mol/l) increased as well as decreased responses
occurred, furthermore at intermediate concentrations responses with frequency
maximum also occurred.

Sensillae capable of recognizing different substances or different groups
of substances have never been found, for all of the sensillae could respond
to many substances in some way [4]. However, ‘neutral’, ‘salt’ and ‘sugar’
sensitive sensillae have been distinguished by “cross-fibre analysis” and so,
“. . .the specificity could rather be found to a sensillary than to a neuronal
level” [5]. The investigations mentioned above, with one exception [11],
have been performed on 3—5. stage larvae and the results appear to be rather
contradictory. Therefore, the first aim of our investigations was to clear up
the fundamental characteristics (frequency, concentration dependence,
stability, etc.) of the excitability of chemoreceptor cells in adult locusts. On
the other hand, we attempted to obtain new data concerning the mechanism
of food discrimination on the basis of the supposed taste discrimination ability
of maxillary palps.

Materials and Methods

Experiments were performed on adult (2—7-days) females of Locusta migratoria migra-
lorioides R. et F., from our own breed. The last joint of the maxillary palps were cut and, in
order to avoid drying, they were placed into a glass capillary filled with Hoy1e’s [14] phys-
iological solution containing also 15.84 g/1 glucose. A similar preparation, but with more joints
was used by Haskell and Schoonhoven [11].

Fig. 1. Schematic representation of the stimulation and registration procedure
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For eiectrophysiological recordings the slightly modified technique of Hodgson et al.
[13] and Braney [4] was applied. To record electrical activity of the sensillae Ag/AgCI elec-
trodes were used extracellularly. The indifferent electrode was grounded, while the different
electrode was connected through a coinpensing circuit to the amplifier. The compensing
circuit served for the compensation of the chemical potential difference between the sensilla
tip and the capillary containing the stimulating solution and the registrating electrode, as
well as to diminish the artefacts arising during touching the sensillae with the electrode (Fig.
1). Compensation was always performed on a neighbouring sensilla.

Glass capillaries with a tip of about 15 /rai and containing the stimulating solution
and the Ag/AgCl electrode were applied as stimulating/recording electrodes. The electrode was
connected to an amplifier used in asymmetrical operation mode and possessing a DC input
and variable low-pass filters (1000 Hz) [19]. Electrical activity was recorded with a DISA
51 B 02 oscilloscope and stored by a TEAC R-200c magnetic tape recorder. Stored data were
either directly photographed by a COSSOR camera or analyzed with a KFKI NTA 512B
1024-channel analyzer. After measuring the interspike intervals, sequential histograms were
made and shown on a msec scale and a frequency scale, or histograms were photographed from
the display of the analyzer.

In order to avoid the graduation of the solution in the tip of the stimulating/recording
electrode, an injection syringe was connected to the capillary, through which a drop of solution
was expressed from the capillary before touching the sensilla with the tip of the capillary.
The dropping out of the solution preceded, by 2—5 sec, the mechanical contact. Thus all
stimulations were performed with the actual concentration of the solutions. The solutions
were diluted from analytical pure stock substances using bi-distilled water.

Results

The first investigation was performed to determine the number of recep-
tor cells of the sensillae responding to the stimulation. Following mechanical
stimulation, 70% of the sensillae responding also to chemical stimuli were
found to be active. This response could be evoked by the displacement of the
tip of the recording electrode, causing bending of the sensilla.

Stimulating the sensillae with NaCl solution, a phase-tonic response
could be recorded, in which the activity of maximum 3 receptor cells could be
distinguished on the basis of the size of amplitudes, the regularity of interspike
intervals and the degree of adaptation (Figs 2, 3). Only one neurone was found
to be active in 47% of the sensillae analyzed, while 40% contained two and
13% three active receptor cells. However, the majority of the obtained re-
sponses originated always from one receptor cell (“dominant cell”). Thus, the
number of potentials originating from the other cell (1—2 secondary cells)
were always few and their frequency was found to be considerably lower.
W ithin the response of a sensilla the activity of the secondary cells ceased
generally soon (within 1—-5 sec). Occasionally, their activity could also be
recorded even 10—30 sec after the beginning of the stimulation, though with
a very low frequency (0.2—0.5 cps). Eventually, the activity of the secondary
cells appeared only 10—30 sec after starting the stimulation. In this case, the
frequency of the spikes was found to be higher, reaching 5 10 cps, and could
surpass that of the “dominant” cells fairly adapted at this time. The spike
series of the dominant cells proved to be more regular than that of the second-
ary cells.
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The adaptation of the active receptor cells during stimulation of the
individual sensillae has also been investigated. An example for this is shown
in Fig. 4, where the response of three cells is recorded from one sensilla. When
applying stimuli at every 10 sec, only one secondary cell was found to he
active, in addition to the dominant cell, following the second stimulus (Fig. 4b).

Fig. 2. Responses of sensillae containing one (a) or two (b) receptor cells

Fig. 3. Response of three receptor cells. The adaptation of potentials with high and small
amplitudes is faster. Continuous recording
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Fig. 4. Adaptation of three receptor cells of a sensilla during repeated stimulation with 0.5 mol/1

NaCl for 10 sec. Responses given to the first (a), second (b) and third (c) stimulation are

shown. Last potentials of the receptor cells are indicated by arrows. Abscissa: sequence of
interspike intervals

This secondary cell exhibited a faster adaptation than after the first stimula-
tion. The number of potentials present in its response decreased further on
the third stimulation (Fig. 4c), and it failed to give any response following
the fifth stimulation. The responses failed to reappear after a long, even an
hour long, resting period. When applying the same concentration of the tested
substance during the rest of the experiment, there was not a single case in
which the number of receptor cells would have increased compared to that
observed at the first stimulus.

Analyzing the response of many sensillae, medium amplitudes proved
to be the most stable among the three categories of amplitudes. It did not
cease either during an experiment lasting for hours (4—8 hr), if the stimuli
were sufficiently rarely repeated.

Determination of the number of active receptor cells during stimulation
of the sensillae with NaCl of different concentrations revealed that decrease
of these receptor cells occurred in only some of the sensillae. This was probably
due to the adaptation to the successive stimuli rather, than being the result
of the concentration change. In contrast, Fig. 5 shows a sequential histogram
in which only one receptor cell was activated at a NaCl concentration range
0of 0.01—0.05 mol/1, while at 0.1 mol/1 two, and at 0.5 and 1.0 mol/1 three cells.
Thus, the number of the receptor cells on this sensilla increased with increasing
concentration. However, the cells appearing later in the response exhibited
a considerably lower frequency and faster adaptation, comparing to the
dominant cell being active at all the concentrations applied. In another case
most of the cells gave a response at an intermediary concentration. Apart
from the above examples, several other variations have also been observed,
nevertheless, a concentration dependence in the number of active cells could
not he established. When increasing the concentration, the amplitude increased
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Fig. 5. Changes in the activity of the receptor cells of a sensilla stimulated with NaCl of
different concentrations. Symbols as in Fig. 4

in. all cells and this was found also to be valid for the potentials of responses
evoked by mechanical stimulation.

The above results indicate that it was not possible to find any connection
between the number of receptor cells responding to the stimulation of the
sensillae and the concentration of NaCl applied for stimulation. Therefore, the
responses of the dominant cells were only analyzed in the subsequent experi-
ments.

(1) Adaptation of the responses

A typical example of the phase-tonic response of the dominant cells is
shown in Fig. 6, following stimulation with 0.01 mol/1 NaCl. The initial fre-
guency of the phasic part is 75 cps, which quickly decreased to about 35 cps.
Thereafter the adaptation was slower and regular, and after a stimulation with
22 sec the frequency of the response was about 20 cps. Simultaneously with the
increase of the duration of interspike intervals, the deviation of the durations
also increased. The initial frequency of the receptor cells was found to be 17—
160 cps, and the shortest period during which the response was maintained
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Fig. 6. Typical phase-tonic response of a dominant cell given to stimulation with 0.01 mol/1
NaCl. Total registration time: 22 min

attained 1.5 sec. The short responses exhibited a low initial frequency which
could not, however, been interpreted as the initial frequency being by all
means responsible for tbe fast adaptation. The duration of the responses was
not analyzed in all receptor cells, however, in some cases the response failed
to appear even after continuous stimulation for 5 min.

(2) Stability of the responses

The inter-stimuli interval dependence of the dominant cell responses
evoked by repeated stimulations has heen investigated. An example is shown
in Fig. 7, where the use of 10 sec intervals during the stimulation with 0.1 mol/1
NaCl, resulted in a slight increase of the initial frequency of the response,
while its adaptation decreased. At the next stimulation 20 min later, the
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Fig. 7. Responses of a dominant receptor cell to repeated stimulation with 0.1 mol/l1 NaCl;
a) first stimulation, b) second stimulation after 10 sec, c) third stimulation after 20 min.
Abscissa: sequence of interspike intervals

6 Acla Physiologien Academiae Scientiarum llungaricae 59, 1982



82 I. VARANKA

Table 1

Change of initial frequency of the dominant receptor cells on stimulation with NaCl, using variable
interstimulus intervals

Concentra- Interstimulus Change of initial frequency
tion of NaCl interval
solution, sec ! no change, increased, decreased,
mol/1 % %
0.01 5 83 17 0
0.05 5 25 0 75
10 0 72 28
20 67 33 0
30 0 66 34
0.1 5 11 44 45
10 17 66 17
0.5 5 33 26 41
10 17 0 83
1.0 5 0 80 20

initial frequency was almost identical with that of the control and its adapta-
tion increased. However, such cases also occurred when the frequency of the
response increased following stimulation 30 or 60 min later.

Table I shows the changes of the initial frequency of the responses of
different sensillae following stimulation with NaCl of different concentrations
and using different stimulation intervals. On the basis of the data presented
here it is obvious that the tendency of the changes is independent of the stimu-
lation intervals applied.

(3) Concentration dependence of the responses

The concentration dependence of the frequency of responses of the domi-
nant cells was investigated at NaCl concentrations of 0.01 0.05, 0.1, 0.5 and
1.0 mol/l. The threshold concentration of NaCl was found to be below 0.01
mol/l in the majoiity of the receptor cells (90%), and most of them (70%)
responded also to the concentration of 1.0 mol/l. The sequential histogram of
the interspike intervals of a cell obtained at different NaCl concentrations is
shown in Fig. 8. A more marked response with higher frequency was evident
at lower concentrations. At a concentration of 1 mol/1, not only the initial
frequency appeared to be smaller but also the frequency decrease in the re-
sponse was more expressed.

Furthermore, the initial frequency of the responses of 19 receptor cells
(calculated on the basis of the time interval between the two first potentials)
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Fig. 11. Frequency decrease of receptor cell responses up to the 30th spike when using different
NaCl concentrations. The individual values represent the means of the responses of the same
19 cells. Vertical bars: standard error of mean
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was analyzed when applying NaCl solutions of 0.01 mol/1 and 1.0 mol/1 con-
centrations.The lowest initial frequency was found to be about 20 cps (between
17 and 23 cps), and it could be observed with all concentrations tested. The
highest initial frequency was uniformly 160 cps, with the exception of the
concentration of 0.5 mol/1, at which this value was 106 cps. The concentration
dependence of the responses of individual receptor cells exhibited marked
heterogeneity (Fig. 9). Four basic patterns of responses could, however, been
distinguished. With increasing concentration, the initial frequency increased
in 15% of the cells, while in 30% it decreased; in a further 30% a frequency
maximum and in 25% a frequency minimum was found at an intermediary
concentration. As regards the concentrations, 26% and 26% of the cells
investigated showed an initial frequency maximum at 0.01 mol/1 and 0.05 mol/1,
respectively, while in 20% of the cells this value was found to be at 0.1 mol/1,
and in 14% and 14% at 0.5 and 1.0 mol/l, respectively.

The mean value of the initial frequency of the responses recorded from
the above receptor cells is shown in Fig. 10, following stimulation with differ-
ent NaCl concentrations between 0.01 and 1.0 mol/l. There was no significant
difference between the means of initial frequencies of the responses obtained
with varying concentrations.

As it has already been mentioned, the receptor cell responses evoked
by chemical stimulation exhibited a phase-tonic character. The frequency
changes of the responses of the above cells were analyzed on the basis of the
first 30 interspike intervals. The mean frequency values calculated at the 1st,
10th, 20th and 30th interspike intervals are shown in the Fig. 11, following
the application of different NaCl concentrations. All the concentrations tested
the most marked decrease of frequency was evident during the first 10 poten-
tials of the responses.

Discussion

Since there are two tracheae sacs in the dome of the palps preparation
used by us it is rather difficult to make an electric contact between the phys-
iological solution of the indifferent electrode and the solution of the different
electrode [11]. Depending on the feed, the terminal pore of the sensilla is
opened or closed [2], and this process is regulated through the suboesophageal
ganglion by the hormone of the corpora cardiaca [1]. The advantage of the
present isolated preparation in the elimination of this regulation.

On the dome of the maxillary palps of the locust most of the sensillae
are connected to 6 or 10 neurones, 6 neurones being more general. The dendrite
of one of the neurones contains many microtubules and shows branching
pattern in the region of the receptor-lymphatic cavity. In the locust, it has
not yet been established whether this dendrite containing the tubules termi-

Acta Physiologica Academiae Scientiarum Hangaricae 59, 1982



86 I. VARANKA

lidtes at the basis of the sensilla or runs further up to the tip [6]. Such a morpho-
logical appearance is usually associated with mechanoreceptor functions [17],
and such dendrites terminate at the basis of the sensilla.

When stimulating the sensillae of the maxillary palps, the response of
maximum 4 neurones could be distinguished from that of 6—10 ones. The
response of one of these 4 neurones could be evoked by mechanical stimulation
and in each case it sho/wed the highest amplitude and was detectable in the
majority (70%) of the sensillae responding to chemical stimulation. Mcchano-
responses could be elicited from all dome receptors by Haskell and Schoon-
hoven [11], while only from 47% of the sensillae by Blaney [4].

It is generally accepted that impulses of different or constant amplitudes
originate from different neurones, though it does not mean at all that impulses
of the same size are derived from the same neurones [7, 8, 12].

Owing to the small amplitude of the receptor potentials the signal/noise
ratio remains below the level encountered in extracellular recordings. Thus
a difference of 15—20% could also be observed between the potentials originat-
ing from one cell. In such case, the number of active cells could rather precisely
be determined by considering the amplitude and interspike interval values,
provided that one or more active cells possess sufficiently regular frequency.
By this method the response of maximum 3 cells could simultaneously be
distinguished during stimulation with NaCl and this attained 13% of the
sensillae investigated. In 40% of the sensillae two receptor cells and in 47%
only a single receptor cell responded to the stimulation. With NaCl stimulation
the response of only 1 neurone/sensilla/adult insect and isolated palp prepara-
tion was recorded by Haskell and Schoonhoven [11], while generally the
response of 2 or 3, rarely 1 or more than 3 neurones (larval stage and intact
animals) was observed by Blaney [4, 5]. Since these investigations were per-
formed on locusts being in different developmental stage and on different
preparations, any attempt to explain the inconsistency of these findings
would be speculative. It seems also impossible to provide satisfactory explana-
tion for the finding that maximum 3 of the 6 receptor cells present in the
sensillae responded to the stimulation, since all of them appear morphologically
to be determined for chemoreception [6]. The existence of specific chemo-
receptor cells not responding to stimulation with NaCl can be excluded on the
basis of the present findings and of data of others [18]. It has, however, been
shown that the number of receptor cells responding during repeated stimulation
of a sensilla decreased from 3 or 2 to 1, and at identical stimuli we never
observed the activation of a new cell being earlier silent. Nevertheless, the
number of active receptor cells could be altered during the stimulation of
a sensilla with NaCl solutions of different concentrations. According to B laney
[4], the individual sensillae exhibit similar distribution of amplitude categories
at each concentration, though a considerable variability in the amplitude
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values themselves has been found. It is not clear from his paper, whether the
cells belonging to the sensilla showed any difference in adaptation. We also
failed to observe a correlation between the applied concentration and the
number of active cells. Remarkably, in the present study the spike number and
the frequency of the secondary cells were always found to be considerably
smaller, than that of the dominant cell. It is conceivable that this phenomenon
was due to the receptor cells being alternatively active. Thus, while one cell
is active, i.e. it is in the dominant or most sensitive state, the others are silent
or unresponsive, eventually they only show a partial response with a faster
adaptation and lower frequency, characteristic for the so-called secondary
cells. Since we failed to find specific receptor cells responding oidy to a single
specific substance when testing a wide range of substances [18], it seems un-
likely that the application of an inadequate stimulus would have been the rea-
son for the silence of the cells.

Similarly to larvae, the chemoreceptors of the maxillary palps of adult
locusts would also respond with different frequency to identical sequential
stimuli [4, 5, 16]. This is true also when stable and sufficiently high stimulus
intervals are applied. Thus this pattern does not seem to be due to the adap-
tation or facilitation of the receptor cells, since the frequency changes of the
cells appear to be accidental without any tendency for regularity.

Consequently, a close correlation between the initial frequency of the
dominant cells and the concentration of the applied substance cannot be
expected. As we have shown, with increasing concentration 15% of the cells
exhibited an increasing, and 30% a decreasing initial frequency, while at 30%
a frequency maximum and at 25% a frequency minimum occurred when one
of the intermediate concentrations was applied. In the two latter groups
it frequently occurred that they responded with identical initial frequency to
two concentrations being markedly different. In adult locusts, so far only the
increasing response to rising concentration has so far been described [11],
while the response pattern characterized by a frequency minimum at an
intermediary concentration is also unknown in larvae [4].

On summation and averaging of the responses of more cells, the variabil-
ity of the responses of the receptor cells as well as the dependence of their
characteristics on the applied concentration were mutually compensated for
and marked. These mechanisms might be important in the process of taste
discrimination and food selection.

Our findings clearly show that the receptor cells of the dome sensillae
of the maxillary palps can be stimulated by chemical substance (NaCl). A given
receptor cell is capable of responding at different time intervals and with
different frequency to a given concentration of the substance and this response
is independent from adaptation or facilitation. Different receptor cells may
respond with different frequency to the same concentration and also, with
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the same frequency to different concentrations. When increasing the concentra-
tion, the frequency may increase or decrease, however, frequency maxima or
minima may also occur at intermediate concentrations. In the case of NaCl,
the threshold concentration of the majority of the receptor cells was below
0.01 mol/1 and the majority of the cells responded even to a concentration as
high as 1.0 mol/l. These features indicate that the receptor cells of the dome
sensillae are not specialized to chemical substances, and they are sensitive
to a wide range of substances.
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EFFECT OF BILE ACIDS ON THE BILIARY
EXCRETION OF AMARANTH AND THE

respiration of liver mitochondria

Z. Gregus, F. Varga and E. Fischer

DEPARTMENT OF PHARMACOLOGY, UNIVERSITY MEDICAL SCHOOL,
PECS

(Received October 21, 1981)

The effects of lithocholic acid (LCA), chenodeoxycholic acid (CDCA), deoxy-
cholic acid (DOCA), cholic acid (CA) and dehydrocholic acid (DHCA) on the biliary
excretion of amaranth (AM) in rats and on the respiration of isolated liver mitochondria
were investigated. Bile acids diminished the biliary excretion of AM, and in vitro they
enhanced the state 4 mitochondrial respiration and inhibited DNP- and ADP-stim-
ulated oxygen consumption. The ID50 values (“tmol/kg i.v.) and 150 concentrations
(X10~5M) of the bile acids for inhibiting AM excretion and ADP-stimulated mito-
chondrial respiration, respectively, were as follows: for LCA 16 and 3.3, for CDCA
160 and 24, for DOCA 230 and 31, for CA 680 and 105, and for DHCA 700 and 260.
LCA, CDCA and DOCA inhibited the biliary excretion of AM uncompetitively.

It is concluded that the toxic effect of LCA, CDCA and DOCA on mitochondria
might play a role in their inhibitory action on the biliary transport of AM.

Bile acids can exert both a stimulatory and an inhibitory effect on the
biliary excretion of cholephilic organic anions. It appears that cholic acid is
involved in the regulation of the biliary excretion of rose bengal, indocyanine
green, sulfobromophthalein, hromcresol green and eosine, since their excretion
rates are increased by simultaneous administration of taurocholate [10, 31,
32] and decreased by experimental bile acid depletion [13]. The transport of
other organic acids, namely sulfobromophthalein glutathione and amaranth
into bile, however, seems insensitive to bile acid deficiency [14] and their
excretion can not be stimulated by taurocholate. Moreover, high doses of this
bile acid depress their biliary excretion [10].

The present investigation was designed to study the inhibitory action
of some unconjugated bile acids, namely lithocholic acid (LCA), chenode-
oxycholic acid (CDCA), deoxycholic acid (DOCA), cholic acid (CA), and de-
hydrocholic acid (DHCA) on the biliary excretion of AM. Since bile acids
uncouple oxidative phosphorylation in isolated liver mitochondria [26] and
biliary excretory rates of cholephils seem to be affected by inhibition of hepatic
mitochondrial function [2, 12], it was of interest to determine if any parallelism
existed between their effects on mitochondrial and hepatic excretory functions.

AM is a nonmetabolized organic anion [20] excreted mainly in bile [29]
at a high maximum excretory rate. It does not have a cholestatic effect or
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inhibit hepatic mitochondrial respiration [12]. In order to minimize a possible
interaction between endogenous and injected bile acids, bile acid-depleted
rats were used in the present experiments.

Materials and Methods
M aterials

Lithocholic acid and cholic acid were purchased from Merck Ltd., Darmstadt; cheno-
deoxycholic acid from Sigma Inc., St. Louis; sodium salt of deoxycholic acid and dehydro-
cholic acid from Reanal, Budapest; amaranth (Azorubin S) from Searle Co. (Hopkin and
W illiams), Chadwellheath; cholestyramine from Serva Co., Heidelberg.

Animal experiments

The experiments were performed on female Sprague-Dawley rats weighing 160 —200 g.
The animals were pretreated with cholestyramine (1.0 g/kg p.o.) as described elsewhere [14].
Four hours after cholestyramine administration the rats were anesthetized with urethane
(1.2 g/kg i.p.) and the bile duct was cannulated with polyethylene tubing (PE-10). The body
temperature of the rats was maintained at 37 °C by means of a heat lamp. AM was injected
into the femoral vein, then 20 min later the bile acids were administered by the same route.
LCA was dissolved in propylene glycol, the other bile acids, as sodium salts, in saline. Propylene
glycol administered in the highest volume (2.5 ml/kg i.v.) did not influence the biliary excretion
of AM. Bile was collected for 20 min after administration of the bile acids. The volume of bile
was measured with a graduated pipet. The concentration of AM in the bile was determined
spectrophotometrically at 525 nm. The biliary excretion rate of AM was calculated as the
product of biliary flow and biliary concentration.

Mitochondrial respiration

Rat liver mitochondria were prepared by the method of Hogeboom [17]. The protein
concentration of the mitochondrial suspension was determined by the biuret*method [9].
Oxygen consumption of the mitochondria was measured with a ClarkLelectrode at 37 °C and
pH 7.4 in 1.4 ml of an incubation medium consisting of 80 mM KC1, 20 mM Tris, 1 mM EGTA
and 5 mM KH2 04 A mitochondrial suspension (containing 2 mg of protein), 1.5 pmol malate
and 6.5 /(mol glutamate were added to the reaction mixture (state 4 respiration). The oxygen
consumption was stimulated by adding 1.5/(mol ADP or 50 nmol DAP. The respiratory control
index of mitochondria was 10—12. The bile acids investigated were added to the incubation
mixture 60 sec after addition of glutamate and malate or 30 sec after addition of ADP or
DNP. LCA was dissolved in propylene glycol, the other bile acids, as sodium salts, in the in-
cubation medium. Propylene glycol applied in the highest volume (20 (A) did not influence
mitochondrial respiration. The rate of oxygen consumption after addition of a bile acid was
related to the oxygen consumption measured before delivery of the bile acid.

Statistics

Student’s t test was used for statistical analysis. The lines for Lineweaver-Burk plots
were determined by linear regression.

Results

Effect of bile acids on the biliary excretion of amaranth

The effect of three different doses of bile acids on the biliary excretion
of AM is presented in Table I. All bile acids investigated inhibited the excretion
of AM into the bile. The approximate IDS values for the bile acids are as
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follows: LCA, 16, CDCA 160, DOCA 230, CA 680 and DHCA 700 /xmol/kg
i.v. LCA decreased, DOCA did not influence, CDCA, CA and DHCA increased
the Lile flow. The concentration of AM in the bile was considerably reduced
by the administration of all bile acids except LCA.

The mode of inhibition the bile acids exerted on AM transport was
different as demonstrated by the Lineweaver-Burk plots (Fig. 1). LCA, CDCA
and DOCA inhibited the biliary excretion of AM in an uncompetitive fashion.
However, CA and DHCA produced competitive rather than an uncompetitive
type of inhibition.

11V K104

Fig. 1. Inhibition of the biliary excretion of amaranth (AM) by bile acids. Bile acids were
injected 20 min after the administration of AM (200, 300, 450, 600 //mol/kg i.v.), and the biliary
excretion rate of AM was determined in the subsequent 20 min period. Doses of bile acids in
IMAli/kg; LCA 20, CDCA and DOCA 200, CA and DHCA 500. V = biliary excretion rate of
AM (nmol/kg * min), S = dose of AM (/miol/kg i.v.), O----—-- O = the excretion rate of AM
without bile acid administration. ¢ ------ e« = the excretion rate of AM following bile acid
administration. Each open or solid circle represents the mean value of 4—6 rats
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Effects of bile acids on mitochondrial respiration

The effect of various unconjugated bile acids on respiration of isolated
rat liver mitochondria is shown in Table Il. The mitochondrial oxygen con-
sumption measured in the presence of glutamate and malate was enhanced
by LCA, CDCA, DOCA, and CA and it was not affected by DHCA. The stimula-
tory effect of the bile acids increased with increasing concentrations, and
after having reached a maximum, it decreased. The stimulatory effect in-
creased in the following order: LCA > CDCA > DOCA >« CA.

The mitochondrial respiration stimulated by DNP or ADP was inhibited
by the bile acids. The approximate 150 concentrations of the bile salts for the
ADP-stimulated respiration of the mitochondria were as follows: LCA 3.3 X
X10-5M CDCA 2.4x 10-4 M, DOCA 3.1xl10~4M CA 1.05x10-3M, DHCA
2.6x10-3M.

Table 1

Effect of bile acids on the biliary excretion of amarantha

Do?/ek Bile flow Concentration Biliary excretion
Bile acids jumol/kg emi of AM in bile of AM
iv. yizlhg « min jumol/ml Amol/kg *min
— — 67+ 3.8 50.7+£2.0 3.40+£0.189
Lithocholic acid 6.2 66+ 3.2 41.2+2.8 2.75+£0.082
12.5 40+ 9.6b 50.0+1.16 2.00dz0.315¢c
25.0 21+ 3.0d 57.0£1.05b 1.20+£0.089d
Chenodeoxycholic acid 50 86+ 1.2b 36.1+3.5b 3.11+0.245
100 93+ 6.8b 22.0+4.4d 2.05+£0.326¢
200 114+ 5.4d 14.9+0.9d 1.71+0.130d
Deoxycholic acid 100 80+ 9.8 37.9+£1.06d 3.03+0.209
200 74+ 8.4 24.2+2.86d 1.79+0.366¢C
300 63+ 7.7 20.0+£1.19d 1.26+0.300d
Cholic acid 250 135+ 3.7d 22.9+1.43d 3.09+£0.103
500 144+ 9.9d 15.2+1.68d 2.18+0.150d
750 187+12d 8.6+0.9d 1.61+0.155d
Dehydrocholic acid 300 185+16d 14.3+0.9d 2.64+0.151c
600 181+14d 10.5+0.6d 1.90+0.125d
1200 178+4.8d 6.1+0.8d 1.09+0.117d

a Bile acids were injected intravenously 20 min after the administration of amaranth
(AM; 300 /zmol/kg i.v.) then bile was collected for 20 min. The values are the means "SE ob-
tained in 4—6 rats

bp < 0.05; cp < 0.01; dp < 0.001
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Table N

Effect of bile acids on the respiration of isolated liver mitochondria*

Relative activity {%) of oxygen

Bile acid Concentration consumption®* stimulated
7 glu-mal DNP ADP
Lithocholic acid 1.66 225 79 75
3.33 930 47 54
5.00 720 14 36
6.66 360 6 18
10.0 95 1 9
Chenodeoxycholic acid 3.33 183 96 94
8.33 467 77 86
16.6 1210 41 57
33.3 820 6 49
50.0 280 1 27
66.6 173 0 9
Deoxycholic acid ! 3.33 100 90 95
8.33 247 63 86
16.6 1060 38 68
33.3 1150 16 55
50.0 416 4 32
66.6 250 1 19
Cholic acid i 33.3 240 77 91
66.6 1290 65 68
100 1000 48 59
133 863 33 36
200 555 5 23
266 353 1 16
Dehydrocholic acid 66.6 120 75 90
133 95 66 67
200 100 49 56
266 113 39 47
400 73 22 39

The values are the means of three determinations

Kelative activity = — - - - . . 00
02 consumption before the addition of bile acids
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Discussion

Bile acids are known to inhibit various active transport processes. For
example, bile acids have been shown to inhibit hexose [4, la, 30] amino acid [4]
and ionic transport [28] in the intestine, ionic transport in gastric mucosa
[23] and hippurate and iodipamide uptake in the kidney, uvea and chorid
plexus [1]. These inhibitory effects are nonspecific [1, 4]. Trihydroxy bile
acids are less potent inhibitors than the mono- and dihydroxy bile salts [1,
15]. The latter are known to produce cholestasis [7, 8, 21, 25] and cirrhosis
[18, 19].

The excretion properties of AM permitted a selective investigation of the
inhibitory effects of bile acids on the hepatobiliary transport. The present
study has shown that bile acids are also able to inhibit this active transport
process (Table I). The inhibitory potencies of bile salts, however, differ consider-
ably from each other. If the inhibitory potency of the synthetic triketo bile
acid DHCA is taken as unity, then the corresponding value for the mono-
hydroxy bile acid LCA will be 44, for the dihydroxy bile acids GDGA and
DOCA 4.4 and 3, respectively, whereas for the trihydroxy bile acid GA approx-
imately 1. This indicates that hydroxylation of the steroid nucleus in the bile
acid molecule reduces its inhibitory effect on hepatobiliary transport.

The bile acids investigated also affected the respiration of isolated liver
mitochondria (Table Il). The results presented here are compatible with the
observation that bile salts inhibit electron transport and, with the exception
of DHCA, uncouple oxidative phosphorylation in mitochondria [26]. It is
interesting to note that the sequence of bile acids as stimulants of the state
4 respiration or as inhibitors of DNP- or ADP-stimulated mitochondrial
respiration, directly correlates to their inhibition of biliary AM excretion. It
is difficult to determine if the effect bile acids have on hepatic mitochondrial
function is responsible for the decrease in biliary transport of organic anions.
Sulfobromophthalein, a potent inhibitor of mitochondrial respiration [3, 22,
24] strongly inhibits in an uncompetitive fashion the biliary excretion of its
glutathione conjugate [11]. The maximal biliary excretion rates of several non-
metabolized cholephilic organic anions are inversely correlated to their toxic
potencies for mitochondria [12]. In addition, the cholephilic organic acids
that are toxic to mitochondria are more potent inhibitors of the biliary excre-
tion of AM than those exerting only a negligible effect on mitochondrial func-
tions (unpublished observation by the authors). The uncoupler dinitrophenol
depresses the biliary excretion of bilirubin by the isolated perfused liver [2].
The inhibitory effect of bile acids on transport of sugars by the intestine has
also been suggested to be due to their effect on oxidative phosphorylation [5].
Bile acids have been shown to jdecrease oxygen consumption of intestinal
mucosal homogenizates [5] (and jejunal strips [28] as well as tissue ATP
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levels [5]. AIll these observations support the concept that the deleterious
effect of bile acids on liver mitochondria may play a part in their inhibition
of the hepatic transport of AM. It is interesting to note that despite some
confbcting results [5, 16] bile acids are believed to decrease the activity of
Na+-K +-activated ATPase in different preparations. Moreover, the con-
centrations of bile acids (150) that found to inhibit Na+-K+-Mg++-acti-
vated ATPase of hepatic microsomal membranes [27] are similar to those shown
here for ADP-stimulated mitochondrial respiration. Therefore, it appears that
the inhibitory effect of bile salts on mitochondrial respiration can be re-
garded as a part of their general effect on membranes.

Since bile acids and AM are higly cholephilic substances, a competitive
inhibition of AM transport into the bile by bile salts could also be anticipated.
As shown in Fig. 1, this probably occurred only with CA and DHCA, whereas
mono- and dihydroxy bile salts exhibited uncompetitive inhibition.

In conclusion, it appears that the inhibition of the hepatobiliary transport
of AM by LCA, CDCA and DOCA is due, at least in part, to the inhibitory
effect of these bile acids on mitochondrial functions. In contrast, the effect
that CA and DHCA have on mitochondria does not seem to manifest itself
in vivo. The inhibitory effect these bile salts have on the biliary excretion of
AM may result from a competition for the transport system rather than a toxic
depression of the hepatobiliary transport. In addition, the high potency of

LCA to interfere with mitochondrial functions may also play a role in its
cholestatic effect.
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Recensiones

H. Autrum (Ed.)

Vision in Invertebrates. B.

Invertebrate Visual Centers and Behaviour |I.

Handbook of Sensory Physiology. Vol. VII/6B.

Springer Verlag, Berlin—Heidelberg—New York 1981. 629 pages with 319 Figures and 10
Tables, price DM 270,—; approx. US $ 159.30

This volume is the second one of a series of three. Its four chapters are,

1. Neuroarchitectures serving compound eyes of Crustacea and Insects (N. J. Strauss-
feld and D. R. Nassel).

2. Neural principles in peripheral visual systems of Invertebrates (S. Laughlin).

3. Polarization sensitivity (T. H. Waterman).

4. Optics and vision in Invertebrates (M. F. Land).

The firstchapter summarizes the basic principles of nerve cell organization in crustacean
and insect optic lobes. It describes the basic arrangements of single cells in the three main
synaptic regions (the lamina medulla and lobula complex, illustrates species differences of cell
relationship and shows that a limited number of neuron types isinvolved in specific geometries.
The use of cobalt impregnation makes the structure of the optic lobes look more simple than
has been described previously. It is shown how single nerve cell populations contribute to
simple arrangements of parallel retinotopic pathways and how these are sorted out to specific
regions of the lateral midbrain and thence to descending pathways. The structural-functional
correlates of the neurons, too, are summarized.

The second chapter deals with neural principles, concerning the organization of cellular
components that assimilate and process optical information from the environment, to help
the animal to maintain a favourable position within its surrounding. The generation of visually
mediated behaviour is analyzed, summarizing the data concerning the adaptation of structure
to function in the visual system of invertebrates. It is concluded that the neural principles
of invertebrate visual systems are indeed the principles of vision in general.

The third chapter describes the sensitivity of invertebrates to the polarization of light.
This phenomenon is still imperfectly known, but the author gives a definition and exact
description as well as an example of this kind of sensitivity. The polarization sensitivitv of
crustaceans, insects, arachnids and cephalopod molluscs is discussed and a comparison is
made with the same sense of vertebrates.

The fourth chapter compares various types of optical systems and describes their
evolution. Here the various physical factors that determine and limit the performance of eyes
are also discussed.

In the book author and subject indexes are given. The qudity of the printing includ-
ing microphotos, drawings, etc. is excellent. Specialists in physiology, biophysics, biochemistry,
behavioural physiology, genetics, or zoology will undoubtedly find the book important and
useful. It is highly recommended to university departments of physics and biology.

K. S.-Rézsa
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H. Bothe and A.Tbebet (Eds)
Biology of Inorganic Nitrogen and Sulfur

Springer Verlag, Berlin—Heidelberg—New York 1981. 384 pages with 144 Figures, price
DM 89,—; approx. US $ 46.80

Nitrogen and sulphur compounds are continously synthetized, degraded and converted
into other forms in nature. There are many similarities in the principal problems and basic
mechanisms of the biology of these materials. Many details are not yet understood and hence
form the subject of active investigations all over the world.

The book contains the most interesting results of both the nitrogen and sulphur cycle
genetics and ecology of dinitrogen fixation, of assimilatory and dissimilatory nitrate and
sulphate reduction and of ammonia and sulphide oxidation. We can find all the contributions
to the conference held in May 1980 in Bochum, GFK, that discussed a research programme on
the metabolism of inorganic nitrogen and sulphur compounds, supported by the Deutsche
F orschungsgemeinschaft.

Among others, the following important chapters are to be found in the book.

Microorganisms involved in the nitrogen and sulphur cycles, nitrogen metabolism in
plants, the assimilatory reduction of nitrate, dissimilatory nitrate reduction of dinitrogen
fixation including some aspects of the physiology of dinitrogen fixation and its biochemistry,
pathway and regulatory aspects of N 2and NH4+ assimilation in N 2-fixing bacteria and other
organisms. Assimilatory sulphate reduction, ecology and physiology of some anaerobic bacteria
from the microbial sulphur cycle; sulphate uptake activation and dissimilatory sulphate
reduction. Enzymatic mechanisms and the regulation of these metabolisms; in vitro associa-
tion between nonlegumens and Rhizobium; the role of thioredoxin for enzyme regulation in
Cyanobacteria, etc.

Figures and graphs complete the text and make it illustrative. For instance in one of
the figures a polyacrylamide gel electrophoresis of gene products in shown encoded by wild-
type and mutagenized fragments, in another we can see isolated membrane fragments of
Nitrobacter cells with high, low and no nitrite oxidase activity, in others there are some new
metabolism pathways, etc.

The book presents the latest results and knowledge about the above elements of plant

life; and for this reason it is a significant handbook in plant physiology.
G.Verzar-Petri

T. Szabé and G. Czéh (Eds)

Advances in PhysiologicaF Sciences. Vol. 31.

Sensory Physiology of Aquatic Lower Vertebrates
Pergamor Press—Akadémiai Kiad6, Budapest[1981, pp. 1—285.

This volume is one of the series containing the proceedings of the 28th International
Physiological Congress; the papers were discussed at a Satellite Symposium organized in
Keszthely (Hungary) 21—22 July, 1980. The programme of the symposium was focussed on
the electrosensory and electromotor systems in fish. The papers cover a wide range of knowl-
edge from anatomy to ethology in this comparatively new branch of neurobiology.

The reader will find papers dealing with morphological, developmental and physiolog-
ical aspects of electroreceptors as well as with certain histochemical and functional problems of
the CNS of Teleosts. The transmitter profile between sensory cells and afferent nerve fibres
and in the optic tectum of Teleost species is also discussed.

Several papers demonstrate new details ofthe medullary pacemaker nuclei which control
the electric organ discharge, proving with HRP labelling the existence of pacemaker and relay
cells. A large variation in the organization of the electromotor system in different species is
described. Two papers deal with social behaviour of strongly electric fish.

In a whole the volume gives useful information in the sensory physiology of aquatic
lower vertebrates. It can be recommended for the laboratories dealing with the above topic,

but will also be useful for universities teaching sensory physiology.
K. S.-Rézsa

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982
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ACTA PHYSIOLOGICA
TOM 59 BbIM 1

PE3IOME

BINAHWE YBEJIMYEHWSA BbIAENAIOWEN MOYEYHOWM MACCHI HA
OEATENBbHOCTbL MNOYEK B YCJ/IOBUAX B/JIOKNPOBAHNA AJIb®A PELIEMNTOPOB

X. TOCT, P. XEPLUEI n Ab. KEBEP

B 3KCMepUMeHTax Ha HapKOTW3MPOBaHHbIX CO6AKaX Mbl M3yYasiu BAVSIHUE YBENUUEHUS
noyYeyHol Macchl, MPUHUMAIOLLEH yyacTve B MPOLLECCax BblAgNeHNs, Ha AesTe/IbHOCTb MoYekK.
10 3KCMepyMEHTAIbHBLIX >KMBOTHBLIX He MOMyYan HUKaKuX (papMakosorMyeckmx npenaparos,
ApyrumM 10 >KMBOTHLIM BBOAWM Npenapathbl, 6/0KMpYIoLLMe anba-peLenTopbl.

B rpynne 6e3 NeKapcTBEHHbIX CPEACTB YBeNMYeHWe BbIAENSIOLEA MOYeYHOl Macchl
(TpaHcnnaHTauMsl napbl M30/IMPOBAHHbLIX MOYEK, MPOMCXOASALLMX OT APYFOro >KUBOTHOMO, Ha
LLEI 3KCNEPUMEHTA/IbHOIO XUBOTHONO), B MOYKaX in situ CONPOBOXAa0Ch BbIPaXKEHHbIM YBe/u-
yeHneM KnupeHca MAT 1 He60MbLUMM YMEHbLLEHWEM K/IMPEHCA WHY/IMHA, U B TO XXe BPEeMs He-
3HAUNTENIbHBIM CHUDKEHWEM BbIAENEHNS MOYM U 3HAYMTE/IbHBIM YMEHbLUEHUEM BblAeNeHNs!
HaTpus. [Mypes 1 HaTpUypes YeTbIpex MoYeK COOTBETCTBOBA/IM KO/IMUECTBAM MOYM W HATPWS,
BblJeNINEMbIX Mpexae ABYMs Moukamu in situ.

B rpynmne XWBOTHbIX C GMI0KMPOBaHHbLIMK anbga-peLienTopamyi Mocae yBennueHust no-
YeuHol Macchl KnmpeHebl MAT 1 MHYAMHA B NOYKaX in situ He U3MEHWINCL, YMEHbLLIEHWE Bblfene-
HUS MOYM M HaTPUs BbINI0 TaKUM XKe, KaK B Npefblayliieli aKcnepyMeHTabHOW rpynmne. uype3s
N HaTpUype3 YeTbIpex MoYeK 1 B AaHHOM C/ly4ae COOTBETCTBOBA/IM KOMIMUECTBAM MOUM W HATpUs,
BbleNIIEMbIX MOYKaMW in situ [0 YBENIMUEHUS BbIENSIOLLENA NoYeHHO Macchl.

Ha 0CHOBaHWW pe3y/ibTaToB HALLMX SKCMEPUMEHTOB CO3/jaeTCs BneYaT/ieHne, YTo, Habso-
[aemMoe Npy YBE/IMUEHUN BbIAENAIOLLEN NOYEUHOW MAacChl, YMeHbLUEHWE BbleNeHUsl B MouKax
in situ HaTPWsl He ecTb CNEACTBME FEMOAMHAMUYECKUX WM3MEHEHWI, HacTynatowmx BCAeAcTBUE
Harpysknm Ha KpoBoo6palligHue, a SIBMSIETCA Pe3y/bTaTOM KaKoW-TO 6bICTPOM, MpPearnosioxu-
TeNbHO ryMOpPasibHOW, Perynsiumm.

Mbl cuMTaeM, UTO 3a YMeHbLLEHUE BblAgNeHUs HAaTPUs, Hab/ogaeMoro B noyvkax in situ
npu Bo3pacTaHUK BblAeNstoLLeit NoYeYHoN Macchl, OTBETCTBEHHbLIM SIB/SETCA NOBbILLEHHOe — 6/1a-
rofapsi YeTbIpeM NouYkam — MOTPe6/IeHNE T. H. HATPUYPETUYECKOTO (hakTopa(-0B), UTO NPUBOAUT
K CHUXXEHUIO YPOBHSI HATPUYPeTUUECKOro ropmMoHa.

BANAHWE TMCTAMUHA VI BPAAVKVHUHA HA COCTAB TKAHEBOW XWAKOCTM
N NMMMebl B 3BAAHNX KOHEYHOCTAX KPOJIMKA; APTYMEHT B TMOJb3Y *
CYWECTBOBAHUA ABYX TMPOCTPAHCTB B TKAHEBOW >XWUAKOCTWU

Ab. CABO n X. MAObAP

Cobupanu Mgy 1 TKaHeBYH XUAKOCTb 3aAHeli nanbl KPonka, 40 U nocnie BHyTPUBEH-
HOW MHY3UKN ructammHa (2,5 MKr/kr/MmH n 10 MKr/Kr/MuH) n 6pagnkmHmHa (0,4 MKI/Kr/MuH).
Mepea MHGy3Melt KoOHUEHTpaums 6enka 6binia Bblille B TKAHEBOM XXMAKOCTU, YeM B IUME. Y KOHT-
POSbHbIX YXMBOTHbIX, 33 [BYXYacOBOW 3KCMepUMEHTa/IbHbIA NepUof, KOHLEHTpauus Genka B
nume yBenmumunacb, a B TKaHeBOM XXUAKOCTU YMeHbLUMMNACh. B KOHTPO/IbHbIX OMbITax MMAGOo-
TOK CHW3W/CA, He U3MEHW/CA OH JOCTOBEPHO TakKye MoC/ie BBeAEHWSI TMCTaMuHa, 6paguKMHUH
e Yy 60MbLUMHCTBA XMBOTHBIX (Y 14 13 20) BbI3Baa 3HAUMTeNbHOE YBeMYeHNe NMMAOTOKa. Kak



rMCTaMWH, TaK U BPAAVKUHUH CYLLIECTBEHHO YBEIMUMAM KOMMYECTBO 6Ge/iKa U MOMYHO-KUC/ON
perngporeHesbl (LDH), nepeHOCUMbIX MMMAONA. Y TeX XXMBOTHbIX, Y KOTOPbIX Bas0aKTUBHbIE Be-
LLLECTBA He OKasblBa/IM BAMAHMA Ha NMMGoo6paLLieHe, 3Ha4MTe/IbHO BO3poc/sia akTueBHocT LDH
B IUMde, HO B TKaHEBOI XMWAKOCTM aKTVBHOCTb NaKTaT-AernaporeHasbl CyLIECTBEHHO He M3Me-
HMnacb. B Tex cny4asix, Korga napansieslbHO CHUKEHUIO NMM(OTOKA, YMeHbLlanach akTUB-
HOCTb NMMaTyecKoii LDH, B TKaHeBOI XMAKOCTU 3TO He COMPOBOX/a/i0Ch COOTBETCTBYHOLLMM
M3MEHeHNsIMU. Ha 0CHOBaHUM pPe3yNibTaToB HACTOSLLMX 3KCMEPUMEHTOB MOXHO cAieNaThb BbIBOA,
YTO MHTEPCTULMA/IbHOE MPOCTPAHCTBO COCTOMT M3 ABYX OTAenoB (compartment). Jlumdartuye-
CKMe COoCyfbl HEMnoCpPeACTBEHHO APEHMPYIOT TOMbKO NEPUBACKYNSIPHBINA OTAeN, U nnda Mo cyTu
ABNSIETCA BHOBb 06pPa3’oBaHHbIM MWUKPOBACKY/SIPHLIM (MMNLTPATOM. BTOPOM OTAEN MEeXKNeTou-
HOWi XXMKOCTU OKPYXXaeT KMEeTKWU U COeUHUTE/IbHOTKAHHbIE BOJIOKHA W MapaslfieslbHO CoeUHEH
C MepBbIM OTAENOM.

BAVNAHWNE ALPEHAMMHA W POACTBEHHbLIX COEAVHEHWA (LODPAMUH,
M3OMPOTEPEHON, 3®EAPNH) HA MOTPEBJIEHNE CAXAPA OAHOKMNETOYHbLIM
OPTAHN3MOM TETRAHYMENA W COAEP>XAHWE T/IMKOINEHA

X. OAPBAL, Ab. YABA un B. JIAC/IO

Ocobu wramma GL Tetrahymena pyriformis, nog BnusHuem 10~3 M agpeHanvHa, goda-
MMHa UM U30MPOTEPEHOa MOBLILWAKT MOTPe6/eHNe caxapa, Toraa Kak Mof BO3feCTBUMEM
aheapuHa NOTpebaeHNe UMM caxapa He U3MEHSIETCS. YPOBEHb FIMKOreHa nog BavsiHuem 10~6 M
afpeHannHa noBbllaeTcs 1 6e3 fo6aBNeHNS 3K30TeHHOMo caxapa, HO Yy POACTBEHHBIX 3thefpUHY
coefjMHeHWI 3TOT ahheKT OTCYTCTBYET. B TO XKe Bpemsi B MPUCYTCTBMM 3K30r€HHOr0 caxapa Bce
TPV POACTBEHHbIX COEANHEHNS B OfMHAKOBOV CTEMEHW MOBLILLAIOT YPOBEHb FIMKOreHa, X0TS 3TO
[eicTBME Y afpeHaNMHa SiBNsieTca 6onee cnabbim.

MPEAMONIATAEMAS POJIb L-APFTMIHUHA B MOBW/IM3ALUM 3HAOMEHHOIO
®OPMAJIbAEM A

A. UNBA, N. TPEN3/, 3. BAPU, A6. TEUTJIALW n X. TPABEP

ABTOPbI CUMTAIOT, UTO XKENaemoe KOMMYECTBO 3HAOMEHHOro (hopManbaeruaa BHYTPU op-
raHmsma o6ecneuvBaeTCsl [eATe/IbHOCTbIO GUOMOrMUYECKOro PErymsiLMOHHOr0 MexaHusma. 1o
NUXMHEHWIO, PerynnpoBaHue CBsA3aHo ¢ L-aprMHUHOM, HEMOCPEeACTBEHHO C SH3UMOM apruHasoii.
APIVHVH CNOHTAHHO pearmpyeT B peakuuu paBHOBecUsl ¢ (opMasibAervioM, Bo BpemMsi 06paso-
BaHUSA MPOW3BOAHOIO MMAPOKCUMETMNA, U TaKUM 06pasoM Cnoco6eH Ha MoGUNU3MPoBaHue (op-
Manbfernaa B XenaemMoM HanpasfieHUu. ABTOPbI NPeanoiaralT, YTo METW/ION0BOE NPOM3BOJ-
HOe apruHMHa 06/1aaeT CNOoCOBHOCTLIO TOPMO3UTL KIETOUHOE AeNeHue.

PA3HbIA 3®DEKT N3IMEHEHWA COKPATUTE/IbHOW AKTUBHOCTU
N AKTUBHOIO MOHHOIO TPAHCMOPTA HA NADH-®/J1IYOPECLEHTHOCTb
N MNPOAYKUMIO NAKTATA B MIAAKON MYCKYNATYPE MATKU

. PYBAHW, A TOT n A. KOBAY

Llenbto 3KCNEPUMEHTOB Obl10 BbISACHWUTb, Kakoe B/MAHMWE OKasblBalOT M3MEHEHUsI COKpa-
TUTENbHOW aKTUBHOCTM M aKTUBHOIO MOHHOIO TpaHcnopTa Ha diyopecueHTHocTb NADH, npo-
OYKUMIO MOSIOYHOW KWUCMOTbl U M30METPUYECKOE HaNpPs>KeHWEe W30NMPOBaHHOW MaTKW KpbiCbl U
Kponuka. lMosblweHne (127 MM K+) nnn topmoxxeHne (pactsop 6e3 Ca2+) COKpaTUTENbHON aK-
TUBHOCTM cHUXano (okucneHne NADH) nnam cooTBeTCTBEHHO, yBennumBano (peaykums NADH)
MHTEHCMBHOCTb TKaHeBON (yopecLeHTHOCTU. CTUMYNMpPOBaHWe HaTPUEBO-Ka/IMeEBOrO Hacoca
nyTem yaaneHus Ca2+ BbI3bIBAeT B CBEXEN MbiLLLE WN HArpY>XeHHON HaTpveM (NpeaBapuTesb-
Hbim BBefeHMeM 30 MM KCI) mbiwue okucneHne NADH, KOTopoe MOXHO 6bL10 MHIMOMpPOBaTb
oyabanHom (10~3M). AKTUBMPOBaHUE WM MHITMBMPOBaHME HAaTPUEBO- KalMeBOro Hacoca Bce-



ria Bbi3blBay NapasnesbHO /M60 MNOBbILLEHVE NPOAYKLUM MOMOYHON KUCMOTbI, IMB0 ee MOHW-
)KEHUe, He3aBUCKMMO OT aKTYasllbHOTO COKPATMTE/IbHOrO COCTOSIHUA. Pe3ynbTaTbl 3KCNEPUMEHTOB
nokasbIBatoT, UTo . noBepxHocTHass NADH-(h/yopecLeHTHOCTb SABNSAETCA METOAOM, MPUroAHBLIM
AN POCNEXMBaHUA U3MEHEHWIT 06MeHa BELLECTB B MaTKe, W 2. a3pobHbIli FIMKONN3 U HaTPUeBo-
KasIMeBoii TPaHCMopT TECHO CBSA3aHHbIE APYT C APYroM MPOLECChl B MUOMETPUMN.

CE30HHbIV LUNKA ®YHKLVOHWMPOBAHUA TOHAL, LWWTOBUAHOM XEJ/E3bI
1 HALMOYEYHWMKOB Y FPAUYEIN (CORVUS FRUGILEGUS)

N. NIEUEV n Ab. NETEL

MbI M3yuann Ce30HHY0 [esTeNIbHOCTb MOJOBbIX XKefe3, LMTOBUAHON Xese3bl 1 Haanovey-
HUKOB Y CaMLIOB 1 CaMOK rpauei, cobvpast NTUL, B NPUPOAHbLIX MECTaX 06UTaHUs], B XapaKTepHble
neprodbl UX XW3HEHHOTO UMKNa. B nepuoa (opMupoBaHMsi Nap Bo3pacTaHWe KOHLEHTpaumm
TecToCcTepoHa B NsasMe y CamLUOB BHauase 0TpaXkaso yBeMyeHue Beca CeMeHHUKOB. OaHoBpe-
MEHHO C TEeCTOCTEPOHOM MOBbILIANCA TaKXe YPOBeHb TUPOKCWMHA. Cofep)KaHue MpasmMeHHOro
KOPTUKOCTEPOHA YBENMUMBAETCA C «(pasoBbIM 3aro3gaHneM» — CrycTsi OAMH Mecsl. B KoHue
BOCMPOM3BOANTENIbHOMO LUMK/A CHaYasla HacTynaeT CU/IbHOE CHUKEHME YPOBHS TeCTOCTEPOHA, a
3aTeM, C MOJSlYMECSIUYHbIM 3aro3faHveM, YMeHblleHWe Beca CeMeHHWMKOB. Mepend nocneGpaqHoit
NIMHBKW 1 BO BPeMs Hee B M/ia3ve Hab/toaeTCsl BbICOKWIA YpOBeHb TPUIAOATUPOHNHA U TUPOKCH-
Ha, a TaKXXe KOPTMKOCTEPOHa. B OCEHHE-3UMHWIA Nepuog NoKos KOHLEHTPALMs NMO/0BbIX CTepo-
WAHBLIX TOPMOHOB, TOPMOHOB LLTOBUAHON Xese3bl N YPOBeHb MMIOKOKOPTUKOCTEPOUIOB B Nasme
NOKa3sbIBAlOT HU3KME 3HAUEHWS. Y CaMOK B Mepuoj YCTPOWCTBAMOUMHKMA THe3ga (oNavKy bl
HaxofsATcA B (hase pocTa (Genble N ManeHbKMe XenTble (oNIMKybl), B N1asMe B NepBYIo ouepelb
BO3paCcTaeT ypOBeHb MPOrecTepoHa W, B MeHbLLel CTeneHu, 3cTPOHa U TecTocTepoHa. OfHoBpe-
MEHHO CW/IbHO MOBbILLIAETCA TakXKe YPOBeHb TUPOKCUHA M KOPTUKOCTEPOHA. B nepuog cnapuBea-
HUS AVYHUKMA XapaKTepu3yeT Ha/mumne KPYMHbIX XKeNnTbiX (onavkynos. KoHueHTpaums npo-
recTepoHa ¥ TeCTOCTEPOHA B MN/a3Me YMeHbLLAETCSl, YPOBEeHb 3CTPOreHa, 0HAKO, He U3MeHSIeTCs.
3HAUMTENIbHO YMEHbLLAETCS COfiepXKaHne TUPOKCMHA U KOPTUKOCTEPOHA, B TO XK€ BPEeMsl KOH-
LeHTpauna TPUMOATUPOHMHA B HEGONbLUOM CTeneHW MNOBbIWAETCA. B nepuoa Knagku suu (ne-
PUOBYNALMOHHAS (Da3a) MOBbILLEHVE YPOBHSI MPOrecTepoHa U 3CTPOHA COMPOBOXAAETCS MO-
BbILLEHWEM YPOBHSI TUPOKCMHA W KOPTWUKOCTEPOHA. B Nepuof BbICMXKMBAHMA MTEHLOB KOH-
LieHTpauus Bcex MosoBbIX CTEPOMIOB, FOPMOHOB LLUMTOBMAHOM Xefesbl Y KOHLUEHTpauusi Kop-
TUKOCTEpPOHa B NJiasMe CHuKatoTcsi. HabogaeTcst 6bICTpast MHBOMOLMS AMYHUKA. [,0M BO Bpemst
nocne6paYHoli IMHLKN KOMMYECTBO MOMOBbIX CTEPOMAOB MPOAO/DKAET YMEHbLUATLCS, B TO XKe
BPEMS! CU/MIbHO BO3pacTaeT CoAepXKaHue TUPOKCMHA M KOPTUKOCTepoHa. OCHOBHbLIM MOMEHTOM,
06YCIOBNMBAIOLLMM (POPMMPOBaHME YPOBHEW TOPMOHOB, XapaKTepHbIX A5 0TAeNbHbIX (a3 ce-
30HHOMO LMKNA, Y CaMLIOB KaKeTCsl TUPEO-afipeHOKOPTUKANbHbINA CUHEPTU3M, & Y CaMOK CUHep-
rM3m cfefytoumx nap ropMoHOB: MPOrecTepoH — TUPOKCUH, MPOrecTepoH KOPTUKOCTEPOH
N TUPOKCUH — KOPTMKOCTEPOH.

SNEKTPO®UN3NONOI NHECKOE WCCNEAOBAHUE, BbI[JOJIHEHHOE HA MAK-
CUNNAPHBIX WYMNMNKAX CTPAHCTBYHOLWEW CAPAHYI.

l. OBLUWME OCOBEHHOCTW PELIEMTOPHbLIX OTBETOB
HA PA3APAXEHWME XNOPUCTbIM HATPUEM

. BAPAHKA

BbI/I0 MOKa3aHOo, YTo, Ha pasfipakeHWe XI0PUCTbIM HATpYeM B PacTBOpax pasMuHol
KOHUEHTpauuu, oTBevyatoT 1, 2 UM 3 peuenTopHble KNETKU CEH3WUNN, CPeAn KOTOPbIX, OfHAKO,
0flHa KNeTKa BCerja «IoMMHUpYIoLas». YacTota 1 uam 2 BTOPOCTENEHHbIX KMETOK HUXKe, aaan-
Taums 6onee 6bicTpast. Peakumy AOMUHMPYIOLLMX K/ETOK Ha MOBTOPEHME pasfpaXKeHUs Aaxe Tem
e BELLECTBOM, B TOV YK€ Camoii KOHLEHTPALMW 0YeHb 13MeHUMBBI. [Py MOBbLILIEHNN KOHLEHTPA-
umn ¢ 0,01 mMons B iMTpe A0 1,0 MONA B IMTPe HaYanbHasi yacToTa MOXET YBeNMUMBATLCS MK
YMEHbLLATLCS, HO U MPU MPOMEXYTOUHON KOHLEHTPALMMW HacToTa TOXE MOXET 6bITb MaKCUMaslb-
HOM N MUHMMaNbHOM. Bce 3T0 yKasblBaeT Ha cfabyto CreLyanmnsaLmio peLenTopHbIX KIeToK.
VIHaMBUOYyanbHble OCOGEHHOCTU PELIENTOPHbIX KNETOK 3aTyLUeBbIBAOTCA MpPU  yCpeaHeHUn
0TBETOB [0CTATOHYHOr0 UMcna KNeToK, MHAMBULYa/IbHbIE OTK/IOHEHUS] YPaBHUBAIOTCS.



OEVICTBUE XXENUHbIX KWC/AOT HA BU/IVAPHYIO 3KCKPELIMKO AMAPAHTA
M HA MPOLUECC AblXAHWA B MUTOXOHAPUNAX MEYEHU

3. TPEryuw, . BAPTA n 3. PULLEP

Hamu nccnefoBanochb BAMSHWE XeNYHbIX KUCIOT — JIMTOXO/IEBOM, XEHO4E0KCUXO/EBOA,
[leOKCUX0/1eBO, XO/1EBOM W AerMApPOX0/eBO — Ha GUNMAPHYI0 IKCKPeLMIO amapaHTa U fblxa-
HMe M30/IMPOBAHHbIX MUTOXOHAPWIA NeYeHU B 3KCMEPMMEHTaX Ha Kpbicax. XKenuyHble KUCIO0TbI
CHMXanu 6UAnapHy 3KCKpeuMio amapaHTa, YCuavMBaam B YCNOBMUAX in vitro AbIxaHWe MUTO-
XOHAPWIA, N3MepPeHHOe B MPUCYTCTBMM FNl0TaMaT-ManaTa, U nojaBnsanmn notpebneHne KMCNopoaa,
ctumynuposaHHoe DNP n ADP. KOS 3HaueHnss (MKMONb/KF, BHYTPUBEHHO) TOPMOXEHWUS, OT-
HoCALWMeCS K CeKpeLmn amapaHTa, 1 LU 5 KoHueHTpaumm TopmoxxeHns (x 10°5 M), oTHocswmecs
K cTumynuposaHHoMy ADP MWTOXOHAPWANIbHOMY AbIXaHWto, 6blIn CRefyroWUMN AN pasHbIX
XKENUHbIX KUCNOT: NIMTOXoNeBas KucnoTa: 16 u 3,3, xeHogeokcuxonesas Kucrota: 160 n 24,
feokcuxoneBas kucnota: 230 n 31, xoneBas kucnota: 680 m 105, gerugpoxonesast KUcioTa:
700 n 260. JInToxonesasi, XeHOLOKCUXO/EBAA W [eOKCUX0MeBast KUCNOTbl 3aTOPMaXKNBa/IN He
KOMMETUTUBHbLIM 06pa3oM GMINApHYI0 3KCKPELMIO amapaHTa.

Pe3ynbTaTbl HACTOALLMX IKCNEPMMEHTOB YKasbIBalOT Ha TO, YTO TOKCUYECKOE feACTBME Ha
MUTOXOHAPUN NIMTOXONEBOM, XEHOLEOKCUXO/EBOW W AEeOKCUXONEBOM KMCAOT MOXeT urpatb
pOsib B TOM, UTO 3TM XeNUYHble KACMOTbl OKa3blBalOT TOPMO3SILLEE BNSHME HA BUIMapHYI0 CeKpe-
LMo amapaHTa.



«Acta Physiological) My6/KylOT TpakTaTbl M3 06/1aCTW 3KCMEPUMEHTaNIbHOM MeauLUH-
CKOIi HAayKW Ha PYCCKOM U aHT/IMACKOM si3blKa.

«Acta Physiological> BbIX0AAT OTA€/MbHLIMW BbIMyCKaMU pasHOro o6beMa. HecKonbKo
BbINYCKOB COCTaB/SOT OAWH TOM.
MpeaHasHaYeHHble ANA Ny6AnKaLMnM pyKonucy cnefyeT HanpasnaTb Mo agpecy

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

Mo aTomy XXe afpecy HanpasNsATb BCAKYH KOPPECNOHAEHUMIO AN pefakuun v agmu-
HUcTpauuu.

3akasbl NPUHUMAET MpeanpusaTMe MO BHeLLHel ToproBne «Kultdra» (H-1389 Budapest
62, P. 0. B. 149. Tekywmin cyeT Ne 218-10990) MAM €ro 3arpaHW4Hble MNpPeACTaBUTENbLCTBA
VCMOSTHOMOYEHHbIE.
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KC1-, and NaCl-myosins were prepared from different parts of the central
nervous system (CNS). Throughout these experiments P and lipid contents were higher
in NaCl-myosins than in KCl-preparations. Both KC1-. and NaCl-myosins have increased
lipid and P contents compared with skeletal muscle myosins.

When the specimens were separated by a molecular sieve, it was found by
chromatographic technique on Sepharose 4B column that the cerebral and cerebellar
myosins were composed of two fractions of different molecular mass while the brain
stem and spinal cord myosins revealed only a single peak.

The myosin fractions’ Ca-ATPase activity could be augmented by rabbit muscle
actin. The myosin preparations developed filamentous systems and aggregates which
could be shown by scanning electron microscopy.

All the CNS-myosin preparations could be phosphorylated; however, they were
saturated to a different degree and were influenced by the presence or absence of
serotonin.

The kinetic studies revealed that the phosphate saturation of the brain stem,
cerebellar and cerebral myosins depended on the ATP concentration and incubation
time.

The alkaline hydrolysates of lipid-free human brain myosin preparations con-
tained amino acid phosphates. P-Arg, P-Lys and P-His in different amounts depending
on their sources. In response to a phosphorylating mixture only the amount of P-Arg
was elevated in the cerebral myosins, P-Arg and P-His in the brain stem preparations,
and P-Arg, P-His and the amounts of unidentified compounds in the cerebellar ones.

An actomyosin-like complex from mammalian brain was first isolated
by Puszkin et al. 120]. The complex showed superprecipitation with magne-
sium ions and ATP. The protein complex constituted approximately 1 to 2%
of the total rat or cat brain protein. Subsequently, Puszkin et al. [21], Berl
et al. [2] have shown that actomyosin is present in the synaptosomal fractions
and as shown by Puszkin and Kochiwa [22], brain actin is enriched in the
synaptosomal membrane fraction, while myosin molecules have been found
mainly in synaptic vesicles. Burridge and Bray [5] identified in the brain
of 12 to 14-day-ohl chick embryos heavy chains of myosin with a molecular
weight of about 200 000 dalton: and light components of 17 000, 20 000 and
23 000 dalton. The heavy chains show major differences compared with
those derived from skeletal, cardiac, platelet, and adult brain myosins.
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102 S. FAZEKAS et al.

The myosin molecules from all sources including the brain are morpholog-
ically indistinguishable as shown by Elliott et al. [9]. They all have two
globular heads attached to a tail the length of which does not differ by more
than 10 nm from species to species.

Roisen et al. [23] have demonstrated by the double antibody immuno-
fluorescent method in cultured neuronal and glial cell lines that the cells have
a three-dimensional surface network and an array of parallel filaments aligned
with the major cellular axis. The myosin-rich filaments are found in the region
of the actin filament system network. They have suggested that these proteins
are capable of interacting to generate the motive force for the intracellular
movements.

Ash [1] described the properties of myosin isolated from cultured glial
cells of the rat brain. Therefore, it is beyond any doubt that the glial cells
contain myosin and actin, too. The heavy subunit of glial myosin has a molecu-
lar weight of approximately 200 000 dalton while the light chain components
have a molecular weight of 17 000 and 19 000 dalton; 0.2 mg myosin is gained
from 5 g of cultured cells.

The aim of these experiments is to obtain sufficient amounts of myosin
from the human cerebral cortex and from other parts of the central nervous
system (CNS) with an extraction solution containing KC1 or NaCl and suit-
able for analytical comparison. Since it has been found that the myosin from
rabbit skeletal muscle has higher a P content when NaCl is applied in the
process of extraction and purification (Fazekas et al. [10]) we have made
a distinction between KCI-myosin (with a lower P content) and NaCl-myosin
(with higher P content).

Materials and Methods

The human brain was cleaned from the meninges and vessels at 0-4° and dissected
into different parts. The brain was minced and weighed. (The majority of blood vessels and
nerves remain inrolled on the spindle of the mincing-machine.)

Preparative work was done at 0—4 °C. Human brain myosin (HBM) was extracted
from fresh minced brain, essentially by the method of Buhridge and Bray [5]. The materials
were homogenized either in buffer A (0.6 M NaCl, 8 mM NaHCO03 pH about 8.7, 1.5 mM
2-mercaptoethanol) orinbuffer B (0.6 M KC1,8 mM KHCO03, 1 mM dithiotreitol, pH about 8.6).
We used the buffers A or B to compare the effect of Na+ or K+ on the P content of myosin
(Fazekas et al. [10]). Buffers containing phosphates were avoided, similarly the precipitation
by ammonium sulphate was omitted. The homogenate was stored for 30 min, then centrifuged
at 16 000 g for 30 min; the extraction was repeated (3 hours) and the extract was centrifuged
again.

‘ The supernatants were combined and the crude myosin was flocullated by dialysis
against distilled water changed twice, then followed by further dialysis against 40 mM NaCl
or KC1 whilst the pH was maintained at about 7.2 with 3 mM NaHCO03or KHCO03 The pre-
cipitate was pooled by centrifugation at 16 000 g for 20 min (in the second part of the study
150 000 g for 150 min was used to enhance effectiveness), followed by washing, the material
was resuspended in 20 vol of 40 mM NaCl or KC1 and sedimented by centrifugation again as
before. The myosin precipitate was dissolved in a small volume of 2 M NaCl or KC1, and
2 mM 2-mercaptoethanol. The pH was adjusted to 7.6 with NaHCO03 or KHCO03, while the
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HUMAN BRAIN MYOSIN 103

salt concentration to 0.6 M NaCl or KC1. The opalescent solution was then centrifuged at
16 000 g for 30 min.

The supernatant solution was precipitated again by dialysis and the precipitation was
dissolved to a suitable volume as described above. Since brain myosin contains more lipid
and nucleic acid than skeletal muscle myosin, these were removed by treatment with DEAE-
cellulose (DE32 0.2 g suspended in 10 ml of 5 mM Tris-HCI buffer, pH 7, adding 0.1 ml sus-
pension to 1 ml myosin), followed by centrifugation at 16 000 g for 30 min. The supernatant
was then ultracentrifuged again at 150 000 g for 90 min to remove actin contamination (uc-
myosin). This supernatant solution (3-5 ml containing maximum 70 mg protein) was trasferred
to a column (1.8X70 cm) of Sepharose 4B equilibrated and eluted with buffer A or B. The
flow rate was approximately 15—8 ml/h.

The protein content was determined by the biuret micro method (Goa and Scan [14]),
and by absorption measured at 225 and 260 nm, and the dry weight of salt- and lipid-free
protein was measured gravimetrically at the end of the procedure and after protein dehydra-
tion at 105 °C for 5-6 h.

The RNA contamination was traced in gel-filtrated samples on the basis of their ribose
content determined by the orcinol method of Schneider [24], while the lipid-P, P content in
lipid-free samples, and the total P content were determined in the inorganic residue gained
by combustion with cc HN 03, using the method of Fiske and Subbabow [12], except that
the final reduction was reached by the addition of ascorbic acid according to Lowry et al. [17].

The HBM may be phosphorylated with a phosphorylating mixture containing 0.1—
0.3 mg myosin in 1.5 ml final volume, 25 mM Tris-HCI, pH 7.28, 6 M MgCl2, 0.1 mM ATP,
10 fiM CaCl2 and 60 mM NaCl or KC1 depending upon the nature of the myosin preparate.

Phosphorylation was started with Mg-ATP mixture and terminated with 2-3 vol of
ice-cooled acetone in proper time. The myosin was then allowed to flocullate and was pooled
by centrifugation. Non-covalently bound P and ATP was removed by washing six times with
a mixture containing 20 mM KC1, 20 mM NaCl, 2 mM MgCl2 0.1 mM CaCl2, 8 mM NaHCO03
1 mM EGTA, applied in 2 vol ethanol and finally without ethanol, followed by lipid extraction
twice (Chi MeOH, 2:1 by volume), and then the P content was determined in the samples
and the control again.

The properties of covalently bound P were studied in the hydrolysates of lipid-free
myosin. The fatty acids and dérivates of cholin and ethanolamine phosphates interfere with
the chromatographic separation of amino acid phosphates. The alkali-stable amino acid
phosphates were obtained by a procedure of hydrolysis in 3 M KOH, at 105 °C for about 10 h
in sealed “Pyrex” glass tubes. The details of the techniques and analytical methods necessary
for the elimination of Si-background dissolved from the ampulles have been published in
a previous communication (Fazekas et al. [11]). The alkali-stable amino acid phosphates
were separated on a column (0.9 X8 cm) of Dowex 1 X8 by a method of linear gradient chro-
matographic elution. The hydrolysate was loaded onto the column at a low concentration of
KOH (0.01 M), and elution was performed using a stepwise linear KHCO03gradient up to 1 M.
To determine the P content of the fractions, 0.5 ml of effluent from each fraction was added
to a reaction mixture containing 0.5 ml ammonium molibdate reagent, 1.25 ml distilled water,
0.25 ml of 1% ascorbic acid, the H2504 concentration being 1 N. The inorganic P reacts
immediately, while covalently bound Ps after release in their hydrolytic sequence of P-Arg,
P-His, and their secondary hydrolytic products develop blue colour after hydrolysis, too.
The intensity of the blue colour is read at 720 nm at a proper time similarly to their standard
curves.

The specific reactions were applied for the trace of basic amino acids in the collected
fractions. The colorimetric method of Gilboe [13] for arginine, that of Horinishi et al. [16]
for histidine and that of Chinard [6] for lysine were applied; moreover their presence in freeze-
dried samples was checked by paper- and TLC sheets as described in our previous report [11].

Results

During the isolation of our first preparations, we had to be careful not to
make the same mistakes that had been made during the isolation of muscle
myosins. Namely, we supposed the existence of a single individual myosin
in CNS. Moreover, the yield of myosin that was obtained by the KCl-contain-
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104 S. FAZEKAS et al.

ing solution was less than the preparations of NaCl-myosin independently
of whether it had been derived from the hemisphere or other parts of CNS.
Nevertheless, the preparations still had a higher P content than the skeletal
muscle myosin [10].

The yield of myosin and their P content from several brain preparations
are demonstrated in Table 1.

Table 1

The yield of myosin preparationsfrom the human brain

Sub ect . . Yield of :
- Mince Myosin purified P content Ribose
Material © preparations myosin**  (mol/mol) content
age sex (mg) mol/mol)

KCl-rmfosin

76 $ lob. front, and occip. 150  non-gel-filtr.
myosin 6.8 45

86 right cerebr. uc-centr. 37 29

hemisphere 505 gel-filtr. 12 50

65 hemisphere 830 uc-centr. 18.5 31 4.6
gel-filtr. 10 51 trace

54 hemisphere 750 uc-centr. 16.9 29 125
gel-filtr. 6.5 62 3

NaCl-nlyosin

33 $ hemisphere 849 uc-centr.*** 44 67 15
gel-filtr. 105 89 3

67 hemisphere 1050 uc-centr. 31 90 35
gel-filtr. 15 158 5

82 ? left cerebr. gray mat. 239 uc-centr. 12 95 12
gel-filtr. 3.8 130 2

*The majority of myosin originated from the gray matter, since the process was tried
from white matter and an insignificant myosin was only yielded.
**The data are related to dry weight of salt-, and lipid-free proteins.
*** Using KCI/NaCl in mol/mol ratio in the extracting solution.

It is obvious from these data that the HBMs have a higher P content
than skeletal muscle myosin. The RNA contamination may be reduced to
a minimum by DEAE-cellulose treatment and gel filtration.

There is also a higher lipid and P-lipid content in HBMs derived from
different parts of the CNS compared with the muscle myosin; the highest
P-lipid values were found in the NaCl-myosin, these are pooled and demon-
strated in Table Il A, B.

The myosin seems to be heterogeneous in the preparations made of the
cerebral cortex and cerabellum, since they exhibited a double peak on exclu-
sion chromatograms on Sepharose 4B gel (Figs 1 and 2).

However, a single myosin peak was gained from the material obtained
from the brain stem and spinal cord (Figs 3 and 4). The double peak was
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HUMAN BRAIN MYOSIN 105

cerebral myosin .
cerebellar myosin

Fig. 1. Gel filtration of human cerebral myosin on Sepharose 4B column (2.3x63 cm). The

column was equilibrated and eluated with 0.5 M NaCl, 8 mM NaHCO03;, 3.2 ml were collected

into each tube. The tubes of the first fraction were collected as myosin separately by their
peaks into two parts as | and Il

Fig. 2. Gel filtration of cerebellar myosin on the same columns as in Fig. 1, except that 3.65 nd

were collected into the tubes. Further details of the legend are the same as described in Fig. 1

spinal cord myosin
brainstem myosin

Fig. 3. Gel filtration of human brain stem NaCl-myosin on the same column as cerebral one.
4.7 ml fractions were collected. Tubes Nos 16 —19 were collected as myosin
Fig. 4. Gel filtration of human spinal cord NaCl-myosin on the same column as the cerebral
and brain stem myosins. 4.65 ml fractions were collected. Tubes Nos 16-19 were pooled as
myosin
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regarded as a mixture of two distinct myosins, therefore two separate fractions
(I and 11) were collected.

Table 1l shows that fraction | has a higher P content than fraction 11
in cerebral preparations. The question arises wheather the appearence of the
double peak is a consequence of different molecular masses due to differences
in covalently bound P, or lipid or P-lipid contents, or in all three components
collectively.

Table 11
Yield and properties of NaCl-myosin from different parts of CNS of two subjects
(A and B)
A
Yield of .
Mince purified Total P content . Ribose
(g) protein P content* Of I|p|d_—fiee Lipid-P content
(”'g) myosin (mol/mol)
Hemisphere 665 37 289 265 42 2.4
Cerebellum 90 5.6 89 86 10 1.2
Brain stem 48 6.9 35 25 8 1.7
B
. . P content of
Mince Gel-filtr. ~ Yield of gel-filtr. lipid-free Lipid P
© fractions** myosin myosin* (mol/mol)
(mg) (mol/mol)
Left cerebral grey material 240 | 30 130 14
" 19.6 83 19
Cerebellum 110 | 6 109 46
il 5.5 154 53
Brain stem 69 3.8 116 20
Spinal cord 23 3.6 65.5 40

* Data are given mol P/mol of myosin and related to dry weight of salt- and lipid-free
myosin preparations.

** | and Il: see Figs 1 and 2; the tubes of gel-filtrated myosin are collected into
fractions.

separate

All gel-filtrated myosins are able to form filamentous systems as it is
shown by a sample of cerebellar myosins (Figs 5 and 6).

The ultrafine section was made from a small part of the filamentous
aggregate sectioned from a part of filaments embedded in Durcupane. The
section shows the double heads and groups of heads, moreover the tail parts
of myosin (Fig. 7). It seems that shrinking of the filaments may be avoided
by this technique.

Ca-dependent ATPase activity in the samples of a high ionic strength
medium (0.5 M KC1, pH 7.2) is between 4.18 and 6.0 nkat. mg-1, i.e. 0.25-
0.36 /«n6i Pi. mg-1, min-1 similar to the results of Burridge and Bray [5].
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Fig. 5. SEM (scanning electron microscopic) figures of the filamentous aggregates of gel-
filtrated cerebellar myosin. The formation of filamentous systems was induced by 0.2 mM
K[Au(CN),] solution stored at 0-4 C° and postcontrasted with Au-treatment. Magnification
X 3500
Fig. 6. SEM figures of cerebellar myosin aggregates from fine structural filaments to illustrate
the further details of the filamentous system. The preparation was postcontrasted with Au-
treatment. Magnification X 9450

Fig. 7. TEM (transmission electron microscopic) structure of a segment of the filamentous

system of the cerebral cortex myosin prepared from K[Au(CN),]-induced aggregates. The

ultra fine section was made of Durcupane-embedded filaments, postcontrasted with

Au-treatment. Note the double heads, groups of some heads and rod parts of myosin. Final
magnification X 165 000
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(nkat = nanokatal = nmol. s-1 by SI). The activity of HBMs may be
enhanced about to two or ten times by rabbit muscle actin depending on the
nature of myosin preparations.

In the further part of our study the chemical properties of P-containing
compounds in myosin were investigated. In view of our previous observation
that the phosphate contents of skeletal muscle myosin can be increased with
ATP under suitable circumstances a similar phosphorylation process was
performed with the respective brain myosins. Only KCI-myosins were prepared
from three different parts of the brain (cerebral cortex, cerebellum, brain
stem) of two subjects simultaneously and the phosphate incorporation was
investigated in preparations to obtain more information about the existence
of the three types of myosin. The samples were incubated in phosphorylating
mixture, and also in the presence of serotonin (molar ratio serotonin: myosin =
= 1000/D.

Due to its relatively high concentration in the brain stem and hypothal-
amus [19, 26, 27], and to its specific effect on synaptosomal preparations of the

Table 1

Phosphorylation and effect of serotonin on the phosphorylation of human brain myosin
(data are related to mol P/mol myosin)

Samples of gel-filtrated Samples incubated
preparations before
phosphorylation

Type of sample without in phosphor- in phosphor-
Mg-ATP ylating r¥1l'attmge
. i ixtur

total P** lipid-P* (control) mixture 4 serotonin

KCIl-myosin
1. hemisphere 41.8 5 24 122 —
2. hemisphere 45.5ng 4.5 25 155 168
3. hemisphere a+ 30.7 4.5 16 83 102
b+ 50 8 33 94 168
NaCl-myosin
4. hemisphere 516 47.6 220 575 571
5. hemisphere 391 30.7 268 645 495
6a) cerebral
cortex 1 315 14 130 330 566
" 83 19 55 47 725
b) cerebellum | 109 42.6 105 405 480
1 154 50 175 365 220
c) brain stem 116 19.8 47 9 237
d) spinal cord 71 40.5 10 108 255
7a) cerebral
cortex 194 30.9 142 206 216
b) cerebellum 89 23.9 68 305 350
c) brain stem 117 52 56 22,5 30.7

ng, non-gel-filtrated (only ultracentrifuged sample)
a+ and b~ show two parallel preparations with minor modification in extraction solution

of af adjusted the pH to 6.6
*removed by Chl-MeOH mixture from acetone precipitated samples
** the samples contain the lipid content, too, showing the efficiency of the incubation

and washing solution in the controls
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Fig. 8. Effect of ATP concentration on the phosphate saturation of gel-filtrated human brain
myosins. The samples were incubated in the presence of increasing amounts of ATP in the
same medium that was applied for incubation of the specimens in Table Ill. Incubation was
performed at 30 °C and started with the addition of myosin samples and terminated with
ice-cooled acetone at maximum phosphate saturation (see Fig. 9). The phosphate saturation
of each specimen is represented in mol P/mol myosin versus ATP concentration.--—------ -
brain stem, x —x cerebellar, 0 —O cerebral myosin. G, gel filtrated, Ccontrol incubated without
ATP

brain cortex [7] it was supposed that serotonin might have an effect on phos-
phorylation. The results are shown in Table Ill. This table shows that the P
contents of NaCl-myosin preparations is higher than that of KCIl-myosins.

All CNS preparations can be phosphorylated (except for the brain stem
NaCl-myosin) in the presence of a phosphorylating solution, even if this con-
tains ten times lower ATP than used for the phosphorylation of skeletal muscle
myosin [10]. The data can be properly evaluated only if they are related to
the controls since the incubation and the washing procedure further decrease
the P contents of the gel-filtrated samples. The highest loss in P was found in
the spinal cord myosin sample when it was incubated without ATP.

The data show that serotonin has an influence on the P preservation
of most specimens.

The heterogeneity of the degree of phosphorylation in the KC1-, and
NaCl-myosin preparations and the effect of serotonin have not been clarified,
yet. The variety might depend on the origin of the KC1-, and NaCl-myosin
preparations, furthermore on the subjects.

For a comparative analytical and kinetic study of phosphorylation
higher amounts of HBMs preparations were required. At well defined stages
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incubation time (min)

Fig. 9. Effect of incubation time on the phosphate incorporation of gel filtrated human brain

myosins in the presence of 0.75 mM ATP in the incubation medium. The incubation was started

with the addition of Mg-ATP mixture and terminated at increasing incubation intervals. The

same symbols are used for the individual specimens as in Fig. 8. The phosphate saturation is
designed and represented in mol P/mol myosin versus the incubation time

of the procedure a significant observation was made. The yield of myosin
could be increased by about three times (shown compared with the amounts
in Tables I —I11) if the flocullous precipitate of the first dialysate was sedi-
mented by ultracentrifugation (150 000 g, 150 min; see Method). The efficiency
of the modification is explained by the higher number and diversity of polar
groups of HBMs related to the respective skeletal muscle myosins. As a con-
sequence, they have higher solutibility resulting in finer precipitation which
latter remains in solution mostly in rather dispersed formations.

Several pilot studies have shown that phosphate incorporation depends
on the concentration of ATP in phsophorylating mixture and on the incuba-
tion time. The results of the dependence of phosphorylation upon ATP con-
centration are shown in Fig. 8. Incubation was terminated at different intervals
(see Fig. 9). The obtained curves reveal very distinct deviations in phosphate
saturation and ATP sensitivity depending on the origin of the preparations.
The highest sensitivity for ATP concentration is shown by cerebral myosin.
This preparation incorporates phosphate already at 10_6M, while that of the
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fraction number (3.8 ml/fraction)

Fig. 10. Elution profile of synthetic alkali stable amino acid phosphates. The solution of

4 jtemol samples was applied on Dowex 1 X8 ion exchange column (200-400 mesh, 0.9 X6 cm)

in 0.005 M KOII solution and separated with a linear step gradient method of chromatographic

technique. The chromatogram was designed by the P content of the tubes having the phosphate

determined in an aliquot of each tube. The elution profile was graphed on the basis of the

chromatographic separation of each P-containing compound separately, then on that of the
mixture of synthetic specimens

brain stem at a concentration of 10-4 M ATP. The highest incorporation was
attained in cerebral myosin having the most phosphate binding sites. The
findings in Figs 8 and 9 relate to preparations of patient No. 8. Similar results
were obtained, with some differences, from parallelly investigated prepara-
tions (from patient No. 9).

When the incubation times were studied, differences were found again.
The saturation of the brain stem preparation required the shortest incubation
time. The phosphate saturation of this myosin terminated within 30 s, while
the incorporation lasted in the cerebellar preparation about 1 min and in the
cerebral cortex myosin about 2 min in the presence of 0.75 mM ATP (Fig. 9).

It was found that in the phosphorylated samples the highest amount
of phosphate could be preserved when the incubation was terminated by ice-
cooled acetone at maximum saturation. This provides a possibility for the study
of incorporated phosphate in comparison with gel-filtrated samples (see Figs
8 and 9).

Further on an attempt was made to establish which type of amino acids
the phosphoryl groups were connected with. For this special purpose the
myosin samples were hydrolyzed, liberating the amino acid phosphates from
peptid bonds by alkaline hydrolysis.

The alkaline hydrolysis simultaneously releases the free amino acids
and alkali stable amino acid phosphates. Naturally, this procedure makes
a possibility of secondary reactions as a small amount of secondary products
is formed together with other hydrolytic derivatives. The elution profile of
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Fig. 11. Separation of the alkali stable amino acid phosphate from the hydrolysate of phosphor-
ylated brain stem myosin. The hydrolysate was obtained from phosphorylated and lipid-free
protein part (in 3 M KOH, 105 °C, 10 h) in a sealed “Pyrex glass” ampule, than diluted to
0.01 M KOH concentration and transferred onto Dowex | X8 column, 0.9 X6 cm. The separa-
tion is performed with a linear step gradient chromatographic technique using a mixer chamber
with a capacity of 160 cm3filled with 0.02 M KHCO03 and the reservoir with 120 ml of 0.2 M
KHCO3 solution operated with an electromagnetic mixer in the course of elution. Then the
KHCO3 concentration was increased to 0.75 M and 1 M as indicated by the arrows. Finally,
1M KHCOswas applied directly without mixing marked as D and 2 M K Cl for the regeneration
of column. The determination of P content in effluent tubes was undertaken on the basis of
the specific molybdate test for phosphate considering the presence of Si-background (see [11]).
The peaks are represented by the P content of tubes in /rniol per fraction applying the same
numbering for peaks as in Table IV. The brain stem myosin shows the least phosphorylated
compounds related to cerebellar and cerebral preparations

fraction number (£.£5ml/fr)

Fig. 12. Elution profile of amino acid phosphates of phosphorylated cerebellar KCI-myosin.

The hydrolysate was obtained from the lipid-free protein part similar to brain stem myosin.

For the rest of legends see Figs 10 and 11. The most phosphorylated compounds were separated

from the cerebellar preparation confirmed by a concurrently investigated myosin of patient
No. 9

synthetic amino acid phosphates and inorganic P are shown for the identifica-
tion of phosphorylated amino acids of myosin on one of the chromatograms
(Fig. 10).
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fraction number (5.5ml/fr)

Fig. 13. Elution profiles of amino acid phosphates of cerebral phosphorylated (a) and unphos-

phorylated control (b) specimens. The control sample is represented by a different scale com-

pared with the phosphorylated one (a). The most of phosphate was incorporated in P-Arg
of cerebral gel-filtrated myosin (see Table 1V). For the rest of the legends see Figs 10and 11

The chromatogram of the individual amino acid phosphates was designed
and constructed from those tubes which developed a blue colour with ammo-
nium molybdate reagent (see Method).

The chromatographic profile of amino acid phosphates separated from
the hydrolysate of brain stem myosin is shown in Fig. 11, furthermore the one
obtained from one of the cerebellar samples is demonstrated in Fig. 12.

The hydrolysate of cerebral cortex myosin and its unphosphorylated
sample are shown using different scales for the sake of comparison (Fig. 13).

Table IV summarizes the distribution of the phosphorylated compounds
found in the hydrolysate of phosphorylated HBMs. Nine phosphorylated
compounds were observed altogether so far in the myosins derived from muscle
and non-muscle sources. This numbering is used in the table for peaks in order
of elution, disregarding whether they have been identified or not, with the aim
of summarizing the total P-containing compounds which have been observed
in myosin up till now.

On the basis of experience gained at phosphorylation studies it might
be assumed that probably more than 9 phosphorylated compounds exist as the
hydrolytic and decarboxylated products Nos 1 and 2, respectively, are minor
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Table IV

Distribution of amino acid phosphates in hydrolysates of phosphorylated
human brain KC1-myosin

Cerebral cortex
Brain stem Cerebellar

No. sample (phosphoryl). (phsophorylated) (phosphoryl.) (control)
/anol % /tmol [ “umol % Jimol %
I ? - - 0.804 21.00 tr 0.045 6.95
27 — — 0.228 6.00 0.028 1.34 0.034 5.90
3 P-Arg 3.650 49.6 1.163 30.50 1.770 85.00 0.353 54.50
4 Pi — — 0.232 6.06 0.017 0.84 0.029 4.50
5P-Lys — — 0.093 2.44 0.014 0.66 tr
6 ? 0.757 16.20 0.113 2.96 0.075 3.60 tr
7N”-P-His 1.632 22.9 0.588 14.60 0.103 4.95 0.153 23.40
8N"-P-His 1.106 16.1 0.214 5.60 0.115 5.35 0.019 2.92
97? tr 0.414 10.80 0.032 1.49 0.050 7.70

components. In phosphorylated samples they are usually covered by fresh
Nos 1 and 2 of higher amounts, which appear under the effect of phosphoryla-
tion in some myosins, from several sources.

Discussion

Experiments presented in this paper show that there might be three
types of HBMs with distinct properties prepared from different parts of the
CNS similarly to myosins of skeletal muscle varying according to their sources.
Myosin heterogeneity has been revealed in examinations of Bray [3] in
cultured developing chicken neuronal myosin preparations. He has found that
actin is about 8% and myosin only 0.5% ofthe total protein content of cultured
neurocytes. Similarly, arather low quantity of myosin has been found in adult
tissues. Further myosin preparations have been isolated from other specific
nervous sources: Drenkenhahn et al. [8] from peripheral nerves, Hesketh
et al. [15] from bovine retina, Scorditis et al. [25] from murine astrocytes,
and Mitter and Kuent [18] from rat glioma and cultured neuroblastoma
derived from brain. Their shape, size and enzyme activity have been similar
to muscle myosin, while the light chains of neuronal myosin were rather similar
to that of smooth muscle myosins. However, there are some differences in
the amino acid sequence of heavy chains that result in altered aggregative
behaviour [4].
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Our findings agree with those of Wellington et al. [28], i.e. the prepara-
tion of hrain myosins contain an abundance of lipids. We also found a higher
lipid quantity in HBMs particularly in cerebral cortex myosin. Consequently,
480 000 dalton refers to the right molecular mass, and the combined molecular
mass would he a fictitious value. A significant P-lipid part is closely adsorbed
in gel-filtrated preparations, and for this reason it is supposed that an adequate
lipid amount is an integrated part of the myosin molecule.

It has been experienced throughout these investigations that Na+ has
a specific influence on the preservation of P as it was found in the case of the
skeletal muscle myosins [10]. Myosin was obtained with a higher P content
from CNS in the presence of NaCl-containing solutions as compared to KC1-
containing ones.

Myosins (including HBM, muscle and non-muscle myosins) may he
induced by K[Au(CN)4] to form a filamentous aggregate system. Actin never
produces the above-mentioned phenomenon.

It cannot he decided whether myosin in cerebral cortex and cerebellum
is heterogeneous or there are two different types of it particularly in NacCl-
preparations. Only the distinctly different P content seems to confirm this
assumption. Systematic studies are required for the solution of this problem,
since the myosin might have been derived from at least two different sources
(brain cells and blood vessels).

However, the existence of three distinct myosins in human brain are
confirmed by the phosphate saturation studies depending on the ATP con-
centration and incubation time (see Figs 8 and 9). The cerebral myosin is
able to incorporate an enormous amount of phosphate from ATP, which could
he preserved when the incubation was terminated by ice-cooled acetone ap-
proximately at maximum saturation which presented the intramolecular
movements of phosphate groups. This myosin incorporates the phosphate
from a relatively low ATP concentration compared with cerebellar and brain
stem ones.

Alkaline hydrolysis releases only an insignificant amount of phosphate
from N—P bonds. A larger amount of inorganic phosphate can be released from
the ester-type bonds.

Making a comparison between the unphosphorylated and phosphorylated
HBMs a significant variance is seen in the phosphate incorporation depending
on the sources of preparations. While the cerebral KCIl-myosin incorporates
the phosphate into the P—Arg in the greatest proportion (see Table 1Y), the
cerebellar KCI-myosin incorporates it into P—Arg, P—His and into the uniden-
tified samples Nos 1, 2 and 9, while the brain stem one into P-Arg, P—His
and compound No. 6.

The results support the existence of individual myosins in the CNS
and the possibility of further myosin varieties in nervous tissues. Nevertheless,
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it must be considered that all the myosins are the final products of a given
procedure and, therefore, the real internal P content and composition of myosin
is not reflected. It is thus suggested that the term “preparative myosin”
be used [10].

We think finally that data shown in Figs 8 and 9 referring to the higher
ATP concentration and the longer incubation time confirm the movements of
phosphate groups in the HBMs and also the existence of the phosphate burst.

On the basis of these results it may be supposed that the cytokinetic
movements in brain (neural) cells are performed at the cost of the high-energy-
potential amino acid phosphates. Therefore, it is important that P movement
takes place rather rapidly and it is an inherent characteristic with brain myosins
depending on their sources; this fast mechanism coincides with the working
process of brain cells. We assume this to be one of the principal mechanisms
of internal movements.
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To determine whether renal prostaglandins participate in the regulation of

renal blood flow, sodium and water excretion during “stress situation”, renal function

as investigated in two groups of anaesthetized dogs, subjected to minor and to more

severe surgical stress under control conditions, and following the administration of
4 mg/kg indomethacin i.v.

In the control studies, the renal haemodynamic parameters (CpaH, Qnulin)»
urine output and sodium excretion were not different in those animals in which the
surgical traumatization was more severe from data obtained in similarly anaesthetized
dogs.

Extracellular volume expansion induced with i.v. infusion of Ringer solution
enhanced sodium and water excretion in both groups, however, the increase of sodium
excretion was less in the dogs subjected to more severe stress.

During indomethacin infusion glomerular filtration did not change in either
groups; CFAH decreased by 20-25% in the anaesthetized animals and 35-40% in dogs
in which the surgical stress was more severe. In this group the total renal blood flow
was reduced by 40% simultaneously with the haemodynamic changes; sodium and
water excretion fell in both groups.

After indomethacin infusion the diuretic response of the kidneys to extracellular
volume expansion was markedly reduced in the anaesthetized dogs, the diuretic and
natriuretic effects being almost completely inhibited in the animals subjected to more
severe stress.

These data suggest that in the anaesthetized dog endogenous prostaglandins
may serve to maintain renal blood flow but not the glomerular filtration rate. Inhi-
bition of prostaglandin synthesis during more severe stress results in increased renal
vascular resistance and reduced renal blood flow. Accordingly, the data provide evi-
dence thatrenal prostaglandins counteractin the kidney the vasoconstrictor mechanisms
activated during more severe surgical traumatization.

The data do not support the direct physiological role of prostaglandins in regulat-
ing tubular function.

Data from several laboratories have recently demonstrated that the
regulation of renal blood flow is based on a complex interplay of vasoconstrictor
and vasodilator factors. In particular, prostaglandins are known to be involved
in renal blood flow control in a variety of conditions in which the renin-angio-
tensin or the sympathetic nervous system is activated.

Although inhibition of prostaglandin synthesis has little or no effect upon
renal blood flow in conscious, chronically instrumented dogs [20, 21], it may
elicit or augment the reduction of renal blood flow that occurs in the anaesthet-
ized animal.

These divergent results can be explained as follows. Renal vasoconstric-
tors such as epinephrine or norepinephrine [16], angiotensin | [15], angiotensin
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Il [14], renal nerve stimulation [17], and renal ischaemia [7, 14] increase
renal prostaglandin release. Activation of any of these stimulatory pathways
during an experimental procedure would be expected to potentiate the in-
hibitory actions of prostaglandin synthetase inhibitors by augmenting the
level of renal synthesis of prostaglandins. If prostaglandin synthesis is inhibited,
the influence of vasoconstrictors is accentuated.

Whereas conscious dogs increase renal sodium excretion after inhibition
of prostaglandin synthetase [8], we have shown that indomethacin, a potent
inhibitor of prostaglandin synthetase, decreases sodium and water excretion
in anaesthetized dogs [9, 10]. The antidiuretic and antinatriuretic effect of
indomethacin is probably secondary to renal vasoconstriction.

The purpose of the present study was to determine whether the surgical
stress per se affected the kidney function during prostaglandin synthesis
inhibition or not.

The experiments were carried out in two groups of anaesthetized dogs
in which the degree of surgical stress was different. In the first series surgical
stress was less while in the second one surgical traumatization was more severe.
Simultaneous measurements of the renal parameters were performed under
control conditions and following the administration of the inhibitor of prosta-
glandin synthesis.

Methods

The experiments were performed on mongrel dogs of either sex weighing 12 to 25 kg.
For 24 hours prior to the experiment the animals were kept on water only. Anaesthesia was
induced with sodium pentobarbital (25 mg/kg i.v.) and maintained with repeated additional
doses. After the anaesthesia each animal received an infusion of Ringer solution equal to 1%
of the body weight containing para-aminohippuric acid (PAH) and inulin ensuring a plasma
concentration of 2 mg and 30 mg per 100 ml, respectively, followed by a sustaining infusion
of 0.25 ml/kg per min for the rest of the experiment.

Both femoral arteries and veins were cannulated in all animals, for arterial blood collec-
tions and infusions. Mean arterial blood pressure was measured by a Statham strain-gauge
transducer connected to a polyethylene catheter in the left femoral artery and recorded on
a RADELKIS recorder.

From a low abdominal midline incision the bladder was exposed and the ureters were
catheterized supravesically using fine polyethylene cannulas.

In another series of experiments, the left renal hilum was dissected through a left flank
incision and retroperitoneal dissection, following cannulation of the ureters, femoral arteries
and veins.

The left renal vein was connected to the left external jugular vein with a siliconized
rubber tube. A T-extension of the tube permitted direct measurement of renal venous outflow.
Prior to establishment of the anastomosis, 0.1 ml (500 1.U.) per kg body weight of heparin
was given intravenously.

In this group, termed cannulated group the surgical stress was more severe than in the
animals without flank incision, termed non-cannulated group.

A fter starting the infusion, 60 min were left for attaining an equilibrium, then urine
was separately collected from the kidneys in 20-min periods. Rlood was withdrawn at the
midpoint of each clearance period. After centrifugation of the blood samples the supernatant
plasma was kept for analysis and the erythrocytes were reinfused in Ringer solution. In the
cannulated group renal blood flow was estimated twice in the middle of each period by measur-
ing venous outflow (RBFdir) indicated by the time necessary for 25 ml blood to be collected.
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In the present paper we demonstrate the results of 4 experimental series. In Groups
land 2 (non-cannulated and cannulated dogs) the indomethacin solvent (50 ml1 0.1 M phosphate-
huffcr diluted 4-fold with Ringer solution, pH 8.0) was infused i.v. for 10 min after the control
period (Period 1).

The effects of the solvent on kidney function were examined during the second period
(Period 2).

In these experiments the effect of alarger volume expansion was also studied on kidney
function. Ringer solution, 25 ml per kg body weight prewarmed to body temperature, was
infused for 60 min (Periods 3, 4, 5), and at the end of hydration, volume expansion wyas assumed
to be 5% of body weight. Following volume expansion 3 postexpansion 20-min urine collection
periods were made (Periods 6, 7, 8).

In Groups Nos 3 and 4 (non-cannulated and cannulated dogs) 4 mg/kg indomethacin
dissolved in 50 ml of 4-fold diluted 0.1 M phosphate-buffer solution was infused i.v. for 10 min
after the control period (Period 1); otherwise the experimental protocol was the same as
previously described.

PAH concentration in the urine and plasma was determined by the method of Smith
et al. [19], that of inulin by the method of Little [13]. Urinary sodium concentration was
measured by flame photometry. Osmolality of the urine was measured by the method of freez-
ing point depression using an Advance osmometer.

Haematocrit was determined by means of a Hawksley microhaematocrit centrifuge,
plasma protein concentration by the biuret method.

The clearance of PAH (CpaH) and the clearance of inulin (C|nmun) were determined by
the usual formulas. All data were referred to 100 g kidney tissue with the exception of total
renal vascular resistance, which was calculated per kg of kidney tissue.

Statistical significance of the data was determined by paired and unpaired analysis,
using Student’s t test. A p value of less than 0.05 was considered significant.

Results

Figure 1 shows that in the control animals (non-cannulated group, 13
animals; cannulated group, 10 animals) there was no significant change in
arterial blood pressure following the administration of the indomethacin
solvent.

On the figures only the parameters of the left cannulated kidney will
he presented since mean values for all parameters in the right kidney were the
same as in the left one, the magnitude of changes being also the same. For the
sake of comparison variables referring to the right kidney will be given in the
text.

The Cpan in the first period in the non-cannulated dogs was 23743
ml/min, and in the left kidney of the cannulated dogs 260-f-24 ml/min, while in
the right intact kidney it attained 261722 ml/min; at the end of the hydration
(Period 5) corresponding figures were 216716 ml/min, 233712 and 237
~A11 ml/min, respectively.

Mean value for Cjnuljn failed to change in the course of the experiment
and was the same in both series. It is reasonable to assume that during extra-
cellular volume expansion the glomerular filtration rate (GFR) remained
constant. Mean value for Cjrmunat the end of hydration (Period 5) in the non-
cannulated animals was 8178 ml/min and 86”8 ml/min in the left kidney of
the cannulated group.
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Fig. 1. Mean arterial pressure, clearance of PAH (CpgH) and inulin (Gnujn) in the control
animals (non-cannulated group and cannulated group). On the abscissa the number of each
period is given (time of the periods was 20 min). Results are given as mean iSEM

Urine output (Fig. 2) was 2.1570.40 ml/min in the non-cannulated and
2.0370.45 ml/min in the cannulated animals at the start of the experiments.
The solvent of the indomethacin did not affect urine excretion.

During hydration urine output increased markedly. At the end of hydra-
tion (Period 5) urine volume was 6.5770.73 ml/min in Group 1, and 5.40-f-
~0.54 ml/min in the left kidney of Group 2, while 5.4070.40 ml/min in the
right, intact kidney.

Sodium excretion during the control periods was 2493754 ,uEg/mm in
Group 1, 223747 pEqg/min and 212752 /AEqg/min in Group 2. Hydration caused
a steady increase in sodium output from 249754 ~Eq/min to 405777 juEg/min
in the non-cannulated animals (p </ 0.001), and did not change in the cannulated
group. Urine osmolality decreased in both groups and during the extracellular
hypervolaemia the urine became hypoosmotic as compared to the plasma
(216732 mosm/l, 174710 mosm/1l and 194720 mosm/1).

Osmolality of the plasma was 31573 mosm/l. There was no significant
change in plasma osmolality in any group of experiments.
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Fig. 2. Urine output, sodium excretion, urine osmolality in the non-cannulated and cannulated
control animals

Figure 3 represents the data obtained after indomethacin infusion.

Indomethacin, 4 mg/kg i.v., caused a rise in arterial blood pressure in
both groups.

Mean value for CpgH was 235717 ral/min in the non-cannulated animals
(Group 3) and 238718 ml/min in the cannulated dogs (Group 4) at the start
of the experiment (Period 1). Following indomethacin infusion, CpgH de-
creased to 216717 ml/min in Group 3 (p << 0.01 as compared with the control
value) and to 145719 ml/min in Group 4, 132722 ml/min being recorded in
the right kidney (p < 0.001 as compared with the control value).

The i.v. infusion of indomethacin resulted in a greater drop in CpgH in
the cannulated animals than in non-cannulated dogs during Period 5 (p <[ 0.01).

The GFR was 8277 ml/min in Group 3, 84710 ml/min in Group 4,
and it failed to show any significant change.

Following indomethacin infusion urine output decreased in both groups
(Fig. 4), in the non-cannulated dogs from 2.34470.60 ml/min to 1.494-0.40
ml/min (p < 0 .001) and in the cannulated animals from 1.714i0.36 ml/min to
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Fig. 3. Mean arterial blood pressure, Cpau, C;TlWUM in the non-cannulated and cannulated,
indomethacin. treated dogs

0.6070.13 ml/min in the left, and from 1.9870.36 ml/min to 0.4970.12 ml/min
in the right kidney (p <0.01).

In Group 3 urine excretion increased to 4.21-|-0.90 ml/min during hydra-
tion, however, this increase was smaller than that observed in the control
kidneys. At the end of hydration (Period 5), urine output in Group 4 was
1.36-1-0-44 ml/min and 1.2670.43 ml/min in the left and right kidney, respec-
tively, indicating that in these animals indomethacin inhibited the diuretic
effect of extracellular volume expansion.

After indomethacin infusion, sodium excretion fell from 282795 /A q/min
to 236780 pEg/min (p < 0.001) in the non-cannulated animals, from 190J;;
3753 pEg/min to 55726 pEqg/min (p < 0.001) in the cannulated group.

During perfusion with Ringer solution sodium excretion rose steadily
in the non-cannulated group to 3717100 pEg/min in Period 5, while remained
constant in the cannulated kidneys.

The infusion of indomethacin inhibited the natriuretic effect of extra-
cellular volume expansion.
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Fig. 4. Urine output, sodium excretion, urine osmolality in the control period and following
the infusion of 4 mg/kg indomethacin i.v. in the non-cannulated and cannulated animals

Urine osmolality changed according to urine and sodium output, its
value remaining higher than plasma osmolality.

Figure 5 represents the haemodynamic parameters of the cannulated
kidneys. In the control animals the total vascular resistance of the kidney
(Rkidney/kg) showed little change throughout the study. Following the infusion
of indomethacin it increased from 1.1670.08 to 2.46+0.24, then rose steadily
attaining 3.41+0.39 at the end of the experiment (Period 8).

Renal blood flow (RBFdir) was 528+25 ml/min in Group 3, and remained
constant. Administration of indomethacin (Group 4) decreased RBFdir from
510£21 ml/min to 332+34 ml/min (p < 0.001) a value of 274+38 ml/min
having been attained at the end of the study.

Haematocrit was 38+1.2% in the untreated control dogs and 34-4—
+0.9% in those treated with indomethacin; these values showed little change
throughout the study.

The plasma protein concentration was the same in the two series at the
beginning of the experiment, 4.96+0.19 ¢g/100 ml and 4.80+0.10 g¢/100 ml,
being decreased during hydration in both groups to 3.84+0.16 g/100 ml and
4.10+£0.10 g/100 ml, respectively.
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ml/min

Fig. 5. Renal haemodynamic parameters in the cannulated animals. The solid lines represent
data obtained in the control animals, the dotted lines show those of the indomethacin treated
group. Data points represent mean ~ SEM

Discussion

In the present work it has been shown that the antidiuretic and anti-
natriuretic effect of indomethacin is considerably increased in those animals
in which surgical traumatization was more severe (cannulated animals).

The values for cpagn were not significantly different in the control
animals (Fig. 1), and no difference was measured in GFR between the non-
cannulated and cannulated groups, which means that renal blood flow was
maintained during the more severe stress. These results are in agreement with
the data obtained by others in anaesthetized dogs [3, 12]. The absence of
renal vasoconstriction during the acute reduction of cardiac output is note-
worthy since arterial plasma renin activity and arterial plasma concentration
of norepinephrine have been found to be elevated in response to thoracic caval
constriction and because angiotensin Il and norepinephrine are both potent
renal vasoconstrictors [18].
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Since prostaglandins have intrinsic renal vasodilator action [14], it is
likely that they might attenuate the renal vascular effects of norepinephrin
and angiotensin Il by directly acting upon the vascular smooth muscle cells.
Support for this interpretation may be derived from studies indicating that
the renal vasoconstrictor effects of exogenous angiotensin Il [5], norepinephrine
[11], and renal nerve stimulation [4] enhance the production of renal prosta-
glandins. Biosynthesis of PGE2has been demonstrated in vascular endothelial
and smooth muscle cells [1, 6], as well as in renal interstitial cells [22].
The mechanism(s) whereby the prostaglandins attenuate renal vasoconstrictor
processes remains to be determined.

In the present study CpaH was lowered by 20—25% in the non-cannulated
group and by ss—4a09% in the cannulated dogs following indomethacin infusion,
and renal blood flos (rerdir) decreased by ao09% in Group 4. Despite the signif-
icant decrease in renal plasma flow induced by inhibition of prostaglandin
synthesis, glomerular filtration did not change in our experiments. This find-
ing is in agreement with other studies in which inhibition of prostaglandins
reduced renal blood flow but had no effect on glomerular filtration rate [9,
101. The present study demonstrates that the vasoconstriction occuring in the
kidney after the administration of indomethacin was augmented during the
more severe stress in the kidney of the cannulated group.

These data suggest that the renal prostaglandins were counteracting
the vasoconstrictor mechanisms activated during more severe surgical traumati-
zation and that after inhibition of renal prostaglandin synthesis the effect
of the vasoconstrictor mechanisms was more expressed on renal circulation.

As shown in Fig. 4, urine output and the sodium excreation decreased
in both groups, after indomethacin infusion, however, the fall was more pro-
nounced in the cannulated animals. In this latter group indomethacin almost
completely inhibited the natriuretic and diuretic effects of isosmotic extra-
cellular volume expansion.

The data of the present study are also consistent with results obtained
in an other series of experiments in which the antagonism of furosemide and
indomethacin was investigated [9].

The fact that water and sodium excretion decreased following indo-
methacin infusion in spite of unchanged GFR may be explained by an increased
water and sodium reabsorption in the proximal tubules [9, 10]. Indomethacin
may certainly influence the factors (haematocrit, peritubular capillary pressure,
postglomerular plasma protein concentration, etc.) increasing proximal tubular
sodium and water reabsorption, and therefore a smaller part of the glomerular
filtrate is reaching the distal part of the nephron.

In our experiments indomethacin produced an increase in renal vascular
resistance which was more marked in the cannulated group during the more
severe stress, followed by a marked drop in urine and sodium excretion.
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These results may be interpreted as follows. The larger fall in renal blood
flow results in more marked changes in the Starling forces around the proximal
convolution, resulting in a substantial increase of proximal tubular reabsorp-
tion and a decrease in urine and sodium excretion.

These data are consistent with the concept that intrarenal PG’s play
a role in the adjustment of renal vascular resistance, and support their role in
the regulation of salt and water excretion. These results do not provide any
evidence for a primary role of the PG-system in the regulation of tubular
function.

In the dogs treated with indomethacin medullary blood flow was lower
than in the control animals suggesting that the renal prostaglandins are partic-
ipating in the regulation of renal medullary blood flow [2]. The decrease of
medullary blood flow causes an increase of the medullary solute concentra-
tion, resulting in enhanced water reabsorption in the collecting ducts.

In our experiments no attempt was made to investigate the effects of
indomethacin on medullary flow.

Theoretically, the renal medullary vasoconstriction that followed indo-
methacin infusion could have a supplementary intrarenal osmotic effect increas-
ing water reabsorption and decreasing urine output.
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To determine the prostaglandin dependent and independent effects of brady-
kinin in the kidney, bradykinin (0.05 /xg/min/kg body weight) was infused into the left
renal artery during inhibition of prostaglandin synthesis by indomethacin.

Indomethacin, 0.1 mg/min/kg body weight i.v. produced a marked fall in urine
output and sodium excretion in anaesthetized dogs. Renal vascular resistance increased
and renal blood flow (RBFdj) decreased by 30%.

When during the i.v. infusion of indomethacin bradykinin was infused into the
left renal artery, RBFJJr; urine flow and sodium excretion increased to the control
values in the left kidney while remained lower in the right kidney.

The results suggest that bradykinin increases renal blood flow by an action
which does not require the mediation of prostaglandins.

A decrease in renal blood flow, which was a constant feature during i.v. indo-
methacin infusion, is probably responsible for the decrease in urine flow and sodium
excretion.

The failure of indomethacin to inhibit the natriuretic and diuretic effects of
bradykinin suggests that the prostaglandins are not important determinants of these
responses.

Renal arterial infusion of prostaglandins [13, 23] or stimulation of intra-
renal synthesis of prostaglandins by renal arterial infusion of arachidonic acid
[29] increase renal blood flow and the excretion of sodium chloride and water.
There is evidence to suggest that prostaglandins (PG’s) synthetized and liber-
ated in the kidney function as local hormones participating in the regulation
of renal blood flow and its intrarenal distribution [4, 24, 16].

Treatment with indomethacin, a potent inhibitor of renal PG bio-
synthesis in vitro [6] and in vivo [20], reduces renal blood flow [11, 18], affect-
ing similarly urine and sodium excretion [9, 18].

The vasodilator and natriuretic effects of bradykinin in the kidney are
well established [17]. Renal arterial infusion of bradykinin increases prosta-
glandins in the renal venous blood and in urine [8, 12], presumably by activa-
tion of a phospholipase A2 [15].

The similar effects of bradykinin and prostaglandins on renal function
and the ability of bradykinin to stimulate prostaglandin synthesis suggest
that prostaglandins may mediate the actions of bradykinin in the kidney.
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The present study was undertaken to investigate the effects of brady-
kinin on renal blood flow, urine output, and sodium excretion during prosta-
glandin synthesis inhibition, in an attempt to determine to what extent the
bradykinin effects are mediated by prostaglandins.

Methods

The experiments were performed on mongrel dogs of either sex weighing between 20-
30 kg. For 24 hours prior to the experiment the animals were kept on water only. Anaesthesia
was induced with sodium pentobarbital (25 mg/kg i.v.) and maintained with periodic additional
doses. After anaesthesia each animal received an infusion of Ringer solution at body tempera-
ture equal to 1% of the body weight, containing para-aminohippuric acid (PAH) and inulin
ensuring a plasma concentration of 2 mg and 30 mg per 100 ml, respectively, followed by
a sustaining infusion of 0.25 ml/kg/min for the remainder of the experiment.

Cannulation of the femoral arteries and veins on both sides were performed in all
animals, for arterial blood collections and infusions. Mean arterial blood pressure was measured
by a Statham strain-gauge transducer connected to a polyethylene catheter placed in the left
femoral artery, and recorded on a RADELKIS recorder.

From a lower midline incision the bladder was exposed and the ureters were catheter-
ized supravesically using fine polyethylene cannulas.

Through a left flank incision and retroperitoneal dissection, the left renal hilum was
exposed. The left renal vein was connected to the left external jugular vein with a siliconized
rubber tube. A T-extension of the tube permitted the direct measurement of renal venous
outflow. Prior to anastomosis 0.1 ml (500 1.U.)/kg body weight of heparin was given intra-
venously.

After starting the infusion, 60 min were allowed for equilibrium, the urine was separately
collected from the kidneys in 2 successive 10-min periods. Blood was taken at the midpoint
of each clearance period. In all instances arterial and renal vein blood samples were obtained
simultaneously. After centrifugation, the supernatant plasma was removed and the erythro-
cytes were reinfused in Ringer solution.

In the middle of each clearance period renal blood flow was estimated twice from the
venous outflow (RBF%j,.) by measuring the time necessary for an output of 25 ml blood. Values
obtained in these two periods served as controls.

Following the two control periods, indomethacin 0.1 mg/kg body weight/min, dissolved
in 1 ml 4-fold diluted 0.1 M phosphate-buffer solution (pH 8.0) was infused i.v.

Ten min were left for equilibrium, then the effects of indomethacin on renal function
were studied in two successive 10-min periods. Subsequently to the i.v. constant indomethacin
infusion 0.05 ~g/kg/min of bradykinin (SANDOZ) was infused directly into the left renal
artery in a volume 0.5 ml/min physiological saline.

Five minutes later variables of renal function were again determined in 2 successive
10-min periods.

PAH concentration in urine and plasma was determined by the method of Smith et
al. [26], that of inulin by the method of Little [21]. The urinary sodium concentration was
measured by flame photometry. Haematocrit was determined by means of Hawksley micro-
haematocrit centrifuge.

The clearance of PAH (CpgH)’ clearance of inulin (Cjnuijn), the extraction of PAH
(EPah) and inulin (Eindjn) were determined by the usual formulas.

All data were referred to 100 g kidney tissue with the exception of total renal vascular
resistance which was calculated per kg kidney tissue, using the equation

™ Arterial blood pressure (mm Hg)
kidney/kg = RBF~iriml) xkg-1 kidney weight Xsec”1 *

For mathematical analysis, Student’s paired i-test was used.
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Results

Changes observed in the parameters of the left kidney in 10 dogs are
presented in Fig. 1. All values are mean JASD. In each animal the average of
the two clearance periods was used for calculation of the mean of the group.

During indomethacin infusion mean arterial pressure increased steadily
from 124710 mm Hg to 135211 mm Hg, and then to 1427210 mm Hg.

The intravenous indomethacin infusion resulted in a significant increase
of renal vascular resistance (Rkidney/kg) from 1.6170.26 in the control period
to 2.69J;1.03 during indomethacin infusion. When during the i.v. infusion
of indomethacin bradykinin was infused into the left renal artery Rkidney/kg
decreased to 2.0070.69. RBFdir decreased from 476789 ml/min to 337-1-99
ml/min during indomethacin infusion, and increased to 451799 ml/min under
the joint effect of indomethacin and bradykinin.

During indomethacin infusion CpgH decreased in the left kidney from
211744 ml/min to 108740 ml/min and in the right kidney from 222-1-29
ml/min to 1157235 ml/min. Comparing the indomethacin periods to the values

xtSD n=10
150 mmHg
D 100
Q.
-E 50
o
left kidney
30
15
ml/min/100g left kidney
600
B:' 450
300 R
T indo. |
contr. indo.  -fbrady.

Fig. 1. Effect of treatment with indomethacin on the response to infusion of bradykinin into
the left renal artery in blood pressure, total renal vascular resistance (Rkldney/kg)> an(l renal
blood flow (RBF,jjr) in the left kidney
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obtained during indomethacin plus bradykinin, CpgH increased in the left
kidney to 2007110 ml/min while remained lower in the right kidney at 104—
A54 ml/min (Fig. 2). Under the effect ofindomethacin Cjnuljnwas lowered in the
left kidney from 773”211 ml/min to 51718 ml/min while in the right one from
80727 ml/min to 567~12 ml/min. The bradykinin infusion into the left renal
artery augmented the gomerular filtration rate in the left kidney to 7527
ml/min while did not influence it in the right kidney (60735 ml/min).

In the left kidney infusion of indomethacin increased EpaH significantly
from 0.7270.09 to 0.8270.08 (p < 0.001), Einulin from 0.2770.05 to 0.36-1-
~0.08 (p </0.001) while bradykinin infusion lowered both values (EpgH to
0.7070.14, and Eindin to 0.32+0.08).

Indomethacin administration resulted in a considerable drop of urine
output and sodium excretion (Fig. 3). In the left kidney urine output decreased
from 2.8371.97 ml/min to 0.8070.76 ml/min and in the right kidney from
2.47I71.27 ml/min to 0.527°0.34 ml/min. During the infusion of bradykinin,

XD - left kidney
= O — right kidney
210 ml/min
140
X
oa 70
90 ml/min
60
30
I indo.
contr. indo. +brady.

Fig. 2. Effect of treatment with indomethacin on the response to infusion of bradykinin into
the left renal artery in CpgH, C;nuun in the left kidney (solid line) and in the rightjjddney
(broken line), and EpgH, Einulin in the left kidney
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Fig. 3. Effects of treatment with indomethacin on the response to infusion of bradykinin
into the left renal artery in urine flow and sodium excretion in the left kidney (solid line)
and in the right kidney (broken line)

urine volume increased in the left kidney to 2.504-0.95 ml/min and decreased
in the right kidney to 0.2270.21 ml/min.

Sodium excretion from the left kidney was 3727240 /A d/min and from
the right kidney it was 4094-132 /Ag/min during the control periods, while
these values decreased following indomethacin infusion to 1957190 /A qg/min
and 119+88 /Aq/min, respectively. Under the joint effect of indomethacin
and bradykinin sodium excretion increased from the left kidney to 3504-
/223 juEg/min while it fell from the right kidney to 254720 /A& g/min.

Discussion

Results of the present study show in accordance with earlier findings [11,
16] that the infusion of indomethacin, an inhibitor of prostaglandin synthesis,
decreases renal blood flow, urine flow rate, and sodium excretion.

The observation that indomethacin decreased renal blood flow is consis-
tent with the findings of Lonigro et al. [22] and Aiken and Vane [1] who
measured RBP with electromagnetic flowmeters in anaesthetized dogs. The
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marked decrease in renal plasma flow in this study measured by PAH clear-
ance, a technique which would not be expected to adversely affect the kidney
or interfere with the renal nerves, is remarkably similar to the decrease re-
ported by Lonigro et al. [22] and supports the hypothesis that in the anaes-
thetized dog renal blood flow may be dependent on prostaglandin synthesis.

We have previously shown that indomethacin treatment does not affect
glomerular filtration rate [18]. These findings agree with those of Anderson
et al. [2] and suggest that maintenance of GFR is not dependent on prosta-
glandin synthesis. However, the present results show that the CjnUjn may fall
during indomethacin infusion.

The apparent conflict in these results may be resolved by considering
the very low urine output (0.8070.76 ml/min) which might have caused in
accuracies owing to the “dead space”. The direct clearance of inulin (RPF X
Ejnuiin) remained constant, proving that GFR did not decrease under the effect
of indomethacin in spite of the low RBFdir.

Results of the present investigation demonstrate that 10 min after the
administration of indomethacin there was a marked decrease in urine flow
and sodium excretion. The results of the present study are consistent both
with data of Attatanh and Lee [3] and with our previous observations [19],
suggesting that a single effect of prostaglandin synthesis inhibition is re-
sponsible for both changes. Renal vasoconstriction was indicated in our ex-
periments by the reported increase in renal vascular resistance and decreased
renal blood flow. In addition, filtration fraction (Einulin) was markedly ele-
vated. These two findings would be expected to decrease peritubular hydrostatic
pressure and increase peritubular oncotic forces in the proximal tubules, which
would lead to increased sodium and water reabsorption in this part of the
nephron.

Kirschenbaum etal. [16] have demonstrated a relative shift of intrarenal
blood flow to outer cortical regions of the kidney during administration of
indomethacin. It is possible that such a shift in blood flow resulted in increased
PAH extraction (EpgH) through passive means in the present experiments, too.

In detailed studies of renal blood flow by the radioactive microsphere
technique it has been shown that the renal cortex can be divided into three
areas of regional flow: [1] superficial nephrons, [2] mid-cortical nephrons,
and [3] juxtamedullary nephrons [27]. Studies of the effect of bradykinin on
the distribution of blood flow to these three regions showed that bradykinin
increased flow to mid- and innercortical zones without a change in flow to
the outer cortical zone [28]. In our previous study bradykinin infusion into the
renal artery markedly increased renal blood flow and significantly decreased
PAH extraction indicating that an increase in blood flow to innercortical or
juxtamedullary nephrons is probably associated with an increase in medullary
or non-cortical blood flow.
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The response of renal plasma flow (RBF) to bradykinin during indometha-
cin infusion observed in the present study and assessed by the changes in
Epahj namely an increase in cortical and non-cortical plasma flow, represents
a patterns of distribution of flow similar to that observed in the studies cited
above.

The rise of renal blood flow after bradykinin infusion with indomethacin
pretreatment suggest a non-prostaglandin mechanism.

Micropuncture studies indicate that bradykinin affects neither nephron
filtration fraction [27] nor proximal tubular sodium reabsorption in superficial
cortical nephrons [5, 25, 27], and these findings suggest that the observed
decrease in whole kidney filtration fraction (Einulin) must be limited to deeper
cortical nephrons such as the mid-cortical and juxtamedullary ones.

The results of Brouhard et al. [7] suggest that bradykinin increases
cortical plasma flow by stimulation of prostaglandin synthesis, while non-
cortical plasma flow and sodium excretion by an action which does not require
the mediation of prostaglandins.

If prostaglandins participate in the renal vasodilator action of brady-
kinin, one might anticipate that prostaglandin synthesis inhibition would
reduce the response to bradykinin. Since the response to bradykinin was not
reduced, our data indicate that in the canine renal vascular bed the effects of
bradykinin are probably not dependent on the release of vasodilator prosta-
glandins.

Injection of bradykinin into the artery produced similar vasodilation
both before and after indomethacin, indicating that in the canine coronary
vasculature bradykinin failed to release significant amounts of dilator prosta-
glandins, or also the released prostaglandins were not significantly involved
in the vasodilator action of bradykinin [14].

Because of the large number of conflicting data concerning the role of
prostaglandins in the vasodilator activity of bradykinin, it appeals that the
relationship between these vasoactive hormones has yet to be elucidated [10].

Based largely on our experimental data [18, 19], we have concluded that
sodium chloride transport in the canine nephron is neither inhibited nor
stimulated by the renal PG’s. The antidiuretic and antinatriuretic effects of
prostaglandin synthesis inhibition by indomethacin in our studies were con-
sidered to he to secondary to the decrease of renal blood flow.

The dogs treated with indomethacin responded to bradykinin with an
increase in renal blood flow, urine and sodium excretion. The increase in renal
blood flow that followed bradykinin infusion might have been responsible for
the natriuresis and the enhancement of urine formation by the same mecha-
nism as proposed above to explain the antidiuretic and antinatriuretic effects
of indomethacin.
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The aim of the present study was to reexamine the effect of antidiuretic hormone
on intrarenal blood flow distribution by the microsphere technique in anaesthetized
rats. The administration of 3, 6 or 60 mU/kg/h of arginine-vasopressin (VP) was accom-
panied by adose-dependent antidiuresis. Glomerular filtration rate increased only at the
dose level of 60 mU/kg/h and was not significantly altered by the lower doses. Total
renal blood flow was not significantly influenced by any of the doses of VP. The two
small doses caused no change in intracortical microsphere distribution but there was
a significant decrease in the ratio of outer to inner cortical blood flow when 60 mU/kg/h
of VP was infused.

The results indicate that physiological doses of VP do not alter the distribution
of intrarenal blood flow and show that the antidiuretic effect of VP is independent of
changes in renal haemodynamics.

An unresolved controversy exists concerning the intrarenal haemodynam-
ic effects of antidiuretic hormone (ADH). Since it is well accepted that the
concentrating ability of the kidney is critically dependent on medullary blood
flow it was hypothetized that the antidiuretic effect of ADH might, in part, be
mediated by a reduction in medullary blood flow [13, 24]. However, when
this hypothesis was tested experimentally, contradictory results were obtained.
Studies claiming redistribution of blood flow toward the superficial cortex
[4, 6, 13, 21, 24] or toward the deep cortex or medulla [1, 12, 15, 16] as well
as no redistribution at all [2, 9, 11, 22, 25] have been reported following the
administration of ADH. Such diversity of the results could not be explained
by the diversity of the methods used to measure intrarenal haemodynamics
since studies utilizing similar or even the same method, e.g. the microsphere
method, are conflicting [1, 4, 9, 15, 16]. There were, however, great differences
between the various studies in the state of hydration and, consequently, in
endogenous ADH levels and furthermore, doses of exogenous ADH ranging
from 1.5 to 96 mU/kg/h have been employed [1, 2, 4, 9, 11, 15, 16, 22]. In
order to overcome these difficulties, in the present study the dose-response
relationship between ADH and intracortical microsphere distribution was
investigated during steady-state water diuresis in rats.
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Materials and Methods

Male CFY rats (240-300 g) maintained on a standard laboratory chow were anaesthet-
ized with Inactin® 100 mg/kg body weight, i.p. and tracheotomized. The left jugular vein
was cannulated with a PE-50 tubing and an infusion of 77 mM/1 NaCl solution containing
3H-methoxyinulm was started at a rate of 1 ml/min/kg. A stretched PE-50 tubing was
placed into the left femoral artery and a PE —10 tubing was inserted into the right femoral
artery and advanced into the thoracic aorta. Both wureters were cannulated with un-
stretched PE-10 tubing. Whe urine flow rate had stabilized, usually two hours after
starting the intravenous infusion, a control clearance period was obtained. Radioactive micro-
spheres tagged with &Sr or 141Ce (15-1.5 //. 5 M Co.) were then administered into the thoracic
aorta. 12 000-15 000 microspheres (suspended in 0.4 ml of 154 mM NaCl containing 0.02%
Tween-80) were injected over a period of 15-20 sec. Simultaneously, a reference blood sample
was obtained from the left femoral artery at arate of 0.4 ml/min. Blood withdrawal was started
several seconds before the start of the injection and was continued for 10 sec after finishing it.
After this a second control urine collection was made. This was followed by the administration
of VP (Synthetic arginine vasopressin, grade VI, Sigma; 3, 6 and 60 mU/kg/h, respectively)
for 30 min. A second bolus of microspheres was injected 20 min after starting the VP infusion.
Two urine collections were made during the infusion of VP, one preceding and one following
the microsphere injection. All urine collection periods lasted 10 min and arterial blood samples
were obtained before and after each collection period. Mean arterial pressure was monitored
with a Statham 23 dB strain-gauge.

Atthe termination of the experiments the kidneys were excised, weighed, and fixed in
10% formaldehyde. On the next day the renal cortex was divided into outer and inner zones.
Gamma radioactivity of the samples was determined by a Beckman Biogamma Spectrometer
and local blood flow was calculated using the following formula [20]:

local blood flow rate of reference flow
activity in the sample activity in reference blood *

3H-radioactivity ofthe plasma and urine samples was determined by a Beckman LS-250
liquid scintillation counter and osmotic concentration by freezing point depression. Values
obtained in the two control and two experimental periods were veraged. The data were statis-
tically evaluated by Student’s t-test for paired values.

iesults

VP-induced changes in urinary osmotic concentration and in renal
haemodynamics are summarized in Table |I. As expected, VP administration
was accompanied by a significant, dose-dependent antidiuresis. The three
different doses of VP (3, 6 and 60 mU/kg/h) elevated urine osmolality by 136,
219 and 412%, respectively. Mean arterial pressure was not significantly
influenced by 3 mU/kg/h of VP but with a dose of 6 mU/kg/h there was a small
but statistically significant increase in this parameter and 60 mU/kg/h of VP
increased mean arterial pressure by 12 mm Hg. This dose of VP caused a 24%
increase in GFR. Total renal blood flow was not significantly influenced by
any of the doses of VP. There was a tendency for filtration fraction to increase
but this change did not reach statistical significance. The two lower doses of
VP which are comparable with endogenous secretion rates during moderate
water deprivation and can thus be regarded as physiological doses, caused no
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Table |

The effect ofarginine vasopressin on urinary osmotic concentration and renal haemodynamics in the rat

\ Joerrol MAP GFR RBF
ml/min /losmol/ml mmHg ml/min ml/min FF OCAC
3m'U/kg/h 3muU/kg/h VP, n=9
Control 0.102+0.010 83+4 120+ 5 0.85+0.08 5.86+ 1.02 0.27+0.035 5.11+1.19
VP 0.082+0.014* 196+29*** 122+5 0.87+0.08 5.64+0.41 0.27 + 0.039 5.03+0.81
6 mU/kgA VP 6 mU/kg/h VP, n=8
Control 0.116+0.012 89+ 7 122+4 0.86+0.05 5.73+1.14 0.27+0.04 5.07+0.91
VP 0.074+0.013* 294+30%*** 127+3* 0.90+0.06 5.62+0.61 0.28+0.02 4.29+0.68
60 mljykg/h 60 mU/kg/h VP, n=9
Control 0.109 + 0.008 87+ 8 122+4 0.91+ 0.05 5.84+1.10 0.28 + 0.06 4.97+0.87
VP 0.069 + 0.006** 445+ 18*** 134+5%* 1.13+0.03** 5.71+0.90 0.33+0.05 3.74+0.59***

Values are means +SE. V, urine flow rate; Uosmoj, urinary osmotic concentration; MAP, mean arterial pressure; GFR, glomerular
filtration rate; RBF, total renal blood flow; FF, filtration fraction; OC/IC, ratio of outer to inner cortical blood flow; V, GFR and RBF
are referred to 1 g kidney weight. *p < 0.05; **p < 0.01; *** p < 0.001

NOILNGIY1SId FHYIHASOUIIN TVYNIHVHLNI ANV 1AV
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change in intracortical microsphere distribution. The dose of 60 muU/kg/h,
however, elicited a small but statistically significant decrease in the ratio of
outer to inner cortical blood flow. No correlation could be detected between VP-
induced changes in urine osmolality and changes in renal haemodynamics.

Discussion

The values reported for the biological half-life of ADH in the rat are
in the range of 1.0 to 3.7 min [17]. The volume distribution of VP is 25-50 ml/kg
[7, 8] and its concentration in the blood after 24 h of water deprivation is
15—20 pU/ml [8, 19]. Thus, the calculated VP secretion rate in mild hydropenia
is between 50-500 juU/kg/min. This calculated secretion rate is comparable to
the two small doses of VP used in this study and can be regarded as “physio-
logic” if it is assumed that endogenous VP secretion rates were adequate-
ly suppressed. The assumption, however, seems to be justified even without
blood VP determinations since all animals had control urine osmolalities be-
low 100 mosmol/kgH20 which indicates a negligible endogenous secretion.

The present data clearly show that physiological doses of VP have no
measurable effect on intrarenal microsphere distribution, while after a pharma-
cological amount of VP intracortical blood flow distribution is shifted toward
the inner cortex. Although in previous studies dose response relationships have
not been reported the present results agree with most previous reports in that
they showed no changes of intrarenal haemodynamics following the infusion
of low or moderate doses of VP [2, 9, 11, 25] and an increase in inner cortical
or outer medullary perfusion following treatment with higher doses [15, 16].
Several reports have claimed a VP-induced reduction in medullary flow [13,
14, 21, 24]. These results are, however, difficult to interpret in view of the
criticism that has been advanced against the methods used to measure medul-
lary flow [5]. The results of Banks [4] are, however, not so easy to dismiss.
He found that in rats and dogs with diabetes insipidus VP caused a decrease
in the ratio of inner to outer cortical microsphere distribution. The reason for
the contradiction with the present results is not readily apparent. One possi-
bility is that diabetes insipidus in itself leads to an altered VP responsiveness.
It is also possible that the controversy may be due to difficulties related to the
microsphere technique [3]. Furthermore, it should be noted that VP may
cause complex changes in the activity of the local hormone systems of the
kidney, for instance, it has been shown to increase renal prostaglandin synthesis
[18, 27] and to increase kallikrein secretion [10], and it is known to decrease
renin secretion [23, 26]. These complex changes in the activity of vasoactive
renal hormones may indirectly cause intrarenal haemodynamic effects which
may be different from the direct effect of VP.
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In summary, the present results failed to support the concept that phys-

iological doses of ¥P alter the distribution of intrarenal blood flow, and they
indicate that the antidiuretic effect of YP is independent of the changes of
renal haemodynamics.
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In open chest dogs under sodium pentobarbital anaesthesia the interaction of
mechanical constriction on a large coronary branch and autoregulatory capacity of
the relevant small resistance vessels was analyzed. Coronary blood flow (CBF) was
measured with an electromagnetic flowmeter. Step-by-step mechanical constriction
gradually abolished adenosine-induced coronary vasodilation, whereas the resting level
of mean CBF remained unaltered. At this point verapamil (0.2 mg/kg i.v.), a vasodilator
with a strong potency of blocking adenosine action, eventually decreased CBF and
increased coronary resistance. Similar results were obtained with these drugs injected
directly into a bypass established between the carotid and left common coronary
arteries. The results suggest that (i) adenosine affects the same coronary segments
which accomplish compensatory autoregulation (ii); with critical stenosis verapamil
augments indirectly coronary resistance by inhibiting an “intrinsic” adenosine effect
(iii); the functional state of stenosed coronaries can be assessed with the aid of these
pharmacologic tests.

When myocardial blood supply is compromised by coronary stenosis
resting level of blood flow may remain unaltered still the consequences of
mechanical constriction exhaust metabolic autoregulatory capacity [3].
In fact, small vessel reactions mask the effect of stenosis on flow. It should
be of considerable interest to know whether this interplay could be unmasked
by pharmacologic means. With this in mind, we have examined the effect
of verapamil since according to our previous studies [4] this drug exerts a highly
selective depressant action on metabolic coronary autoregulation.

Methods

Dogs weighing 14—23 kg'were anaesthetized with pentobarbital (30 mg/kg) and] main-
tained on artificial respiration. The chest was opened in the fourth intercostal space and the
heart was suspended in a pericardiac cradle. Blood pressure was measured in the femoral artery
with a Statham P23 Db gauge, whereas a Statham SP 2202 electromagnetic flowmeter was
used for the determination of coronary blood flow. The dogs were grouped into two experimen-
tal series. In Series | (6 dogs) the flow of the left anterior descending (LAD) coronary artery
was measured. To allow constriction of the artery a snare occluder with a special screw was
placed distal to the flow probe. In Series Il (6 dogs) the left common coronary artery was
cannulated at its origin with an Eckstein cannula [2] introduced through the left subclavian
artery. The inflow side of the cannula was connected by means of a 30 cm long thick-walled
inelastic rubber tubing (o.d. 7 mm, i.d. 4 mm) to the cannulated stump of the left common
carotid artery. In this series, the flow probe was positioned on the carotid artery proximal to
the cannula. Mechanical constriction of the artificial circuit was effected by a screw clamp on
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the rubber tubing. Effective coronary perfusion pressure was monitored with another Statham
gauge distal to the clamp.

Studies were conducted as follows: In both series the ability of the coronary bed to
vasodilate was tested with bolus injections of adenosine. In Series 1this was made by injecting
250 fig of adenosine through a catheter advanced into the left ventricular cavity: in Series |1
5-10 fig of adenosine was injected directly into the rubber tubing. Thereafter, arterial coronary
inflow was restricted mechanically in a step-by-step way, while the adenosine effect was
elicited at every step of the constriction. The criterion for sufficient constriction was the
reduction of the adenosine-induced flow increase to less than 20% of its control value. This
stage was arbitrarily considered the starting point of the verapamil-test: the drug was injected
in a dose of 0.2 mg/kg i.v. (Series 1) or in a dose of ~ 8 ftg/100 ml/min coronary blood flow
intracoronarially (Series Il1). Afterwards, the constriction was removed and the preparation
was allowed to regain circulatory equilibrium for at least 90 min. At the ending point of this
period adenosine sensitivity and verapamil-tests were performed on the unrestricted vessels
with the same dose of drugs (normal control). In every second animal of each series the protocol
was performed in the reversed sequence: verapamil was first tested in the normal state and it
was repeated in the constricted state 90 min thereafter. Consequently, both types of protocol
are represented by three dogs in each series, and the data obtained in the 6 dogs were pooled.
In addition to the above experiments, 3 dogswere used to investigate the effect ofi.v. verapamil
on adenosine-induced coronary vasodilation (see Discussion). Student’s i-test for paired data
was utilized for examining verapamil effects. Normal and constricted states were compared
by using the t-test for unpaired data. All values are mean + S.E.M.

Results

Experimental series I (non-cannulated vessels, 6 dogs)

By constricting the LAD artery in a step-by-step way, drastic reductions
of the coronary vasodilating capacity can be achieved without affecting mean
blood flow and arterial pressure. Figure 1 illustrates the effect of mechanical
constriction on the adenosine-induced increase of coronary flow and calculated
vascular conductance. According to the experimental protocol described in
Methods, the effect of the Caantagonist verapamilwas tested both in unrestricted
(normal) and in constricted (“adenosine-resistant”) states of the coronary
circulation (Table I). The predominant feature of the results was the apparent

Table |

Effect ofverapamil (0.2 mg/kg i.v.) on the coronary circulation*

Arterial blood pressure Coronary blood flow** Vascular conductance
(kPa)*** (ml/min) (%)
Control Verapamil Control Verapamil Control Verapamil
A Normal
vessels 170+ 12 146+ 0.7° 28.6+4.1 37.1+6.8° 100 +0 146.5+ 7.3°
B Constricted
vessels 168+1.6 133+ 1.2° 26.8+ 33 158+ 1.9° 98.0+4.7 76.1+ 11.2°
PA-B N.S. N.S. N.S. 0.02 N.S. 0.001

*Mean +S.E., n = 6.
** |eft anterior descending artery.
*** 1 kPa ™ 7.52 mmHg.
° Significant difference compared to control (p < 0.05).
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vasoconstrictor action of the drug on stenosed coronaries. This is best envisaged
by the last column of Table I. (To facilitate comparison, vascular conductance
was expressed in percent, 100% being the value recorded before verapamil
under normal conditions irrespective of the sequence of protocol.) The flow
response to verapamil in the normal state was consistent with the well-known
vasodilator potency of the drug. This vasodilation as contrasted with the
decline of flow and vascular conductance in the stenosed coronaries after
verapamil renders the difference between the two states highly significant.
On the other hand, control values of all haemodynamic variables and blood
pressure responses to verapamil were similar in both states.

A-constrict coronary

200 30sec

CBF . : A A
ml/min

Jlrnr 1171 1M

o
CBF
ml/min
BP 20
kPa 0

. t t t t t 250pg adenosine
CBFml/min 48 98 50 88 50 82 53 73 51 60
CBFml/min 2.25 5.27 221 441 221 381 222 3.43 213 2.65
BF kPa +1347. +1007. +727. +557. +247.

Fig. 1. Change of the adenosine effect (250 fig, left ventricle) during coronary constriction A,
control; B —E, gradual mechanical constriction of the LAD artery. From top to bottom:
phasic and mean records of coronary blood flow, blood pressure, numerical values for mean
LAD flow and vascular conductance (flow/pressure), percent increases of vascular conductance

Experimental series Il (cannulated vessels, 6 dogs)

Similar results were obtained when the whole left coronary hed was
perfused through a bypass with the aid of an Eckstein cannula. Figure 2
depicts a typical experiment. As shown by the values for vascular conductance
calculated using post-stenotic pressure (upper block), reversal of the vasodilator
effect of verapamil in the constricted state was not due to the increase of the
pressure drop through the mechanical stenosis. Statistical analysis of all
experiments is shown in Table Il. In this series a somewhat reduced propen-
sity for autoregulation could be deduced from the moderate flow decline during
mechanical constriction. This was probably caused by the more “unphysiolog-
ic” way of myocardial blood supply via the cannulated artery. Nontheless,
only the flow changes after verapamil were consistent enough to reveal a signif-
icant difference between the normal and stenosed states.
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-constrict bypass

cpp 01
kPa
SB'.: KDJ” I/VW I "constricted
ml/min  n
CBF HOi*
ml/min  gj
Bp 201
kPa J 15(jgA t5gigA. _f|00pg Verapamil
CBFml/min 117 145 105 110 103 80
CPP kPa 16.3 148 12.6 TI.8 12.2 ns
CBFml/min 72 98 83 93 84 68 /-21%/
CPP kPa
CPP 201
kPa
ol
CBF . normal
ml/min 7
cBe  1001-
ml/min g 30sec 0.5sec
BP ZOJ—
kPa 0 5pg adenosine*— -"100pg Verapamil
CBFml/min 88 130 88 18
CPP kPa 137 122 137 126
CBF ml/min 64 107 64 04 /+47%]/
CPP kPa

Fig. 2. Effects of adenosine (A) and verapamil in constricted (above) and normal (below)

states of coronary circulation. Perfusion of the whole left coronary bed was effected from the

carotid through an Eckstein cannula, CPP, coronary perfusion pressure (pressure head distal
to the stenosis). Other symbols see in Fig. 1

Table 11

Effect of verapamil (8 fig/100 mI/min CBF, i.c.) onflow through coronary bypass*

Arterial blood pressure Coronary blood flow** Vascular conductance
(kPa)*** (ml/min) (%)
Control Verapamil Control Verapamil Control Verapamil
A INormai 17.4+1.1 16.4+ 1.0" 67.3+ 6.9 97.8+ 175" 100 + O 151.6+14.5“
B Constricted 16.0+1.4 15.1+ 15" 56.9+10.1 44.9+ 7.8 92.9+10.6 78.4+ 9.2
Pa-b N.S. N.S. N.S. 0.05 N.S. 0.01

* Mean +S.E., n=6.
** Left common coronary artery.
**% 1 kPa m; 7.52 mmHg.

“ Significant difference compared to control (p < 0.05).
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Discussion

Verapamil, a vasodilator drug with a very marked coronary action, was
found in this study to constrict rather than relax the resistance vessels of the
critically stenosed coronary circulation. The possible explanation of this
pharmacologic puzzle is best illustrated by the experiment shown in Fig. 3.
Coronary vessels which were fully dilated under the influence of adenosine
became less dilated after the subsequent administration of verapamil. When
viewed from the control (pre-adenosine) state of the circulation, the coronaries
are still relaxed after verapamil, a condition to be considered self-explanatory
regarding the well-known vasoactive effects of both drugs. However, when
viewed from the phase of the fully developed adenosine action, the coronary
bed is constricted. It has been shown in previous experiments [4] that Ca-an-
tagonists, although having a coronary dilator activity of their own, inhibit
coronary vasodilation produced by both exogenous adenosine and metabolic
coronary autoregulation, the latter phenomenon being probably associated
with endogenous adenosine release from the heart muscle [1]. Any type of
myocardial flow reduction enhances adenosine release thus promoting flow
recovery, and this intrinsic feedback loop is notoriously resistant to pharma-
cologic interventions [5]. In contrast to methylxanthines (e.g. aminophylline)
which block exogenous but not endogenous adenosine effects [6], the Ca-an-
tagonists have the unique potency of inhibiting both phenomena simultane-
ously which render them useful investigative tools for suppressing metabolic
coronary autoregulation as needed. Suppression of metabolic autoregulation
is obviously potentiated by the verapamil-induced decline of the cardiac 0 2

-60pg/kg/min adenosine-

200
CBF
mimin A AAI NI A
CBF 100]
ml/min g
%2mg/kg verapamil iwv.
CBF ml/min
BP kPa 241 6.75 3.60 mean
CBEmIMIN. 3.4 1065 514 late diastolic
e — »+49*/
\ mean
Changes in -47%
vascular +49% . .
conductance _é?glg’late diastolic

Fig. 3. Verapamil decreases vascular conductance on coronary vessels dilated with continuous
adenosine infusion (left heart). Symbols as in Fig. 1. For explanation see text
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demand and consequent adenosine release. These conclusions are summarized
schematically in Fig. 4.

As far as we know, this strikingly differential action of Ca-antagonists
on normal and stenosed coronaries has not been reported previously. However,
an analogous reversal of coronary reactive hyperaemia has recently been
described: Walinsky and his co-workers observed the actual decrease of flow
following a momentary coronary occlusion with severe mechanical stenosis
on the artery [7]. The authors hypothesized that this paradoxic reaction was
caused by the hydrodynamic increase of the stenotic resistance, i.e. they
postulated a Bernoultli effect in the collapsible stenosed coronary branch.
Although some increases of mechanical resistance cannot be excluded with
certainly in our study either, three lines of evidence indicate that its contribu-
tion, if any, was not of decisive importance:

(a) In contrast with the reported study [7], drastic and abrupt changes
of the intraluminal distending pressure, such as those occurring during reactive
hyperaemia were carefully avoided.

(b) The verapamil effect in the stenosed coronaries, a response character-
istically slow in onset, was never preceded by vasodilation which might have
led to distal coronary pressure reduction.

(c) Finally, the pharmacologic effects obtained with the collapsible
coronary artery (Series 1), could be reproduced, with identical results, using
a thick-walled, non-collapsible rubber tubing inserted into the coronary circuit
(Series 11).

W e believe, therefore, that our results were due to the peculiar pharma-
cologic reactivity of the small coronary resistance vessels. If so, the described
test might be useful to distinguish reactive coronary vessels from the corona-
ry circulation compromised by atherosclerotic plaque formation.

Fig. 4. Schematic representation of the proposed explanation for verapamil action on stenosed
coronaries
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The minimal hazard that might be involved in the adverse vascular
actions of verapamil during this procedure, is amply counterbalanced by the
well-known “protective” (antiarrhythmic and antiischaemic) effects of the
drug exeited on the cardiac myocytes themselves. It seems worth emphasizing,
however, that prior to the application of such a test in humans, its safety
margins will need to be documented using very small doses.
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Nickel chloride (NiCl2 at low concentration (1 /Al) induced isometric force
development in isolated canine coronary artery strips. The Ni2+-action was linearly
dependent on extracellular Ca2+-concentration in the range of 0 to 5.0 mM. Verapamil
(10-6—20_3M) did not prevent or abolish Ni2+-induced coronary contraction, but
nitroprusside sodium even at low concentration (10-8 M) antagonized the tonic force
development. The results indicate that the stimulation of force development by trace
amounts of NiCl2in isolated canine coronary artery strips is dependent on transmem-
brane Ca2+-influx which is mediated by tbe T-system of Ca2+-activation.

Nickel ions at low concentrations (10-8—0~’ mol/l)-induced coronary
vasoconstriction in the dog heart in situ and in the isolated perfused rat heart
[6]. The Ni2+-action in the rat heart was shown to depend on extracellular
Ca2+-concentration [6] and the coronary vasoconstriction induced by the trace
metal could be abolished by the selective Ca-antagonist verapamil in both the
dog and the rat heart [6]. Since changes in Ca2+-concentration, and the use of
Ca-antagonists were found to considerably influence myocardial function
and metabolism [2, 5], these earlier experiments did not allow to differentiate
between the direct action of Ni2+ on the coronary vessels and the secondary
consequences of altered heart function and metabolism.

In order to study the direct vascular action of nickel ions and theCa2+-
activation mechanism of Ni2+-induced vasoconstriction, experiments were
carried out on isolated canine coronary artery strips. The effect on Ni2+-
induced coronary vasoconstriction of changes in extracellular Ca2+-concentra-
tion and the presence of various Ca2+-antagonists was studied.

Materials and Methods

Mongrel dogs of either sex weighing 14 to 18 kg were anaesthetized with pentobarbital
sodium (50 mg/kg; i.v.). The heart was rapidly excised and placed in ice-cold saline solution.
The left anterior descending (LAD) coronary artery was carefully dissected from the free
wall of the left ventricle and placed in mammalian Krebs Ringer bicarbonate (KRB) solu-
tion of the following composition (mM/1): NaCl, 116; KC1, 4.6; CaCl2 2.5; MgS04, 1.2;
KH2 04, 1.2; NaHCO03, 25; dextrose, 10. In some experiments the Ca2+-concentration of the
solution was altered. The solution was bubbled by a 95% 02-f- 5% C02gas mixture to give
a pH of 7.4.
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From the coronary artery segment (o.d. 1-1.5 mm) helical strips were cut in a counter-
clockwise fashion at an angle of 45°; they were approximately 1.5 mm wide and 15 mm long.
The strip was suspended vertically in a water-jacketed thermostated (37 °C) glass chambe
containing 20 ml of KRB. The distal end ofthe strip was anchored to the bottom ofthe chamber
by a stainless steel hook and the proximal end was attached to a force transducer (GRASS
FTO03C) to measure isometric force development. Isometric tension was recorded on a Radelkis
recorder (Type OH-814/1). The strip was mounted between two platinum ring electrodes
immersed 5 cm apartinto the KRB solution. The electrodes served for electrical field stimula-
tion; submaximal stimuli (10 to 15V/5 cm; 50Hz a.c., for 7 sec) were generated by a stimulator
provided with an automatic timer device.

Results

As shown in Fig. 1, nickel chloride (NiCl2) at 1 /rM-concentration produced
tonic contraction in the isolated canine coronary artery (Fig. 1A), which was
not influenced by the presence of 10-3M verapamil (Verpamil®, Orion)
(Fig. IB). Removal of external calcium (Ca2+-free Krebs solution) abolished
tension development in both strips. In contrast, phasic contractions evoked
by electrical field stimulation were significantly depressed by verapamil
(Fig. 1B).

The original recording in Fig. 2 illustrates the dependence on the extra-
cellular Ca2+-concentration of the electrically stimulated and 1 juM NiCIl2
induced isometric tension development. In Ca2+-free Krebs solution neither
field stimulation nor NiCl2caused an increase in isometric tension. The stepwise
elevation of the external Ca2+-concentration from 0.63 to 5.0 mM increased
the amplitude of both the electrically stimulated phasic and the Ni-induced
tonic contractions.

The tonic contraction evoked by NiCl2was not abolished or even depress-
ed by verapamil, but the verapamil-resistant activation of the coronary artery
could be antagonized by sodium nitroprusside at low concentration (10_8M)

(Fig. 3).
Discussion

The results showed that nickel ions produce tension development in the
coronary artery by a direct action on vascular smooth muscle. Ni-activation
was sensitive to calcium deprivation, and the Ni-induced stimulation of trans-
membrane calcium influx was resistant to verapamil but could be blocked by
sodium nitroprusside.

A satisfactory interpretation of the results is possible on the basis of the
“two calcium activation system” theory of Golenhofen [3]. It is assumed
that two chemically different systems for calcium activation exist in the
membrane of the smooth muscle cell; they are called P- and T-systems. It is
essential that both systems are dependent on transmembrane Ca2+-fluxes [3].
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Fig. 1. A. Effect of NiCI2(1 fiM) on basal tone and electrically stimulated isometric contractions

in the isolated canine coronary artery. B. Effect of verapamil (10-3 M) on electrically stimulated

phasic and Ni2+-induced tonic isometric tension development in an isolated canine coronary
artery strip. Note the rapid decline of tension in Ca2'-free Krebs solution

The P-system is used for producing phasic activity, the T-system preferentially
for tonic activity. The P-system can he blocked by verapamil, D-600 and
nifedipine, while the T-system is resistant to these P-antagonists. In some
smooth muscles, nitroprusside sodium proved to be a selective T-antagonist.

The present data suggest the existence of both the P-and T-systems of
Ca2+-activation in the membrane of the canine coronary vascular smooth
muscle. Phasic contractions evoked by electrical stimulation were dependent
on extracellular Ca2+-concentration and they were significantly depressed
by verapamil. In contrast, the tonic contraction induced by NiCl2was resistant
to pretreatment or aftertreatment with verapamil, but was inhibited by the
T-antagonist nitroprusside Na. A similar coexistence of the T-and P-systems
was demonstrated in the guinea-pig uterus [3]. The present findings are
consistent with the theory of Golenhofen since the T-system activation by
Ni2+ was also dependent on extracellular Ca2+-concentration (Fig. 2). It
was rapidly abolished in Ca2+-free solution (Fig. 1) and Ni2+ failed to stimulate
tension development in the absence of extracellular Ca2+ (Fig. 2). These results
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Fig. 2. Effect of stepwise elevation of extracellular Ca2+-concentration on electrically-stimu-
lated phasic and Ni2+-induced tonic contraction in an isolated canine coronary artery

|0.5pMNIiCI2 10min

Fig. 3. Effect of verapamil and nitroprusside-Na on nickel-induced tonic tension development
in an isolated canine coronary artery strip
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indicate that activation of the T-system by nickel ions depends on the trans-
membrane Ca2+-influx in the large canine coronary arteries. Ni2+ influences
the P-system of the coronary artery as well, since the electrically stimulated
phasic contractions were potentiated even before the tonic contraction had
started to develop (Fig. 1A). This suggestion is substantiated by previous
findings in that Ni2+-induced coronary vasoconstriction was totally prevented
by verapamil in the dog heart in situ, and in the isolated perfused rat heart [6].
Elevation of coronary resistance by Ni2+ in these preparations was assumed
to be the consequence of Ni2+-action on small arterioles rather than on large
conductive coronary arteries. The activation of smooth muscle in the coronary
resistance vessels (arterioles) by Ni2+ is most probably mediated by the
P-system, which explaines the effectivity of verapamil and confirms the sub-
stantial functional differences between large and small coronary artery pro-
posed by others [1, 4].

In conclusion, the action of Ni2+ on isolated large canine coronary artery
is dependent on transmembrane Ca2+-influx, and it is mediated by the
T-system of Ca2+-activation.
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The possible involvement of adrenergic receptors in nickel ion (Ni2+)-induccd
coronary vasoconstriction was studied on isolated perfused rat hearts and on isolated
canine coronary artery strips.

The experiments on both models showed that (i) alfa-adrenergic blockade by
phenoxybenzamine or phentholamine caused only partial depression of Ni2+-induced
coronary vasoconstriction; (ii) beta-adrenergic receptor blockade by propranolol totally
prevented Ni2+-action, and (iii) Ni2+ (1 /(M) caused significant inhibition of coronary
vasodilatation induced by isoproterenol.

The experimental results indicate that alfa-adrenoceptors play minor role
(if any) in the coronary action mechanism of Ni2+ but it may be mediated by beta-
adrenergic mechanisms. Nickel was found to alter the reactivity of coronary beta-
adrenoceptors suggesting a possible modulatory role of this trace metal in coronary
adrenergic mechanisms.

The essential trace metal nickel ion (Ni2+) was found to be a potent
endogenous vasoactive agent [12], which induces coronary vasoconstriction
in very low concentrations [9—14]. Its exact mechanism of action is unclear
but there are data to suggest that adrenergic receptors in the coronary vessels
may be involved in the action.

Nickel enhances Ca2+ influx into coronary vascular smooth muscle
cells [13], similarly to alpha-adrenergic receptor stimulation [19].

A recent study revealed a close relationship between Ni2+-induced
coronary vasoconstriction and inhibition of the Na+, K+-pump [14]. In
most vascular preparations, inhibition of the pump activity-induced vaso-
constriction by stimulating norepinephrine release from intramural sympathetic
postganglionic nerve endings [18]. The possibility thus exists that Ni2+-action
is connected with stimulation of neurotransmitter release and consequently
with that of adrenergic receptors.

Nickel ions inhibit hypoxic/ischaemic coronary vasodilatation in the
dog heart in situ [10, 11] and they abolish exogenous adenosine induced coro-
nary vasodilatation in the isolated perfused rat heart [11]. Beside adenosine
the stimulation of coronary beta-adrenergic receptors by catecholamines
released from the hypoxic myocardium [15] may also contribute to the isch-
aemic/hypoxic changes of coronary resistance.
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In order to analyse the nature of Ni2+-induced coronary vasoconstriction
and that of the inhibition ofischaemic coronary vasodilatation, the relationship
between Ni2+ and coronary adrenergic mechanism has been studied.

M aterials and Methods

Isolated perfused rat heart

W hite Wistar rats of either sex weighing 200 to 300 g were decapitated by a guillotine
after an intraperitoneal injection of heparin (5 IU per g body weight). The hearts were rapidly
removed and the aortic stump cannulated to allow retrograde coronary perfusion (modified
Langendorff technique) by Krebs-Henseleit bicarbonate buffer solution (KHB) containing
10 mM glucose and 10 mU/ml insulin. The hearts were perfused by a constant flow peristaltic
pump (Watson-Marlow) via babble-trap, thermostate (37 °C) and filter [9].

Mean perfusion pressure (PP) was measured just above the heart. All parameters were
recorded on a Harvard Type 490 polygraph. Total coronary resistance (TCR) was calculated.

Isolated canine coronary artery strips

Mongrel dogs of either sex weighing 14 to 18 kg were anaesthetized with pentobarbital
sodium (50 mg/kg; i.v.). The heart was rapidly excised and placed in ice-cold saline solution.
The left anterior descending (LAD) coronary artery was carefully dissected from the free wall
of the left ventricle and placed in mammalian Krebs-Ringer bicarbonate (KRB) solution of
the following composition (mM/1): NaCl, 116; KC1 4.6; CaCl2 2.5; MgS04, 1.2; KH 2 04,
1.2; NaH CO03, 25; dextrose, 10.

The solution was aerated by a 95% 02+ 5% CO02gas mixture to give a pH of 7.4.

Helical strips were cut from the coronary artery segment (o.d. 1-1.5 mm). The strips
were cut in a counterclockwise fashion at an angle of 45°; they were approximately 1.5 mm
wide and 15 mm long. The strip was suspended vertically in a water-jacketed, thermostated
(37 °C) glass chamber containing 20 ml of KRB. The distal end of the strip was anchored to
the bottom of the chamber by a stainless steel hook and the proximal end was attached to
a force transducer (GRASS FT03C) to measure isometric force development. Isometric tension
was recorded by a Radelkis recorder (Type OH-814/1).

Chemicals
Norepinephrine (Noradrenalin; Gedeon Richter), isoproterenol (Isuprel?, Winthrop);

phenoxybenzamine (Smith, French and Kline); phentolamine (Regitine'L CIBA), propranolol
InderalR, ICI).

Statistical analysis

The means and standard error of the mean (X i SEM) of grouped experimental data
were calculated. The statistical difference between means was estimated by paired and un-
paired Student’s t test.

Results

Isolated perfused rat heart

Increasing concentrations (0.01-400 ,mM/1) of NiCI2 in the perfusate
caused a significant rise of TCR (Fig. 1, control curve). The maximum effect
was induced by 1 fiM, and a half-maximum effect by 0.032 /&£ NiCIl2. Pretreat-
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Fig. 1. Effect of phenoxybenzamine (10_5M) (n -6) and propranolol (10-7g/ml) (ri—®6)
on basal coronary resistance (C’) and on Ni2+-induced coronary vasoconstriction (control 10
hearts) in the isolated perfused rat heart (x*S.E.)

Fig. 2. Inhibition of isoproterenol induced coronary vasodilatation in the presence of phentol
amine (10~Bg/ml) by 1//M/I NiCl2in isolated perfused rat hearts (n=5) (id:S.E.)

ment of the hearts by phenoxybenzamine (PBZ) (10-5 M) 30 min prior to
Ni2+-administration caused no change in basal coronary resistance but shifted
the Ni2+-response curve to the right and depressed the maximum action
significantly (p <C 0.05). The presence of 10~7g/ml propranolol caused a signif-
icant rise of TCR and totally prevented Ni2+-induced coronary vasoconstric-
tion.

Stimulation of beta-adrenergic receptors in the presence of the alpha-
receptor blocker phentolamine caused a dose-dependent increase in coronary
conductance, which was totally abolished by 1 pM NiCl, in the perfusate

(Fig- 2).
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Fig. 3. Original record of the effect of alpha-adrenergic blockade on Ni2+-induced isometric

force development in isolated canine coronary artery strips. Top tracing: pretreatment by

phenoxybenzamine (10"5M). Lower tracing: effect of increasing doses of phentolamine on

Ni2+-induced coronary contraction. Force development was abolished by nitroprusside-Na
(10~5and 10~4 M, respectively) in both strips

u

Propranolol
(107 g /ml)

Fig. 4. Effect of pretreatment (upper tracing) and posttreatment (lower tracing) by propranolol

on Ni2+-induced isometric tension development in two isolated canine coronary artery strips.

Note the total prevention of Ni2+-action after pretreatment, but the ineffectiveness of post-
treatment by the beta-receptor blocking agent

Isolated canine coronary artery

Pretreatment of the coronary artery strips by PBZ did not influence
the development of Ni2+-elicited isometric contraction (Fig. 3, upper tracing).
Administration of phentolamine at the peak of isometric contraction evoked
by 1 /<M NiCl2 caused only mild attenuation of the response and only in the
highest concentration (10-5 M) of the alpha-receptor blocking drug (Fig. 3,
lower tracing). Isometric force development could he abolished in both cases
by nitroprusside sodium, the selective antagonist of tonic Ca2+-activation

mechanism [13].
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ISUPREL ISUPREL

Fig. 5. Effect of increasing concentrations of isoproterenol on K+-contraction (30 mM KC1)
of an isolated canine coronary artery strip, in the absence and presence of 1 //M NiCl2

Pretreatment of the isolated strips with the beta-adrenergic blocking
agent propranolol (10-7 g/ml) totally prevented the development of Ni2+-
induced coronary vasoconstriction (Fig. 4, upper tracing). In contrast, ad-
ministration of the blocking agent at the peak of isometric force development
was ineffective, even in the highest concentration (10-eg/ml) used (Fig. 4,
lower tracing).

Beta-adrenergic receptor stimulation by increasing doses of isoproterenol
of coronary arteries contracted by elevation of K +-concentration in the medium
(30 mM), caused a dose-dependent smooth muscle relaxation, which was almost
totally abolished by 1 bM NiCI2 (Fig. 5).

Discussion

The present experiments on isolated perfused rat hearts and isolated
canine coronary arteries showed that (1) alpha-adrenergic blockade caused
only partial inhibition of Ni2+-induced coronary vasoconstriction; (2) beta-
adrenergic receptor blockade totally inhibitied Ni2+-action; and (3) Ni2+
caused a significant inhibition of coronary vasodilatation induced by beta-
adrenergic receptor stimulation. These results suggest that adrenergic mecha-
nisms are involved in the action of Ni2+ on coronary vessels. The stimulation of
coronary alpha-adrenergic receptors was reported to induce coronary vaso-
constriction in both the intact heart [6, 7] and the isolated coronary arteries
[19]. Since Ni2+-induced coronary vasoconstriction is also dependent on extra-
cellular Ca2+-concentration and transmembrane Ca-fluxes [9, 11, 12, 13],
the possibility was raised that Ni2+ acts by stimulation of alpha-receptors by
any of the following three mechanisms: (1) direct interaction with the receptor;
(2) sensitization of the receptors to circulating catecholamines, and (3) stimula-
tion of norepinephrine release from intramural nerve endings. The present
findings that alpha-adrenergic receptor blockade causes only mild attenuation

5 Acta Physiologica Academiae Scienliarum Hungaricae 59, 1982



166 G. RUBANYI et al.

of Ni2+-induced coronary vasoconstriction indicates that alpha-receptor
mechanisms play a minor role if any in the action mechanism of Ni2+.

In contrast, Ni2+-induced coronary vasoconstriction was totally in-
hibited by propranolol, and Ni2+ inhibited the effect of isoproterenol. These
findings suggest that (1) Ni2+-induced coronary vasoconstriction is mediated
by beta-adrenergic mechanisms in the isolated rat heart and isolated canine
coronary arteries, and (2) Ni2+ alters the reactivity of coronary beta-adreno-
receptors.

Under physiological conditions, catecholamines increase coronary blood
flow [1, 20] and they induce coronary vasorelaxation by stimulating coronary
beta-adrenoreceptors [2]. These previous observations have been confirmed
by the present finding that propranolol caused a significant elevation of coro-
nary resistance (Fig. 1), most probably by antagonizing the effect of catechol-
amines released from the heart [15].

There are, however, several reports in the literature which describe beta-
adrenoreceptor mediated coronary vasoconstriction under certain pathological
conditions. In conscious dogs with acute coronary occlusion, propranolol
treatment has been shown to decrease coronary flow in the non-ischaemic
myocardium and to augment perfusion in ischaemic zones [1, 20]. Borda
et al. demonstrated that a sudden elevation of K +-concentration [3] and
hypoxia [4] elicited sustained contractions in isolated canine coronary arteries
which were inhibited by propranolol. Szentivanyi et al. [5, 16] described that
norepinephrine evoked contractions in aorta strips isolated from diabetic rats,
which could be antagonized by various beta-receptor blocking agents.

The mechanisms mediating these responses to beta-adrenergic stimula-
tion have not been clarified. The hypoxic/ischaemic or diabetic alteration of
beta-receptor reactivity may be explained on the basis of profound changes
in vascular smooth muscle metabolism, which were shown to determine the
interconversion of adrenoreceptors [8] by influencing the synthesis of modula-
tor substances [17]. However, whatever the mechanism of altered beta-
receptor activity, the present finding that Ni2+ alters beta-adrenergic reactivity
in coronary vessels is of utmost importance, since significant endogenous Ni2+-
release was reported from the ischaemic-hypoxic myocardium [11, 12]. The
possibility thus exists that endogenous Ni2+ may play some role in the isch-
aemic/hypoxic modulation of coronary beta-adrenoreceptors.
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VASOCONSTRICTION ON THE ACTIVITY, OF THE
ELECTROGENIC Na+, K+-PUMP

G. Rubanyi, Maria Bakos, Krisztina Hajdu and T. Pataki

EXPERIMENTAL RESEARCH DEPARTMENT AND SECOND PHYSIOLOGICAL INSTITUTE,
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The possible interactions between the vasoactive trace metal nickel ion (Ni2+)
and membrane Na—K-ATPase in the isolated perfused rat heart and in the isolated
canine coronary artery have been studied. The characteristic features of 1 pM Ni2+-
induced contractile response in the canine coronary artery strip were similar to those
evoked by the inhibition of Na—K-ATPase. Inhibition of the pump activity by ouabain
(10-4 M) or by K+-deficient Krebs solution prevented Ni2+-action both in the canine
coronary artery strip and in the perfused rat heart, indicating that when Ni2+ causes
coronary vasoconstriction the Na, K-exchange is influenced. Further studies are needed
to clarify whether Ni2+ acts directly on the enzyme, or the vascular action of this trace
metal depends on the ionic gradients maintained by the electrogenic Na—K-pum-

Trace amounts (IO~-10“7 M) of exogenous nickel chloride (NiCl2
induce coronary vasoconstriction in the anaesthetized open-chest dog [16],
in the isolated perfused rat heart [15] and in the isolated canine coronary
artery [17]. Vascular action of Ni2+ is dependent on extracellular Ca2+-con-
centration [15, 16] and Ni2+ enhances Ca-influx into vascular smooth muscle
cells [15, 16, 17]. Among a number of possible mechanisms, the stimulation
of Ca-influx by Ni2+ seems to be mediated by inhibition of membrane Na/K-
ATPase, since previous studies showed that inhibition of the Na—K-pump by
cardiac glycosides induced vasoconstriction [25] by stimulating Ca-influx
[2, 25].

The present study was therefore designed to analyse the possible involve-
ment of Na—K-ATPase inhibition in the action mechanism of Ni-induced
coronary vasoconstriction in the isolated perfused rat heart and in the isolated
canine coronary artery.

Materials and Methods

Isolated perfused rat heart

W hite Wistar rats of either sex weighing 200 to 300 g were decapitated by a guillotine
afterintraperitoneal injection of heparin (5 1U per g body weight). Hearts were rapidly removed
and the aortic stump cannulated to allow retrograde coronary perfusion (modified Langen-
dorff technique) by Krebs-Henseleit bicarbonate buffer solution (KHB) containing 10 mM
glucose and 10 mU/ml insulin. The hearts were perfused by a constant flow peristaltic pump
(W atson—Marlow) via bubble-trap, thermostat (37 °C) and filter [15].

Mean perfusion pressure (PP) was measured just above the heart. All parameters were
recorded by a Harvard Type 490 polygraph. Total coronary resistance (TCR) was calculated.
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Isolated canine coronary artery strips

Mongrel dogs of either sex weighing 14 to 18 kg were anaesthetized with pentobarbital
sodium (50 mg/kg; i.v.). The heart was rapidly excised and placed in ice-cold saline solution.
The left anterior descending (LAD) coronary artery was carefully dissected from the free
wall of the left ventricle and placed in mammalian Krebs-Ringer bicarbonate (KRB) solution
of the following composition (mM/1): NaCl, 116; KC1, 4.6; CaCl2 2.5; MgS04, 1.2; KH2P 04,
1.2; NaHCO03, 25; dextrose, 10.

The solution was aerated by a 95% 02+ 5% CO02gas mixture to give a pH of 7.4.

Helical strips were cut from the coronary artery segment (0.d. 1-1.5 mm) in a counter-
clockwise fashion at an angle of 45°; they were approximately 1.5 mm wide and 15 mm long.
The strip was suspended vertically in a water-jacketed thermostated (37 °C) glass chamber
containing 20 ml of KRB. The distal end ofthe strip was anchored at the bottom ofthe chamber
by a stainless steel hook and the proximal end was attached to a force transducer
(Grass FT03C) to measure isometrice force development. Isometric tension was recorded by
a Radelkis recorder (Type OH-814/1).

The strip was mounted between two platinum ring electrodes immersed into the KRB
solution 5 cm apart. These electrodes served for electrical field stimulation of the vascular
strips. Submaximal stimuli (10to 15¥/5cm; 50 Hz a.c., for 7 sec) were generated by a stimulator
provided with an automatic timer device.J

Statistical analysis

The mean and standard error of the mean (xxSEM ) of grouped experimental data were
calculated. The statistical difference between means was estimated by Student’s paired and
unpaired t-test.

Results

Characteristic features of Ni2+-action in isolated canine coronary artery

The typical original recording in Fig. 1 demonstrates some of the charac-
teristic features ofthe contractile response induced by 1 /iM NiCl2in the canine
coronary artery strip. These are, potentiation of electrically-stimulated iso-
metric force development; induction of slowly rising tension development
without stimulation after a long latency period; and the interruption of force
development by Ca2+-free solution.

Fig. 1. Effect of NiCI2(1 /tM/1) on isolated canine coronary artery. The typical original record-
ing demonstrates that Ni2+ potentiates electrically-stimulated phasic contractions and evokes
tonic contracture without stimulation, which is abolished by Ca2+-free Krebs solution
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Effect of Na—K—ATPase inhibitors on Ni2+-induced coronary vasoconstriction

Increasing concentrations (0.01—100 pM/1) of NiCI2 in the perfusate
induced a significant TCR elevation (Fig. 2) in the isolated rat heart. Maximum
effect was reached after the addition of 1 juM NiCl2 while a half-maximum
TCR increase was achieved by a Ni2+concentration aslow as 0.032 ,uM/l. Addi-
tion of 10~4M ouabain (Strophanthin G; Calbiochem) induced an almost
100% increase in coronary resistance and the subsequent administration of
NiCl2was ineffective. Replacement of the normal perfusate with K +-deficient
KRB (K +:1.2 mM), also increased coronary resistance by approximately 35%.
Nickel caused a further increase of TCR in K +-deficient KRB, but its maxi-
mum effect was significantly (p < 0.05) depressed.

Ouabain (10-4 M) caused isometric force development in the isolated
canine coronary artery strip after a long latency period (Fig. 3). Addition of
1 UM NiCl2 to the muscle bath at the peak of the ouabain-contraction did
not evoke any further force development. Repeated administration of NiCI2
after 60 min incubation of the strip in ouabain-free solution induced contrac-
tion similar to that observed under control conditions (see Fig. 1).

NiCt2 (pM /1)

Fig. 2. Effect of ouabain (10-4 M) and K+-deficient (1.2 mM) Krebs solution on Ni2+-induced
elevation of total coronary resistance (TCR) in the isolated perfused rat heart (x*S.E.)

ny 4 I
1 iNiCL .
t Iw t :
Quabain  — NiClj
(10'4mL (IpM)

Fig.r3. Effect of ouabain (10-4 M) on basal tone and Ni2+-action in isolated canine coronary
artery
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Discussion

The active transport of NsA and K+ across the cell membrane is linked
to the enzyme Na-K —-ATPase, which is inhibited by cardiac glycosides and
K +-free and Na+-free solutions [19]. Activation of Na-K —ATPase in isolated
blood vessels causes relaxation which has been atributed to hyperpolarization
of the cell membrane [5, 6, 9, 22, 26], while inhibition of the pump causes
vasoconstriction most probably as a consequence of membrane depolariza-
tion [1, 20, 21] and increase of Ca-influx [2]. The present study confirmed the
vasoconstrictive property of ouabain and K +-deficient solution in the canine
and rat coronary artery.

Experimental evidences suggest that the Na—K—-ATPase plays important
role in the action mechanism of Ni2+-induced coronary vasoconstriction. The first
(indirect) evidence is based on the finding that the characteristic features of Na—
K-pump inhibition and Ni2+-induced coronary-vasoconstriction are very similar.

Cardiac glycosides were found to potentiate electrically-stimulated
vascular contractions [7, 13] and after some delay induced tension without
stimulation in various isolated blood vessels [3, 4, 7, 8, 24]. The ouabain-
induced contraction of the rabbit aorta [8, 24] and canine coronary artery
is accompanied by an increase in Ca2+-uptake, and both the contraction and
the stimulated Ca-influx were abolished by selective Ca-antagonists or by
removal of external Ca2+. These properties of ouabain show a striking similar-
ity to those of Ni2+-induced coronary vasoconstriction (see Fig. 1).

The possible involvement of Na—K-pump inhibition in the action mecha-
nism of Ni2+is further substantiated by the fact that ouabain totally prevented
Ni2+-induced coronary vasoconstriction both in the isolated perfused rat heart
(Fig. 2) and in the isolated canine coronary artery (Fig. 3). These results are
consistent with the interpretation that when Ni2+ causes constriction of coro-
nary vascular smooth muscle cells,theNa+,K + exchanges are involved. Further
studies are needed to clarify whether Ni2+ acts directly on the enzyme and/or
the vascular action of this trace metal depends on the ionic gradients main-
tained by the electrogenic Na—K-pump [1].

Several observations indicate that most of the contractile effects elicited
by inhibition of Na—K—ATPase are neurogenic in origin, since these contrac-
tions are abolished by alpha-adrenergic blockade and chemical denervation [6,
12, 24]. In addition, Bonaccorsi et al. [6] showed a close correlation between
the time course of delayed contraction and zero K +-induced release of
3Fl-labelled norepinephrine from the nerve endings of the rat tail artery. The
possibility thus exists that Ni2+-induced and Na-K-pump dependent coronary
vasoconstriction is mediated by neurotransmitter (catecholamine) release
and therefore by stimulation of the vascular adrenergic receptors. This problem
mwas analysed in a recent study [10].
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In the saphenous vein and basilar artery of the dog [11] and in the rat

portal vein [18], unlike in the canine femoral [11] and coronary artery [15—7],
nickel ions have no stimulatory action but they rather reduce the basal tone
and depress electrically-stimulated contractions [11, 18]. The present study
suggests that the vasoconstrictor effect of Ni2+ depends on the activity of the
electrogenic Na-K-pump and variations in the functional importance of this
membrane process [23] could provide an explanation for the heterogeneous
responses to Ni2+ of blood vessels of different origin.
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RESISTANCE TN THE ISOLATED PERFUSED
RAT HEART

M. Bakos and G. Rubanyi

EXPERIMENTAL RESEARCH DEPARTMENT AND SECOND INSTITUTE OF PHYSIOLOGY,
SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received October 16, 1981)

The coronary vascular effect of various divalent cations and of sodium-meta-
vanadate was compared in isolated perfused rat hearts. Their order of activity was as
follows (the concentrations («M) evoking a half-maximum increase of coronary resis-
tance are indicated (in parentheses): Ni2+ (0.03) > Co2+ (0.1) > Hg2+ (0.16) > VO7
(0.2) > Cu2+ (15) > Zn (50). Iron (Fe2+) and cadmium (Cd2+) were ineffective. The
order of coronary vasoconstrictor potency of these metal ions differs from the order
of their other physico-chemical properties indicating that their coronary action cannot
he explained as being singly a consequence of ion-membrane interaction. In contrast
to Ni2+, the effect of Hg2+ was totally inhibited by phenoxybenzamine (10-5M)
indicating that coronary vasoconstriction induced by mercury ions is mediated by
alpha-receptors. Coronary vasoconstriction induced by sodium-meta-vanadate was
resistant to verapamil while removal of external Ca2+ potentiated its effect.

These data suggest that in contrast to Ni2+ and Hg2+, vanadate increases
coronary resistance by mobilizing intracellular Ca2+ in vascular smooth muscle cells.

Rubanyi et al. [5] showed that NiCI2 in very low (micromolar) concen-
tration constricts coronary artezies of the isolated perfused rat heart. Vanadate
(V03-) [8] and mercury [2] ions in micromolar concentrations also elevate
the coronary resistance in the isolated rat heart. Prolonged administration of
CdClI2 causes hypertension in rats and rabbits and cardiovascular lesions were
observed in humans after exposition to Cd [7]. The effect of other trace ele-
ments on coronary circulation is not known.

Ni ions easily form complexes with various ligands occurring on the
surface of biological membranes [2]. We assume that its biological effect is due
to the ion-membrane interaction of unknown origin. To clarify this hypothesis
we compared the effect of Ni2+ on coronary circulation with that of the other
trace elements belonging to the transition group: cobalt (Co), copper (Cu),
zinc (Zn), cadmium (Cd), iron (Fe), vanadium (as vanadate anion V03~)
and mercury (Hg). Furthermore, the coronary vascular action of Ni2+ was
compared to that of the well-known SH-reagent Hg2+ [1] and of the Na,
K-ATPase inhibitor vanadate [4] in the presence of the selective Ca-antagonist
verapamil and the alpha-blocker compound phenoxybenzamine (PBZ), and
also in the absence of extracellular Ca2+.
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Methods

W hite laboiatory rats of either sex weighing 200 to 300 g were decapitated after i.p.
injection of heparin (5 IU/g b.w.). After rapid removal of the heart the coronary system was
perfused through the cannulated aorta (modified Langendorfftechnique) with Krebs—Henseleit
bicarbonate solution (pH = 7.3-7.4) containing 10 mM glucose and 10 mU/ml insulin [5].

The heart was perfused by a constant flow peristaltic pump (Harvard, Type 1210)
via a bubble-trap and a filter at room temperature. Mean perfusion pressure was measured
by a pressure-transducer (Sanborn, Type 267BC) and coronary flow was determined by
a syringe under the heart. Pressure was recorded continuously (Harvard polygraph, Type
490). Total coronary resistance was calculated. The TCR-elevating effect of the ions studied
was compared according to their concentration in the perfusate (,umol/l) which elicited half-
maximum vasoconstriction. This value was called ED50.

Th Ichemic ;::used in the experiments were verapamil (Verpamil®, Orion) and phen-
oxybenzamine (Smith Kline and French). Values given are the means ~tSEM. Data were
analysed for statistical significance by Student’s I-test.

Results

The action of the studied elements on coronary resistance in the isolated
rat heart is summarized in Fig. 1. The following ions caused an elevation of
TCR: Ni2+, Co2+, Hg2+, V03~, Cu2+ and Zn2+, while Fe2+ and Cd2+ did not
induce any change. The sequence of activity of the elements calculated on the
basis of EDS0 was, Ni2+ (0.03 /xmol/L) > Co2+ (0.1) j> Hg2+ (0.16 j>V 03-
0.2) ]> Cu2+ (15) >Z n2+ (50). The Ni2+-induced rise of TCR was completely

Fig. 1. Effect of increasing doses (0.01-100 /imol/1) of NiCI2(n—8), CoCI2(n=5), HgCI2(n = 8),
CuCl2 (n=4), NaVv03(n=4), ZnS04 (n=5), CdCI2 (n=4), FeCl2 (n=4) on total coronary
resistance (TCR) expressed in per cents of the control in the isolated perfused rat heart
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Fig. 2. Effect of verapamil (n=4), PBZ (n=5) and Ga-deficient medium”~(n=4) on Nia*-
induced TCR elevation in the isolated rat heart

Fig. 3. Effect of verapamil (n=5), PBZ (n=5) and Ca-deficient medium (n=5) on Hg2+
induced TCR elevation in the isolated perfused rat heart
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Fig. 4. Effect of verapamil (n=5), PBZ (n—5) and Ca-deficient medium (n=4) on V03~-
induced TCR elevation in the isolated rat heart

inhibited in the Ca-deficient medium as well as after treatment with verapamil
(10-2 Mf). PBZ (10~5 M/l) shifted the dose-response curve to the right and
depressed the maximum effect significantly, indicating a partial inhibition of
the Ni2+-action (Fig. 2). HgCI2 also failed to cause coronary vasoconstriction
in Ca-deficient medium but verapamil treatment only partially inhibited the
coronary effect (Fig. 3). After treatment with PBZ, coronary vasoconstriction
was completely abolished.

Vanadate ion caused a linear rise of TCR in the 0.01—0 /nnol/1 concentra-
tion range (Fig. 4). Neither verapamil, nor PBZ did alter this response, while
in Ca-deficient buffer there was a significant enhancement of the TCR-increas-
ing action of V03".

Discussion

Comparative study showed that like Ni2+, the divalent cations Co2+,
Hg2+, V 03~, Cu2+, Zn2+ also elevate TCR in the isolated perfused rat heart.
Iron and cadmium ions in the applied concentration range (0.01—00 ymol/l)
did not change TCR. The obtained values of ED indicate the following or-
der of activity: Ni2+ >-Co2+ }> Hg2:- >V 03~ >Cu2+ >Zn2+, which differs
markedly from any other order of chemical activity (see Table I).

Bers and Langer [3] found that in the cardiac sarcolemma the Ca-
displacing activity of divalent uncoupling ions increases with the ionic radius.
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Table |

Comparison of coronary vasoconstrictor potency with the order of several chemical
properties ofthe metal ions studied

Coronary vasoconstrictor

activity Ni>Co>Hg>V03>Cu>Zn
Atomic number Co>Ni>Cu>Zn>Cd>Hg
Solubility constant (—SH)* Hg>Cu>Cd>Ni>Zn
Stability constant

(ligand —NH?3)* Hg>Cu>Zn>Ni>Cd>Co
lonic radius* Hg>Cd >Zn>Co= Cu>Ni

According to Arhem [1].

In contrast, the coronary vasoconstrictor potency of the studied metal ions
differed fundamentally from the sequence of the ionic radii and other chemical
properties listed in Table I. These experiments thus suggest that the coronary
vasoconstrictor effect is not a simple consequence of ion-membrane inter-
action.

The effect of nickel is totally abolished in Ca-deficient medium and by
verapamil, confirming earlier results [6] showing that Ni2+ increases Ca-
influx into the coronary vascular smooth muscle cells. One of the possible
mechanisms of such an enhancement of Ca-transport may be the activation
of alpha-receptors in the coronary vessels [9]. PBZ-pretreatment of the isolated
heart inhibited the vasoconstrictive effect of Ni2+ only partially, indicating
that other mechanisms are also involved.

Similarly to that of nickel, the coronary vasoconstrictor action of the
mercury ion closely depends on the presence of extracellular Ca2+. At the
same time, verapamil inhibited only partially the action of Hg2+. The finding
suggests that the action of Hg2+-action on the coronary vessels depends only
partly on the activation of verapamil-sensitive Ca-channels. The finding that
PBZ totally abolished the action of Hgz+ indicates that Hg2+-induced coronary
vasoconstriction in the rat heart is mediated by alpha adrenergic receptors.

The characteristic features of vanadate-induced coronary vasoconstric-
tion differ basically from those elicited by Ni2+ and Hg2+. Verapamil and
PBZ-treatment did not influence TCR changes induced by V03~. In addition,
removal of extracellular Ca2+ significantly potentiated its effect. It is assumed
that VV 03~ activates coronary vascular smooth muscle contraction by a mobili-
zation of intracellular Ca2+.

The difference of the coronary action of these three ions indicates that
the Ni2+-effect cannot be explained only by an interaction with SH-groups
or with Na, K—-ATPase in the isolated rat heart.
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The effect of low concentrations (1—0 pM) of nickel (Ni2+) was studied on the
spontaneous contractile activity of isolated rat portal vein preparations. To distinguish
between presynaptic and postsynaptic actions, Ni2+-induced changes of isometric
force development evoked either by electrical field stimulation (80V/5 cm; 1 msec;
1-32 Hz) or by exogenous norepinephrine (NE) were compared.

Ni2+ inhibited spontaneous isometric force development, decreased basal tone
but significantly increased the frequency of contractions. The experimental findings
that inhibition of the effect of selective stimulation of adrenergic nerves was signifi-
cantly more pronounced than the depression of contractions evoked by exogenous
norepinephrine indicate that in addition to postsynaptic actions, Ni2+ influences
presynaptic mechanisms (i.e. NE-release) in this vessel preparation.

Nickel ions (Ni2+) are potent endogenous vasoactive agents [10] which
induce coronary vasoconstriction in the isolated rat heart [8], in the in situ
dog heart [9] and in the isolated canine coronary artery [11]. The last mentioned
preparation is most suitable for analysis of the direct action of Ni2+ on
vascular smooth muscle cells with certain limitations. The most important
factor in this respect is the fact that the smooth muscle of large “Windkessel”
and conduit arteries (which are primarily suited for this type of study for
technical reasons) differ in several functional characteristics from the smooth
musculature of the haemodynamically more important small peripheral
resistance vessels [3]. In fact, previous studies have revealed several differ-
ences between Ni2+-induced elevation of coronary resistance in the intact
heart and coronary vasoconstriction in the isolated large coronary artery
strips [11].

The portal vein proved to be a valuable model for studying the character-
istics of peripheral circulation where the vessels are less accessible to direct
investigations [7]. The present study was therefore designed to investigate
the effect of low concentrations (1 and 10 /iM/1) of nickel ions on various
parameters of the spontaneous contractile activity of the isolated rat portal
vein. To distinguish between presynaptic neurotransmitter release and post-
synaptic smooth muscle actions of this trace metal Ni2+-induced changes of
isometric force development evoked either by selective electrical field stimula-
tion or by exogenous norepinephrine (postsynaptic) stimulation were compared.
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Methods

Experiments were performed on 10 portal vein preparations from rats of the Wistar
strain weighing 200-300 g. The animals were decapitated by guillotine, exsanguinated, the
portal veins dissected, removed within 2 min after decapitation and placed into oxygenated
Krebs-Ringer bicarbonate solution (KRB) of the following composition (mM/1): NaCl: 116;
KC1: 4.6; CaCl2: 2.5; KH204: 1.2; MgS04: 1.2; NaHCO03: 25 and glucose 10. The solution
was bubbled with a gas mixture of 95% 0 2and 5% CO02to give a pH of 7.4.

The 15-20 mm long vascular segments were suspended vertically in a water-jacketed
thermostated (3770.2 °C) plexy chamber containing 20 ml of KRB. The mechanical activity
of the longitudinal musculature of the portal vein was recorded isometrically with a force —
displacement transducer (Grass FT03C) operating an inkwriting recorder (Esterline Angus).
The passive tension applied to the muscle varied between 800 and 1000 mg. The muscle at
this passive tension was allowed to recover for about 1h in the bath.

Nerve responses were obtained by selective activation of the intramural adrenergic
nerve plexus by means of transmural electrical field stimulation. A Grass S-48 stimulator
provided square wave impulses of supramaximal amplitude (80 Y) and 1 msec duration to
platinum ring electrode mounted in the wall of the muscle chamber 5 cm apart.

Experimental protocol

Frequency-response relationships were obtained by field stimuli of 2, 4, 8, 16 and
32 HZ frequency lasting for 1 min at 3 min intervals. After stimulation, when the baseline
had completely returned to the resting level, exogenous norepinephrine (NE) was injected
into the bath to give a final concentration of 10-7 g/ml. Afterwards NE was washed out and
15 min later NiCl2was injected into the bath to give a final concentration of 1 /M. After
the Niz+ effect had became stable (~30 min), the electrical and NE stimulations were repeat-
ed. The effect of 10 /M NiCl2was similarly studied on the same preparation.

The mean and standard error of the mean (x+S.E) of grouped experimental data were
calculated. Comparison of mean values was performed by Student’s t-test.

Results

The typical original recordings in Fig. 1 demonstrate the rhythmic
spontaneous contractile activity and the frequency-response relationship
induced by transmural field stimulation in an isolated rat portal vein prepara-
tion under control conditions and in the presence of 1 and 10 /XM/1 NiCl2
Basal tone (i.e. tension measured in the relaxed state of the muscle) and the
amplitude of spontaneous phasic contractions were significantly reduced by
1 pM NiCI2 (Fig. 2) hut there was a significant increase observed in the fre-
quency of spontaneous contractions (Fig. 2). Elevation of Ni2+-concentration
from 1 to 10 //M/I caused no significant changes in any of these parameters.
The mean values of transmural field-stimulation-induced frequency-response
relationships are illustrated in Fig. 3. Electrical field-stimulation caused a steep
rise of tension in the low frequency range (2—8 Elz) which was followed by
a much slower increase at higher frequencies (16 and 32 Hz) under control
conditions. NiCl2in 1 /xM concentration caused a significant depression of the
curve at every frequency value studied, and the presence of 10 /xM NiCl2
in the hath caused a further significant inhibition. Exogenous norepinephrine
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Control

Hz: 2
1pM NiClj

250
mg'Wrw"

Hz: 2 16
10pM NiClI2
250
mg

Hz: 2 i U 8 16

1min
Field stim.:80V/5cmilms;1min

Fig. 1. Spontaneous and electrically-stimulated isometric contractions of an isolated rat
portal vein preparation. Note the significant inhibition of mechanical activity by 1 and 10 /M/1

NiQ.

Spontaneous contractile

Basal tone activity
Amplitude Frequency

Fig. 2. Effect of 1and 10 //M I NiCl2on basal tone and amplitude and frequency of spontaneous
contractions of rat portal veins (n= 10) (x"S-E.)

in a concentration of 10“7 g/ml, caused isometric force development (Fig. 4),
the magnitude of which was approximately equivalent to that seen after 32 Hz
electrical stimulation (Fig. 3). Addition of 1 /iM NiCl2 to the muscle bath
depressed the NE response as well, but the extent of inhibition (15-20%)
was significantly less pronounced than that observed in the case of 16 and

32 Hz electrical stimulation (60-65%).
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Electric field stimulation

Fig. 3. Effect of 1and 10/iM/1 NiCl2on the frequency-response relationship evoked by electrical
field stimulation in rat portal vein (n=10 ((x S.I..)

Control 1pM NiCI2

Fig. 4. Isometric contractions induced by exogenous norepinephrine (10 7 g/ml) in rat portal
vein preparation in the absence (control) and presence of 1 fiM/l NiCl2

Discussion

The present study on the spontaneously active isolated rat portal vein
showed that nickel ions in low concentrations (1 and 10 /MJA) inhibited both
the spontaneous and electrically — as well as exogenous norepinephrine —
stimulated isometric contractions. These actions are opposite to the vaso-
constriction induced by Ni2+ in the isolated canine coronary [11] and femoral
arteries [5] but they are similar to the Ni2+-induced inhibition of contractile
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activity in the isolated canine basilar artery and saphenous vein [5]. The
exact nature of these basically different actions of the same trace metal in
various blood vessels is unexplained hut confirms earlier findings [2] in that
functional characteristics of vascular smooth muscle in blood vessels of different
anatomical origin are heterogenous. Thus, the future analysis of the action
mechanism of Ni2+ may help to elucidate the functional heterogeneity of
vascular smooth muscle as well.

Kohthahdt et al. [6] have recently suggested, on the basis of experi-
ments with tension recording and Ca2+-flux data in isolated guinea-pig ventric-
ular strip preparations, that the Ni2+-induced inhibition of cardiac contrac-
tility operates by an antagonism between nickel and calcium ions on superficial
binding sites. This is of interest with regard to the present observations on the
portal vein where the inhibitory response to nickel ions resembles in its mechan-
ical components the activity changes produced by lowering the Ca2+-con-
ccntration in the medium [1]: reduction of the Ca2+-concentration to 0.5—
0.6 mM caused a decrease of both the basal tone and the amplitude of sponta-
neous contractions with a parallel significant increase of the frequency of
contractions (see also Figs 1 and 2). These data suggest that Ni2+acts as a Ca2+-
antagonist in the isolated rat portal vein.

The present finding that the Ni2+-induced inhibition of contractions
evoked by selective stimulation of intramural adrenergic nerves was signifi-
cantly more pronounced (Figs 1 and 3) than the depression of contractions
stimulated by exogenous norepinephrine (Fig.4) indicate that in addition to
its postsynaptic actions (i.e. on the vascular smooth muscle cell membrane)
Ni2f influences a presynaptic mechanism, i.e. NE-release from the sympathetic
nerve endings. It is proposed that Ni2+ inhibits NE-release from the nerves
by antagonizing Ca2+-influx, but other mechanism may also be involved.
More detailed studies are required to clarify the possible role of nickel ions
in adrenergic neurotransmission. The finding that the response to NE was
more insensitive to Ni2+ than were spontaneous contractions, may be explained
by the fact that NE induces contraction in the portal vein by mobilizing
intracellular Ca2+ [4], while spontaneous contractions depend primarily on the
influx of extracellular Ca2+ into smooth muscle cells [1].
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INHIBITION OF MYOCARDIAL REACTIVE
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The purpose of the present study was to investigate the changes of characteristic
parameters of myocardial reactive hyperaemia that follow coronary artery occlusion
for 10 sec and of the coronary vascular response to hypoxia during constant verapamiil
infusion (0.01 mg. kg-1, min-1)in anaesthetized open-chest dogs. Reactive hyperaemia
was significantly reduced by the specific Ca-antagonist verapamil, while augmentation
of coronary blood flow by 100% N 2inhalation for 30 sec was not significantly influenced
by the drug. The experimental results indicate that, similar to myocardial cells, vera-
pamil reduces the oxygen requirement ofvascular smooth muscle cells as well. The possi-
bility exist that verapamil excludes factor(s) responsible for the disproportional over-
payment of flow debt.

Numerous studies on coronary circulation have indicated that local
factors within the heart are of primary importance in changing the basal tone
and thereby adjusting coronary blood flow (CBF) to meet the oxygen require-
ment of the myocardium [2]. Reactive hyperaemia (RH) of the coronary
vessels following mechanical occlusion of various duration has been proved
to be a valuable experimental model for the study of local regulation of CBF
[10]. Previous studies have revealed that RH in the heartis acomplex response
having both physical and chemical determinants (e.g. locally produced vasodi-
latory metabolites, vascular smooth muscle oxygen deprivation and loss of
myogenic tone during coronary occlusion) [10]. Adenosine was proposed as a
key factor in the metabolic regulation of CBF [3] and has been demonstrated
to be released from the normally oxygenated heart [9, 11].

The demonstration that adenosine is released from the heart in response
to increased myocardial oxygen demand [3, 8] support the assumption that
adenosine plays a key role in the coupling of myocardial metabolism to CBF.
Numerous studies have shown that organic Ca-antagonists (e.g. verapamil)
decrease myocardial oxygen demand [5], thus, investigation of the effects of
verapamil on the RH of coronary vessels may provide additional evidence for
the role of metabolism-dependent adenosine accumulation in determining
RH. Besides ischaemia and increased oxygen demand arteiial hypoxia has
also been reported to be an intensive stimulus for cardiac adenosine release [12,
14]. A significant parallelism has been demonstrated between coronary flow
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and tissue adenosine content on one hand and the rate of adenosine release on
the other from isolated guinea-pig hearts subjected to varying degrees of
hypoxia [12]. In contrast to RH following mechanical occlusion, coronary
vascular responses during severe hypoxia in the in situ heart are subjected
not only to local, but also to neurohumoral factors activated by arterial oxygen
deficiency [13].

The purpose of the present study was to investigate the quantitative
aspects of the RH following coronary occlusion for 10 sec and of the hypoxic
coronary vascular response during constant verapamil infusion in anaesthetized
open-chest dogs. To distinguish between local and remote regulatory factors,
various haemodynamic parameters were recorded simidtaneously.

Materials and Methods

Mongrel dogs of either sex weighing 16 to 33 kg were anaesthetized by glucochloralose
(100 mg. kg-1 body weight) with additional anaesthetic given as needed to maintain a constant
level of anaesthesia. The animals were immobilized by flaxedyl (2 mg. kg-1) and pulmonary
ventilation was accomplished by a positive pressure respirator (Harvard) with room air en-
riched by 100% oxygen. Blood gases and pH were monitored (Radiometer Copenhagen,
Type ABL 1) and they were kept within acceptable ranges. A femoral artery and vein were
cannulated for continuous monitoring of mean arterial blood pressure (MABP) via a Statham
P23HC pressure transducer, and for intravenous adm inistration of fluids and drugs (Fig. 1).
The heart was approached through a midsternal incision. An electromagnetic flow probe
(Statham Sp2202) was placed around the ascending aorta to measure cardiac output (CO),
and around the left anterior descending (LAD) coronary artery for monitoring coronary blood
flow (CBF). Flow rates were measured by a Statham flow meter. The flow probes were cali-
brated in situ by cannulating the artery and pumping the dog’s own blood through it at various
known rates by a constant peristaltic pump (Harvard).

Conventional (lead I1) and epicardial ECG were monitored and spontaneous heart rate
was continuously recorded by an integrator fed by the R-wave signal ofthe ECG. Left ventric-
ular pressure (LVP) was measured by a stainless steel needle inserted into the left ventricle
and fixed by atraumatic sutures to the epicardium, via a Statham P23HC transducer. The
dp/dt was continuously recorded by a derivative circuit fed by the ventricular pressure signal.
All the above parameters were recorded on a 12-channel Grass Type 7D polygraph. The follow-
ing parameters were calculated from the postocclusion reactive hyperaemic (RH) response
(Fig. 2): basal conductance (BC = mean coronary blood flow/mean coronary perfusion pressure);
maximal conductance (MC), peak conductance (PC = MC-BC); vascular reactivity (R =
= PC/BC), the area of flow debt (A,) and that of RH (A 2), and the ratio ofthem,i.e. the repay-
ment (Rp = A2Aj). The magnitude of At and A2 was estimated by measuring the weight of
the paper piece corresponding to flow debt (A,) and postocclusion flow increases (A2).

Experimental

Haemodynamic and coronary flow data were obtained in 8 animals 30 min after the
start of recording when all parameters reached stable level. A 10-sec mechanical occlusion of
LAD and 30-sec 100% N 2-inhalation were repeated twice (with 15 min intervals) to obtain
control data for postocclusion reactive hyperaemia (RH) and hypoxic coronary vasodilatation.

Verapamil (Verpamil®, Orion) was then given as a bolus injection of 0.2 mg. kg-1 intra-
venously, over a period of 2 to 3 min. This was followed by a constant infusion of the drug by
a Harvard pump to deliver 0.01 mg. kg“1, min-1 for a period of 60 min. LAD occlusion
and N 2-inhalation were repeated twice after the effect of verapamil infusion had became
stable (~30 min).

Statistical analysis: The means and standard error of the mean (x ; 5EM) were calcul-
ated and the results were expressed in these terms. Statistical difference between means was
estimated by Student’s t-test.
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Results

The original recording in Fig. 3 illustrates the effects of continuous
verapamil infusion (0.01 mg. kg-1, min-1) on coronary blood flow and
various cardiac and haemodynamic parameters during postocclusion (10 sec)
reactive hyperaemia (RH) and arterial hypoxia (30 sec). Verapamil induced
a transient increase in CBF and CO, and decreased MABP, HR, LVP and
dp/dt max. RH was significantly depressed 30 min after the start of verapamil
infusion hut the increase of hypoxic coronary blood flow was not considerably
influenced by the drug in the 50th min of perfusion. Table I demonstrates
mean values of haemodynamic and cardiac variables before (control) and
15 min after verapamil infusion.

Cardiac output decreased slightly during verapamil infusion, however,
the difference was not statistically significant. There was a significant (p < 0.05)
drop of mean arterial blood pressure (MABP). Verapamil caused moderate
reduction of total peripherial resistance (TPR). Heart rate (HR), dp/dt max
and dp/dt min were significantly depressed by the drug. Verapamil failed
to cause significant changes in mean coronary blood flow under the present
experimental conditions.

Atmosphere

Fig. 1. Experimental model illustrating the measurement of various cardiac and haemodynamic
parameters in open-chest dogs
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Table |

Haemodynamic changes during verapamil infusion*

Variable Control Verapamil % Pk
C.O.(ml. min-1) 1463+ 133 1297+193 87.8+8.7 N.S.
MABP (mmHg) 110+ 7.6 86.2+ 5.1 78.6+ 5.0 0.05
TPR (mmHg. ml-1, min-1) 0.074+0.007 0.066+ 0.008 87.9+ 5.9 N.S.
HR (beats, min-1) 183.5+6.0 1549+ 8.2 84.6+4.6 0.05
dp/dt max (mmHg, sec-1) 2888+235 2212 + 217 79.2+7.8 0.05
dp/dt min (mmHg, sec-1) 2625+ 182 1969+213 76.9+ 8.9 0.05
CBF (ml. min®“1) 27.8+ 3.8 26.7+ 5.7 90.0+ 10.9 N.S.

*mean +SEM; n=8.
** N.S. = not significant.

C
[tnl/min/mmHg]

Fig. 2. Schematic diagrams illustrating various calculated parameters of postocclusion myo-
cardial reactive hyperaemia

Myocardial reactive hyperaemia

The effect of verapamil on various parameters of RH (see also Fig. 2) is
summarized in Table Il. The decrease of basal coronary conductance (BC)
was not statistically significant but all the obtained parameters of postocclusion
reactive hyperaemia were significantly reduced by verapamil. Maximal conduc-
tance (MC) was diminished to 82% of control while peak conductance (PC)
and vascular reactivity (R) were reduced by approximately 40%. The most
pronounced inhibition was observed in the area of postocclusion blood flow
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Table 11

Effect of verapamil on various parameters of reactive hyperaemia
following 10-sec coronary occlusion*

Variable Control Verapamil % ok
BC 0.261 + 0.04 0.296+0.05 113.6+ 10.8 N.S.
MC 0.669+0.13 0.553+ 0.100 81.8+ 7.8 0.05
PC 0.408+0.10 0.234+0.07 61.2+ 12.8 0.02
R 1.528+0.27 0.838+0.25 58.2+ 125 0.02
A2 11.31 *£2.2 2.68 +1.09 29.9+ 10.1 0.001
Rp 4.48 +1.02 1.00 +0.3 39.0+ 11.3 0.001

*mean +SEM; n= 8.
** N.S. = not significant.

$ Dog.2£kg

CONTROL VERAPAMIL
Occlusion Hypoxia (0.2mg -kg'1: 0.01 mg-kg"1-min-1)
20- Occlusion  Hypoxia

MABP 200 30" 20"

(mmHg) loo

0

HR 240-1

(beats mm'1) 160
80

ECG A .-

(epicard) 10mV ]

ART. 200
PRESS. ]oo
(mmHg) 0

LVR  200_

(mmHg) 100

0 ™
dp/dt *3000-] I I I T - -
(mmHg sec'l) g, M I /\ I
-3000
Fig. 3. Original recording demonstrating the effect of verapamil on various cardiac and 1x

dynamic parameters and on postocclusion myocardial reactive hyperaemia and N 2ii gd
arterial hypoxia in anaesthetized dog
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change (A2 and of flow repayment (Rp).The 4- to 5-fold overpayment of flow
debt under control conditions was totally abolished by the Ca-antagonist:
postocclusion increase of blood flow was equal to flow debt (i.e. repayment
was exactly 1.00).

Arterial hypoxia

In sharp contrast to the significant suppression of postocclusion reactive
hyperaemia, 0.01 mg. kg-1, min-1 verapamil infusion did not influence
maximal conductance, peak conductance and vascular reactivity during
hypoxic coronary vasodilation induced by 30 sec 100% N 2-inhalation (Table
I11). While the 10-sec coronary occlusion caused no significant change in the

Table LW

Effect of verapamil on variables of hypoxic coronary vasodilatation

Variables Control Verapamil % prx
BC 0.216+ 0.034 0.226+0.025 111.5+ 9.1 N.S.
MC 0.316+ 0.038 0.326+0.025 112.5+ 9.6 N.S.
PC 0.100+ 0.016 0.100+0.027 104.6 + 23.4 N.S.
R 0.553+0.134 0.468+0.109 81.4+ 20.1 N.S.

*mean +SEM; n=8.
** N.S. = not significant.

haemodynamic and cardiac parameters, indicating the activation of local
factors only, N2-inhalation for 30 sec induced significant elevations of MABP,
CO, LVDP, dp/dt max and dp/dt min and reduction of HR (Fig. 3) pointing
to the activation of remote, i.e. neuro-humoral factors.

Discussion

The results of the present study have shown that characteristic param-
eters of reactive hyperaemia of the coronary vessels following a 10-sec
mechanical occlusion can be significantly reduced, although to various extent,
by the specific Ca-antagonist verapamil in open-chest anaesthetized dogs.
In contrast, augmentation of CBF by 100% N 2inhalation for 30 sec was not

significantly influenced by the drug under the present experimental condi-
tions.
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The possible mechanism by which verapamil might have reduced RH
are best considered in relation to its pharmacological properties. There are
numerous data available to suggest that the primary action of the drug is
selective inhibition of the movement of the calcium ion across the membrane
of excitable tissues [5]. Since calcium ions have been reported to play a key
role in both excitation-contraction coupling and pacemaker function in the
heart this action of the drug has been postulated to be responsible for its
negative inotropic and chronotropic actions in cardiac muscle [5]. The present
finding of significantly reduced spontaneous heart rate and left ventricular
dp/dt max during verapamil infusion are in good agreement with these pre-
vious reports.

In addition, it has been shown that under the influence of Ca-antagonist
compounds the splitting of ATP, the contractile energy expenditure and oxygen
requirement of the beating heart are lowered [5]. Although no attempt were
made in the present study to measure either ATP splitting or 0 2 uptake in
the myocardium, the finding that verapamil significantly reduced all major
determinants of cardiac 0 2 consumption [15] (i.e. MABP (afterload), HR,
and dp/dt max), it can be assumed that, in parallel with cardiac function,
myocardial energy and 0 2requirements were significantly depressed as well.

If we accept the concept that RH is caused by the accumulation of vaso-
dilatator metabolite(s) (adenosine) during ischaemia [10], it is clear that a
decline of metabolic rate in the presence of verapamil would reduce the produc-
tion and consequent accumulation of metabolites and the magnitude of RH.
However, other factors may also be involved. Increased rate of adenosine
washout, degradation or reuptake may all contribute to the depression of RH.
Altough these processes are not likely to be altered by verapamil, they should
be checked in the future.

Two further alternative mechanisms have been suggested to be respon-
sible (at least in part) for RH, which may also be influenced by verapamil.
The first is based on the hypothesis that RH is due to the metabolic conse-
qguences of hypoxia within the coronary vessels themselves [1]. Our results
could have been explained also by this concept if we assume that similar to
myocardial cells verapamil reduces the oxygen requirement of vascular smooth
muscle cells as well.

Reactive hyperaemia has also been atributed to myogenic relaxation
of the coronary smooth muscle cells during the period of arterial occlusion.
After release of the occlusion myogenic tone is though to be stimulated by
the distending force exerted by increased intraluminal pressure. This mecha-
nism called autoregulation probably reflects the contractile state of the vascular
smooth muscle prior to the change in pressure [2, 10]. Verapamil was reported
to inhibit E—€ coupling and pacemaker activity of isolated coronary arteries
and, as a result, acts as a powerful coronary vascular smooth muscle relaxant
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[5]. It has been shown that smooth muscle contraction following stretch,
similar to that seen during autoregulation, is critically dependent on inward
Ca2+-movement across the smooth muscle cell membrane. Thus verapamil
may reduce RH by inhibiting this myogenic mechanism.

The possibility also exists that the response of coronary vessels to a given
intensity of stimulus (like adenosine) may be altered by verapamil. This
possibility is confirmed by a previous finding that adenosine-induced coronary
vasodilatation in the dog is antagonized by lanthanium [7]. Studies on isolated
helical coronary artery strips revealed that adenosine, similarly to verapamil,
inhibits Ca2+-influx into vascular smooth muscle strips [6]. A possible explana-
tion of this paradox finding is based on the dual role of Ca2+ in vascular
smooth muscle cells, i.e. activation of contraction and membrane stabiliza-
tion [4]. It is possible that adenosine enhances the binding of Ca2+ on smooth
muscle membrane, resulting in a decreased excitability and relaxation, which
is abolished by verapamil through reduction of the amount of Ca2+ adjacent
to the cell membrane. These hypotheses should be tested experimentally in
the future.

Since postocclusion reactive hyperaemia in the heart is a complex
response [10], one may speculate that verapamil eventually antagonizes one
(or more) factors while other mechanism(s) remain intact. This hypothesis
may he empirically substantiated by the finding that the significant overpay-
ment (448%) of flow debt under control conditions was reduced to a mean of
100% (i.e. no overpayment at all) by the drug.

The possibility exists that verapamil antagonizes factor(s) that are, at
least hypothetically, responsible for the disproportional overpayment of flow
debt [10] and thus the drug may he avaluable tool to study the possible cause(s)
of overpayment of both flow and oxygen debt [10].

It is likely that hypoxia-induced increase of coronary perfusion pressure
(MABP) and aortic flow, and the possible coronary dilating action of released
catecholamines, counterbalance the verapamil induced inhibition of effects
of local factors (i.e. hypoxia and/or increased adenosine release) induced by
cardiac activity under the present experimental conditions. The present
finding is consistent with previous data that major determinants of CBF
changes during arterial oxygen deficiency are the extracardiac neuro-humoral
factors activated by hypoxia [13].
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ACTA PHYSIOLOGICA

TOM 59 BbIM. 2
PE3FOME

N30/IMNPOBAHUNE MWO3VNHOB W3 YE/IOBEYECKOIO MO3IrA, UX CBOWCTBA U
COAEPXAHVE B HUX.®OCDHOPA

L. ®A3EKALL, N. OBAPW, ®. XOPBAT, B. CEKEWLWWN-TEPMAHH n M. IOXAC

B Hawmx skcnepumeHTax Mbl usonuposaim KCI- n NaCl-M1o03MH 13 pasHbIX OTAeNoB
LieHTpa/IbHOW HepPBHOU CUCTeMbI YenloBeKa. Ha NpoTshkeHUN BCeX OMbITOB cofepXaHue docdopa
1 nunngos 66110 Bbiwe B NaCl-Mno3nHe, Yem B npenapaTax ¢ X10pucTbiM Kanmem. OfHaKo, KOH-
ueHTpauus docgopa n nnnngos B KC1- n NaCl-mMno3mHax Toxe 6bi10 Bbllle, YeM B MUO3UHAX
CKEeNETHbIX MbILLL,

Korga Mbl n3onmpoBann o6pasLbl MMO3NHOB Ha KO/IoHKe 4B Cethapo3bl C NOMOLLbHO TEXHU-
KW MONEKYNAPHOW (unbTpauumn, To 06HAPYXUAW, YTO MUO3UHbLI MODKEUKA U KOPbl FO/I0BHOMO
MO3ra CocTaB/ieHbl U3 ABYX (hpaKLmii N pasnMYHON MONSAPHO Maccoi, Torga Kak M1MO3MHbI MO3ro-
BOF0O CTBO/1A W CMMHHOI0 MO3ra BbIAeNatoTCA TO/IbKO KaK MPOCTOM Y eAMHCTBEHHbIN NUK.

MwuosvHoBble npenapathbl pacnonaratoT Ca-ATPasHON aKTUBHOCTbIO WM 3Ty aKTUBHOCTb
yCUNnBaeT aKTUH MOMepeyHO-N010CcaToN MbILLLbl KPOSIMKA.

dunameHTapHble CUCTEMbI M arperaTbl NpenapaTroB MyWo3vMHa 061a4aloT CNOCO6HOCTBIO K
pasBUTUKIO, YTO MOXKHO MOKa3aTb Ha 31eKTPOHHOMUKPOCKOMUYECKMX CHUMKaX.

MWuo3rHOBble NpenapaTtbl LEHTPa/IbHOM HEPBHOM CUCMbl MOrn ochopunnpoBaTb, pas
JINYHbIE MMO3UHbI B Pa3HOl CTeneHW, NPUCYTCTBME CEPOTOHUHA (UM OTCYTCTBME B MHKY6ALIMOH-
HOW cpefie) OKasblBa/10 BAUSIHWE Ha MprieM npenapaTamu gocdara.

M3y4yeHne KMHETUKM MOKasano, YTo HacbllleHre ocaToM MMO3MHOB CTBOSIA MO3ra, MO3-
)KEYKa U KOpbl rO/I0BHOIO MO3ra 3aBUCUT OT NPOLO/IDKUTENBbHOCTM MHKYBUPOBAHMA U OT KOH-
ueHTpaumm ATP B MHKY6aLMOHHON cpefe.

LLlenloyHble rngponmsatbl 6e3MMNUAHBIX MUO3MHOB FOMIOBHOMO MO3ra YenoBeKa CoAepXkart
thocthatbl ammHokmenoT (P—Arg, P—Lys n P His), Konn4ectBo 1 Nponopuunsa KoTopbiX 0T/u-
4aloTCHA, B 3aBUCMMOCTWU OT MecTa MPOUCXOXKAEHWS MUO3MHOBbLIX MpenapaTtoB. og BAvsHWEM
thochopunupytoLLein cMecn B LiepebpasibHOM MUO3MHE BO3pacTaeT TO/bKO KOIMyecTBo P—Arg,
B Nnpenapatax cTBosa Mo3ra Tonbko P - Arg n P—His, B MO3)KeY4KOBbIX MWO3MHax P—Arg,
P—His 1 Konn4ecTBO He OTOXAECTBEHHOIO (hOCHOPUINPOBAHHOIO KOMMOHEHTA.

B/IMAHNE MHOOMETALUVNHA HA ®YHKLMIO NMOYEK HA HAPKOTU3VNPOBAHHbIX
COBAKAX MNPV NOBbILLEHHOM OMEPALVNOHHOM CTPECCE

O. K3BEP, KATA/IMH CEMEPEAWN, XUNAA TOCT

@YHKUMA MOYeK HAPKOTU3MPOBAHHbLIX COGAK M3y4asiocb NpU NEFKOM U TSXKENOM onepa-
LIMOHHOM CTpecce, KOrfja MHTPaBEHO3HbIM BBeEHEM pacTBopa PUHIrepa Bbi3blBa/oCh yBeNYeHe
BHEK/IETOUHOr0 06bEMa MeHblleid Unn Gonblieid cTeneHn, fanee y cobak, CUHTe3 mpocTar/iaH-
[MHA KOTOPbIX 6bl1 MHIMGMPOBAH MHTPABEHO3HO 4 MI/KF UHAOMETALIMHOM.

Habnoaanochb, YTo reMoavHaMMUecKiie napameTpbl (Cpan, CuHynnH) MPU TSHKENOM one-
paLMOHHOM CTpecce COOTBETCTBYHOT NapamMeTpam, 3apercTpMpoBaHHble Npy IErKOM OrnepaLyioH-
HOM cTpecce 1 Takxke He OT/IMYAETCA BblAe/NeHVe BOfbl U HATPWSI MOYKaMMW NMPU HESHAUMTENIbHOM
yBe/IMUYEHNI BHEK/IETOUHOIO 06bEMA.



Mpu yBenuueHWM 3KCTpaLENtoNSApHOro 06bEMA, Yy XXUBOTHbIX, HaxoAMBLUMXCA B 6onee
TSKENOM OMepaLyoHHOM CTpecce, YCU/IEHWE BbIJENEHNs HATPUSI 3HAUUTENIbHO, YCU/eHMe Bblje-
NEHVs1 BOAbl B MeHblUeli CTENeHW OTCTAlT MO CPaBHEHUIO C M3MeHeHMeM, HabtofaeMoe Ha XU-
BOTHbIX MpPKW JIETKOM OMepaLMoHHOM CTpecce.

VIHAOMeTaUMH YMeHbLUa BblAeNIeHMe MOYM M HaTpWsl MoYKamy B 060MX rpynnax npu
HEN3MEHHOW Kny604KOBOW hunTpaumn. Cpawn cHu3Wnacb Ha20 25% npw nerkom, 1 Ha 35 —40%
npu TSXXENOM OMepauuoHHOM cTpecce. B nocnegHeii rpymnne KOMMYeCTBO MPOTEKatOLLE yepes
noukn kpoBu (RBFdir) cHumxanocb Ha 40% nocne BBeAeHWS MHAOMETALUMHA MO CPaBHEHUIO C
KOHTPO/IbHBIM MepUoAoM onbiTa. Mpu NIerkoM OnepauyoHHOM CTpecce CTeneHb MOBbILIAOLLErocst
BbIJ€NEHUs1 HaTpus, HabofaeMoe BO BPeMS YBE/IMUEHHOIO BHEK/IETOUHOIO 06bEMa Nocne BBe-
[eHUs1 MHAOMeTalMHa, Gblia 0AMHaKOBa C BE/IMYMHOM KOHTPO/IbHOW Fpymnnbl, HO MOYeoTAe/1eH e
N BbljeNieHne HaTpUs He YCUMBa/IUCh.

VIHTpaBeHO3HOe BBefeHWe OAMHAKOBOW [03bl MHAOMETALMHA BbI3bIBAaeT 60/ee BblpaXKeH-
HOE CHUXXEeHMWE BbIJENIeHVsI HAaTPUSI M BOAbl MPU TSHKENOM OnepaLMoHHOM cTpecce. OB6bsiCHAS
3TOT (heHOMeH MpUAAETCA 3HaYeHNe reMoAMHAMUYECKUM U3MEHEHMSIM NoYyeK. Tak, 60/1ee BblipaXkeH-
HOE YMeHbLLIEHME KPOBAHHOMO TOKa NOYeK 3HaUYMTeNIbHO YcuUnBaeT peabcopbLmio Bogbl U HaTpKs
Ha MPOKCUMasIbHbIX KaHanblax. B HallMx OnbiTax HET HEOBXOAMMOCTU MpesnosioraTe cneungu-
YecKOro feicTBMUSI MpocTarfiaHAMHOB Ha (hYHKLUMW TyBYNAPHbIX KNETOK.

NCCNEAOBAHNA AHTAFOHU3IMA WHAOOMETAUMHA N BPAANKWHWMHA HA
HAPKOTU3NPOBAHHbBIX COBAKAX

XWUNAA TOCT, M. K3BEP, KATA/IMH CEMEPEAW

C uenblo n3yyeHVst BAUAHWA GpafiMKUHUHA Ha PYHKLMIO NOYEK, B TOM YUC/E U B 3aBUCU-
MOCTM OT MpocTarfaHAvHa, NPoBOAUAN UHPY3UI0 6paguKuHuHa B KonudecTse 0,05 MKI/KI B MUH.
B /IEBYH0 MOYEYHYI apTepuo MOAOMbITHbLIX XMBOTHbIX, CUHTE3 MpocTarnaHinHa KOTopbiX 6bin
WHrMonpoBaH WHAOME TaLlyHOM.

VIHTpaBeHO3Hast MH(Yy3Msi MHAoMeTauuMHa B KonudectBe 0,1 MI/KF B MWH. Bbi3blBasia
3HAYNTENIbHOE YMeHbLUEHWE BbIAENEHUST HATPUS U MOUU Y HAPKOTM3UPOBAHHBLIX YXMBOTHbIX.
ConpoTMBIEHME MOYEYHbIX COCYAOB YBEIMUMBAIOCH, KOMYECTBO KPOBW, MPOTEKAOLLER 4epes
noukn (RBFdir) cHmkanock Ha 30%.

Korpa BBogwncs GpafUKWMHUH B JIEBYHO MOYEUHYD apTepuio MpW MPOA0IKUTENbHO
MHTPaBEHO3HOW WH(y3MM MHAOMETaLMHa, Torja KoMMYecTBO NPOTEKAKLLEA KPOBU Yepes /IeBYHO
MOYKY M Bblfe/leHNe MOYM U HaTPWUsSi IeBOl NMOYKOlM BO3BpaLLa/INCb HA YPOBEHb KOHTPOSS, a B
npaBoi, He WH(YHAHPOBAHHOM MOYKe OCTaBa/INChb W B Ja/IbHENLLEM HU3KWM.

Pe3ynbTaTbl yKa3blBalOT Ha TO, UYTO GPafVMKMHWUH YBENNYMBAET KOMMYECTBO KPOBW, NpoO-
TeKatoLleld Yepe3 MOYKM He3aBMCUMMO OT MpocTariaHAMHOB.

B pe3ynbTaTe MHAY3UM MHAOMETALUMHOM B KaXKAOM Cnyyae yMeHbluaeTca RBF, koTopoe
N 065iCHAeT HabnojaeMoe YMeHbLLUEHME BbIAEIEHUST MOUM U HATPUS MOA BAUSIHUEM WHAOMe-
TauuHa.

[LelicTBue 6pagMKMHUHA Ha COCYAUCTYHO CUCTEMY MOYEK MO BUAUMOMY HEMOCPeACTBEHHOE,
a B/IMSIHWE, OKasblBaeMOe Ha BblAe/IEHNE MOYM M HATpUsi ABASETCS, KaK MpeanosioraeTcsi, no-
CPeLCTBEHHbIM.

TakK KakK WHOOMETaUMH He TOPMO3UT AMYpPeTMYeckoe W HaTpUypeTU4eckoe felicTBUe
6paguKUHUHA, NPeLNOsIOraeTcsi, YTO B 3TOM MpOCTarjaHAvHbl He UrpatT CYLLECTBEHHYIO POSib

BAVAHWE AHTUWANYPETUYECKOIo roPMOHA HA PACMPEAENEHUE
BHYTPUMOYEYHbLIX MNKPOC®PEP

r. ®EVNELWI-TOT, T. 3AXAWNCKWU, N. dUNEN

Llenblo HaCTOALIMX 3KCMEPUMEHTOB ABNSAAACH U3YyUYeHWE BAUSHUA aHTUANYPETUYECKOTO
ropMOoHa Ha pacnpefefieHe BHYTPUMNOYeYHOro KpoBoobpalleHUst y HapKOTU3NPOBaHHbIX KPbIC C
NPYMeHeHMEM TEXHUKM MUKpocdep. BeegeHMeM apriuHuH-sasonpeccuHa (BIM) B 3aBUCUMOCTU OT
n03 (3,6,60 mil Ha Kr B yac) BbI3blBasiocb aHTUAMYpe3. KnyboukoBas unbTpaumsa ycmnmeanacb
TOMbKO OT BBefeHus B 60TU/Kr B Yac, a Npy HU3KKX 803 He n3MeHnnuce. MHgysnsa Bl B mMa-
NEHbKMX [03aX He MPUBOAMIA K M3MEHEHMUIO pacrpefenieHnss BHYTPUKOPKOBbLIX MUKPOCHeEP, HP



noA BAUSHUEM MHGY3uK BIM 60NLL/Kr B 4ac COOTHOLLIEHWE BHELLHEro U BHYTPEHHEr0 KOPKOBOI0
KPOBOTOKA CTaNo MeHbLLIE.

PesynbTaTbl YKasbIBalOT Ha TO, UTO (IU3MOMOMMUECKMIA ypoBeHb BIT He U3MeHsieT pacnpe-
[eneHne BHYTPMPEHANbHOIMO KPOBOTOKA M aHTUAMYpeTUYecKoe AelicTvie BIT He 3aBUCUT OT re-
MOANHAMUYECKMX W3MEHEHMIA MouekK.

DPAPMAKO/OMMYECKOE WNCCJ/IEAOBAHNE ®YHKUMOHAJIBHOIO COCTOAHNA
B CTEHO3NPOBAHHOM KOPOHAPHOM COCYAE

B. KEMKELWWIMW n A. FOXAC-HALb

B akcnepumeHTax Ha cobakax C OTKPbITOM FPYAHON KNETKOW, HaX0AsILLMXCA Noj4 NeHTo-
6apbrTanoBbIM HApKO30M, aBTOpPbl U3yYasn LeACTBME MEXaHUUYECKOrO CY>XEHWUS OfHOW U3 BeT-
Bell 60/1bLIOr0 KOPOHAPHOro cocyfa Ha Cnoco6HOCTb K aBTOPEry/MpOBaHMI0, OTHOCSALMXCA K
TOMY COCYAy MaJieHbKUX COCYJO0B COMPOTUBIIEHUS.

KopoHapHbIl/i KpPOBOTOK OMNpefensiin  3N1eKTPOMarHUTHbIM  U3MepUTeNieM KpPOBOTOKA.
CTyneHYaToe MeXaHW4ecKoe CYXXeHWe 6O/bLUO BEeTBM MOCTEMEHHO YMeEHbLUANO BbI3BAHHOE
a/leHO31HOM pacLUMpeHne KOPOHAPHOTo cocyfa, TorAa KakK ypoBeHb MOKOSi KOPOHAaPHOro KpoBo-
TOKa OCTaBa/icsl Hem3MeHHbIM. B 3Toii base Bepanamwi, pacrnonararouimii co6CTBEHHbIM Baso-
ANNaTaToOpPHbIM [JeACTBUEM, HO CUIbHO GIOKUPYHOWMIA 3htheKT afeH03nHa/byayyn BBefeH BHy-
TPUBEHHO, B [j03€ 0,2 MI/Kr/, yMeHbLUan KOPOHapHbIi KPOBOTOK 1 MOBbILLA COCYAUCTOE COMpo-
TWB/IEHNE BeHEYHbIX coCyfoB. IMofo6HbIe pe3ynbTaTbl MOAYYUIN TAKXKE MPU HEMocpeLCTBEHHOM
BBEJlEHUM 3TUX MpenapaTtoB B aHACTOMO3, OCYLLECTB/IEHHbIA MeX[y COHHOW apTepuel 1 06LLeit
IeBO KOPOHApHOW apTepuei.

Pe3ynbTaTbl 3KCMEPUMEHTOB MOKa3bIBalOT, YTO

1. afleHO3UH BO3[ECTBYET Ha Te XXe CaMble KOPOHApHbIe CErMeHTbl, KOTOpble MPUHUMAOT
yyacTve B KOMMEHCUPYIOLLEl aBTOPerynsauum;

2. B C/lydae KOPOHApPHOro CTEH03a KPUTUYECKOr0 YPOBHS Bepanamusl YBEMUYMBAET CO-
CYLMCTOE COMPOTMB/IEHME KOPOHAPHbIX COCYAOB, Yepe3 UHIMOMPOBaHWE «BHYTPEHHEro» ajeHo;
3MHOBOrO [elicTBUS;

3. (PyHKLMOHANbHOEe COCTOSIHME CYXXEHHbIX KOPOHapHbIX COCYOB MOXHO OLEHUTb
MOMOLLIbKO OMMUCAHHOTO (hapMaKo/IorMyeckoro TecTa.

BbI3BAHHASA HUWKE/IEM BA3OKOHCTPUKUMWA W3ONNPOBAHHOWM
KOPOHAPHOW APTEPUW COBAKW HA OCHOBE MEXAHM3MA TOHWYECKOIO
AKTVBUPOBAHNA MOHOB KAJIbLINA

r. PYBAHW, N. KANABAW, T. MATAKWU n K. XANLY

XNOPUCTLIA HUKeNb B HU3KOW KoHUeHTpauuu (1 MKM) BbI3bIBaeT yBe/MYeHUe U30MeTpU-
YEeCKOro HanpshkeHWs B MOOCKe M30/1MPOBaHHON KOpPOHapHOM apTepun cobaku. ekt Ni2+
ABNSAETCA (PYHKUMEN KOHUEHTpaUMM BHeKNeToyHoro Kanbuus (0—5 mM). Bepanamun (LLI~6—
IO-® M) He nofaBnas aeKT, Bbi3bIBAEMbIA MOHAMU HUKENs, OLHAKO HATpoMpyccufj HaTpus
(FOM) 3ththeKTUBHO aHTaroHM3MpPOBa/I COKpalleHMe KOPOHapHOK apTepun, Bbi3BaHHOe Ni2+.

Pe3ynbTaTbl 3KCMEPMMEHTOB MOKAa3blBAKOT, YTO MOBbLILLEHVE M3OMETPUYECKOr0 Harnpsxe-
HUSA M30IMPOBAHHON KOPOHAPHOW apTepun cobaky MoA LeliCTBUEM WMOHOB HWKeNs CBA3aHO C
BXOX[EHNEM B K/ETKY WMOHOB KasbLMs, UTO OCYLLEeCTBASETCA MOCPeACTBOM akTmBaumm Ca2+
yepes T-cuctemy.

POMIb AOPEHEPIMYECKMX PELEMTOPOB B BbI3BAHHOW MOHAMMW HUKENA
KOPOHAPHOW BA3OKOHCTPYKLMI

r. PYBAHW, K. XANLY, T. MATAK/ u M. BAKOLU

ABTOpPbI HACTOSALLEN CTaTbW HA U30/IMPOBAHHOM KOPOHAPHOI apTepum cobakm v U30MPo-
BaHHOM Mepdy3vpyeMom cepaue KpbICbl M3ydanu BO3MOXKHYIO PO/b afpeHepruyeckux peLen-
TOPOB B MeXaH13Me KOPOHAPHOT0 CTEHO3a, BbI3BAHHOIO MOHAMW HUKeNS. JKCMepPUMEHTbI, BbIMos-
HEeHHble Ha ABYX MOAENAX, MPUBENN K HUKECNeayoUnMM 0HO3HAYHbIM BbIBOAAM:



(1) wHrnébupoBaHue (HeHOKCMOEH3aMUHOM WM (DEHTONAMUHOM asiba-afpeHeprnyecKmx
peLenTopoB /MLb YacTUYHO MOAABAAN0 AeliCTBME MOHOB HUKENS;

(2) nponpaHonon, 6nokMpyoWwmnii beTa-agpeHeprmyeckmne peLenTopbl, NOMHOCTLIO Npea-
oTBpaLlan feiicTBME HUKENs;

(3) Ni2+ (1 MKM) gocToBEepHO TOPMO3W/T pacLUMPeHMe KOPOHAapHbIX COCYA0B, Bbl3BaHHOE
pasgpaxeHnem (M3onpoTepeHosn) 6eTa-peLenTopoB.

3KcnepuMeHTa/lbHble pe3ynbTaTbl MOKa3bIBAOT, YTO PO/ib a/b(a-peLenTopoB HUUTOXHA,
OfIHAKO MOXHO MNPEeANONOKUTb, UTO AeNCTBME MOHOB HUKENsi OCYLLECTBASIETCA MOCPeACTBOM
GeTa-peLlenTOpHOro MexaHmsMa. Ni2+ M3MeHsIeT peaKTUBHOCTb GeTa-peLenTOPOB KOPOHAPHbIX
COCYI0B, YTO yKa3bIBaeT Ha y4yacTvie MMKPO3SIeMeHTa B MOAY/IMPOBaAHWUMN afpeHeprnyecKnx me-
XaHN3MOB.

KOPOHAPHAA BA3OKOHCTPUKLUWA, BbISBBAHHAA HWKEJIEM, 3ABNCUT OT
AKTUBHOCTW 3JIEKTPOTEHHOIO HATPUEBO-KATMEBOIO HACOCA

r. PYBAHU, M. BAKOLW, K. XANAY n T. MATAKU

Llenbio HacToALWMX 3KCNEPUMEHTOB SIBNSASIOCH WCC/eA0BaHWe B3avMOAENCTBUS WOHOB
Hukens (Ni2+) n Na- K ATPasbl Ha 13011MpoBaHHOM Mepdy3npyemMoM cepaLe KpbICbl U KOPO-
HapHOI apTepumn cobaku.

OCc06eHHOCTY MOBbILLEHNS U30METPUYECKOIO HaMPSXEHWS, BbI3BAHHOIO MOHAMW HUKENS B
onblTax C W30/IMPOBAHHOW KOPOHAPHON apTepuenl, COrnacytoTcsd C MeXaHW4YeCKUM OTBETOM,
BbI3BaHHbIM MHrnouposaHnem Na—K ATPasbl. VIHTM6upoBaHNe aKTMBHOCTW Hacoca oyabawu-
Hom (10-4 M) 1 nuweHHbIM K+ pacTBopom Kpeb6ca 3aTopmaxkmBasio nposiBfieHne adhdeKTa Hu-
Kens B 060Mx npenapartax. Pe3ynbTaTbl 3KCMEPVMEHTOB YKa3bIBAKOT Ha TO, UTO, B XOA€ CY>XEHUS
KOPOHapHbIX apTepuii, BbI3BAHHOMO MOHaAMU HUKeNS, Bo3HMKaeT Na+—K+ obmeH. Heobxogumo
NPOAO/DKUTL OMbITbl, YTOObl BbIACHUTb, HEMOCPEACTBEHHO NN BAUSET MOH HUKENS Ha 3H3UM
N ABNSETCA NU €ero AeiicTBME TOMbKO (PYHKLMEN MOHHOro rpagueHTa, NoAfaepXXUBaeMoro 3sek-
nporeHHbIM Na—K Hacocom.

BINAHME KATWOHOB (Ni, Zn, Fe, Co, Hg, Cu) U METABAHALATA HA
KOPOHAPHOE COCYAUWUCTOE COTMNPOTUMB/IEHME B W3OJIMPOBAHHOM
MNEP®PY3NPYEMOM CEPALIE KPbICbI

M. BAKOLW un I'. PYBAHWU

ABTOpbI UCCNefoBany BAUSHWE, OKasblBaeMOe [BYBa/leHTHbIMU KaTMOHamy M MeTaBaHa-
[aToM Ha COMPOTUB/IEHWE KOPOHAPHbIX COCY[0B B M30/IMPOBAHHOM MNepdy3vpyemMom cepue
KpbICbl. Ha OCHOBaHMUM aKTUBHOCTY 3/1EMEHTbI PaCnONIOKWUINCL B CefytoLLeM Nnopsjke (B CKO6-
Kax NpUBOAUTCA KOHLEHTpaUnMs KaTuoHa B MKM, Bbi3biBatowwass 50% Cy>eHne KOPOHapHbIX CO-
cypoB): Ni2+ (0,03) > Co2+ (0,1) > Hg2+ (0,16) > VO-3 (0,2) > Cu2+ (15) > Zn2+ (50). NoHbI
xenesa (Fe2+) n megn (Cvi2+) okasanncb HeahheKTUBHbIMA B MPUMEHEHHbIX KOHLEHTpaunsix
(0,01—100 mKM). MpuBefeHHbIV paL aKTUBHOCTU OT/IMYAETCA OT /1l060ro Apyroro psiga, OCHO-
BaHHOIMO0 Ha (YM3MKO-XMMWYECKMUX CBONCTBAX 3/IEMEHTOB, M 3TO MOKAa3blBaeT, YTO KOPOHAPHbIM
Ba30KOHCTPUKTOPHbIM 3(h(heKT KATUOHOB HeNb3s1 06bACHUTbL UCK/IOUUTEIbHO B3aMMOLENCTBMEM
Mexay membpaHoii 1 noHoMm meTanna. PeHoKcMbeH3aMUH MOHOCTLIO MPefoTB pallan AencTene
pTyTV (B MPOTUBOMOMIOXHOCTb AENCTBUIO HUKENSA), U 3TO J0Kas3blBaeT, UTO Ba30OKOHCTPUKTOP-
HbIli 3(h(heKT Ha BeHeYHble cocyabl Hg2+ ocyLuecTBNSAET Yepes anbga-afpeHeprnyecKnin MexaHusm.
B NpoTUBONOMOXHOCTL KaTUOHaM HUKensa u pTyTn, gelicteue VOj He MHrnMbmposasnocb Bepana-
mMuiom. MocnegHee HabnAeHMe YKasbiBaeT Ha TO, UTO BaHajaT oKasblBaeT CBOM aheKT nocpes-
CTBOM MO6MIM3ALNMN BHYTPUKIETOUYHOIO KasbLUuS.



B/IMAHNE MOHOB HUKE/TA HACMNOHTAHHbIE, BbISBBAHHbBIE STIEKTPUYECK/M
PA3OPAXXEHVNEM N CTUMYJIMPOBAHHbLIE HOPAAPEHAIVHOM
N30OMEPVYECKWVE COKPALLEHUA W30NNPOBAHHOWM MOPTA/IbHOW BEHbI
KPbICbl

. PYBAHW n N. NHOBAWU

Mbl n3yyanu BAnsiHMe MOHOB HUKens (1 -10 MKM) Ha CNOHTaHHYI0 COKPaTUTeNbHYH
aKTUBHOCTb MpenapaTa M30/MPOBaHHON MOPTaNbHOM BeHbl KPbICbl, & TAKXe Ha YCUNeHne 1U30-
METPUYECKOr0 HanpshKeHUs, BbI3bIBAHHOIO 3/IEKTPUYECKUM NPOCTPAHCTBEHHBIM pasipaXeHnem
(80 B/5 cm, 1mcek, 1-32 I'Y) nam npMMeHeHHbIM HapPY>XHO HOpPajpeHasIMHOM.

Ni2+ TOpmMO3ua CNOHTAHHOE MOBbILLEHWE HAaMPSAXEHUS, CHWMXKan OCHOBHOM TOHYC, HO
YBEIMUMBAN 4YaCTOTY CMOHTAHHbIX COKpalleHuii. VoHbl MHKens ropasgo 605ee BblIpaXeHHO
TOPMO3U/I MOBbILLIEHNE HAMPSXEHWS, BbI3bIBAHHOE 3/1IEKTPUYECKMM pasfpaXKeHnem, YeM HOpag-
peHaNMHOM, 4TO YKasblBaeT KaK Ha MpecMHanTu4yeckoe (OCBOGOXAEHWe HopajpeHannHa u3
HEPBHbIX OKOHYaHWIA), TaK U Ha MOCTCUHANTUYECKOE AeliCTBME MOHOB HUKENSA Ha 3TOM COCYyAUCTOM
npenapare.

TOPMOXXEHUE PEAKTVBHOW MTMMEPEMUN MUOKAPOA HE TMIMOKCUYECKOWN
KOPOHAPHOW BA3OKOHCTPUKLUMEN, A MOCTOAHHOWN NH®Y3NEN
BEPAMAMW/IA B CEPALE IN SITU

A. KONINEP, T'. PYBAHW, N. TNTETW, A. . B. KOBAY

V3y4eHO M3MeHeHMe XapaKTepHbIX MapaMeTpoB PeaKTVBHOW rurnepeMun mmuokapga u
rMNOKCUYECKO OTBETHOW peakumn KOPOHapHbIX COCYAOB, BbI3BAHHOE MeXaHWYECKUM CKaTUeM
B TeyeHue 10 ceK. Mof AeiicTBMEM MOCTOSAHHOM WHAYy3mm Beparnamuna (0,01 mr/kr B MvH.) B
onbITax Ha cobakax C OTKPbLITOA FPyAHOM KIETKOA.

Bepanamun co cneumpuyecKnM KalyeBbIM aHTaroHM3MOM AOCTOBEPHO YMEHbLUW/ peak-
TUBHYHO FMNEPEMMIO, HO YBEIMYEHWE KPOBOTOKA B KOPOHAPHbIX COCY/jax, BbI3BaHHOE MHIansLmeli
N2 B TeueHve 30 ceK. 6bI/I0 HE3HAUMTENBbHO. JKCMEPUMEHTa/IbHbIE JaHHbIE YKa3bIBaOT Ha TO, YTO
Bepanammi TakxXe YMeHbLUaeT NOTPe6HOCTb KMCIopoAa MNagKMxX MbILL, COCY0B, KaK U KIeToK
Muokapga. MpeanonoraeTcs, YTO HEKOTOPbIe (haKTOpbl, 0TBETCTBEHHbIE 33 3HAUUTE/IbHOE pacn/a-
YrBaHWE KPOBOTOYHOMO A0/Ira B MOCMEACTBUE OKK/IHO3UW, 3IMMUHUPYETCS BepanamuioM






«Acta Physiological) MY6/KYIOT TpakTaTbl M3 06/1aCTV 3KCNEPUMEHTA/IbHOW MeauLUH-
CKOIl HayKM Ha PYCCKOM W aHT/INIMCKOM 13blKa.

«Acta Physiologica» BbIXOAAT OTAENbHLIMM BbIMyCKaMM pPasHOro 06beMa. HeckosbKo
BbIMYCKOB COCTaBASIOT OAUH TOM.
MpeaHasHaueHHble ANnA Ny6AMKaumMn pyKonucu cnedyeT HanpaBnaTb No afpecy

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

Mo aTomy >Ke agpecy HanpaBNsATb BCAKYI KOPPECMOHAEHLMIO AN pefjakumv U afMu-
HUCTpauun.

3akasbl NPUHUMaET MNpeanpusATMe MO BHELLUHe Toproefe «Kultdra» (H-1389 Budapest
62, P.O.B. 149. Tekywmnii cyet Ne 218-10990) mnm ero 3arpaHuyHble r peacTaBUTENbCTBA
NCNOSTHOMOYEHHbIE.



Periodicals of the Hungarian Academy of Sciences are obtainable
at the following addresses:

AUSTRALIA

C.B.D. LIBRARY AND SUBSCRIPTION SERVICE
Box 4886, G.P.O., Sydney N.S. W. 2001

COSMOS BOOKSHOP, 145 Ackland Street

St. Kilda (Melbourne), Victoria 3182

AUSTRIA
GLOBUS, Hochstadtplatz 3, 1206 Wien XX

BELGIUM

OFFICE INTERNATIONAL DE LIBRAIRIE
30 Avenue Marnix, 1050 Bruxelles

LIBRAIRIE DU MONDE ENTIER

162 rue du Midi, 1000 Bruxelles

BULGARIA
HEMUS, Bulvar Ruszki 6, Sofia

CANADA
PANNONIA BOOKS, P.O. Box 1017
Postal Station “B”, Toronto, Ontario M5T 2T8

CHINA
CNPICOR, Periodical Department, P.O. Box 50
Peking

CZECHOSLOVAKIA
MAD’ARSKA KULTURA, Nérodni tfida 22
115 66 Praha

PNS DOVOZ TISKU, Vinohradska 46, Praha 2
PNS DOVOZ TLAIE, Bratislava 2

DENMARK
EJNAR MUNKSGAARD, Norregade 6
1165 Copenhagen K

FEDERAL REPUBLIC OF GERMANY
KUNST UND WISSEN ERICH BIEBER
Postfach 46, 7000 Stuttgart 1

FINLAND
AKATEEMINEN KIRJAKAUPPA, P.O. Box 128
SF-00101 Helsinki 10

FRANCE

DAWSON-FRANCE S. A, B. P. 40, 91121 Palaiseau
EUROPERIODIQUES S. A., 31 Avenue de Ver-
sailles, 78170 La Celle St. Cloud

OFFICE INTERNATIONAL DE DOCUMENTA-
TION ET LIBRAIRIE, 48 rue Gay-Lussac

75240 Paris Cedex 05

GERMAN DEMOCRATIC REPUBLIC

HAUS DER UNGARISCHEN KULTUR

Karl Liebknecht-StraBe 9, DDR-102 Berlin
DEUTSCHE POST ZEITUNGSVERTRIEBSAMT
SralRe der Pariser Kommine 3-4, DDR-104 Berlin

GREAT BRITAIN

BLACKWELL’S PERIODICALS DIVISION

Hythe Bridge Street, Oxford 0X1 2ET

BUMPUS, HALDANE AND MAXWELL LTD.
Cowper Works, Olney, Bucks MK46 4BN
COLLET’S HOLDINGS LTD., Denington Estate
Wellingborough, Northants NN8 2QT

WM. DAWSON AND SONS LTD., Cannon House
Folkstone, Kent CT19 SEE

H. K. LEWIS AND CO., 136 Gower Street

London WC1E6BS

GREECE
KOSTARAKIS BROTHERS INTERNATIONAL
BOOKSELLERS, 2 Hippokratous Street, Athens-143

HOLLAND

MEULENHOFF-BRUNA B.V., Beulingstraat 2,
Amsterdam

MARTINUS NIJHOFF B.V.

Lange Voorhout 9-11, Den Haag

Index: 26.023

SWETS SUBSCRIPTION SERVICE
347b Heereweg, Lisse

INDIA

ALLIED PUBLISHING PRIVATE LTD. 13/14
Asaf Ali Road, New Delhi 110001

150 B-6 Mount Road, Madras 600002
INTERNATIONAL BOOK HOUSE PVT. LTD.
Madame Cama Road, Bombay 400039

THE STATE TRADING CORPORATION OF
INDIA LTD., Books Import Division, Chandralok
36 Janpath, New Delhi 110001

ITALY

INTERSCIENTIA, Via Mazzé 28, 10149 Torino
LIBRERIA COMMISSIONARIA SANSONI, Via
Lamarmora 45, 50121 Firenze

SANTO VANASIA, Via M. Macchi 58

20124 Milano

D. E. A, Via Lima 28, 00198 Roma

JAPAN

KINOKUNIYA BOOK-STORE CO. LTD.

17-7 Shinjuku 3 chdéme, Shinjuku-ku, Tokyo 160-91
MARUZEN COMPANY LTD., Book Department,
P.O. Box 5050 Tokyo International, Tokyo 100-31
NAUKA LTD. IMPORT DEPARTMENT

2-30-19 Minami lkebukuro, Toshima-ku, Tokyo 171

KOREA
CHULPANMUL, Phenjan

NORWAY
TANUM-TIDSKRIFT-SENTRALEN A.S., Karl
Johansgatan 41-43, 1000 Oslo

POLAND

WGCGIERSKI INSTYTUT KULTURY, Marszal-
kowska 80, 00-517 Warszawa

CKP | W, ul. Towarowa 28, 00-958 Warszawa

ROUMANIA
D. E. P., Bucurecti
ILEXIM, Calea Grivitei 64-66, Bucuregti

SOVIET UNION

SOJUZPECHAT - IMPORT, Moscow

and the post offices in each town
MEZHDUNARODNAYA KNIGA, Moscow G-200

SPAIN
DIAZ DE SANTOS, Lagasca 95, Madrid 6

SWEDEN

ALMQVIST AND WIKSELL, Gamla Brogatan 26
101 20 Stockholm

GUMPERTS UNIVERSITETSBOKHANDEL AB
Box 346, 401 25 Goteborg 1

SWITZERLAND )
KARGER LIBRI AG, Petersgraben 31, 4011 Oasel

USA

EBSCO SUBSCRIPTION SERVICES

P.O. Box 1943, Birmingham, Alabama 35201

F. W. FAXON COMPANY, INC.

15 Southwest Park, Westwood Mass. 02090
THE MOORE-COTTRELL SUBSCRIPTION
AGENCIES, North Cohocton, N. Y. 14868
READ-MORE PUBLICATIONS, INC.

140 Cedar Street, New York, N. Y. 10006
STECHERT-MACMILLAN, INC.

7250 Westfield Avenue, Pennsauken N. J. 08110

YUGOSLAVIA

JUGOSLOVENSKA KNIJIGA, Terazije 27, Beograd
FORUM, Vojvode MiSiéa 1, 21000 Novi Sad

HU ISSN 0001-6756



ACTA
PHYSIOLOGICA

ACADEMIAE SCIENTIARUM
HUNGARICAE

CONSILIUM REDACTIONXS:

G. ADAM, SZ. DONHOFFER, O. FEHER, A. FONYO, T. GATI, E. GRASTYAN,
L. HARSING, J. KNOLL, A. G. B. KOVACH, S. KOVACS, G. KOVER,
K. LISSAK (praeses consilii), F. OBAL, J. SALANKI, G. TELEGDY, E. VARGA

REDIGIT
P. BALINT

SECRBTARIUS REDACTIONIS
J. BARTHA

TOMUS LIX FASCICULUS 3

ffl

AKADEMIAI KIADO. BUDAPEST
1982

ACTA PHYSIOL. HUNG. APACAB 59(3) 197-295 (198a)



ACTA PHYSIOLOGICA

A MAGYAR TUDOMANYOS AKADEMIA
KISERLETES ORVOSTUDOMANYI KOZLEMENYEI

SZERKESZTOSEG: 1088 BUDAPEST, PUSKIN U. 9.
KIADOHIVATAL: 1054 BUDAPEST, ALKOTMANY U. 21.

Fészerkesztd:

BALINT PETER
akadémikus

Technikai szerkesztd:

BARTHA JENO

Az Acta Physiologica angol vagy orosz nyelven kézdl értekezéseket a kisérletes orvos-
tudoméanyok korébél.

Az Acta Physiologica valtozé terjedelm(i fliizetekben jelenik meg: tobb flzet alkot egy
kotetet.

A kozlésre szant kéziratok a kovetkezd cimre kiuldend6k:

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

Ugyanerre a cimre killdendé minden szerkesztéségi levelezés.

A folydirat szerz6i tiszteletdij fejében cikkenként 150 kilonlenyomatot biztosit a szer-
z6k részére.

Megrendelhet6 a belfold szdmara az Akadémiai Kiadénal (1363 Budapest Pf. 24. Bank-
szamla 215-11488), a kulfold szaméara pedig a ,,Kultira” Kilkereskedelmi Vallalatnal (1389
Budapest 62, P.O.B. 149. Bankszadmla 218-10990) vagy annak kulfoldi képviseleteinél.

The Acta Physiologica publish papers on experimental medical science in English
or Russian.

The Acta Physiologica appear in parts of varying size, making up volumes.
Manuscripts should be addressed to:

Acta Physiologica, H-1445 Budapest 8, P.O.B. 294.

Correspondence with the editors should be sent to the same address.
Orders may be placed with “Kultura” Foreign Trade Company (H-1389 Budapest 62.
P.O.B. 149. Account No. 218-10990) or its representatives abroad.



Acta Physiologica Academiae Scientiarum Hungaricae, Tomus 59 (3), pp. 197—202 (1982)
Physiologia—Pathophysiologia

EFFECT OF ISOPROTERENOL ON RENAL FUNCTION
By
T. Zahajszky, G. Fejes-T6th and J. Filep
DEPARTMENT OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received June 12, 1981)

The effects on renal function of isoproterenol and vasopressin were compared in
conscious hydrated dogs.

In response to isoproterenol infusion (12 //g kg/h) urine flow, sodium and potas-
sium excretion, free water clearance dropped markedly whereas glomerular filtration
rate, blood flow, and the distribution of cortical blood flow remained practically un-
affected.

Vasopressin infusion (2 mU/kg/h) produced an antidiuresis comparable to that

after isoproterenol infusion, but sodium and potassium excretion was considerably
enhanced.

Since isoproterenol and vasopressin are known to exert opposing effects on ion
excretion, it is suggested that the increased secretion of vasopressin cannot play an ex-
clusive role in the development of changes of renal function induced by isoproterenol.

Infusion of beta-adrenergic isoproterenol into the renal artery produces
an increase in renal blood flow [14] and exerts a moderate diuretic effect [8].
On the other hand, intravenous infusion of the drug causes a marked decrease
in urine flow [6, 11, 12]. The mechanism of this antidiuretic effect has not been
clarified. In some studies the antidiuresis was accompanied by a decrease in
sodium excretion [9, 10] while in others, the electrolyte excretion were unaltered
[2] . Little is known about the renal haemodynamic action of isoproterenol
administered intravenously. The drug has been shown to enhance renal blood
flow in the anaesthetized dog [9] and to increase the clearance of PAH in man
[3] . A widely accepted view attributes an important role to vasopressin release
mediated by beta-adrenergic stimulation [16]. We have, therefore, compared
the renal effects of isoproterenol and vasopressin infusion producing an anti-
diuretic action of the same magnitude. In addition, we have studied the effect
of intravenously administered isoproterenol on water and electrolyte excretion
and intrarenal haemodynamics.

Methods

Experiments were performed on conscious female mongrel dogs weighing 10-21 kg. In
one group of the animals two weeks before the experiments perineotomy was made under pen-
tobarbital anaesthesia and a catheter was implanted into the right carotid artery up to the left
ventricle, the lacation was confirmed by pressure tracing. Food was withheld 18 h before the
experiments but animals had free access to water. Immediately before beginning the experi-
ment under local anaesthesia a catheter was inserted into the abdominal aorta via the right
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saphenous artery for monitoring blood pressure, and measuring reference blood flow, and anoth-
er catheter was inserted into the saphenous vein for the infusions. Then the dogs were hydrated
with 3.5% body weight tap water via a gastric tube. After 30 min the hydration was repeated.
W ater loss by urine was substituted in fractions of 200 ml. After an equilibration period of at
least 2 h two control urine collecting periods were obtained. Urine was collected through a self-
retaining bladder catheter. Mean arterial blood pressure was recorded by an electric mano-
meter. Cardiac output, renal blood flow and renal cortical blood flow distribution were deter-
mined with use of radioactive microspheres tagged with 8Sr or MICe (13.2 + 0.9 fim and
13.9 -j- 1.0 Um in size respectively, 3M Corp.) injected into the left ventricle through the carotid
catheter. Fifteen min after the first microsphere injection isoproterenol (Isuprel, Winthrop) at
a dose of 12 ,ag/kg/h was added to the normal saline infused continuously from the beginning
of the experiment at arate of 15 ml/h. One hour after the onset of the infusion the second mic-
rosphere injection was given. Both microsphere injections were preceded and followed by 15-
min urine collection periods. Arterial blood samples were obtained at the midpoint of these
periods. Another group of dogs was subjected to similar experiments except that after control
periods an infusion of vasopressin (synthetic arginine vasopressin, grade V, Sigma) was started
at a dose of 2 mU/kg/h. In these experiments no microsphere was given. Inulin was measured
by the method of Funr [7]. Urine and plasma samples were analyzed for sodium and potassium
by flame photometry. Osmotic concentration was determined by freezing-point depression.

Values obtained in the two control and two experimental periods were averaged. The
data were statistically evaluated by Student’s t test for paired values.

Results

Effect of isoproterenol

The haemodynamic parameters are given in Table I. The heart rate was
accelerated from 129 + 9/min to 167 + 7/min by isoproterenol and this was
accompanied by a marked increase in cardiac output. Arterial blood pressure
was depressed moderately but significantly. Total peripherial resistance de-
creased considerably. The changes in total renal resistance and renal blood flow
were not statistically significant. Glomerular filtration rate and filtration frac-
tion were practically unaffected.

Table |

Effect of isoproterenol on systemic and renal haemodynamics

TPR TRR

_ MAP (60] RBF GFR
n=8 mmHg ml/min mnleg ml/min mr:]VHSg ml/min FF
Control 110+ 4 192+ 22 384+ 56 415+ 25 164+ 014 87+ 7 035+ 0.02
Isoproterenol 99+ 4 309+ 16 19.6 + 1.3 493+ 30 143+ 0.11 95+ 10 0.39 + 0.05
p < 0.01 0.001 0.01 NS NS NS NS

Data are means + SE. Abbreviations: n, number of observations; MAP, mean arterial
pressure; CO, cardiac output; TPR, total peripheral resistance; RBF, renal blood flow; TRR,
total renal resistance; GFR, glomerular filtration rate; FF, filtration fraction. RBF and GFR are
calculated for 100 g kidney wt. TPR, TRR and CO are referred to 1 kg body weight. NS, not
significant.
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Table 11

Effect of isoproterenol on ivaler and electrolyte excretion

_ Vv Rinn uNvv u Kv
n=7 ml/min jtzosmol ml m%rmgn fieq/inin lteg/min
Control 9.2+ 1.0 62 + 3 7.2 £ 0.8 82 + 20 54 £+ 6
Isoproterenol 4.4 % 0.8 102 £ 15 2.9+ 0.7 34 £ 10 34+ 6
p < 0.01 0.05 0.01 0.05 0.05

Values are means i SE. V, urine flow rate; Uosmo|, urinary osmotic concentration; Cyu2>
free water clearance; |\ aV. urinary sodium excretion; U”V, urinary potassium excretion; n,
number of observations. V, CHsO, Un3V and UKV are referred to 100 g kidney wt.

Values for water and electrolyte excretion are given in Table I1. A marked
reduction of the urine flow was accompanied by the increase of the urinary
osmotic concentration leading to a decrease of the free water clearance. During
this antidiuresis, sodium and potassium excretions were considerably decreased.

Data for intracortical blood flow distribution are shown in Table I11I.
Zonal perfusion rates and thus the intracortical blood flow distribution were
not affected by isoproterenol.

Table 111

Effect of isoproterenol on intracortical bloodflow distribution

Zonal cortical blood flow

n= 8 ml emin-1 +g_1
z, z2 z, z,
Control 7.80 £ 0.35 6.51 + 0.53 4.44 + 0.44 240 = 0.29
Isoproterenol 7.54 £ 0.70 8.13 + 0.85 5.10 £+ 0.49 2.24 + 0.14
P < NS NS NS NS
n= 8 Percent distribution of intracortical blood flow
Z, z2 z3 zZ,
Control 37+ 24 31+ 12 21+ 1.0 11+ 0.8
Isoproterenol 33+ 15 3B+ 11 22+ 15 10+ 0.6
D - NS NS NS NS

Values are means + SE. Abbreviations: Z,—Z4, represent cortical zones Z, being the
outermost and Z, the innermost zone.
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Table IV

Effect of vasopressin on renalfunction

— GFR Vv Uoemol ,0 Un.v UKV

n=6 ml/min ml/min /xosmol/ml ml/min jxeq/min Ixeq/min
Control 50 £ 4.0 88+ 1.2 37+ 1 76+ 1.0 93.8 + 244 109+ 2.2
Vasopressin 50 + 4.2 50+ 0.9 112+ 15 32+ 0.8 169.3 + 29.8 20.6 £ 4.3

P < NS 0.01 0.001 0.001 0.05 0.05

Values are means i SE. Abbreviations: see legend for Tables | and Il. GFR, V, CI-BO,
UNaV and UKV are referred to 100 g kidney wt.

Effect of vasopressin

Values for renal effects of vasopressin are given in Table 1V. Glomerular
filtration rate was not changed. The reduction of urine flow, the increase of
the urinary osmotic concentration and the decrease of the free water clearance
were similar to changes that occurred during isoproterenol infusion. The sodium
and potassium excretions were, however, considerably enhanced by vasopressin.

Discussion

Isoproterenol infused intravenously produces antidiuresis [2, 3, 10, 13,
15, 16] while its administration into the renal artery causes diuresis [8, 16].
In the former effect the concomitant release of vasopressin seems to play an
important role. Isoproterenol failed to elicit antidiuresis in hypophysectomized
dogs [16]. Isoproterenol infused to patients with untreated diabetes insipidus
was ineffective in a dose which is known to produce antidiuresis in water-
loaded volunteers [3]. Recently it was found that the plasma vasopressin con-
centration was elevated in conscious dogs after subcutaneous injection of iso-
proterenol [15].

Isoproterenol infusion into the carotid artery did not alter the urine flow
rate in anaesthetised dogs [2], therefore a direct action on the neurohypophysis
seems unlikely. Some indirect effect producing vasopressin release might be
probable. The fact that carotid sinus and aortic arch denervation prevents the
antidiuretic action of isoproterenol indicates the importance of the barorecep-
tors [2]. The administration of the angiotensin Il-receptor antagonist (Sar2
Ala8)-angiotensin Il into the third ventricle of the brain in conscious dogs could
prevent the isoproterenol-induced vasopressin release [15] suggesting the in-
volvement of the renin-angiotensin system.

According to some studies, isoproterenol-induced antidiuresis may occur
in certain instances without vasopressin release. Namely, when antidiuresis
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was produced by the intravenous infusion of isoproterenol in conscious dogs,
no increase in the antidiuretic activity of the jugular plasma could he observed
[10]. In Brattleboro rats intravenous isoproterenol caused antidiuresis [13].

The question thus arises whether the isoproterenol induced changes in
renal function can he attributed exclusively to vasopressin release. Comparison
of the electrolyte excretion might help to solve the problem. It is well known
that vasopressin increases sodium and potassium excretion [cf. 4], hut the
scant reports on the effect of isoproterenol administered intravenously on
electrolyte excretion are controversial, with both decrease and increase [9, 10]
being reported. However, Ber1 [2] has found no change in urinary sodium and
potassium excretion.

In order further to elucidate the problem, one group of conscious water-
loaded dogs were infused intravenously with isoproterenol whereas the other
group was treated with vasopressin at a dose producing antidiuresis of the
same magnitude as did the isoproterenol. After vasopressin treatment the diu-
resis was associated with an increased sodium and potassium excretion as had
been expected whereas in response to isoproterenol the antidiuresis was accom-
panied by a marked reduction in sodium and potassium excretion. Thus, even
if vasopressin does play a role in the renal effect of the intravenously administ-
rated isoproterenol, under the present experimental conditions it could not
be exclusive.

The intracortical distribution of radioactive microspheres after the intra-
venous infusion of isoproterenol has also been analysed. The microsphere tech-
nigue has recently been strongly criticized (cf. 1). In the knowledge of the
microsphere distribution pattern one cannot draw conclusions concerning the
intracortical blood flow distribution without risking serious mistakes. This
method should be restricted to those instances when the unchanged distribu-
tion of microspheres is associated with an unchanged total renal resistance
indicating an unchanged blood flow distribution. Since in the present study
neither glomerular filtration rate and renal blood flow nor the microsphere
distribution pattern changed significantly, alterations in water and electrolyte
excretion seem to be independent of changes in renal haemodynamics.

Our results appear to suggest that under the present experimental con-
ditions: 1. The isoproterenol-induced antidiuresis is associated with reduced
sodium and potassium excretion. 2. The responses developed cannot be attri-
buted exclusively to vasopressin release. 3. These effects of isoproterenol on
renal function seems to be independent of changes in renal haemodynamics.
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ELEVATION OF THERMOREGULATORY
VASODILATATION THRESHOLD IN THE RAT
AFTER CAPSAICIN TREATMENT*

F. Oba1 jr., F. Bari, G. Benedek and F. Obal
DEPARTMENT OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

(Received June 29, 1981)

In control and capsaicin-treated (300 mg/kg) rats tail skin vasodilatation was
studied while the body temperature was raised to 38 °C, 39 °C or 40 °C and held at
these levels. In the capsaicin-treated rats, at 38 °C vasodilatation was weaker than in
the controls hut at temperatures of 39 °C and 40 °C a delayed increase in tail vasodila-
tation occurred to the level observed in the controls. It is concluded that the threshold
of vasodilatation response to heat is elevated after capsaicin treatment.

Repeated capsaicin treatment results in a severe impairment of rat ther-
molysis: the animals become hyperthermic in a warm environment [7, 8],
while saliva secretion and grooming decrease [2, 10]. All authors [6, 10, 11, 12,
13] hut one [2] reported a loss of behavioural thermoregulation. The reflex
vasodilatation to heat is also impaired, though in response to extensive thermal
stimulation some increase in tail temperature was noted [10].

The aim of the present experiments was to determine to what extent vaso-
dilatation could be activated in capsaicin-treated thus desensitized [8] animals.
Considering the close correlation between tail skin temperature and local blood
flow [9] the temperature of the tail skin was regarded as an indicator of vaso-
dilatatory response to heat.

Methods

Twenty-two control and 22 desensitized male CFY rats were used. Desensitization was
performed at the age of 1 month with a total dose of 300 mg/kg capsaicin. The drug was admi-
nistered subcutaneously in fractions of 10, 20, 20, 50, 100 and 100 mg/kg daily. The experiments
started two months after this treatment. The rats were confined in a wire mesh restrain cage
inside a test chamber of 24-26 °C. Radiant heat was used to warm the body: an infrared bulb
of 62.5 W was placed at a distance of 30 cm on each side of the rat. The tail was shielded from
the bulbs. Colon temperature (Tc) was taken by a platinum resistance probe inserted 6.5 cm
into the colon. A disk thermistor was taped to the dorsal surface of the tail at two-thirds of its
length to record tail skin temperature (T,). Roth Tc and T( were taken at 1-min intervals.

After an adaptation period of 60-90 min, baseline temperatures were recorded for 15
min. The rats were then warmed to cither 38 °C, 39 °C or 40 °C, and Tcwas held at this level
for 45 min. Heating was controlled by the colonic thermometer: by means of a regulating cir-
cuit, a deviation of iO .1 °C from the preselected Tcvalue switched the bulbs on or off. The
sequence of the heat challenges was 39 °C, 38 °C and 40 °C for each rat, at intervals of at least
1month. Mean "SEM body weight of the animals at the time of the tests was 39 °C: 449 + 13

*Supported by the Scientific Research Council, Hungarian Ministry of Health, 4-05'
0303-03-2/0.
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g (controls) and 446 + 12 g (desensitized); 38 °C: 465 + 9 g (controls) and 464 + H g (desen-
sitized); 40 °C: 473 ~ 10 g (controls) and 472 12 g (desensitized). In the 38 °C test only those
animals were used whose initial Tc was lower than 38 °C; thus, from the 22-member groups
only 15 control and 19 desensitized rats were involved.

Results

The mean Tc+ SEM for each rat and test in the minute prior to heating
was 37.2 + 0-2 °C for the controls and 36.5 + 0.2 °C for the capsaicin-treated
rats, with a significant difference between them (Student’s r-test). No differ-

37 38 39 40
Colon temperature , °C

Fig. 1. Colon temperature and tail skin temperature during elevation of colonic temperature
in control (a) and desensitized (b) rats. Asterisks denote significant differences of at least
p < 0.05 (Student’s t-test)

ence was found in the Tt value (Fig. 1): It amounted to 27.1 + 0.3 °C in both
groups. Neither did the two groups differ in the time required to elevate their
temperature to the preselected Tc.

The relationship between body temperature and vasodilatation during
the transient period of Tcelevation was characterized as described earlier [11]:
The Tc values were grouped into classes spanning 0.5 °C intervals, and the
mean T, for each rat and for the three tests was calculated for each Tc class
(Fig. 1). At a Tcof 37 °C no difference in Ttwas observed between the control
and capsaicin-treated animals. With continued heating T, increased together
with Tc in the control animals. In the desensitized rats, however, practically
no vasodilatation was noted up to a Tcof 39 °C. Above this temperature the
increase in T, was obvious; the difference between the two groups w'as highly
significant throughout the period of body temperature elevation.
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While Tcwas maintained at a hyperthermic level, the course of T, de-
pended on the extent of hyperthermia (Fig. 2). In the 38 °C test, in the control
rats vasodilatation reached the maximum 10—12 minutes after the Tc of
38 °C had been established. When Tcwas maintained at either 39 °C or 40 °C,

°c

15 10 15 1 15 25 35 45 min
Prewarming Hyperthermic
period period

Fig. 2. Tail skin temperature in control (black circles) and desensitized (open circles) rats dur-

ing the prewarming period and with body temperatures of 38 °C, 39 °C and 40 °C. Continuous

lines above each pair of curves indicate the period during which tail temperature differed signi-
ficantly in the two groups (Student’s f-test, at least p < 0.05)

vasodilatation was complete during the transient period of body temperature
elevation. The maximum increase in Tt developed in the desensitized rats long
after the steady hyperthermia had been established. An important difference
was, however, observed as regards the effects of the three heat challenges:
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in the 38 °C test the vasodilatation was slight and remained significantly weaker
than that of the controls throughout the experiment, while in the 39 °C and
40 °C tests T, in the desensitized rats eventually reached the same level as in
the controls.

Discussion

The findings supported the earlier observation of an impaired vasodilata-
tion in capsaicin-desensitized rats. Vasodilatation was not simply impaired,
but a definite Tcthreshold could he determined: under 39 °C the response of
the capsaicin-treated rats was significantly weaker than that of the controls,
while above 39 °C the desensitized rats behaved like the controls, only the time
necessary for development of the maximum reaction was different. The signi-
ficance of this late vasodilatation in preventing severe hyperthermia is unclear.
The heat challenge was excessive: both central and peripheral thermoreceptors
were stimulated for a long time, while thermoregulation was not allowed to be
effective. Still the existence of such elevated thresholds may contribute to an
understanding of some earlier observations. Previously, in desensitized rats a
general impairment of all thcrmolytic reactions was suggested. The thresholds
for activating different thermoregulatory mechanisms by heat are, however,
different even in the normal animal [4]. Accordingly, after capsaicin treatment,
certain responses elicited at a high threshold in the normal rat are abolished,
while responses of originally lower threshold can be — though at a higher Tc—
activated. This may be one of the reasons for the controversial results found in
studies of the various forms of behavioural thermoregulation in capsaicin-
treated rats [2, 3, 6, 10, 11, 12], and this may explain why the desensitized rats
demonstrated an increased sleeping time in a warm environment whereas the
controls were active in grooming and trying to escape [1].
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EFFECT OF PROGESTERONE, TESTOSTERONE AND
OESTROGENS ON THE PLASMA CORTICOSTERONE
AND THYROID HORMONE CONCENTRATIONS IN THE
FEMALE JAPANESE QUAIL

By
G. PETHES and P. PECZELY
DEPARTMENT OF PHYSIOLOGY, UNIVERSITY OF VETERINARY SCIENCE, BUDAPEST, HUNCARY

(Received July 2, 1981)

Plasma concentration of thyroxine, triidothyronine and corticosterone has
been determined by radioimmunoassay in short-day (6L —18 D) female Japanese quails.
In the first experimental group Silastic capsules containing progesterone, testosterone,
oestrone and 17-/?-oestradiol, alone or in combination were implanted subcutaneously
into ovariectomized birds. As compared to the ovariectomized group, plasma thyroxine
concentration slightly increased following progesterone adm inistration, while it decreased
after testosterone, oestrone and 17-jS-oestradiol treatment.

Both thyroxine and triiodothyronine levels showed a decrease after the simul-
taneous application of the four sexual steroids. Plasma corticosterone concentration was
considerably increased by progesterone and 17-/?-oestradiol adm inistration, while oestrone
caused an increase of smaller degree.

In the second experimental group, the same hormonal treatments were performed
following ovariectomy and simultaneous surgical thyroidectomy. Plasma corticosterone
concentration was found to be increased by the separate or simultaneous application of
the sexual steroids, to the level observed in the intact control animals. According to
our findings, plasma corticosterone conentration in the Japanese quail is increased by
progesterone both directly and via the enhancement of the plasma thyroxine concent-
ration, while it is directly increased by oestrone and oestradiol.

Earlier it has been shown [7] that corticosterone concentration of the
blood plasma decreased following ovariectomy. Thus, an adrenocortical stimu-
latory effect of the ovarian sexual steroids had to be supposed to occur in
female birds. This was in contrast with the finding in male Japanese quails
where the corticosterone level was decreased by testosterone and increased by
castration [5], an observation supported by histological data [1, 2, 4, 13].

The aim of the present investigation was to determine whether the
plasma corticosterone level was increased by each of the ovarian sexual ste-
roids or only by their combination and to observe whether their effect was
directly realized at the adrenocortical level or indirectly by increasing thyroid
secretion.

Material and Methods

Four weeks old female Japanese quails were kept in a short-day (6L —18D, start of
illumination at 09:00) experimental room for 2 weeks. The birds were fed with fowl feed and
water was allowed ad libitum. The intensity of illumination was 70 Lux/m2

At the age of 6 weeks, ovariectomy or ovariectomy -f- thyroidectomy were performed.
After the intervention, progesterone, testosterone, oestrone and 17-B-oestradiol alone were
implanted under the skin, and in a further experimental group, the four hormones were im-
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planted simultaneously. The quantity of the implanted hormone(s) was regulated by the length
ofthe implanted capsule, i.e. progesterone — 18 mm, testosterone — 6 mm, oesterone — 6 mm,
17-/?-oestradiol — 8 mm.

On the 14th day the birds were bled by decapitation between 08:00 and 09:00 hours.

Blood was collected into heparinized plastic centrifuge tubes and immediately centri-
fuged at 3000 rpm. The plasma was stored in polyethylene tubes at —20 °C until use.

The effect of the operation was checked at dissection. Only the plasma of birds in which
no indication of a histological regeneration could be found was used.

Following extraction of the plasma by diethylether (1 : 10), the fractions were separated
by Sephadex LH-20 chromatography [11], and progesterone, testosterone, oestrone and 17-/3-
oestradiol were determined by RIA [6]. Triiodothyronine and thyroxine were determined by
direct RIA [9, 10]. To estimate corticosterone, the plasma was extracted by dichlormethane,
then its corticosterone content was determined by RIA without previous chromatography.
The binding capacity of the antibody diluted to 1:2000 was 35%; its cross-reactions were,
cortisol, < 1.9%; progesterone, -<1.8% ; cortexolene, <1.1% ; oestrone, <0.004% ; dexametha-
sone, <0.002% .

For evaluation of the results, variance analysis was applied.

Result

In the first series of experiments, in the ovariectomized Silastic implan-
ted birds, sexual steroid levels near to those characteristic of adult long-day
quails were found (Table I).

Thyroid hormones. In sexually inactive Japanese quails, the plasma thy-
roxine concentration failed to change following ovariectomy, while the triiodo-
thyronine level increased significantly. In ovariectomized birds, the thyroxine
level increased after progesterone administration, while it showed a significant
decrease after testosterone, oestrone and, first of all, 17-/J-oestradiol treatment.

All these hormonal interventions failed, however, to affect the plasma
triiodothyronine concentration. Compared with ovariectomized control birds,
the thyroxine and triiodothyronine levels were significantly decreased by the
simultaneous administration of the four sexual steroids. The plasma triiodo-
thyronine level returned to the control value (Table I11).

Corticosterone. Ovariectomy caused a significant decrease in the plasma
corticosterone content. Progesterone and 17-/3-oestradiol strongly, while oest-
rone slightly increased the corticosterone level in the ovariectomized quails.
Testosterone implants had no effect on the corticosterone level, which increased
considerably after the simultaneous application of all the sexual steroids.
Their effect, however, was not additive (Table II1I).

In the second series of experiments, the effect of the individual sexual ste-
roids was investigated in ovariectomized and thyroidectomized quails. In the
case of implants applied one by one, the steroid concentrations were higher
than in ovariectomized birds treated with steroids. On combined administra-
tion of the four steroids, however, the individual hormone levels were practi-
cally similar (Table 1V).

Corticosterone. Following simultaneous ovariectomy and thyroidectomy
the plasma corticosterone concentration decreased significantly while it was
significantly enhanced by progesterone, testosterone, oestrone and 17-/1-
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Table |

Effect of sexual steroid implants on the sexual steroid levels in ovariectomized quails

B % Uk Ovxs PROG  OVx+ TEST  OVk+ E,  OVx§ E3 OVx + 4 sex.
control

PROG

X 1402 409 300 1547 — — — 1300
£S1) 21 34 49 222 — — - 272
n 8 8 6 6 - _ — 8
TEST

X 360 70 52 — 802 — — 490
+SD 79 11 14 — 419 — — 112
1 8 8 6 - 6 — — 8
E.

X 230 112 62 404 396
£SD 47 38 8 - — 170 — 137
1 8 8 6 — — 7 — 8
Eo

X 645 83 73 605 563
£sn 120 19 19 - - - 116 211
n 8 8 6 — - - 6 8

OVx, ovariectomy; OVx + PROG, ovariectomy -f- progesterone implantation in 18 mm
Silastic capsule; OVx + TEST, ovariectomy testosterone implantation in 6 mm capsule;
OVx -f- Kj. ovariectomy -« oesterone implantation in 6 mm capsule; OVx + E 2, ovariectomiz-
ed 17-/1-oeStratiiol implantation in 8 mm capsule; OVx -j 4 sex. ster., ovariectomy + PROG,
TEST, E,, E, in 4 Silastic capsules of size as given above; 18L, 18 h illumination; 6L, 6 h illumi-
nation.

oestradiol treatment. After their simultaneous administration, the plasma
corticosterone level reached that of the control birds (Table Y).

Discussion

In ovariectomized quails the plasma corticosterone concentration was
considerably increased by the high sexual steroid level produced by hormone
implants and characteristic of adult birds. This observation is in agreement with
our earlier data, according to which the plasma corticosterone content decreased
following removal of the ovary [7]. Progesterone and 17-/l-oestradiol could be
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Table 11

Effect of sexual steroid implants on the plasma thyroid hormone content in ovariectomized quails

ng/ml oo oVx OVx + PROG  OVx+ TEST  OVx-fEt ovx+E,  OVXGE 45
T,
X 0.91 2.22% 2.92 2.40 2.84 2.74 0.87b
+SD 0.31 0.84 0.74 0.83 1.75 0.76 0.41
n 12 11 9 12 6 6 8
T<
X 13.28 11.45 15.75° 8.14° 8.18b 3.01b 8.13°
+SD 2.82 3.32 1.36 3.97 2.11 3.01 3.03
1 12 11 9 12 6 6 8

Abbrevations as in Table I. ap < 0.01 vs 6L control, bp < 0.01 vs OVx, cp < 0.05
vs OVX.

responsible together for the effect of ovarian sexual steroids exerted on the
plasma corticosterone level. Our findings are in agreement with those of
Rameley [12] who found a decreased plasma corticosterone level in ovariecto-
mized rats, while the level increased when 17-/9-oestradiol was given following
ovariectomy. Taking into consideration the effect of sexual steroids on the cor-
ticosterone secretion rate [8], corticosterone secretion seems to be stimulated
by progesterone and 17-/?-oestradiol first of all through the hypothalamo-cor-
ticotropic system, and the plasma glycocorticoid concentration is enhanced
by the two sexual steroids. Plasma thyroxine concentration is influenced also
by individual sexual steroids: it increased after progesterone and oestrogen
administration. Plasma thyroxine concentration was found to be decreased if

Table 111

Effect of sexual steroid implants on the plasma corticosterone in ovariectomized quails

ng/ml o ovx OVx -f PROG  OVx+ TEST  Ovx+ Et Ovx+E,  OVXGf4sex
CRT
X 8.61 4.35% 10.89b 6.75 8.28° 14.80b 12.60b
+SD 2.16 2.27 4.77 4.23 1.32 5.55 2.37
n 8 6 8 7 7 6 8
Abbrevations as in Table ap < 0.01 vs control, bp < 0.01 vs OV, cp < 0.05

vs OVx.
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Table IV
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Effect of sexual steroid implants on the sexual steroid concentration in ovariectomized and thyroidec-
tomized quails

Pg/ml

PROG

+SD

TEST

tsn

Ei

+51)

=1

+ X m

=1

18L 6L
control
1402 409
21 34
8 8
360 70
79 11
8 8
230 112
47 38
8 8
645 83
120 19
8 8

OVx + Tx

260
27

47
10

68
23

70
27

OVx
+ Tx
+ PROG

2137
320

OVx
+ Tx
+ TEST

1221 —
210 —

1370
— 205

Abbreviations as in Table I. Tx, thyroidectomy.

Table V

OVx + Tx - Ej

OVx + Tx

895
178

+ E,

OVx + Tx + 4
sex. »ter.

979
310

690
273

750
291

»

710
244

Effect of sexual steroid implants on the plasma corticosterone (CRT) content in ovariectomized and
thyroidectomized quails

ng/ml

CRT
X
+SD

6L
control

9.83
3.89

OVx + Tx

4.76"
1.15
8

OVx + Tx +
+ PROG

8.57b
2.89
6

OVx

et oV +Tx + E,
9.67" 9.13"
231 2.26
9 6

7.43"
191

OVx + Tx + Er

OV» +Tx 14

sex. ster.

8.61"
2.01

Abbrevations as in Table IV. “p < 0.01 vs control, bp < 0.01 vs OVx + Tx.
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simultaneously the level of ovarian sexual steroids increased [6]. Since the
plasma corticosterone concentration increased when thyroxine was given to
sexually inactive female birds [PECZELY and Pethes, 7], there is a possibi-
lity that the corticosterone level was influenced by progesterone through a
stimulation of thyroxine secretion. In mammals, where glycocorticoid produc-
tion is enhanced first of all by 17-/3-oestradiol, the effect of oestrogen on adreno-
cortical function depends on the actual functional state of the thyroid
gland [3].

In ovariectomized and thyroidectomized animals the ovarian sexual
steroids both individually and in combination were found to increase the
plasma corticosterone level. This finding can be interpreted to indicate that in
intact animals the plasma corticosterone concentration was increased by pro-
gesterone both directly through the hypothalamocorticotropic system and also
by increasing the thyroid function. In the case of 17-/3-oestradiol, the stimula-
tion is direct in character, manifesting itself in spite of the decrease of the thy-
roxine level.

In ovariectomized birds, testosterone administration failed to influence
the plasma concentration, while in simultaneously ovariectomized and thyroid-
ectomized quails it caused a considerable increase in the corticosterone level.
As to the effect of testosterone on adrenocortical function, the presence or lack
of thyroid hormones was found to be of decisive importance also in male birds
[5]. In hypothyroid quails, the plasma corticosterone level is increased by tes-
tosterone in both male and female birds.

Thus, it can he stated that in female quails both the plasma triiodothyro-
nine and thyroxine concentration decreased following the simultaneous admi-
nistration of ovarian sexual steroids in a dose maintaining the physiological
state. This effect develops as a result of the slightly stimidating effect of pro-
gesterone and of the inhibitory effect of testosterone, oestrone and 17-/?-oestra-
diol. The basis of the positive ovarian-adrecocortical connection is partly the
direct effect of progesterone, oestrone and 17-/?-oestradiol and partly the
indirect effect of progesterone, realized through the stimulation of thyroid
function.
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EFFECT OF INDOMETHACIN ON INTRARENAL
CIRCULATION AND SODIUM AND WATER EXCRETION
IN ANAESTHETISED RATS WITH OR WITHOUT
ACUTE VOLUME EXPANSION

J. Bartha and Csilla Hab1y

DEPARTMENT OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received August 1, 1981)

Effects of the prostaglandin synthesis inhibitor indomethacin (4 mg/kg) were
studied on the intrarenal circulation of anaesthetised (pentothal 50 mg/kg i.p.) rats in
normovolemia or subjected to acute extracellular volume expansion (intravenous infu-
sion of 0.9% NaCl at a dose of 50 ml/kg) using Sapirstein’s 86Rb indicator dilution tech-
nique. Circulatory parameters were determined one hour after indomethacin treatment.
The following conclusions were drawn:

1. In normovolemic rats the renal, cortical and medullary blood flow remained
unaltered. No changes occurred in regional vascular resistances of the kidney or in the
distribution pattern of intrarenal blood flow. W ater output was moderately reduced
while sodium excretion remained unaffected.

2. In rats subjected to acute extracellular volume expansion renal cortical blood
flow was slightly augmented, medullary perfusion rate declined; the intrarenal blood
flow distribution was shifted towards the cortex. The vascular resistance in the cortex
did not change whereas that in the medulla was slightly augmented. Under these con-
ditions indomethacin did not influence salt and water excretion.

Our results provide further evidence that unlike in anaesthetised dog, in the
anaesthetised rat endogenous prostaglandins probably do not play a decisive role in the
control of renal blood flow, intrarenal circulation and salt and water excretion.

Prostaglandins (PGs) have been suggested to be involved as local hor'
mones in the control of renal blood flow and in the regulation of renal salt and
water excretion [3, 7, 12, 15, 17, 18]. Most of the conclusions concerning the
role of prostaglandins have been drawn from experiments using indomethacin
as the specific inhibitor of PG synthesis. The reduction of renal blood flow, the
antidiuretic and antinatriuretic effects of indomethacin in the anaesthetised
dog are well known [3, 7, 14, 16, 18]. In such dogs subjected to isosmotic
extracellular hypervolemia indomethacin suppresses the diuretic and natri-
uretic effect of volume expansion [24]. However, in the anaesthetised rabbit
indomethacin exerts differential effects, viz. it produces antidiuresis in hydro-
penia, whereas it markedly enhances the diuretic action of extracellular
volume expansion [16, 19].

It appears that during anaesthesia the inhibition of endogenous PG
production results in renal responses varying according to species and the state
of hydration.

The purpose of the present study was to further elucidate the above phe-
nomenon. The effects of indomethacin on renal function were studied in the
anaesthetised rat with or without acute extracellular volume expansion.
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M aterial and Methods

Female albino rats (CFY) weighing 200-240 g were used. Normal synthetic food and
water were not restricted prior to the studies. Under pentothal anaesthesia (50 mg/kg i.p.)
indomethacin (4 mg/kg) was injected via one of the tail veins. The indomethacin was dissolved
in physiologic saline containing Na2H P04 (1 mg indomethacin -f- 1 mg Na2HP 041 ml 0.9%
NaCl). Thereafter the necessary surgical procedures were undertaken. Through a lower abdo-
minal incision a catheter was inserted into the urinary bladder. A catheter was advanced into
the right ventricle via the right jugular vein. The left common carotid artery was cannulated
and connected to a T-tubing for monitoring the mean arterial blood pressure and collecting
arterial blood samples at the final period of studies.

Surgery lasted for about 15 min. Cardiac output and parameters for renal haemodyna-
mics were determined 60 min after the injection of indomethacin or solvent (control).

The studies were performed in four groups.

1. Studies on normovolemic rats

No infusion was given to the animals in these groups
1.1. Control group (n = 17)
1.2. Indomethacin group (n = 17)

2. Studies on hypervolemic rats

Forty min prior to the commencement of the circulatory study animals were infused
with prewarmed physiologic saline (50 ml/kg) into the external jugular vein for 10 min. After
completion of the infusion urine had been collected for 2x15 min periods and cardiac output
and parameters for renal circulation were subsequently estimated.

2.1. Control group (n 15)
2.2. Indomethacin group (n = 12)

3. Estimation of circulatory parameters

The animals received 8RbCO{ (0.6 —0.7 MBgq) in 0.2 ml physiologic saline as a single
bolus injected into the right ventricle via the jugular catheter. Arterial blood samples were
collected at intervals of 0.75 s for 15 s. Animals were killed with i.v. aether 90 s after the isotope
treatment. Kidneys were removed, decapsulated and specimens were excised from the cortex
and medulla. These and the rest of the kidneys were weighed and dissolved in concentrated
HNO03 Radioactivity in blood and tissue specimens were determined in a gamma scintillation
counter (Beckman Radioimmuno-Analyser). Cardiac output was determined on the basis of
Stewart’s principle [22], regional renal blood flow by Sapirstein’s method [20] adapted for
the kidney by Harsing and Pelley [11].

Cardiac output (CO), renal blood flow (RBF), cortical blood flow' (CBF) and medullary
blood flow (MBF) were calculated according to the formula

BF = fon
f Cadt
0]

where Q is the activity injected (for calculation of cardiac output, CO), and the activity
calculated for 100 g of kidney, cortex and medulla (for calculation of RBF. CBF and MBF).

respectively. The denominator j Cadt represented the area below the arterial dilution curve
0
the during first circulation.

The percentage distribution of intrarenal circulation was calculated from regional flow
values per unit mass assuming that the cortex represented 64% and the medulla 36% of the
total kidney mass. The kidney fraction of cardiac output was calculated as a quotient of
tissue activity per injected activity.

Urinary sodium and potassium concentrations were determined by flame photometry
(Digital Flame Photometer. OMSZOV). Haematocrit was determined using a Hawskley micro-
haemi.tocrit centrifuge.

Experimental data were analysed for significance by Student’s paired t test.
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Result»

Since there was no preferential laterality in the circulatory parameters
between the right and the left kidney in any of the studies, their averages were
used. Table | presents means S.D. calculated from data of both kidneys.

1. Effect of indomethacin in normovolemic (N V) rats

In response to indomethacin treatment both mean arterial blood pres-
sure (p <[ 0.001) and total peripheral resistance (p << 0.01) rose without any
appreciable change in cardiac output. Total renal and regional blood flow
and resistance were not affected by indomethacin. Fractional renal blood flow
and the pattern of intrarenal blood flow distribution were also unchanged
(Table 1).

Urine flow (Vcontrol: 1.52 + 0.49; V,nd0: 1.09 + 0.28 pl/min/g, p < 0.05)
was moderatelv reduced by indomethacin, whereas sodium excretion was not
altered (Table I1).

Table 1

Effect of indomethacin on intrarenal circulation in normo- and hypervolemia

Normovolemia Hyperv olemia
control indomethacin control indomethacin
n= 15 it= 17 n= 15 n= 12
Blood pressure, mmHg 123 + 9.9 144 -p 7.92%** 125 + 15.8 148 £ 14.2*%**
Cardiac output, mI/min/100g 23.9 + 5.9 226 + 4.04 20.7 + 4.13 22.2 + 4.07
TPR, mmHg «ml-1 «s-kg“1 322+ 6.57 39.0+ 6.83** 37.8 + 8.84 41.1 + 7.13
Renal blood flow.
ml/min/100 g 367 + 118 369 + 84 494 + 113++ 558 + 89
Cortical blood flow,
ml/min/100 g 402 + 133 391 + 69 554 + 132++ 619 + 96
Medullary blood flow,
ml/min/100 g 233 + 86 235 + 53 281 + 68 258 + 61
Resistance
~kidney
mmHg «ml-1 +s+kg-1 218+ 0.60 2.46 + 0.55 1.63 + 0.500 1.65 + 0.358
cortex
mmHg «ml-1 .s -kg-1 2.00+ 056 2.28 + 0.35 146 + 0.455++ 148 + 0.311
“medulla
mmHg «ml-1 «s«kg-1 364+ 143 3.89 =+ 1.01 2.86 + 0.813 3.68 + 1.06*
Kidney fraction. % 11.8 + 2.10 133 + 2.66 159 + 3.00- + 16.8 + 2.38
Distribution of RBF
Cortex. % 783+ 3.20 782 + 2.86 80.2 + 2.25 83.1 + 1.90**
Medulla, % 217+ 315 218+ 2.92 19.8 + 2.26 16.9 + 1.90**

* Significance as compared with the initial values.
+ Significance between the normo- and hypervolemic control groups,
p < 0.05 ip < 0.01 ***:p < 0.001.
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Table 11

Effect of indomethacin on water and sodium excretion in normo- and hypervolemia

Normovolemia Hypervolemia
control indomethacin control indomethacin
n= 15 n= 12 n= 13 u= 11
Diuresis, /d/min/g kidney 152+ 049 109+ 0.28* 18.4 + 8.64+++ 189 + 1.65
U Na, ytanol/ml 105 + 25.6 185 + 43.8*** 232 + 28.8+++ 241 + 14.1

UNaV, /<mol Na/min/g kidney 0.16 £+ 0.06 0.20+ 0.054 424 £+ 203+++ 537 + 4.11

* Significance as compared with initial values.
Significance between the normo- and hypervolemic control groups.
ip < 0.05 *$*: p < 0.001.

* +

2. Effect of indomethacin in hypervolemic rats (HV)

Acute volume expansion per se did not influence either arterial blood
pressure or cardiac output recorded 30 min after the termination of the infusion
period. However, it did considerably (35%) increase renal perfusion rate
(RBFnv 367 : 118, RBFHV 494 + 113 ml/min/100 g, p < 0.01). Cortical blood
flow was augmented by 38% compared with normovolemic controls (CBFNV:
402 + 133, CBFHV: 554 132 ml/min/100 g, p < 0.01), whereas medullary
blood flow was enhanced only by 20% (NS). Owing to these changes the distri-

® e « Control (n=13) H e X Indomethacin (n=11) *p<0.02 * P<0.01
Blood pressure Diuresis X -8
CD
X
E
E
Sodium excretion Water rejection

Fig. 1. Arterial blood pressure and salt and water excretion in rats with acute extracellular
volume expansion under control conditions (e --—-+) and after the infusion of indomethacin
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NORMOVOLAEMIA

MBF
Control » «

y=0.60t0.09x-6.5

p<0.01

oo,

C 300

Indomethacin X X
b 200
E y =0-68—0.18 X—23.1

<0.01
100 ’

— b 1 CBF
200 400 600 800 ml/min/l0Og

HYPERVOLAEMIA

e Control . — .
y=0.3833-0.0949x-68.65
p <0.01

\ 300

£ VvV . Indomethacin x=- x
\ 200 - y=0.5475 - 0 1020x-80.90
E p<0.001

CBF
200 400 600 800 mi/min/100g

Fig. 2. Interrelationship between renal medullary and cortical blood flow in anaesthetised
rats with normovolemia or hypervolemia under control conditions (e---—--- *) and after the
infusion of indomethacin (X----—----- X)

hution of intrarenal blood flow tended to shift (NS) toward the cortex. Fractio-
nal renal hlood flow was increased from 11.8 + 2.1% to 159 + 3.0% (p <
< 0.001) due to the acute volume expansion.

Indomethacin did not affect cardiac output in rats with acute volume
expansion either, but it raised the arterial blood pressure (p < 0.001) just like
in normovolemic rats (Table I and Fig. 1). Renal and renal cortical vascular
resistance was not augmented by indomethacin but the drug did moderately
increase the resistance of the medullary vessels (Rneduia.. = 2.86 + 0.81,
~medullawv +indo= 3.68 + 1.06 R; p < 0.05). Cortical blood flow tended to
increase, medullary blood flow tended to decrease but changes were not
statistically significant. Percentage distribution of intrarenal hlood flow shifted
toward the cortex, i.e. it increased from 80.2 + 2.25% to 83.1 + 1.9% (p <
< 0.01), whereas the same parameters in the medulla decreased from 19.8 +
+ 2.26% to 16.9 + 1.90% (p < 0.01) under the effect of indomethacin.
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Figure 2 presents changes in intrarenal blood flow distribution, med-
ullary blood flow being plotted against cortical blood flow. In normovolemic
animals the regression lines for both parameters were almost indentical. In the
volume-expanded rats the regression line for the indomethacin-treated rats
was shifted downward indicating that after indomethacin treatment any
given cortical flow value was associated with lower medullary flow value
than in controls.

In rats with acute volume expansion indomethacin failed to influence
urine flow, sodium output and fluid excretion as expressed in per cent of the
volume of fluid administered (Fig. 1).

Discussion

In the anaesthetised dog the renal vasoconstrictor effect ofindomethacin
has repeatedly been confirmed. In the anaesthetised and operated normovole-
mic dog indomethacin treatment results in potent renal vasoconstriction [3, 7,
15, 17, 18, 23]. The indomethacin-induced renal vasoconstriction is also observ-
ed in anaesthetised dogs subjected to isosmotic extracellular volume expansion
and at the same time the enhancement of salt and water excretion due to the
hypervolemia is suppressed [24]. There is a linear relationship between the
reduction of renal blood flow and the release of PG E, from the kidney in dogs
[18, 23]. Therefore, it is suggested that the continuous basal PG secretion might
play a role in the control of renal blood flow.

On the basis of these findings it appears that in the anaesthetised dog
the onset of the indomethacin-induced renal vasoconstriction is independent of
the state of hydration. The aim of the present investigation was to study the
actions of indomethacin in rats with or without acute volume expansion.

In the anaesthetised normovolemic rat —in contrast to the dog under
similar conditions— there was no change in renal and intrarenal circulation in-
cluding medullary flow after indomethacin treatment. This finding is in good
agreement with data of Ganguly et al. [9] who found no changes in the plasma
flow of the papilla after indomethacin administiation, and also with those of
DUSING et al. [6] who observed unaltered GFR and renal plasma flow as measu-
red by 1351 hippurane after indomethacin treatment in rats on a normal salt diet.
On the other hand, our results are not in line with those of Sotez et al. [21] who
reported on a marked reduction of medullary plasma flow measured by the
51-albumin method 30—45 min after intraperitoneally injected indomethacin.
According to their results total renal blood flow was reestablished one hour
following indomethacin treatment despite the inhibition of PG synthesis which
persisted for one and a half hour posttreatment. According to Sotez et al. [21]
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the effect of indomethacin administered into the renal arteries is relatively
short-lived. We gave indomethacin intravenously and found no change in
renal haemodynamics one hour postinjection. Hucker et al. [13] found that
the plasma half-life of indomethanic administered i.v. was 4 h, therefore the
PG producing cells were supposed to he under the effect of indomethacin
throughout the whole observation period of the present study. This presump-
tion is supported by the fact that under normovolemic conditions both arterial
blood pressure and total peripheral resistance were potently increased by indo-
methacin. Previous results from this laboratory have shown that the enhance-
ment in TPR is caused by a preferential increase of vascular resistance in the
skin and skeletal muscle [4].

On the hasis of the present results and the above data we suggest that in
anaesthetised normovolemic rats the rate of the basal prostaglandin secretion
is low, therefore it should not play an important role in the control of renal and
intrarenal blood flow. It appears, however, that the state of hydration and/or
the extent of sodium load can modulate the responses of intrarenal haemody-
namics to indomethacin treatment even in rats.

The diuretic and natriuretic effects of prostaglandins of the E and A
series after their infusion into the renal arteries are wgll known [2, 10, 25]. If the
endogenous prostaglandins played arole in the volume regulation as natriuretic
factors, their secretion would he expected to enhance during acute isosmotic
extracellular volume expansion. We tested the validity of this presumption in
rats with hypervolemia. In hypervolemia rats following treatment with the
prostaglandin synthesis inhibitor indomethacin cortical blood flow was moder-
ately increased whereas medullary flow was slightly reduced despite the elevat-
ed blood pressure. These changes, however were not statistically significant. On
the other hand, vascular resistance in the medulla significantly increased after
indomethacin treatment (medullary blood flow slightly decreased in association
with the elevation of blood pressure), however, its biological importance remains
doubtful. Thus, indomethacin failed to induce marked renal vasoconstriction
in anaesthetised rats even during hypervolemia, which is in contrast to results
described for anaesthetised and operated dogs under similar conditions.

In the present study indomethacin in hypervolemic rats caused a shift
in intrarenal blood flow distribution toward the cortex, just opposite to the
changes observed in rats with normovolemia. This finding is similar to that
found in anaesthetised dogs [3, 15]. The mechanisms of redistribution in the
tw o species are, however, different. In the dog the cause of the outward redistri-
bution after indomethacin treatment is that the vasoconstriction in the outer
cortex is smaller in magnitude than in the juxtamedullary cortex or in the
medulla [3, 15]. Based on our present results the cause of the redistribution in
the rat is that the moderately reduced medullary perfusion is associated with a
slightly enhanced cortical flow.
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Results also showed that the endogenous prostaglandin secretion did
not appear to play a decisive role in the control of cortical blood flow in anaes-
thetised rats either with or without acute volume expansion. The indometha-
cin-induced responses in the medullary vessels depended on the state of hydra-
tion. In normovolemia due to the presumably low endogenous PG secretion
the further reduction of PGs did not cause the medullary flow to decline, in
rats with acute volume expansion, however, the suppression of the enhanced
prostaglandin production might have caused a slight increase in the resistance
of medullary vessel inducing a moderate reduction of flow through this zone.
Nevertheless, the characteristic changes in renal haemodynamics induced by
indomethacin in the anaesthetised dog failed to occur under similar conditions
in rats with or without acute volume expansion. Our results provide further
evidence for the differential vascular effects of prostaglandins in the kidney of
the two species.

The endogenous prostaglandins might modulate sodium and water ex-
cretion through the control of renal haemodynamics and/or of tubular func-
tions. Indomethacin did not alter sodium output in rats either in normovolemia
or hypervolemia. Urine flow in normovolemia was reduced by 29% after indo-
methacin treatment, however, no such effect was observed in rats subjected
to volume expansion (Table I1). These findings should not be ascribed to hae-
modynamic changes (Table 1) but can be readily interpreted in terms of the
opposing actions of ADH and PGE on the enzyme adenylate cyclase: vaso-
pressin facilitates whereas PGE inhibits adenylate cyclase. The vasopressin
potentiating effect of indomethacin is well known in the anaesthetised dog
[1, 8]. PGE suppresses the vasopressin-induced increase of adenylate cyclase
activity and of cAMP concentration in the medulla of the rat kidney [5].
In normovolemia we also found reduced water output and increased urinary
sodium concentration (Table I1). Therefore, the indomethacin-induced reduc-
tion in water output observed in normovolemic rats appears to be the result of
a predominance of the effect of vasopressin owing to the suppression of endo-
genous prostaglandin production.

On the other hand, in hypervolemia urine flow was not diminished by
indomethacin. This does not appear to be in conflict with our explanation based
on the vasopressin-prostaglandin antagonism. Apart from plasma osmolality,
hypervolemia is the most potent inhibitor of vasopressin synthesis. Data for
urinary excretions in Table Il are derived from the last 15-min collection period
prior to the haemodynamic study. Thus by that time already 30 and 45 min
had elapsed from the onset of hypervolemia and indomethacin injection, res-
pectively. Accordingly, the secretion of vasopressin must have been suppressed
to such a degree that with the plasma T12= 18 min for the hormone, indome-
thacin (i.e. the lack of prostaglandins) could not potentiate the effect of vaso-
pressin.
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Our results provide further evidence that in the anaesthetised rat the

endogenous prostaglandins probably do not play such a decisive role in the
control of renal blood flow, interarenal circulation and in the salt and water
excretion as in the anaesthetised dog. The renal actions of the prostaglandin
synthesis inhibitor indomethacin thus vary according to species and the experi-
mental conditions applied.
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The effect of 1 to 6-week limb immobilization by plaster fixation and the result-
ing skeletal muscle inactivity-atrophy was studied by analysing isotachophoretically
the ATP, ADP, AMP. CrP, NAD + and Pj content of the slow-oxidative soleus, and the
fast-glycolytic gastrocnemius muscle of the rabbit.

ATP and CrP levels were higher in the glycolytic while NAD + content was
higher in the oxidative skeletal muscle under normal conditions. Energy homeostasis
of the muscles disturbed during the first week of immobilization, and subsequently it is
adapted to the inactivity by reaching a new steady state at lower energy levels. This
new level as characterized by the high energy phosphate content shows no significant
difference between the two muscle types.

Experimental inhibition of skeletal muscle activity induces considerable
ultrastructural aiid biochemical changes in this tissue. These changes are,
however, reversible depending on the type of the muscle. Elimination of the
activity-blocking factor leads to regeneration of the muscle. Limb immobiliza-
tion by plaster fixation gives rise to typical inactivity atrophy in skeletal musc-
les if it is sustained for a sufficiently long period [1, 2]. Morphological and bio-
chemical background of this process has been studied in detail [2—5, 7, 10-13]
due to its medical and social rehabilitation importance.

Although the changes in the energy stores of mammalian skeletal muscle
during various pathological conditions have been well defined [6, 8, 9], the
alterations in energy metabolism following immobilization and during the con-
sequent muscle atrophy have not been clarified yet.

Materials and Methods

Tissue samples and preparation

Muscle samples of 40 to 70 mg wet weight were excised from male New-Zealuml rabbits
(2 2.5 kg body weight) (n 23), anaesthetized by Nembutal. The excised samples were placed
immediately into liquid nitrogen, followed by extraction in 3 ml 50% methanol (pH = 7.6)
containing 1.25 mM KDTA, at 30 °C for 96 hours. Wet weight of the samples was measured
immediately after finishing extraction. Methanol was removed from the extract in vacuum at
0°C. The solutions were thereafter transferred into precooled 5 ml Kimhl-vials, frozen at —30 °C
and stored at 20 °C until further analysis. Liophylized extracts were dissolved in distilled

* Department of ENT, University Medical School, Szeged, Hungary
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water (3 ml) at 4 °C before isotachophoretic analysis, and bacteria and filaments were removed
by a Sartorius (SM 11324) membrane filter.

Determination of ATP, ADP, AMP, CrP, /', and N1/1/1 content of muscle extracts by isotacho-
phoresis

Ten microliter (//1) portions of samples stored and treated as described above were ana-
lysed by an CKB capillary analytical isotachophoretic equipment (LKB Tachophor 2127).

The following criteria were met during analysis: length of the capillary, 230 mm; inner
diameter, 0.5 mm; leading electrolyte, 5 mM CI- (Suprapure, Merck) -f- beta-alanin (Serva)
(pH: 3.99) + 0.4% HPMC (Dow Chem. Co.) (hydroxypropylmethylcellulose); terminating
electrolyte, 5 mM caproic acid (BDH); temperature, 20 °C; current intensity, 65 /i.A; voltage,
8—12 kV; recording, UV 254 nm; paper speed, 6 cm/min; analysis time, 12 min.

The values were expressed as arithmetic means ~ SD. Statistical analysis of the data
was expressed using Student’s t test.

Results

The concentration of metabolites was compared in the two muscle types
under control untreated conditions (Fig. 1). The differences between NAD +,
CrP and ATP content of the two muscle types in the normal state was statisti-
cally significant (p < 0.05). High-energy phosphate ester content (in the form
of CrP and ATP) of the fast muscle (m. gastrocnemius) was higher by 70% than
that of the slow muscle (m. soleus). In contrast, NAD+ content was higher in
the slow muscle.

Figures 2 and 3 illustrate the relationships between ATP, ADP, AMP,
CrP, Pj and NAD+ content and the time of immobilization in soleus muscle
(oxidative type). Peak changes of ATP, AMP, P(and NAD+ content of the
slow muscle occurred in the first week of immobilization.

Fig. 1. ATP, ADP, AMP, CrP, Pj and NAD+ content of methanol extracts of soleus and
gastrocnemius muscle under normal conditions. Residual high-energy phosphate content
determined enzymatically [15] was as follows: ATP, 50%, ADP and CrP, 30%
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/jmol/g m.soleus

Fig. 2. Changes of ATP, ADP, AMP and NAD+ levels in the soleus muscle as the function of
immobilization time

j-imol/g m.soleus

Fig. 3. Changes of CrP and Pj content of the soleus muscle during immobilization
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In the first week of immobilization ATP content reached a minimum
(48 A°/0), while AMP and NAD + levels reached a maximum (1010 A°/0 and
270 /1%, respectively) (Fig. 2). In contrast, CrP content reached a minimum
(66 A%) on the second week, and ADP and Ps levels on the fourth week
(68 A%) (Fig. 3).

The curves describing the relationship between ATP, AMP, CrP and Pj
levels and the time of immobilization were similar in the case of the glycolytic

jumol/g m.gastrocnemius

Fig. 4. Changes of ATP, ADP, AMP and NAD+ levels in the gastrocnemius muscle as the
function of immobilization time

muscle (Figs 4 and 5). At the same time the change of ADP content reached its
maximum on the first week and NAD + content remained unaltered during
immobilization. The changes of the individual parameters (with the exception
of CrP, the change of which was not significant) were statistically significant
only in the first week of immobilization in both muscles.

Figure 6 demonstrates the variations in the total adenine nucleotide
phosphate content as the function of immobilization time in the two muscle
types. Total nucleotide phosphate level increased gradually during immobiliza-
tion in the soleus muscle and it stabilized in the 4th to 6th week. In the glyco-
lytic gastrocnemius muscle the nucleotide phosphate level decreased gradually
after the initial rapid increase observed in the first week and returned to con-
trol level in the fourth week of immobilization.
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Fig. 5. Changes of CrP and Pj content of the gastrocnemius muscle during immobilization.
The experimental results demonstrated in Figs 2-5 were not statistically significant

pmol/g 5 adenin nucleotid P

Fig. 6. The change of total adenine nucleotide phosphate content in the soleus and gastrocne-
mius muscles during immobilization
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Discussion

So far no data have been available about the energetic sequelae of immo-
bilization and consequent atrophy in mammalian muscles.

According to the present results immobilization induces considerable
changes in both the fast and slow skeletal muscles. The significant decrease of
ATP, Pj and CrP content in the first and second week of immobilization was
striking. The changes may have been the result of several mechanisms, the
most important of which may he the washout of inorganic phosphate from the
tissue, accumulating and released from the cytoplasm due to ATP and CrP

Table |

Effect of immobilization on the ATP, ADP, AMP, CrP, Pj and NAD + content of the soleus and
gastrocnemius muscles (the values are expressed in fimol/g muscle wet weight)

ATP ADP AMP NAD+ CrP Pi

M. soleus
normal 1.29+0.19 0.061+ 0.011 0.068+ 0.014 0.42+ 0.097 3.6+1.9 7.25+ 1.14
1 week 0.68 0.302 0.755 1.56 3.37 2.51
2 weeks 0.78+0.41 0.39+ 0.198 0.41+ 0.202 0.66+0.47 1.23+1.01 2.76+1.02
4 weeks oo © 3 0.5+ 0.29 0.53+0.27 0.39+ 0.21 242+ 1.73 2.36+1.21
6 weeks 1.04+0.28 0.37+ 0.06 0.61+0.12 0.47+0.17 2.68+ 1.65 4.27+ 2.605
M. gastro-

cnemius
normal 1.9+0.15 0.074+ 0.034 0.082+0.030 0.225+ 0.053 5.47+ 3.4 7.09+ 1.23
1week 0.93 0.49 1.55 0.26 4.1 2.28
2 weeks 1.35+0.40 0.19+ 0.06 0.9+1.21 0.37+0.23 1.71+0.16 4.7+ 1.67
4 weeks 1.31+0.16 0.13+ 0.09 0.55+ 0.33 0.14+ 0.08 1.87+ 0.08 6.12+ 2.21
6 weeks 1.425+0.101 0.17+ 0.11 0.82+0.27 0.27+0.07 4.23+ 1.603 6.98+0.20

breakdown as aconsequence of reduced energy requirements in the immobilized
muscle. This probably leads to deficiency in the amount of substrate for the
synthesis of high energy phosphates in subsequent periods of immobilization.

The ratio of ATP/Pj remained constant during immobilization in both
muscle types (Table Il1). The ratio of ATP/ADP -(- P;, which is inversely related
to the rate of adenine nucleotide phosphate synthesis, decreases gradually.
The ratio of total adenine nucleotide phosphate pool and inorganic phosphate
increases reaching its maximum (4-fold increase) during the first week of im-
mobilization in the soleus muscle and remaining on this level until the 6th im-
mobilization week. In the gastrocnemius muscle the increase during the first
week (also a 4-fold elevation) is followed by a continuous drop reaching the
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Table 11

Changes of characteristic quotients ofthe energy supply in the skeletal muscles during different periods
of immobilization

Total adenine
CrP/IATP ATP/ADP f AMP ATP/P, nucl.-P 1

M. soleus

normal 2.79 10 0.17 0.195
1 week 4.95 0.64 0.27 0.69
2 weeks 157 0.975 0.28 0.57
4 weeks 2.42 0.97 0.42 0.86
6 weeks 2.57 1.06 0.24 0.47

M. gastrocnemius

normal 2.87 12.12 0.26 0.29
1 week 2.45 0.45 0.40 1.3

2 weeks 1.26 1.23 0.28 0.52
4 weeks 1.42 1.92 0.21 0.32
6 weeks 2.96 1.44 0.20 0.34

control value in the fourth immobilization week. These changes indicate that
there is an increased adenine mono- and diphosphate synthesis during immobi-
lization in the soleus muscle.

Our data suggest that the muscle is able to adapt to changes in the phy-
siological condition, i.e. to immobilization attaining a new steady state at a
lower energy level. Although the concentration of high energy metabolites
ATP and CrP does not reach the normal value the energy supply of the
muscle improves considerably by the 4th to 6th week of immobilization, the
mechanism of which is completely unexplained yet.

This adaptation, however, leads to successive abolition of the specific
differences in the ATP, CrP, NAD + and total adenine nucleotide levels between
slow-oxidative and fast-glycolytic skeletal muscles, since the difference between
the two muscle types in this respect was significantly less pronounced after
the 6th week of immobilization than under control conditions.

This “dedifferentiation” effect of immobilization in various types of
skeletal muscle has already been described with respect to energy supplying
enzymes [10], contractile properties [14] and structural proteins [11—13].

REFERENCES

1. Cooper, R. R.: Alterations during immobilization and regeneration of skeletal muscle in
cats. J. Bone Jt. Surg. 54-A, 919-953 (1972).

2. Edgerton, V. R., Barnard, R. J., Peter, J. B., Mayer, A,, Simpson, D. R.: Properties
of immobilized hind-limb muscles of the Galago senegalensis. Exp. Neurol. 46, 115431
(1975).

Ada Physiological Academiae Scientiarum Hungaricae 59, 1982



234

3.

4.

10.

11.

12.

13.

14.

15.

J. SZIKLAI and J. GROF

Erecinska, M., Wilson, D. F.: Homeostatic regulation of cellular energy metabolism.
TIBS, 3, 219-223 (1978).

Guba, F., Takacs, O., Kiss, Zs.: The effect of disuse on protein patterns in fast and slow
twitch muscles, in: Plasticity of Muscle, ed. Pette, D., Berlin, New York, pp. 507-523
(1980)

.Jakvinen, M.: Healing of Crush Injury in Rat Striated Muscle. Acad. Thesis, Turku,

15-17 (1976).

.Léwenstein, J. M., Goodman, M. N.: The purine nucleotide cycle in skeletal muscle.

Fed. Proc. 37, 2308-2312 (1978).

. G.-Mészaros, M., Guba, F., Takacs, O.: Experimental investigations on hypokinesis of

skeletal muscles with different functions VII. Ultrastructural observations. Acta biol.
Acad. Sei. hung. 30, 59-77 (1979).

.Rahim, Z. H. A., Perrett, D., Lutaya, G., Griffith, J. R.: Metabolic adaption in phos-

phorylase kinase deficiency. Biochem. J., 186, 331—341 (1980).

. Sahtim, K., Harris, R. C.,, Hultman, E.: Creatine kinase equilibrium and lactate content

compared with muscle pH in tissue samples obtained after isometric exercise. Biochem.
J. 152, 173-180 (1975).

Sohar, |, Takacs, O., Guba, F.: The influence of immobilization on soluble proteins of
muscle. Acta biol. med. germ. 36, 1621-1624 (1977).

Takacs, O., Sohar, |, Pelle, T., Guba, F., Szilagyi, T.: Experimental investigations on
hypokinesis of skeletal muscles with different functions Il11. Changes in protein fractions
of subcellular components. Acta biol. Acad. Sei. hung. 28, 213-219 (1977).

Takéacs, O., Sohar, I., Szilagyi, T., Guba, F.: Experimental investigations on hypokinesis

of skeletal muscles with different functions 1V, Changes in the sacroplasmic proteins.
Acta biol. Acad. Sei. hung. 28, 221-230 (1977).

Tomanek, R. J., Lund, D. D.: Degeneration of different types of skeletal muscle fibers.
Il. Immobilization. J. Anat. 118, 531-541 (1974).

Torok, A., Sziklai, L, Takacs, 0., Guba, F.: Effect of immobilization on the excitatory
and mechanical parameters of skeletal muscles with different types, in: Gravitational
Physiology, eds Hideg, J. and Gazenko, O. Adv. Physiol. Sei. Vol. 19. pp. 185-188
(1981)

Scopes, R. K.: Automated fluorometric analysis of biological compounds. Anal. Biochem.
49, 73-87 (1972).

Istvdn Sziklai
Department of Biochemistry, University Medical School,
Szeged, Hungary

Jozsef Gkof
Department of Clinical Biochemistry, Hungarian Academy of Sciences and
Semmelweis University Medical School,

H-

1082 Budapest, UllIgi ut 78/a, Hungary

Acta Physiologien Academiae Scientiarum Hungaricae 59, 1982



Acta Physiologien Academiae Scientiarum Hungaricae, Tomas 59 (3), pp. 235 254 (1982)

NEW THEORY OF THE DEVELOPMENT OF
MYOCARDIAL INFARCTION
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Solutions of KCI (1%, 10% and 31.2%) administered into the pericardial fluid
or applied onto the surface of the heart evoked a dome-like change of the ECG in dogs,
rats and guinea-pigs and led to myocardial infarction in 3—5 days. Both the acute
changes in ECG and the infarction itself could be prevented by the application of peri-
cardial fluid samples and by administration of three synthetic compounds onto the heart
surface. The same substances also inhibited the development of ECG changes elicited
by general hypoxia due to stopping artificial respiration. The existence of a peculiar
myocardial space beginning with outer pores and reaching the myocardial cells through
connective tissue pathways is postulated.

Earlier studies showed that 15 -labelled albumin applied to the epicardial surface
through a filter paper reached the endomyocardium through some intramyocardial
pathways beginning with epicardial pores.

In the present experiments intrapericardial application of India ink led to ob-
struction ofthese pores and thus prevented the infarction elicited by intrapericardial admi-
nistration of K Cl solutions. This space, being distinct from that accessible from the coro-
nary arteries, serves for transfer of various substances into the myocardium, while
other compounds (e.g. noradrenaline) are not effective through this pathway. Oxygen
reaching this space from the epicardial surface protects the myocardium from the damag-
ing effects of hypoxia and KCI.

Ten years ago we reported on the existence of peculiar pores localized
in the visceral pericardium [8]. Their detection had been based on the finding
that almost 10% of the activity of 15l-labelled albumin applied on the surface
of the heart through a filter paper could be detected in the endocardium and
endomyocardium. From this unexpected result it was concluded that the
iodinated albumin had to reach the endocardium from the epicardium by some
unknown pathways, since the size of the albumin molecule excluded the possi-
bility of diffusion. Alternatively, as a possible route for the transport of labelled
protein into the endocardium and its surroundings, the existence of preformed
epicardial pores and some as yet unidentified connective tissue passages have
been postulated, which could function as alternative channels to bypass the
high coronary flow.

It seemed, therefore, of interest to study this non-coronary space and its
possible role in pathological processes.
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Dog Ne3 12kg </
Control 16" post KClconc i.peric.

Fig. 1. Effects of KCl administered into the pericardial fluid (upper part). A 0.05 ml sample
of pericardial fluid inhibits the ST-elevation 54 s after the injection of KC1 (lower part). Abscissa:
time in s. Ordinate (from above): ECG lead II, dP/dt, aortic pressure, left ventricular
pressure

Methods

In the investigations 22 dogs, 234 rats and 44 guinea-pigs of both sexes were used.

Experiments in dogs. Solutions of KC1 (1%, 10% and 31.2%) were injected into the peri-
cardial sac. Electrocardiogram (lead 11), blood pressure, left ventricular pressure, end-diastolic
pressure and the first derivative of the left ventricular pressure were registered on an Elema-
Schonander Mingograph Type 81. In some experiments the KC1 solutions were applied through
a window cut on the pericardium directly onto the epieardium by means of a piece of
filter paper 18-22 mm in diameter previously soaked in the KC1 solution. During the
experiments pericardial fluid samples were taken and tested on the hearts of dogs, rats and
guinea-pigs (for details see below).

It seemed to be important to study a possible role of oxygenation through the coro-
nary pace. To study such a likelyhood a thin needle was passed into the pericardial sac to
introduce pure oxygen from a flask, while a somewhat thicker needle was used to lead the oxy-
gen out, ensuring thus a standard intrapericardial (i.peric.) pressure during steady inflow of
20-25 litre/h of oxygen, monitored by a rotameter.

In experiments studying the effect of epicardial application of KC1 (filter paper soaked
in KCI solution), oxygen was led directly onto the surface of the heart via a needle fitted with
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2" post KClconc i.peric.

‘H
8
0
Fig. 2. The vagus-like effect of 31.2% KC1 solution. Tracings as in Fig. 1. Note: in the major
ity of cases the changes in blood pressure were less marked

a multiply perforated nozzle 6 mm in diameter. The effect of epicardial oxygenation was
studied during general hypoxia due to stopping artificial respiration or during clamping of the
anterior descendent (LAD) or circumflex branch (LC) of the left coronary artery for 1to 2 min.

Experiments in rats and guinea-pigs. In these species i.peric. administration of KC1 and
other solutions (0.05 ml) was carried out by thoracotomy or by piercing the injection needle
through the diaphragm into the pericardial sac after opening the abdominal wall just below
the xyphoid process. ECG (lead 1l) was recorded by an Elema—Schdnander Mingograph
Type 81. The effect of KC1 and its blockade by pericardial fluid samples were investigated.
Since the possibility of transfer of some protective substances both from the pericardial space
to the myocardial cells and vice versa could he supposed, pieces of the parietal pericardium
were cut out of dogs, rats and guinea-pigs and incubated in Krebs solution for 1 h to 1-2 days.
These incubated solutions were then administered to the hearts of the respective species and the
possible protection afforded against the influence of K Cl was studied.

An attempt was made to obstruct the postulated pores by India ink. thereby preventing
K Cl to penetrate these pores.

In addition, some synthetic compounds (substances X, Y and Z*) were tested for their
effect on the action of KCI. Furthermore, the time-course of infarction was investigated by
staining myocardial sections with hae,matoxylin-eosin. For the detection of hypoxic spots, Vér-
tesit and Szentivanyi’s 19] special staining was applied. For statistical evaluation of paired
and unpaired samples Student’s f-tests were used.

* X, Y and Z denote synthetic substances. X: Histoacril blau (Braun Melsungen). Y and
Z: methyl and aethyl esters of acrilic acid, respectively.
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Results
Experiments in dogs

a. Fig. 1. shows that i. peric. administration of concentrated (31.2%)
KC1 solution evoked a dome-like change of ECG, characteristic of myo-
cardial infarction. The change appeared some seconds after the injec-
tion and lasted for 20 to 35 min. Injection of more dilute solutions of KC1
(1% and 10%) brought about a similar ECG effect of shorter duration. Local
application of KC1 to the surface of the heart led to similar changes indicating
that such a local action of KC1 might occur also in circumscript manifestations
characteristic of human hypoxic heart disease. KC1 applied either intrapericar-
dially or locally was effective in the vast majority of cases in evoking a
monophasic ECG change (in almost 100%).

Dog Ne 3 12kg o*
Control 76" post KCLconc. i-peric.

Fig. 3. Effect of a synthetic substance (Substance X) on the rise in ST-segment evoked by KC1.
Upper part: i.peric. administration of KClconc. Lower part: 43 s after the injection of substance
X ST-segment has normalized and blood pressure rises. Tracings as in Fig. 1
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I> As a next step, we were interested to know if the pericardial fluid
contained any substance that could inhibit the effect of KC1. Fig. 1. demonst-
rates that pericardial fluid samples prevented the KCIl-induced changes. As
shown in Fig. 2, blood pressure could also be lowered. In most cases such
changes were negligible.

c. The synthetic substances X, Y and Z provided similar protection as
did the natural constituents of the pericardial fluid (Fig. 3).

d. Another series of experiments was aimed at studying whether a spe-
cial space of myocardial fibres thought to be approached via the epicardial
pores was responsible for the observed effects of KC1. An attempt was made to
influence the effect of KC1 by oxygen introduced through the pericardial space.
Thus, there may exist a peculiar effect of oxygen characteristic of this space
only. Figure 4 shows that the monophasic action potential evoked by KC1

Dog Ne 17 9.5kg a*
Control 66"post KClconc i.auricle

Fig. 4. Surface oxygenation of the epicardium. Upper part: ST-elevation after KC1 (dome).
Lower part: Reduced ST-elevation after oxygen administration for 109 s. Tracings as in Fig.
1. KC1 and oxygen were applied to the left auricle
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was normalized shortly after the pericardial introduction of oxygen. The rise
in blood pressure induced by general hypoxia could also be prevented by admi-
nistration of oxygen to the surface of the heart (Fig. 5). Figure 6 demonstrates
that after administration of oxygen to the epicardial surface the increase in
end-diastolic pressure evoked by hypoxia and KC1 administration was reduced
and after the termination of oxygen treatment the end-diastolic pressure rose
again. Flence, oxygen is active in the above-mentioned space by counteracting
the effect of hypoxia and KC1.

The same applies to local hypoxia induced by clamping one of the coro-
nary arteries. As shown by Fig. 7, clamping of the coronary circulation caused
a depression of the ST-segment, an effect opposite to that of i. peric. administ-
ration of KCL.

Dog Ne16 10kg j
87"post respiratory arrest /1.5min/

Fig. 5. Effect of oxygenation of the epicardial surface on the augmentation of the left ventri-

cular pressure and end-diastolic pressure evoked by general hypoxia (asphyxia). Tracings (from

above): ECG lead II, left ventricular end-diastolic pressure, dP/dt, left ventricular pressure.

Time 1 s. Upper part: increased end-diastolic pressure and ventricular pressure after 1.5 min

respiratory arrest. Lower part: during oxygenation of the heart surface no rise in end-diastolic
pressure and ventricular pressure can be observed
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These results are summarized in Tables I to 111. It can be seen that the
substances applied had practically no effect of their own on the circulation
(Table 1), while the biological and synthetic substances applied reduced the
T/2 values of the KC1 effect (Table Il). The rise in blood pressure caused by
asphyxia was diminished by surface oxygenation of the heart (Table I111).

The finding that substances such as noradrenaline administered into the
epicardial space failed to influence the circulation indicates substantial differ-

ences in effects elicitable from epicardial pores and other spaces, e.g. that of the
coronaries.

Dog N£16 10kg j
Control Post KClconc local - Ch—

Fig. 6. Effect of oxygenation of the epicardial surface on the changes in ECG and left ventric
ular end-diastolic pressure evoked by successive application of hypoxia and KC1. Signs
from above: ECG lead 11, left ventricular end-diastolic pressure, dP/dt, aortic pressure. In the
lower part of the Figure the last tracing represents left ventricular pressure. Time: 1s. First
column: control. Second column: 39 s after local administration of KClconc ST-elevation(dome).
Third column: end-diastolic pressure decreases during surface oxygenation and the dome dis-
appears. Lower part: the increase in the left ventricular end-diastolic pressure re-appears after
discontinuing surface oxygenation (first and second columns). KC1 causes again dome ECG
(third column)
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As shown by Fig. 8, the effects of hypoxia and KC1 could be antagonized
by application of the same substance. It can be seen that 19 s after respira-
tory arrest blood pressure shows an immense elevation. Eighty-three s after
the arrest an ST-elevation takes place. The i. peric. administration of substance
X inhibits the hypoxic changes both in blood pressure and ECG 4 s and 52 s
after respiratory arrest. The ECG remains normal and blood pressure fails
to increase. The site of action of KC1 and hypoxia is, therefore, the same.

Experiments in rats and guinea-pigs

To learn if the changes observed are only of short duration or represent
the beginning of chronic pathological processes, hearts of control and KC1-

Dog Nel18 9kg j
Control 1l'clamping of LAD

imv]
kPa

kPa secH EJ
5001

0.

-500--

kPa
16"

8 m

O*
Fjg. 7. Comparison of the effects of coronary clamping and KC1. A fall of blood pressure can
only be seen after coronary clamping. ST-elevation (lower part) can be seen only after KC1

administration as opposed to a decline of ST after clamping of LAD. Tracings: ECG lead II,
aortic pressure, dP/dt, left ventricular pressure. Time: 1s
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treated rats were subjected to histological investigation days or weeks after the
experiment. Following the acute effects of KC1 after 3-5 days an infarction
developed; the acute appearance of the monophasic action potential was the
triggering process (Figs 9 and 10).

The special staining used for detection of hypoxia showed a marked
reaction immediately after the administration of KC1. By days 4-5 following

infarction development the staining became weaker but the hypoxic area
showed a more diffuse distribution.

Dog Ne7 9.5kg a*
Control 19" post respiratory arrest/Imin/

1mV]
kPa 24

16

83mpost respiratory arrest/lmin/

A'post respiratory arrest /Imin/ 52*

a OJ—momnl». *...

Fig. 8. Hypoxia and KCI-blocking agents. Control period; 19 s and 83 s after the end of hypoxia,

respectively; 228 s following the i.peric. administration of substance X; 4 s after the end of the

repeated respiratory arrest; 52 s after the end of the second respiratory arrest. Tracings: ECO

lead I1. aortic pressure, dP/dt. In the lower part ihe last record is the left ventricular pressure.

General hypoxia (asphyxia) in the open-chest animal was induced by switching off the respi-

rator. Elevation of blood pressure and of ST-segment was prevented by the administration of
substance X (two lowest records). Time: 1s
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Fig. 9. Large infarction of the right ventricular wall. Haematoxylin-eosin staining. Magnifica-
tion X250. (Infarcts were placed mainly in the left ventricle)

Substance

KCI (31.2%)

KC1 (31.2%) (vagal —
excitation)

KCI (10%)

Synth, subst. X

Oxygenation

Substance

KCI (31.2%)

KCI (31.2%) (vagal -
excitation)

KCI (10%)

Synth, subst. X

Oxygenation

Table |

Effect of various substances on dogs’ circulation

Changes in BP

systolic

n kPa %

15 i0.44i0.49 + 1.17+2.95
7 —5.26+0.57 -30.77il.66

Fhk Fkk

5 -0.64il.00 -4.59i6.39
6 + 0.18x0.60 il.90i3.17
4 +0.87+x0.72 + 7.39%6.06

Changes in LVP
n kPa [

14 i0.63i0.42 +2.44+2.64
4 —5.43+0.38 -.32.03i0.98

Fk K Fkk

5 -0.08i0.69 -0.83i4.30
6 -0.09i0.56 +0.22+2.93
3 + 1.69+1.20 + 12.3%9.74

**:p < 0.01 (paired f-test).

**%: p < 0.001 (paired i-test).

Oxygen was led from an oxygen-flask through a needle introduced into the pericardial
sac parallel to the myocardial surface. Thick needles served to let the gas out of the pericardial
sac. In other cases pieces of filter paper 18-22 mm in diameter were soaked in solutions con-
taining the substance to be studied and applied on the epicardial surface of the heart. In such
cases oxygen was applied to the same surface area. Vagal excitation was indicated by the deve-
lopment of a negative inotropic effect together with a decreased heart rate.
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diastolic

kPa %
-0.13+0.60 -2.63+4.48
—5.66+£0.85 -43.84i3.73

*kk *kk
—0.61+1.17 —5.44+8.93
+ 0.40+0.64 -j-4.144-4.74
+ 0.77+0.73 + 8.90+8.40

Changes ir dP/dt

kPa s-1 %
-8.79+22.41 + 2.64+£3.87
—205.004:46.60 —38.90+5.70
*x * Kk

+ 12.30+33.44 -0.17i6.54
—10.25+25.25 -0.71i5.03
+47.83+80.57 -0.95i4.45
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Fig. 10. Part of the infarcted area shown in Fig. 9. Magnification X 600

The KCI-trigger manifests itself in a thickening of the cardiac vascu-
lature. Figure 11 demonstrates that in the hearts of animals 4—5 days after
KC1 administration the hlood vessel index became elevated and in some ani-
mals hypertension also developed. The blood vessel index was shifted to
higher diameter values. This again means that a phenomenon formerly thought
to he mainly of coronary origin can he elicited from the space beginning by the

epicardial pores.
Table Il

Duration of KCl-evoked ST-elevation (dome) after administration of varios substances in the dog

T/2 (time elapsed until the reduction

Substance Mode of 1 of ST-elevation by 50%)
administration
S A%
KCI (31.2%) i. peric. 10  262.5+84.5 -
local 13 146.2+32.6 —
KCI (10%) i. peric. 4 115.0+49.2 -
local 3 115.7+52.5 —

Pericard. samples following KCI(31.2%) 8 32.0+ 81 -78.28% 7.57***
Synth. Substance X
following KCI (31.2%) 6 24.8+ 87 -68.67£12.07**

**: p < 0.01 (paired (-test).

***: p < 0.001 (paired t-test).

T/2 values measured after KC1 administration and the effects of natural substances and
of synthetic substance X are shown. The time (in s) necessary to reduce by 50% the peak value
of the change was taken as T/2. With inhibitory substances, the time elapsed until the fall of
ST-elevation to 50% of the value evoked by KC1 was measured. The inhibitory substances brought
about a significant reduction of the T/2 values. The — values represent the mean values of T/2
of ST-elevation evoked by KC1 compared to that appearing after administration of an inhibitory
substance measured in the same experiment. Note: in some experiments the protecting substance
was given prior to KC1: in these cases the characteristic ECG-effect of KC1 could not be observed.
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Fig. 11. Changes in vascular index following KCIl administration; heart. Abscissa: values o
the vascular index. Ordinate: percent incidence of the vascular index values.

thickness of the me(.iiaZ . )
distance between the two external elastic laminae

Vascular index —

Table 111

Effect of oxygenation on the increase in blood pressure evoked by general hypoxia (asphyxia)

Increase in systolic blood pressure

kPa %
1. Without oxygen 4 9.20+1.79* 51.85+10.49*
2. During oxygenation 4 2.87+0.58* 16.47+ 3.57*
Difference (2 1) 4 -6.33+1.33* -35.38+ 7.86*

Increase in diastolic blood pressure

kPa o
1. Without oxygen 4 4.60+1.19* 29.07+10.36
2. During oxygenation 4 1.60+£0.65 11.49+ 4.66
Difference (2—1) 4 -3.00+0.56* -17.58+ 6.75

Increase in left ventricular

n pressure
kPa %
1. Without oxygen 4 9.32+£1.72* 53.96+12.24*
2. During oxygenation 4 2.87+0.64* 16.64+ 3.59*
Difference (2—1) 4 -6.45+1.10** -37.31+ 8.76*

*:p < 0.05 (paired i-test).
**:p < 0.01 (paired i-test).
General hypoxia was induced in open-chest dogs by switching off the respirator. Oxygena-
tion was carried out by i. peric. or direct epicardial application. In both cases, oxygen reduced
the degree of blood pressure elevation caused by general hypoxia.
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The appearance of infarction in rats depended on the mode of administra-
tion of KC1. If KCI was administered into the apical region intrapericardially,
the incidence of infarction in animals sacrificed up to day 9 and after day
28 was 45.5% and 55% (n = 46 and 21), respectively. In the case of basal
i. peric. administration the incidence proved to be 89% (n = 9).

The incidence of infarction grew to 90% if KCl administration was carried
out after thoracotomy, without artificial respiration thus indicating that in
this case the initial effect of KCI and of hypoxia were additive (n = 6).

Guinea-pig 241g

0 15"
Jai-"KKK
Qlsec
0.05ml KClcorci peric.
r 2 " 6'
hAhh hhJ\
8 10 \2 16

al-*'—HA N~ H >
Fig. 12. Effect of 31.2% KCI solution in a guinea-pig (ECG lead I1)

Acute influence of KCI on the ECG was essentially the same in rats and
guinea-pigs as in dogs. The development of monophasic action potential in
guinea-pigs is similar to that observed in dogs (Fig. 12). In this case the ECG
change disappeared after 16 minutes. The same result was observed in rats.

No such change could be observed after the injection of concentrated
glucose solution or after Ca2+ or Na+ administration, although in the latter
case a reduction in amplitude of the R-wave could be observed. An intravenous
injection of KCI evoked the well-known ECG changes of flutter and fibrillation.

Asin dogs, also in rats and guinea-pigs some protecting substances appear-
ing in the pericardial fluid prevented the acute effect of KCI; the dome-shaped
ST-segment disappeared some seconds or minutes after the administration of
pericardial fluid. Figure 13 shows that in rats i. peric. administration of dog
pericardial fluid inhibited the development of the dome-shaped ST-segment.

Figure 14 demonstrates the changes in height of the ST-segment evoked
by KCI in the rat heart and the statistically significant inhibition of this change
caused by i. peric. administration of dog pericardial fluid. This means that the
pericardial fluid has a protective effect also in the rat heart.
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RAT 1909 d*
mv
0.1sec
0.05ml KClconc i.penc. 0.05ml dog pericardial fluid i.peric.
66" 2
U j i
10 14 18

Fig. 13. Rat ECG. Changes evoked by KCIl have normalized 4 min after i.peric. administration
of dog pericardial fluid

25 Second upward peak after R
[rat]

6'n=24;15"n=36,

30"n=32;1" n=31;

- f «Q05ml KClconc 4'n=27;2",6' n=26
N QO05ml pericardium fluid(dog)+
0.05ml KClconc n=4(30"n=3)

—3 0.05ml pericardium fluid(doq) +
t-Q05ml KClconc n=6(15"n=5)

Jfil Ah

10 min

Fig. 14. Height (mm) of ST-segment after KC1 and the influence of dog pericardial fluid. Dots

and squares represent two different groups of animals. In the first group (squares) the effect

of the pericardial fluid was not marked as it was demonstrated on other parts of the ECG

curve (not shown in the Figure). Dots represent a group where a maximum normalization of

all ECG waves could be observed. The two smaller curves, in the middle of the Figure, visualize

the most frequent changes in the ECG curve after KC1 the magnitude of which represent the
basis of this drawing

Acta Physiologien Academiae Scientiarum Hungaricae 59, 1982



MYOCARDIAL INFARCTION, A NEWTHEOKY 24y

A dilate (1%) solution of KC1 exhibited a similar protection against the
noxious effect of concentrated KC1 solution, thus indicating that a small
amount of KC1 might release the same protective substance which is contained
in the pericardial fluid.

The synthetic substances X, Y and Z had the same effect in rats and
guinea-pigs as in dogs. As shown in Fig. 15, substance Z almost completely
normalized the KCIl-evoked ECG changes some 90 sec after its application,
while 10 min later the ECG was quite similar as the control curve.

RAT 292ga*
Jimv
Msec
QO05ml synthetic, substance Z i.peric. 0.05ml KClconc i.peric.
15" 30" 90" 3

um.

Fig. 15. Protective effect of substance Z. ECG dome disappears 4 min after i.peric. administ-
ration of substance Z

Next it was studied whether aninhibition of the acute KCl-induced ECG
changes may prevent ensuing infarction. To this end, some animals acutely
injected with KC1 were sutured after operation and sacrificed 1 to 28 days
later. Another group of animals was treated not only with KC1 but also with
either biological or synthetic protecting substances. Histological investigation
showed that these substances reduced the incidence of infarction caused by
KC1 from 52.4% to 7.14%. In other words, the infarction eliciting effect of
KC1 was inhibited.

Provided that the above-mentioned space through which KC1 application
and hypoxia eventually cause infarction in fact begins with pores, the physical
obstruction of these pores should prevent the KC1 effect. In the experiment
shown in Fig. 16 the pores were obstructed by means of India ink. It can be
seen that KC1 was much less effective than otherwise: the usual dome-shaped
ECG change was missing and Mithin 5 min the ECG became normal. The same
phenomenon could be observed in the dogs, too.
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Table IV demonstrates the statistical evaluation of these data. The maxi-
mum effect was achieved after 31.2% KC1 solution. The effect of more dilute
(10% and 1%) KC1 solutions was significantly lower. Following India ink ad-
ministration, the changes in S and T waves evoked by 31.2% KC1 became signi-
ficantly (unpaired i-test) smaller, indicating that the obstruction ofthe assumed
pores prevented the development of KC1 evoked changes. Administration of
pericardial fluid also prevented the effect of concentrated KC1 solution.

RAT 324g
15" AO'
[ImV
0.1sec
0.05mi india ink i.peric.
6 15" r 2

~

|
QO05ml KClconc i.peric.

5 Iff 17 2
fovd—

Fig. 16. After obstructing the epicardial pores with India ink (i.peric. administration) KCJ
fails to affect the ECG

Table TV

Maximum changes (A°/0) in amplitude of ECG waves after i. peric. administration of different sub-
stances in 0.05 ml volume in rats

First minimum after the R-peak (S) First upward peak after the R-peak (T)
n A% P n A% P
KClconc (31.2%) 24 —363.98%24.64 36 %441.36%76.63
KCI (10%) 6 -177.33%33.18 <0.01 5 9%123.34%52.27 <0.01
KC1 (1%) 11 —72.26%16.93 <0.001 11 %49.25%22.71 <0.001
India ink -f- KClconc 5 ~141.40%31.35 <0.001 5 %113.00%37.67 <0.001
Pericard. samples + KClconc 3 -174.33%16.73 <0.02 3 %64.43% 9.87 <0.001

p denotes the significance level of differences from values measured after 31.2% KC1
administration (unpaired (-test).

The effect of KC1 in rats is the same as in dogs and can be inhibited similarly with natural
and synthetic substances. In these experiments the protective substances were administered prior
to KC1 administration, intrapericardially, and the changes in S and T waves were measured.

The effect of KC1 has been given in changes ofthe Sand T waves as compared to the cont-
rol values before KC1 administration.
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Discussion

The present studies have shown that the infarction and its accompanying
changes may originate in a special space of the heart, since i. peric. injection
of KC1 produced a monophasic action potential similar to that observed in
human infarction and 3-5 days later an infarction really ensued. This myocar-
dial space is probably distinct from that supplied by the coronary blood vessels,
since intravenous K+ administration leads to the well-known phenomena of
flutter and fibrillation, while KClintroduced into the pericardial space produces
a monophasic potential in the ECG characteristic of infarction. The fact that
the latter ECG change could be evoked by K+ applied locally to a small
epicardial surface indicates that a similarity exists between the above-mention-
ed experiments and human infarction-genesis. In both cases infarction may
develop in a circumscript area.

Epicardial application of KC1 may result also in thickening of the coro-
nary vessels after some days. This finding points to the ability of excess KC1
acting in the epicardial space to induce changes in the coronary arteries them-
selves. Nevertheless, in the majority of cases infarction developed without any
changes in the coronary tree. Hence, the thickening of these arteries is the result
of the chain of events eliciting infarction rather than its cause.

There are several lines of evidence in favour of the concept that KC1
evoked the ECG changes characteristic of human infarction through an effect
exerted in a separate myocardial space. KC1 exerted different effects depending
on the mode of its administration. Typical infarction-like ECG record could he
elicited through the epicardial space, while i.v. KClelicited only the well-known
flutter and fibrillation. Some agents such as noradrenaline do not act on the
heart through the epicardial pores. Conversely, natural and synthetic substances
when given into this space afforded protection against the KCIl-induced ST-
elevation and later infarction. That this space begins with pores, could be infer-
red from the finding that almost 10% of the 15l-labelled albumin applied to a
small epicardial area could be found in the endocardium and in the myocardial
fibres beneath it [8]. By obstruction of these pores by means of India ink,
a prevention of the above-mentioned effects of i. peric. KC1 could he
achieved.

The fact that some natural substances protecting against infarction could
he found in the pericardial fluid underlines the importance of the pericardial
space where the lack of these substances may lead to infarction. The effective-
ness of these substances might also indicate the presence of receptor-like struc-
tures in this area.

Successful oxygenation of the myocardium via this space fits in well with
the described phenomena. Rises in blood pressure and alterations of ECG
and of cnd-diastolic pressure produced either by general hypoxia or by coro-
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nary clamping could be prevented by oxygen applied locally on the surface of
the heart or introduced into the pericardial sac.

Neither the effect of oxygen nor that seen after KC1 administration can
be explained by diffusion into the myocardium, this mechanism of transport
being much slower than the time-course of the observed changes. The high
coronary blood flow and myocardial lymph circulation would eliminate the
solution before reaching the myocardium, if the transport of substances from
the pericardial space did not occur in a space distinct from the former two cir-
culatory channels. Earlier experiments showed the ability of 15l-labelled albu-
min to accumulate at an endocardial area opposite to the site of its pericardial
application [8]. This fact excludes a sideward diffusion and supports the exist-
ence of preformed pathways inside the heart, perpendicular to the endocar-
dium. This assumption was further strenghtened by the present results obtained
after occluding these pores with India ink.

These considerations make it unlikely that oxygen applied to a small
epicardial area might increase the oxygen content of the hypoxic arterial blood
perfusing the heart. Until the results of our experiments now in progress will
be available, the most feasible explanation may be the oxygenation of some
reducible substrates during hypoxia.

The similar role of KC1 and hypoxia in eliciting the circulatory changes
and alterations in the membranes are supported by other facts as well. Accord-
ingly, KCl administration evokes hypoxia and the hypoxia leads to an increase
in KCIl concentration. This correlation is indicated by the finding that the same
protective agent is capable of inhibiting the ECG effect of both KCland hypox-
ia. It should be pointed out that KCI and hypoxia evoke infarction from a special
space of the myocardial cells. This space begins with pores at the epicardial sur-
face and reaches myocardial cells accross special pathways of connective tissue
(Fig. 17).

The efficacy of this system is shown by the almost 100% incidence of
ST-elevation after administration of KCI. Since the pericardial fluid was shown
to contain biologically potent substances, a branching of the intramyocardial
canalicular system towards the surface of the heart has been supposed. Active
substances may influence the myocardial cells either via the epicardial pores
or through the coronary circulation. Figure 17 also demonstrates that an excess
of K+ evoked by hypoxia may re-enter the pores, aggravating thereby the
existing hypoxia which, in turn, leads to a further accumulation of K +. This
K+ — hypoxia feed-back mechanism finally results in infarction. Although in
our experiments K+ had atriggering role, the same situation after hypoxia may
also be assumed. The latter cause-effect relationship is supported by our find-
ing that when KCI was administered after opening the chest (rats), hypoxia
was added to the K+ effect, thus, the incidence of infarction reached 90%.
The site of KCI injection also influenced the incidence of infarction; injection
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at the base and at the apex resulted in infarction in 89% and 50%, respectively.
In humans, too, infarctions are more frequent at the hase than around the
apex of the heart.

The separation of the two spaces seen in Fig. 17 does not mean that the
epicardial space is supplied with oxygen from a system other than the coro-
naries; but the epicardial space may represent a supplementary or alternative
route for oxygen in the case of hypoxia. Fig. 17 shows further that substances
administered into the pericardial fluid ultimately reach the extracellular space.

Epicardial space

Pore Epicard

Fig. 17. Schematic diagram (for details see text)

This is supported by a number of data. Weiss and Schiene [10] found that
during myocardial ischaemia K + accumulates in the extracellular space. Ac-
cording to Wiegand et al. [11] after clamping of the coronary artery extracel-
lular K + concentration increases from 3.2 mmol/litre to 11.3 mmol/litre. Simi-
lar results have been obtained by Hill and Gettes [6], Hirche et al. [7],
Harris et al. [4,5] as well as by Dennis and Moore [2].

It should be emphasized that the ECG changes observed in the present
experiments are very similar to those known to develop in man in the course
of infarction. The initial rise of the ST-segment, disappearing during infarction,
may re-appear at later stages as observed also by Dietrich and Schwiege [1].
Inhalation of hypoxic gas mixtures led to re-appearance of ST-elevation as did
exercise (Hausner and Scherf, [1]). Release of K + was observed also by F ranz
and Bo6s [3] during myocardial ischaemia. Thus, the majority of data available
are not in contradiction with our theory of the development of myocardial
infarction.
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Interstitial fluid pressure was measured by Guyton’s capsular method in the
subcutaneous tissue of rats after a single DOC i.p. injection. Regardless of the dose of
DOC, the pressure-time curve showed three phases: latency, decrease and recovery.
The maximum drop in pressure and the recovery time were dose-dependent. Maximum
decrease in interstitial fluid pressure after 0.25; 0.50; 0.75; 1.00 mg/100 g body wt of
DOC was 3.2; 7.1; 9.2 and 10.6 mmHg, respectively. It was found that the recorded
pressure response is not exclusively caused by Starling forces. A correlation was found
between the pressure decrease and the extracellular potassium loss. The role of potas-
sium in the DOC-induced pressure response was verified by administration of the spe-
cific potassium ionophore, valinomycin. Due to the effect of valinomycin, potassium
ion transport and, as a consequence, the interstitial pressure response, were accelerated.

Guyton [6] reported that interstitial hydrostatic pressure in the subcu-
taneous space was normally subatmospheric when measured with chronically
implanted capsules. Some studies [6, 7, 8, 13] supported that the interstitial
fluid pressure was normally negative in certain soft tissues. In all these experi-
ments alterations in interstitial hydrostatic pressure were induced by changing
the hydrostatic pressure in the capillary or the colloid osmotic pressure of
plasma, and the measured interstitial pressure changes corresponded to those
predicted by Starting’s law [11].

Recently, in the development of negative capsular pressure more import-
ance has been attributed in addition to the Starting forces to the physical
and chemical properties of the components of the interstitial space [2, 5].
Interstitial proteoglycans are thought to generate an absorption pressure pri-
marily because of the Donnan osmotic pressure of the cations entrapped by
these polyelectrolytes and because of the electrostatic repulsion between the
negative charges on the proteoglycan molecules themselves. These pressures
represent ionization-dependent components of the matrix’s (capsular) pressure.

Thus it might be expected that the interstitial pressure may alter due to
electrostatic repulsion if the ionic balance and thereby the degree of ionization
are influenced. It is known that aldosterone and 11-deoxycorticosterone have
marked effects on sodium and potassium distribution in the body. The aim of
the present study was to check whether the changes in ionic balance induced
by DOC administration do or do not influence the interstitial (capsular) pres-
sure.
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M aterials and Methods

Experiments were performed on female rats weighing 200-250 g. The animals had free
access to food and water prior to study and were maintained under conditions of controlled
lighting (from 6 a.m. to 6 p.m.) and temperature (26 ~ 2 °C). Anaeshtesia was induced by i.p.
injection of sodium pentobarbital 5 mg/100 g body wt during measurements. Supplemental
doses of sodium pentobarbital were given as required to maintain anaesthesia.

Interstitiai fluid pressure measurement. The interstitial fluid pressure was determined
by Guyton’s method [6]. A cylindrical plastic tube 5 mm in diameter and 15 mm long, closed
at both ends and perforated by numerous 1 mm holes was implanted subcutaneously in the
back ofrats 4-6 weeks before the experiments. The actual pressure prevailing in the inner space
ofthe capsule was measured by a 26 gauge syringe needle inserted through the skin, and through
one of the holes into the cavity of the capsule. The needle was connected to a Statham trans-
ducer (P 23 Db) by polyvinyl tube. The whole system was previously filled with normal saline
solution.

Analytical methods. Samples of blood from a carotid artery and of interstitial fluid from
the capsule were collected in heparinized tubes and centrifuged immediately thereafter.
Sodium and potassium concentrations were determined by flame photometry (Flapho 4, Zeiss).
Total protein concentration was measured by the biuret method, using bovine serum albumin
as standard. Free fatty acids were assayed by the Dole and Meinertz method [3] and glucose
by Dubowski’s method [4]. All these measurements were performed in both plasma and inter-
stitial fluid samples collected simultaneously.

Other determinations. Mean arterial blood pressure was measured by a catheter inserted
into the carotid artery and connected to a mercury manometer. Arterial haematocrit was meas-
ured using a micro method. In all experiments measurements of arterial pH, pC02and p02
were carried out using a “IL” 213-227 digital pH/blood gas analyser.

Drugs. A single injection of desoxycortone acetate in oil (Decosteron, Richter) or water-
soluble desoxycortone glucoside (Percorten, CIBA) was given intraperitoneally in doses of
0.25; 0.50; 0.75; and 1.00 mg/100 g body wt.

Statistical analysis. All experimental data are presented as means iS.E.M . Statistical
significance was determined by Student’s 1-test; p < 0.05 was considered significant.

Results

a) Effect of DOC on ionic balance, blood pressure, pH, blood gases, protein,
glucose and FFA

The well-known effects of mineralocorticoid excess were detected fol-
lowing administration of 1 mg/100 g body wt DOC. The relative sodium con-
centration was significantly increased in both plasma and capsular fluid. While
reduction of the relative potassium concentration in the plasma was pronounc-
ed, in capsular fluid it was slight (Fig. 1). An ion shift between plasma and cap-
sular fluid was not observed in the control animals (Table I).

Besides hypernatraemia and hypokalaemia, hypertension and compen-
sated metabolic alkalosis (see Table Il) were also observed.

The total protein concentration was higher than the control in both plas-
ma and capsular fluid. The increase in plasma free fatty acids (FFA) and glu-
cose concentrations pointed to some glucocorticoid activity of desoxycortone
glucoside (Table I11).

Table IV shows the difference between the interstitial and plasma protein
concentration (called osmotically effective protein concentration). The effec-
tive protein concentration reflects only the direction of changes of the colloid
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1mg Percorten/ 100 g body wt

Fig. 1. Sodium and potassium concentrations in plasma and capsular fluid following i.p.
administration of 1 mg/100 g of desoxycortone glucoside expressed in percents of control.
Each point is the mean "S.E.M . for 8—0 different animals

Table |

Control sodium, potassium and protein concentrations (means i S. E. M.) in plasma and capsular
fluid immediately and 8 h after anaesthesia

Parameter Control | Control Il p,lvsll
plasma 143 -h 1 141+ 1 N. S.
Sodium concentration (n 7 (n 7)
mmol/1 capsule 145 + 1 144 + 2 N. S.
(n=17 (n 7
p, plasma vs capsule N. S. N. S.
plasma 49+ 03 52+ 0.2 N. S.
Potassium concentration (n=17 (n=17)
mmol/l capsule 54+ 0.2 57+ 0.2 N. S.
(n 7) (n= 6)
p, plasma vs capsule N. S. N. S.
plasma 67.94 + 1.74 64.58 + 2.72 N. S.
Protein concentration, g/1 (n=17) (n—17)
capsule 41.13 + 1.79 41.70 + 1.46 N. S.
(n = 6) (n=18)
p, plasma vs capsule < 0.001 < 0.001
Control I: immediately after anaesthesia.
Control Il: 8 hours after anaesthesia.
p, I vs Il: significance of differences between Control | and Control II.

p, plasma vs capsule: significance of differences between plasma and capsular (interstitial) fluid.
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Table 11
Mean values = S. E. M. of blood pressure, pH,pCO02 pO., and haemaiocritfor arterial blood after
a 1 mgjl00 g dose of desoxycortone glucoside
Hours after injection of 1 mg/100 g of desoxycortone glucoside
Parameter Control
4 8 12
Blood pressure 119+ 3 114+4 136 £ 5* 145 + 5*
mmHg (n = 8) (n= 4) (n=4) (n = 6)
pH 7.28 + 0.02 7.32 £ 0.04 7.32 + 0.02 7.37 £ 0.03
(n= 8) (n=7) (n = 8) (n=8)
pCo02 mmHg 454 + 1.8 432+ 23 38.2 + 1.2* 40.1 + 1.7
kPa 6.04 =+ 0.24 575+ 0.31 5.08 + 0.16* 5.33 + 0.23
(n = 8) (n 6) (n 8) (n=8)
p02 mmHg 88.3 + 8.2 843+ 25 88.2 + 2.8 86.2 + 1.3
kPa 11.74 + 1.09 11.21 + 0.33 11.73 £ 0.37 11.46 + 0.17
(n 8 -7 (n 8 (n=8)
Haematocrit 44 + 0.4 44+ 1.0 44 + 0.8 45 + 0.9
(n 15) (n 13) (n 15) (n 10)

*: p < 0.01, significantly different from controls.

osmotic pressure. The change in this gradient referring to the control state

— cpl) follows the plasma osmotic pressure shift after DOC injection.
From the third column of Table IV it can be seen that the d(c, — cpl) was un-
changed, except in the 4th and 6th h of the experiment when it was increased.

Table I11

Plasma protein, FFA and glucose concentration (means * S. E. M.) after administration of

1 mg/100 g desoxycortone glucoside

8 h after injection of

Parameter Control 1mg/100 g desoxycortone p

glucoside

plasma 653+ 15 84.1+ 2.0 <0.01
Protein, g/1 (n=9 (n=29)

capsule 422 =13 54.0 + 3.6 <0.01
(=9 (n=19

FFA, mrnol/1 plasma 1.01 £0.16 2.22 + 033 <0.01
n=09) (n=9)

Glucose, minol/1 plasma 7.10 + 0.33 8.60 + 0.22 <0.05
(n 9 (n=29

p: significantly different from controls.
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Tabic IV
Effective protein concentration between capsule and plasma after a 1mg/100 g dose of desoxycorlone
glucoside
Hours “qucﬂ L : @ p
0 —25.8 + 2.8 0
2 -21.6 + 80 + 4.2 N. S.
4 -13.8 £ 25 + 12.0 <0.05
6 -11.9 + 1.3 + 13.9 <0.02
8 -31.3 £ 5.0 -5.5 N. S.
10 -30.8 £+ 04 -5.0 N. S.
12 214 + 4.4 + 4.4 N. S.
13 165+ 4.2 + 9.3 N. S.

c-: total protein concentration in interstitial (capsular) fluid (n = 5).
Cpt: total protein concentration in plasma (n 5).

-H i) = (i oiDOC (fi  cpl)controe
Plasma and capsular fluid were collected from the same animal.
p: significantly different from control.

b) Effect of DOC on capsular pressure

In Fig. 2 the changes in interstitial fluid pressure following an injection
of 1 mg/100 g body wt of desoxycortone glucoside is represented by a typical
curve. The control pressure was —4.7 mmHg. After desoxycortone glucoside
administration a latency period of 3 h occurred then the pressure started to
fall progressively and subsequently it returned to the control value. The shape
of the pressure curve remained the same irrespective of the dose of DOC,
i.e. the 2—3 h latent period and the slope of pressure decrease were almost iden-

1mg Percorten/ 100g body wt

1 2 3 £ 5 6 7 8 9 10 1 12 13 14 hours

Fig. 2. Effect of 1 mg/100 g body wt of desoxycortone glucoside on interstitial fluid pressure
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tical. The maximum interstitial fluid pressure and recovery time were, how-
ever, dose-dependent.

In Fig. 3the maximum decrease in interstitial fluid pressure is plotted as
a function of the DOC dose. The drop in interstitial fluid pressure after 0.25;

00C /100 g body wt

Fig. 3. Effect of DOC in different doses on the maximum interstitial fluid pressure response
Each point is the mean value ;tS.E.M. for 5 different animals

0.50; 0.75 and 1.00 mg/100 g of DOC was 3.2 + 0.2 (n = 5),7.1 0.2 (u = 5),
92 + 0.2 (n= 5) and 10.6 + 0.3 mmHg (n = 5), respectively.

Figure 4 shows the effect of the potassium ionophore valinomycin on the
control pressure and the DOC-induced interstitial fluid pressure response in a
typical experiment. Administration of 10 pg valinomycin into the capsule
resulted in a slight increase of interstitial fluid pressure above the control
level. The addition of valinomycin,altered the DOC-induced interstitial fluid
pressure response in that the latency period was shortened and the pressure
decrease accelerated, but the lowest value of the pressure remained unchanged.

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 hours

Fig. 4. Effect of valinomycin on the control and the DOC-induced interstitial fluid pressure
changes
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Discussion

We found significant changes in interstitial fluid pressure after a single
DOC i.p. injection. In order to ascertain the exact origin of the observed inter-
stitial fluid pressure response, the influence of volumetric, osmotic and other
possible factors operating in the interstitial space had to be analysed.

In the experiments, the fluid volume was not measured directly.The haem-
atocrit and the sodium concentration allowed to draw some conclusions on
the possible changes in extracellular volume. The increased sodium reabsorp-
tion in the kidney caused by DOC led to a rise in extracellular sodium concent-
ration. Due to the raised osmotic pressure water had to move into the extra-
cellular space. Because no water intake was allowed during the measurements,
the relative lack of water in the extracellular fluid could be compensated only
at the expense of intracellular fluid.

In the first 8 h period the volume of plasma was probably better preserved
than that of the interstitial fluid. This was supported by the practically con-
stant plasma sodium concentration and by the constant haematocrit value.
As a result there was an increase in interstitial fluid volume at the expense of
intracellular fluid.

In the 8-13 h period, the volume of interstitial fluid increased at the
expense of both intracellular fluid and plasma. This hypothesis is supported
by (i) the significant increase in sodium concentration both in plasma and inter-
stitial fluid; (ii) the increase in plasma protein concentration, and (iii) the
constant haematocrit as a result of two opposite effects: the decrease of plasma
volume and the increase of extracellular osmolarity.

There seems to be a contradiction between the increased protein concent-
ration of the interstitial fluid and the increased interstitial fluid volume.The
increased protein concentration following DOC injection was not caused by
dehydration, because the protein concentration in both plasma and capsular
fluid remained unchanged in the control animals during the 0—8 h period of
anaesthesia. This finding therefore is considered as a result of DOC administ-
ration, without knowing its exact mechanism.

The elevated blood pressure despite the decreased plasma volume in the
8th and 12th h may be a consequence of an increase in endogenous aldosterone
secretion via the renin-angiotensin system. Vasopressin secretion may also in-
crease due to the increased effective plasma osmotic pressure. Both mechanisms
result in retention of water, consequently a decrease in urine volume. In fact,
micturition was never observed during the 13 h experimental period.

Comparing the possible changes in volume of the interstitial fluid with
the measured trends in interstitial pressure, it can be seen that when the inter-
stitial fluid volume was increased (in the first 12 h period after DOC administ-
ration), the pressure was constant or it decreased. On the other hand, when the
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pressure returned to its control value (in the 12th h after DOC administration)
the fluid volume was still augmented.

It is concluded that the volume change may contribute to the observed
changes in interstitial fluid pressure but this pressure change is not solely a
volume effect.

In order to analyse the osmotic influence on the interstitial fluid pressure,
the following factors were taken into consideration. We analysed the equilib-
rium between plasma and capsular fluid, assuming that the composition of
interstitial and capsular fluid was identical [1, 12]; and we calculated the osmo-
tic pressure change due to the alteration in protein concentration.

In the first 10 h period, the colloid osmotic gradient was unchanged or
increased in the 4th and 6th hours.This contradicts the simultaneous continuous
decline of interstitial fluid pressure. No significant change was seen in this
gradient during the next 10—13 h period, when the pressure increased. So the
trend of interstitial fluid pressure change cannot be interpreted by the osmotic
effect of proteins.

The insufficiency of Starting forces in the interpretation of the DOC-
induced pressure decrease allowed to assume that the pressure change may be
related to the interstitial ionic equilibrium, above all to the losses of potassium
ion. With decreasing potassium concentration the amount of entrapped potas-
sium ions, consequently the number of negative charges on the proteoglycan
molecules, and according to this, the electrostatic repulsion increases. Inter-
stitial pressure changes are related to the number of entrapped cations. Thus it
is not necessary for the pressure decrease to coincide directly with the decrease
in total (entrapped plus free) extracellular potassium concentration. As direct
measurements could not be done it was assumed that the fall of interstitial
fluid pressure was correlated with the interstitial losses of potassium ion. The
hypothesis seems to be supported by the effect of valinomycin [9, 10]. Valino-
mycin increases the potassium permeability of membranes and so that of the
membrane around the capsule. Therefore, due to the effect of valinomycin the
potassium ion transport and, as a consequence, the interstitial fluid pressure
response is accelerated as it has been observed in the present study.

Acknowledgements

The excellent technical assistance of Miss Judit Fabian is gratefully acknowledged.

REFERENCES

1. Brace, R. A,, Guyton, A. C., Taylor A. E.: Time course of lymphatic protein concentra-
tion in the dog. Microvasc. Res. 14, 243—249 (1977).

2. Brace, R. A, Guyton, A. C.: Interstitial fluid pressure: capsule, free fluid, gel fluid and
gel absorption presure in subcutaneous tissue. Microvasc. Res. 18, 217—228 (1979).

Acta Physiolégica Academiae Scienliarum Hungaricae 59, 1982



10.

11.

12.

13.

DEOXYSTKRONK AND INTERSTITIAL FLUID PRESSURE 263

. Dole, V. P., Meinertz, Microdetermination of long-chain fatty acids in plasma and
tissues. J. Biol. Chem. 235, 2595-2599 (1960).
. Dubowsky, K. M.: An o-toluidine method for body fluid glucose determination. Clin. Chem.

8, 215-235 (1962).

. Granger, H. J.: Role of the interstitial matrix and lymphatic pump in regulation of trans-

capillary fluid balance. Microvasc. Res. 18, 209—216 (1979).

. Guyton, A. C.: A concept of negative interstitial pressure based on pressures in implanted

perforated capsules. Circulat. Res. 12, 339-414 (1963).

. Guyton, A. C.: Interstitial fluid pressure: Il. Pressure-volume curves of interstitial space.

Circulat. Res. 16, 452-460 (1965).

. Hopkinson, B. R., Border,J. R.,, Heyden, W. C., Schenk, W. G.: Interstitial fluid pres-

pressure changes during hemorrhage and blood replacement with and without hypo-
tension. Surgery 64, 68-74 (1968).

. Pressman, B. C.: Biological application of ionophores. Ann. Rev. Biochem. 45, 501-530

(1976).
Siiemyakin, M. M., Orchinnikov, Yu. A. Y. T., Antonov, V. A. V., Lain, I. A., Melnik,
E. 1., Ryabova, |I. D.: Cyclopeptides as chemical tools for studying ionic transport

through membranes. J. Membrane Biol. 1, 402 (1969).

Starling, E. H.: On the absorption of fluids from the connective tissue spaces. J. Physiol.
(Lend.) 19, 312-326 (1896).

Taylor, A., Gibson, H.: Concentrating ability of lymphatic vessels. Lymphology 8, 43-
49 (1975).

Zweifach, B. W.: Comparison of capsule and wick techniques for measurement of intersti-
tial fluid pressure. J. appl. Physiol. 31,—942-945 (1971).

Magda Gitanyi, Arisztid G. B. Kovach
Experimental Research Department,
Semmelweis University Medical School
11-1082, Budapest, UllGi at 78/a, Hungary

Zsuzsa Simon
First Department of Pediatrics, Semmelweis University Medical School

H-

1083, Budapest, Bokai J. ut 53, Hungary

5% Acta Physiologica Academiac Scientiarum Hungaricae 59, 1982






Acta Physiologien Academiae Scientiarum Hungaricae, Tomus 59 (3), pp. 265—282 (1982)
BETANINURIA: A GENETIC TRAIT?
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A total of 58 MZ and 41 DZ Hungarian adult like-sexed twin pairs were studied
for the presence of betanin in urine (called betaninuria) after the ingestion of a stan-
dardized beetroot juice. By means of a semi-quantitative technique, betaninuria values
of all test persons were determined. Several mathematical models were tested to find
a probability distribution fitting well to the empirical data.

The hereditary character of the intensity of betaninuria cannot definitely be
accepted although some circumstances pointed to the effect of genetic factors on the
phenomenon.

Allison and McW hirter [1] described two new traits for which human
individuals have been suggested to differ. The first trait is that after eating
asparagus some people excrete methyl mercaptan, a compound of unpleasant
smell, while others do not; the gas can be identified in urine by transforming it
to silver mercaptide. The second trait is characterized by the urinary excretion
of a violet-red pigment a few hours after consuming beetroot by some of the
people. The pigment was identified as the alkaloid betanin, a betacyanin of
reddish-violet colour. Its structure was clarified by Mabry et al. [16] (Fig. 1).

The presence of betanin is often confused with haematuria, thus the
phenomenon has a practical importance. Early authors, Zindler and Colovos
[26] attributed the presence of betanin in urine to food allergy while Allison
and McWhirter [1] supposed that betaninuria (abbr.: BU) was genetically
controlled and that in healthy populations there were excretors and non-excre-
tors, strongly suggesting that the character was transmitted by a single, auto-
somal recessive gene. Family data were in accordance with their hypothesis,
but it must be noted that their method was too simple: the presence or absence
of the pigment was registered by a simple inspection of the urine. They found
that among 104 persons 10 were excretors; and since their family data seemed
to confirm the results, the authors supposed that the phenomenon might have
played a role in human selection to the advantage of heterozygotes. An Edito-
rial of the British Medical Journal [3] supported the hypothesis, but shortly
thereafter it was rigidly refused by Penrose [18] in the columns of the same
periodical, judging the theory as an “inaccurate impression’. Later Saldanha
et al. [20, 21, 22] confirmed the results of Allison and McW hirter not only
by emphasizing the validity of the genetic theory, but also by finding ethnic
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differences in BU among Caucasian, Japanese and Negro populations living in
Brazil. Their method, however, was rather primitive, excretion or non-excre-
tion was judged hy visual criteria. Another hypothesis, introduced by W atson
et al. [24, 25] and Luke and W atson [15], supposed that urinary excretion of
betanin depended on the degree of intestinal absorption and not on the excre-
tion type of the individual, influenced by sufficient or insufficient dénaturation
of the compound, as it was assumed hy Ai1tlison and McW hirter [1].
Complete rejection of the genetic theory was expressed by Getldmacher—
V. Mallinckrodt et al. [12, 13] who investigated BU by column chromato-
graphy. It must, however, be mentioned that beetroot ingestion in their cases
was not controlled reliably. They concluded that none of the hitherto expressed

hypotheses could be accepted. According to them, everyone may he regarded
as a betanin excretor, it only depends on the amount of the beetroot ingested
and the method applied.

The great uncertainty in the literature concerning the detection of BU
on the one hand and the aetiological interpretation of the results on the other,
had led us to elaborate a new method [6, 7]. In an experiment performed in
244 kindergarten children 3 to 6 years of age, the juice of cooked beetroot was
offered as a drink instead of feeding whole beetroot with a variable pigment
content. The urine samples were examined by a Pulfricli photometer to allow
a quantitative characterization of BU.

As to the individual variability of BU (Forrai et al. [8, 9]), certain regu-
larity was found: there were people who excreted consistently more, and others
who excreted consistently less betanin than the average. A study (Forrai et
al. [10, 11]), was then undertaken to check the statement of Watson et al.
[24] and Tunnessen and Smith [23] who found a connection between the de-
gree of BU and iron deficiency; this could not be verified by our results.
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Materials and Methods

A study was undertaken at the Department of Physical Anthropology
of the E6tvés Lorand University, Budapest, in 58 MZ and 41 like-sexed DZ
Hungarian adult twin pairs.

The zygosity diagnosis was mainly based on blood group determinations (according to
Rex-Kiss et al. [19]), with 3 red blood cell membrane systems and 2 serum protein systems).
On the basis of this serological screening about 93% of the DZ pairs could be detected. In or-
der to separate the remaining DZ pairs hidden in the original MZ group, morphological fea-
tures, anthropometric measurements, dermatoglyphic patterns, PTC taste sensitivity etc. were
also taken into account; e.g. 6 pairs were left out of the original set of MZ twins, their zygosity
being regarded as ambiguous on the basis of their PTC sensitivity.

The test persons were asked to void urine before drinking 250 ml of
beetroot juice, and then they were allowed no food or fluid for two and a half
hours, when collection of the urine samples took place. As to the preparation
of beetroot juice see Forrai et al. [6].

Since the betanin could not be extracted from urine by means of solvents
[6], BU was estimated indirectly by determining the extinction at two wave-
lengths; at 530 nm (yellow colour of urine together with violet colour of betanin)
and at 660 nm (yellow colour of urine alone, where betanin practically ceases
to absorb light). By substracting the latter from the former value, the result
NE = E530— Eeeo was used to characterize the BU of a test person. In the fol-
lowing the 103X/IE quantities (having no dimension) will be called simply
BU values.

In each pair one of the twins was denoted randomly by A while the other
one by B. It will not only be dealt with MZ and DZ pairs, but also with the
subpopulations of individuals: MZ/A, MzZ/B, DZ/A and DZ/B. The frequency
distributions of the sampled BU values are seen in Table I. In order to compare
our earlier results obtained in kindergarten children with those for members of
adult twin pairs, the former data will be referred to as Children.

Mathematical investigation of the BU values

On the basis of inspection the urine samples can be classified into a few
discrete categories. In virtue of the method of evaluation applied by us the
obtained BU values can be regarded as results of a sampling from any conti-
nuous probability distribution. Therefore the statistical treatment of the sam-
pled data consists mainly of a search for the “best fitting” theoretical distri-
bution.

The frequency distributions belonging to all populations investigated by
us suggest that the theoretical distribution might have an unimodal, skew
density function (see Table I). The fact of skewness is beyond dispute while the
distinction between unimodality and multimodality leads to more difficult
problems discussed later.
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Table |

Frequency distributions of BU values (measured in 10nxJ/1 E units) for the MZ and DZ twins

BU values MZ/A Mz/B Mz DZ/A DZ/B DZ
°,. 20 1 2 3 2 I 3
21 -40 4 6 10 2 3 5
41—60 10 8 18 7 12 19
61—80 13 19 32 6 9 15
81—100 7 4 u 7 3 10
101-120 13 7 20 3 4 7
121-140 2 5 7 3 2 5
141-160 2 1 3 4 2 6
161-180 2 2 4 2 2 4
181-200 1 1 2 3 2 5
201-220 1 2 3 2 — 2
221-240 1 1 2 — — -
241-260 1 — 1 — — —
261-280 1 1
281 — — — - —
Total 58 58 116 41 41 82

A trial to fit a normal distribution to the BU values of Children popula-
tion was performed earlier (Forrai et al. [6], [7]); it was found that the normal
distribution failed to fit the frequency distribution.

In the present paper we investigate the fitting of models connected with
the lognormal distribution.

A random variable is lognormally distributed, if its logarithm has a normal distribu-
tion. A normally distributed random variable is often interpreted as a sum of a large number
of relatively small, independent random fluctuations. In a similar way, a lognormal random
variable may be regarded as a product of a large number of independent random fluctuations.
For the lognormal distribution see e.g. the book of Aitchison and Brown [2].

The choice of the lognormal distribution provides a good fit to the empir-
ical data; besides this choice is supported by the analytical properties of the
distribution, in particular by the possibility of treatment of the two-dimension-
al case applied to modelling the distribution of BU values of the twin pairs.

In order to characterize the distribution of the BU values the following
models were studied:

1. The two-parametric lognormal distribution. The obtained results
could be regarded as fairly good at the first approximation. Several facts sug-
gested, however, that the use of models containing three or more parameters
might provide a better description of the phenomenon.
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2. The three-parametric lognormal distribution.

3. A superposition of the two-parametric lognormal distribution and a
normal distribution with expectation zero and constant variance; by the latter
distribution the measuring errors and/or the individual fluctuations of BU
values are modelled.

4. A generalization of Model 3, by taking the variance of the “true” BU
values. This assumption was indicated by some numerical results contained in
papers [8], [9]; namely, in a small population of kindergarten children tested
repeatedly ten times, intraindividual variances seemed to be correlated with
the average BU values.

In the following, first the mathematical models and the statistical esti-
mating procedures will be described,* then the analysis of the numerical results
and a comparison of the models.

Model 1

a) Univariate case. The investigated population consists of N persons.
The BU value for any person is supposed to be a random variable f having a
lognormal distribution with parameters (p, a2, i.e. a density function

1 [y
/(%) = -== e (()<*<H), (1)
\ 2n ax

The BU values belonging to different persons are assumed to be independent.
Between the moments and the parameters** of this distribution the fol-
lowing connection exists:

E(7) = LVICdr: K= 1,2, .. 2

consequently the parameters can be evaluated when any two moments of the
distribution are known. Let us introduce the notation

mk= -jjrdg*? (k— 1,2,...), (3)

where xtdenotes the observed BU value belonging to the z'-th person and mkis
called the fc-th empirical moment. On the basis of the sample the value of
E(£/l) can be estimated by mk (k= 1, 2, .. .), and in this way an estimate

*In this paper the estimation method, called the method of moments, was used. A com-
prehensive treatment of multimodality problems can be found in the book of Medgyessy [17].
** fi and a" are the expected value and the variance of In f, respectively.

Ada Physiologien Academiae Scientiarum Hungaricae 59, 1982



270 G. FORRALI et al.

(n*, a*2) of (jti, a2) can be given. E.g. the use of the first two moments leads to
the equations

a*2
m, = ¢e¢"*-r
AP+ 21 @)
m2= ¢ :
the solution yields the estim ates
jur= 2InraL——Inm2,
©)
a*2= 1In 2Inm,.

b) Bivariate case. In this case the investigated population consists of N
twin pairs. The BU values for the members of any pair are supposed to be a
random vector variable (|(9. ~ ) having a bivariate lognormal distribution
with parameters (p, a2 r) i.e. a density function

h(x,y) = exp —-n X— n)2 6
2ner2]j1  r2 xy 221 - r2) )

2r(lnx K (Iny —[n) + (Iny -- w7 (O< x< +°°, 0<y< + BO).

The parameter r characterizes the within-pair correlation* while the BU values
belonging to members of different pairs are regarded to be independent. The
parameter rappears in the expressions of the product moments of distribution

(6), e.g.

- 00 -j- @

E(]<91(2) = J J xyh(x,y)dxdy = e2lt+°"+ra )

W hen the BU data of the twin pairs are denoted by (xt,y,) (i= 1,2,..., N),
the empirical moments may be written in the form:

mk(x) = ! xfj, mk(y) 1
wo1- 1 N ~ y"
1
(mk(x) + mk(y)) (k- 1,2,...), (8)

By attaching the equation
n-(r) - e§'+°"+r’°" (9)

*** Of course, the parameters can be estimated in a more natural way by using the mo-

ments of the distribution of In £; the present method was applied to allow comparison with the
other models.
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to the equation system (4) and calculating the values of ml and m., on the hasis
of (8) instead of (3), the solution for g* and a*~ is given hy (5), while the value
of r* can he obtained from equation (9):

(Inm(r) —21In1n . (10
The correlation coefficient R of the random variables and can he
expressed as
era*— 1
R
e - 1

This quantity can be estimated from the sample hy

m(r)
m 2 m\
or
er e - 1

) )

The numerical results obtained by the use of Model 1 are listed in Table I1.
The results related to the Children population originated from grouped data

Table 11
Numerical results obtained on the basis of Model 1

Population N VR a*2 r* R*
Children 244 4.2572 0.1787 0.423 - -
MZ/A 58 4.4058 0.2399 0.490 _ —
MZ/B 58 4.3577 0.2540 0.504 - —
MZ pairs 58 4.3716 0.2574 0.507 0.4077 0.3758
DZ/A 41 4.5053 0.2482 0.498 —_ —
Dz/B 41 4.3280 0.3049 0.552 e —
DZ pairs 41 4.4183 0.2276 0.477 0.4883 0.4537

(the same refers to the subsequent Tables); the results could not, however, be
biased by this fact to a considerable extent because the class intervals in the
grouping were small (10 units long).

Model 2

a) Univariate case. This model differs from Model 1 in fitting a three-
parametric lognormal distribution to the data instead of a two-parametric
one; i.e. the BU value for any individual is a random variable

*ris namely the correlation coefficient of In {(*) and In £(*"
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s(e) = 1 + T,

where | is the random variable considered in Model 1 and T is a constant (the
third parameter of the distribution). The BU values belonging to different per-
sons are supposed to be independent and identically distributed with a density-
function

| _ (In(x-1)-11)’

IT(*)=-T7T=—— “T > T<X<+00). 12
=N ax o ¢ ( ) (12)

The moments of the distribution of £(r) can he expressed by those of |
(cf. (2)) in a simple way:
E(1(v)) = E(i) + t,
E(«(M) = E(i) + 2tE(]) + €2 (13)

E(|3(1)) = E(E3) + 3TE(|2 + 3w2E(]) + r3.

Substituting the quantities E (ff{r)) by the empirical moments mk(k =
— 1, 2, 3) from formula (3), an equation system is obtained for the estimates
(fj*, <2, T*) of the parameters (/.i, a2 t); by introducing the notations

Q ea'\ P = e"*,
m3—m, m2 (14)

IV ¢ e — 1wMmI7,
m, mi2

this equation system can be written in the form

QWQ + 3 =4+ - Ki 2,
zn2 — mj

pa= ma- (15)
0Q 1)°
t* = M- PQL2

It is easy to see that the first equation of (15) has one and only one such
a root in respect of the variable Q which is greater than 1. After this equation
has been solved, the values for P and r* can be calculated from (15) while
a*2= In Q, ft* = In P are obtained from (14).

b) Bivariate case. The BU values belonging to any twin pair are regarded
as a random vector variable £(24(t)), where

1O() = £0)+ ¢ (i=1, 2),
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and the density funetion of the joint distribution of £29 is given by (6).
In this case the empirical moments are calculated on the basis of (8), while the
parameters p*, a*2 t* are evaluated from the equation system (15). The pro-
duct moment of the variables £¥*(r) and £2*(T) can be expressed as

E (I'D(n)i<2(r)) = + t(E(1<™) + E((<2)) + r2,

and thus—by the aid of the empirical product moment m(r), using our former
notations and considering (15)—the equation

m(r) - m\ = P2Q(era™ - 1)
can he deduced; hence

= A--In(R*(Q-1)+1), (16)
a*l

where*
R*= m(r) —m\

m2— m\
is the estimate of the correlation coefficient R of the variables |~ (r) and £2t).

The numerical results obtained by the application of Model 2 are seen in

Table I111.
Table 111

Numerical results obtained on the basis of Model 2

Population N ™ o= R*
™ >
Children 244 -84.39 5.0635 0.0433 0.208 - —
MZ/A 58 —35.62 4.7858 0.1322 0.364 — —
MZ/B 58 -45.09 4.8361 0.1196 0.346 — —
MZ pairs 58 -40.47 48121 0.1257 0.355 0.3907 0.3758
DZ/A 41 -209.15 5.7266 0.0299 0.173 — —
DzZ/B 41 -35.71 4.7369 0.1663 0.408 — —
DZ pairs 41 -87.91 5.1692 0.0833 0.289 0.4635 0.4537
Model 3

a) Univariate case. The investigated population consists of N persons;
the BU value belonging to any person is a random variable f, which can be
expressed as a sum of two independent random variables:

C=£ + v (17)

*The formula (16) is valid in the case of Model 1 too, merely the calculated value of
Q is different; the value of R* is, however, the same as in Model 1.
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where | has a lognormal distribution with parameters (/x, a2 (i.e. its density
function is given by (1)), while nis normally distributed with parameters (0,
A2), i.e. having a density function

*) = _NAj= N o o o o
g(*) = \ﬁnA.e ( <z<+ ). (18)

The BU values belonging to different persons are assumed to be independent.
The estimation of the parameters fi, a2, A2 can be based on the equation
system obtained by expressing the first three moments of the distribution of £:

E(E) = E(!) = e"+",
E(£2 = E(£E2 + E(yf) = eZ'+22+ A2, (19)

9 a2

E(£3) = E (|3 + 3E(£) E(ij) = eBR+2'M+ DA2e +-2.

Namely, according to the assumption of independence of the variables £ and
7, the equalities

E(j) = 0, E(39= 0, E(q)
E(lan = EEJEf) = 0, E(ftd

E(£) E(Y = 0,
E() Eft

hold true.

Substituting the moments E(CA of the distribution by the empirical
moments mk(k — 1, 2, 3) given in (3), anon-linear equation system is obtained
for the estimates /x*, <2 and ZI*20f the parameters g, a2and A2 respectively,
which can be transformed in the following way:

Q(QZ- 3) = "

Inl (20)

A*2= m2— Qml,

where Q e* . The first equation of the system (20) is a third-order algebraic
one; on the basis of its solution the unknown quantities can easily be evaluated:
namely cr*2= In Q (of course only the root Q > 1 is acceptable), while g*
and zl*2 can be calculated from the second and third equation of (20).

b) Bivariate case. It is assumed that the BU values belonging to any twin
pair can be characterized by a random vector variable (£0), £2)5where

£() = +f) ((=1,2);
the density function of the joint distribution of |0) an(j [(2 is h(x,y) (see (6));
r/) and rf® are independent of each other and of the variables and £
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Table IV

Numerical results obtained on the basis of Mocel 3

Population N M tre tr* A** A* r* R*
Children 244 4.2842 0.1248 0.353 372.93 19.31 - —
MZ/A 58 4.4233 0.2049 0.453 374.81 19.36 — —
MZ/B 58 4.3806 0.2082 0.456 452.29 21.27 — —
MZ pairs 58 4.4021 0.2067 0.455 415.96 20.40 0.4857 0.4590
DZ/A 41 4.5560 0.1470 0.383 1296.80 36.01 — -
DzZ/B 41 4.3508 0.2577 0.508 475.53 21.81 — —
DZ pairs 41 4.4556 0.2042 0.452 859.57 29.32 0.6659 0.6430

and their density function is g(z) (see (18)); BU values, belonging to different
twin pairs are also considered to be independent.

In this case the method of evaluation of the estimates p*, a*2 and ZI*2
is the same as above (i.e. it consists of solving the equation system (20)),
except that the moments are to be determined by considering both members of
the twin pairs (see (8)). The estimates r* and R* are evaluated —as in Model 1
—according to the formulas (10) and (11), respectively.

Numerical values of the parameters, estimated by applying Model 3,
are shown in two Tables: the populations in Table IV are the same as in Tables
Il and 111, while Table Vcontains results for subpopulations grouped according
to sexes.

Table V

Numerical results obtained on the basis of Model 3, related to populations consisting of persons of
the same sex

Population N p* cr*» a* A*2 A* r* R*
MZ/A males 27 4.4997 0.1177  0.343 706.69 26.58 - -
MZ/B males 27 43723  0.1759  0.419 384.34 19.60 — —
MZ pairs males 27 44371  0.1482  0.385 545.91 2336  0.5965 0.5818
MZ/A females 31  4.3637 0.2625 0.512 272.16 16.50 — —
MZ/B females 31 43927 0.2256  0.475 580.57 24.10 — —
MZ pairs females 31  4.3778 0.2449  0.495 418.47 20.46  0.4479 0.4179
DZ/A males 18 4.6789  0.1019 0.319 1124.28 33.53 — —
DZ/B males 18  4.3499 0.1830  0.428 409.31 20.23 — —
DZ pairs males 18 45215 0.1489  0.386 804.37 28.36  0.2872 0.2710
DZ/A females 23 4.4445 0.1974 0.444 1226.08 35.02 — —
DZz/B females 23 4.3659  0.2879  0.537 730.12 27.02 —
DZ pairs females 23 44035 0.2463  0.496 935.27 30.58  0.8563 0.8407
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Model 4

This model is a generalization of Model 3, namely the random variable
C= 1+ V(E)

is considered, where for any fixed value f = x (0 < x < + 00), Xx) isassumed
to be a random variable having a density function

A

1
g(oc,B,x;z) = —- .o e «+0X) (—oo<r<rl +»=)
Y2Ttr(a+ Bx)

(i.e. the variance of the “random error” 4(£) is assumed to be a linear function
of the “place of observation” I)*.

In this model four parameters (ft, a2, a, /1) are to be estimated (in the
bivariate case an additional parameter ris considered). On the analogy of Model
3, in this case four empirical moments must be evaluated and the solution of
the equation system obtained leads to that of a seventh-order algebraic equa-
tion for the variable Q. The details will not be discussed here.

The numerical results are listed in Table VI.

Table VI

Numerical results obtained on the basis of Model 4 (/t* = (a* B*mt)4-)

Population N o*2 T ax o* A r* =8
Children 244 4.2852 0.1227 0.350 355.76 0.4155 19.69 - -
MZ/A 58 4.4311 0.1892 0.435 158.91 4.1067 23.20 — —
MZ/B 58 4.3899 0.1898 0.436 214.78 4.6791 25.09 — —
MZ pairs 58 4.4106 0.1897 0.436 190.26 4.3701 24.20 0.5279 0.5045
DZ/A 41 45661 0.1266 0.356 971.40 5.5608 39.26 — ~
DZ/B 41 4.4213 0.2265 0.476 2.06 9.0358 28.28 — -
DZ pairs 41 4.4687 0.1780 0.422 459.68 7.2092 33.87 0.7638 0.7474

Comparative tests of the models. Analysis of the numerical results

In the case of Model 1 and Model 2 the goodness of fit of the estimated
distributions to the empirical data was tested. For this purpose the /2-test
was applied: the domain of measurement was divided into five parts being

* This assumption was suggested by an earlier experience, namely when the individual
variability of 16 kindergarten children was tested. The intraiudividual variance of the BU
values seemed to depend on the average value belonging to the test person (see Forrai et al.

[81. [9D).
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equally probable in respect of some hypothetical distribution (one of the
estimated distributions); consequently, according to the null hypothesis, each
part was expected to contain about 20% of the empirical data. The dividing
points were given by the corresponding fractiles of the distribution, i.e. by
those values xp for which the equations

(21)
and

(22

hold for Model 1 and Model 2, respectively, with p = 0.2, 0.4, 0.6 and 0.8
(®(x) denotes the distribution function of the standard normal distribution).
The solutions of the equations (21) and (22) are given by

Xp —
and
Xp = e’p~'LWe" + T*5

respectively. The ~-values obtained (with 4 degrees of freedom) are contained
in Table VII. In the five populations considered no significant differences could
be observed. Comparing the two models, the results for Model 2 showed smaller
fluctuations.

In the case of Model 3, evaluation of the fractiles of the distribution func-
tions would have required a great amount of computations; instead of these
calculations, a simulation experiment was performed concerning the popidation
MZ/A. An “artificial sample” of BU values belonging to 100 “fictive test per-
sons” was taken by generating random numbers with the prescribed distribu-

Table VII

y~values for the test offit of Model 1 and Model 2
(P(zf > 7.78) = 0.1)

Population N Model 1 Model 2
Children 244 5.45 1.25
MZ/n 58 1.17 131
MZz/B 58 0.28 3.21
DZ/A 41 7.17 3.02
DzZ/B 41 1.07 4.24
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Fig. 2a. Simulated frequency distribution of BU values of 100 “fictive persons”. (The artificial
sample was taken according to Model 3, i.e. f = £ (lognormal) + 7/ (normal), with parameters
fi = 4.423, 0 = 0.4527, A = 19.36, E(rj) = 0)

Fig. 2b. Simulated frequency distribution of the “lognormal part” (£) indicated in Fig. 2a

tion.* The frequency distribution of the generated random quantities is shown
in Fig. 2a, while Fig. 2b indicates the frequency distribution corresponding
only to the “filtered part” | of the random variable £ = ! + »»

The frequency distribution illustrated by Figure 2a may be considered an interesting
contribution to testing the problem ofunimodality ofprobability distributions. If the frequency
distribution indicated by the Figure had been obtained from real observations, the theoretical
distribution might be supposed to be trimodal. This artificial sample is, however, known to
have been generated from a unimodal distribution. Consequently, on the basis of a relatively
small sample size it can be rather vaguely judged if the near local peaks of the frequency
distribution originated from multimodality of the theoretical distribution or they could be re-
garded as the results of random fluctuations.

For the standard deviations of the estimated parameters of the two-para-
metric lognormal distribution the approximation formulas

D(/i*) ~ (N-2)~*a™*,
D (ct*2) ** 2%V - 2)~*0*2
* For simulation methods see e.g. the book of Hammebsley and Handscomb [14].
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can be given (in the bivariate case (iV — 2) must be substituted by (2N — 3)).
For example, by considering the data of Table 11, the values ~ 0.0655,
D(*«) - 0.0453 are belonging to the population MZ/A.

Since it follows from formula (2) that the parameters of the two-paramet-
ric lognormal distribution can be estimated on the basis ofany two moments of
the distribution, the goodness of fit was tested in another way too: namely,
the third and fourth empirical moments were also calculated and the parame-
ters were estimated by applying different combinations of the moments. From
these investigations the following conclusions could be drawn:

1. The estimates of the parameters, obtained by considering various com-
binations of moments, did not differ significantly: this fact indicated that the
two-parametric lognormal distribution fitted well to the empirical data at the
first approach.

2. The estimated values of the parameters did not fluctuate randomly but
fi* showed an increasing tendency while a*2 showed a decreasing one for each
population tested, when the estimates were based on higher order moments.
This fact suggested that two parameters might be not enough to give an
exact characterization of the distribution of the BU values.

Comparing the data of Tables Il and Il1, it can be said that the corres-
ponding (/t*, a*2) values are rather different in the case of Model 1 and Model
2, and the differences are to be considered statistically significant or nearly
significant.

The differences between the data of Tables Il and IV seem to be much
smaller. Nevertheless, the differences in respect of the Children population is
remarkable, considering that in this case the value of N is relatively large and
thus the parameters can be estimated more precisely (D(/x*)  0.0272, D(er*2) »
A« 0.0163). Although Model 3 has not been fully verified by statistical analysis,
it seems to have a real background; namely the existence of a measurement
error can be assumed and the results obtained for the value of A (20—30 units)
have come up to the preliminary expectations.

In spite of the differences of the estimated values of the parameters, the
curves of the various density functions were rather near to each other (see
Fig. 3%).

Model 3 was applied to investigate populations consisting of males and
females separately. The results contained in Table Y showed that the a*2
values of the distributions fitted to populations consisting of males were,
although not significantly, smaller i.e. the distributions of the BU values were
slightly more concentrated for males than for females. The average BU values
were, however, almost the same for both sexes. Therefore, even if the distribu-

* As the random variable t defined in Model 3 is concerned, only its “filtered part”
(i.e. the lognormal distribution of |) was illustrated, the density function of t would be slightly
flattened, owing to the “smoothing effect” of rj.
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ION t (xI

Fig. 3. Estimated frequency curves for several fitted distributions in the case of population

MZ/A (cf. Table I). The curves indicate the values ofy = 10 N f(x), where/(a) is the corres-

ponding estimated lognormal density function (N = 58): - Model 1, n* = 4.4058,

a*2= 0.2399;----- Model 2, fi* = 4.7858, a*2= 0.1322, r* = —35.62; — *« — « Model 3,
(only the lognormal part), fi* = 4.4233, a*2= 0.2049

tion of the BU values for a mixed population could be characterized theoreti-
cally by a bimodal distribution, the bimodality would hardly originate from the
inhomogeneity of the sample in respect to sex.

The results obtained by applying Model 4 have some discouraging fea-
tures; namely

1. the values of cr*2 differ only slightly from the corresponding ones of
Model 3,

2. the values of R* are quite different in children than in adults,

3. the values of a* are strongly fluctuating.

Despite these facts, the estimated 8* values must refer to the existence
of a slightly increasing tendency in the variance of the observations (an exact
statistical test for significaince does not seem to be easily constructed).

The intra-pair correlation of the BU values proved to be positive both in
MZ and DZ twins and for all the models considered.* The connection between
the members of twin pairs was not found to be closer for the MZ twins (even the
estimated values were in some cases smaller in MZ twins than in DZ twins).

Differences found between the MZ and DZ characters in respect to the
distributions of BU values belonging to the populations consisting of the
members of MZ and DZ twin pairs are not greater than between the subpopu-
lations DZ/A and DZ/B.

In addition to the comparisons described above, several other factors which might even-
tually have some influence on the phenomenon of BU were also examined.

1. Is there a closer connection between the BU values of twin pairs living together than
of those living apart? A negative answer was obtained.

2. Does age influence the BU values or the intra-pair deviations of BU values? The re-
sults obtained for MZ and DZ pairs were rather different. Owing to the small number of sample
elements no definite tendency could be stated.

* A t-test was used for the value of r*.
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3. Does the preference or refusal of beetroot have an influence on the BU value of a
person? As the great majority of the persons were fond of beetroot, no statistical analysis
could be performed.

Discussion

The earlier studies of BU were generally based on visual evaluation of the
urine. This technique is only capable to form qualitative categories i.e. the test
persons can he grouped into a few (mostly two) classes.

Obviously, the fact that instrumental measurements give exact numeri-
cal values instead of a qualitative classification, can be regarded as a great
advance in the investigation of the phenomenon. Furthermore, they make the
examinations more objective, the arbitrariness of the a priori determination
of the qualitative categories can be eliminated, and increase the exactitude of
the measurements. The quantitative data allow a probabilistic treatment of
the phenomenon.

The present twin studies have been performed in order to furnish new
data on the hereditary character of the BU. On the basis of the results the fol-
lowing facts weaken the hypothesis of genetic origin (or at least the Mendelian
two-allele mode of inheritance).

1. It can be expected from the theory of twin studies that the intra-pair
concordance of the MZ pairs is much higher for a hereditary character than that
of the DZ pairs; our numerical results did not satisfy this condition.

2. The frequency distribution of the BU values can well he approximated
by distributions having unimodal density functions. According to the generally
prevailing view, unimodality is indicating that no simple Mendelian mode of
inheritance can be retained, but a strong environmental influence or the role
of more genes (or both) must be supposed.

The influence of genetic factors in the intensity of BU, however, cannot
be excluded, as

1. the intra-pair correlation differs significantly from zero both in the
MZ and the DZ pairs;

2. the bimodality cannot completely be excluded although such an ob-
vious multimodality of the distribution of the BU values cannot be expected
as it was found e.g. in the cases of the PTC taste sensitivity and the acetone
smelling ability (see [4], [5]);

3. there was no remarkable difference in the distribution ofthe BU values
of twins living together and of those living apart; this is not in accordance
with the effects of the environment.

Our investigations have thus made more conceivable the conflicting stand-
points in the literature referring to the existence of a genetic background of
BU. In addition to the methodological weaknesses mentioned, many authors
have based their opinion on a small sample size that sharply reduced the relia-
bility of their findings.
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Thus, on the basis of the results, the hereditary character of the intenisty

of betaninuria cannot sufficiently he verified, and to answer reliably the ques-
tion of inheritance, BU studies on much greater population samples are needed.
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MYOCARDIUM AFTER ACUTE CARRON MONOXIDE
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The dimethylglyoxim cytochemical method was used for detecting endogenous
nickel (INi) in the canine and human myocardium. Electrondense deposits were observed
in the myocardial cells and the wall and lumen of capillaries of the dog heart when after
CO-intoxication the blood COHb level exceeded 30%. Energy-dispersive microanalysis
proved the presence of Ni in the reaction product.

Detection of the Ni-reaction product in the myocardium of human cadavers may
be of forensic importance, since the reaction is resistant to post mortem autolysis and
may help to identify the cause of death.

A cytochemical method has been worked out for the visualization of
subcellular nickel distribution in the isolated rat heart [2, 6]. The hypoxic-
toxic ultrastructural alterations following carbon monoxide poisoning [1, 7]
were mitigated by simultaneous perfusion of nickel chloride [4]. The study was
designed to analyse the subcellular localization of nickel in the dog heart after
acute CO-inhalation or in the myocardium of CO intoxicated human cadavers.
The latter analysis was carried out to investigate the effect of post mortem
autolysis on the stability of the nickel-dimethylglyoxim complex.

Materials and Methods

Carbon monoxide inhalation was performed in 16 pentobarbital-anaesthetized open
chest dogs. Tissue samples were excised from the left myocardium at different times after
CO-inhalation with parallel spectrophotoinetric estimation of the blood carboxyhaemoglobin
(COHDb) levels. The samples were fixed in 2.5% glutaraldehyde and then incubated in 0.1%
dimethylglyoxim (Reanal, Budapest) soluted in 70% ethanol for 5 minutes. One per cent
0s04 was used for postfixation. The human myocardial specimens were treated similarly.
Ultrastructural examination was performed by a JEOL 100B electronmicroscope and tbhc
chemical composition of the reaction product was analysed by an energy-dispersive spectro-
meter (ORTEC) [6].

Results

Characteristic nickel-dimethylglyoxim electrondense deposits were detect-
ed in the canine myocardial cells (Fig. 1) and in the lumen and wall of capillaries
(Fig. 2) when after an acute CO-intoxication the blood COHb level exceeded
30 relative percents. At higher COHb concentrations the reaction product was
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present in the mitochondria as well (Fig. 3). Intracellular oedema characteristic
of CO-intoxication could also be observed (Figs 4-6) and the number of Ni-
-particles was high in the oedematous regions.

Nickel-dimethylglyoxim particles were present in the human myocardial
cells (Figs 7 and 8).

The energy-spectrum obtained by energy-dispersive microanalysis (Fig. 9)
showed a distinct peak at 7.5 keV (specific Ni-peak) and several other peaks
which could be attributed to the technique used; these were copper (Cu) peaks
due to the use of copper grids and a dimethylglyoxim (D) peak due to its pre-
sence in the material.

Discussion

The present experiments showed that besides the localization of exoge-
nous Ni, the dimethylglyoxim cytochemical method is a good tool for the detec-
tion of endogenous Ni in the myocardium after CO-inhalation (acute dog expe-
riments) or of the endogenous Ni-accumulation and/or release after post mortem
autolysis (human cadavers). Under normoxic conditions, no endogenous Ni
could be detected in the myocardium.

After acute CO-inhalation, Ni-deposits could only be detected in the
lumen of capillaries of the severely hypoxic heart muscle if the blood COHb
level exceeded 30%.

The fact that post mortem autolysis did not influence the detectability
of the Ni-dimethylglyoxim complex is of particular importance in forensic
medicine since a positive reaction may indicate a CO-intoxication as a possible
cause of death.
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Ni-induced coronary vasoconstriction has been studied in the dog heart in situ
in the presence of the selective Ca-antagonsit verapamil, and after blocking the alpha-
receptors with phenoxybenzamine (PBZ).

Verapamil totally abolished the coronary blood flow' (CBF) and basal conduct-
ance (BC) decreasing effect of lowldoses of Ni2+ (0.02-0.2 mg/kg-1). The effect of higher
doses of Ni2+ (2.0-20.0 mg/kg-1) was reversed by verapamil, i.e. high doses of exo-
genous NiCL increased CBF and BC in the presence of verapamil. The CBF decreasing
effect of nickel was not significantly influenced by PBZ pretreatment.

The results indicate that trace amounts of exogenous NiCL induce coronary
vasoconstriction in the dog heart in situ by enhancing Ca2+-influx into vascular smooth
muscle cells, which is not mediated by alpha-receptors.

Studies on isolated rat hearts [4] and canine coronary artery strips [5]
showed that nickel ions at low concentration (10-8—0-7 M) induce vasocon-
striction hy enhancing Ca2+-influx into coronary vascular smooth muscle cells.
Correlation of haemodynamic and coronary blood flow changes after i. v.
injection of various doses of exogenous NiCL, in anaesthetized dogs showed that
the reduction of coronary blood flow (CBF) by trace amounts of nickel may be
regarded as a local action of this trace element on coronary vessels [2, 3].

The role of Ca2+ in Ni-induced coronary vasoconstriction in the dog heart
in situ is still unknown. Van Breemen et al. [6] found that stimulation of
coronary alpha-receptors enhances Ca2+ influx into vascular smooth muscle
cells. The possibility thus exists for the Ni2+ action of being mediated by alpha-
receptors in the coronary vessels. In order to gain more information about the
possible physiological and/or pathological significance of nickel ions, it was
mandatory to study the possible action mechanism of Ni-induced coronary
vasoconstriction in the open chest dog heart in situ in the presence of the selec-
tive Ca antagonist verapamil, and in the case when the alpha-receptors were
blocked by phenoxybenzamine (PBZ).

Materials and Methods

Mongrel clogs of either sex weighing 16 to 33 kg were anaesthetized by glucochloralose
(100 mg/kg“1body weight) with additional anaesthetic given as needed to maintain a constant
level of anaesthesia. The animals were immobilized by flaxedyl (2 mg *«kg“1) and pulmonary
ventilation was maintained by a positive pressure respirator (Harvard) with room air enriched
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by 100% oxygen. Blood gases and pH were monitored (Radiometer Copenhagen Type ABL 1)
and kept within acceptable ranges. A femoral artery and vein were cannulated for continuous
monitoring of mean arterial blood pressure (MABP) and for intravenous administration of
fluids and drugs. The heart was approached through a midsternal incision. An electromagnetic
flow probe (Statham Sp 2022) was placed around the ascending aorta to measure cardiac output
(CO), and around the left anterior descending (LAD) coronary artery for monitoring coronary
blood flow (CBF). Conventional (lead L) and epicardial ECG were monitored and spontaneous
heart rate (HR) was continuously recorded by an integrator fed by the R-wave signal of ECG.
A stainless steel needle was inserted into the left ventricle and dp/dt was continuously recorded
by a derivative circuit fed by the ventricular pressure signal. Recording of all parameters was
carried out on a 12-channel Grass polygraph (Model 7PCM 12). Basal coronary conductance
(BC) was calculated.

Haemodynamic, cardiac and coronary flow data were obtained in 7 animals 30 minutes
after the start of recording when all parameters had reached a stable level. Verapamil (Ver-

pamil®; Orion) was given as a bolus injection (0.2 mgkg-1) intravenously over a period of 2
to 3 min. This was followed by a constant infusion of the drug using a Harvard pump set to
deliver 0.01 mgkg-1Imin-1. After the effect of verapamil infusion had become stable (30 min)
increasing doses of AiCI2(0.02; 0.2; 2.0; 20.0 mg/kg-1) were administrated intravenously at
20 min intervals in a cumulative manner. In the second series (n = 7) of the experiments,
phenoxybenzamine (PBZ) (Smith, Kline and French) (1 mgkg-1) was administered i.v. 18 hours
before beginning the experiments.

The mean and standard error of the mean (x + SEM) of grouped experimental data
was calculated. The statistical difference between means was estimated by the paired and un-
paired Student’s t tests.

Results

The effect of various doses of Ni2+ on cardiac output (CO), mean arterial
blood pressure (MABP), left ventricular contractility (dp/dt max) and heart
rate (HR) in the absence and presence of verapamil or PBZ are summarized in
Fig. 1. Low doses of exogenous NiCl2 (0.02—0.2 mg/kg-1) did not change any
of the haemodynamic or cardiac parameters studied. The presence of verapamil
was ineffective and PBZ pretreatment potentiated the Ni action in the case of
MABP only: NiCL caused a significant reduction of MABP in the presence of
PBZ. Higher doses of NiCI2 (2.0—20.0 mg/kg-1) caused a decrease of CO,
MABP and dp/dt max which was not influenced by either verapamil or PBZ.
In the presence of verapamil the highest NiCl2 dose caused a significant reduc-
tion of HR.

In sharp contrast, the effect of various doses of Ni2+ on coronary blood
flow (CBF) and basal coronary conductance (BC) was significantly altered in
the presence of verapamil or when the alpha-receptors had been blocked by
PBZ (Fig. 2). Vferapamil totally abolished the coronary blood flow and basal
conductance decreasing effect of lower doses of Ni2+ (0.02—0.2 mg/kg-1).
The effects of higher doses of Ni2+ (2.0-20.0 mg/kg-1) were not only prevented
but reversed by verapamil, i.e. high doses of exogenous NiCl2 increased CBF
and BC in the presence of the selective Ca-antagonist. The CBF decreasing
effect of nickel was not significantly influenced by PBZ pretreatment. The BC
decrease by the lower Ni2+ doses was, however, totally abolished, but the
effect of higher Ni doses was not significantly altered by the drug.
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Fig. 1. Effect of increasing doses of NiCl, (0.02-20.0 mgkg-1) on cardiac output (CO) mean

arterial blood pressure (MABP), left ventricular contractility (dp/dt max) and spontaneous

heart rate (HR) in the absence (control) and in the presence of verapamil or PBZ (x + S. E.).
Asterisks represent statistically significant differences from control values

Discussion

The present results showed that a constant verapamil infusion totally
abolished the coronary vasoconstriction induced by low Ni2+ doses (0.02 and 0.2
mg/kg-1). These data clearly indicate that trace amounts of exogenous NiCl2
induce coronary vasoconstriction by enhancing Ca-influx into vascular smooth
muscle cells of the dog heart in situ as also observed in the isolated rat heart
[4] and isolated canine coronary artery [5]. The fact that verapamil not only
prevented but also reversed the coronary action of higher Ni doses suggests
that NiCl2induces an increase of coronary conductance if the dominating vaso-
constrictor action is eliminated. The exact nature of this dual action of Ni2+
on the coronary vessels of the dog heart in situ needs further investigations.
The finding that PBZ caused only partial inhibition of Ni-induced coronary
vasoconstriction has confirmed earlier results concerning the isolated perfused
rat heart [1] and indicates that beside stimulation of alpha-receptors the action
of Ni on coronary vessels involves other mechanisms as well.
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* =p<0.05

CBF » % -p <0.01

Fig. 2. Effect of increasing doses of NiCl2 (0.02-20.0 mgkg-1) on coronary blood flow (CBF)
and basal coronary conductance (BC) in the absence (control) and in the presence of verapamil
or PBZ (x -- S. E.). Asterisks represent statistically significant difference from control values
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Recensicnhes

A. G. Brown and M. R éthelyi (EdS)

Spinal Cord Sensation, Sensory processing in the Dorsal Horn

Scottish Academic Press, Edinburgh 1981. 341 pages. Price L 15.00

During the past two decades a significant amount of new information has accumulated
about the structure and function of the dorsal horn of the spinal cord. The exciting advances
in this field are summarized in this book, the proceedings of a Satellite Symposium of the
28th International Congress of Physiological Sciences, Budapest 1980.

Most of the papers are concerned with the morphology of the dorsal horn and pharma-
cology of synaptic transmission in this part of the spinal cord. Among others geometry, signi-
ficance of laminar arrangements, synaptic organization, plasticity, primary afferent input,
projection patterns of peripheral sensory nerves, somatotopic organization of cutaneous pro-
jections, spinal terminations of subcutaneous high-threshold mechanoreceptors, substantia
gelatindse interneurones, ultrastructure of functionally identified neurones, dendritic trees
of dorsal horn cells, Lissauer’stract ascending pathways from the dorsal horn, collateral branch-
ing of ascending and descending spinal tracts, peptidergic mechanisms, serotonin/enkephalin
interactions, effect of GABA, reactions of the substantia gelatinosa to injury of peripheral
sensory axons and alterations after deafferentation are discussed. In addition, brief reports
.of Working Parties of the Symposium on terminology, transmitters in the dorsal horn and plas-
ticity are included.

The book is an important source of up-to-date information about research being done
on the dorsal horn. It should be of interest to all researchers working in neuroscience, i.e. to
neuroanatomists, neurophysiologists, neurochemists, neuropharmacologists. But it can be
recommended also to clinicians, primarily to neurologists and to all those who wish to learn
about the recent advances in knowledge on the dorsal horn of the spinal cord.

B. Halasz

J. Hideg and O. Gazenko (EdS)

Gravitational Physiology

Advances in Physiological Sciences, Vol. 19. Pergamon Press, Oxford and Akadémiai Kiad6.
Budapest 1981. 315 pages

On the initiative of the International Union of Physiological Sciences (IUPS) the Second
Gravitational Symposium took place at the 28th IUPS Congress organized in Budapest in July,
1980.

On September 25, 1979, aboard an unmanned spacecraft (COSMOS 1129) launched by
the Soviet Union a variety of biological experiments were carried out. The primary task was
to investigate how organisms adapt to hypogravity and then readapt to the gravity of the
Earth following spaceflight. Most of the papers presented in this volume deal with the results
of the above joint USSR/USA space flight experiments.
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BjURSTEDT, the first chairman of the Commission of Gravitational Physiology in an
introductory lecture gave a brief summary of the development of gravitational physiology and
the adaptive reactions developing in physiological systems in response to space flight.

Besides the problems of adaptation to changed gravity many lectures deal with the
functional, biochemical and morphological changes of gravity-dependent systems: the vesti-
bular system, bone, skeletal muscle and mineral metabolism.

Mention has also been made of new models, mainly hypokinesis and orthostasis, which
seem to be adequate methods for simulating the changes elicited by long-term space flights.

New measures have been described about the minimum value of centripetal forces
required to maintain good health conditions aboard space crafts during long term flights.

This volume may attract attention of both physiologists and biochemists dealing with
adaptational problems of living organisms.

A. G. B. Kovach

Thaddeus Mann and Cecilia Lutwak-Mann

Male Reproductive Function and Semen

Springer Verlag, Berlin, Heidelberg, New York 1981.

The authors’ activity is well known in the scientific world of their special line. Since
the publication of their work “The Biochemistry of Semen and of the Male Reproductive
Tract” in 1964, their field of research has been extended. Recent information carefully harmo-
nized with former knowledge can be found in their new book of nearly 500 pages, containing
10 chapters, nearly 3500 references and a detailed and well arranged index.

Chapter | is a guide of general character concerning the physiological basis of seminal
power and composition of the semen.

Chapters Il and Ill deal with methodological problems.

Chapters IV to V11 discuss the endocrine and exocrine function of the testis, the function
of the epididymis and of the ductus deferens, and investigate the role of spermary, prostate
and accessory sexual glands in the formation of the final composition of the ejaculate.

Chapters VIl and I1X deals with the biochemistry of semen.

Chapter X discusses the positive and negative pharmacological factors influencing fer-
tility, and the role of further factors.

The book investigates in a particularly detailed manner the question of seminal power,
and beyond the human points of view, it analyses the individual problems in a general biolo-
gical sense. The studies performed in different species are means to estimate the questions of
human seminal power from a wider aspect.

The author’s intention has been to provide a conscise handbook. They discuss the la-
test results and also the scientific progress of the field of research with great historical fidelity,
also presenting the latest scientific trends. This work of encyclopaedic character will become
a fundamental source for andrologists as well as zoologists. The book is a must for the library
of all experts of the subject.

F. Batogh and G. Corradi

F. oba1 and G. Benedek (Eds.)

Environmental Physiology

Advances in Physiological Sciences, Vol. 18. Pergamon Press Oxford and Akadémiai Kiadd,
Budapest 1981. 371 pages

Environmental physiology comprises an extremely wide field of research of applied
physiology, and it is almost impossible to summarize every problem in a single section of a
congress, be it as big as the 28th IUPS Congress was in Budapest 1981. The most current prob-
lems of environmental physiology have been summarized in this volume.

J. Aschoff, one of the invited lecturers, spoke about the regulatory mechanisms of
circadian system properties. He discussed the role and multiplicity of both the central and
the self-sustaining oscillators at the periphery.
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Another invited lecture held by K. Her1on analysed the recent advances of new tech-
niques in studying thermoregulation and emphasized the role of thermosensitive systems out-
side the CNS in the overall thermoregulation of the organism.

Other main subsymposia were: “Osmoregulation” in which emphasis was laid upon
outlining the role of neural networks: “Regulation of the sleep-waking system” where the
mechanism of action of the most important neurogenic substances was discussed; “Sport
physiology”, where attention was directed toward the problems of hormonal (hypothalamic,
pituitary and adrenal systems and anabolic preparations and pharmacological regulatory
mechanisms, with special emphasis on beta blocking agents). Other symposia of interest were
held under the titles “Mammalian nervous system under pressure” and “Physiology of static
effert”.

This volume will attract the attention of physiologists working in the field of applied

physiology and of related sciences.
A. G. B. Kovach

Schubert, E.

Grundriss der Physiologie des Menschen

Verlag Volk und Gesundheit, Berlin, 1981. 176 pages, 70 figures, 17 tables. Price 12,90 M

The introduction of physiology in the GDR medical highschool programme as a separate
subject necessitated the publication of this book. The author is the head of the Physiological
Department of Humboldt University, Berlin.

The textbook includes the functional views on healthy living and the learning of functio-
nal diseases. The text is based upon the knowledge of the student after the 8th grade. It states
facts without explaining them in detail but does convey their application in practice.

In the text only the Sl system is used and it is explained how to convert the old units
into those of the Si-system.

First subjects to be dealt with are surveyed followed by a chapter on energy balance
and metabolism. This chapter discusses respiration, digestion and absorption, haematological
functions and also intermediary metabolism.

The chapter “Exchange of information” includes the function of excitable tissue, the
physiology of sense organs and the central nervous system.

The mechanisms regulating homeostasis, energy metabolism, endocrine functions and
acclimatization are summarized in a chapter entitled “Physiological regulation”.

The last chapter considers physiological changes from the embryo stage up to old age.

The textbook is a concise summary of physiology. The quality of the text makes it

recommendable for highschool and college students of health.
1 Eva Sz6cs

Colin J. Schwartz, Nicholas T. Werthessen and Stewart Worts (Eds)

Structure and Function of the Circulation

Vol. 3. Plenum Press, New York and London 1981. 551 pages with 148 figures

A comprehensive series of books on the structure and function of the circulation of
blood and lymph evolved basically from the scientific sessions of three interdisciplinary inter-
national conferences held in Lindau in 1970, in Heidelberg in 1973, and in Totts Gap, Pennsyl-
vania in 1976. This third volume of the series represents a collection of essays covering a broad
area of vascular biology. The topics included are arterial histochemistry, proteoglycans of the
vessel wall, cell membrane surface structure, integrity, receptor properties and contractile
proteins of vascular endothelium, as well as rigorous mathematical models of protein transport.
Other important contributions to the biology of arterial smooth muscle included into the vo-
lume cover differentation and phenotypic modulation, contraction and innervation of muscle
cells in culture and the electrophysiology of muscle contraction.

The carefully selected essays written by outstanding experts from around the world
will serve as a useful source of references for students and researchers of vascular biology and

diseases.
E. Monos
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H. G. Schweiger (Ed.)

International Cell Biology 1980—1981

Springer Verlag, Berlin—Heidelberg —New York 1980. 1033 pages, 595 figures. Price: approx.
US $ 61.00

This large book, which on its cover states proudly that “this book will remain a useful
source of information to biologists, medical researchers and biochemists for years to come”,
contains the scientific material of the lectures presented at the Second International Congress
of Cell Biology in West-Berlin in September, 1980. The statement on the cover will prove right.
There are several papers in the volume which may begin new fields in research, there are new
names introduced which are not yet generally accepted but will soon become well known.
The volume does not cover the whole field of cell biology, but its content is very thought-
-provoking and provides much new information which otherwise could be collected only with
the assistance of a whole literature monitoring staff.

The contents are divided into six chapters, which are as follows: genome and gene-ex-
pression, cytoskeleton, cytopathology and pathogenesis, differentiation and development,
membrane and cell surface, and functional organization.

It would be very difficult to discuss only one of it (or one or two out of the 111 lectures)
in the framework of this review. It should, however, be stated that the majority of the authors
has presented new experimental data based on well-designed and proper experiments. Some
of the papers give a survey of the literature in a concise form.

As the extent of the volume indicates, the material presented at the congress was very
large and the participants could not listen to all of the papers presented. So we may say that
it is very important that this book should reach all researchers working in the field of biology.
This is indispensable in our era when the development of cell biology is extremely rapid, pub-
lications protracted, and the places of publication are very scattered.

The figures in the volume are demonstrative and of good quality. The text of the
lectures is followed by specific reference lists. There is an index in the book, which makes orien-
tation easy.

Gy. Csaba

Lutz Voirrath

The Pineal Organ

Handbuch der mikroskopischen Anatomie des Menschen, \olume VI/7

This new volume of the series has been devoted to the memory of Professor Wolfgang
Bargmann and Professor Sir Francis Knowites. It is a comprehensive survey of the research
concerning the pineal gland.

The book is introduced by highlighting two important events of pineal gland research.
The first was the discovery that this organ produces a hormone-like indolamine substance term -
ed melatonin. The second and even more important event was the recognition of the fact
that unlike other endocrine glands the pineal organ is under the direct influence of environ-
mental factors among which photic stimuli appear to play a leading role. In the author’s opi-
nion, interpretation of the pineal gland as a neuroendocrine transducer similar to the anterior
and posterior pituitary and adrenal medulla is acceptable.

All the problems connected with the pineal organ are discussed functionally and a num-
ber of comparative phylogenetic data are also presented. There is clear evidence that in lower
vertebrates the pineal organ differs from that in higher vertebrates; while in fish, amphibians
and reptiles the epiphyseal complex contains photoreceptor cells similar to those in the lateral
eyes. It is capable of responding to light directly; but the pineal in birds and mammals is lack-
ing typical photoreceptors and is only indirectly light-sensitive.

It has recently been shown that the mammalian pineal possesses receptors for sex ste-
roids and that these and other hormones secreted by the adrenal medulla during stress in-
fluence pineal function. These observations have led to the view that the pineal gland is an
endocrine-endocrine transducer.

Although the main logic of the book is the morphology of the pineal gland, biochemical,
pharmacological and physiological data have also been incorporated. The mammalian pineal
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rgan shows biochemical individuality: the mammalian pinealocytes particularly active in
monoamine biosynthesis, resemble neuronal and retinal cells. They have two striking features:
the synaptic ribbons and the cytoplasmic processes; the former may relate to photic stimuli,
the long cytoplasmic processes have bulbous ends with electron-lucent and dense-core vesicles.
The book considers in five main chapters the pineal organ of mammals, lampreys, fish,
amphibians, reptiles and birds. The list of references contains nearly 3000 papers including
44 review articles. It concludes with indexes of authors and subjects. Descriptions are illustrat-
ed by 190 photographs and drawings. In particular the transmission and scanning electron
microscopic pictures are of high quality. The explanatory schematic diagrams are didactic,
easy to understand.
The book is written in a concise, readable style which makes it a useful and interesting
work not only for the specialist but for all students of neurohormonal regulation.

Teréz Tombul

W. Wuttke and R. Horowski (EdS)

Gonadal Steroids and Brain Function

Springer Verlag. Berlin—Heidelberg—New Y ork 1981. 373 pages, with 136 figures and 10 tables

The book contains 25 papers and 18 abstracts of posters presented at an IPUS-Satellite
Symposium in Berlin, July 1981. The papers cover various aspects of interactions between
gonadal steroids and brain function. These include feed-back circuits (M. Morra et al.. K.
Bauer et al.. R. Knuppen, J. Meites et aI., B.T. Donovan and B. Giedhitt, H. Breuer
et al.), steroid receptors (P. W. Jungbiut et al., B. McEwen), neurotransmitters (W. E.
Stump et al.. M. sar and W. E. Stumpf, W. Wuttke and T. Mansky. S. M. McCann et al.),
sexual maturation (F. Docke, G. Diarner, F. Neumann and wW. Eurger) and a detailed analy-
sis of neural control of hypothalamus-hypophyseal-gonadal function (R. A. Gorski and M.
Yanase, L. M. Kow and |) W. Pfaff, M. Kawakami and J. Arita, M. J. Keltly et aI., D.
Becker et al.). In C. Il. sawyer’s “Concluding remarks on gonadal steroids and brain func-
tion” the latest developments of these subjects are emphasized.

The book will prove a valuable source of information to those interested in reproductive
ueuroendocrinology, to endocrinologists, gynaecologists, physiologists as well as scientists
working in this field.

M arietta Vértes
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ACTA PHYSIOLOGICA

TOM 59-Bbl. 3

PE3IOME

BANAHWE MN30MPOTEPEHOMTA HA TNMOYEYHYHKO AEATE/NBHOCTb
T. 3AXANCKW, . PENELW-TOT u 5. ®UIEN

B 3kcnepumeHTax Ha 60ApCTBYHOLLMX CO6aKax, MOMYYMBLUMX BOAHYH Harpysky, Mbl
CpaBHVBaNN [eiCTBME, OKa3biBaeMOe M30MPOTEPEHO/IOM U Ba30MPEcCMHOM Ha [AesATeNlbHOCTb
NoyYeK.

Mog BNMAHMEM BBefieHWS M3onpoTepeHona (12 MKr/Kr/yac) 3HauMTenbHO YMeHbLUUIUCL
MWHYTHBIN AWYpe3, BblAeNeHVe HAaTPUA U Kaiusi, a TakXXe K/MPeHC CBO6GOAHOM BOfbl, B TO Xe
BpeEMSl MPaKTUYECKU HEe W3MEHWIUCh: Ky6ouKoBasi (huibTpaumsi, KOMMYECTBO MpPOTeKaroLLeit
Yepes MOYKY KPOBW, a TaKXe pacnpefie/ieHne B KOPKOBbIX CM0SIX MpoTeKatoLleli Yepes mnouey-
HYI KOpY KpOBMW.

B oTBeT Ha BBefeHNe BasonpeccuHa (2 ME/Kr/yac) BO3HUK aHTUANYpPe3, NogobHbI Tako-
BOMY M0C/1e BBEJJEHUSI N30MPOTEPEHOSA, HO BbIJENEHNE HATPUA U Kausl 3HAUUTENBHO BO3POC/IO.

MocKobKY M30MpOTePeHOs 1M Ba3ONPECCUH OKasbIBalOT MPOTUBOMO/IOXKHOE AeCTBUE Ha
BblZ€/IEHVEe VOHOB HATPUS U Ka/lnsl, MOXHO CAenaTb BbIBOJ, YTO B M3MEHEHUSIX MOYeYHol aesi-
TeNIbHOCTY, BbI3BaHHbIX M30MPOTEPEHONOM, CTUMY/IMPOBAHNE CEKPELMM Ba3OMPECCUHA He MOXeT
UrpaTb UCK/UNTENBHON posu.

MOBbIWWEHWE TOPOIA TEPMOPEIYNAUNOHHOWN BA3OAUNNATAULMN Y KPbIC
MOC/IE BBEAEHUA KATCAMLUMNHA

®. OBANT M/, ®. BAPWU, . BEHELEK un ®. OBA/

B akcnepMmeHTax Ha Kpblcax Mbl MCCNefOBasv PacLUMpeHve COCY[OB B KOXe XBOCTa
XXUBOTHbIX, KaK Y KOHTPO/bHbIX, Tak 1 npejsapuTenibHO MOMYUMBLUMX KarncauuuH, Npu n3Me-
HeHUKN oKpyXxatoLel TemnepaTypbl (38°C, 39°C n 40°C). Mpu 38°C Basogmnatauus y npegsapu-
TeNbHO MOMyYaBLUMX KancavuuH KpbIC 6blia MeHbLUe BbIpaXKeHa, YeM Y KOHTPOSIbHbIX XUBOT-
HbIX, Torga Kak npu 40°C BasogunsaTaumsa 6bl1a NPYMEpPHO TakoM Xe CTemeHW, HO HacTynana
¢ 3anosgaHveM. Mbl NpUXoAMM K BbIBOAY, YTO, MOC/e BBEAEHUS KancauumHa, nopor Tepmo-
perynsumMoHHON nepudepmnyeckoli Basogunataln noBbILLIAeTCs.

OENCTBUE TOPMOHOB TPOMECTEPOHA, TECTOCTEPOHA U 3CTPOIMEHA HA
KOHUEHTPALMIO TOPMOHA WWTOBUAHOW »XEME3bl U KOPTUKOCTEPOW[
B MJIABME AMOHCKOW MEPEMENKW

METELL n NELUENN
Y caMoK KOpPOTKOAHEBHbIX (6L—180) SINOHCKMX MepenenoB pagviolMMyHOM0rMUecKUM

METOZIOM OMpeaensivi KOHUEHTPaLMIO B NiasMe KPOBY TPUMOATMPOHMHA, TUPOKCUHA U KOPTU-
KOCTEepOHa. B oTaeNbHbIX MOArpynnax rnepsoi sKCNepMMEHTaNIbHOM Fpynnbl Nocne 0BapUIKTO-



MUK NTULAM MMNAAHTUPOBAM Kamncynbl Silastic, Cogep)KaBluMe MpPOrecTepoH, TECTOCTEPOH,
3CTPOH M 17/S — 3CTPaaMon Unm Bce YeTbIpe MOMOBbIX CTeponaa cpasy. B aTUX aKcheprMeHTax
NPOrecTepOH He3HaUUTENbHO MOBbILIAN KOHLEHTPALMIO TUPOKCMHA B N/asMme, Toraa Kak TecTo-
CTepPOH, 3CTPOH U 17/? — 3CTPaAMON CHUXANMN YpPOBeHb M1a3MeHHOro TUPOKCMHA, N0 CpaBHEHMIO
C OBApPUIKTOMU3MPOBAHHOM rpynnoii. OgHOBPEMEHHOe MPUMEHeHMe YeTbIpexX MOOBbIX CTepOou-
[I0B CHUXA0 YPOBEHb KaK TUPOKCUHA, TaKWN TPUIoATMPOHMHA. MporecTepoH v 17/5 —acTpaauon
3HAYUTE/NbHO, TOF]a KaK 3CTPOH HA HEGO/bLLION CTENeHN YBEIMUMBAKOT KOHLIEHTPALMI0 KOPTUKO-
cTepoHa B nasme. Bo BTOpoli cepum 3KCNEePUMEHTOB, MOC/e 0BAPUIKTOMUM 1 NPOU3BEAEHHOM 04-
HOBPEMEHHO OMepaTVBHOW TUPEOMAEKTOMUM, MPOM3BOAMINCL Te Xe BMellaTeNbCTBa. Byayuu
NpUMeHeHbl BMeCTe U N0 OTAENbHOCTU MOJOBbIE CTEPOUbI MOBbILLIANIN KOHLEHTPALMI0 KOPTUKO-
CTepPOM/I0B NNasMbl 10 YPOBHSA Y MHTAKTHBIX XMBOTHbIX. Kak NoKasbIBatoT pe3y/ibTaTbl NPoBe/eH-
HbIX 9KCMEPUMEHTOB, MPOreCTePOH MOBbILLAET KOHLEHTPALIMI0 KOPTUKOCTEPOHA B N/a3Me KPOBM
y ANOHCKMX Mepenesiok 0T4acTy NPsiMbIM MyTeM, OTUACTU XKe MyTeM YBeNMUEHNUs] KOHLEHTpaLmm
B NnasmMe TUPOKCMHA, TOrAa Kak 9CTPOH W 3CTPaauoN HemoCpPeACTBEHHO MOBbILLIAKT YPOBEHb
NN3aMeHHOro KOPTUKOCTEPOHa.

BAVNAHNE WHAOOMETAUMHA HA BHYTPUMOYEYHOE KPOBOOGPALLEHWVE W
BbIAENEHWE HATPA N BOAbl Y AHECTE3VPOBAHHbIX KPbIC B COCTOAHN
HOPMO- N TMMNEPBOJTEMUN

M. BAPTA u U. XABNMN

Mbl M3yyanu BAMsSHWE UHAOMeTaUMHA (4 MI/KT), UHTMGMPYIOLLLETr0 CUHTE3 NpocTarnaHam-
HOB, Ha WHTpapeHa/lbHOE KPOBOOGpALLEHWe Yy HApKOTM3MPOBAHHbLIX MeHToTanom (50 Mr/Kr,
MHTPanepuTOHeaslbHO) KpbIC C HOPMOBOJIEMUEA WM 3KCTPaLEIIONAPHOA r1nepBoseHuei
(nocne BHyTpuBeHHOM nHAy3mn 50 mn/kr 0,9% pacTBopa X/10PUCTOro HaTpus) metogom Canup-
wiTeliHa ¢ MHAMKATOPHOW akKymynuumen 8Rb.

OnpefeneHne napameTpoB KpoBoobGpallleHMs NpPoM3BOAWIN Yepe3 1 yac Mocne BBefeHUS
MHAOMeTaluHa.

Bbln nonyyeHbl cnegytoLive pesynbTaTbl:

1. B COCTOSIHUM HOPMOBO/JIEMMI KPOBOTOK B MOYKE, B €6 KOPKOBOM ¥ MO3TOBOM C/I0S1X He
n3MeHsieTcs. He M3MeHsIIOTCA TakKe 3Ha4YeHWs PervoHapHoOro COoCyAMCTOro COMpPOTUB/IEHUSA B
MouYKe, a TaKXe MPOLEHTHOe pacnpejfeneHne WHTPapeHa/IbHOro KPOBOOOPALLEHNs. Y MepeHHO
CHUXaETCA BblAeNeHNe Bofbl, BblAeNEHNE HATPUSi He U3MEHSIETCS.

2. Mpw aKcTpaLenItoNspHO/ rMnepsoaeMmMn YMepeHHO BO3pacTaeT KPOBOTOK B KOPKOBOM
C/I0e M YMeHbLLIaeTCsl B MO3rOBOM C/I0e MOYEK; MPOLEHTHOe pacrnpesesieHne KPoBOTOKa BHYTPU
MOYKM CMeLLaeTCsl B HanpaB/ieHUM KOPKOBOro cnosi. KopKoBOe COCYAMUCTOE COMPOTUBIIEHNE He
N3MEeHSIeTCS, MO3roBOe YBe/IMUMBAETCA B HeBOMbLLUON CTeNeHN. B 3TOM COCTOSIHUM MHAOMETaLUH
He OKasblBas B/IMSIHWA Ha AUYpe3 CONU 1 BOfbl.

Pe3ynbTaTbl HacTOSILLMX 3KCMEPUMEHTOB, MPOBEAEHHbIX Ha Kpbicax, fAOT faslbHelLuune
[aHHble 0THOCMTE/IbHO TOrO, YTO 3HAO0TreHHbIe NPOCTarfaHAVHbI He UrparT 34ecb TaKoi peLuato-
LLeid ponn B UHTPapeHa/lbHOM KpPOBOOGpPALLLEHMM, BbIfeNeHUN HATPUsA U BOfbl, KaK y aHecTesu-
poBaHHbIX cob6aK.

BANAHWE VMMOBWUN3ALUN TMMNCOBOM MOBA3KOM HA YPOBEHb
METABOJINTOB B CKE/IETHOWN MbIWLUE, CBA3AHHbIX C 3HEPTETUYECKUM
OBMEHOM

n. CUKNAN n N. TPOP

B vHaMVKe pasBUTMS MHAKTUBALMOHHOM aTpothmn CKeneTHOM MbILLLpbl, pa3BuBaBLLelics
npu 1- 6-HefeNbHOM UMMOBMAM3ALUM KOHEYHOCTU HA0XEHWEM TUMCOBOM MOBS3KW, Mbl OMpe-
[Lenanu ¢ NOMoL b METOAMKM n3oTaxodopesa cogepxxaHne ATP, ADP, AMP, CrP, NAD+ n Pi
B MeANIeHHOM (T . soleus) M FMMKONNTUYECKOM, ObICTPOM MblwwLe (T. gastrocnemius).

CopepxxaHue ATP u CrP B rMKONNTUYECKON MbILLE ObISI0 JOCTOBEPHO BblLLE, a COAep-
aHne NAD+ B OKCUZATMBHOW Mbillle 6bl10 LOCTOBEPHO Bbille B HOPMaSIbHOM COCTOSIHWUW.
3HepreTnYecKoe X035MCTBO MbILLL, B NMEPBY HeAeto MMMOBMAN3ALMN HapyLLAeTCs, HO K Luec-
TOli Hefene, Npu hOPMMPOBAHUN HOBOFO COCTOSHUSA paBHOBeCWUsl, Ha 60/ee HWU3KOM 3HepreTu-
YEeCKOM YPOBHE, MbllLbl NpUCnocabnmBatoTca K NULLEHNIO ABMXKeHUS. HoBble aHepreTU4eckm
YPOBHW, XapaKTepu3yrLLNecs cofep>XaHnem MaKpO3IHepreTUyecKux MeTabonmToB, He 06Hapy-
XXMBaKOT JOCTOBEPHYHO U CYLLLECTBEHHYHO pasHULY, cneunuduyeckyto Ana pasHbIX TUMOB MbILLLL,.



HOBAA TEOPNA BOSHNKHOBEHNA MNOKAPONAJIbBHOIO MH®APKTA
M. CEHTUBAHW, 4. BETEWW, A. MAAN, M. MEH3ELL n Ab. NTECKOBCKWU

BBeaeHne xnopcutoro Kaamsa (1%, 10%, 31,2%) B nepuKapavanbHyt XUAKOCTb WAn
BO3eliCTBME Ha CepALie HaloKeHWeM Ha ero noBepXHOCTb MPONUTaHHON KC1 (uNbTPoBaIbHOM
6ymaru BbI3bIBaeT Y Cobaky, MOPCKOA CBMHKU U KPbICbl MOABMEHME TUMUYHOW ANA WHDapKTa
T. H. dome-nogo6HOM K. Yepe3 2 3 fHA nocne OCTPOro onbiTa pasBmBaeTca MHGapKT. Kak
dome-3KTI, TaK W CcreayloWmii 3a Heil MHAPKT MOXHO MpPefoTBpaTUTL B3ATOM M3 nepukapga
YKMAKOCTBIO, & TaKXXe TPeMS CUHTETUYECKMUN BeLLecTBaMu. Te Ke 3awuTHble BeLecTBa, KOTo-
pble NpefoTBpaLLatoT 3WEKT XI0OPUCTOr0 Kanus, NpeLoTBpaLLatoT 06LLYH0 FTMNOKCUI0 OpraHnu3ma,
BbI3bIBAIOLLYIO MOsB/IEHMe dome-3KI. Peub maeT 06 0cO60M MPOCTPaHCTBE, KOTOPOE HaunHa-
eTCcsa nopamu W1, BEPOATHO, Yepe3 COeAMHUTENbHOTKaHHbIE LUENU LOCTUraeT MUOKapivaibHble
KNEeT K/IEeTKW.

B cBOMX NpefblAyLLMX UCCNeA0BaHMAX Mbl NOKa3ann, YTO NPU HATI0OKEHUMN HA aNMKapaunii
(hunbTpoBasibHOM Oymarun, nponuTaHHoi 115-anbbyMMHOM, MOCNeAHWIA MPOHUKAET B 3anMKap-
OnanbHble Wenn ceppua. VIHTpanepukapavanbHOe BBeAeHWe TyluW, BCMeACTBUE (DU3NYECKON
3aKyrnopKu nop, NPensATCTBYeT BO3HWKHOBEHMIO MHTPanepuKapananibHoro aggekTa X10pmMcToro
Kanns BbI3bIBAEMOr0 3TUM MH(apKTa. 3TO NPOCTPaHCTBO WUHOE, HEXEeNN MPOCTPaHCTBO, KOTOpOoe
MOXXHO JOCTUIHYTb CO CTOPOHbI KOPOHAPHbIX COCY0B. HeKoTopble COeANHEHUS, TaK, Hanpumep
HOpagpeHaInH, He 0KasblBalOT BO3AEWCTBUA Yepe3 3TO MPOCTPAHCTBO, APYrue XKe BeLlecTBa MNo-
nagalT B Hero. [OBepXHOCTHAs OKCUreHU3aums anuKapaus, BO3AENCTBYS Ha NPOCTPAHCTBO,
npegoTBpaLLaeT BO3LENCTBUE X/IOPUCTONO Kasius M TUNOKCUN.

OENCTBUE OE3OKCUKOPTUKOCTEPOHA HA WHTEPCTULMWABHOE
OABNEHWE Y HOPMAJIbHbIX KPbIC

M. TUNAHW, W. WAMOH u A. Ab. b. KOBAY

C nomoLLblo MeTOAWKM, paspaboTaHHOW Guyton, Mbl ONPeaensisiv U3MeHeHW WHTepPCTU-
LUnanbHOro JaB/ieHNs B COEANHUTENbHOM TKaHW CMMHbI Y KPbIC, KOTOpPble HACTynaanm B OTBET Ha
0[lHOKpaTHOE MHTpanepnToHeaslbHOe BBefeHME Ae30KCuKopTukocTepoHa (JOK). B nsameHeHnsx
MEXTKaHEBOr0 AaB/IeHM BO BPEMEHM, HE3ABUCMMO OT BBeAeHHOM ao3bl JOK, MOXHO BblaennTb
TpY Nepuoga: NaTeHTHbIA MNepuog, 3aTeM MepPUOL CHVDKEHWA AAaBNeHWs M, HaKOHeL, Mepuoj
BO3BpaLLeHUs AaB/IEHNSI K ero KOHTPO/IbHOMY 3HaYeHWI0. BennumHa Hanmb0/bLUEro CHUXeHUS
[aBfieHNs 1 BPeMsi BO3BPALLEHMSI ero K UCXOAHOMY YPOBHIO, OAHAKO, SABASILOTCA [0303aBUCU-
MbIMW. B OTBET Ha BBefleHMe 1e30KCUKOPTUKOCcTepoHa B go3sax: 0,25;0,50;0,75; u 1,00mMr Ha 100r
Beca Tena MHTePCTULMaNbHOE [aB/ieHne CHUXanocb COOTBETCTBEHHO Ha: 3,2; 7,1; 9,6 1 10,6 Mm
pT. cT. Vccneayst NpUUMHY M3MEHEHMS faBfieHUs1 MOA AeCTBMEM Ae30KCMKOPTUKOCTEPOHA, Mbl
NPULLAN K BbIBOAY, YTO 3TO SIB/IEHME HENb3si MpUNMcaTb WUCK/KUUTENBHO TOMIbKO T. H. Cuiam
CTtapnvHra, no-BuaMmomy, 3aecb UrpaeT posib TakXKe NoTeps BHEK/IETOUHOIO Kanuns. 3Ty rmno-
Te3y MOATBEPXAaeT TaKXe TOT 3KCNepMMEHTa/IbHbIA (haKT, Y4TO Ba/IMHOMMULUWH, KOTOpPbI cre-
LMMYECKN YCKOpPSieT Ka/veBbli TPAHCNOPT, HE OKasblBaeT BAMAHWUS HA BENMUNHY WU3MEHEHW
VHTEPCTULNANBHOMO JaB/IEHNSA B OTBET Ha BBeAEeHMNe [e30KCUKOPTEKOCTEPOHA, HO B TO XKe BPeMs
3HAUNTENIbHO YKOpaunBaeT BPeMsi MPOTEKAHUS U3MEHEHWIA.

BETAHYPUA: TEHETUUYECKOE ABNMEHWNE?
[b. BAHKEBW, b. ®OPPAN u [. BATYNOANBU

Ha 58 oaHosLEBbIX 1 41 [BYSiLEBbIX 04HOr0 Mona 6/M13Helax aBTopbl MPOBEN onpe-
JeneHne B MoYe NuUrMeHTa 6eTaHMHa (OHW HasBanu 3TO GeTaHMHYpPUeR) nocne npuema CBeKo/lb-
HOr0 COKa, MMEIOLLIEro CTaHAAPTHYIO KOHLEHTpaumio. C NoMoLLb0 BBEAEHHOrO VMK MOYKOMN-
YeCTBEHHOIo MeToAa ONpedeNUM 3HaYeHNs1 GeTaHYpUM Y BCeX MCCNedyeMbIX NuL,. Mccneaosanm
HECKO/IbKO MaTeMaTUYecKrx Mofesiei, utobbl HaliTU Takoe pacrnpefefieHie BepOSTHOCTM, KOTO-
poe XOpOLLO MOAXOAWT K OMbITHLIM JaHHbIM.

PesynbTaTbl aHa/IM30B MOKA3bIBAIOT, UTO HAc/efyeMblii XapaKTep UHTEHCUBHOCTU 6eTa-
HYPUW Hefb3sl MPUHATb C MOHOW HAAEXXHOCTbIO, XOTS HEKOTOpPbIe MPU3HAKM YKa3blBalOT Ha To,
YTO reHeTUYECKMe (PaKTopbl MOTYT BAVSTb Ha 3TO siBNeHKe. o MHeHMIo aBTopoB, Gosee onpefe-
NeHHast TOUKA 3PEHUS B CBA3W C 3TUM SIBNIEHMEM MOXET 6a3MpoBaThCsl TOMbKO Ha WUCC/ef0BaHNN
nonynsuuy ¢ 60/bLLIMM YUC/IOM 3/IEMEHTOB.



LUNTOXNMUYECKOE NCCNEALOBAHWE MOHOB HUKENA B CEPAEYHON MbILULE
MNP OCTPOM OTPABJIEHNW OKUCBIO YT TEPOAA

A. BANOI, I' PYBAHW, T'. TIOTAYA n M. OBEPHA

Cy6AennoNapHyo UATOXMMUYECKYIO TOKAIM3ALMI0 HUKENA aBTopbl M3yyasn ¢ NOMOLLbIO
MeToZa AeMEeTUNTNMKOKCMMA; NOKA3aLMio HUKeNst onpefensny B MUOKapge cobak Bcnef 3a
ABbixaHvem okucy yrnepoga (CO), a TakxXe B CepeuHoi MblllLe Moaei, yMepLUMX BCeAcTBUE
OTpaBNeHNs OKUCbIO yrnepoja. Mokasanu, YTo peakuusi C HUKeneM MpUrogHa He TOMbKO A/
06Hapy>KeHWs CefjoB 3/1eMeHTa, NomnaBLUIero B TKaHb M3BHE, HO U B TeX C/y4asX, Koraa a/1eMeHT,
nog, BNMSIHMEM KaKoro-iM6o NaToformueckoro npouecca (0CTpoe 0TpaB/eHne OKWUCLIO YIeposa),
aKKyMY/IMPYeTCa B CepAeuHoOl MblLLLe UK OCBOGOXKAAETCS M BbIXOAUT U3 Hee.

Hawu nccneaoBaHus, BbIMOIHEHHbIE C NMOMOLLILHO 3HEPT UA-AUCMEPCUOHHOTO MUKpOaHausa,
efMHOTNacHO NOATBEPXAAIT HaMUME HUKENS B NPOAYKTaxX peakLmu.

BAVNAHWE BEPANAMWIA N PEHOKCUNBEH3AMWHA HA KOPOHAPHYIO
BA3OKOHCTPUKUWMIO, BbISBBAHHYKO MOHAMW HUKENA Y
HAPKOTUN3NPOBAHHbIX COBAK

A. KOJINEP, I'. PYBAHW, N. IWTETW n A. Aib. b. KOBAY

B HacTOSILMX 3KCMEPUMEHTAX Mbl UCCNEA0BA/IN BO3MOXHbIA MexaHW3M [elicTBUSI KOpO-
HapHoIi Ba30KOHCTPUKLUN, BO3HUKAIOLLE/ B cepALie cob6aky in situ nog BAVSIHAEM MOHOB HUKENS:
1. B NPUCYTCTBUN CEMIEKTMBHOIO aHTaroHNCcTa KabLusi Bepanamuia 1 2. B YC/10BUSIX 6/10KMPO-
BaHMA anbha-afpeHEPrMYeCKMX PeLenTopoB deHokcnbeHsamnHom (PBZ).

Bepanamun NosIHOCTLIO NPeKpaLlan CHMXKaKLlee KOpPOHapHbI/i KPOBOTOK M 6a3afibHyHO
KOHAYKTaHUuo aerictBue HU3KmMx o3 (0,02—0,2 Mr/Kr) NOHOB HMKeNS.

[OevictBne 6onee BbICOKUX A03 (2,0—20,0 MI/Kr) MOHOB HUKeNs Bepanamua He TOSbKO
npeKpaTwuI, HO U M3BPATW/, TO-eCTb, MPY HaPY>XHOM BBefieHUN BbicokMX o3 NiCl2 B npucyT-
CTBMW CENEKTMBHONO aHTaroHucTa Kanbuus, Habnoganocb yBeMUeHUe KOPOHapHOro KpoBO-
TOKa 1 MOBbILLEHN 6a3a/1bHOV KOHAYKTaHLMK.

MpeaBapuTenbHas 06paboTka (heHOKCMOGEH3aMMHOM He OKasblBasia [OCTOBEPHOr0 B/MS-
HYS Ha 3(h(IEKT MOHOB HUKENS, NPOAB/SOLNIACA B YMEHbLUEHUM KOPOHAPHOIO KPOBOTOKA.

Pe3ynbTaTbl 3KCMEPUMEHTOB YKa3blBalOT Ha TO, YTO BA30KOHCTPUKLMS, Bbi3biBaeMasi B
cepAue cobakw in situ fobaBneHVWEM BO BHELLHIOK CPefly MUKPOKO/IMYECTB X/I0PUCTOr0 HUKENS,
HacTynaeT BC/eACTBUE YBE/IMUMBAIOLLETOCA MOCTYMN/IEHNS Ka/lbUUSI B Fa/IAKOMbILLEYHbIE K/ETKU
COCy/l0B, KOTOPOE MepefaeTcs He Yepes NOCPeACTBO asbha-afpeHeprnyecKnx peLenTopoB.
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ELECTRIC SIGN OF THE ACTIVITY
OF THE SINUS NODE IN THE DOG HEART

F. Sotrti, A. Juhasz-Nagy and E. Czakeé
DEPARTMENT OF CARDIOVASCULAR SURGERY. SEMMELWEIS UNIVERSITY MEDICAL SCHOOL,
BUDAPEST

(Received September 15, 1981)

The possibility of local recording of the electrical activity of the sinus node was
investigated on 22 dogs. Using a small unipolar electrode positioned at the proximity
of the sinus node and applying a 2-4-fold electric amplification, an early, slow and low-
amplitude wave could be recorded 20-40 ms before the P wave. This early wave gradu-
ally decreased when the electrode was moved away from the sinus node and finally
fused into the local P wave. Temporary arrest of sinus node activity by injection of
adenosine into the sinus node artery, electrical stimulation of the vagal nerve by in-
filtration jwith phenol of the sinus node region made the local P wave to disappear.
Similarly, no early action before the P wave could be seen if the sinus node was driven
electrically. The early wave recorded in the proximity of the sinus node represents
the depolarization of the sinus node, and it is suitable to study the pacemaker activity
of the sinus node together with sinoauricular conduction.

The sinus node is the driver, the pacemaker of cardiac rhythm.The cardiac
cycle begins with the impulse originating in the sinus node. The activity of
the sinus node has no electric sign in the ECG record. The first sign is the P
wave that already means the spreading of the stimulus over the auricular
muscle. In order to obtain more exact information on impulse generation and
conduction in the heart, it would be of great importance to record the electrical
activity of the sinus node or of the region adjacent to the node. The action
potential generated in the sinus node cells is however too low for ECG record-
ing. Still, in the last decade it has become possible to record the electric sign
of the His bundle appropriately amplifying the local electrogram.

In the present experiments it was studied whether or not the electric
sign of sinus node activity could be recognized in the proximity of the sinus
node and whether there was any electric sign around the sinus node before
the onset of the P wave.

Materials and Methods

The experiments were performed on 22 mongrel dogs of both sexes weighing 15 to
25 kg. Under sodium pentobarbital (30 mg/kg i.v.) anaesthesia and artificial respiration the
chest was opened by transection of the sternum between the second and third ribs. After
opening the pericardium the heart was opened widely to bring into sight the right auricle, the
auricular part of the superior vena cava as well as the right atrium.
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In pilot experiments four unipolar thick circular clamp electrodes were placed at the
proximity of the sinus node, two at its border and two atthe right auricle. Thereafter a unipolar
electrode was sewed to the peak of the right auricle and another one to the left auricle. ECG
tracings were recorded with a Heilige EK 26 three-channel direct writing recorder and with
a Heilige 6-channel multiscriptor. A His preamplifier with high amplification was also used
at a frequency range below 15 Hz.

Recording of the electrical activity of the sinus node

The experiments were performed on 15 dogs. Two electrodes of 8-12 mm2 surface were
sewed with atraumatic needle to the neighbourhood of the sinus node. Four further electrodes
were applied, one near the sinus node on the right auricle, one more remotely, the third one
on the left auricle, and the fourth one on the epicardiac surface of the right ventricle. The
ECG was recorded by a Heilige multiscriptor at 2-4-fold amplification (1 mV = 20-40 mm)
and 50—00 mm/s paper speed. The activity of the sinus node was arrested by the injection

Fig. 1. Recording of the electrical activity of the sinus node in the dog. The three electrodes

fixed to the neighbourhood of the sinus node serve to record the local early wave that follows

sinus node activity. The electrodes sewed in the left atrium and right ventricle serve to record
the epicardial electrogram of the left atrium and right ventricle.

of adenosine (100-200 fig) into sinus node artery in seven dogs. In five further animals sinus
arrest was elicited by electrical stimulation of the vagal nerve (20 Hz, 1 ms, 6 ¥) and, in
three further dogs, by injecting 10% phenol into the region of the sinus node. Artificial atrial
pacemaker driving was produced in six experiments by means of quick electrical stimulation
of the right or the left atrium. The experimental arrangement is shown in Fig. 1.

Results

In the pilot experiments a small wave that followed the sinus node
activity could he recorded before the P wave in the neighbourhood of the
sinus node, in the region of the right auricle and of the right atrium. The
early wave was slow and small, and it preceded by 20—40 ms the beginning
of the P wave, i.e. the local right atrial P wave. The wave was mostly positive
except the electrogram recorded in the vicinity of the insertion of the superior
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vena cava, where mainly a small negative wave was seen. Moving away from
the proximity of the sinus node the early local wave became smaller and smaller
until it gradually merged into the local P wave. No early wave could he recorded
from the region of the left atrium and auricle. The early local wave preceding
the P wave could permanently be recorded by means of the electrodes fixed
to the proximity of the sinus node (Fig. 2).

Fig. 2. Recording of the local activity of the sinus node from a region near the sinus node.

Paper recording speed: 100 mm/s; 1 mV = 20 mm. Epicardial electrograms: top line = left
ventricle; second line = right atrium; third line = right auricular region near the sinus node;
bottom (fourth) line = immediate proximity of the sinus node. In the region near the sinus

node an early wave, indicative ofits activity could be seen 20-40 ms before the atrial P wave
(y"). The right atrial P wave somewhat preceded the left atrial P wave

When impulse generation in the sinus node was suppressed and the right
atrium was driven electrically, no local early wave appeared before the P
wave that followed the artificial spike of electric stimulation (Fig. 3).

Impulse initiation in the sinus node could transiently be abolished by
vagal stimulation or by injection of adenosine into the artery leading to the
sinus node. When the sinus node activity ceased the accompanying local early
wave disappeared (Fig. 4).

Similarly, disappearance of the local early wave and deformation of the
P wave were observed after phenol infiltration, stimulus generation then
seemed to originate from the right atrium instead of the sinus node.

1* Acta Physiologien Academiae Scientiarvm Hungaricae 59%1982
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Fig. 3. Effect of electric stimulation of the sinus node on the local early wave. Paper recording

speed: 100 mm/s; 1 mV = 25 mm. Epicardial electrograms: upper line = right auricle; bottom

line = proximity of the sinus node. During the activity of the sinus node, an early wave 0

could be recorded from its proximity. During electrical stimulation of the right atrium (third

beat) no early wave can be seen prior to the P wave; the spike (S) isimmediately followed by
the P wave and then by the R wave

Fig. 4. Alteration of the local early wave of the sinus node after local application of adenosine.

Paper recording speed: 103 mm/s; 1 mV = 20 mm. Epicardial electrograms: upper line =s

left atrium; middle line = immediate proximity of the sinus node; bottom line = right auricle.

The record on the left wis taken during the activity of the sinus node: a well visible early

wave appears in the middle line (record from aregion near the sinus node). Record on the right

was taken after injecting adenosine: as an effect, marked bradycardia and junctional rhythm
appear. No early local wave can be seen before the P wave

Discussion

Recording of sinus node depolarization would greatly promote the study
of cardiac arrhythmias. Recording of the activity of the sinus node or of its
surroundings would allow to distinguish a sinoatrial block from a sinus
arrest due to the lack of impulse initiation in the sinus node. It would also
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allow to differentiate between a tachycardia originating in the sinus node and
in the atrium. A sinus node re-entry tachycardia would also be recognized.
Recording of the early wave preceding the P wave and indicative of the activity
of the sinus node allows the exact measurement of the sinoauricular conduc-
tion time. Up to now the conduction time from sinus node to atrium has been
measured in an indirect way, by applying an early atrial stimulus (Narula
et al. [U]; Strauss et al. [13]). Neither of these methods is reliable, and the
application of early atrial stimulus is not even theoretically appropriate to
measure the real sinoatrial conduction time (Lu et al. [10]; Bonke et al. [3];
Bouman et al. [4]; Anderson et al. [1]).

Several different attempts have been made to record the activity of
the sinus node. The first procedure consisted in recording the action potential
of the sinus node in perfused sinus node — right atrium preparation (Bonke
et al. [3]; Bouman et al. [4]; Dorticos et al. [7]) The method is technically
difficult and has the drawback that it does not allow recording on the beating
heart.

For the analysis of arrhythmias one or several electrodes are introduced
into the right atrium. The electrodes are directed towards and fixed to the
corner of the superior vena cava and the right atrium; under such conditions,
the atrial ECG can be led from the immediate proximity of the sinus node.
By appropriate amplification, several authors succeeded in recording a wave
accompanying early sinus node activity and appearing before the P wave
(Castillo et al. [5]; Hombach et al. [9]; Hariman et al. [8]; Bethge et al.
[2]; Pasapia et al. [12]). It is rather difficult to place and fix the electrode
near the sinus node; therefore, the measurements are not always reliable and
not always reproducible.

The third method consists in sewing the electrodes in the neighbourhood
of the sinus node and recording the local, early, waves. Cramer et al. [6]
mainly used bipolar electrodes in their dog experiments, overbridging thereby
the territory of the sinus node. They could record a local activity before the
P wave similarly to the early wave recorded in our present experiments.

The present results together with the mentioned data in the literature
showed that with an appropriate technique a local early wave corresponding
to the activity of the sinus node can be recorded in its proximity. This wave
is a reliable indicator of the electrical activity of the sinus node. Arrest of the
sinus node activity by adenosine, vagal stimulation or phenol infiltration
leads to disappearance of the early wave. Similarly, no early wave can be
recorded when the atrium is driven electrically.

Moving away from the sinus node the early wave becomes less and less
recordable; finally, it disappears, i.e. merges into the P wave (Fig. 5). The
sinoauricular conduction time is short in the dog, about 20—40 ms under
normal conditions. Systematic recording of the close local activity of the sinus

Acta Physiologien Academiae Scientiarum Hungaricae 59, 1982



302 F. SOLTI et aL

node and improvement of the technique of such recording will allow an exact
study of both the pacemaker activity and the auricular stimulus conduction
of the sinus node.

Fig. 5. The change of the position of the local early wave of the sinus node. Paper recording

speed: 100 mm/s; 1 mV = 20 mm. Epicardial electrograms: top line = left atrium; middle

line = immediate proximity of the sinus node; bottom line = right atrium, 6 cm from the

sinus node region. Early wave {)/) can be detected before the atrial P wave in the sinus node

region. The early wave will be melted into the local—right atrial —P wave by moving away
from the sinus node region]
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THE ROLE OF THE MYOCARDIAL WATER
CONTENT IN HEART FUNCTION

G. Pogatsa, Maria Zso6fia K oi/tai and G. Grosz
RESEARCH UNIT, NATIONAL INSTITUTE OF CARDIOLOGY, BUDAPEST

(Received October 26, 1981)

In previous experiments a considerable interstitial oedema developed after
myocardial infarction followed by the infusion of 6 mmol/kg/min norepinephrine lasting
for 10 min in the 2nd and 48th hours as well as after a 60 min period of ventricular
fibrillation during cardiopulmonary bypass. On the other hand myocardial dehydration
was induced by hyperosmolality of 320-470 mOsm/1 caused by mannitol or glucose
after pancreatectomy. A close bilinear correlation was found between the myocardial
water content and the increase of ventricular diastolic stiffness. It was further estab-
lished that the increase of ventricular stiffness is followed by a decrease of the cardiac
output index measured during left ventricular afterload. The cardiac output index
was lower after myocardial infarction and pancreatectomy than during cardiopulmo-
nary bypass or mannitol-treatment. Of clinical importance is the fact that ventricular
performance decreases when myocardial water content exceeds or does not reach the
value of 760-790 g water per 1000 g myocardium.

Elevated diastolic stiffness of the ventricular -wall plays an important
role in a number of heart diseases such as asymmetric septum hypertrophy
[8, 9], diabetic cardiomyopathy [11, 18], angina pectoris [1] and myocardial
infarction [2, 3, 5, 10]. Recently we have shown that left ventricular diastolic
stiffness is elevated in myocardial oedema [12, 13, 14] and myocardial dehydra-
tion [15, 16, 17]. The aim of the present study was therefore to demonstrate
a universally valid correlation between tissue water content and diastolic
stiffness in the myocardium as well as between the latter and ventriculai
performance.

Methods

In the study 45 mongrel dogs of both sexes weighing 10-25 kg were used. Myocardial
dehydration was induced by 11 mmol/kg glucose given in 2 or 3 consecutive intravenous
injections in 6 pancreatectomized animals. This dose of glucose induced a hyperosmolality
ranging between 320-470 mOsm/1. Since insulin influences the dehydrating effect of glucose,
[16] pancreatectomy was performed in these (n = 10) animals. Haemodynamic investigations
were carried out half an hour after pancreatectomy. In another group of animals hyperos-
molality of 320-470 mOsm/1 was induced by 2.745-5.49 mmol/kg of mannitol [16]. Myocardial
oedema was induced partly by i.v. infusion of 6 nmol/min/kg norepinephrine for 10 min,
performed 2 or 48 hours after ligation of the left anterior descending coronary artery in 7 and 6
animals, respectively, and partly by empty beating or fibrillating hearts dmring cardiopulmo-
nary bypass for 60 min in 17 animals. The data from 8 intact animals served as controls.

Myocardical water content was determined by drying the tissue to constant weight
and expressed as a percentage of the total wetweight. The diastolic stiffness of the left ventric-
ular wall was characterized by the value for the left ventricular passive elastic modulus,
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which was calculated by the modified method of Diamond and Forrester [2]. This modi-
fication by gradual blocking of the flow in the descending aorta by a step-by-step inflated
embolectomy catheter introduced through the femoral artery allowed to measure the correla-
tion of zdP/dV and the mean intraventricular diastolic pressure in a wide range [6]. Since the
pressure-volume relationship is not exponential at low pressure, data obtained at a pressure
of less than 333 Pa were neglected. Pressures were measured with Statham gauges (p23Db)
through rigid catheters introduced into the ascending aorta and the left ventricular apex.
Cardiac output was measured by the thermodilution method [4]. The calculations were carried
out using linear and bilinear regression analysis. The latter was calculated by the method of
Kubinyi and Kehrhahn [7].

Results

Comparing the data of animals with myocardial oedema to those of the
controls, a close linear correlation (y = 0.0358n: — 2.6939; r = 0.6247; n = 41)
was found between the passive elastic modulus and the myocardial water
content in the left ventricular wall. Thus the increase of the myocardial water
content is followed by a proportional elevation of the value of the passive
elastic modulus. On the other hand, by pooling the data obtained in myocardial
dehydration and in the control state, an inverse linear correlation (y = 0.0448n:
-)- 3.5502; r= 0.9405; n = 24) could be demonstrated between the above
parameters. The decrease in myocardial water content increased the values
of the left ventricular passive elastic modulus. Considering the diverse altera-
tions of myocardial water content, a close bilinear correlation was observed
between the tissue water content and the passive elastic modulus (Fig. 1).
This phenomenon is referring to the dependence of myocardial diastolic elastici-
ty on the myocardial water content. As shown in Fig. 1, the smallest diastolic
stiffness of the myocardial wall coincides with a normal tissue water content
and myocardial diastolic stiffness, characterized by the values of passive
elastic modulus, increases immediately when the tissue water content deviates
from the normal level.

The functional state of the myocardium was characterized in all ex-
perimental groups by the cardiac output index measured during left ventricular
afterload, i.e. when the flow was blocked by means of an inflated embolectomy
catheter (Table I). Left ventricular performance was significantly decreased
in all experimental groups except in the animals with empty beating heart
during cardiopulmonary bypass. This could be explained by the fact that
their myocardial contractility was damaged to a lesser extent and the intersti-
tial oedema was slight in these cases. The correlation between the passive
elastic modulus, characteristic of left ventricular diastolic stiffness, and the
cardiac output index during left ventricular afterload demonstrated that the
cardiac output index always diminished when the left ventricular diastolic
stiffness increased (Fig. 2). As shown in Fig. 2, two curves for correlation—
both including the control dogs—had to be taken separately among the ex-
perimental animals. Several groups (two with myocardial infarction and the
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ml

Fig. 1. Bilinear correlation between tissue water content and passive elastic modulus in the

left ventricular myocardium. O control animals; O animals with glucose-induced hyper-

osmolality after pancreatectomy; m animals with mannitol-induced hyperosmolality; O ani-

mals treated with norepinephrine 2 hours after coronary artery ligation; # animals treated

with norepinephrine 48 hours after coronary artery ligation; [ animals with empty beating

hearts during cardiopulmonary bypass; A animals with empty fibrillating hearts during
cardiopulmonary bypass

ml.min™, kg™

Fig. 2. Influence of ventricular diastolic stiffness on the cardiac output index during left
ventricular afterload. Legends see in Fig. 1
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Table |
Cardiac output index from all experimental groups of the study

Cardiac output
index during left

Groups ventricular n

afterload
0 153 + 9b 8
=] 46 £ 7b 6
u 57 + 8b 10
0 70+ 3b 7
94 + 10 6
i 126 + 14b 8
A 73+ 4b 9

n = number of animals

The significance relative to control values is indicated by a: p < 0.01; b: p < 0.001
Symbols see in Fig. 1

pancreatectomized one with glucose-induced hyperosmolality) showed a lower
cardiac output index than did the remaining groups. According to the figure,
no difference in cardiac output index was found between the two coronary
infarction groups, independently of the fact that norepinephrine was admin-
istered 2 or 48 hours after the ligation.

Discussion

It is a common feature of biological phenomena that the optimum func-
tion of an organ is ensured solely when important characteristics do not deviate
from their normal levels. This kind of correlation could also be demonstrated
in our observation between tissue water content and myocardial diastolic
stiffness.

Our earlier investigations [12, 13, 14, 15, 16, 17] have confirmed the
observation of Skerton [19] and have shown that myocardial water content
normally ranges between extremely close limits and 100 g of wet myocardium
contains under normal circumstances 77.8 + 1.0 g water. This indicates that
the normal tissue water content is maintained in the myocardium by a very
sensitive regulatory mechanism. According to our findings the value of left
ventricular passive elastic modulus increases and accordingly the compliance
of the left ventricular wall decreases when the myocardial water content
exceeds or does not reach the values of 760—90 g in 1000 g myocardium,
independently of how an elevation of the left ventricular diastolic stiffness
could be reached. We determined only the water content of the myocardium,
and in this way only the fact of oedema could be observed, without any pos-
sibility to judge whether the different interventions on the extra- or intra-
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cellular space exerted their effects predominantly. This phenomenon is of clin-
ical importance since ventricular performance, i.e. the cardiac output index
has been found to decrease when the myocardial water content was higher or
lower than its normal level. In such conditions namely the values of the
passive elastic modulus are elevated [11, 13, 14, 15, 16, 17].
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Hypotonic haemolysis of newborn and adult human red blood cells (RBC) is
more intensive at 4 than at 37 °C. Newborn RBC are more resistant to the decrease
of temperature than adult RBC. Transition temperature of the RBC membrane can
well be determined by illustrating osmotic haemolysis as a function of temperature.
This parameter characterizes well the microviscosity of the membrane. The inclination
point of Arrhenius curves representing transition temperature occurred always at
25 °C both in the case of adult and newborn RBC. The similarity of the transition
temperature indicates the similarity of membrane microviscosity of newborn and
adult human RBC.

Surface components of the adult human red blood cell (RBC) membrane
are practically immobile in the plane of the membrane [9]. Antibodies and
lectins bind to the surface receptors of the normal RBC, but in contrast to
other cells, they do not induce redistribution or endocytosis of these recep-
tors [3].

The properties of human RBC are different in the newborn. Endocytosis
can be provoked in newborn RBC by antibodies specific for blood group “A”
[2]. This finding agrees well with that of Schekman and Singer who found
that lateral mobility of certain receptors and antigens is higher in the newborn
than in the adult cell [11].

The question arises what can be the cause of these differences found in
the lateral mobility of the receptors. One possible explanation is the lower
viscosity of the lipid layer in the newborn cell membrane. The temperature
dependence of the osmotic resistance of RBC was studied in one of our previous
works [7]. The illustration of osmotic haemolysis as the function of temperature
made the determination of transition temperature possible. Microviscosity
of the membrane can be well characterized by this parameter. The lower
viscosity of the young calf RBC membrane compared to adult cattle RBC
could be verified by this method.

The present experiments were designed to study the transition tempera-
ture of human RBC in newborns and adults by analysing the temperature
dependence of the osmotic resistance of RBC.
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Materials and Methods

Red blood cells (RBGs) removed from 10 healthy newborn babies and 15 adult men
and women (20 to 60 years old) were washed [5] and 0.1 ml portions of their 30% solution
were added to a series of hypotonic solution, 4 ml each. Hypotonic solutions of 210, 190, 170,
150, 130 and 110 imOsm osmotic strength were prepared from a NaCl solution containing
10 mM Veronal Na—HG1 buffer (pH 7.4). Incubation was carried out for 15 min at 4, 9, 16,
25, 30 and 37 °C. After incubation the mixture was centrifuged at 1000 g for 3 min at 0-4 °C,
and the haemoglobin content of the supernatant was determined by a spectrophotometer
at 540 nm. The extent of haemolysis was expressed as per cent of total haemolysis obtained
after treatment of the RBG suspension by Triton X-100 (0.3 mg/ml).

Results

Hypotonic haemolysis of both the newborn and adult RBCs was more
pronounced at 4 than at 37 °C (Figs 1 and 2). The shape of the haemolysis
curve was very similar in newborns and adults, which was obvious also from

Fig. 1. Osmotic haemolysis of newborn human red blood cells at 4 and 37 °C. Haemolysis
expressed as per cent of total haemolysis and illustrated as the function of osmotic strength
of the NaCl solution

[imOsm]

Fig. 2. Osmotic haemolysis of adult red blood cells at 4 and 37 °C. Haemolysis expressed as
per cent of total haemolysis and illustrated as the function of osmotic strength of the NaCl
solution
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the fact that there was no great difference between the haemolysis value at
4 and 37 °C at both ends of the curve (i.e. at 210 and 110 imOsm osmotic
strength). In other words the effect of temperature was negligible at minimum
and maximum haemolytic rates.

Analysing the intermediate part of the curve (150 imOsm) it is essential
to note that the difference between the haemolytic rates at 4 and 37 °C was
significantly more pronounced in adult RBC (Fig. 3). This difference could
be explained by the fact that newborn RBCs were more resistant to the de-
crease of temperature during hypotonic haemolysis than adult RBC.

Illustrating the haemolytic rate as the function of temperature in 150
imOsm NacCl solution, Arrhenius lines could be constructed (Fig. 4). Inflection
points of these lines occurred at 25 °C both in the case of newborn and adult
RBC.

Fig. 3. Haemolysis'of newborn and adult human red blood cells at 4 and 37 °C in 150 imOsm
N ad solution. Haemolysis expressed as per cent of total haemolysis

rrrrrrrrr S W 1 [ 1 1 1
£0 36 32 28 2U 20 16 12 8 U 0 T °C

Fig. 4. Effect of temperature on osmotic haemolysis of newborn and adult human red blood
cells in 150 imOsm NaCl solution. Haemolysis expressed as per cent of total haemolysis and
as a function of incubation temperature
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Discussion

The greater mobility of membrane receptors and antigens suggest
lower microviscosity of the newborn RBC membrane. Previous studies revealed
a lower transition temperature of calf RBCs than of adult cattle RBCs [7].
Lower transition temperature indicates reduced microviscosity.

Kehry et al. [8] compared the microviscosity of the newborn and
adult RBC membranes by fluorescence polarization technique. Their experi-
ments showed negative results, i.e. there was no difference in the micro-
viscosity of the two membranes. Our results are not in contradiction with
those of Kehry et al. Although the higher osmotic resistance of newborn
RBCs at low temperature indicates increased membrane fluidity, the transi-
tion temperature—characterizing microviscosity—was similar in the newborn
and adult RBCs.

Aloni et al. [1] found with the same technique that transition tempera-
ture of adult RBCs was 25 °C; they did not study newborn RBCs.

It is very difficult to explain that the microviscosity, measured either
by fluorescence or by osmotic resistance technique, was not different in the
cases of newborn and adult RBCs.

Kehry et al. criticized their own method. According to their opinion
the fluorescence probe by perylene gives information only about the state of
the interior hydrocarbon layer and it is not suitable for the measurement
of microviscosity of the whole membrane and especially of its surface
layers.

In contrast to the old concept explaining microviscosity only on the
basis of the lipid composition of membranes, the new concept involves the
following factors as well: lipid composition, lipid—protein interactions, phos-
phorylation state and conformation of ATP-dependent membrane proteins
and the presence of divalent cations [12].

Similar to A1oni we also believe that the analysis of the temperature
dependence of osmotic resistance provides valuable information about the
microviscosity of the protein—ipid boundary region rather than about that
of the inner lipid layer. In this case cellular ATP content and Mg/Ca ratio
are of particular importance [12]. The 10 times higher ATP content [6] and
the higher Mg2+ concentration [5] of the newborn calf RBC may explain the
lower microviscosity of the protein—ipid boundary region [7]. Such a great
difference in ATP or Mg content of newborn and adult human RBCs has not
been found so far [10, 4].

This fact may explain that, without further development of the tech-
nique, no difference will be found between the transition temperature, i.e.
microviscosity of the lipid—protein boundary region, of adult and newborn
RBCs.
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Solvents -were tested for tbeir influence on motivational state, as well as for
their sedative effects, after intraperitoneal administration. The following tests were
nsed: open field (exploratory activity, locomotion), activity wheel (running activity),
tube test and tilted plane (muscle weakness, incoordination).

The agents proved to be similar in causing muscle weakness and ataxy already
at low dose levels. Benzene was the most poteDt in this respect. The three solvents,
however, contrasted strongly in influencing motor activity. While benzene and especially
toluene exerted CNS stimulation, no such effect could he detected following m-xylene
treatment. On the basis ofhuman experiences with these substances it may be suggested
that the screening procedure applied in rats might be useful for predicting acute adverse
effects in man.

At the time being industrial solvents are generally known as central
nervous system depressants. Depending upon the level of exposure, however,
there are certain differences in the CNS profile of the substances. This fact
might he of great importance not only concerning the hygienic aspects but
also the increasing abuse of these agents (“glue sniffing”). Inhalation of toluene
preceding narcosis is known to cause euphoria, exhilaration, excitement and
drunkenness [9, 10, 2], while no such experiences are available with xylene
exposure.

A revision of our knowledge about the CNS effects of solvents is required
and there is a need to find suitable methods to differentiate among solvents
regarding their acute effects in animals. Taking into consideration that the
acute effects of organic solvents are transitory owing to their rapid éliminatien,
a test battery was developed in our laboratory for rats vdiich allows the anal-
ysis of motivational states as well as the assessment of certain sedative effects,
such as incoordination and muscle weakness, within a very short time. The
screening battery consists of several simple tasks possible to complete without
training procedure. The validity of the method was proved by three commonly

used aromatic solvents, applied intraperitoneally.

Methods

Animals. CFY male white rats obtained from the LATI (G6d6ll6, Hungary) breeding
colony were housed in groups of ten in wire mesh cages of 36x30x50 cm. A standard rat
diet in pellets and tap water were available ad libitum. Experiments were performed in ani-
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mais reaching an age of 8 weeks and weighing about 200 g. Rats were transferred to the
laboratory 30 min before the experiments, always between 8.30 and 11.30 a.m.

M aterials, dosage. Benzene (Biogal, Hungary), toluene (Biogal), and m-xylene (Reachim,
USSR) with declared high analytical purity was used. The agents were diluted with sun-
flower oil and injected intraperitoneally 30 min prior to the experimental session. Control
animals received the vehicle alone. At least five dose levels for each compound were tested.
Statistical evaluation was performed with Student’s t test.

The tests applied were as follows:

M odified open field. The apparatus consisted of a circular flat area (45 cm in diameter)
enclosed with a cardboard wall (25 ¢cm high), where the animal could move freely on the
periphery but was prevented from crossing the middle part of the field by a centrally placed
cylinder (15 ¢cm in diameter and 25 c¢cm high). The floor between the inner and outer wall was
divided into 8 segments, and the whole area was illuminated by a 100 W lamp 100 cm above
the floor. The apparatus was located in a quiet room and the rats were watched by means
of mirrors. The two parameters registered in the five minute test period were: ambulation
indicating locomotor activity (the number of segments crossed), and rearing indicating vertical
orientation.

Activity wheel. The wheel was made of perforated Plexiglass (28 c¢m in diameter and
5 cm wide). Revolutions were counted by a mechanical system for 30 min.

Tilted plane (1). Rats were placed onto the rough surface of a wooden plane (45 X 70 cm)
inclined at an angle of 30 degrees. The plane was tilted continuously until the rat slid down.
The angle of the tilted plane was registered. The mean value of three trials was given.

Tube test. Arat was made walk inside a tube (a dark, round box, 13 cm long and 7.4 cm
in diameter) in horizontal position. Then the tube was quickly turned into vertical direction
with the rat’s head upside down. An untreated rat corrected its unusual position 3-5 s. Maxi-
mum waiting time: 20 s.

Results

Dose—response curves for the three solvents obtained by the different
tests are presented in Figs 1 through 5.

Open-field behaviour (Figs 1 and 2). There was a striking difference
among the action of drugs tested. Depending on the dose applied toluene
exerted two opposite effects. In a certain dose range a dose-dependent increase

Fig. 1. Open field, ambulatory activity. Control, 100%. The data represent the mean values
often rats, O benzene, Q toluene, 4 m-xylene. Level of significance:a, p < 0.05;b,p < 0.01;
c,p < 0.001
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Fig. 2. Open field, rearing activity. Control, 100% . Symbols as in Fig. 1
in locomotor activity could be recorded and at lower dose levels rearing
activity was also enhanced. Higher doses caused depression in both tests.

On the other hand, depression was the only effect which could be detected
after the administration of benzene and m-xylene.

Wheel-running activity (Fig. 3). Under the influence of toluene the

increased open-field ambulation was accompanied by increased wheel running.

Fig. 3. Performance on the activity wheel. Control, 100%. Symbols as in Fig. 1
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Fig. 4. Performance on the tilted plane. Control, 100% . Symbols as in Fig. 1

Benzene also increased wheel running up to a certain degree, while m-xylene
had no effect at all.

Tilted plane and tube test (Figs 4 and 5). All the three solvents caused
muscular weakness, ataxy and incoordination interfering with the performance
of the animals in both tests. The angle of the tilted plane at which rats slid
down as well as the time required for rats to correct their inverse position in
the tube changed in a dose-dependent manner.

W hile the relative potency of solvents can he assessed in Figs 1 through
5, in Table | the lowest dose ranges evoking significant changes in the test

Fig. 5. Performance in the tube test. Control, 100% . Symbols as in Fig. 1
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Table |

Minimum effective dose ranges determined by the test battery 30 min after the administration of solvents

Minimum effective doee ranges (mM/kg)
Acute LDt0 values

Test . . (95% confidence

f,ﬁﬁﬂ.gﬁf'ﬁ O?SQJ#Z"’* Tube test Tilted plane Activity wheel intervals)

Solvent

Benzene 1.7—3.6** 1 1.7—3.6** 1 3.6—5.2** 1.7—2.8%* \ 1.7—3.6* t 23.15
(19.35-27.74)

Toluene e = o° 5.8—8.3** 1 2.7—4.0%* Ir-28* 1.1—2.7* f 24 4Q
(20.49-25.57)

m-Xylene 5.6—8.4** 1 2.5—3.7%* \ 5.6—8.4%* \ 2.5-3.7** 1 no effect 21.06

(18.87-23.49)

The upper limit values of the minimum effective dose ranges represent significant differences from the controls; *p < 0.05; **p < 0.01;
t increased activity; \ decreased activity
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performances can be compared with the LD50 values also determined in our
laboratory (unpublished data).

Discussion

W ith the aid of the testing procedure we succeeded in finding some
features of the three substances investigated being in common, as well as
features of completely different character.

Benzene, toluene, as well as m-xylene caused muscular weakness and
equilibrium disturbances. These common symptoms associated with the
well-known sedative effects of industrial solvents were detected by sensory-
motor methods, such as tilted plane, tube test and at the same doses by the
open-field rearing activity. In this respect benzene was the most potent,
probably because the intensive tremor appearing as a special symptom follow-
ing its injections might have influenced the test performance.

Considering motivational states, however, toluene differed from the other
solvents qualitatively and quantitatively as well. Toluene seems to be a central
nervous system stimulant. This stimulatory action can be observed already
at small doses and in a wide range in the open field ambulation and in the
activity wheel. Benzene also enhanced wheel running activity up to a certain
degree, the intensive tremor, however, might have suppressed the manifesta-
tion of the CNS excitation in the wheel. No sign of excitation following
m-xylene treatment could be detected, the decreased test performances reflect-
ed the predominance of a CNS depressant effect.

Concerning the effects of toluene, however, we have to stress that the
excitement measured in the wheel and in the open field at low dosesisa phenom-
enon different from the marked activities at high doses. While at lower
doses activity reflects a stimulated exploration (increased ambulation and
rearing), the increased locomotor activity at higher doses and the absence of
vertical orientation (rearing) probably represents stereotypy. This assumption
can be confirmed by the wheel-running behaviour at high doses, where animals
with a high degree of ataxy and muscular weakness were able to run the
wheel nearly non-stop with a maximum speed. This high activity does not
represent muscular strength (wheels are easy to drive), on the contrary,
while in the activity wheel a drive of maximum speed can be recorded, the
performance on the tilted plane or in the tube might be rather poor. This
type of drug action is not new; e.g. Cook et al. [4] found that pentobarbital
stimulated motor activity even following doses that produced marked ataxia.

Although extrapolation of animal experimentation to predictability in
man must be done carefully, we assume that the analysis of the unlearned
behaviour under the effect of aromatics might be useful for the classification
of solvents in respect of their acute adverse effects in man. The presence or
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absence of the excitatory component in the actions seems to be decisive in
the assessment.

Thus, m-xylene exerted no stimulatory effect on the CNS in the rats.
Similarly, data for an excitatory action in humans are also lacking [6]. Benzene,
and especially toluene produced CNS stimulation in experimental animals.
This was in accord with the expectations, since both solvents are known to
cause euphoria in man [3, 6, 7]. Moreover, the pronounced excitatory effect
of toluene in the rat resembles that of psychomimetics. According to Horvath
and Frantik [8], substances increasing spontaneous motor activity in lower
and medium concentrations and depressing it only in very high ones evoke
euphoria in man. Damstra [5] classified toluene as a hallucinogen and Japa-
nese authors [11] studying the changes in the EEG components after toluene
exposure suggest that the persistence of the rhythmical hippocampal waves
may have some common bearings with the psychomimetic effect of toluene
in cats. Toluene was studied by Weiss et al. [12] for its capacity to maintain
self-administration of monkeys in the same way as drugs of abuse.

The test battery capable of measuring different levels of excitation
and/or depression proved to be appropriate for screening the acute effects
of solvents following their intraperitoneal administration. The sensitivity of
the method can be judged from the data presented in Table I. There are
about five to tenfold differences in the minimal effective doses and LDS0
values. It is reasonable to suppose that similar actions as well as similar
differences in doses (concentrations) are to be expected in inhalation studies.
This is, however, going to be the topic of a subsequent study.
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Amniotic fluid was collected from women in the 2nd trimester of their gravidity
by amniocentesis and its effect on the isolated pregnant rat uterine preparation investi-
gated. It was demonstrated that some of the amniotic fluid components partially
purified by using the combination of various separation techniques stimulated, while
others inhibited the contractions of the isolated rat uterine preparation. The inhibitory
component, called utero-inhibin also inhibited the spontaneous contractions as well
as the basal tone of the isolated rat intestinal preparation and those of the isolated
human pregnant myometrium preparation. It is speculated that the inhibitory factor
might play a physiological role in maintaninig the resting state of human uterus during
pregnancy.

Knowledge concerning the factors controlling human myométrial func-
tion during pregnancy and parturition is incomplete in spite of numerous
experimental observations. Experiments in rats and rabbits indicated the
existence of a factor different from progesterone, inhibiting uterine motility
during pregnancy [3, 6, 7]. The physiological and pathological significance
as well as the physico-chemical and chemical nature of this (these) factor(s)
have not been clarified.

The present study was aimed at clarifying the presence of a factor in
human pregnancy capable of inhibiting uterine motility.

Materials and Methods

Collection and storage of specimens

Amniotic fluid was obtained by amniocentesis from healthy 16-22 weeks pregnant
patients (n 7). The specimens were immediately centrifuged at 4000 rpm for 20 min at
room temperature. The supernatants were stored at —20 “C and a pool was prepared from
them immediately before analysis.

Physico-chemical analysis

a) Sephadex G-25 fine (SG-25) gel chromatography. Column: 1.6x40 cm; eluent:
Krebs solution; flow rate: 0.5 ml min-1; room temperature; sample volume: 5.0 ml; trans-
mittance: detected at 254 am; calibration of the column: blue dextran (V0) and acetone (V eff).

b) CM-Sephadex C-25 (CM-SC-25) ion exchange chromatography. Column: 1.6x36 cm;
eluents: 144 ml 0.05 and 144 ml 0.1 M HC1; room temperature. The fraction eluted by 0.1 M
HC1 was evaporated to dryness at 40 °C under reduced pressure and dissolved in distilled
water.

c) This fraction was further separated by one-dimension paper chromatography.
W hatman 3M paper; butanol : pyridine : glacial acetic acid : water = 30 : 40 : 6 : 15 v/v.
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Biological analysis

Biological activities of the native and fractionated amniotic fluids were tested on strips
of rat uterine horn removed in the 20th day of pregnancy and of human myometrium excised
in the 40th week of pregnancy by Caesarean section, and on in vitro preparations of rat duo-
denum, ileum, colon ascendens as well as electrically driven (impulses of 2.2 msec duration,
70 V amplitude, at 12 s intervals) mouse vas deferens.

The experimental conditions were as follows.

1. Superfusion system (bath volume: 1.2 ml; flow rate: 0.5 ml min-1; medium: Krebs
solution; equilibration period: 90 min; pretension: 2.0 g; organ preparation: rat uterus).

2. Perfusion system (bath volume: 4.6 ml; medium: Krebs solution; temperature:
37 °C but the mouse vas deferens where 30 °C; pretension: at rat and human uterine strips
2.0 g, at rat intestine preparations 0.5 g and at mouse vas deferens 0.3 g; equilibration period:
at uterine strips 90 min and at all other preparations 30 min). Continuous bubbling with a
mixture of 95 per cent oxygen and 5 per cent carbon dioxide and isometric recording (Bio-
forcemeter BFS 8) were used in both systems.

Chemical analysis

Peptide concentration of the native and fractionated amniotic fluids was determined
by the modified Lowry method [5].

Results

0.1 to 0.5 ml pooled human amniotic fluid (peptide concentration:
5.43x10~3gml-1) obtained in the 16-22nd week of pregnancy increased the
frequency and basal tone but decreased the amplitude of spontaneous contrac-
tions of the in vitro superfused pregnant rat uterine strip.

Native amniotic fluid could be separated by SG-25 chromatography
into 3 fractions with effect on pregnant rat uterine strip. These fractions were
characterized with the Kav values (Kav= (Ve—V0)(Vt—ko)-1» where Ve —
elution volume of individual fractions, V0 = exclusion volume of the gel
column, Vt=total volume of the gel column on the basis of geometrical
parameters) determined at the maximum of biological activity. The first one
of them (Kav= 0.63) inhibited the spontaneous contractions, the second one
increased the frequency of contraction and basal tone (Kav= 0.82), the third
one (Kav= 0.93) reduced the amplitude of contractions (Fig. 1). These frac-
tions contained Folin positive materials and absorbed light at 254 nm wave-
length. The Kav= 0.63 fraction was eluted within the effective separation
volume (Vdf) of the gel column.

The subfraction of the Ka — 0.63 fraction eluted by 0.1 M HC1l on
CM-SC-25 cation exchange resin, inhibited spontaneous contractions and
decreased the hasal tone of the in vitro pregnant rat as well as human myo-
metrium in a dose-dependent manner, in the range of 1.5 to 7.2 X 10-7 g ml-1
bath peptide concentration (Fig. 2).

This subfraction decreased the basal tone and amplitude of the contrac-
tions of the isolated rat duodenum, ileum and colon preparations as well as
that of the electrically driven mouse vas deferens in the above dose range.

According to the paper chromatography this subfraction contained 4
ninhydrin-positive substances of which only one (Rf = 0.08) possessed inhibi-
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elution volume

Fig. 1. Transmittance (upper part) and in vitro biological activity (lower part) were simultane-

ously recorded during the chromatography of 5.0 ml pooled human mid-pregnancy amniotic

fluid on SG-25 gel column. Biological activity was detected on a (spontaneously contracting)

pregnant rat uterine strip, immediately superfused with the eluted solution. Arrows under the
motility recording indicate the biologically active fractions

to T
T A A

Fig. 2. Effect on the in vitro spontaneous contractions of human pregnant myométrial strip,
of amniotic fluid fraction (A) that was separated by combining the SG-25 and CM-SC-25
chromatography. Ax= 3.6 X10-7 g ml-1 and Ar= 7.2 X 10-7 g ml-1 peptide in the bath;
W = wash out
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tory effect on spontaneous contractions of the in vitro uterine strip of preg-

nant rat.
Discussion

Effect on uterine motility of the native amniotic fluid obtained in
human mid-pregnancy has already been studied, the results are, however,
contradictory [1, 8]. The present investigation indicates that the human
amniotic fluid possesses both stimulatory and inhibitory effects on the in
vitro spontaneous contractions of pregnant rat uterine strip.

According to the present knowledge, there are several factors in the
body fluids involved in the regulation of contractility and motility of the
myometrium in pregnancy. These factors have different chemical as well as
physico-chemical and biological characters [2, 4]. In spite of the available
data, the exact control of the mechanical function of the uterus during preg-
nancy has not satisfactorily been clarified. The present investigation has shown
that amniotic fluid contains a factor, not identified so far that is capable of
inhibiting the in vitro contractions of the pregnant rat and human myomet-
rium. Its inhibitory effect is dose-dependent. On the basis of the described
properties, this substance, partially purified seems to be non-specific and
different from other endogenous substances with relaxing effect on the uterus
(progesterone, relaxin, epinephrine etc.).

By the results presented above attention should be focused on that
an endogenous factor not discovered so far might be involved in controlling
the quiescence of the uterus in human pregnancy. This substance, called utero-
inhibin belongs to the so-called middle molecular weight constituents of
peptidic character, nominal molecular mass of which ranges between 500 and
5000 Dalton.
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THE FATE OF PANCREATIC SECRETORY
PROTEINS IN THE BLOOD CIRCULATION
OF DOGS AND RATS

M. Papp, G. Varga, G. Folly and Veronika Tércsvari
INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

(Received December 2, 1981)

To follow the fate of intravascular pancreatic secretory proteins fresh pancreatic
juice was collected from anaesthetized donor dogs and rats following stimulation of
the prancreas by 4 U/kg b. w. of secretin -f- CCK-PZ. Protein level, lipase and amyl-
ase activity of the juice were determined, then the juice was injected into the blood
stream of anaesthetized animals of the same species. Space of distribution, biological
half-life, excretion in urine and bile, secretion in pancreatic juice and activity in thoracic
duct lymph of the injected pancreatic secretory proteins were determined. Plasma
volume of the recipient animals was also determined.

The space of distribution of both lipase and amylase and that of lipase in dogs
was restricted to plasma volume. In dogs the biological half-life of amylase was longer
than that of lipase. The excretion of enzymes in the bile of dogs and rats was found
negligible, while in the urine ofrats it reached 10per cent of the injected amount. Pancre-
atic juice injected into the blood stream increased both lipase and amylase activities in
the pancreatic juice of dogs, and the protein level and output in the pancreatic juice
of both dogs and rats. A part of the enzymes which had left blood circulation is re-
circulated by the thoracic duct lymph into the blood.

An unresolved problem of pancreatic physiology is what happens with
the pancreatic secretory proteins after they have entered the blood circula-
tion: are they excreted from the blood or get into the pancreas and influence
exocrine pancreatic secretion?

The aim of our study is to follow the fate of pancreatic secretory proteins
in the blood by determining their biological half-life, space of distribution,
excretion rate and their probable reuse [9] by the gland. Finally, the recircula-
tion of pancreatic enzymes which had left the blood circulation was examined
in thoracic duct lymph.

On the basis of data an attempt was made to establish how long can
the increase of digestive enzyme activity be demonstrated in the blood plasma
in acute pancreatitis, further, are the pancreatic digestive enzymes protected
by some conservation mechanism [5] in favour of their reuse by the organism.

Materials and Methods

Group 1. Pancreatic juice was collected from 5 male donor dogs anaesthetized with
chloralose and 36 male CFY donor rats anaesthetized with nembutal. Exocrine pancreatic
function was stimulated by 4 U/kg b.w. of secretin CCK-PZ (GIH Lab., Stockholm) given
into the blood stream. The activity of lipase and amylase, and the protein level in the juice
were determined. The juice was injected as a bolus into the femoral vein of animals of the same
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species, i.e. into the blood of 6 recipient dogs (13.5 £+ 0.8 kg b.w.) (mean + SEM) and of 12
recipient rats (295 + 11 g b.w.). The recipient animals were anaesthetized in the same way
as the donors. After the intravenous injection of pancreatic juice arterial blood samples were
taken in consecutive periods for 90 min. The experimental design is shown in Fig. 1. Excretion
of both enzymes was measured in the urine and from the cannulated common bile duct of
recipient dogs during this period. Lipase activity was measured by the method of Webeb [10]
using sunflower oil as substrate, amylase activity was measured by the method of Bebnfield

Collection of blood samples:

a. Group of 12 recipient rats (each point « represents 3 rats)
Inj. of pancreatic juice

Blood samples:
0. 30. 40. 60. 90. min

b. Group oT -6 recipient dogs
Inj. of pancreatic juice

Blood samples : N
0. 30. 45. 60. 75. 90. min

Fig. 1. Experimental design of Group 1

I. Group of 9 dogs (Pylorus ligation, gastric fistula)
1U/kg b.w. of secretin
Inj. of pancreatic juice

Blood samples :
o P .. 30. 60. 90. 120.  150. min

Juice samples :
. . 30. 60. 90. 1200 150. min

Il. Group of 9 control dogs (Pylorus ligation, gastric fistula)

1U/kg bw. of secretin

Inj of saline

Blood samples : .
P 30. 60. 90. 120.  150. min

Juice samples:
P 30. 60. 90. 1200 150. min

Fig. 2. Experimental design of Group 2

[2] using Merck starch as substrate. The enzyme activities measured in plasma samples were

extrapolated to 0 min. The space of distribution of lipase and amylase was determined by
using the formula:

space of enzyme distribution =

injected amount of enzyme — excreted amount of enzyme
enzyme activity extrapolated to 0 min — basal enzyme activity in plasma

In both species plasma volume was determined by intravenously injected 1% Evans blue
solution.
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Group 2. Pancreatic juice was collected from donor male dogs anaesthetized by chlo-
ralose and from donor rats anaesthetized by urethane by stimulating the exocrine pancreatic
secretion with intravenous 4 U/kg b.w. of secretin -f CCK-PZ (GTH Lab. Stockholm). The
collected juice was weighed, lipase and amlyase activity and protein level [11] were determined.
18 recipient dogs were laparotcmized, the pylorus was ligated and a gastric fistula was prepared.
A polyethylene cannula was introduced into Santorini’s duct and the small pancreatic duct
was ligated. Pancreatic juice was collected for 150 min in 30 min periods by stimulating the
exocrine pancreatic secretion with 1 U/kg b.w. of secretin (G1H Lab., Stockholm) given into
the femoral vein for 150 min with a Harvard infusion pump. Arterial blood samples were
taken at 0 min and subsequently every 30 min. After the second collection period of the juice
— that is in the 61st min — 2.8 £+ 0.7 ml/kg b.w. fresh pancreatic juice was given intra-
venously to 9 dogs (18 i 1 kg b.w.) as a bolus. Further 9 dogs (18 + 2 kg b.w.) served as
control receiving physiological srlir.e instead of pancreatic juice. The experimental design
is shown in Fig. 2.

Twenty recipient male CFY rats (300 g b.w.) were subjected to laparotomy. The com-
mon bile duct was ligated at the hepatic hilum and a polyethylene cannula was introduced
into the duct close to the duodenum for collecting pancreatic juice. Ten of the rats received
fresh pancreatic juice (1 ml/kg b.w. = 48 mg protein/kg b.w.) at 0 min as a bolus into the
femoral vein. Ten untreated rats served as controls. Pancreatic juice was collected for 60 min.
Each rat was exsanguinated from the abdominal aorta in the 60th min. Volume, lipase [10],
amylase [2] activity and protein [11] level of pancreatic juice samples ofrecipient dogs, further-
more, lipase and amylase activity in their plasma were measured. Volume, amylase activity
and protein level were measured in the pancreatic juice of donor and recipientrats, and the
activity of amylase was measured in the plasma of recipient rats.

Group 3. From male CFY donor rats pancreatic juice was collected during stimulation
of exocrine pancreatic secretion by 4 U/kg b.w. of secretin -f- CCK-PZ (G1H Lab., Stockholm)
given into the femoral vein. Volume of the juice, lipase and amylase activity and the protein
level were measured. The pancreatic juice was injected into the femoral vein of 30 male CFY
recipientrats. Five groups were composed from these rats each consisting of 6 rats. The thoracic
duct lymph was collected for 30, 45, 60, 90 and 120 min periods and after the collection had
been finished the rats were exsanguinated from the abdominal aorta. Another group (control)
consisting of 6 rats did not receive pancreatic juice. In a further group consisting also of
6 rats the common bile duct was ligated, the pancreatic function was stimulated by 4 U/kg
b.w. of secretin 4- CCK-PZ (G1H Lab., Stockholm) and thoracic duct lymph was collected
for 150 min. The rate ofthe latter two groups were also exsanguinated from the abdominal aorta.

In each ofthese groups plasma samples or plasma and lymph samples were analyzed for
lipase [10] and amylase [2] activity.

The mathematical-statistical analysis of groups 1-3 was performed bv[ Student’«
t-test or after analysis of variance by DuNNETT [4] and Dunn [3] contrasts.

Results

Group 1. The disappearance of pancreatic lipase and amylase from
the blood stream of dogs is shown in Fig. 3. In dogs the space of lipase nearly
corresponded to the plasma volume (5% of b.w.), that of amylase being about
twice of it (10%) (p < 0.01). The biological half-life of lipase (80 min) was
shorter (p < 0.01) than that of amylase (434 min) (Table I).

The disappearance of pancreatic lipase and amylase from the blood
circulation of rats is shown in Fig. 4. In rats the space of both lipase and
amylase nearly corresponded to the plasma volume (4% of b.w.).

The biological half-life of lipase (72 min), similarly as in dogs, was also
shorter than that of amylase (87 min) (Table Il1). When expressed in per cent
of the injected enzyme amount, lipase and amylase excretion was negligible
in the urine of dogs and rats, while excreted enzyme activity rose to about
10% in urine of rats during 90 min (Table I11).
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Table 1

Plasma volume, space of distribution and biological half-life of lipase and amylase in dogs

Plasma volume, space of distribution and biological half-life of lipase and amylase in rats

Body Plasma volume
weight
(b.w.)
kg litre % b.w.
No. of dogs 5 5 5
Mean 135 0.73 5.40
+ SEM 0.8 0.06 0.26
I.U. = International Unit
S.U. = Somogyi Unit
* Aonn, , plasma volume .
n e vs qvo] 0j jigtj-ij}. of lipase
Body Plasma volume
weight
(b.w.)
g ml % b.w.
No. of rats 15 15 15
Mean 313.3 12.9 4.3
+SEM 18.1 0.6 0.3
lL.U. = International Unit
S.U. = Somogyi Unit

litre

0.84
0.13

Body
weight
(b.w.)

g

18
286.0

Volume of distribution of

lip ise am ylase
% b.w. litre % b.w.
5 5 5
6.2 1.35* 10.1*
1.0 0.12 0.9
Table 11

Volume of distribution of

t 1/2, min
lipase amylase
5 5
79.6 434.0
6.7 81.2

p < 0.01

0
0
Injected total activity of
lipase amylase
1.U. S.U.
5 5
4651.5 60 437.7
S
o
>
o
o
z
f2
B

t 1/2, min Injected total activity of
lipase am dase
lipase amylase lipase amylase
% b.w. ml % b.w. 1LU. S.U.
3 3 3 3 3 3
4.6 11.8 4.1 72.2 86.5 39.7 658.6
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amylas*: r=-0.984%*

-6500 (5) y=-0.00178 x .663034**
-6000
-5500
054*5000 4_
-<500
-4000
3500 =- *
n r=-0.995
rI y=-0.00913x .8.76665**
ﬁ« an- -3000
mb
». >
I -2500
oQé -2000
-m< 75
-1500 * =correlation coefficient () number of dogs
## =common regression line J mean + SEM of In activity
I J J J J J J J
10 20 30 40 50 60 70 80 90 min

0. min: injection of canine pancreatic juice into the femoral vein

Fig. 3. Disappearance of pancreatic lipase and amylase from the blood circulation of dogs

Group 2. In recipient dogs injection of pancreatic juice raised lipase
and amylase activity in blood plasma, while not affecting the volume of pan-
creatic juice (Fig. 5), or enzyme output in the juice (Figs 6, 7), however, the
injection of juice induced a tendency to increase both lipase (Fig. 8) and
amylase (Fig. 9) activity in the juice. It increased both the protein level and
output in juice (Figs 10—1) of recipient dogs as compared to the corresponding
control values.

Table L

Excretion of lipase and amlyase in urine and bile of dogs and rats after intravenous injection of
homologous pancreatic juice

Excreted lipase Excreted amylase Injected total
activity activity activity
L.U. s.u.
. . . lipase amylase
urine bOe urine bile 1.U. s.u.
In dogs 65.4 (7) 6.1 (7) 1019 (7) 108.4 (7) 5567 (7) 8498 (7)
% ofthe injected
activity 0.9 0.2 1.3 0.2 100 100
In rats 2.5 (5) 0.1( 5) 66.8 (5) 2.1 (5) 22.6 (5) 506.5 (5)
°/0 of the injected
activity 11 0.5 13 0.4 100 100

Number of animals in brackets
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1f)

oom

O.min: injection of rat pancreatic juice into the femoral

Fig. 4. Disappearance of lipase and amylase from the blood circulation of rats

In recipient rats injection of pancreatic juice did not affect the volume,
the enzyme activity and output of pancreatic juice, while increasing the
protein level (control, 14.6 g/1 protein; injected group, 20 g/1 protein) (p < 0.05)
and output (control, 1 mg/60 min; injected group, 1.5 mg/60 min) (p < 0.05).

1U/kg b.w. secretin infused into
the femoral vein

inj. of pancreatic juice

Fig. 5. Volume of pancreatic juice of recipient dogs after intravenous injection of canine
pancreatic juice
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1U/kg b.w. secretin infused

4) mean £ SEM

( )number of dogs

* PIN/0O.1 vs corresp.
control value

m inj. of pancreatic
juice

inj. of saline

Fig. 6. Lipase output in pancreatic juice of recipient dogs after intravenous injection of
canine pancreatic juice

Due to the injection of pancreatic juice, activity of lipase and amylase
increased in plasma and lymph; arterial lipase and amylase activity started
to decrease from the 30th min after the injection, the activity of enzymes in
lymph remained constant from the 45th min after the injection (Figs 12, 13).

4 mean £ 5EM

( )number of dogs

ini. of pancreatic
juice

Q inj. of saline

Fig. 7. Amlyase output in pancreatic juice of recipient dogs after intravenous injection of
canine pancreatic juice
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Fig. 8. Lipase activity of pancreatic juice of recipient dogs after intravenous injection of
canine pancreatic juice

In the 150th min, in rats the pancreatic duct of which had been ligated and
the exocrine pancreas was stimulated simultaneously, the activity of enzymes
in blood plasma and lymph was about the same as in rats into which pancreatic
juice had been injected.

1U/kg b.w. secretin infused into

the femoral vein

mean £ SEM
number of dogs

P< 0.05 vs corresp
control value

jnj.of pancreatic juice

inj. of saline

Fig. 9. Amylase activity of pancreatic juice of recipient dogs after intravenous injection of
canine pancreatic juice
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H1/kg b.w. secretin infused

mean t SEM

() number of dogs

* P<0.05 vs 30.-60:
control period

A inj. of pancreatic
juice

inj. of saline

Fig. 10. Protein level of pancreatic juice of recipient dogs after intravenous injection of
canine pancreatic juice

Discussion

It is surprising that in dogs and rats the biological half-life of amylase
is longer than that of lipase while in humans this is regarded as reversed.
It should be mentioned that lipase and amylase in pancreatic juice of dogs
and rats did not change in vitro when incubated with homologous plasma or
saline at 37 °C for 90 min. Thus, digestive enzyme activity in blood plasma
of these species is not influenced by other components (e.g. enzymes) of the
plasma (Papp, unpublished data). The fact that the lipase-space corresponds

mean i SEM

( )number of dogs

** P<0.01 vs corresp
control value

*» p <005 vs 0:-30:

control period

‘ inj. of pancreatic
juice

Q inj. of saline

Gig. 11. Protein output of pancreatic juice of recipient dogs after intravenous injection of
canine pancreatic juice
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Inj. of pancreatic juice

- into femoral vein

P<0.01 -
I P<001
8000 ti FY\H]
7000 $
6000 I*
5000 ) \,  P<001
4000- () number* of rats
r*1 mean * SEM
3000- r“IArleriaI plasma
n D. thor. lymph
P<0.01
o Arterial plasma 'l common bj(e
2000- -
D. thor. lymph J duct ligation
1500- ** P<0.01'1 Vs corresp
* P<0.05J 30 min value
(%1 6 ¢) (@Q © (6
1000- ! gii 1'9 ™ -Ll
30 45 90 120 min

Fig. 12. Lipase activity of thoracic duct lymph and arterial blood plasma of rats after intra-
venous injection of rat pancreatic juice

to plasma volume indicates that lipase in the blood is hound to plasma pro-
teins. The biological half-life of labelled rat pancreatic proteins was found to
be 17 min [8] which is shorter than that of lipase and amylase in rats. Appert
et al. found that the biological half-life of both lipase and amylase was 3 h
in dogs [1]. Their findings and our data cannot be compared, however, since
these authors did not publish the enzyme activity extrapolated to 0 min and
the disappearance rate of the enzymes from the blood.

Inj. of pancreatic juice
into femoral vein

P<0.01
4000- P<0.01
5 3500- pin
% 3000-
Q 2s00- r
](D 2000 ( )number of rats
J; rf mean £ SEM
b 1500 n Arterial plasma
D. thor. lymph
o Arterial plasm a'lcommon bue
P<QO1
o 1000 -h D. thor. lymph J duct ligation
** P<0.011 vs corresp.
750 . . .
* P<0.05j 30 min value
1a 3 (U] ?é) ©®® © 6 ®) 6
30 60 90 120 min

Fig. 13. Amylase activity of thoracic duct lymph and arterial blood plasma of rats after
intravenous injection of rat pancreatic juice
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The mechanism of the stimulating effect of intravascular pancreatic
proteins on the protein secretion in pancreatic juice has remained uncleared.
It is not known whether the intravascular pancreatic proteins are excreted
by the pancreas, or the intravascular proteins stimulate the secretion of the
pooled intra-acinar secretory proteins. It is beyond doubt that this phenomenon
occurs only after a delay. Consequently, it is not due to certain peptides which
may have been secreted into the juice. From a biological point of view this
mechanism does not seem to be very effective: in rats calculation revealed
that about 3% of the injected secretory proteins were secreted into the juice
by the pancreas during the 60 min period following the injection [9]. The
flux of pancreatic proteins into the acinar cells may take place accross baso-
lateral membranes from the interstitium [6, 7]. Clearly, the best method to
elucidate the mechanism of secretion of intravascular pancreatic proteins
into the juice would be the use of radioactive labelled pancreatic enzymes and
to follow their pathway into the acinar cells and afterwards into the secretion.
So far a sufficient amount of these enzymes is not available, thus our results
presented in this paper should be regarded as a convincing hypothesis as to
the re-use of the intravascular pancreatic proteins by the organism.
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RAT BRAIN
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The effect of mazindol on feeding behaviour was investigated in rats fasted for
24 hours. They were then given mazindol i.p. and placed in a new environment. The
effect of the drug on the disappearance of 3H-noradrenaline (3H-NA) from various
parts of the brain after injection into the cerebral ventricles was also investigated.
Mazindol was more potent in suppressing feeding behaviour than in reducing food
intake, indicating that a number of aspects of feeding behaviour may be more sensitive
indices of the anorectic effect of a drug than food intake per se. Mazindol, in a dose of
30 mg/kg, accelerated the disappearance of 3H-NA from the medial hypothalamus but
not from other areas of the brain, suggesting that the drug has a locus-specific action
on cerebral noradrenaline metabolism.

Mazindol (5-p-chlorophenyl-2,3-dihydro-5H-imidazo [2,1-a] isoindol-
-5-0l) is a potent anorectic [7] which has been used successfully in the treat-
ment of obesity. An interesting component of the action of mazindol is its
effect on extrahypothalamic structures. Gogerty et al. [7] found that lesion
of the pellucid septum reduced the suppressant effect of mazindol on mouse-
killing behaviour in rats. The view that behavioural adaptation to stress and
feeding behaviour are intimately related is based on the observation that
stress induces overfeeding in rats [2, 16] and possibly also in man [12, 20].
These findings indicate the importance of extrahypothalamic structures in
the regulation of feeding behaviour, and it is possible that the beneficial
effect of mazindol is partly due to these extrahypothalamic effects. In order
to test this hypothesis, we investigated the effect of mazindol on the feeding
behaviour of fasted rats in a new environment, i.e. in a stressful situation,
which activates the brain structures involved in the behavioural response to
stress under such circumstances, food-seeking behaviour motivated by hunger
conflicts with exploratory activity evoked by external stimuli.

Pursuing a different line of investigation, other authors have shown
that mazindol alters the function of monoaminergic neurones, which are
thought to be closely involved in the regulation of feeding behaviour and
food intake. Mazindol is a potent inhibitor of noradrenaline (NA) uptake
in vitro, and also inhibits dopamine and serotonin uptake [10]. Likewise it
inhibits NA uptake in vivo [5, 17, 21]. It has also been established that NA
inhibits food intake in rats [1, 8]. In the present study, experiments were
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carried out to investigate the effect of mazindol on the disappearance from
the medial and lateral hypothalami and from various extrahypothalamic
structures of 3H-NA injected into the cerebral ventricles.

Methods

Laboratory animals and mazindol administration

Male rats of a Wistar-derived inbred strain, 180-200 g body weight were used. They
were starved for 24 h before the behavioural test, but water was provided ad libitum. One
hour before the behavioural test 0.625-5.0 mg/kg body weight mazindol* and for the neuro-
chemical studies, doses of 10-30 mg/kg were injected i.p. of mazindol solution prepared by
dissolving the compound in 0.5 N HC1, neutralising the solution and diluting it with physiolog-
ical saline. Control animals were given injections ofthe solvent. After administration of mazin-
dol the rats were returned to their usual cage and observed for gross behavioural effects,
i.e. stereotyped movements.

Behavioural test

After a fast of 24 h, the rats were put in separate boxes measuring 30 X 30 X 30 cm, with
a transparent front wall, through which they were illuminated. The base of each box was
divided into 4 squares. A dish of food pellets (G6doll6, Hungary) was placed in the middle of
each box. The animals were observed for 10 minutes from the moment they were put into
the box, and the following variables were recorded:

1. feeding latency: the time (in s) elapsing until animals had begun to feed, i.e. picking
up a piece of food and chewing it

2. feeding time (in s)

3. exploration: the number of times the animal crossed the lines, the number of rearings
and the time the animal spentin the upright position were noted and added to give a combined
score.

Food intake in g/100 g body weight was measured at the end of the 10 min observation
period and again after 60 min. In another experiment the behavioural excitatory action of
mazindol was tested by measuring exploration in the experimental box described above. In
this experiment the rats were not deprived of food and were considered satiated. Furthermore,
no food was present during the testing exploratory activity.

sH-noradrenaline administration

An indwelling polyethylene cannula (inside diameter 0.35 mm, outside diameter 0.8 mm)
was implanted into a lateral ventricle of the brain under ether anaesthesia 4 days before the
injection of 3H-NA. The stereotaxic coordinates of the tip of the cannula, according to De
Gboot’s Atlas [4] were as follows: A 5.8, L 1.3, D 2.8. On the test day 1 fiCi of 3H-NA (1-,
7-3H-noradrenaline, 5.8 Ci/mmol, Amersham) in a volume of 30 //1 was injected into the cer-
ebral ventricle. The NA was dissolved in physiological saline containing 0.1% (w/v) ascorbic
acid as an antioxidant and adjusted to pH 7.0 immediately before administration. One hour
after the injection of 3H-NA, mazindol was injected i.p. in doses of 10 or 30 mg/kg body weight.
The animals were decapitated 4 h after the injection of mazindol. The brain was removed
at once and cooled on ice while the following structures were dissected out: (i) the medial
hypothalamus including the median eminence and the arcuate, ventromedial and dorso-
medial nuclei; (ii) the lateral hypothalamus adjacent to the anterior and medial hypothalamus;
(iii) the hippocampus; (iv) the locus coeruleus and (v) the remaining parts of the pons and
the medulla oblonga. The locus coeruleus was dissected out from the pons as described by
Segal and Kuczenski [18]. The 3H-NA content of these regions of the brain was extracted
by the aluminium absorption technique and estimated by liquid scintillation counting as-
described earlier [3].

*Kindly supplied by Sandoz Ltd., Basel, Switzerland.
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Results

Effect of mazindol on feeding behaviour

Changes in feeding latency, the time spent feeding, exploratory activity
and food intake under the effect of increasing doses of mazindol are shown
in Fig. 1. Even the lowest dose (0.625 mg/kg) of mazindol produced a signif-

000

g

Doses of mazindol (mgl/kg)

Fig. 1. Effect of mazindol on latency of initiation of feeding, on feeding time and exploration

(in medians), and on food intake (mean i S.E.M.) of 24 h fasted rats subjected to a novel

environment. Food intake was measured during the first 10 min behavioural observation

period and in the subsequent 50 min period. The number of animals varied from 6 to 8 per
group, p < 0.05, p < 0.01

Acta Physiologien Academiae Scientiarum Hungaricae 59, 1982



344 L. HALMY et al.

icant (p < 0.05, Mann-Whitney test) change in all behavioural variables.
The increase in latency, decrease in feeding time and increase in exploratory
behaviour were more pronounced after 1.25 and 2.5 mg/kg doses. A dose of
5 mg/kg abolished feeding completely and induced stereotyped movements
such as increased locomotor activity, repetitive rearings and head turnings
with sniffing during the postinjection period and behavioural test. The thresh-
old dose causing a change in food intake was higher than that causing a
change in feeding behaviour. The lowest doses reducing food consumption in
the first 10 min and in the subsequent 50 min period were 1.25 mg/kg and

Fig. 2. Effect of mazindol on exploratory activity of satiated rats. Number and duration of
rearings and number of crossings were scored (N). Six rats were used in each group, p < 0.05

2.5 mg/kg, respectively. Exploratory activity was also measured in the satiated
rats after injection of the drug. The lowest dose causing an increment in explora-
tory activity under these conditions was 2.5 mg/kg (Fig. 2).

Table 1

Effect of mazindol on the disappearance of 3H-noradrenaline (NA) in several brain areas

*H-NE content in /iCi/g tissue
Groups

Medial Lateral Locus i Medulla

hyopthalamus hypothalamus coeruleus Hippocampus and pons
Saline 199 + 23 354+ 31 334+ 33 188+ 2.2 209 + 2.8
Mazindol 10 mg/kg 170 + 16 283+ 4.2 344+ 26 229+ 3.7 276 + 3.4
Mazindol 30 mg/kg 108 + 10» 38.3+ 4.3 33.6 £+ 3.0 217+ 28 226+ 3.1

Values are means +S.E.M.

6 rats per group were used

a = p < 0.01 vs. saline control group (Student’s t test)

Mazindol was injected 1 h after the intraventricular injection of 1 ,uCi 3H-NA
Decapitation occurred 4 hours after the mazindol injection
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Effect of mazindol on brain noradrenergic function

The effect of mazindol on disappearance of 3H-NA from various parts
of the brain was investigated. Labelled NA and one hour later mazindol was
injected into the cerebral ventricle. Four hours later the concentration of
3H-NA was unchanged (Table 1) in all regions except the medial hypothala-
mus. Disappearance of 3H-NA from the medial hypothalamus was increased
only by 30 mg/kg of mazindol and this resulted in a lower 3H-NA tissue con-
centration.

Discussion

When rats are placed in a new environment, external stimuli evoke
intense exploration which normally inhibits certain types of spontaneous
behaviour including feeding. Thus a model of this type would be expected to
provide a sensitive index of anorectic efficacy. The tests carried with mazindol
have confirmed this assumption. In a dose as low as 0.6 mg/kg, mazindol
increased the feeding latency, reduced time spent feeding and increased loco-
motor activity in rats which had been fasted for 24 hours. The increase in
exploration was accounted for by the reduced feeding time, since in satiated
rats an increase in exploratory activity was observed only after a mazindol
dose of 2.5 mg/kg. Our findings confirm those of Gogerty et al. [7] indicating
that, up to a certain dose level, mazindol exerts its anorectic effect without
increasing locomotor activity or stimulating behavioural responses to a new
environment. The variables related to feeding behaviour mentioned above,
i.e. feeding latency, time spent feeding and exploratory activity, proved to be
more sensitive indices of the appetite-suppressing effect of mazindol than
food intake whether measured in the initial 10 min or over a longer 50 min
observation period. Low doses of mazindol, with marked effects on feeding
behaviour, did not reduce food intake. The inhibitory role of the medial and
the facilitatory role of the lateral hypothalamic structures in the regulation
of food intake is well documented (for review see Grossman [9]). It is also
known that some extrahypothalamic structures such as parts of the fore-
brain-limbic midbrain system [14] affect food intake. Among these structures
the septal area is involved in the regulation of food intake [13, 15, 19].

Mazindol is known to affect the septum, since lesions in this area abolish
the suppressive effect of mazindol on mouse-killing behaviour [7]. Since the
septum is of crucial importance in behavioural adaptation to stress, and since
stress may, under certain circumstances, increase food intake [2, 16] the
effect of mazindol on this area of the brain merits further investigation to
establish its precise mechanism of action. The ventral noradrenergic bundle
(VNAB) inhibits food intake, an effect which is probably mediated by the
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lateral hypothalamus [1, 8, 11]. Hyperphagia induced by lesion of the ventro-
medial hypothalamus is associated with a decrease in NA turnover in the
lateral hypothalamus [3]. Although hyperphagia induced in this way is due to
a number of factors besides the decreased noradrenergic function [11], it is
possible that the impairment of noradrenergic function in the hypothalamus
may have some role to play in the development of hypothalamic obesity.
Anorectic agents such as mazindol, amphetamine and other phenyl-ethylamine
derivatives affect cerebral NA metabolism [6]. The anorectic effect of amphet-
amine is weakened by lesions of the VNAB [1]. Mazindol is a potent inhibitor
of NA uptake through the presynaptic membrane [5, 10, 17, 21], an effect
which is probably involved in its anorectic action. After the administration
of 30 mg/kg mazindol i.p. we found that 3H-NA disappearance was faster in
the medial hypothalamus than in other areas of the brain investigated, i.e.
the lateral hypothalamus, locus coeruleus, pons, medulla oblongata and
hippocampus. In similar experiments a dose of 25 mg/kg mazindol administered
orally did not affect the disappearance and metabolism of 3H-NA however, in
these oral studies the whole brain was analysed [5]. Thus it appears that
mazindol might have a locus-specific effect on cerebral NA metabolism by
its effect on the medial hypothalamus. The medial hypothalamus has a mono-
synaptic connection with the amygdaloid nucleus through the stria terminalis,
but is connected oligosynaptically with all the extrahypothalamic structures
involved in the regulation of food intake [14]. Whether the effect of mazindol
on NA metabolism in the medial hypothalamus was a direct one or a result
of the drug’s extrahypothalamic action is not known. It should be borne in
mind that mazindol affects cerebral noradrenergic function only in massive

doses, hence this effect is not a primary component of the anorectic effect
of mazindol.
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This paper reports on partial purification and characterization of a natural
(endogenous) factor capable of inhibiting in vivo DI4A synthesis in mouse pneumocytes
in a tissue-specific manner. By using a combination of ultrafiltration and various
chromatographic techniques, the active agent has been partially purified from aqueous
extracts of both bovine and rat pulmonary tissue. The factor responsible for the observed
effect was found to be a heat labile compound, most likely a protein of approx. 40 000
molecular weight. Its chemical and physicochemical properties determined so far,
and also the manner of its biological action implies that this lung tissue derived agent
might be an endogenous proliferation inhibitor with a chalone-like character operating
in the pulmonary epithelial cells .

The experiences accumulated during the past few years have favoured
the idea that specific endogenous substances capable of stimulating [1, 2]
and inhibiting [3, 4] in vivo and in vitro cell proliferation might play a decisive
role in the control of tissue mitotic homeostasis in mammalian organisms.
Their theoretical significance and the chance of their clinical applicability
[5, 6, 7] lends a particular significance to a much debated and still controversial
group of endogenous substances, called chalones, with the assumed capability
of inhibiting cell proliferation in a tissue or cell-line specific manner [8, 9,
10, 11].

As to the endogenous proliferation inhibitors of the pulmonary cells,
it was Simnett and co-workers [18] who first demonstrated in short-teim
lung expiants the tissue-specific proliferation inhibitor capacity of crude
aqueous extracts of bovine pulmonaiy tissue. A few years later H ouck [19]
showed that 30 000—50 000 Dalton ultrafiltrates prepared from an acetone
dry powder of bovine pulmonary tissue, cell-line specifically inhibited the
in vitro proliferation of cultured bronchial cancer cells.

In the present report we describe a factor piobably of protein character
that has partially been purified from the aqueous extract of bovine pulmonary
tissue, which tissue-, and seemingly also cell-line specifically inhibits in vivo
DNA synthesis in some of the mouse pulmonary cells, first of all in type
2 pneumocytes.
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Methods
Preparation of tissue extract

Jl j The pulmonary tissue (ordinarily 4 kg), freshly removed from slaughtered cattle was
placed in a pre-cooled (4 °C) container and transferred quickly into the laboratory. On each
occasion, processing of the tissue was started under carefully cooled conditions (2-4 °C) within
40 min following slaughter of the animals.

In order to increase its effectivity, tissue extraction was carried out in several steps.
After rough chopping, the tissue was washed in ice cold normal saline solution and ground
twice with an electric grinder placed in a refrigerator. The ground tissue was suspended in a
tenfold volume of ice cold distilled water followed by 2 min mincing in 1500 ml portions by
means of a waring blender (20 000 rpm). The suspension was thereafter sonicated (output =
70 W) in a refrigerator for 10x2 min and allowed to stand overnight at 2 °C.

.Next morning, the suspension was filtered through 4 layers of gauze followed by addi-
tion of a tris-HCI buffer (pH 5.5) in 0.1 mol/l1 final concentration. The buffered filtrate was
sedimented at 2 °C for 30 min in the zonal rotor of a Beckman J 21 B type centrifuge. The
resulting supernatant was used for fractionation.

Fractionation of the extract

7a) Ultrafiltration: the suspension obtained as previously described was filtered through
a capillary membrane filtration unit (Amicon H1P100; nominal cut-off limit, 100 000 Daltons)
operated as a recirculation system. In order to ensure extensive filtration, the residue was
exhaustively filtered through the same system by continuous addition of ten volumes of a
tris-HCI buffer (0.1 mol/1; pH 5.5). The filtrate was concentrated on a capillary membrane
filtration unit (Amicon H1P10; nominal cut-off limit, 10 000 Daltons) operated as a periodic
system. The hydrogen ion concentration of the retained material was occasionally adjusted
to pH 8 by extensive dialysis against a tris-HCI buffer solution (0.1 mol/1; pH 8). The use of
the two capillary membrane filtration units with different cut-off limits as specified above
allowed to obtain a final retentate containing solutes with nominally less than 100 000 but
more than 10 000 Dalton molecular mass.

b) Column chromatography: the) retentate prepared as described in the previous para-
graph was chromatographed on a DEAE Sephadex A-50 gel column (5X85cm) by using the
fractional gradient elution technique. Elution was started with a tris-HCI buffer (0.1 mol/1,
pH 5.5) and proceeded, when the first peak appeared, with a NaCl gradient at a flow rate of
0.65 ml/min. Elution buffers with the following composition were applied: (a) 1100 ml tris-
HCI (pH 8.0); (b) 900 ml tris-HCI containing NaCl in a concentration of 0.05 mol/1, (pH 7.3);
(c) 1100 ml tris-HCI containing NaCl in a concentration of 0.1 mol/1 (pH 7.0); (d) 900 ml tris
containing NaCl in a concentration of 0.35 mol/1 (pH 6.0). The optical activity of the eluate
was monitored continuously at 280 nm. The eluted fluid was pooled in four fractions and
lyophilized.

The only DEAE-Sephadex fraction that disclosed biological activity was further puri-
fied on a CM Sephadex G-25 column (2.5 X100 cm) previously equilibrated with a tris-HCI
buffer (0.1 mol/1, pH 5.5). Fractional elution was carried out with buffers of different composi-
tion in which, besides NaCl of specified concentration, tris was also included in 0.1 mol/1 final
concentration. The pH of the latter was occasionally adjusted to the desired value with acetic
acid. Elution at a flow rate of 0.8 mI/min was undertaken with the following solutions: (a) 300
ml tris-acetate (pH 5.5); (b) 250 ml NaCl (0.025 mol/1, pH 5.7); (c) 250 ml NaCl (0.05 mol/1,
pH 6.0); (d) 250 ml NaCl (0.075 mol/1, pH 6.25); (e) 300 ml NaCl (0.1 mol/1, pH 6.5); (f) 500 ml
NaCl (0.3 mol/1, pH 7.5). Optical activity at 230 nm was continuously recorded. The eluate
was pooled in four fractions followed by lyophilization.

The fraction disclosing biological activity was further purified on a Sephadex G-75
column (2.6x200 cm) previously equilibrated with PBS. Elution was done in this case with
PBS at a flow rate of 0.44 ml/min and the 280 nm optical activity was monitored continuously.
The column was calibrated with jalbumin fraction V (Mw = 6.5X 104 and cytochrome C
(Mw ='1.26 X 104).

Molecular weight determination

Determination of the approximate molecular weight of solutes included in the only
biologically active CM Sephadex G-25 fraction was carried out on a Sephadex G-75 column
prepared and calibrated as described above, as well as by ultracentrifugation by using the
sedimentation rate technique referred to an albumin standard [14].

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982



INHIBITING PROTEIN OF DNA SYNTHESIS IN MOUSE PULMONARY CELLS 351

Chemical analysis

Protein was determined with Lowry’s method by using bovine albumin as standard
[16]. DNA content was assessed by Burton’s procedure [6].

Measurement of biological activity

In order to ensure removal of undesired low molecular weight components from the
eluates, all chromatographic fractions were extensively dialyzed against PBS prior to testing
of their biological activity.

1. In vivo screening lest. Biological activity of DEAE Sephadex fractions, which were
regarded as only slightly purified, was tested on groups of animals consisting of 30 mice
(25 zh 3 g) each, by intraperitoneal administration of lyophilized and redissolved chromato-
graphic fractions containing identical amounts of protein. Single doses amounted to 12.5 mg
protein/kg body weight, which were repeated four times at 1.5 h intervals. Thus, the full dose
administered in 6 h amounted to 50 mg protein/kg body weight. In the 5th h after the first
dose, 3H-TdR was administered intraperitoneally (0.5 mCi/kg body weight). The controls were
treated with PBS under identical conditions. The mice were decapitated 1.5 h after the admin-
istration of the label. Identical pulmonary lobes were removed from each animal, their
weight assessed with 0.5 mg accuracy,and placed subsequently in scintillation vials containing
1 ml of a solubilizing agent (Soluene-100, Packard). In order to promote dissolution of the
tissue, the vials were shaken overnight at room temperature with 150 min-1 frequency.
Following complete solubilization 10 ml of a toluene-based scintillation fluid containing
PPO-POPOP was pipetted into the vials. After allowing 4 h for standing, the radioactivity
was determined by using a Packard 2110 liquid scintillation spectrometer. For assessing ef-
ficiency of individual measurements, determination of radioactivity was carried out by auto-
matic external standardization. Results were expressed as dpm/mg tissue wet weight.

2. In vivo measurement of 3H-TdR incorporation, into DNA. The in vivo biological
activity and occasionally also tissue specificity of the more extensively purified CM Sephadex
G-25 fractions was tested by assessing radioactivity incorporated into a unit quantitity of
DNA isolated from the investigated tissues. The test was performed on groups of animals
comprising 20 mice each. Test substances were administered as described in the previous
paragraph with the only difference that, in these experiments, single doses amounted to 7.5 mg
protein/kg body weight and thus, the full dose administered amounted to 30 mg protein/kg
body weight. Control animals received PBS under identical conditions. After decapitation,
two identical pulmonary lobes were removed and processed separately for parallel measure-
ments. The removed lobes were homogenized in 3 ml ice cold TCA (7%). The resulting precipi-
tate was centrifuged, the pellett washed twice with 7% TCA, then resuspended in a 3:1
mixture of ethanol-ether and finally in ether. The residue obtained after ether extraction
was hydrolyzed with HC104 (1.5 moi/l) in boiling water for 30 min. Following filtration and
addition of 5 ml scintillation fluid, the radioactivity in 1.5 ml portions of the filtrates was
determined as described previously. DNA determination was simultaneously performed from
aliquots of this same filtrate. Results were expressed as dpm/fig DNA.

3. In vitro test system. Fractions disclosing in vivo biological activity were tested under
in vitro conditions as well. In vitro test systems included thymocyte (5 X 10®cells/ml) and bone
marrow cells (3x10® cells/ml) cultured at 37 °C in a Parker TC 199 medium as well as short
term lung organ cultures. In the latter case, Simnett’s original method [12] was used and
the test performed on 48 h lung expiants. In vitro biological activity of the fractions tested
was assessed by measuring the rate of 3H-TdR incorporation into DNA of cells of the different
test systems.

Autoradiography

In order to get some insight into the distribution of the in vivo administered label
among cell populations of the lung tissue, autoradiography was occasionally performed on
a few pulmonary tissue samples. The technique included the use of an llford K6 emulsion, an
exposure time of 3-5 weeks, and a methylgreen-pyronin staining procedure.
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Results

The DEAE Sephadex A-50 chromatographic pattern of the ultrafiltered
crude extract proved to be highly reproducible. By monitoring optical activity
of the eluate at 280 nm, the extract could be resolved into 9, more or less
separated elution peaks (Fig. 1). Substances represented by these peaks were
collected in four pooled fractions indicated as Dx, D 2, D3and D 4, in the figure.
Biological activity of the individual fractions was tested under in vivo con-
ditions as described in Methods. Presuming that test substances were absorbed
in toto from the peritoneal cavity and distributed primarily in the extra-

Fig. 1. DEAE Sephadex A-50 chromatogram of a 10 000-100 000 Dalton ultrafiltrate prepared

from aqueous extract of bovine pulmonary tissue. Dotted and broken lines indicate salt and

pH gradient, respectively. Left-side ordinate: OD280; right-side ordinate: salt concentration

(inner side) and pH (outer side), of the elution buffer. Abscissa: number of fractions. D2D 4
indicate pooled DEAE Sephadex fractions used in biological test systems

cellular space, the in vivo extracellular concentration could be estimated as
50 Ug protein/ml after the first dose, and 200 fig protein/ml after the full
dose. It should be noted that single doses, even if they were repeated, failed
to elicit a biological action.

Table | summarizes results of the in vivo screening tests. Substances in
the pooled fractions D4, D2 and D 4 were found essentially ineffective. On the
other hand, intraperitoneal administration of substances in fraction D3 regu-
larly depressed incorporation of the label, by cca. 35%.

Fraction D3 the only one that disclosed a significant biological activity
in the in vivo screening test was further purified on a CM Sephadex C-25
column and yielded 13 elution peaks as demonstrated in Fig. 2. The substances
represented by these peaks were pooled in four separate portions indicated
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in the figure as fractions C4, C2 C3and C4. Their biological activity was tested
individually. Provided that the conditions mentioned in connection with
fraction D3 were met, the extracellular concentration of the tested material
could be estimated at 30 /ig protein/ml after the first dose, and at 120 ug
protein/ml after the full one. Results of biological testing are compiled in
Table Il. The data clearly demonstrate ineffectiveness of the substances in
fractions C2, C3 and C4. On the contrary, administration of fraction C4 which,
as it is shown in Fig. 2, also included a component that was evidently excluded
from the gel bed (eluted practically at V0), resulted in a marked inhibition
of labeled precursor incorporation into extracted lung DNA. It was also

Fig. 2. CM Sephadex G-25 chromatogram of the biologically active D3 fraction indicated in
Fig. 1. Dotted and broken lines as well as coordinates correspond to those indicated in Fig. 1.
Cj-C4represent pooled CM Sephadex fractions used in biological test systems

Table 1

Effect of in vivo administered DEAE Sephadexfractions (50 mg protein/kg body weight)
on precursor incorporation into lung tissue as measured by the screening test

dpm/mg wet Deviation
Fraction weight from the control p
(%)
Control 114 + 30.9 - -
D 96 + 41.4 —16 p > 0.05
d?2 93 + 27.1 —18 p > 0.05
D3 75+ 151 -34 p < 0.05
92 + 23.9 -19 p > 0.05
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Table 11

Effect of in vivo administered CM Sephadexfractions (30 mg protein/kg body weight)
on precusor incorporation into DN A oflung and partly ofspleen and kidney tissues

Deviation
E%gait Fraction dpm//xg DNA  from tvhle éontrol p
(%)

Lung control 116 £32.2 - -
Cl 58 + 17.3 -50 p < 0.05
Cc2 107 + 28.2 —08 p > 0.05
Cc3 123 + 36.4 +06 p > 0.05
c4 93 + 21.6 -20 p > 0.05

Spleen control 137 £+ 44.2 — —
Cx 124 + 427 -09 p > 0.05

Kidney control 86 + 18.8 — —
Cl 84 + 17.6 -03 p > 0.05

obvious that fraction Gx, while strongly inhibitory in the lung, remained essen-
tially ineffective in the spleen and kidney, indicating its tissue-specific action
(Table 111).

Tissue specificity of the action of fraction Cx applied in two concentra-
tions was demonstrated under in vitro conditions as well (Table Ill). Fraction
Cr inhibited labeled precursor incorporation into DNA of the lung expiants

Table 111

Effect oftwo doses (100 and 500 fig protein/ml) of C4fraction on labeled precursor
incorporation into D N A ofdifferent in vitro culture systems

Dose ) Deviation
Target culture Fraction [Ag protein/ml dprm/jug DNA from the control p
(*0)

Lung control — 513 + 67.1 - -
Ci 100 380 + 41.8 -26 p < 0.05
ci 500 293 + 37.1 -43 p < 0.05

Thymocyte control — 3471 + 363 — -
Ci 100 3799 + 309 +09 p >- 0.05
cl 500 3518 + 254 +01 p >+ 0.05

Bone marrow control — 4947 + 580 - -
ci 100 5247 + 709 +06 p >- 0.05
Ci 500 4983 + 484 +01 p >+ 0.05
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in a dose-dependent manner. On the other hand, the same fraction was com-
pletely ineffective in both doses, and in both of the remaining cultures.

Autoradiography revealed that incorporation of the labeled thymidine
was almost exclusively confined to the nuclei of cells covering the surface
of the alveoli (not shown). Consequently, the effect of the active agent(s)
responsible for the inhibition of thymidine incorporation might thus be directed
only to these cells.

Fig. 3. Sephadex G-75 chromatogram of the biologically active C, fraction indicated in
Fig. 2. Ordinate: OD280; abscissa: number of fractions

The finding that components included in the biologically active fraction
Cxcould hardly be separated on a Sephadex G-75 column might be interpreted
by assuming that the molecular weight of its components (Fig. 3) falls, by
and large, into an identical range. Substances represented by the poorly sep-
arated A and B fractions had an approximate molecular weight of 30 000—50 000
Daltons as measured on a calibrated Sephadex G-75 column. Molecular weight
of the components scattered around 40 000 Dalton as determined by ultra-
centrifugation.

As to the chemistry of the active ingredient(s) in fraction Cj, the follow-
ing observations argue that it might have been a protein: (a) solutes in the
active fraction had a molecular weight of certainly more than 10 000 and
less than 100 000 Dalton (ultrafiltration), with 40 000 Dalton as the most
likely molecular mass (Sephadex G-75 chromatography and ultracentrifuga-
tion); (b) fraction Gx was found to be largely composed of Folin positive
components; (c) the UV absorption spectrum of ingredients in the active
fraction was observed to be typical for proteins with a 280 to 260 nm optical
activity ratio of 1:4; (d) fraction Cx left standing accidentally at room tern-
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perature for 24 h had lost its biological activity; (e) heating of the active
fraction at 60 °C for 20 min resulted in precipitation of a significant proportion
of its protein content with a concomitant loss of its biological activity.

Discussion

Our present knowledge is uncertain and rather limited in regard of the
mechanism of action, and especially the chemistry of the molecules involved
in the intricate process of regulation of cell proliferation in pulmonary tissue.
The enormous differences known to exist in the rate of proliferation in various
expanding and renewing cell populations in mammalian organisms [17]
indicate the selective nature of the underlying regulatory process. This is also
supported by the known feature of induced DNA synthesis and subsequent
cell proliferation, viz. that they are restricted almost exclusively to the cells
of a single cell population [18]. This, on the other hand, implies that the re-
spective mediator molecules must possess some special properties enabling
them to act in a tissue and/or cell-line specific manner or, at least, to induce
or control tissue and/or cell-line specific regulatory processes. The latter may
be accomplished by specific interactions operating between the mediator mole-
cule”) and some special membrane structure, probably receptors of the elec-
tively reacting cell populations [19, 20].

It should be stressed that, unlike in experiments hitherto published
[12, 13], the in vivo effectiveness of an endogenous agent capable of inhibiting
DNA synthesis in pulmonary cells in a tissue specific manner has been demon-
strated in this paper. Results obtained in our in vivo experiments have been
confirmed in in vitro test systems as well. Nevertheless, the question concern-
ing the reacting cell population within the pulmonary tissue of heterogeneous
cellular composition is difficult to answer at present. According to the admit-
tedly preliminary data of our autoradiographic analysis, DNA synthesis of
any significant extent could only be observed in cells situated on the surface
of the alveoli. Since histological procedures by which different cell types
could have been reliably distinguished were not applied in the present experi-
ments, the different types of pneumocytes as well as the macrophages, all
situated on the surface of the alveoli, had to be equally considered as target
cells. The effect on macrophages could be sorted out by reasoning that, despite
the large number of macrophages present in both the splenic and bone mar-
row tissues, none of them responded to the agent (Tables Il and Ill). Conse-
quently, only type 1 and 2 pneumocytes remained as possible target cells of
the active agent. However, according to literary data, rate of DNA synthesis,
and consequently cell proliferation in type 1 pneumocytes can hardly be
measured and lags considerably behind that of type 2 alveolar cells [21].
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Thus it seems very probable that the observed effect was directed primarily
to type 2 cells which synthesize DNA at a substantially higher rate. This
assumption is supported by our preliminary autoradiographic findings as well.
In view of the demonstrated tissue specificity of the in vivo effect, together
with the in vitro ineffectiveness on bone marrow cell and thymocyte cultures
of even large doses of the agent, a toxic etiology of the observed action seems
to be highly improbable. We are entirely aware of the pitfalls residing in the
use of 3H-TdR incorporation into DNA as a proliferation test [22]. However,
most of these pitfalls can be disregarded in the light of the in vivo effectiveness
of the active agent and of its tissue specific action demonstrated under both
in vivo and in vitro conditions.

On the basis of the observations presented in this paper, it appears
justified to presume that aqueous lung tissue extracts contain a factor(s)
probably of protein character the in vivo DNA synthesis inhibiting effect of
which is not toxic and lung tissue specific while, with regard to type 2 pneumo-
cytes, it is cell line specific. Several features of the active agent (domain of
its molecular weight, its tissue specific action, its protein-like character, etc.)
indicate that it might represent a more extensively purified variety of the
agent that carried the biological activity in the crude ultrafiltrate used in
Houck’s in vitro experiment [13]. Further characterization of the active
component by the application of improved separation procedures and newly
developed techniques aimed at isolating the active agent in a chemically pure
form, a prerequisite of its full chemical characterization, are in progress in
our laboratory.
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The pressure-dependent changes in afferent activity in the right aortic and
vagal nerves were studied in 45 dogs anaesthetized with ehloralose. Static perfusion
pressures of 0-200 mmHg were applied in steps of 10 mmHg. Single functional fibre
preparations were employed. Results were analyzed using a Digital PDP-12 computer.
The threshold pressure for steady discharge was 67 i 3 (SE) mmHg (range, 40-92).
The mean saturation pressure was 145 i 4 mmHg (range, 112-117). The stimulus-
response curve relating the pouch pressure to impulse frequency was sigmoid in shape.
The sensitivity of these receptors was 0.20-0.7 impulses/s per mmHg. Thus, the sub-
clavian baroreceptors of the dog have characteristics which are not significantly dif-
ferent from those of the aortic arch and carotid sinus baroreceptors. The effects of per-
fusing subclavian baroreceptors with venous blood was tested on 10 fibres of nine dogs
during the application of controlled static pressures to an isolated pouch containing this
receptor area. When compared at the same pouch pressures and action potentials, no
differences in impulse activities were found during perfusion with either blood.

It is common knowledge that baroreceptors exist at the bifurcation of
the right innominate artery in cats, rabbits, and dogs [2]. However, detailed
electrophysiological studies involving the baroreceptors in this area have not
been undertaken yet.

Angell-James [1] carried out electrophysiological studies on the
aortic arch baroreceptors, and to a lesser extent, on subclavian baroreceptors
of the rabbit, and failed to notice difference in the impulse frequencies recorded
from the right and left aortic nerves. The author, therefore, extrapolated his
results obtained from the left aortic nerve, which innervated the bifurcation
of the innominate artery. The recorded mean threshold pressure was 50.8
(range 0—418) mmHg, with a mean threshold frequency of 35 (range 0.13-59)
impulses/s. The mean saturation pressure was 116 (range 63—58) mmHg,
with a mean saturation frequency of 77 (range 35—118) impulses/s. However,
in related studies, during which perfusion of the subclavian baroreceptor areas
was undertaken, Ueda et al. [21] and Tang [19], reported threshold pressures
of 20 8 and 60 mmHg, respectively, for the subclavian baroreceptors of
rabbits. There have been no such studies in the dog. The purpose of this study
was to undertake discrete perfusion of the subclavian baroreceptors with static
pressures while recording electrical activity from single strips of the right
aortic nerve or right vagus nerve.

*This investigation was undertaken while the author was on study leave at the Depart-
ment of Cardiovascular Studies, University of Leeds, Leeds, UK
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Methods

Forty-five dogs (16-22 kg) were anaesthetized with chloralose (80 mg/kg) given intra-
venously through the saphenous vein, after intramuscular premedication with morphine
sulphate (0.5 mg/kg). Supplementary doses of chloralose were given regularly throughout the
experiment to maintain an even level of anaesthesia.

The trachea was cannulated, and artificial respiration was induced, with a mixture of
40% oxygen in air delivered by a modified Starling Ideal pump at a rate of approximately
18 jbreaths/min. The thorax was opened in the midline, and positive-pressure breathing was
induced by adjusting a 3 cm respiratory resistance. The abdomen was opened, and the adrenal
glands were identified and ligated. Hydrocortisone (50 mg) was given intravenously. The ansae
subclaviae were exposed and crushed, and the vagi were centrally ligated.

Subclavian pouch preparation

A diagram of the perfusion system as well as the isolation of the subclavian baroreceptor
area is shown in Fig. 1. A cannula in the right carotid artery recorded pouch pressures. This
cannula also drained blood from the pouch into another cannula returning blood to the dog
via the external jugular vein. Branches of the right subclavian artery were ligated, and the
circuit was completed by ligating the brachiocephalic artery near its junction with the ascend-

ing aorta.

Schemo of Preporation From pressure
j k _ reservoir

Recording
electrodes

From femoral
R vagus nerve artery

R subclavian
artery

Stimulating
electrodes

Stellate
gangtion

L subclavian
artery

Fig. 1. Scheme of preparation
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Haemodynamic measurements

A femoral artery was cannulated; the cannula was connected to a transducer, the
pressures from which were displayed on a double-beam oscilloscope. The strain gauge manom-
eters were calibrated in a stepwise manner with saline and mercury manometers, and the
zero pressure for each manometer was recorded postmortem as the pressure at the tip of the
cannula free in air.

Heart rate was monitored by a cardiotachometer driven by the signal from the amplifier
used for recording femoral pressure and the electrocardiogram. The latter was recorded from
electrodes applied to the right foreleg, left hindleg, and body.

The pH, pC02 and p02were measured using electrode systems (Electronic Industries
Ltd., Richmond, Surrey), and the results of blood gas analyses were evaluated according to
the scheme of Kappagoda et al. [11].

Recording of action potentials

Single strips of the right cervical vagal nerve or the right aortic nerve, bathed in warm
(38 °C) mineral oil, were isolated, silver-silver chloride recording electrodes were applied under
a dissecting microscope (X 10-20). Action potentials were recorded on ultraviolet paper and
were also passed through an amplitude discriminator, the output of which was applied to a
PDP-12 digital computer for on-line and off-line analysis.

Results

Spontaneous discharge patterns

The pattern of activity recorded from the subclavian baroreceptors of
the dog was similar to that already reported for the aortic arch and carotid
sinus baroreceptors. These activities were associated with each cardiac cycle
and were always pulse-synchronous. The bursts in single fibres had a rate of
4—0 impulses per cardiac cycle and were in phase with the subclavian pressure
pulse, the rate and number of action potentials depending upon the configura-
tion of the pressure pulse. The first impulse in each burst occurred early
during the rising phase of the pressure wave in the subclavian artery.

As the pressure rose, the number of action potentials increased and
reached a maximum when the pressure wave reached the systolic peak, i.e.
the interval between action potentials diminished. Thereafter, the interval
increased as the blood pressure dropped from its systolic peak, so that there
were very few or no impulses at all during the diastolic phase of the pressure
wave (Fig. 2). During diastole the impulse discharges ceased at blood pressures
that were comparatively higher than the blood pressure levels during systole
when impulses were being discharged.

Adaptation time of subclavian baroreceptors

The activity of the receptors during the upstroke of the pressure wave
was, of course, heavily dependent upon the rate of rise of the pressure, which
was not controlled precisely during the present experiment. Nevertheless it
was important to define the time course of adaptation to applied pressures so
that measurements of steady-state frequencies could be made.
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Subclavian baroreceptor fibres took 30—50 s to adapt to applied static
pressures. Adaptation was defined as the time necessary for the initial high
frequencies of action potentials, which occurred immediately after the appli-
cation of pressures, to fall to a lower and steady level that was maintained

200 1
Carotid
mmHg Pressure
x f Femoral
Pressure

action potentials, , [ || 11,4 W, .t 0 4 W ,.b-J

eeg

Fig. 2. Spontaneous discharge of subclavian baroreceptors
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Time —sec
Fig. 3. Adaptation of a typical subclavian baroreceptor perfused at 63, 126 and 167 mmHg

thereafter. The adaptation time varied from one fibre to another nevertheless
adaptation was generally accomplished in shorter time periods for lower
pressures than for higher pressures; about 30 s were required for pressures
around 60 mmHg and 50 s for pressures around 140 mmHg (Fig. 3).

To standardize the results of the present experiments, the steady-state
discharges after adaptation were used for evaluation of the results. Sub-
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clavian baroreceptors had steady discharges after the first 60 s during the
application of any level of pressure, i.e. their adaptation was complete within
this time regardless of pouch pressures. Consequently, the mean discharge
frequencies were calculated after this time for all levels of pressure.

Determination of the threshold and saturation pressures

The threshold pressures were determined in two ways, and each method
was repeated on every fibre examined. First, the pouch pressures were increased
in steps of 5 mmHg from zero, and each step was maintained for 2—3 min.

Fig. 4. Determination of threshold pressure by steadily increasing the pouch pressure by
approximately 1 mmHg/s

The pressure at which the first maintained impulse occurred was noted. Second,
the pouch pressures were increased steadily at rates of approximately 1 mmHg/s
and the pressure at which the first maintained impulses occurred was recorded.
Figure 4 illustrates a typical experiment using this method. As the pouch
pressure rose to 80 mmHg the first maintained impulse occurred.

Values obtained by these two methods were close to one another. The
overall calculated mean static threshold pressures were the mean values
obtained from the two methods above. Seventy subclavian baroreceptor
fibres had a mean threshold pressure of 67 + 3 (SE) mmHg (range, 40—92).
The mean static threshold discharge frequency was 16 + 1.5 (SE) impulses/s
(range, 10—30). Figure 5 is a histogram illustrating the distribution of the
threshold pressures; the mode is about 68 mmHg.

The pouch pressures were further increased in steps of 10 mmHg until
a pouch pressure was reached at which there was no further increase in impulse
frequencies. Figure 6 illustrates the results obtained from one experiment in
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Fig. 5. Mean frequency histogram showing threshold pressure of 70 fibres from the right
aortic nerve

which the perfusion pressure was raised from 0 to 150 mmHg. From 0 to
60 mmHg, no activity could be recorded from the fibre. At 70 mmHg, there
was a brief burst of activity which adapted rapidly and returned to zero.
Above this pressure, the discharges were maintained and increased with increas-
ing pressures until a pressure of 130 mmHg was reached. Beyond this pressure,
there was no further increase in the rate of impulses despite increases in pouch
pressure. The lowest pressure at which this occurred was regarded as the
saturation pressure. The mean saturation pressure was 145 + 4 mmHg
(range, 112-177). The corresponding mean saturation frequency was 42
impulses/s (range, 30—48).

mmHg pp =60 70 80 90
f=0 25 30
1sec
pp =110 120 130 140
mmHg
[ITRTTLIANAY JITEAITY
f=36
e.c.g.

Fig. 6. Effects of altering pouch pressure in steps of 10 mmHg from zero on subclavian baro-
receptor impulse activity
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Stimulus—esponse curves were constructed for each subclavian baro-
receptor fibre and the curves obtained from four typical fibres are shown in
Fig. 7. Decreases in discharge frequencies were never obtained beyond the
saturation pressures. Therefore, the shape of the stimulus—response curve
beyond the saturation pressure was a plateau. During the application of low
static pressures, just above threshold, the frequency increased little for each
unit of increased pressure, while further increases induced progressively
larger values for the relative changes in frequency and pouch pressure. This

' 1 1 1 I
40 80 120 160 200
Pouch Pressures (mmHg)

1

Fig. 7. Graphs showing relationship between impulse activity and pouch pressures for 4
representative subclavian baroreceptor fibres

ratio reached a maximum (maximal sensitivity), and then declined until the
saturation pressure was reached. Curves were drawn by the eye and were
sigmoid in shape.

The effects of perfusing subclavian baroreceptors with blood of very low
oxygen content were tested on 10 fibres of nine dogs. The method used for
perfusing the pouch with arterial blood has been described above. The modi-
fication was the addition of a second reservoir. One of the reservoirs received
oxygenated blood from a femoral artery while the other received venous
blood from the femoral vein of the same dog. Both reservoirs were connected
to the same air pressure inlet while the drainage from the reservoir was through
the same outlet cannula, thereby permitting a switch from one reservoir to
another at the same pouch pressure. Any minor variations in the pressures
on changing from one reservoir to another were corrected for by adjusting the
level of the reservoir.
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Blood from either reservoir was passed through the pouch, and recordings
of impulse activity using single functional units were made only when the
outflow cannula was filled with arterial or venous blood. The pH, pC02 and
p02ofthe blood from the outflow cannula in the right common carotid artery

200-1

mmHg
100.

200-

mmHg
100-

0J

B C

Fig. 8. Histograms illustrating mean discharge frequencies from a typical subclavian barorecep-
tor perfused with both arterial and venous blood at a mean pressure of 62 mmHg

Fig. 9. Histograms showing discharge frequencies during perfusion with arterial and venous
blood at a mean pressure of 125 mmHg

were continuously determined before, during, and after changes from one
reservoir to another. In a few experiments, the oxygen content of the venous
blood was further reduced by equilibrating it with a mixture of 40% nitrogen
in air. As in the previous experiments, comparisons were based on steady-
state discharges of single subclavian baroreceptor fibres only. The range of
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Tabic |

Effects ofperfusions with arterial and venous blood

I%\ngt %{Ee Blood mgs m%g mpr(njgg pH
| 60+ 1 Arterial 1+ 2 180 35 7.30
Venous 11+ 2 34 42 7.22
90 £ 15 Arterial 5+ 1 177 33 7.31
Venous 5+ 2 37 44 7.28
130+ 2 Arterial 33+ 3 185 36 7.32
Venous 33+ 2 42 45 7.21
140+ 2 Arterial 38+ 2 181 38 7.33
Venous 38+ 2 45 49 7.27
2 62+ 1 Arterial 14+1.5 185 33 7.32
Venous 14+ 2 36 45 7.27
80 + 15 Arterial 19+ 2 179 34.6 7.32
Venous 18+ 2 46.2 44 7.34
125+ 2 Arterial 24+ 3 180 34.4 7.33
Venous 24 +2 44.8 50 7.27
145+ 2 Arterial 36+ 2 182 34.2 7.32
Venous 3Bt 2 355 47 7.23
3 75+ 1 Arterial 12+ 1 185 36 7.32
Venous 12+ 2 44 42 7.24
96+ 15 Arterial 26+ 2 192 35 7.31
Venous 26+ 2 43 45 7.23
120+ 2 Arterial 3/+ 2 188 34 7.31
Venous 36+ 2 42 45 7.27
150+ 2 Arterial 43 +3 186 35 7.31
Venous 43+ 2 44 47 7.26
Values for pouch pressure and frequencies are mean i SE

pouch pressures was above threshold pressure but below saturation pressure.
The p02level of the venous blood varied from 30 to 50 mmHg over the pressure
range.

Figure 8 illustrates a typical mean frequency histogram for a fibre
perfused at a pouch pressure of 62 mmHg. The pH of the arterial blood was
7.32 and of the venous blood was 7.27. The p02 of the arterial blood was 185
mmHg and of the venous blood was 36 mmHg. The corresponding pC02
values were 33 and 45 mmHg. It should be noted that despite the difference
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of 149 mmHg in the p02values, the discharge frequencies were the same with
both arterial and venous blood. In Fig. 9, the pouch pressure was raised to
125 mmHg. The pC02values were 34.9 and 50 mmHg for arterial and venous
blood, respectively, while their respective pH values were 7.33 and 7.27.
Here again the discharge frequencies were the same for the two blood perfusions.
Table 1 illustrates the frequencies of discharge of the baroreceptor fibres
during perfusion with arterial and venous blood. There were no significant
différencies in the frequencies of action potentials.

Discussion

In response to alteration in static pressures, subclavian baroreceptor
discharges occurred when the threshold of the individual baroreceptor fibres
was reached. The mean threshold pressure for all the fibres examined in the
present study was 67 + 3 mmHg (range, 40-92). The comparable figures from
previous studies on the carotid sinus was 50 mmHg (range, 40—20) [4, 5,
10, 14]. For the aortic arch baroreceptors, mean threshold pressures of 95
mmHg have been reported for the dog [16], and 50.8 mmHg has been reported
for the rabbit [1]. The values in the present experiment were not considerably
different from those reported by previous investigators for the aortic arch and
carotid sinus. The minor differences between the present results and previous
results on the carotid sinus and aortic arch baroreceptors may lie in the differ-
ent preparations used. In the present series, the possible influences on the
baroreceptors, either through efferent automatic nerves or humoral sub-
stances [7, 14, 15], were eliminated. These procedures have hitherto been
ignored.

The mean threshold discharge frequency recorded in the present study
was 16 + 1 impulses/s (range, 20-40) [1, 4, 5, 8]. Here, again, the differences
between the present results and previous studies were not significant, and
these differences may also be explained on the basis of the different prep-
arations.

The mean saturation pressure in the present study was 145 + 3 mmHg
(range, 112-477). Saturation pressures ranging from 100 to 120 mmHg have
been reported for the carotid sinus and aortic arch baroreceptor areas [1, 10,
14]. The mean discharge frequency at saturation in the present study was
45 impulses/s (range, 38—48). The comparable value obtained by previous
investigators was 55 impulses/s (range 40-70) [1, 8]. These overlapping values
indicate that there are probably no structural differences between the baro-
receptor elements themselves.

The sensitivity of the subclavian baroreceptors was calculated in the
linear range (i.e., above threshold and below saturation), and the value ranged
from 0.2 to 0.7 impulses/s per mmHg. Static sensitivities have been calculated
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for the carotid sinus baroreceptor units and was found to range from 0.29 to
0.50 impulses/s per mmHg [4, 5, 10, 14]. Static sensitivities ranging from 0.4
to 1.8 impulses/s per mmHg have been reported for the aortic arch baro-
receptor units [1, 8]. These values overlap, providing further support for the
hypothesis that there are probably no basic differences between the receptors
per se. The sensitivity recorded from any experiment depends to a large
extent on the nature of the preparation and the size of step changes in pressure
from one experiment to another.

The change in nerve activity from threshold frequency to saturation
frequency in the present series of experiments was 120% for mean pouch
pressure changes from 40 to 170 mmHg. Changes of 114% have been reported
for pressure changes from 75 to 175 mmHg [12]. Other investigators have
reported changes of 250% [18]; 564% [13]; and 683% [20], for multifibre
preparations of the carotid sinus. The value obtained in the present study was
in agreement with that of Koushanpour and Kelso [12] who employed
single fibres in their recordings, as in the present study. The large precentage
changes reported by the other authors could he due to recruitment and sum-
mation of nervous activities in their multifibre preparations.

A curve relating pouch pressure and subclavian baroreceptor impulse
activity showed a linear relation over the pressure range of 50—450 mmHg,
with the greatest slope around 110 mmHg. The slope of the curve declined
rapidly to zero beyond the saturation pressure. The extent to which a vessel
stretches depends to a large extent on the geometry of the vessel wall (i.e.
its internal radius and wall thickness), and on the stiffness and tissue compo-
sition of the vessel wall. These factors were not evaluated in the present
study. However, pressure-deformation and deformation-nerve activity rela-
tions have been determined for the carotid sinus and aortic arch baroreceptor
areas [6, 12, 17]. These investigators noted that nerve activity varied linearly
with deformation between pressures of 75 and 175 mmHg, with the slope of
the curve rapidly attaining zero above 200 mmHg. The shape of the curve
relating subclavian pouch pressures and mean nervous activity in the present
study resembles the pressure-volume curves of Hallock and Benson [6].
The saturation pressure occurred at points where the volumes or circumference
ceased to increase linearly with applied pressure. If the receptors are assumed
to respond predominantly to circumferential strain of the wall [12] there will
be less and less nerve activity as the wall strain becomes smaller and smaller
near the saturation pressure. Beyond the saturation point no further increase
in the wall strain and nerve activity occurs. Alternatively, the saturation
may simply be the property of the receptors per se. It is also possible that
saturation is a consequence of both mechanisms.

The conclusion that can be drawn from the results involving venous
perfusions is that subclavian baroreceptors (and probably all other baro-
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receptors) are insensitive to the oxygen tension of the blood perfusing them.
This could also further support the assumption that baroreceptors monitor
only the changes in pressure and not the changes that occur in the chemical
composition of blood, thereby allowing them the remarkable capacity to send
accurate information to the cardiovascular centre about the level of pressure
within the arteries. This conclusion is consistent with that of Bronk and
Stella [3] who could not detect any differences in impulse activity while
perfusing the isolated carotid sinus with either arterial or deoxygenated
blood. The apparatus for reporting the chemical composition of blood is prob-
ably different from baroreceptors; this function probably resides in chemo-
receptors [4]. Furthermore, the results have also shown that any other factors
present in the venous blood do not influence the response of the baroreceptors
to the application of static pressures. Therefore, the reduction in activity of
baroreceptors during sympathetic nerve stimulation cannot be attributed to the
anoxia of the receptor terminals [9]. It might also be added that even in disease
and at very high altitudes, baroreceptors can be expected to function normally.
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The mechanism of the positive inotropic effect of dantrolene, a skeletal muscle
relaxant, was analysed by means of intracellular microelectrode technique and isotonic
force transducer in isolated electrically driven left atrial preparations of guinea pigs.
Dantrolene had a time-dependent dual effect. First it increased the amplitude of con-
tractions and prolonged the action potential duration. This effect was highly dependent
on the stimulation frequency. Mn2+ was capable of not only preventing but also abolish-
ing positive inotropic action. After Mn-induced shortening of the action potential
duration dantrolene markedly increased it, however the contractile activity was hardly
restored suggesting that the drug decreased the repolarizing outward K+ current.
In the K-depolarized myocardium dantrolene induced slow action potentials accom-
panied by contractions. In the later phase of action the drug successively decreased
the amplitude of contractions and shortened the action potential duration, and induced
contracture. The two latter phenomena were not observed in Mn2+-treated atria.

The results suggest that dantrolene activates the slow inward Ca2+ current by
decreasing the outward K+ current. The late negative effect of the drug could be
resulted from a secondary inhibition of the slow inward Ca2+ current by increasing
the intracellular free Ca2+ concentration.

Dantrolene, a direct acting skeletal muscle relaxant, was synthesized by
Snyder and coworkers [43]. The drug has been successfully applied in the
treatment of spasticity [6]. Dantrolene inhibits the excitation—eontraction
coupling of skeletal muscle without changing either neuromuscular transmis-
sion [11,12, 29, 47] or the electrical properties of surface and tubular membrane
[9, 17, 41]. This unique property of dantrolene may be due to at least two
mechanisms by which the drug exerts its inhibitory action: 1. inhibition of
calcium release from the sarcoplasmic reticulum; 2. modification of the charge
movement at the triadic junction [3, 11, 16, 35, 36, 44]. Brocklehurst’s
results [3] indicate that dantrolene has no effect on the sensitivity to calcium
of the myofibrils and on the calcium uptake of the sarcoplasmic reticulum. It
has been shown by Desmedt and Hainaut [7] that in fibres micro-injected
with 45Ca the calcium efflux was reversibly decreased by dantrolene.

Several observations indicate that dantrolene has only a negligible
effect on both cardiac and smooth muscle [4, 10, 12, 14, 36]. Camerino and
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coworkers [5] demonstrated that dantrolene caused a dose-dependent increase
in the tone of the urinary bladder detrusor muscle, which could be antagonized
by verapamil. On the other hand, it has been shown that dantrolene decreases
the contractile force of isolated rat and guinea pig heart, while the heart rate
remains unchanged [2, 34]. In earlier papers [32, 33] we have demonstrated
a marked positive inotropic effect induced by high concentrations of dantrolene
in guinea pig atrial myocardium. Similar result was obtained by others [17].

The aim of the present study was to analyse the mechanism of the posi-
tive inotropic effect induced by 3xHO -4 M dantrolene in the atrial myocar-
dium of the guinea pig.

Methods

The experiments were carried out on isolated, electrically driven atrial preparations
of the guinea pig.

Transmembrane potential recording

The resting and action potentials of the atrial muscle preparations were recorded by
means of conventional 3 M KCI-filled glass microelectrodes of 5-15 Mil resistance. The micro-
electrode was coupled to the input of a MIKI-1623 cathode-follower amplifier and the recorded
potential was displayed and photographed on an EMG-1555 oscilloscope [25, 33]. The maxi-

mum rate of rise (Vmax) of action potentials was obtained by an electronic differentiator [24,
33]. The preparations were paced by 2 Hz rectangular pulses of 1 ms, double threshold voltage,
through an isolating transformer and bipolar platinum electrode. In some experiments the
stimulation frequency was varied between 0.3 Hz and 5.0 Hz to determine the dependence of
the effect of dantrolene on frequency. In other experiments, dantrolene was tested for its
effects on the fast Na+ channel in atria in which the slow Ca2+ channel was blocked by
5mM Mn2+.

In another set of experiments it was investigated whether dantrolene (3 X10~4 M) had
the ability to induce a slow response in atria in which the fats Na+ channel had been voltage
inactivated by using elevated K+ (26 mM) Krebs solution (isosmolar substitution of K+
for Na+) [23, 30, 33, 39, 40, 42]. Under such conditions the myocardium became inexcitable
despite intense electrical stimulation. The K+-depolarized preparations were paced at a rate
of 0.3 Hz. The stimulation voltage was increased up to 10 times the normal threshold.

Contractile force recording

The twitch contractions of the atrial myocardium were measured by an isometric
force transducer. The contractions were monitored and photographed on an oscilloscope or
recorded on an ink-writing recorder. The resting tension was determined at which the mechani-
cal responses reached the maximum value. The stimulation parameters were the same as
described above.

Solutions

The preparations were allowed to equilibrate in Krebs solution for 30 min. The compo-
sition of the normal Krebs solution (in mM) was as fellows: NaCl, 118; KC1, 4.7; CaCl, 2.5;
NaH2P 04, 1.0; MgCI2 1.2; NaHCO03, 24.9; glucose, 11.5, aerated continuously with a gas
mixture of 95% 02and 5% CO02 pH was 7.4 and temperature was maintained at 37 °C.

Dantrolene (Norwich-Eaton, New York) was dissolved in 20 per cent propylene glycol
to prepare a stock solution of 10~2M. The substance remained dissolved only in warm solution.
The final concentration of the drug was achieved by quickly diluting the warm stock solution.
Details of the procedure have been described previously [33]. The chemical structure of the
drug is shown in Fig. 1.

Drugs used; MnCl2 (Reanal, Budapest, Hungary) and isoproterenol (Isolevin®, Chilag-
Chemie AG, Schaffhausen, Switzerland).
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Dantrolene sodium

(p-nitrophenyl-furfurytidene-amino-hydantoin sodium hydrate)

Fig .1. Chemical structure of dantrolene

All values presented are means ~ S.E.M. The statistical significance of differences from
the control was estimated using Student’s (-test. A p value of less than 0.05 was considered
significant.

Results

Effect of dantrolene on the normal action potential and contractility

The effects of dantrolene (3x10~4 M) on the electrical and mechanical
properties of the guinea pig atria were investigated in relation to time. The
results of these experiments are illustrated in Fig. 2. At this concentration the
drug exerted atime-dependent dual effect on either twitch contraction amplitude
or action potential parameters. In the first phase of action, the drug caused
a strong positive inotropic effect. The amplitude of twitches was increased up
to three times the control value within 5—5 min (Fig. 2, lower panel). This

A B c D
J50mv

[200 VIs
AOmMs

jijo00mg

6 20 AO 60 80 100 120 1A0min
t Dantrolene
Fig. 2. Time course of 3 X 10“* M dantrolene-induced changes in contractile force and trans-

membrane action potential characteristics. Upper panels: intracellular microelectrode record-
ings. Traces from top to bottom: zero potential level; action potential; maximum rate of

rise (Vmax). Lower panel: contractions of left atrial preparation recorded at a slow sweep
speed. The letters indicate the time of registration of action potentials demonstrated in the
upper panels. A: control; B, C, D: effect of dantrolene in relation to time
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increment of twitches was accompanied by the lengthening of the action poten-
tial duration (by about 30%, at 50% repolarization). Dantrolene slightly

decreased the Vmax of action potential without affecting the resting membrane
potential (Fig. 2, upper panels). After dantrolene-induced increase of twitches
had reached a maximum, they started to decrease gradually and a slow
contracture also developed (second phase of action). This negative inotropic
effect was associated with a shortening of action potential duration (Table ).

The solvent propylene glycol had no effect in itself on the contractility
and electrical properties of the atrial myocardium.

Fig. 3. Influence of 5 mM Mn2+ on the time course of 3 X10~4 M dantrolene-induced change

in contractile force and action potential characteristics. Upper panels: intracellular micro

electrode recordings. Lower panel: contractions of atrial preparation. A: control; B: effect

of 5 mM Mn2+; C, D, E: effect of 3 X 10-4 M dantrolene in relation to time. Mn was presenting
throughout the experiment

Influence of Mn2+ on the action of dantrolene

In the first series of these experiments, the effect of 3X 10~4M dantrolene
was studied in atrial myocardium in which the slow Ca2+ channel had previ-
ously been blocked by 5 mM Mn2+. Mn2+ caused electromechanical uncoup-
ling; the mechanical activity was abolished completely and only electrical
responses could be recorded (Fig. 3). Under such circumstances, the earlier
repolarization (at 20%) of the action potential was accelerated while the late

repolarization (at 90%) was prolonged and no change was observed in Vraax
or resting potential. After addition of 3xtO "4 M dantrolene, the action poten-
tial duration (at 50%) was prolonged to 165% of the Mn-control value, while
contractility was restored hardly from the Mn-blockade. Dantrolene failed to
produce contracture and shortening of the action potential duration in Mn-
treated atria, i.e. in the absence of freely available slow Ca2+ channel (Fig. 3
and Table I1).
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Table 1

Effect of 3x10 *M dantrolene on the transmembrane action potentials in isolated left atrial preparations of the guinea pig.
5 experiments

Treatment (rF:]\P/) (rg\s/)
Control -81.3 £ 0.7 +21.4 + 13
Dantrolene 5-15 min -81.5 + 16 +21.8 + 17
25—50 min -80.7 + 1.2 +20.7+1.8
80—120 min -73.8 + 2.1* + 125+ 1.7*

* Statistically significant difference from control (p < 0.05)

Vmax
(VvI8)

1652 + 2.4
1422 + 2.7*
131.0 + 1.3*
1248 + 1.5*

Mean + S.E.M. of

Action potential duration at repolarization (me)

20%

193+ 0.7

27.3 + 0.6*

201+ 16
59+ 1.2*

13

RP = resting potential, OS = overshoot, Vmax = maximum rate of rise of the action potential

Table 11

50%

38.6 + 0.9
524 + 0.7*
39.2: 15
146 + 1.4*

+

90%

66.1 + 0.8
78.0 + 0.5*
675+ 1.7
349 + 1.3*

Effect of 3 X 10~* M dantrolene on the transmembrane action potentials of guinea pig left atria pretreated with 5 mM MnCl2 Mean + S.E.M. of
5 experiments

Treatment (S\\F;) ™)
Control -79.1 + 13 + 232+ 14
MnCI2 -80.3 + 0.8 +20.7 + 0.1*
+Dantrolene 15-25 min —80.5+ 0.9 + 205+ 0.7*
35-50 min -80.7 + 15 +20.9 + 0.3*
90—120 min -78.2 + 19 +20.8 + 0.7*

140-160 min -75,3 £ 1.4* + 19.7 + 0.4*

* Statistically significant difference from control (p < 0.05)

RP = resting potential, OS = overshoot, Vmax = maximum rate of rise of the

1824+ 0.6
181.7 + 0.9
155.2 + 0.8*
143.0 + 1.2*
136.1 + 1.5*
1279 + 0.7*

Action potential duration at repolarization (me)

20%

182+ 0.5
6.3+ 0.7*
172+ 14
180+ 15
128 + 1.7*
105 + 1.6*

action potential

50%

325+ 0.8
28.3 + 0.4*
41.7 £ 1.2*
50.6 + 0.9*
473 + 1.7*
323+ 05

90%

52.1+ 05

58.3 + 0.7*
75.0 + 0.3*
83.2+ 1.1*
87.6 + 1.9*
713 £+ 1.4*
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In the second series of experiments, 5 mM Mn2+ was able to antagonise
completely the positive inotropic effect caused by dantrolene (Fig. 4).

Induction of slow action potentials by dantrolene

It is generally accepted that drugs which inhibit the repolarizing out-
ward K + current, e.g. Ba2+ and TEA (tetraethylammonium), can produce
slow action potentials in K +-depolarized myocardial fibres [8, 39, 40]. We

Fig. 4. Effect of 5 mVI oa the 3xHO *1 M dantrolene-induced positive inotropic effec

in left atrial preparations (n = 5) of the giinea pig. Values are given as means i S.E.M

(vertical bars). Lines thrnagh th> points were drawn by the eye. Dantrolene was added a
0 time

studied whether dantrolene (3xF -4 M) had the ability to induce slow action
potentials in atria in which the fast Na+ channel was voltage-inactivated with
K+-rich (26 mM) Krebs solution. Under such conditions the atria became
inexcitable despite intense electrical stimulation, i.e. both electrical and mechan-
ical responses were abolished, and only resting potentials (about —45 mV)
could be recorded (Fig. 5, B, B’). In 9 of the 12 preparations, the addition of
dantrolene (3xHO -4 M) resulted in slow response action potentials accom-
panied by contraction within 5—45 min (Fig. 5, G, C’). These slowly rising action
potentials had a mean Vmax of 11.5 + 1.6 Y/s, overshoot of 9.7 d; 1.3 mV,
and duration (at 50% repolarization) of 36.6 + 4.1 ms. The amplitude of
contractions was nearly equal to that of contractions recorded in normal
Krebs solution. Addition of 3 mM Mn2+ abolished rapidly (within 2—3 min)
the dantrolene-induced slow action potentials and contractions (Fig. 5, D, D).

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982



MYOCARDIAL SLOW CHANNELS AND DANTROLENE 379

A B C D
K 26mM-—
Control DS  3x10'4M--------
Mn*»  3TM

[40mV
I200V/sﬁnorm.)
|20V/s(slow)
AOms
40ms

Fig. 5. Induction of slow response action potential and contraction by dantrolene in isolated
guinea pig left atrial preparation whose fast Na+ channel had been voltage inactivated by
elevated K+. A,A’: normal action potential and twitch contraction in 4.7 mM K+ Krebs
solution. B,B’: application of 26 mM K+ Krebs solution depolarized the cells to about —45
mV and the preparation became inexcitable. C,C’: 3X 10 M dantrolene-induced slow response
action potential and contraction. D,D’: 3 mM Mn2+ completely abolished the slow responses

Effect of dantrolene in relation to frequency

In order to obtain further information on the mechanism of dantrolene
action, we examined the increase in dantrolene-induced twitch contractions at
different stimulation frequencies (from 1 Hz to 5 Hz), as well as the dependence
of dantrolene-induced slow response action potentials and contractions on
stimulation frequency. Figure 5 shows force-frequency relationships for the
positive inotropic effect of 3xk -4 M dantrolene. At each frequency, the
action of dantrolene was determined in 5 experiments. The increase in the
amplitude of contraction was the most pronounced at low stimulation fre-
quencies (320.5 + 26.0% of control, at 1 Hz). It decreased with increasing fre-
qguency of stimulation, and finally, the positive inotropic effect could not be
observed at 5 Hz. The increase of frequency also enhanced the contractile
force by itself (Fig. 6, inserts), therefore the amplitude of steady state contrac-
tions under control conditions were considered as 100% at each frequency.

In three experiments, the dependence on stimulation rate of the dan-
trolene-induced slow responses was investigated. The control slow responses
were recorded at a stimulation rate of 0.3 Hz (Fig. 7, A, A’), and then the
frequency was increased gradually. When the increasing frequency of stimu-
lation reached a value of 2.4 Hz, the slow responses disappeared (Fig. 7,
D, D’).

Comparison of dantrolene with isoproterenol and Mn2+

Since dantrolene exerted a time-dependent dual effect on the electrical
and mechanical properties of the guinea pig atrial myocardium, its earlier
positive inotropic effect was compared with that of isoproterenol, and the
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1Hz

Stimulation frequency (Hz)

Fig. 6. Effect of 3 X 10“4M dantrolene on the contractile force of guinea pig left atria in relation

to frequency. The amplitude of steady state contractions under control conditions was con-

sidered as 100% at each frequency of stimulation. Values are means of 7 experiments i S.E.M.

The dantrolene-induced changes in the size of twitches are shown on the inserts. C: control.
Calibrations: Vertical: 250 mg, Horizontal: 20 ms

late negative effect of the drug compared with the Mn-induced negative ino-
tropic effect. As expected, isoproterenol (5x 10-7 M) induced a strong positive
inotropic effect; the contractile force was increased by about 250%, the
time to peak tension was shortened by about 18%, the relaxation was accel-
erated. Isoproterenol increased the Vmax (by about 10%) and enhanced the
height of plateau of the action potential. The duration of action potential
was prolonged by 42% (at 20% repolarization), while it was shortened by

B 06Hz C 12Hz D 24Hz

l40mv

T10Vis

Fig. 7. Dependence of dantrolene induced slow responses on frequency. A,A’: control slow

response action potential and contraction induced by dantrolene (3x10-4 M) in K+-depol-

arized atrial myocardium of the guinea pig. B,B” and C,C’ and D,D’: effect of increasing fre-

quency of stimulation on the slow responses. Records in B through D are from a single
impalement
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Isoproterenol Dantrolene

Fig. 8. Comparison of 3X 10 M dantrolene-induced alterations in action potential character-
istics and contractile force in the first phase of its action (right panels) with the effect of
isoproterenol (5X10-7 M), a well known positive inotropic agent (left panels). C: control

16% at 90% repolarization in 5 experiments (Fig. 8, Table Il1l). Under the
effect of dantrolene, the contractile force was increased, the time to peak
tension increased slightly if at all, while the whole repolarization of the action
potential was prolonged and Vmax decreased by about 20% (Fig. 8, right
panels).

In the other experiments we compared the effects of dantrolene with
that of manganese. Mn2+ (5 mM) caused the well-known slow Ca2+ channel
block accompanied by uncoupling of the excitation—ontraction process. The
action potentials recorded under these conditions were characterised by a

Table LU

Effect ofex 10 -7 M isoproterenol (IPR) on the transmembrane action potentials
ofguinea pig left atria. Mean + S.E.M. of5 expriments

RP 0os

Treatment (mV) (mV) h
Control -83.5 + 14 + 224+ 13 2158 + 2.7
IPR -86.1 = 1.9 + 28.7 + 1.6* 236.3 £ 2.1*

Action potential duration at repolarization (ms)

Treatment

20% 50% 90%
Control 19.2 + 0.8 343+ 05 725+ 0.6
IPR 27.7 = 0.9* 405 + 0.7* 61.4 + 0.5*

* Statistically significant difference from control (p < 0.05). RP = resting potential
OS = overshoot, Vmax = maximum rate of rise of the action potential
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shortened plateau and prolonged late repolarization, while no change was

observed in the Vmax (Fig. 9, left panels). After a long lasting treatment,
dantrolene (3xHk -4 M) induced contracture. The contractility was diminished
or completely abolished, while the whole repolarization of action potential

was shortened, the Vmax lowered and the membrane slightly depolarized (by
about 4—6 mV) (Fig. 9, right panels).

50mv

200V/S

500mg

40ms

Fig. 9. Comparison of 3x10-4 M dantrolene-induced alterations in action potential charac-
teristics and contractile force in the second phase of its action (right panels) with the effect
of Mn2+ (5 mM), a direct acting slow Ca2+ channel blocker (left panels). C: control

Discussion

The results of the present experiments show that dantrolene at a con-
centration of 3xHO ~4 M has a time-dependent dual effect on the contractile
force and electrical properties of the guinea pig atrial myocardium.

The results so far published are inconsistent regarding the effect of
dantrolene on cardiac muscle. Several authors reported that dantrolene had
only a negligible effect on cardiac muscle [4, 10, 14, 36]. On the other hand,
a negative inotropic effect was obsered when high concentrations were used
[2, 34]. More recently, similarly to other investigators [17], we demonstrated
that high concentrations (10-5 M and above) of dantrolene exerted a strong
positive inotropic effect on the guinea pig atrial myocardium, which was inde-
pendent of beta-adrenoreceptors and histamine receptors [32, 33]. The dis-
crepancy between the results obtained in the present study and the observa-
tions by others may be explained by the fact that they applied dantrolene at
concentrations of less than 10-s M, whereas we used a higher and probably
toxic concentration (3xk~4 M).

W e suppose thatthe initial transient positive inotropic effect of dantrolene
might be due to the stimulation of the transmembrane slow inward Ca2+
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current flowing during the plateau phase of normal action potential rather
than to any other intracellular event. This concept is supported by the fact
that Mnu was able to completely antagonize this effect. Mn2+ is a well known
selective blocker of the slow Ca2+ channels [15, 26, 37, 45]. Moreover, dantro-
lene itself induced slow response action potentials and contractions in partially
depolarized atrial preparations. It has been shown that drugs inducing slow
responses stimulate the transmembrane slow inward current carried mainly
by calcium ion3 [18, 23, 30, 39, 40, 42, 46]. Furthermore, the dantrolene-
induced slow responses as well as the positive ionotropic effect were found to
be highly sensitive to the frequency of stimulation, i.e. the lower the rate of
stimulation, the greater the degree of positive action. This phenomenon could
have resulted from a relatively high time constant for recovery of the slow
inward calcium system from inactivation [13, 27].

According to Pappano’s suggestion [39], there are two different mecha-
nisms for the activation of slow Ca2+ channels by which drugs (e.g. isoprote-
renol or Ba2+) may induced slow responses: (i) increase of an ion conductance
that carries inward current, (ii) decrease of an ion conductance that carries
outward current. In the case of dantrolene induced slow responses, the latter
mechanism seems to be validated by the fact that dantrolene markedly pro-
longed the duration of action potential without restoration of the mechanical
activity in atria in which the slow Ca2+ channel and contractility had pre-
viously been depressed by Mn2+. Ehara and Inazawa [8] demonstrated that
Ba ions intensified the slow Ca2+ current by decreasing the membrane shunt-
ing conductance occurring in K + depolarized myocardium [31]. Figure 8 shows
the effect of dantrolene in comparison with that of isoproterenol as a ‘direct’
(via cyclic AMP) stimulator of the slow inward Ca2+ current. Isoproterenol
increased the height of plateau and accelerated the late repolarization of the
normal action potential (see also in [38]). Recent voltage clamp experiments
indicate that an excitation-related sudden increase in [Ca2+]| enhances the
outward K+ current [1, 19, 20, 22].

The late negative inotropic effect of dantrolene could be conceived as
a consequence of its earlier positive inotropic effect, if we suppose that the
drug, besides activating slow Ca2+ channel, inhibited the Ca2+-efflux from the
atrial myocardial cells. Desmedt and Hainaut [7] have demonstrated that
4Ca-efflux from barnacle muscle fibres is decreased by dantrolene, whereas
45Ca-influx is unchanged. In this way, dantrolene successively increases the
[Ca2+]| and, consequently, decreases the transmembrane calcium concentra-
tion gradient, leading to a lessening of the driving force for calcium ions.
A similar explanation was given by Kohlhardt and coworkers [28] for the
biphasic effect of caffeine on transmembrane Ca2+ current in cat papillary
muscle. This hypothesis is supported by the finding of the short action potential
duration and of the contracture. It has also been demonstrated that action
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potential duration is controlled by the [Ca2+]| [1, 19, 20, 21, 22]. As shown
in Fig. 9, the dantrolene-induced indirect inhibition of the slow inward Ca2+
current flowing during the plateau phase of normal action potential differs
from its Mn-induced direct inhibition.

In conclusion, dantrolene depresses the excitation-related outward
movement of both potassium and calcium ions. This common effect of dantro-
lene may account for its earlier positive and late negative inotropic effects.
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ACTA PHYSIOLOGICA

TOM 59-BblI. 4

PE3IOME

QNEKTPNYECKNE CUIM HATbI AKTUBHOCTU CUHYCHOIO Y3J/TA 'Y COBAKU
®. LWWONTW, W. KOXAC-HALb n A. YHAKO

B akcnepumeHTax Ha cobakax (22 XMBOTHbIX) aBTOPbl 3aHUMa/IMCh MECTHOI perucTpa-
UMEN aKTMBHOCTU CUHYCHOrO y3/1a. C MOMOLLIbI0 MasIEHbKOrO YHUMOJISIPHOTO 3/1EKTPOAA, Pacmo-
JIOXEHHOTO BO/M3V CUHYCHOTO Y3713, U NO/Ib3YSICh 6O/IbLLIMM 3/IEKTPUYECKMM YCUIIEHUEM, aBTOPbI
CMOT/IV 3apErMCTPUPOBATL PaHHIOK, MEIEHHYIO, MaJIEHBKYIO BOJHY, MOsIBAsOLLyocs 3a 20—40
cek nepeq, BosHOl P. MpW yaasieHnn OT CUHYCHOTO y3/ia 3Ta paHHss BOJIHA CTAHOBWTCS BOE
MEHbLLE 1, HAKOHEL,, PacTBOPSIETCS B /IOKaUIbHOM BosHE P. MecTHas BosHa P. vicuesaeT npu Bpe-
MEHHOM NPEeKpaLLEeHN AESTENBHOCTY CUHYCHOTO Y3713, YTO MOXET 6bITb OCTUrHYTO BBEAEH/EM
afieHo3VHa B apTEPUIO CUHYCHOTO Y3713, Pa3apakeHeM 6y AatoLLEero HepBa 1 MHULTpaLVel
(heHosIom 06/1aCT CUHYCHOTO Y3/a. Ecv 3aaBaTb PUTM CYHYCHOMY Y37y, Pa3apakas a/1eKTpi-
UECKMM TOKOM MPEACEPaVe, TO paHHsIs BOSHA TOXE He NOosIB/SIETCS nepes BosHoM P. 3apernctpu-
poBaHHasi B6/M3M CYHYCHOTO Y3718, paHHsis BO/IHA B CAMOM JEVie YKa3biBAET Ha AENo/isipusaLyo
CVHYCHOTO Yy3/1a, U SIBNIIeTCS NMOAXOASALLM OGHLEKTOM /151 U3YYEHUS PO CUHYCHOTO Y3/1a Kak
BOAUTENS PUTMA, a TakKe CUHOAYPUKYNSPHON NPOBOAMMOCTU BO3GYXAEHMIA.

PO/Nlb COMEPXAHUS MUOKAPAVAIbHOWN XUAKOCTU ANA AEATENBHOCTU
CEPJLA

I. MOrA4Y, M. KONTAM n Ab. M'POC

B cBOVX NpegplayLLUmnx UcCriefoBaHuaX Mbl Nokasasin, YTo Yyepes 2 1 48 yac rnocrne HacTyn-
NeHns MHapKTa M1UoKapaa, BbI3BaHHOMO MHAIy3vei HopagpeHasiuHa (6 HMONb/KI B MUH) B Teuye-
Hue 10 MMH, a Takxe BO Bpems MOpUNIsUMM Xesy[oUKoB, NMPOAO/KATENBHOCTbIO 60 MUH,
NPy 3KCTPaKOPMOPasIbHOM KPOBOOOPALLEHNN, PA3BMBAETCA 3HAYUTESbHBIA VHTEPCTULA TbHBIN
oTek. CApyrovi CTOPOHbI, Mbl BbI3blBa/IN Jernaparaupio CepaeyHon MbILLILIbI, €C/N, NMOC/E MHAY3UN
MaHHUTa UM NaHKPEaTIKTOMUW, BBOAWM [/THOKO3Y [0 TEX MOp, MOKa OCMOTUYECKOE [AB/IEHNE He
pocturano 320—470 mOcm/nnTp. YAanock NokasaTb TECHYH ABY/IMHENHYH KOPPENSALMIO MeXay
[JNacToNIMYECKNM HanpshXEHVEM JIEBOMO Xeslyouka M CofepXaHveM XUAKOCTA B CepaeyqHON
MbilLe. Janee, Mbl MOKasasn, YTO BO3pacTaHue AWacTONUYECKOrO HarnpshKeHUs CcepagyHbIX
XXeNy[0oUKOB B/ieYeT 3a COBOW yMeHbLUeHE MUHYTHOMO obbeva cepiua, OCOBEHHO 3amMeTHOro
npu Harpyske. MuHyTHbIi 06bem cepaua OblBaeT CyLLECTBEHHO YMEHbLUEHHbIM Mpu MHbapkTe
MVOKapAa 1 nocse naHKpeaTIKTOMUW, BCreq, 3a MPOBEAEHVEM 3KCTPAKOPINOPasIbHOrO KPOBOOG-
paLLeHVs U BO BPeMA BBEAEHUS MaHHUTA.

KnuHnyeckoe 3HaueHne umeeT HabniofeHue, COrslacHO KOTOPOMY MPOU3BOAUTENLHOCTbL
cepAua YMeHbLLIAETCA BO BCEX CrlydasiX, Korja CoAepXaHue XnaKocTu B TKaHAX MUoKapaa /imbo
He [IoCTUraeT, /b0 NpeBbILaeT 3HaveHne 760—790 r B pacyeTe Ha 1000 r cepAgUHOM MbILLLbI.

CPABHUTENBHOE NCCJIEAOBAHUME CBA3N MEXAY OCMOTUYECKNM
FEEMOJIN3OM U TEMI'IEPATYE’OVI, BbIMO/IHEHHOE C SPUTPOLINTAMU
B3POC/bIX NIOJEVN N HOBOPOXAEHHbLIX OETEW

W. UMPE, B. WWAPW, N. TEPEK n 3. ABOPAYEK
MMNOTOHNYECKWIA remMonn3 ApUTPOLMTOB, KaK HOBOPOXAEHHbIX p,eTe|7|, TakK 1 B3POC/IbIX

nropeii, 6onee cnbHO BbipaxkeH npu 4°C, yem npu 37°C. B CBA3M C FTMMNOTOHUYECKMM FeMO/IM30M
3PUTPOLUTLI HOBOPOXIEHHBIX GOEe Pe3VCTEHTHBLI MO OTHOLLEHUIO K CHWXKEHUIO Temneparypsbl,



Yyem 3pUTPOLUTLI B3POC/bIX /II0AEA, NOABEPrHyTble Takoli e 06paboTke. Mpu M306paxeHn
OCMOTMYECKOrO remMo/ivsa KNeToK B 3aBMCMMOCTW OT M3MEHEHWA TemnepaTtypbl, MMeeTcs BO3-
MOXHOCTb OMpede/inTb TPAaH3UTOPHYI0 Temnepatypy MemMopaHbl KpacHbIX KPOBSHBLIX K/IETOK,
6narofapsa YeMy MOXHO OXapakTepn3oBaTb MUKPOBA3KOCTb MeMbOpaHbl. V1306paxast ¢ 3aBucK-
MOCTV OT Temrepatypbl remonM3, NPOUCXOAALLMIA NPU MOMELLEHUM 3PUTPOLMTOB B PacTBOP
XNIOPUCTOrO HATPUSH C OCMOTUHUECKUM AaB/ieHnem 150 MOCM, Mbl HaLW/W, YTO NokasaTe/lb Npesiom-
NeHVsl, NPeACTaBSIoWMA TPaH3UTOPHYO Temnepatypy Ha npsiMoi dpyHKu,VM AppeHuyca, Ha-
xoautca npm 25°C, Kak B Clyyae 3puTPOLUTOB HOBOPOXAEHHbIX, TaK 1 B3POC/bIX fIoAei. Tox-
QECTBEHHOCTb TPAH3UTOPHOV TEMMNEPATYPbI YKa3bIBAET HA CXOXECTb MVKPOBSAKOCTM MeMOpaHb!
SPUTPOLIMTOB HOBOPOXAEHHBIX 1 B3POC/bIX SIOOEN.

CPABHUTE/IbHOE WCC/EAOBAHUE JENCTBWA BEH30/A, TONYOJA U
M-KCNTONA B SKCMEPUMEHTAX HA KPbICAX

K. A MAKLWIN, A. MONHAP, M. HAPAV u b. BAPLA

B onbiTax Ha Kpbicax aBToOpbl M3y4a/u CefaTviBHoe feicTBue, a TaKkKe B/MAHNE Ha MOo-
TVBALMOHHOE MOBEAEHVE TPEX PACTBOPUTENEN (GEH30/, TOYON U1 LI-KCUIION), KOTOPbIe BBOAWVCH
NHTPanepuTOHeasIbHO. MpUMEHANINCL CrieaytoLLye TeCTbl: open field (SKCM/IOPATUBHASA AEATE/b-
HOCTb, /IOKOMOLWA), KOMIECO [J/1 W3MEPEHNs [BUraTe/lbHOl aKTMBHOCTW (aKTMBHOCTL Gera),
pr?OHHbIVI TECT U1 TECT C HAK/TOHHOM NIACTUHKOM (MblLLIEYHAs C/laBboCTb, HApYLLEHWSI KOOPAWHA-

).
N Y€ B Ma/lblX KOHLEHTpaLMAX BCe TPW BELIECTBA BbI3bIBA/IM MbILLEYHYIO CIaBoCTb U
arakcuio. B 3TOM OTHOLLEHMM GEH30 BbI3bIBa/T CaMbli CULHBIN adxbexT. [leficTare xe Bcex Tpex
pacTBopuUTeneil Ha ABUraTeNibHyl0 akTVBHOCTb 6bUI0 O4eHb pasHbIM. ECnvM GeH30/ 1 0COGEHHO
TONYON BbI3bIBASIN BO3OYKAEH/E LEHTPa/IbHOV HEPBHOV CICTEMbI, TO Y M-KCW/OMIa Takoro Aei-
CTBMA He OTMeua/n. 3Has M3 YEOBEYECKOV MPaKTMKM O TOM, KaK [eiCTBYIOT 3TV BelecTBa,
MOXHO CAenaTb BblBOf, YTO CuCTeMa WCCefoBaHuiA, NpUMEHsieMas Y KpbiC, MOXET OKasaTbCA
MOMIE3HON A/151 CBOEBPEMEHHOM CUTHANIM3ALMM TakUX OCTPbIX BPEAHbIX BMSHUIA, Kakue oxuaa-
loTCS Yy YesioBeka.

YTEPO-UHTVBWH - BbI,CI,EﬂEHHvbIIZ 13 MAOAHOMN XNAKOCTU DAKTOP,
VHITMBUPYIOW NN COKPAWEHNA MATKU

A. MAWOP, 1. FPO®, M. WLEWN, A. MEHBbXAPT u B. XXO/ITHAU

ABTOpPbI M3yYas1 JeiCTBYIE CMeCK MPO6 OKOJION/I0AHON XUAKOCTU, NOMYYEHHBIX aMHMO-
LIeHTe30M BO BTOPOM TpMMECTpe 6epeMeHHOCTH, B YC/IOBUAX in vitro HA Npenaparte 130/MpoBaHHOM
6epeMeHHOn MaTKM KpbIC. YCTaHOBW/IM, YTO OKOMOM/IOAHASA XUAKOCTb MMEET OAHOBPEMEHHO Kak
cmvvlynmpyrom,ylo Tak ¥ TOPMO3SLLYH0 aKTUBHOCTb. C MoMoLLpto Xpomartorpacoun (Ha rene Cedoa-
nexc G-25, moHoobmeHHoi CM- C:%agekc G-25 1 6ymMaxHOW) yAanioch BbiAE/MTb U OUYMCTUTbL
KOMMOHEHT N/I04HbIX BO, OTBETCTBEHHbIV 38 MHIMOMPOBaHME MaTOUHbIX COKpaLLeHWn. ®pakums,
cofiepalliee [EATCBYIOLIEE BEILECTBO (YTEPO-WHIMOMH), TOPMO3UT COKPALLEHNS MUOMETPUS
6epemeHHON MaTKuM uYesioBeka, Npenaparta KULLIKW KpbiChbl, & TAKKE BbI3BAHHbIE 3/1IEKTPNYECKIM
pasapakeHrem COKpaLLEHUs in vitro MPenapaToB vas deferens MbILUK Y CHXKAET MX 6a3auibHbIN
TOHYC.
Y MOXHO MPeanonoxXvTb, YTO, B 0BGECTEYEHNN COCTOSHIS MOKOS MaTKu B nepuog, 6epemeH-
HOCTW, UrpaeT Posib KaKo-To, A0 CUX MOP He M3BECTHbIA, SHAOrEHHbIV GHakTop.

CYAbBA CEKPETOPHbLIX BEJIKOB NMAHKPEATUYECKOIO MPONCXOXOEHNA B
KPOBAHOM PYCJIE ¥ COBAK N KPbIC

M. NAMM, . BAPTA, I'. ®O/I/IN n B. TEPYBAPU

ABTOpbI COBVPa/IM CBEXUI NaHKPeaTUUECKHIA COK Y XUBOTHbIX-A0HOPOB (CO6aK U KpbIC),
npeABapuTe/IbHO CTUMYIVPYST AEATEeNbHOCTb  MOMKEsy[A0UHOM Kenesbl y HUX BHYTPUBEHHLIM
BBE/IEHVEM CEKPETMHA U NaHKpeo3uMuHa (4 E/kr Beca Tena). Mocne onpeneneHusi B naHkpeaTun-



UECKOM COKe YPOBHS Ge/lka 1 aKTVBHOCTU JI1Nasbl Y aMuiasbl, €70 BBOAWIM B KPOBSHOE PYC/I0
KMBOTHOTO-PeLMnMeHTa Toro e Bia. Onpeaensim NpoCTPaHCTBO pacripeesnieHus, Bpema b1o-
JIOTMYECKOTO NOypacnafia 1 BbiBeAEHVe C MOUOI 1 XeUbl0 CEKPETOPHbLIX BESIKOB, NMOBTOPHOE UX
Bbie/ieHVie C MaHKPeaTNYeckoi XUAKOCTHIO M BO3BpALLEHe U3 MEXTKAHEBOro MPOCTPAHCTBA
yepes rpyaHolt umdaTyecknii NPoToK. ®pome Toro, onpeaensi/ivi 0GbEM Ma3Mbl Y PeLMNMEH-
TOB-XUBOTHBIX.

MpoCTPaHCTBO pacnpefeneHst Kak /iunasbl, Tak U amMuiasbl Y KpbIC COBMa/IO C 0GLEMOM
nnasmbl. Y cobak 6rosiormueckoe Bpemsi noslypacrafa aMmwiasbl 6bU10 MPOLO/KATENBHE., YeM
nvnasbl. ECAv B MoYe M Kenuu y cobak KofIMYECTBO BblAENEHHbIX 3H3UMOB GbU10 HUUTOXHO MaJio,
TO KO/IMUYECTBO 3H3VVOB B MOYe KpbIC A0CTUMI0 10% OT BBEAEHHOTO KOMMUECTBa. Y cobak, BBEAEH
Hble B KDOBOTOK, /IMNasa U aMuiasa MoBbICUIM YPOBEHb /INMA3bl M aMU/asbl B MaHKPEaTUYeCKoi
XUAKOCTUW, U KaK Yy KpbIC, Tak U Y cobaK ypoBEHb U KOIMYECTBO GefKOB B MaHKpeaTu4eckoli
XUAKOCTU. YacTb 3H3MMOB, NMOKMHYBLUMX KPOBSIHOE PYC/i0, BO3BPALLAETCA B KPOBOOGPALLEHME
uepes rpyaHON NMMMADATUYECKII A NPOTOK.

BIMAHVNE MA3VHAOJNA HA MANWEBOE MOBEAEHWE W HA ®YHKUUIO
HOPAAOPEHANIVHA B PA3/IMYHbLIX YYACTKAX TO/IOBHOIoO MOS3IrA ¥ KPbIC

. XANIMW, 4. HAKALL n 0. BANTbTEP

Ha Kpbicax, NOMELLEHHbIX B HOBbIE YC/IOBUS 11 HE NOJTyYaBLUMX NULLY B TEUYeH/e 24 Yacos,
Mbl U3y4a/I1 B/IVSHUE MHTpanepuTOHeasleHO BBEAEHHOTO MasiHAONa Ha MULLEBOE MOBEAEHVe
XUBOTHBIX, @ Takke Ha 1cuesHoBeHVe 3H-HopaapeHa/MHa U3 pasHbiX 06/1acTeil roI0BHOMO Mo3-
ra. B nocriegHeM ciiyuae MasviHZOM BBOAWICS MHTpaLepeGpOBEHTPUKY/ISPHO.

MazuHZoN cwibHee MofaB/si/ MMLLEBOE MOBEAEHVE, YEM NMPUEM MUY, DTO 03HAYAET, YTO
MULLEBOE MOBELEHVE GOriee YYBCTBUTEBHO YKA3bIBAET Ha NMOHWXKAIOLLEEe anneTyT AeliCTBYe Nekap-
CTBa, YeM NpreM nny. B aoze 30 MI/KT MasvHAON NOBbILLA McHeE3HOBEHVe 3H-HOpaapeHasMHa 13
MeAVasbHOrO TUnoTaslaMyca, HO He OkasblBasl AeiCTBUS Ha OOMEH HOpajpeHasMHa B ApYrux

o61acTax mosra.
Pe3ynibTarbl HACTOSALLMX SKCNEPVMEHTOB YKa3bIBalOT Ha TO, YTO AE/CTBYE Ma3vHAOMA Ha

06MeH 3H-HopaapeHaMHa SBASETCS pasHbIM B Pa3/IMUHbIX yUYacTKax Mosra.

YACTVYHOE OUULLEHWE W3 JIEFOYHOW TKAHWN KPYMHOIO POrATOrO CKOTA
BEJIKA, CNOCOBHOIO NHIMMBENPOBATbL IN vivo CWHTE3 AHK B JIETOYHbIX
KNETKAX MbILIN

3. MAPYEK n A. MEHbXAPT

HacTosiLee co06LLEHME 3HAKOMUT C YacTUYHBIM OYUMLLIEHVMEM W XapaKTepUCTUKOW 3HAO-
reHHOro (DaKTopa, KOTOPbIA TKaHECTIELIM(NYECKN UHTUBUPYET B YCNOBUAX in vivo cuHTe3 AHK
B K/IETKaX JIErO4KOM TKaHW MbILLIEN.

[JaHHoe aKTVBHOE BELLUECTBO OYMLLA/M M3 BOAHOIO SKCTPaKTa SIErOYHON TKaHW KPYMHOro
porartoro ckoTa W KpbiC, MPUMEHAS KOMOUHALUMIO ynbTpadunbTpauym 1 pasamyHoin Xpomaro-
rpadoyecKon TEXHUKM.

BeLLecTBO, OTBETCTBEHHOE 38 OTMeYeHHbI adhchexT, TepMoNabuibHO 1, BEPOSATHO, SB/SET-
ca 6e/koM ¢ MosiekynsipHYM Becom okosio 40 000. Ha ocHoBaHMM OnpefesieHHbIX [0 HacTos-
LLero BpemeH XMMUYECKUX 1 M3MYECKUX CBOICTB, a Takxe OMOMorMyeckoro AevcTsuvs, Bbl-

©/1eHHOe M3 NIerKUX BELLECTBO, NO-BUAMMOMY, ABMSIETCS 3HAOrEHHON NponmdepauyioHHOR HMM-
WTOPHO MOJIEKY/ON, KOTOpasi OkasbiBaeT AEVICTBYE HA NTETOUHbIE ANUTENNasTbHbIE KNEeTKN. Jra
MO/IeKy/ia MEET Xa/IoHONOAOGHbIe CBOMCTBA.

OTBETbl C BAPOPELIEMTOPOB MOAKMIOUMUHON APTEPVN HA W3MEHEHWA
CTATNYECKOIO AABJTEHNA Y COBAKU

A Y. KAONPU
B akcnepumeHTax, npoBefeHHbIX Ha 45 HapKOTU3UPOBAHHbLIX cobakax, m3ydasin  msmve-

HeHUs1 adhpepeHTHOl aKTUBHOCTM G/Ty)XAAtOLLIEr0 HEpPBa M MPABOT0 aopTa/lbHOTO HEpBa B 3aBU-
CMOCTV OT AaBneHusi. CtaTudeckoe nepddy31oHHOe AaBfieHVe MOBbILASM CTYNeHeo6pasHo Ha



10 mm pT. cT., B npegenax ot 0 go 200 MM pT. CT. MpuMeHann yHKLMOHaSIbHBIA Npenapar Ha
N30/IMPOBAHHOM HEPBHOM BOJIOKHE. Pe3ynbTaTbl aHa/M3vMpoBa/iM C MOMOLLBIO AUTUTASTBHOTO
komnbloTepa PDP-12. MocTosiHHast uMNy/bCHasi akTMBHOCTb HauYMHa/lachk Mpy MOpPOroBOM
AaBrnieHnu, pasHoMm 67 + 3 (SE) Mm pT. cT. (B 061actn gasneHnii ot 40 fo 92 mm pT. cT). CpenHee
caTypauyoHHoe Aasfiedne obuio 145+ 4 Mm pT. CT. (Mexay 112—117 mwm pT. cT1.) CpaBH/Bas
[aB/eHe B MeLLKe, 00pa30BaHHOM 13 NOAK/THMYHON apTepum, C 4acToTol UMNYJILCOB, MOJTYYIN
KPMBYIO pa3apaXXeHNeoTBET CMTMOBMAHON (hopMbl. YyBCTBMTENBHOCTL PeLenTopoB Gbuia 0,2—
0,7 mn/cek/Mm pT. CT.

Takum 06pa3om, GapopeLenTopbl NOAKTIOUNYHON apTepun y cobaku He OT/IMYatoTes Cy-
LLeCTBEHHO OT 6apOPELIENTOPOB AT aopThbl U KAPOTUAHOTO CHHYCA.

Ha 10 HepBHbIX BO/IOKHAX Y 9 cobak 1syvasnv genctave nepdly3npyeMblix BEHO3HON KPOBb-
to 6apopeLenTopoB NOAKTOUNYHON apTepun Ha YacToTy BO3HUKHOBEHUS UMMY/bCOB, MPUMEHSIS
KOHTPO/IMPYEMOe CTaTMYECKOE AAB/IEHNE U U3MEHSIS IaB/IEHVE B COAEPXALLEM PELENTOpHOE nosie
130/IMPOBAHHOM MeLLKe MOAKIUNYHON apTepuu. MNepdiy3vio apTepuanbHOn 1 BEHO3HOW KPOBY
CpaBHUBA/IN C JABMIEHVEM B MELLKE, U PErvCTPUpOBaUTN 3hdpeKT Ha M30NMPOBAHHBIX BOJTIOKHAX
npaBoro aopTa/ibHOro Hepea. PaSHVIU,bI MeX[y 3HaYeHVsIMM CpefHero AaBfeHVs B MeLLKe, Npu
nepdy3nm apTepuanbHON MY BEHO3HON KPOBbLIO, He Haboganu.

MEXAHWN3M, NEXALMUA B OCHOBE MONOXWUTENBHOIO WHOTPOMHOMO
AENCTBMSA JAHTPONEHA HA MbILWLY NPELCEPANSA CEPALA
MOPCKOWVICBUHKMN

. MENCAPOLLU, B. KEUKEMETU u N. Caru

Mbl U3yyanin MEXaHWU3M MOJIOKMTETbLHOrO UHOTPOMHOTO AECTBUS MbILLEYHOTO pefiakcaH-
Ta AaHTposieHa Ha nperapate M30/MPOBaHHON MbILLLYNPE/ACepays MOPCKOWA CBUHKN. Viccneao-
BaHs1 NPOM3BOAN/IMCE TEXHUKOV BHYTPUKNETOUHBIX MKDO3/IEKTPOA0B 1 C NOMOLLBH U3MEpeHUs
M30METPUHECKNX COKpALLIBHWIA. [laHTPONEH OKa3bIBaeT BPEMSI-3aBICMMOE IBOVICTBEHHOE AeiiCTBYe.
B nepsoii dhese feiicTBUA NpenapaT yBe/MuMBaeT amnuTyy COKpalleHnii U MpoaoKUTEb-
HOCTb MOTEHUMAsIOB AelicTBUs. 3TOT 3pheKT O4eHb YYBCTBUTESIEH MO OTHOLLEHMIO K YacToTe
pasfpaxeHnsi 1 K MOHaM MarHis. Bbi3BaHHOE [JAHTPO/IEHOM YA/IMHEHNE NPOAO/DKUTE IbHOCTH
MOTEeHUMaoB AeiiCTBIA HAbMIAaNIock U B MPUCYTCTBIAM WOHOB MarHus. B mvokapae, Aenons-
PU30BaHHOM MOHAaMM Kasiusl, AAHTPOJIEH BbI3bIBa/T NOSIB/IEHNE ME/IEHHbIX MOTEHLMANOB AeliCT-
BUS. B no3aHeli dese AelCTBIN JAHTPOMEHA. aMM/IMTYa COKPALLEHWIA MOCTENEHHO CHUKAETCS
N pasBMBaeTCA MeffleHHas KOHTpaKTypa, KOTopas COMPOBOXAAETCA CW/bHBIM YKOPOUEHMEM
MPOAO/KUTENILHOCTU NOTEHLMAIOB AEVCTBUS.

Ha oCHOBaHMM MOMYyYeHHbIX PE3Y/IbTATOB Mbl MPUXOAUM K BbIBOAY, UTO AAHTPOSIEH aK-
TUBU3UPYET ME/IEHHOE TEUEHVe MOHOB KaslbLIVISi U YBE/IMUMBAET BHYTPUK/IETOUHYIO KOHLIEHTpa-
LM CBOBOAHOTO KasiLysi.



«Acta Physiological NyG/IVKYHOT TpakTaTbl U3 06/1aCTN 3KCNEPUMEHTASTbHBIX MEeMLIMHCKON
HayK1 Ha PYCCKOM U aHI/INIACKOM Si3bIKe.

«Acta Physiological) BbIXQAAT OTAEMbHLIMMA BbIMyCKamMU pasHOro 06bema. Heckosnbko
BbIMYCKOB COCTaB/ISIOT OfH TOM.

MpeaHasHaueHHble 415 My6MKoaumm pyKOnucK crieyeT HanpasisTh Mo afpecy:

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

Mo atomy e agpecy HamnpasfATb BCAKYH KOPPECMOHAEHUMIO AN1A pejakumn U agmu-
HUCTpaLmu.

3akasbl NpYHUMAaET NpeanpusTue No BHELLHeli ToproBne «Kultura» (H-1389 Budapest
62, P.O.B. 149. Tekywuii cuer Ne 218-10990) mnm ero 3arpaHuyHble MNpeacTaBUTENbCTBA U
YMNOMHOMOYEHHbIE.
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