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ABSTRACT

Cardiac functions are controlled by
higher brain centers and sympathatic
and parasympathetic nervous sys-
tems, which act via adrenergic and
muscarinic receptors respectively,
Cardiac baroreceptor, renal barore-
ceptors and arterial baroreceptors in-
fluence reflexly the activity of cardio-
vascular autonomic nerves. The
potent loop diuretic furosemide is
used for rapid reljef of acute pulmo-
nary edema due to acute left sided
heart failure ang congestive heart fajl-
ure. So the present work was con-
ducted to evaluate the effect of single
intravenous dose of furosemide on
cardiac autonomic activity in rabbits.

Seventy-two rabbits were random.-
ly divided into three equal major
groups with different autonomic st-
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ates; one with intact autonomic com-
ponents, the second with blocked par-
asympathetic Components (0.2 mg/kg
LV, atropine), the thirg with blocked
Sympathetic (1 mg/kg I.V. atenolol).
Each major group include four syp-
groups; control (non furosemide treat-
ed with intact kidneys; furosemide
treated with intact kidneys; non furos-
emide treated binephrectomized) and
furosemide treated binep-hrecto-
mized. Binephrectomized grou-ps al-
low the assessment of furosemide ay-
tonomic activities independent of fu-
rosemide rena| effects. Our data
demonstrate modulation of cardiac
baroreceptor reflexes activity by fy-
rosemide that is independent of furos-
emide renal effects. However, furose.-
mide had no effect on isolateg rabbit
heart. Also, we found that furosemide
induced an activation of tonic sympa-
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thetic activity, which could be ex-
plained by either renin angiotensin
system activation or central effect of
furosemide on sympathetic outfiow.
This observation could be of great
value in treatment of acute left sided
heart failure where alteration in auto-
matic nervous system function has
documented. In addition, we have ob-
served an enhancement of the baror-
eceptor reflex sensitivity of the mid
part of the sigmoid curve in rabbits
treated with beta adranergic blocker;
atenolol which could point to a proba-
ble advantage for combining furose-
mide with beta blocker.

INTRODUCTION

Loop diuretics blocks the Na* K+
oCl- co transport in the thick ascend-
ing limb of the loop of Henle and
therefore, induce volume depletion by
increasing the renal excretion of so-
lutes and water(1). However, there is
evidence that the effect of furosemide
in acute left sided heart failure, is not
only due to volume depletion but
there is probable extrarenal action of
furosemide because amelioration
starts rapidly before development of
diuresis(2). It produces short-term he-
modynamic effects independent of
natiuresis(2:3:4.5). It was reported
that furosemide had stimulant effect
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on corticosterone release in bineph-
rectomized rats; this was suggested
to be centrally mediated through the
pituitary hypothalamic axis(6). Furose-
mide affects brains GABAergic neuro-
transmission; it shares GABA its ac-
tion on Nat K+ 2Cl- cotransport
mechanism on neuronal cell mem-
prane(7). Consequently, central
mechanism of furosemide could be
extended to the central mechanism of
stress induced autonomic and neuro-
endocrine responses. It remains un-
clear how the probable change in car-
diac autonomic activity may occur
during tr2atment with furosemide.
This probable alteration could be of
great importance in the management
of critically ill cardiac patients as in
acute left sided heart failure or myo-
cardial infarction where alteration in
autonomic nervous system function
has been documented(8). So, we tried
to assess the autonomic activity after
single intravenous dose of furosemide
in rabbits. The assessment was con-
ducted through quantification of the
heart rate response to acute phar-
macologically induced blood pressure
variations using phenylepherine as
vasopressor agent and sodium nitro-
prusside as vasodepressor agent(g).
Estimation of bradycardic response to
blood pressure increase will reflect
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reflex parasympathetic activity, while
estimation of tachycardic response to
blood pressure decrease will reflect
reflex sympathetic activity.

MATERIALS AND METHODS
Drugs :

1) Furosemide; Lasix ampoules 40
mg/ml (Hoechset).
2) L-phenylepherine powder (Sigma).
3) Sodium nitroprusside powder vial;
50 mg, (David Bull Laboratories).
4) Atropine sulfate powder,
(MacFarlan Smith LTD-
Edinburgh).

5) Atenolol, powder (Sigma).

6) Thiopental-sodium powder, 500 mg
(E.P.L.CO).

Methods :

The studies were performed on
New Zealand White rabbits of either
gender, housed in metal cage under
similar housing conditions and weight-
ing 1-1.5 kg. Rabbits were allowed
free access to food and water.

Assessment of furosemide cardiac
autonomic activities :

In this study, assessment of the
cardiac autonomic activity was real-
ized through measurement of the
heart rate (HR) response to the phar-
macologically induced blood pressure

variations.'These variations were in-
duced by the vasopressor phenyleph-
erine and the vasodepressor sodium
nitroprusside. Phenylepherine(10)
was injected slowly at different doses
(10, 15, 20, 25, 30, 35, 40, 45, 50, 60,
70, 80 pg/0.1ml). Sodium nitroprus-
side(10) was also injected slowly at
different doses (1,2,3,4,5,6,7,8,9,10
ug/0.1mli) ..

Animal grouping

Seventy-two rabbits were random-
ly divided into three equal major
groups with different autonomic
states; one with intact autonomic
components, the second with blocked
parasympathetic, the third wijth
blocked sympathetic. Each major
group include four subgroups; control
non furosemide treated of intact kid-
ney; furosemide treated of intact kid-
ney; non furosemide treated bineph-
rectomized and furosemide treated
binephrectomized. Binephrectomized
groups allow the assessment of furos-
emide autonomic activities indepen-
dent of furosemide renal effects.

Binephrectomy was done accord-
ing to the method of Lang(14). Full
atropinization was verified by absent
reflex bradycardia with the pheny-
lephrine induced blood pressure
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increase of 10-20 mmHg(13). Com-
plete cardiac B1 receptor block was
verified by absent reflex tachycardic
response to sodium nitroprusside in-
duced decrease in blood pressures
of 10-20 mmHg(10:13). Because the
HR response to atropine or atenolol
was maximal and stable after 15
minutes, this time was selected as the

standard time for HR measurement
(12,13),

Group | : rabbil:s with intact autonomic
status
Group la: control ( non fu-
rosemide treated + intact
kicineys)
Group lb: furosemide treat-
ed (2mg/kg)!! + intact kid-
neys
Group lc: non furosemide
treated + binephrectomized
Group Id: furosemide treat-
ed + binephrectomized
Group lI: rabbits with blocked para-
sympathetic (0.2 mg/kg atro-
pine 1.V)12
Group lla: control ( non fu-
rosemide treated + intact
kidneys)
Group llb: furosemide treat-
ed + intact kidneys
Group llc: non furosemide
treated + binephrectomized
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Group lld: furosemide treat-
ed + binephrectomized
Group llI: rabbits with blocked sympa-
thetic component (atenolol
1mg/kg 1.V)13
Group llla: control ( non fu-
rosemide treated + intact
kidneys)
Group llib: furosemide treat-
ed + intact kidneys
Group lllc: non furosemide
treated + binephrectomized
Group llid: furosemide treat-
ed + binephrectomized

Analysis of the mean arterial pres-
sures (MAP)-HR baroreflex relation-
ship

The resting and vasoactive in-
duced response values for HR and
MAP were fitted by non-linear regres-
sion analysis to a sigmoidal logistic
equation (9:15). Fig (1) represents 2
sigmoid plot of the cardiac barorecep-
tor reflex response variables. Trans-
formation of each value of MAP and
HR variation through the mean basal
value was performed for unifying all
the basal values for all the induced
variations.

A sigmoidal logistic equation with
four parameters had been pro-
posed(15:16) where p1 is the lower
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(bradycardia) plateau, ps is the HR
range between the plateaus, py+ ps
is the upper (tachycardia ) plateau,
P3 is a curvature coefficient that is
a range-independent measure of
gain, and p4 is the median blood
pressures (BP50, mm Hg) at the
point half way between plateaus. The
average gain (G) was given by G= Po
x P3 x 0.22. The average curve of a
group of rabbits was reconstructed
from means of the different curve par-
ameters.

Assessment of cardiac barorecep-
tor reflex autonomic response :

For each rabbit, two marginal ear
veins were cannulated for drug injec-
tion and the central ear artery was
cannulated for measurement of mean
BP (diastole +1/3 pulse pressure) and
HR. The arterial cannula was con-
nected to pressure transducer
coupled to an amplifier its signals
were monitored through a computer
system (intracept TSD 286,England).
Glass syringes containing phenyleph-
erine hydrochloride and sodium nitro-
prusside were connected to the two
marginal ear veins cannulae for injec-
tions. Both basal MAP and HR and
the peak level of blood pressure and
HR variations obtained by the vasoac-
tive drugs were recorded. With every

dose, both MAP and HR were allowed
to return to basal values before the
next dose of the vasoactive drug was
injected. Stimulus-response curves
relating mean arterial pressure (MAP)
to HR were constructed according to
the method of Korner et al.,(9) as
modified by Head and McCarty(16)
using about 24 different levels of
blood pressure variations. Basal
mean arterial pressure was elevated
in a stepwise fashion from 75 mm HG
to 160 mm Hg by LV. injection of
phenylephrine in different doses and
then was lowered by 1.V. injection of
sodium nitroprusside in different dos-
es. At least 30 minutes elapsed be-
tween infusion of each vasoactive to
allow MA Pand HR to return to the
baseline values.

Assessment of cardiac basal tonic
autonomic activities :

This was realized through meas-
urement of the basal heart rate shift
under conditions of blocked sympa-
thetic innervations using atenolol(13)
and blocked parasympathetic innerva-
tions using atropine(12). The brady-
cardia with atenolol indicates the de-
gree of sympathetic tone and the
tachycardia with atropine indicates
the degree of parasympathetic tone in
the different groups.
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Effect of furosemide on isolated
rabbit heart :

This was done according to the
modified Langendorff's method(17).
The hearts were quickly suspended
and perfused at 379 via the aortic
root with Ringer—Locke solution. In all
studies, the Ringer Lock solution was
delivered from a reservoir at a con-
stant rate and temperature of 37%c.
The normal myocardial contraction
was recorded and the furosemide
was injected in the cannula in the fol-
lowing doses: 10, 100, 1000, 2000,
4000, 8000 ug(18), each dose was
applied twice. After each application,
the preparation was allcwed to recov-
er for 15 minutes.

Statistical analysis :

For analysis of barcreflex ANOVA
was done followed by post hoc Tukey
test according to Rifenburg (19).

Unpaired-t-test was done for the
difference between P2 (heart rate
range) of contrcl group and P2 of the
corresponding sum of atropine +
atenolol. Paired-t-test was done for
the difference between P4 (mid point
of sigmoid curve) and MAP values for
each group.

Area under the curve (AUC) was
estimated for each group under the
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three different conditions of autonom-
ic states P<0.05 was considered sig-
nificant. All statistical analysis were
performed with SPSS for window 10.

RESULTS

Haemodynamic resting values and
parameters of cardiac baroreflex
curves:

Mean basal arterial pressure and
HR values obtained before any treat-
ment were 75.843 mmHg and
292.6+21.5 beat/min respectively.

Cardiac baroreflexes were sig-
moidal with an average upper plateau
of 334.7+14.5 beat/min, lower plateau
of 190.3+14.3 beat/min, range of
144.3+3.0 beat/min and average gain
of 1.6+ 0.121 beat/min/mmHg.

Effect of furosemide on cardiac
tonic autonomic activity and basal
MAP and HR :

In rabbits with intact ANS (table1-
a), furosemide treatment had induced
non-significant modification of mean
basal blood pressure, in non-
nephrectomized and nephrectomized
rabbits (gp Ib,Id) but induced an in-
crease in basal HR in nephrectomized
rabbits (gp Id).

Fully atropinized groups of rabbits
(Table 1-b) showed significant de-
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crease in mean basal blood pressure
in nephrectomized  rabbits either
furosemide treated or non-treated
compared to non nephrectomized
(gplIC,lIld vs lla, lIb), all fully-
atropinized groups of rabbits had sig-
nificant increase in basal blood pres-
sure compared to corresponding
groups with intact autonomic activity
except the non-treated nephrecto-
mized (gplic vs Ic). While the basal
HR of fully-atropinized groups showed
non-significant difference when com-
pared with those of corresponding
control groups of intact ANS except a
significant increase of basal HR in
non-nephrectomized furosemide
treated rabbits (gp Ilb vs Ib).

Under complete block of cardiac
[31 adrenergic receptor with atenolol
table (1-c); nephrectomy induced sig-
nificant decrease in mean basal blood
pressure in either furosemide treated
or not furosemide treated compared
to non-nephrectomized groups (gp
lllc. Ilid vs llla, llIb).

In table 1-c when atenolol treated
groups were compared to corre-
sponding group with intact ANS or
blocked parasympathetic component,
it was found that there was significant
decrease in basal blood pressure in

group llid. Groups with complete car-
diac B1 receptor block showed nearly
equal basal heart levels when com-
pared to each other, while they were
significantly lower when compared
with the corresponding groups of ei-
ther fully atropinized or those with in-
tact ANS.

Effect of furosemide on reflex car-
diac autonomic activity :

In rabbits groups with intact auto-
nomic components, the lower brady-
cardia plateau (P1) associating the
vasopressor eifect of phenylepherine
was significantly decreased only in fu-
rosemide treated nephrectomized
rabbits (Table1-a, Fig.2). While the
upper tachycardia plateau associating
sodium nitroprusside injection were
nearly equal (Table 1-a, Fig.2). Also,
when comparing the amplitude of the
sigmoid (P2), a significantly smaller
amplitude levels were noted with fu-
rosemide treated groups nephrecto-
mized or non-nephrectomized (gp
Ib,Id). This decrease in amplitude
translate the upward shift of the lower
plateau (Fig.2).

In fully atropinized groups of rab-
bits, there was non-significant change
in value of P2 except the significant
decrease in non-treated nephrecto-
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mized group when compared with
treated non-nephrectomized (Table 1-
b). While significant decrease in P2
were noted with the diiferent groups
of full atropinization when compared
with those of corresponding groups
with intact ANS except in case of
treated nephrectomized (gp Ild vs Id).

When examining the value of P2 in
groups with complete block of 131 ad-
renergic receptors, it was found that
nephrectomy induced a significant de-
crease compared to the non furose-
mide-treated non-nephrectomized
group, while all atenolol treated group
had significant cecrease in P2 when
compared to the corresponding
groups of intact ANS.

When comparing P2 of the barore-
ceptor reflex response under condi-
tion with intact autonomic component
to the sum of P2 of the vagal and
sympathetic components (Fig.4), it
was found that furosemide treated
groups either nephrectomized or non
nephrectomized showed significant
increase in sum of both P2 atropine
plus P2 atenolol compared to P2 of
corresponding groups with intact
ANS. This increase was significant
only when furosemide treatment was
combined with nephrectomy. While

Vol. 34, No. 3 & 4 July., & Oct, 2003

non-treated groups either nephrecto-
mized or non-nephrectomized
showed significant decrease in sum of
both P2 atropine pius'Pz atenolol as
compared to P2 of corresponding
group with intact ANS ( Fig.4).

For P3 value which quantifies the
steepness of cardiac response of bar-
oreflex activity, table (1-a) showed
non significant change among the dif-
ferent groups with intact ANS. While
the full atropinized groups of rabbits
showed significant increase of P3 in
both nephrectomized groups eitner fu-
rosemide treated or non treated (gp
Ild vs 1d).On other hand, in rabbits
with complete B1 adrenergic, it was
found that furosemide treated groups
either nephrectomized or non-
nephrectomized showed significant
increase of P3 values (table 1-
c).When comparing P3 in full atropi-
nized rabbits and P3 of rabbits with
blockade of B adrenergic receptors to
the corresponding P3 under condi-
tions of intact ANS, there was signifi-
cant increase (Table 1-a, b, ¢).

Examining P4, which represents
the midpoint of the sigmoid at which
the gain is maximum, it was noticed
that the MAP of P4 sigrificantly lower
with nephrectomized-non-treated rab-
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bits (Table 1-a) and nephrectomized
treated or non-treated in both fuil atro-
pinized and atenolol treated groups
(table1-b,1-c).

Comparing P4 level under either
atenolol or atropine treatment to that
of intact ANS (Table 1-b,c), group lib
showed only significant upward shift
of P4. In group Ilid, there was down-

“ward shift of P4 level in comparison to
that of intact ANS (gpld) or atropi-
nized rabbits (gplid). While significant
decrease was detectable with furose-
mide treated non-nephrectomized
rabbits (gplllb) under atenolol, when
compared with corresponding full at-
ropinized group (gp lib).

The average gain of baroreceptor
reflex activity showed a significant de-
crease of its value only in group Id. In-
terestingly group Iid had a significant

increase of average gain (Table1-a,b)

Fig.3 a,b,c,d illustrated the per-
centages of AUC in the three different
conditions of autonomic activities.
These percentages point to the ap-
proximate midway of the curve of in-
tact ANS to that of Separate vagal
and sympathetic activities in the non-
treated non-nephrectomized group
(Fig.3-a).This relation seems to be
preserved with furosemide treatment
of non nephrectomized (Fig.3-b).On
the other hand,the nephrectomized
groups (Fig.3 c,d) show coaptance
of the sigmoid of intact ANS activity
with that representing the activity of
the separate Sympathetic compo-
nent.There was no evident changes
on isolated rabbit's heart when per-
fused with Ringer lock’s solution
containing different concentration of
furosemide.

MANSOURA MEDICAL JOURNAL
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HR Range (P2) = Lower Plateau - Upper Plateau

Upper Piateau (P1+F2) Average Gain (G) = - P2 x P3x0.22

HR Range (P2)
Curvature Index {P3)
= Lower Plateau (P1)
& 2 4 \
| | r 4 | 1 i | | | J
ao. - ST En Yo . 80 9o M0 a0 120 =100 1sd
MAP (mm Ha)
Fig.1. Parameters of sigmoid curve of baroreceptor reflex HR response
Fig.2. Effect Of Single 1.V. dose Of Furosemide ( 2mgl/kg) on Sigmoid Curves Of
Baroreceptor Reflex Autonomic Activity In Groups With Intact Autonomic Component
| —— non treated non nephrectomized (1)
—8— furosemide treated non nephrectomized (4)
— e M ¢ non treated nephrectomized (7)

—»-- furosemide treated nephrectomized (10)
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DISCUSSION
In the present study; we tested a
probable cardiac autonomic activity
for furosemide. Nephrectomized and
non nephrectomized rabbits were
used to exclude renal effect of furos-

emide.

In vivo effect of single 1.V. dose of
furosemide on the tonic cardiac auto-
nomic activity :

In the present study, mean basal
arterial pressure and HR values ob-
tained before any treatment were
75.843 mmHg, 292+21.5 beat/min
respectively. Cardiac baroreflexes
were sigmoidal with average upper
plateau of 334.7+14.5 beat/min, lower
plateau of 190.3 + 14.3 beat/min,
range of 144.3 * 3.0 beat/min and
average gain of 1.6+£0.121 beat/min/
mmHg. Theses values in agreement
with Gaudet et al.,(20). Furosemide
increased the basal HR in nephrecto-
mized group with intact ANS (group
Id). This effect could be through either
an increase in sympathetic or a de-
crease in parasympathetic tonic in-
fluence on the heart or both or directly
on the sinoauricular node automatici-
ty. The last proposition could be ex-
cluded by lack of effect of furosemide
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on the isolated rabbit heart. On
the other hand, the observed increase
in basal heart rate of group (Id) could
not be related to furosemide induced
hypovolemia, since the basal levels of
HR were within the basal value of
furosemide treated non nephrecto-
mized and non furosemide treated
nephrectomized (groups I-b and c).
In the atropinizated non-treated
group (group lla) there was non
significant increase of the basal
heart rate, which exclude also the
responsibility of vagal tone withdraw-
al. Because of the observed tachycar-
dia in full atropinized furosemide-
treated non nephrectomized rabbits
(llb), we can suppose a furosemide
induced increase in tonic sympa-
thetic activity. This suggestion was
supported by the absence of furose-
mide tachycardic effect by blockade
of beta-adrenergic receptors (group
lb) .

Interestingly, furosemide treated
nephrectomized rabbits show an in-
crease of basal blood pressure when
atropinized (group Ild versus Id) and
decrease of basal blood pressure
when atenolol treated (group llid ) re-
spectively.
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The present suggestion of an
increased tonic sympathetic activity
by furosemide is in agreement with
the study of Francis et al.,(21). They
reported that there was an activation
of sympathetic nervous system and
an increase of plasma arginine
vasopressin, after intravenous furose-
mide treatment in congestive heart
failure(22), The mechanism of in-
creased sympathetic nervous system
activity seen in patients with conges-
tive heart failure treated by furose-
mide is unkown but had been attribut-
ed at least in part to facilitation by
angiotensin 11(21).

Other investigators reported that
furosemide acutely increased plasma
renin activity(22), The stimulation of
renin angiotensin system by furose-
mide is suggested to be mediated by
a direct intrarenal effect on the macuy-
la densa, activation of baroreceptor
mechanism through diuresis-induced
volume contraction, and through re-
nal PG system which modulate the
rate of renin secretion(23.24) pgi.
pheral presynaptic Ang Il receptor
had been suggested to mediate this
sympathetic activation by the renin
angiotensin system.(25)

The route of administration
seemed to be important, I.V. treat-
ment consistently raised plasma renin
activity at 10 to 20 minutes while oral
treatment had no effect in patients
with heart failure despite the pre-
served stimulus of volume contraction
and sodium excretion promoted by

diuresis(21),

Effect of furosemide on the
amplitude of the reflex autonomic
activity :

In our study, furosemide de-
creased the amplitude (P5) of reflex
HR response (Table 1-a). This de-
crease in the amplitude appears to re-
sult mainly from attenuation of the re-
flex bradycardic response (P4) and it
was majorated in nephrectomized
rabbits. Because P1 represents main-
ly the reflex vagal activity, this attenu-
ation could be explained by a de-
crease in reflex vagal activity but Pq
value of the curve representing the
Sseparate vagal component did not dit-
fer (gp liib, liid, gp lla). The need for
a coexistance of two active vagal and
sympathetic can explain this alteration
of reflex vagal activity by furosemide.
This hypothesis can be supported
when comparing the amplitude of the
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reflex HR response in condition of in-
tact ANS with the sum of the separate
sympathetic and vagal amplitudes
(Fig;4). It indicates the lesser ampli-
tude in case of intact ANS than the
sum of the amplitudes of the separate
autonomic components by furosemide
which become significantly manifest-
ing with nephrectomy. This inhibitory
action of furosemide on the cardiac
vagal reflex activity has not been pre-
viously discussed,however there are
some bibliographic data which can
support the presence of reflex vagal
inhibitory action induced by furose-
mide. Furosemide has been shown to
inhibit the bronchoconstrictor re-
sponse to exercise(26), inhaled aller-
gen(27), distilled water(28), sodium
metabisulphate(2®), and adano-
sine(30), These bronchocostricior re-
sponses were suggested to be partial-
ly mediated by vagus. Furosemide
produced a concentration-dependent
inhibition of the electrical field stimula-
tion-induced cholinergic contraction.
This inhibition was suggested to be
mediated through a prejunctional
mechanism(31), The proposed mech-
anism on airway nerves was inhibition
of the Na*K*2Cl- cotransporter or
release of endogenous cyclooxyge-
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nase products (31). Although the
physiological function of cotransport
in nerves is not known, it may regu-
late ion gradient that determine the
resting membrane potential. In the
previous study of Verleden et al.,(31)
the inhibitory action of neurally in-
duced contraction by furosemide was
still present when the air way epitheli-
um was removed. The observation
supported more neuronal target for fu-
rosemide through Na* K+ 2CI- co-
transport. It is therefore possible that
inhibition of this cotransport may af-
fect the resting membrane potential,
making the threshold voltage for de-
polarization more difficult to reach.

Gamma amino butyric acid
(GAEBA) shares furosemide its action
on Cl- channels(32). It have been
shown to inhibit the chclinergic and
noncholinergic neurotransmission in
guinea pig air way suggesting a pres-
ynaptic modulation of the release of
neurotransmitter(33). 1t has been
demonstrated that GABA decreases
the contractile response of airway
smooth muscle to cholinergic nerve
stimulation by inhibiting the evoked
release of acetylcholine(34),
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Effect of furosemide on the steep-
ness (slope) of reflex heart rate re-
sponse to induced blood pressure va-
riation :

The steepness of heart rate re-
sponse to blood pressure variation
(P3) quantify the cardiac response to
minimal B.P variation. The greater the
response, the greater will be the value
of P3. Comparing the values of P3 of
non-treated non-nephrectomized in
the three groups of rabbits under the
three different conditions of ANS ac-
tivities,we noticed an increase of its
value when the sympathetic and para-
sympathetic components were work-
ing alone (Table 1). This observation
indicates the importance of the physi-
ological coexistance of both autonom-
ic components in attenuating the
magnitude of cardiac response to
blood pressure variations.This seems
to be a physiological protective mech-
anism.

Neither nephrectomy nor furose-
mide had a significant effect on this
steepness of cardiac response under
condition of intact autonomic activi-
ty,but they had induced a majoration
of this steepness when examining the
cardiac response of the sympathetic

component and parasympathetic sep-
erately. This can be of a probable im-
portance when furosemide is given to

patients with heart failure and attenu-
ated baroreceptor reflex activity(35),
where the neurohumoral abnormali-
ties account for depressed baroreflex
sensitivity.

Also, myocardiél infarction (MI) pa-
tients can get benefit by this potential-
ly effect of furosemide on barorecep-
tor sensitivity. Reduction in baroreflex
sensitivity has been reported in few
patients with MI(36), where depressed

baroreflex reflects reduced vagal
activity that is probably combined with
elevated sympathetic activity.

Effect of furosemide on the total
sensitivity of reflex heart rate re-
sponse (average gain )-Role of the
kidney, and CNS :

Average gain is a collective esti-
mate of the P2 and P3. It indicates
the total power of the cardiac barore-
ceptor reflex mechanism. This indica-
tor appears to be decreased by furos-
emide in nephrectomized with intact
autonomic components (Table 1-a).
This decrease could indicate the
physiological participation of the kid-
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neys in keeping the normal gain
value by furosemide, which
could be through action of fu-

rosemide on renal afferent activity
with consequent remodulation of the
sympathetic and parasympathetic
activities. On the other hand, the
observed increase in atropinized
groups of rabbit could be attributed
largely to the previously discussed
enhancement of P3 (cardiac response
steepness ).

Nephrectomy alone had no effect
on the gain of baroreceptor reflex
activity of group Ic with intact ANS.
However, furosemide treatment in
group Id induced a significant reduc-
tion in gain when compaed to group
Ib. This can indicate the importance of
the kidneys in the mediation of a nor-
mal baroreceptor reflex sensitivity
with furosemide. Previous studies
performed on rats also demonstrated
that single 1.V injection of furosemide
induced increase in efferenl renal
sympathetic nerve activity that was
abolished in rats with bilateral neph-
rectomy(37). Also, suggestion of renal
participation in furosemide action, can
be supported by our observation of
enhanced gain of reflex sympathetic

Vol. 34, No. 3 & 4 July., & Oct, 2003

activity in nephrectomized rabbits
(group i ¢, Ild) which was illustrated
more in furosemide treated (group
lid). At the same time in calculating
areas under the curves for the tested
groups of rabbits,we observed that
the curve (Fig.3 c&d) of nephrecto-
mized group with intact ANS had tak-
en the positional level of nephrecto-
mized group with blocked vagal
component. This could be explained
by an activated reflex sympathetic
mechanism more than vagal with-
drawal.

Ueno et al(40) demonstrated that
furosemide produce a central
sympathetic stimulating effect, where
they found that intravertebral artery
infusion of clonidine suppressed
the furosemide induced increases
in plasma noradrenaline and HR.
On the other hand Colombari et
al. (41) found that furosemide impairs
pressor  responses mediated by
sympathetic activation and angio-
tensin Il. If the sympathetic ner-
vous system is in fact involved in
the responses to furosemide traet-
ment, it also still remains unclear as
to what is (are) the signal (s) to the
CNS.
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In vitro effect of furosemide on iso-
lated mammalian rabbit heart :

The present study reveals that fu-
rosemide has no effect on rabbit iso-
lated heart. This finding is in agree-
ment with Stamfer et al.,(38) Also, it is
consistent with Kelso et al.,(39) who
reported that furosemide had no ef-
fect on ventricular cardiomyocytes
isolated from rabbit myocardium be-
cause furosemide had no effect on
peak Ca2+ current amplitudes. Con-
tradictary findings have been found
where Feldman(18), et al.attributed fu-
rosemide induced negative inotropic
effect on isolated rabbit heart to pros-
taglandin mediated coronary vasoc-
onstriction. This contradictory findings
can be explained by difference in
methodology because for accurate
measuremetes of intropic effect of
any drug on isolated perfused heart-
ccronary flow and HR must be hept
constant.

In conclusion, single i.v. dose of
furosemide had tendency to induce
an increase in cardiac tonic sympa-
thetic activity. This increase could be
responsible for an attenuation of the
antihypertensive effect of furosemide .
This tonic sympathoexcitation is ob-

served with enhanced reflex sympa-
thetic activity in the midpart of the sig-
moid curve (P3). Furosemide intraren-
al mechanism has been suggested
and central modulation of this renal
mechanism has also been disscused.

On the other hand, furosemide
produced a marked diminution of the
reflex cardiovagal activity. So, both
components of cardiac autonomic ac-
tivity had been altered by a single
i.v.dose of furosemide. This observa-
tion could be of great importanca for a
critically ill cardiac patients.There is a
reported increase in moriality of pa-
tients with Ml in propcrtion with an ob-
served imbalance of sympathetic-
parasympathetic activities(42,43).

Interestingly, an enhancement of
the baroreceptor reflex sensitivity of
the mid point of the sigmoid curve in
rabbits group treated by atenolol
points to a probable advantage for
combining furosemide with beta-
blocker. This combination had been
advised for selected patients with
CHF .

Finally, further studies are recom-
mended for reevaluation of furose-
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mide in critical ill patients. Also, more
detailed experiments are needed for
exploration of probable central auto-
nomic mechanisms of furosemide.
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