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Objective. It was previously observed that infusion of angiotensin II, hypertonic saline and N-
methyl-D-aspartic acid (NMDA) causes an increase in vasopressin and cardiodepressant factor
release from the posterior pituitary lobe into the blood (GORACA 1998). The aim of present study
was to investigate if the cardiodepressant factor and vasopressin are simultaneously released from
the pituitary into the blood dialysate during acute hypoxia.

Methods. The samples of dialysates of venous blood outflowing from the vicinity of cavernous
sinus of the sella turcica were collected in anaesthetized rats. 30-min hypoxia was obtained by
increasing the respiratory dead space. The concentration of vasopressin in blood dialysate was
determined by radioimmmunoassay, and cardiodepressant activity on spontaneously discharging
pacemaker tissue of the right auricle of the right heart atrium.

Results. Acute hypoxia caused simultaneously an increase in cardiodepressant activity and va-
sopressin concentration in the blood dialysate outflowing from the vicinity of cavernous sinus of
the sella turcica.

Conclusions. These data suggest that cardiodepressant factor released together with vasopressin
from the posterior pituitary lobe decrease the heart contraction rate and improves coronary circu-
lation affected by vasopressin release.
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SHARY and LEVY (1996) demonstrated that perfus-
ing chemoreceptors with deoxygenated blood results
in increased release of antidiuretic hormone from the
posterior pituitary lobe into the blood stream. This
finding was related to that by STARK et al. (1985)
who demonstrated that hypoxia is a potent stimulus
of vasopressin release to plasma and cerebrospinal
fluid. It has also been established that catecholamine
producing cell groups of the ventrolateral medulla
are involved in neuroendocrine cell responses to sys-
temic hypoxia (SMITH et al. 1995).

During hypoxia, cardiotoxic factors are also re-
leased to the blood, one of them being MDF (myocar-
dial depressant factor; molecular weight <1000 Da)

which reveals negative inotropic activity (BRAND and
LEFER 1966). It is now generally accepted that MDF
occurs in all types of circulatory shock, either in ani-
mals or in humans (LEFER 1987). A cardiodepressant
factor (CDF) has also been isolated by HALSTROEM et
al. (1991) from the blood plasma of dogs after hypov-
olemic traumatic shock. IHA et al. (1993) found car-
diodepressant substance (FCS) in septic plasma. Re-
cently BLAKE et al. (1996) isolated myocardial depres-
sant factor(s) from the ultrafiltrate of heart failure
patients with acute renal failure. The source of nega-
tive inotropic factors such as the �myocardial depres-
sant factor (s)� is the ischemic splanchnic region and
especially the pancreas, where a dramatic decrease in
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blood flow during shock. It leads to hypoxia, acidosis
and release of proteolytic enzymes. Zymogenic lisos-
omal proteases released during shock promote the
proteolysis and stimulate MDF production (LEFER and
BARENHOLZ 1972; LEFER 1987; ).

A cardiodepressant factor has also been detected
in bovine hypothalamic exctracts (TRACZYK et al.
1976) and in the fluid incubating in situ the rat pos-
terior pituitary lobe (GORACA and TRACZYK 1988). The
release of this factor was found to be increased by
electrical stimulation of cut afferent vagal nerve end-
ings (GORACA and TRACZYK 1991), infusion of angio-
tensin II (GORACA and TRACZYK 1997; GORACA et al.
1996), hypertonic NaCl solution or NMDA (GORA-
CA 1998).

The aim of the present study was to find out if
acute hypoxia caused a simultaneous increase in car-
diodepressant factor and vasopressin release from
the posterior pituitary lobe to the blood.

Materials and Methods

Animals. The resarch project was approved by the
Ethical Committee. The experiments were performed
on male rats weighing 300-360 g and aging 5-9
months, the F

1
 generation cross-strains of male Au-

gust and female Wistar from the Institute of Oncolo-
gy in Warsaw. The animals were anaesthetized by
i.p. injection of 6 mg chloralose (Roth) and 60 mg
urethane (Fluka, Bucks, Switzerland) per 100 g body
weight. After inducing anaesthesia the trachea was
exposed and cannulated by polyethylene tubing of
50 mm lengh and 3 mm diameter. Polyethylene tub-
ing was also inserted into the femoral vein to collect
blood samples for determination of the acid-base
equilibrium.

Experimental protocol. Two series of experi-
ments were performed. In the first series (n=10) five
30-min blood dialysate samples from the vicinity of
cavernous sinus of the sella turcica were collected.

In the second series (n=10) blood dialysate sam-
ples were collected in the same way. On collecting
the second dialysate sample acute hypoxia was in-
duced for 30 min increasing the respiratory dead
space. A tube previously inserted into the trachea was
connected with an additional polyethylene tubing of
5 mm diameter, 150 mm lenght and total volume of
3 cm3 for the period of 30 min. In order to determine
the extent of hypoxia and hypercapnia venous blood
samples were drawn: sample I - 30 min after induc-
ing general anaesthesia (control); sample II � 60 min
after inducing general anaesthesia and after 30 min
of respiratory under increased dead space conditions;
sample III � 120 min after inducing anaesthesia and
after 60 min of respiratory under increased dead
space conditions. These samples were stored on ice
and analysed within 1 hour. Blood acid/base param-
eters, oxygen tension (PvO

2)
, carbon dioxide tension

(PvCO
2)
, blood pH, HCO

3
 content, saturation of ox-

ygen (Sat O
2
 ) were determined using an acid-base

equilibrium analyser (Corning � 248, CIBA ).
Blood dialysate sampling. Venous blood dialysis

was performed according to previously decribed
method (GORACA and TRACZYK 1997). In brief, in or-
der to obtain blood dialysate samples from the vi-
cinity of the pituitary one polyethylene cannula was
inserted into the heart end of the internal maxillary
vein and the second cannula into the maxillary vein

Fig.1 Dialysis of venous blood outflowing from the
cavernous sinus vicinity of the sella turcica in rat. 1 �

cannula inserted into the heart end of the internal
maxillary vein; 2 � cannula inserted into the sella

turcica end of the internal maxillary vein; 3 �
peristaltic pump; 4 � inflow tube for filling

minidialysator housing; 5 � outflow tube for
collecting dialysating medium from tube for

collecting dialysating medium from the
minidialysator housing.
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in the vicinity of cavernous sinus of the sella turcica.
Blood was drawn from the region of sella turcica
through the polyethylene cannula (and a tube) to
a minidialyser with the use of a peristaltic pump. It
was than returned to the circulation through the can-
nula inserted into the heart end of the maxillary vein
(Fig. 1). At the beginning of the experiments 2 ml of
Lock solution with heparin (400 U/ml) was injected
into the internal maxillary vein.

The whole amount of dialysing fluid was ex-
changed every 30 min for 2.5 h by draining it direct-
ly into a test tube. Five samples of one ml dialysate
were obtained in this way. Before refiling the minid-
ialyser with dialysing fluid its housing was rinsed
with dialysing fluid. The dialysates were divided into
two parts and lyophilised. One portion was used for
the determination of vasopressin (AVP) by radioim-
munoassay (CIOSEK et al. 1993) and the other was
assigned for the biological test on a spontaneously
discharging pacemaker tissue of the right auricle of
the right heart atrium of a two-day-old rat. At the
end of each experiment, 1% solution of trypan blue
was injected through a cannula inserted into the in-
ternal maxillary vein. The brains were then removed
from the skulls and the dye in the posterior pituitary
lobes was verified under a stereomicroscope. Only
such dialysate samples which were collected from
animals showing the staining of the posterior pitu-
itary lobe were included into the results. Staining of
the posterior pituitary lobe proved proper insertion
of the cannula into the vicinity of the cavernous si-
nus of the sella turcica, and proper blood collection.

Minidialyser characteristics. Minidialysers have
been manufactured according to our design by
EURO-SEP-Ltd Warsaw. They have two-tip Luer
needles for connecting from one side through
a cannula with tips of Luer�s needles for the exchange
of the dialysing fluid. Minidialysers were tested in
in vitro experiments (GORACA and TRACZYK 1997) and
their characteristics is shown in Tab. I.

Determination of cardiodepressant activity. Car-
diodepressant activity was determined on pacemaker
tissue of the isolated right auricle of the right heart
atrium of a two-day-old rat. Two-day-old rats (5.5 g)
were decapitated. Each heart was isolated, the auricle
of the right heart atrium was dissected under
a stereomicroscope and placed on a platinum wire
electrode in a 100 µl chamber in Ringer-Lock solu-

tion at 20-22 oC. Ringer-Locke solution contained
(mmol/l dist. water): NaCl (153), KCl (5.6), CaCl

2

(3.3), NaHCO
3
 (1.7), glucose (5.5) and was oxygen-

saturated. The solution contained additionally atropine
sulphate 5 x 10-6 mol/l. Ringer-Locke solution was
constantly exchanged at a rate of 0.25 ml/min. After
keeping the isolated atrium auricle for 15-30 min in
the chamber it contracted spontaneously at a constant
rate. Lyophilised 30 min samples of the fluid incubat-
ing the posterior pituitary lobe or blood dialysate sam-
ples were dissolved in 0.3 ml bidistilled water and in-
jected into the 100 µl chamber in the volume of 20 µl.
The contractions of the atrium auricle were observed
under a steromicroscope and the spontaneous dis-
charge of pacemaker tissue was recorded on the ECG
apparatus specially adapted for this purpose. The
changes of discharge frequency were analysed by the
computer and expressed as a percentage of the great-
est decrease in discharge rate in relation to the control
using specially developed software. Discharge rate of
the pacemaker tissue was recorded for 20 s before and
100 s after administration of the studied sample. Each
sample was tested on six preparations.

Statistical analysis. The data are presented as
mean±SE and were analysed by one-way analysis of
variance (ANOVA) followed by Student�s unpaired
t-test.

Table 1
Characteristics of minidialysator used for the sella turcica

blood dialysis

Technical Data of the Minidialysator

Ultrafiltration coefficient (ml/h/mm Hg) 5.5
Inulin clearance in vitro (µl/min) 0.52
Active surface ( m2) 0.1
Lumen/wall thickness of capillary (µm) 200/0.8
Number of capillaries 270
Lenght of capillary (mm) 59
Inner diameter of a capillary (mm) 0.2
Priming volume: blood (ml) 0.8
Priming volume:dialysate (ml) 1.6
Membrane material Cuprophan ®

Housing material Lustran-San®

Polting compound Polyurethane
Net weight (g)  8
Maximal working pressure (tor) 500

Inulin clearance was determined in vitro at Ringer-Lock solution
and inulin flow rate of 0.45 ml/min.
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Results

During hypoxia the respiratory rate was 96±6 per
min (n=10). After 30 min the additional dead space
was disconnected and the rhythm of respiration re-
turned to normal (64±4 inspirations per min, n=10).

Control vasopressin concentration was 28.16±3
pg/ml in the blood dialysate from the region of the
sella turcica, whereas the control decrease in dis-
charge of the pacemaker tissue was 10.2 ±1% in the
blood dialysate from the region of the sella turcica
(Fig.2). Vasopressin content and cardiodepressant
activity did not change in the course of dialysis.

30-min period of acute hypoxia resulted in increase
of vasopressin concentration and cardiodepressant ac-
tivity in the blood dialysates outflowing from the vicin-
ity of cavernous sinus of the sella turcica. In the 3rd
sample after hypoxia (Fig. 3) the vasopressin content
rose from 27±2.8 pg/ml to 40.14±4.6 pg/ml during acute

hypoxia and 97.9±10 pg/ml (P<0.05, n=10 compared
to the initial value). In the same sample the cardiode-
pressant activity increased from the control value of
10.2±0.05 % to 13.1±1% during acute hypoxia and
19.2±1% (P<0.05, n=10 compared with the initial val-
ues). Oxygen and carbon dioxide tension, pH, HCO

3

content, O
2
 saturation in venous blood plasma before,

during and after hypoxia have been presented in Tab. 2.
Blood oxygen tension. Within 30 min hypoxia the

venus oxygen tension (PvO
2
), fell from 51.8 ±3.9 mm

Hg to 45.5 ± 4.5 mm Hg (n=7). A further reduction to
39.81 ± 4.5 mm Hg was observed 30 min later.

Saturation of oxygen decreased from 76.6±8 %
to 64.54±10 % during acute hypoxia and to
57.1±10 % (n=7) thirty min after hypoxia.

Blood CO
2
: After 30 min hypoxia venous carbon

dioxide tension (PvCO
2
) rose from 66.5±2.2 to

70.25±4 mm Hg, and reached the level of 70.61±
mm Hg (n=7) 30 min later.

Blood pH: After 30 min hypoxia, venous pH fell
from 7.23±0.017 to 7.17±0.01 and became further
reduced to 7.16±0.03 (n=7) thirty min later.

HCO
3
 content: After 30 min hypoxia HCO

3
 con-

tent fell from 27.44±0.48 to 26.3±0.9 mEq/l and was
further reduced to 24.6±1.36 mEq/l (n=7) after 30
min hypoxia.

Fig. 2 Vasopressin content (upper panel) and
cardiodepressant activity (lower panel) in

consecutive 30-min dialysate samples from the
region of the sella turcica in control. Values are

means ± SE (n=6).

Fig. 3 AVP levels in 30-min blood dialysate samples
from the region of the sella turcica collected

consecutively before, during and after hypoxia.
Values are means ±SE, n=10, *P< 0.05 (compared to

prestimulation dialysis samples).
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Discussion

Our previous reports showed simultaneous in-
crease in vasopressin and cardiodepressant factor
release from posterior pituitary during electric stim-
ulation of afferent fibres in vagus nerves (GORACA et
al. 1996), infusion of angiotensin II (GORACA and
TRACZYK 1997; GORACA et al. 1996), hypertonic NaCl
solution or NMDA into the internal carotid artery
(GORACA 1998). We indicated that this factor(s) pos-
sesses a small molecular weight (cca 1000 Da), and
exerts a negative chronotropic effect on the pacemak-
er tissue of the right auricle of the right heart atrium
in a two-day-old rat (GORACA and TRACZYK 1988). In
the present experiments the technique of in vivo
minidialysis has been used to demonstrate that the
vasopressin and cardiodepressant factor can be re-
leased into the blood dialysate outflowing from the
vicinity of cavernous sinus of the sella turcica under
basal conditions and in response to acute hypoxia.

It has been well established that acute hypoxia
activates the hypothalamic neurons (KRAMER et al.
1999) and an increase of vasopressin release to
both the blood and cerebrospinal fluid (STARK et
al. 1985). Similarly GRIFFEN and RAFT (1990) dem-
onstrated that hypoxia plus water restriction led
to a marked decrease of pituitary vasopressin con-
tent. It has been also shown that hypoxia increased
cerebrospinal fluid flow more than twofold (FARACI

et al. 1994). Hypoxic stress activivates also the
secretion of other hormones such as corticoster-
one (ACTH) via cAMP (ZHI and JI-ZENG 1996),
prolactin (STRUEDER et al 1999), atrial natriuretic
peptide (SKWARSKI et al. 1998), endothelin (LEVIN

1996) and excitatory neurotransmitters (HYLLAND

and NILLSON 1999).

In our experiments, respiration under increased
dead space conditions led to a decrease of pH, redu-
cuction of PO

2
 and increase of PCO

2
 in venous blood.

In this conditions of reduced oxygen tension, in-
creased AVP release occurred. Unexpectedly, car-
diodepressant activity increased in parallel.

A reduced volume of circulating blood and
a decrease in arterial pressure is an effective stimu-
lus releasing both vasopressin (ROBERTSON et al. 1993)
and the cardiodepressant factor (LEFER 1987). In the
present study the dialysis of venous blood outflow-
ing from the region of the cavernous sinus of the
sella turcica (hypothalamus, pituitary) was performed
which allowed to determine the level of peptides
without collecting blood samples.

During the shock accompanied by hypoxia, vari-
ous cardiotoxic factors are released into the blood
(LEFER 1987). One of them is MDF detected in fe-
line blood during hemorrhagic shock by BRAND and
LEFER (1966) who characterized that factor as pos-
sessing negative inotropic effect. The shock induc-
ing event (e.g., hemorrhage, myocardial infarction,
septicemia, etc) usually produces hypotension which
then leads to hypoperfusion of the splanchnic region.
Splanchnic hypoperfusion results in acidosis, hy-
poxia, and ischemia of the pancreas. Hypoxia and
ischemia are potent stimuli for the induction of ly-
sosomal disruption and activation of zymogenic en-
zymes (e.g., conversion of trypsinogen to trypsin,
and chymotrypsinogen to chymotrypsin). As a result,
large amounts of proteolytic enzymes are released
from ischemic cells, particulary from the liver and
pancreas into the extracellular space, the lymph, and
eventually into the circulation (LEFER and BARENHOLZ

1972; LEFER 1987). These data confirm the pancreas
as the primary source of MDF during circulatory

Table 2
Tension of oxygen, carbon dioxide, O

2
 saturation, pH and HCO

3 
content, before, during and after hypoxia (means ± SE)

 Plasma n  PO
2
  (mmHg) PCO

2
 (mmHg) Sat O

2
pH HCO

3

before hypoxia 7 51.78 66.52 76.61 7.23 27.44

during hypoxia 7 45.65 70.25 64.54 7.19 26.3

after hypoxia 7 39.81 70.61 57.1 7.16 24.65
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shock and that lysosomal disruption is closely linked
to MDF production (LEFER and BARENHOLZ 1972).
From the studies curried out by Lefer (LEFER 1987)
it follows that MDF is accumulated in the blood dur-
ing shock, reaching a toxic level 2-6 hours after the
onset of shock.

In our experiment the highest cardiodepressant ac-
tivity and AVP concentration were observed one hour
after the onset of hypoxia, at the time when O

2
 tension

was the lowest, whereas both vasopressin level and
cardiodepressant activity increase during hypoxia it-
self was small. The results suggest that under the con-
ditions of reduced oxygen tension a cardiodepressant
factor appears in blood dialysates, which slows down
the pacemaker tissue discharge rate.

Intravenous infusion of vasopressin decreases the
heart rate (OSBORN et al. 1987). The same authors
also observed that vasopressin induced bradycardia
in rats is associated with the decrease of tonic activ-
ity of sympathetic fibres or with the increase in ton-
ic activity of vagal nerve fibres running to the heart.
The bradycardia may be also a consequence of the
vasopressin induced decrease in coronary blood flow
(BOYLE and SEGEL 1990) since this hormone is re-
ported to be without effect on the rate of myocardial

contraction in vitro (BRIZZEE et al. 1991). In our ex-
periments, similarly, vasopressin in concentrations
ranging from 2 x 10-7 mol/l to 2 x 10-4 mol/l had no
effect on an isolated auricle rate (GORACA and TRAC-
ZYK 1990). BOYLE and SEGEL (1990) believe that the
effect of AVP on the coronary vessels, as well as its
effect on the myocardium is significantly attenuated

Fig.5 Examples of records of illustrating changes in
spontaneous discharge rate of pacemaker tissue of the

isolated auricle to administration: Ringer-Locke solution
(A), the first blood dialysate sample (control) (B), and the
third blood dialysate sample (after hypoxia) (C). Arrows

indicate time of 20 µµµµµl sample administration into the
chamber with spontaneous discharging isolated auricle of

the right heartatrium of the two-day-old rat.

Fig.4 . Effects on discharge rate of the pacemaker tissue of
30-min blood dialysate samples collected before, during

and after hypoxia. Values are means ±SE, n=10, *P< 0.05
(compared to prestimulation dialysis samples).
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during hypoxia. It has also been shown that central
endogenous vasopressin plays an important role in
the maintenance of cardiovascular activities during
hypoxia via its V

1
-receptor without involving the V

2

receptor. The central vasopressin does not have any
tonic effect on cardiovascular activities under nor-
mal conditions (XIAO and ZHOU 1998). In the present
study, cardiodepressant activity was not induced by
acetylcholine because the atropine sulphate (5x10-6

mol/l) was present in Ringer-Lock solution, in which
the auricle was bathed.

It has been also found in vitro that other neuropep-
tides from posterior pituitary such as oxytocin, sub-
stance P, leu-enkephalin, met-enkephalin, angiotensin
II, delta sleep inducing peptide and atrial natriuretic
factor in concentrations from 2.1x10-7 to 1x10-3 mol/l
have no effect on the contraction frequency of the
isolated auricle of the heart right atrium of a two-
day-old rat (GORACA and TRACZYK 1990).

From our studies and from the results obtained by
others it follows that cardiodepressant activity of
blood dialysates is not caused by vasopressin or oth-
er posterior pituitary neuropeptides.  The data pre-
sented in this report indicate that cardiodepressant
substance(s) released from the posterior pituitary
differ from MDF produced during hemorrhagic
shock. Thus, MDF appears to originate to a large
degree from the ischemic pancreas (LEFER and
BARENHOLZ 1972), whereas the cardiodepressant fac-
tor originates from the posterior pituitary lobe (GO-
RACA and TRACZYK 1988). MDF is a peptide or glu-
copeptide having a molecular weight of 500 to 1000
Da (LEFER and BARENHOLZ 1972; LEFER 1987). The
cardiodepressant factor from the posterior pituitary
lobe is probably also a peptide (LEFER 1987). Pas-
sage through the dialysing membrane (20 kDa cut-
off) of minidialyser failed to influence the negative
chronotropic effect suggesting that the molecular
weight of this factor does not exceed 20 kDa (GORA-
CA and TRACZYK 1997). MDF accumulates in the
blood during the late stage of shock (after 2-6 hours)
and exerts direct negative inotropic effect (LEFER

1987), whereas cardiodepressant factor appears in
the blood as early as one hour after the onset of hy-
poxia and exerts a direct negative chronotropic ef-
fect.

In the present study it was found that acute hy-
poxia produced simultaneously an increase in the

vasopressin concentration and cardiodepressant ac-
tivity in blood dialysate from the vicinity of the cav-
ernous sinus of the sella turcica. The above results
suggest that the cardiodepressant factor released from
the posterior pituitary lobe together with vasopressin
decrease the heart contraction rate and improve cor-
onary circulation affected by vasopresssin release.
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