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ABSTRACT

The central tryptaminergic system has been shown to play an important role in the regula-
tion of renal function: 5-HT, receptor mediate diuresis and natriuresis, whereas both 5-HT;
and 5-HTs; mediate antidiuresis and antinatriuresis. Recently, 5-HT: receptors are further
subdivided into many subtypes, and central 5-HT, subtype was shown to mediate diuretic
and natriuretic effects. The present study was undertaken to delineate the role of 5-HTs sub-
type. Trifluoromethylphenylpiperazine (TFMPP), a selective 5-HT s agonist in doses ranging
from 8 to 750 1g/kg icv elicited diuresis, natriuresis and kaliuresis in dose-dependent fashion,
with the fractional excretion of filtered Na reaching 5.44% with 250 1g/kg icv. The natriuresis
outlasted the transient increases in renal hemodynamics, suggesting humoral mediation in
the decreased tubular Na reabsorption. Plasma concentration of atrial natriuretic peptide in-
creased along with the natriuresis. Systemic blood pressure transiently increased. When given
intravenously, no diuresis and natriuresis was elicited, indicating the central mechanism. The
icv TFMPP effects were not significantly affected by icv methysergide, a nonselective 5-HT,
blocker. Both ketanserin and MDL 72222, selective 5-HT, and 5-HT; antagonists, resp., did
not abolish the TFMPP effects. Nor did NAN-190, 5-HT.. blocker, affect the TEFMPP effects.
These observations suggest that central 5-HT:z receptors may play a role in the central regu-
lation of renal function by exerting diuretic and natriuretic influences, mainly through
natriuretic factors.
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INTRODUCTION

Various endogenous biogenic amines in the cen-
tral nervous system are involved in the central
regulation of renal function, and the trypta-
minergic system is also shown to take part in it. 5-
Hydroxytryptamine (5-HT), when given icv in the
rabbit, elicits diuresis and natriuresis (Park, 1972;
Kook er al,, 1988). Kook et al. (1988) observed that

the renal effects of 5-HT is brought about mainly
by inhibition of tubular sodium reabsorption
through humoral natriuretic factors and that
methysergide, a 5-HT blocker, can antagonize the
icv 5-HT effects, thus indicating that 5-HT recep-
tors mediate the effects. On the other hand,
ketanserin, a selective 5-HT. antagonist, which by
itself does not affect the renal function, augment-
ed the natriuretic action of icv 5-HT (Kook et al.,
1990). Based on these findings, a hypothesis has
been put forward that central 5-HT: receptors me-
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diate the diuretic and natriuretic effects, whereas
3-HT. receptors exert opposite effects {(Kook ef al.,
1990). In addition, Kook e al. (1991) reported that
central 5-HT; receptors also have antidiuretic in-
fluence upon kidney, based on the observations
made with selective 5-HT; agonists and antago-
nists.

On the other hand, 5-HT receptors are not ho-
mogeneous and may consist of at least three
major subtypes, 5-HT,, 5-HT. and 5-HT; (Bradley
et al., 1985). Particularly, 5-HT. receptors are fur-
ther subdivdided into 5-HT\a, 5-HTs, 5-HT\, 5-HTp
subtypes, etc (Bradley et al, 1985; Hartig, 1989;
Gothert and Schlicker, 1990). The characteristics
of each subtype are being elucidated, as specific
agonists and antagonists for each subtype are be-
coming available. As for the 5-HTu receptor, diu-
retic role was suggested on the basis of observa-
tions using 8-OH-DPAT and PAPP, selective 5-
HT.. agonists (Kim, 1990; Yang, 1991). However,
little information is available as for other sub-
types including 5-HTw. Therefore, we attempted
in this study to delineate the role of central 5-HTs
receptors by observing the renal effects of icv
TFMPP, a specific 5-HTs agonist.

METHODS

Adult rabbits of either sex, 1.8~2.4 kg, were an-
esthetized with 1g/kg urethane s.c. Airway was
kept free with a T-tube inserted into the trachea.
Infusion of 0.3% NaCl and 3% glucose solution
containing 45 mg% of para-amino-hippuric acid
and 250 mg% of creatinine was given into an ear
vein at a rate of 0.5 ml/min. Through a small mid-
line incision close to the symphysis, both ureters
were cannulated with PE tubings for the collec-
tion of urine samples, and for sampling blood
specimens a femoral artery was cannulated with
PE tubing, which was kept patent with heparin-
saline (400 U/ml). For intracerebroventricular
(icv) administration of the agents a lateral ventri-
cle of the cerebrum was cannulated. A hole was
drilled on the skull at a point 1.5 cm rostral to the
occipital tubercle and 0.5 cm lateral to the mid-
line, and a cannula made of PE tubing of 1.5 mm
0O.D. was introduced obliquely until clear cerebro-

spinal fluid appeared in the cannula, and then it
was kept in place by cementing to the bone. The
volume administered did not exceed 0.15 ml. At
the end of each experiment the location of the
cannula tip was checked by dissection.

When urine flow rate (UFR) became stable sev-
eral hours after the initiation of the infusion, col-
lection of clearance samples was started. After
two 10-minute clearance periods the agent was
administered, and then two 10-min and three 20-
min clearance samples were collected. The blood
samples were obtained at midpoint of each clear-
ance period from a femoral artery and were im-
mediately centrifuged to separate the plasma.

Quantitative analyses of creatinine were done
by the method of Phillips (1944) and PAH by that
of Smith ef al. (1945). Na and K concentrations
were determined by flamephotometry, and the
osmolality with osmometer. Atrial natriuretic pe-
ptide (ANP) was determined by radioimmuno-
assay as described by Cho et al. (1989). Blood sam-
ples were collected in cold tubes containing ethyl-
enediaminetetraacetic acid, phenylmethylsulfonyl
fluoride, soybean trypsin inhibitor and aprotinin.
One ml of plasma was passed through Sep-pak Cis
cartridge, washed with 4 ml of 0.1% trifluoroacetic
acid (TFA), and eluted with 2 ml of 60% acetoni-
trile in TFA. The eluant was dried with a Speed-
vac evaporator. The lyophilized samples were re-
constituted with 1004 Tris acetate buffer, added
with 1001 antiserum (for AP II) and incubated
at 24°C for 18~24 hrs, and then after adding “I-
AP III, incubated another 24 hrs. Bound-form was
separated from free-form using double antibody.
And the radioactivity was measured with a
gamma counter.

Statistical significance was assessed either with
Student’s t-test or with ANOVA with repeated
measures on time (Winer, 1971). If significant dif-
ferences were detected with ANOVA, further
analyses as required were performed to determine
which of the groups differed from the appropriate
controls. For multiple group comparison Bon-
ferroni’s modified t-test was applied (Wallenstein
et al., 1980). .

TFMPP (m-trifluoromethylphenylpiperazine) hy-
drochloride, MDL 72222 (3-tropanyl-3, 5-dichloro-
benzoate), NAN-190 (1-(2-methoxyphenyl)-4-[4-
(2-phthalimido)-butyl] piperazine) hydrobromide,
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and S(—)-propranolol were obtained from Res-
earch Biochemicals Inc, Methysergide from
Sandoz Inc., and ketaserin from Janssen Inc. They
were dissolved in 0.9% NaCl solution immediately
before administration. Doses were calculated as
the base.

RESULTS

Renal effects of intracerebroventricular TFMPP

When 8 g (=30 nmoles)/kg of TFMPP was
administered icv, transient increases in urine flow
rate (UFR) and Na excretion were observed im-
mediately after administration. Systemic blood
pressure showed no changes.

Increasing the doses three-fold to 25 ug (=100
nmoles)/kg produced greater changes in renal
function. During the two 10-min periods immedi-
ately following administration, UFR and Na ex-
cretion significantly increased. Glomerular filtra-
tion rate (GFR, =Ccr) also increased in the first
10-min period and then returned to the control
level. Free water reabsorption did not change sig-
nificantly and nor did the systemic arterial pres-
sure.

In rabbits which received 80 /g (=300 nmoles)/
kg, the renal responses became more prominent,
as shown in Fig. 1. UFR increased about 2.2 times
the control value in the first 10-min period. Sodi-
um excretion and fractional excretion of sodium
(FEx) also increased markedly in the period.
Renal hemodynamics increased transiently and
decreased in the next period. UFR tended to re-
turn to the control level in the 2nd 10-min period.
However, the natriuretic effects lasted until 40
min after the administration. Increases in potassi-
um excretion were also noted. Mean arterial pres-
sure showed transient elevation for the first 10-
min period.

With the dose further increased to 250 xg (=1 ¢
moles)/kg icv, the diuretic, natriuretic and
kaliuretic effects became more intensified. UFR
significantly increased up to 2.8 times the control
level at its peak during the two 10-min periods
after administration. Renal plasma flow (=Crax)
and GFR also increased by 35% and 40%, respec-
tively, in the first 10-min peirod and returned to
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Fig. 1. Influence of icv TFMPP 8~750 1g/kg on rabbit

renal function. Mean changes from the control

values with one S.E. are shown. Abbreviations:

Vol, rate of urine flow; Cean and C., clearances

of PAH and creatinine, resp; UxV, excretory

rates of sodium. Asterisks indicate significant

changes from the control value. *=P<0.05; **=
P<0.01.

the control level in the next. Immediately after
administration Na excretion and FEw increased
more than 5 times the control value, and the
natriuresis was maintained up to 40 min after
administration, outlasting the changes in renal he-
modynamics. Transient increase in systemic blood
pressure was observed right after administration.

Further increase of doses up to 750 g (=3 p
moles)/kg resulted also in greater diuresis and
natriuresis. Systemic blood pressure increased by
38.5 mmHg right after administration and then
tended to decline. Fig. 1 depicts the changes of
renal function induced by various doses of
TFMPP.
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Fig. 2. Changes of plasma concentration of atrial natri-
uretic peptide by icv administration of TFMPP
250 1g/kg.
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Fig. 3. Effects of icv and intravenous (iv) TFMPP 250

ug/kg on rabbit renal function. Other legends
as in Fig. 1.
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Fig. 4. Influence of methysergide (Meth) 40 ug/kg icv
on the icv TFMPP effects. Methysergide was
administered 3 min before 250 ug/kg TFMPP.

Influence of TFMPP on the plasma concentration
of ANP

As the natriuresis outlasting the hemodynamic
changes suggested the involvement of some hu-
moral natriuretic factor, the plasma concentration
of ANP was determined. A dose of 250 yg/kg
TFMPP was chosen. As shown in Fig. 2, the ANP
level increased in all 7 cases, reaching the peak
value of 2204+124.6 pg/ml at 15 min from the
control value of 38.1£20.0 pg/ml

Renal effects of intravenous TFMPP

To test the possibility that the agent given icv
might have leaked out of the icv injection site
into the systemic circulation and thus have affect-
ed the renal function directly, the renal effects of
intravenously given TFMPP were observed in
doses of 250 wg/kg, which exerts maximal
natriuretic effects when given icv. As clearly
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Fig. 5. Influence of ketanserin (KET) 40 g/kg icv on
the icv TFMPP effects. Ketanserin was admi-
nistered 3 min before 250 yg/kg TFMPP.

shown in Fig 3, no significant changes in renal
function were noted when given iv, thus differing
significantly from the icv group. Also, systemic
blood pressure did not show any significant
changes, unlike the elevation observed when
given icv.

Influence of antagonists on the TFMPP effects

First, the effects of methysergide, a 5-HT recep-
tor antagonist, on the renal action of icv TFMPP
were tested (Fig. 4). 40 pg/kg methysergide icv
alone showed decreasing tendency in all parame-
ters of renal function except systemic blood pres-
sure. Even after pretreatment with methysergide
icv, TFMPP 250 ug/kg produced significant diu-
retic and natriuretic effects, not differing from the
control group without the pretreatment. Rather,
the pretreatment tended to augment the TFMPP
effects.

Next, the influence of ketanserin, a specific 5-
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Fig. 6. Influence of MDL 72222 (MDL) 30 #g/kg icv on
the icv TFMPP effects. MDL 72222 was
administered 3 min before 250 yg/kg TFMPP.
Significant differences between TFMPP alone
group and MDL-+TFMPP group were marked
with @ =P<0.05; @@ =P<001.

HT. receptor antagonist, on the effects of icv
TEMPP was observed (Fig. 5). Ketanserin 40 xg/
kg icv did not markedly affect the renal function.
When TFMPP 250 1g/kg were administered 3 min
after ketanserin, UFR, Na excretion and FEy. in-
creased significantly. Increases in Na excretion
and FEy. were sustained even in the 20~40 min
period, in which renal hemodynamics declined
below the control level. Systemic blood pressure
also showed transient increase immediately after
adminis-tration like the TFMPP-alone group.
MDL 72222 (MDL), a selective 5-HT; receptor
blocker, 30 #g/kg icv produced significant diure-
sis and natriuresis in the second 10-min period
and rapid recovery to the control level followed.
After pretreatment with MDL, icv TEMPP 250 g/
kg elicited significantly greater natriuresis and di-
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Fig. 7. Influence of NAN-190 (NAN) 40 sg/kg icv on
the icv TFMPP effects. NAN-190 was admi-
nistered 3 min before 250 1g/kg TFMPP,

uresis in the 10~20 min period, compared with
the TFMPP-alone group (Fig. 6).

Next, the effect of NAN-190 (NAN), a recently
introduced 5-HT:, blocker, on TFMPP action was
observed. NAN 40 pg/kg icv reduced UFR and
Na excretion, along with the decreases of renal
hemodynamics and arterial blood pressure. When
250 pg/kg TFMPP was given 3 min after NAN
administration, TFMPP effects were not influ-
enced by NAN (Fig. 7). The influence of S(—)-
propranolol, beta-adrenoceptor blocker with so-
me 5-HTws antagonizing properties, on the TFMPP
effects was assessed inasmuch as no selective 5-
HTs antagonist is known up to the present. S(—)-
propranolol alone showed transient and slight in-
crease in UFR following icv administration. Even
after pretreatment with S(—)-propranolol, the
natriuretic and diuretic responses of icv TFMPP
were not affected (Fig. 8).
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Fig. 8. Influence of S(—)-propranolol (PRO) 25 ug/kg
icv on the icv TFMPP effects. S(—)-proprano-
lol was administered 3 min before 250 yg/kg
TFMPP.

DISCUSSION

The heterogeniety of 5-HT receptors, as first
suggested by Gaddum and Picarreli (1957) has
been substantiated by radioligand binding studies
(Peroutka and Snyder, 1979). Further studies led
to a classification of 5-HT receptors into 3 sub-
types (Bradley ez al., 1985). Heterogeniety of 5-HT,
receptors was first demonstrated in 1981 by
Pedigo et al,, who subdivided 5-HT, receptors fur-
ther into 5-HT.w. and 5-HT:s subtypes, the former
being inhibted by spiperone, whereas the latter
not affected by it. Later, 5-HT\c subtype which has
high affinity for mesulerzine was identified by
autoradiography and binding studies (Pazos et al,
1984). In addition, 5-HTp sites was also known as
another subtype of 5-HT, receptors (Waeber et al,,
1989a: Waeber et al,, 1989b).
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Physiological roles of 5-HT. and 5-HT: recep-
tors have been fairly well defined thanks to the
introduction of potent selective agonists and an-
tagonists for those receptors. In case of 5-HT, sub-
types, however, few specific agents have so far
been introduced in spite of extensive search for
them, thus hindering the clear characterization of
those receptors.

Regarding the role of central tryptaminergic
system in the regulation of renal function, both 5-
HT., and 5-HT; receptors have been shown to me-
diate antidiuretic and antinatriuretic action as
evidenced by the renal effects of specific agonists
and antagonists (Kook et al, 1990; Kook et dal,
1991; Kim, 1991; Kim, 1992). As for 5-HT: sub-
types, they are suggested to mediate diuretic in-
fluence (Kim, 1990; Yang, 1991). However, few
data on the role of 5-HTs receptor is available.

In this study, icv TFMPP, a selective 5-HTs ag-
onist, dose-relatedly increased urine flow rate for
20 min and urinary Na excretion for 40 min after
administration. Renal hemodynamics, however,
showed significant increase only in the first 10-
min period after administration and returned to
the control level in the next 10-min period. This
suggests that diuretic and natriuretic effects of icv
TFMPP was brought about mainly through de-
creased tubular Na reabsorption via humoral
natriuretic factors although the transient im-
provement of renal hemodynamics may also have
contributed to the natriuresis to a certain degree.

Among humoral agents which produce natriu-
resis, atrial natriuretic peptide (ANP) was first
identified (DeBold et al., 1981) and shown to be
present also in brain (Tanaka ef al,, 1984). Discov-
ery of brain natriuretic peptide (BNP) followed
(Sudoh et al, 1988). Recently, C-type natriuretic
peptide (CNP) was identified in porcine brain
(Sudoh et al., 1990). All these three peptides have
amino acid sequence quite similar to each other
and all are involved in the regulation of body flu-
ids, electrolytes and blood pressure. It is assumed
that CNP in particular might play an important
role in central control of cardiovascular function,
for the concentration of CNP is the highest among
those three peptides in CNS (Furuya et al., 1990),
although its potency in producing natiuretic, diu-
retic and hypotensive response is less than those
of ANP and BNP (Sudoh et al., 1988; Sudoh et al.,

1990). Increases in the plasma concentration of
ANP, the most potent natriuretic humoral factor,
as revealed in this study, accompanied the
natriuresis of icv TFMPP. From the control level
of 38.1 pg/ml, ANP began to increase immediately
after drug administration and reached to a peak
value of 220.4 pg/ml, 6 times the control value, be-
tween 13 to 16 min after administration. Thus
ANP is evidently involved in the icv TFMPP
action. However, its origin and release mechanism
are yet to be determined. Also, to be clarified fur-
ther are the influences of TFMPP icv on the level
of BNP and CNP. The fact that kaliuresis by icv
TFMPP is produced together with natriuresis
may suggest that inhibition of Na reabsorption
takes place chiefly in the proximal portion of the
tubules.

It is noteworthy that the diuretic and natriure-
tic effects of icv TFMPP were so strong that FEy,
increased in its peak up to 5.5 times the control
value, with the maximal differences from the con-
trol of Na excretion and UFR reaching 46.63 mEq
/L and 0.467 ml/min, respectively. The fractional
Na excretion reached 5.44%, a value comparable
to the effects of major diuretics, such as acetazol-
amide or thiazides. Central 5-HT. receptor, in
contrast to the other two types, has been shown to
mediate diuresis and natriuresis and it was fur-
ther suggested that 5-HT.. and 5-HTws subtypes
among 5-HT, receptor subtypes are involved in
such action. Our present study suggests that 5-HTs
subtype might play a major role in the center-me-
diated natriuresis.

Methysergide pretreatment, contrary to our ex-
pectation, showed increase in natriuresis. Methy-
sergide has been introduced initially as 5-HT,
blocker, but it was later shown to have affinity
also for 5-HT: receptor, raising suspicion as to its
selectivity. Therefore, it might be possible to pos-
tulate that the augmentation of the icv TFMPP ef-
fects after methysergide pretreatment resulted
from antagonizing the possible antidiuretic influ-
ence through 5-HT: receptors.

Both ketanserin and MDL 72222 also did not
abolish the TFMPP effects, indicating that 5-HT.
and 5-HT; receptors are not involved in the icv
TFMPP-induced natriuresis. After pretreatment
of MDL, the icv TFMPP responses were signifi-
cantly intensified, which-is consistent with the re-
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port of Kook et al. (1991) that central 5-HT; recep-
tors may exert antidiuretic influence. Although 5-
HT; receptor might also be possibly affected by
TFMPP, the diuretic and natriuretic effects of
TFMPP were not abolished by MDL pretreat-
ment, thus rendering such possibility unlikely.

NAN-190 (NAN), a newly introduced 5-HT.
antagonist, also did not affect the TFMPP res-
ponses, suggesting that 5-HT. receptors is not re-
lated to the TFMPP effects. However, it has been
recently demonstrated that the hypothermia and
secretion of hydrocortisone induced by specific 5-
HT., agonists are not blocked by NAN, although
NAN can antagonize the behavioral action such
as forepaw treading induced by the same agonist
(Przegalinski et al, 1990). In addition, NAN did
not abolish the natriuresis by specific agonists
such as 8-OH-DPAT and PAPP (Yang, 1991;
Jeong, 1991). Therefore, the possibility that 5-HT,
is also involved in the TFMPP effect cannot be
readily ruled out and the advent of more specific
antagonists are awaited.

5-HTs receptors have been identified in the rat
and mouse brain, in a renal epithelial cell line
from the opossum, and in fibroblasts from the
hamster (Peroutka, 1988; Hoyer, 1988; Murphy
and Byland, 1989). 5-HT; binding. sites in rat
brain are present at high density in extrapyrami-
dal areas, such as substantia nigra and the globus
pallidum (Seuwen et al, 1989). 5-HT: receptors
are negatively coupled to adenylate cyclase and
are thought to mediate inhibition of neurotrans-
mitter release as presynaptic receptors (Maura
and Raiter, 1986; Starke et al., 1989). Selective 5-
HTs antagonist is not available at present. S(—)-
propranolol, a beta-adrenoceptor blocker, was
found to possess some 5-HT;z antagonizing prop-
erties (Pazos et al, 1985a; Middlemiss, 1986). The
TFMPP effect was not affected by it. However,
this fact should not be taken as evidence against
the involvement of S-HTs receptor in the TFMPP
effect, for the selectivity of S(—)-propranolol for
5-HT is seriously in doubt. For example, in drug
discrimination study, generalization of TFMPP
stimulus was not blocked by S{—)-propranolol
pretreatment (Glennon ef al,, 1987), although S(—)-
propranolol has some antagonizing activities in
other models of experiments. Therefore, again, the
advent of more specific antagonists of 5-HT:s will

settle the problem.

Regarding 5-HTic receptors, it has been de-
scribed that they are present primarily at choroid
plexus and are involved in the regulation of vol-
ume and composition of CSF (Davson, 1967), pro-
viding some possibilities of involvement of 5-HTic
receptor in the TFMPP effects. However, 5-HTic
binding site occupies only 10% of all 5-HT, bind-
ing sites which are labeled by [*H]-5-HT (Pazos,
1985b) and a lesser role is assumed for 5-HTc re-
ceptor than that of 5-HTs receptor.

The presence of 5-HTyp binding sites could be
identified in binding studies by the observation
that [*H]-5-HT still could be labeled even after
pretreatment of antagonists of all other 5-HT: re-
ceptors subtypes. 5-HTp binding sites are detected
in the brain of species such as guinea-pig, pig and
calf, in which 5-HT sites are not found (Waeber
et al,, 1989a; Waeber ef al., 1989b). The distribution
of 5-HTyp sites is similar to that of 5-HT:s recep-
tors in the rat brain and 5-HTp receptors also in-
hibit the activity of adenylate cyclase, suggesting
the evolutionary correlation between the two re-
ceptors (Schoeffter et al., 1988). Therefore it is pos-
sible that the TFMPP effects might be mediated
rather by 5-HTyp receptors, not by 5-HT:s recep-
tors. However, no report is avilable regarding the
identification of 5-HTip receptors in the rabbit
brain. The possible involvement of 5-HTwn recep-
tor in the TFMPP effects should be clarified by
specific 5-HTp agonists and antagonists, not avail-
able yet.
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%7HA] F7F3kdeh. Nawld 2204 APFd3te] 71 B A z&ste], HadeAd
Nadllg4 #azhgo] AAA AL Aatsldet. TEFMPP 250 pg/kg icv59] Aol natriuresis2}
7 @AY atrial natriuretic peptide =7} <F 68 Z7}= %ivh. TFMPP 250 pg/kgs A=l
2 Fostd el HAW T ek AelstAl Al7|5el HolE o8 WES 2AsA gtk
o]9}zr-& TFMPP9| diuresis 3 natriuresisi= 7z} 5-HT, ¥ 5-HT: 8419 A93 antago-
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