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= Abstract=

Studies About the Pressor Response to Intracerebroventricular
Infusion of Hypertonic NaCl in Rabbits

Yung Hong, Baik, M.D., Song Youn Choi, M.D. and Choong Kyoung Lee, M.D.

Department of Pharmacology, Chonnam University Medical School, Kwangju, Korea

Changes of blood pressure, heart rate, ECG., respiration rate and pupil size by intracereb-
roventricular(ICV) infusion of hypertonic NaCl with 0.04 ml/min for 5 min(total 0.2ml)
were observed in urethane-anesthetized rabbits. ICV infusion of 0.75M NaCl produced slight
pressor effect(11mmHg) and did not affect other parameters. ICV infusion of 1.5M NaCl
began to increase blood pressure from 2~3 min after the infusion and produced maximal
increase(24mmHg) at 5~10 min. Then the pressor effect was recovered to the original
level at 30~60 min. Change of heart rate by the infusion was not clear, but ST-segment
of ECG was markedly depressed. Respiration rate increased about 1.5times than the control
in accordance with the pressor effect and the state was continued even after the recover
of the pressor effect. Both pupils dilated markedly and light-reflex was lost. Changes of
parameters by ICV infusion of 3.0M NaCl were similar to those by 1.5M NaCl and some
rabbits caused severe arrhythmias and died. The purpose of present study is to investigate
the mechansim(s) of the pressor effect induced by the ICV infusion of 1.5M NaCl.

The pressor effect of 1.5M NaCl was attenuated by the continuous infusion of vasopressin
antagonist(20 pg/kg/min) but not affected by intravenous treatment with 2mg/kg phentola-
mine. 2mg/kg propranolol and Img/kg chlorisondamine. The pressor effect was not altered
with ICV 0.12mg/kg phenoxybenzamine, 0.4mg diltiazem, 0.1mg/kg mecamylamine and 0.2
mg/kg atropine. After ICV infusion of 25pg/kg/min of diazepam, however, the pressor effect
was completely abolished and restored 3~4 hours after stopping diazepam infusion. The
pressor effect was rather potentiated than inhibited in bilateral adrenalectomized or nephrec-
tomized rabbits. Infusion of 2ug/kg/min of saralasin for 10 min in the bilateral adrenalecto-
mized rabbit did not affect the pressor effect at all.
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These results suggest that hypertensive effect induced by ICV infusion of hypertonic NaCl

is mediated by the increase of vasopressin secretion.

KEY WORDS : Pressor respense to hypertonic NaCl * Vasopressin antagonist.
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M NaCled 0.2ml o) 28+ 3ad5e “svmpa-
thoadrenal pituitary axis” 2} & 4335 71o 71913k}
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7HE(AF 1.8~22 kg)E STEglo] ure
thane(lg/kg, 3} vl#3bel] 71# cannula® 4
st B9z nHsn 4 ARt &
te 32 Fx19] F Mol heparin(4001U) 4 ¢
£(0.9%)% €2 polvethvlene wbe(21G) & 4t
U3ta o] E pressure transducer(Statham)o] A
A3}a] phvsiograph(Narco MK-1V)4ell 7123}
2 AuErE Y715 9A chartd] £%E lem
fsec® FAANA AgE Ao} AsAU(Fig. 1)
tachometer coupler(Narco) & 53}o] Al 2bstH o}
3& 4% impedence puenmograph coupler(Na-
rco) &, ECGE ECG coupler (Narco) & %3 7]

3 AF3EE 7| H cannuladl] FAAA
AEZEHFE AAstEAN BR HFAHAE Hofstn
FEFAE =EAA 7ARE Fi AASGASG
Al BERE B3 o3 1~2A 3 7Igey] d<tol
Q3Yd B Lue AN

2. AFAANE
o] el ] 2 thiopental(30mg/kg) & F 3] v}
A9 o B¢ 43He sl P
AR B AAS g A ERE FF
ANAS. FeF vhadA Ao b thiopentalS
A 27 2 HAE FANAL WA
HO

A% 24N HAE the gol gt

8. Zx AU FEFY

T AR 239 E 9@ oS % S5 A
polyethylene bute(Z o] 2.5cm, 22G)& 4¢3t
2338 o} NaCl¥ & infusion pump(Harvard) &
o] &3t 0.04ml/ming] £ 2 587+ FJg
(F94FF 02ml) 7lgtefEe dFF9L 0.1
mlo)slako 7 A A&
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Fig. 1. Pressor effect of ICV infusion of 1.5M NaCl in a urethane-anesthetized rabbit. 1.5M NaCl was
intracerebroventriuclarly infused with 0.04ml/min for 5 min(total 0.2ml) between upward and down-
ward arrows. Numerals indicate number of heart heats for 4 sec.

| 21 GFAMA S A 3 A &ha
Qal 13 FYBL 0s5mlol iz st

419G ¢ b oz Ll
A NGl F9F A5 S
Mo g FAEgen, ZHE kA 23“4 H]
Iﬂoﬂ Student’s t-testE o] &3l P<0.050]3} &
Fo% w2 AT

A28 oFE . Phentolamine methanesulfonate
(Ciba), chlorisondamine HCI(Ciba),

mine HCI(Merck), propranolol HCI(Sigma), phe-

1. .amvla-

noxvbenzamine HCI(Ciba), atropine sulfate (Si-
gma), diltiazem HCI(Sigma), angiotensin II(Si-
gma), saralasin(Sigma), [B-Mercapto-,B-cvclope-
nta-methylenepropionyl!,-O-Me-Tvr?,  Arg*]-vaso-
pressin(vasopressin antagonist, Sigma) % diaze-
pam(Sigma)5-o]1t}. 47l &% phenoxvben-
zamine-& ethanol 50ml, propviene glycol 50ml %
AL ]~2 HFZ o] Z3}alloff,
ethanololol] 128]1 Urz] 4E
84 5t] MBI

diazepam& 95%

FHFE &9

SE-RCE
1. 54U NaCle} FJaz

o} 2| gho A FFE YL 99+ 1.9mmHg(354)) &
T Aubai= 288+ 11/min(214) Aot B34 (0.15
M) & 28 =& 0.3M NaCl o] 2 A F=¢Y &
e 87| Alo) g G A A Furh

a8 0.75M NaCle o] Q1 Aldl = F A &} 2~
4537 g4 aG7t ERY 5~T 8o <zt
9] g9t4< (11+0.21lmmHg, 84)& Yo%
Az Yoz EHAT

181} 1.5M NaCle Q) Alof) Eghe F9IA1 3
2~38 % F33 g Hol7] AJFE 5~10
Ho| A4 (24+2.1mmHg, 27¢])% BEAZX
30~60%o 9@t oz FE At (Fig. 1). o]
Aty g A 176)F 5o A€ 1524.3/ming]
A, 8ol A= 1745.5/ming) &7}, 18|31 44
dAMe Wart AR, webd ARPES 4434
/ming] F7t2 F3F HEo] Uk

NaClz =& B F7Hst 8.0MA & F]IA]9
E LAMFAA 9} vl gk 33 Egads(22+424
mmHg, 54)& doFx, & AY F3YH 5
F52717F dEhY NaCly F15aF = A%
o] 30~60Fo|Ulo] 54F 347} AbgEtgct.
& 1.5M NaCld F4A] Yetv e o8 57
B APME daFo g Ydsadte 7de
F73taat 3t

9. 23 A 1.5M NaCle} &a e g A
o A2t e] 9§
FE 2mg/kgFAl 208F
39l e 33+3.3mmHg (54))9] 34S o
ola Zx A NaCl¥] F o2 31+3.1mmHg2]
A5 doA Yz i FlHe BY¥TE
B (Fig. 4).
Propranolol :
gt
NaClH

Phentolamine | &

B k8 2mg/kgF AL 2089 ¥
15+3.4mmHg(59))2l 3172& BYL
FA% d¢e 18+1.7mmHge 5E
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Fig. 2. Pressor effect and depression of ST-segment of ECG by ICV infusion of 1.5M NaCl in a urethane-
anesthetized rabbit. ECG was obtained from Lead 1. 1.5M NaCl was intracerebroventricularly infused

between upward and downward arrows. Numerals of 5°, 10" and 30’ show lapse time(min) after

stop of the NaCl infusion.

doA iz R FFEAoY Fo4L 9l
Sich(Fig. 4).

Chlorisondamine ! 2 °FE Img/kgFALE 98
e B SAH7) AReed 0EolE 54443
mmHg(6o]) o] _AAT S doFi, ol
NaCld ] o2 33+4.9mmHge] Egd$S o
oA iz 4R ZIHe A¥FES EAou
F218 zol= o ATH(Fig. 4).

Vasopressin antagonist | ¥ &2 H 20pg/
kgZ AW E £ 1 ¥ F2E 20pg/0.1ml/min
o E2 Fuy AxFAAAL ASFYD 5
¥ NaClY) 7Y€ ANFAUU 14235
mmHg(4e]l H) 9] S doA s

‘
'

Pl

Lift bl
Fig. 3. Pressor and tachvpnea effects of ICV infusion of 1.5 NaCl in a urethane-anesthetized rabbit. Nume-
rals under respiration trace indicate number of respiration rate for 5 sec. Numerals of 5°, 10" and

30’ show lapse time(min) after stop of the NaCl infusion. BP : blood pressure, RR : respiration
wave.

of ¥l #olstA A HATHP<0.05) (Fig. 4).

3. 240 15M NaCle] $4E o] @ =
HAW AF A

Phenoxybenzamine | ¥ 9FE- 0.12mg/kge] &3
AW F¢4 10~158F 982 11+3.5mmHg(4
o)) 873-S YO AT NaCle] YO 2 30+2.7
mmHge] YHFEe o7 YE SYAIG §
9§ xFol7t YAATH(Fig. 5).

Atropine © £ °FE 0.2mg/kge] SH AW FYL&
VEYGel A9 HFS dodA E3}AL NaCly
Fo 2 27+3.1mmHg(54)) ¢¢EHE ey
Wz Sdaztet A9 zel7t JATH(Fig. 5).
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Fig. 4. Effects of intravenous phentolamine(PA),
propranolol( PP) and chlorisondamine(CA)
and vasopressin antagonist{(VPA) on the pres-
sor response by the ICV infusion of 1.5M
NaCl. Rabbits were intravenously treated with
2mg/kg PA, 2mg/kg PP and 1mg/kg CA 20min
before the 1.5M NaCl infusion. VPA was given
bv one bolus injection of 20pg/kg, followed
by infusions of 20ug/kg/min. Each colum
shows mean+SEM from 4 to 6 aminals. Aste-
risk denotes statisically significant difference
from control column(P<0.05). Cont : Cont-
rol.

Diltazem | ¥ <& 0.4mg/kgHo 158F 98
+e  9+1.3mmHg(4d) el 3FS doFH,
NaCl} F9£& 25+43.2mmHge] PG5S 4o
Az F5H ztel7t fAH(Fig. 5).

Mecamylamine | 2 9FE 0.1mg/kge] &> AUl
zoloz e 28+2.1mmHg4d) e 3AE
o) 0 7T NaCl®9)o 2 24+6.1mmHge] HA
59 WoA YzdsD o7k UATH(Fig. 5).
B orE S 95ug/kg/0.01ml/ming] &
T2 =¥ 2087 #3 A7 diazepamF
AR A= A8 TR FFE v AA Fd
diazepamF ¢S F 3t Zolo] NaClg & F¢
sty NaCled )0 o depdsasrt 3+
2. 2mmHg(4d) 2 A9 AAEAH(Fig. 59 6).
T3 diazepamF YA dol BY 3~4A R
NaClog AFYs A} 25+4.1mmHg(49]) 9]
adse oA zgdsa Aol 7t AU TH(Fig.
5). 2 5 Fo AU Aelze A A HA
& krh(4d)]).
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0.12mg0.2mg0.4mg 0.1mg 25ug
Fig. 5. Effects of ICV phenoxybenzamine(PBZ), at-
ropine(AT), diltiazem(DT), mecamylamine
(MC) and diazepam(DZ) on the pressor res-
ponse by the ICV infusion of 1.5M NaCl. 0.12
mg/kg PBZ, 0.2mg/kg AT, 0.1mg/kg MC and
0.4mg/kg DT were intracerebroventricularly
injected over a 1-min period 15~20 min be-
fore the ICV infusion of 1.5M NaCl. DZ was
intracerebroventricularly infused with 25ug/
kg/0.01ml/min for 20 min before the ICV in-
fusion of NaCl. Each column shows mean
+SEM from 4 to 5 animals. Two asterisks de-
note statistically significant decrease from con-
trol(Cont). column(P<0.01).

dW 1.5 M NaCle] $otaste] g
J%%ﬁ 2 AZAA]

DFEFAAAA IAF HFe 49438
9mmHg(7oﬂ)i iz 7FE 9] 89H(99+1.9mmHg)
Boh @AHEA FRAJL o]df NaCle F9] +<¢
ATE 34+3.7mmHgE £ 9314 (P<0.05) Z7
s ATH(Fig. 7). =3 & FAA A 1A HF angio-
tensin II 1pg/kg/min®] << &7+ 28+ 3. 1mmHg
(44)) g 3L o]0 saralasin-g 2ug/kg/mine] £L &2
1087 4% 27 4L 43+4.2mmHgE o %
ot} ol angiotensin II lpg/kge] FET
€ 7+2.4mmHg2 @A 3 7HoFE o NaCly
9o 9% $¢AJE 31+34mmHgE 23ts
€ %<& BAH(Fig. 7).

AZAA T AE 24ALE FFAZES AAT
7HE 9] ¥te 70+3.1mmHg(6o]) & HE7IE Q]
o X3 FAAL, o9 NaClej F9j
93 ¢ ETHE 36+4.ImmHgE HE SLEH



Fig. 6. Effect of ICV diazepam(DZ) on the pressor response by the ICV infusion of 1.5M Nacl in a urethane-
anesthetized rabbit. DZ was intracerebroventricularly infused with 25ug/kg/0.01ml/min for 20 min
in underline part and the ICV infusion of 1.5M NaCl was done between upward and downward
arrows. Lower panel was obtained 4 hours after stop of the diazepam infusion. Numerals under
pulse waves denote heart rate for 4 sec, and numerals of 5’ and 10° between panels show that
the record is stopped for the indicated time(min).
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Fig. 7. Effect of bilaterai adrenalectomy and nephrec-
tomv on the pressor response by the ICV infu-
sion of 1.5M NaCl. Both adrenal glands(Bi.
Adr.) and kidneys(Bi. Nep.) were removed
1 and 24 hours before the ICV infusion of
1.5M NaCl, respectively Saralasin(SA 2ug) was
intravenously infused with 2pg/kg/min for 10
min. Each column shows mean+SEM from
4 to 7 animals. Asterisks denote statistically
significant increases from the control(Cont.).
(* 1 P<0.05,%* . P<0.01). Details are given
in the text.

Boh {34 (P<0.01) F735 o] vetstrh(Fig
7).

B Aol 5449 0.15M NaClejrc} 5u)
o] ¥& 0.75M, 1.5M ¥ 3.0M NaCle§ 0.2mlE
0.04ml/mine] &5 2 587t Ax Zx Ao
FUY A7 AT YES, ST-segmentdti,
SEF 57 R AT LA (HOLeA A
HHEQl FFAR3A L e Btk 1L5M

NaClel F<lol] o8 dpgsade wEA o]
AR, a E B-adrenoceptor A, calciumZ &
A, muscarinicx} @A}, nicotinicXehA] 2 angiote-
nsinX A 5o WA A FFS LA F%E
¥olUzt &5 2 AAAAFAE 3] F
7 o] YEFY o 1, vasopressin antagonist] & 2
W M Aele foatA FFE Ao GABA
siteZ 2 A ¢l diazepam!? 9] Z 3 AW FE o Alo =
Aol 245 A

Z %A osmoreceptor ¥ “putative sodium-sensi-

tive neuron” @] Lo SR FHID 2212 g,
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sopressinf-2] 1314 @ A7) 581959 2Holg
ok et of A& 174 NaCly o] F3F oo
olg n¥te] 7| ML WEX o} vasopressinfr
goll 7lelstti: Bu® mRAAA S T
711§ the B8 9 B Ao 2 BEY 9] catecho-
lamine- 2] Z7te) 7118 hE a5 02 o ¢
theFatct.

7TEE o]&3 B AHFA ZE7HA R4
NaCld = =3 H ) oF 108] L& 1.5M NaCld
FAA s AR /Mg T3 vHE AR
He AV BAHANME 1.5M NaCldo] 7h3
5813 ¢SS dozddes g IdAFh
a8y o 8l sride Agexe 2 434
Ay & zolE Hola Ytk F Al YA
ARV} AR H 2T Q] hexamethonium ] %2
W A dAEA gefds #FI F2 F
ZRANAA FEA VA3 AL, FAe

FERMNAAE FAaHrt 2HE Fog F&E
BAo2HE|Q catecholaminef 2o 7]¢ldt}
st

B Ao 2343 NaCle] ¢S ads
IZANAAY AEA F a-adrenoceptorZ A 91
phentolamine2] A #x]2], phenoxybenzamine?]
Zxdxz] 2 AZAHEAGAQ  chlorisonda-
mine] W 2] 5ol s A AAHA F3
2318 Zse A%S B3 B-adrenoceptorz}
GA 24 reninfe]E A A7) propranolol'®
angiotensin I X}ehA] Q1 saralasin'® o] iy X
gdEx o] $¢aEdE JAHA FAUTh =T re-
nin®] FFHYN FSAZAAFTANE 3 %
ggom £34 catecholamined] FFF U &4
Z2BNAAZE NaCldel $4adrt 2318
738} 51 9] & 1} vasopressin antagonist2 ¢ % [B-
Mercapto-ﬁHB—Cyclopentamethylene propionyl! .-
O-Me-Ty1?,Arg? J-vasopressin?® &] ol A&
ol oAt folstAl AAHA & HAW
IAA NaCle] $¢A 7} vasopressinEHjol] 2
e 7helgla Qlok

E Aol Sy 1.5M NaCle] F944] &
A WPFE3 WA AE ST-scgments] 3o
eI, 13 SEFIE 30~608 ] A”AS
Foz IEEF NaClg AFAI}A F3g &

—_

GEIHIE YEREA Zstoy axg e 7|t
3~4ATE AT A& BHEHY. ole &
AW NaClj 52 FF22H ojd AFZE
Ho] EH|5o] FH3 #AAFHLFES o7,
o] Edo] AFAHH e Alzte] e AlAL3}
i Qlth §# vassopressin® FHE BAFHS
28 Yo 7)1 ST-segment3} & doitteE B
2.22) 3443 NaCle) o] £3 ¥ o2 vasopressinfr
g7t Z7tdde 2aliNge B A A
NaClol] 23t £:Qt2H8-o] vasopressiniH]|Z-7}ol]
s Aoz st o

H 2 dgelM FH 4 a-adrenoceptorz}
Al phenoxybenzamine, cholinergic XA
atropine®} mecamylamine, calciumZ &A1 dil-
tiazem®] Fod2 Zx AW NaCly F 8ol
A8 PR o GABASY 8§ 73
71E diazepam® o] AN E AU TekA
Zx a0 nAA NaClYol 2]3F vasopressin®]
Enlo] GABA receptor7} #odgg FE2 & U
oun o]E7e #AAl= do ¢ FFE o ¥ A
oz Agdn

- =

nHLEN A EXHAW 1A
NaCl®§ 0.2mlg 587+ A 3¢ (0.04ml/min)
slod ¥}, Myt ECG, 28+ 2 533719
W3lE #EeAh NaCl 0.75Me Zvg <
A% (11lmmHg) & do oy thE parametero
e 53T 9L vAA Zadd 1.5ME FY
2~3EFRE £33 HAFE S oA 5~10%
o) Hng5(24mmHg)-& Ao UF HA ol A
30~60%°] YFFoz IEHJD AvFeE F
e HE S YodA ¥koy, ECGY ST-seg-
mente A3 374E 4o IEFE YD
soll dXshed HI 1580 S Ejtol
LRHZ IEHFAE A&EHALH, T3
g A = A Lol dg FEHt
A7} AAE AT SMFE QY Foll & A F parameter )
Hste LSMFYAISG fAEIR oY dRTtES
3|8 A g3 AgEth £ d@dAE NaCl
L5MFEQe) o3 g aded 23 E 239
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a 713AE FHEA A

NaCl 1.5MF ¢l o] 2|3 844 &7+ phento-
lamine 2mg/kg, propranolol 2mg/kg ¥ chlorison-
damine Img/kge] AW 2 AFH JAHX
2 238 FeEe 4TS BY 2} vasopres-
sin antagonist®] A= 3] (20pg/kg/0.1ml/min)
o &A= FoJ3tA 7HoFE Aot Phenoxybenza-
mine 0.12mg/kg, atropine 0.2mg/kg, mecamyla-
mine 0.1mg/kg ¥ dildazem 0.4mg/kg®] 24
Al Fole A8 APLA dskth el diaze-
pamE 25 pglkg/mind £ 2 208-7H(EFF 0.2ml)
S Ao FYFFol= NaCle] a7} &
3] AHE AL diazepamFTHF 3~4A| T F o &
NaCle] $tan7t Al vyebstt. ¢35 344
A&S APS 7tE, FZRANAEF saralasin
2ug/kg/mine] Huly) £ 1085 L FZA34
A&L APF SHEANME NaClFgd 23 &
FFsaIE A AAHA G 2318 F3y
gk

ool AP e 7tEAAN 24 NaClgd
ol BT E dodn o] SHAFHE FEHS
2 vasopressin¥-H} 2] F7}oll 2] gS AlAFE T Q)
th. E AUl GABAAI S NaCletaetel #
Ae o FTord AA2 Hzd
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