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Influence of Intraventricular Ouabain on the Renal Function of the Rabbit

Shin Woong Lee
Department of Pharmacology, Chungnam National University, School of Medicine

(Director: Assoc. Prof. Kyu Park Cho, Assoc. Prof. Keun Huh)

It has been reported that many of the effects of digitalis glycosides could be mediated partly
through the central nervous system. In this study the effects of ouabain given directly into the
lateral ventricle of the brain on the renal function of the rabbit were investigated.

Intraventricular ouabain elicited antidiuresis in doses ranging from 0.1 to 3 pug, exhibiting a
rough dose-response relationship, and decreased the renal plasma flow, glomerular filtration
rate and urinary excretion of sodium and potassium, concomitant with the decrease of urine
flow. These decreases in urine flow, excretory rate of electrolytes significantly correlated with
the decrease in renal plasma flow or glomerular filtration rate, suggesting that the antidiuresis
might have been induced by the hemodynamic changes.

Intravenous ouabain in a dose of 1ug did not affect the renal function. Systemic blood
pressure as well as cardiac activity was not affected by the intraventricular ouabain.

Effects of the intraventricular ouabain on renal function were abolished by the intravenous
phentolamine-pretreatment but not affected by intraventricular phentolamine-pretreatment.
Neither vasopressin infusion nor hydration did affect the renal effects of intraventricular ouabain.

From these observations, it is suggested that the antidiuresis of intraventricular ouabain is

induced by the increased sympathetic influence to the kidney.:
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Table 1. Protocol of an experiment showing the effect of ouabain (1 ug) given intraventricularly on the-

renal function of the rabbit

ba

.8 kg white female rabbit

8100 Anethesia with 1g/kg urethane, s.c. Trachea intubated, both ureters catheterized and a femoral

artery cannulated.

§:20  Intravenous infusion into a branch of an external jugular vein of (.3% saline containing 3%

glucose, 0.25% creatinine and 0.045% PAH with a speed of 30ml/hr.

8140 A cannula was inserted into the right lateral ventricle.
13:50 Collection of urine began.
Time Urine flow  Cpan - Cer EF Uy, V. Ry,  UxV, Rg
(min)  (ml/min) (ml/min) ’ (¢Eq/min) (%) (¢Eq/min) (%)
6~10 0.23 8.46 5.52 0.65 1.74 99.76 2.76 77.67
10~20 0.20 7.27 4.84 0. 66 1.61 99.75 2.2 79.91
20 Ouabain 1pg, ivt. ‘
20~30 0.2 7.67 5.21 0. 67 1.80 99. 58 3.08 73.6
30~40 0. 16 5. 06 3.54 0.69 1.13 99. 53 2.30 78.91
40~60 0.11 3.16 2.47 0.68 1.27 99. 59 1.55 73.27
60~80 0. 08 2.59 1.96 0. 65 0.44 99.82 0.94 78.58
80~100 0. 08 2.59 .33 0.61 0 21 99. 87 0.8 74. 04
100~120 0.09 2.86 2.02 0.70 0 20 99.92 0.9 75.05

Cran and Cc, are clearances of PAH and creatinine; F.F.=filtration fraction; Uy,V and UxV are
rates of excretion of sodium and potassium; Ry. and Rk are fractions of reabsorbed sodium and potas-

sium which were filtered.
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Fig. 1.

Influence of intracerebroventricular ouabain:
on urine flow of the rabbit.

Mean values from 6 to 11 experiments
with one standard error are shown. At
time, ouabain was administered. *: p<{0. 05

*k: p<0.01



34 —ZRE KT e
=, RRES BIAA lug & BRES HQFDAA =
RERP7F oS EHEstel 0.25ml/min & #REENA
B 10~205-H B4 32.6%% HEG ROE 2
Lo 40~1005A el # 48% 9 e BOE
el glel BE ol % A A 3pg & BET BHOEHD
oA = leg & HEE B BOUR ®/ine 5*.934

%2 B Bt A BES e
E CpanE 0.1, 0.3¢ ?&Eﬂﬂ?oﬂﬁ = THE ﬁ%ﬁ— £
T Sglevt lug BEFFAA S 11 13ml/min & ¥R
ol A A @O JEis Bolrhrh R 804l
'5.35ml/min 2 FET BPE 291 3ug BEFEA
= 9.14ml/min ¢ BWEENA EHR 205458 1005
7FR] 4.76~5.32ml/min 2 HFEIT WLE ngoH,
Cer 34 0.1, 0.3ug AN HMEhmes HEFD
BEHS 2T S ovt lug WERAA LS 405553,
Bug BEFFANA £ 10785 FEDL BLE e
et

e Rl BEE = BREES B3EAA 1:
upel el 0.1, 0.3pg HEBAAE EHT BLY EHA
~& Rol Mo R HEME dden 1, 3ug B
FEl A= Na ghftE-> &4 19 59.3%, 73.1%, Kk
B &% 1 43.4%, 53.4%°% BEL BLE B
At

% 231 ouabain IRELE FEIESY HREY &)
& BN BWRES ZRERA RRY ASE EE
= g, AfiE BOE BT o] AR &R

uEg/min Una¥
E!':’ T Ouabain
4 & 0} ug ivt.
--0-—03 ”
~o—-10 ~
~—30 "

=k

gl vl A= MIEER Quabain 4] ¥

mi/min

CF’AH

-

Bstirmmen

Y Quabain
-0l ug vt

—o- 03 .

-0 10 ¢

—— 3‘0 "

3 -
0 10 20 40 60 80 100
min
ml/min Q_Cr ouabain
b 01 g IV
6 L« -o-Q3 »
N -0-- 10 »

~—30

0 10 20 40

100
min.

60 80

Fig. 2. Influence of ouabain given intraventricularly
on renal hemodynamics of the rabbit.
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Relationships between changes of urine flow (Vol) and those of renal plasma flow (Cpan), glome-

rular filteration rate (Cc,), rates of excretion of sodium (Uy,V), and between changes of renal

plasma flow and those of glomerular filteration rate. Data from Table 2.
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Table 3. Relationships between changes of various parameters of renal function after intraventricular’ cuabin

XY b

a r P

Vol : Coan +43.97 —0. 554 0.903 <0. 001
Vol : Ce, +27.72 +0.512 0.882 <0, 001
Vol : Uy, V +41.26 +0.728 0.782 <0. 001
Vol : UgV +20. 51 +0.346 0. 860 <0. 001
Cran : Cer +0.56 —0.024 0. 865 <0. 001
Cean : UnaV +0.83 —1.313 0.765 <0. 001
Coan & UxV +0.44 +0. 160 0.804 <0. 001
Cer: UnaV +1.50 —0.022 0.891 <0, 001
Cer : UxV +0.78 +0. 160 0.915 <0. 001
UnV: UgV +0. 47 +0. 056 0. 924 <0. 001

* From the regression equation Y=bXa; r=correlation coefficient

Fig. 5. Effects of intraventricular ouabain (1xg) on blood pressure and electrocardiograph of the rabbit.

The upper: blood pressure. The lower: E.K.G. At arrow marks,

ouabain (1pg) was given intrav-

entricularly. At indicated iimes after ouabain, each pannel was recorded.
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Fig. 6. Changes of renal function by inraventricular ouabain (1xg) and the influence of phentolemine Jon
the effect.

White columns represent the mean changes from 11 experiments without pretreatment, black
columns are those of nine intravenous phentolamine (2mg/kg)-pretreated rabbits, and the stippled
ones are those of seven intraventricular phentolamine (500xg)-pretreated rabbits. Vertical bars
denote cne standard error. Asterisks denote significant difference from the corresponding ouabain
group,
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Table 6. Influence of vasopressin and hydration on the renal effects of intraventricular ouabain

Control  ('~10’

10°~20"  20~40" 40'~60" 60'~80" 80'~100

; : ) 0,00 —0.06 —0.08% —0.07% ~—0.08% —0.10%*
Utine flow (ml/min) Vaso+Oub 4063 T0'03 0,02 0,02 0.0 +0.02 %002
0.69 —0.06 —0.05 —0.17  —0.18% —0.24%% —0.23%*
Hydr+Ouab 4005  £0.03 0,03 007 £0.04 =0.0. =002
; 7.45 —0.73 —L37 —L77 —2.21 —2.43 —2.75%
Cean (ml/min) Vaso+Ouab 4 )'5g G049 40,42 +0.68 0.8 £0.98 =107
9.58 ~0.28 —0.68 —2.14 —267 —3.09 —4.5¢*
Hydr+Ouab 4 7'%s  41% 119 40.81 £0.83 £LI13 £0.8
; 4.8 —0.63 —0.96 —L02 —L2I —235 —2.36%
Cer (ml/min) Vaso+Ouab 4557 1031 032 £0.37 20.44 054 £0.68
6.22 —014 —0.72 ~234 —L73 —LI3 —2.83
Hydr+Ouab 754 4043 4106 132 +L65 L1 L3l

: ‘9,18  —0.31
Ux.V (¢Eq/min) Vaso+Ouab +1.39 +1.31

27,44  —4.56
Hyde+Ouab {775 1y 59

UV Gy Vestown 80 Th

macsous 5% 118

—1.83 —1.83 —2.41 —4.40%  —b,96**
+1. 06 +1.25 +1.73 +1.73 +1.86
—2.52 —b. 41 —7.90 —9.94 —1L11
+3. 38 +2.35 +3.51 3. 80 3. 48
—1.25 —1.97 —1.99 —2.22 —3.18*
+0. 63 +0.27 -+0. 64 +0.44 +1.01
—2.44 —4.19%  —2.97 —3.93* —3.37

40.92 +1.51 +0.74 +1.20 =+:1.00

Mean changes from control periods with standard errors after intraventricular ouabain (1ug) are given.
“Vaso-+Ouab”, the group pretreated with vasopressin (180m units/hr); “Hydr4-Ouab” denotes the group
hydrated three times (1, 5ml/min) as much as the control. “Vaso4-Ouab” group represent mean changes
and standard errors from 6 experinents and “Hydr-+Quab” group from 8 experiments. *:P<(0, 05 **: P<0. 01
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RE-L ouabain #ZEHE 205712 WP HEE ¥l
w7t 205 te BEDL BAE vebl g 1, Bt
HRBRBERL Bk Bt 805#a &% 7.54
4.82ml/min ¢8| #BMHEANA 36.5%, 48.9%¢ HHI
PoE nger R Nat 8 KHEHES &8 &S
64.9%, 47.9%9 WHS 24vh % hydration &
B2 3+ BE(8HD vasopressin 8] H A S vasopre-
ssin & R E Vel 92} ouabain & HEAEH
g v RES RE 405%H AET BOE 2
o], Cpan ¥ Cer-& K 8047+ WY i
Bolebrl 804 el AR WAE eyl en, R
Natphit 52 HRME 27, 4pEq/min ] & F 16,33
#Eq/min 2 K& WA AP o EE AN HEMe
W, R KTBHBE-S &I 20~40, 60~80%
el #% AET WoE 2y

% B2
FIRA 52 HEIIRA R ouabain & B ow FHH
HpEcl # ouabain o] -2 FURRyeI™ 4s] EiE

jo & BEIRA R HHEle] £ BHREd4 Na*
Ktactivated ATPase & #ifisled FiRAES Veluiict
I gEA grtennehnL®, g HiEE EI oua-
bain & EEERA Mt AE A vt gloems
FEAA o] Bid BET & WR #ER KEY A
IEZEA = ouabain & s HARMREMES vebiA
0. 1~1pg 9] FWEAAA KEE & LIt Kol
Whs £ 4 9w, o4 REY o obeH
B, FeksEEs 9@ R Nat, KYPEEES B
£ Bkste, 01947 ouabain 9| fEfH-2 KA phen-
tolamine FEE=Z 45 HIE=A phentolamine
WMEEE BEE 24 9ed ¢+ 9t

HIBSER ouabain o] kT BEIMAES HEREY W
Ip7) ZRRRIHE  a-receptor FEHH|Cl phentolamine 9]
BIRA WERER BEs Do r wol RREMIER
9] el ket vebdg o 4 gle, o] By e wt
o~ B A ouabain ¢] adrenergic mechanismed]]
FELS A E WEY, digitalis 7 2ol Pl
B FHOR TR R FEY MERRS 4o
g HED 9 ®EAA PHER HEET ouabain 9
Dol B EEMC FHMERT HEdSE BE

Wao 2 v]$ 5uky] Ak

HiE RS adrenergic receptor ol BiEhe] Dhaw-
an &% 3 Feldberg %%-& FE AEERI LRl
norepinephrine 8] B8 L 5-¢ phentolamine o] R
30 mEeste] chiel A BRI adrenergic a-rec-
eptor 7} BRERZTLE RMeEtg o, Day 9L 13
B J1ofold] fIEERE norepinephrine & &
B RS, LIRS, isoproterenol & LS Il
B A ORMEES kS ol ERE Fiigol
A= phentolamine, #H A & B-adrenergic blocking
agent & &% [IEEARS MiRE & e B
#23te] chiRAl A ¢ a-% p-receptor | FEE BET
wl gleh. eV BEEES JE iR A8 q-adr-
energic receptor 9] R el BASA = A 7R
gelR A 9T don BE F0E KR ERERE
#2815k phentolamine ¢] norepinephrine A8 HAFUR
feFES vhebd 2wk obvleh JIESEEPY norepinephrine
o HAHRIERS EETA = e HE FhiE]
= Fmmgel A phentolamine o {R3tel EEE -
L A 7-8 adrenergic receptor 7} FHESH AV
=2 norepinephrine & PR & BHHE A € ad-
renergic receptor 7+ BB Al %% ALER H#epEHA
t}. % $Eol A = phentolamine & FIMEEAE [i=EE
B9 Pt BEAR EESGE de 2E
ouabain & el BEL wAA Xt °]
mro ehffoll A ouabain & FHEBEA BT fEfdl =
o 2] adrenergic receptor 7} RS or31 ouabain
ol Wmuie] BEL WA F U= e o4 stru-
cture o] Erebel EEMEATAY B2E o4 receptors
ek fefEseE Kl Al phentolamine ol K3t
o] g % 9l receptor S} fEo| THE receptor
B @meted g MEES wnA AL HEE
& gk, mF AWEAA FIEAE ouabain leg &
LS A BEEEN TR B 2 T 8%
i, (ISR ouabain lug CEE EHME X OEE
o fze) wHEe] HksA ggrte M driEel] #
A%l ouabain o] Zgyfujitel Pt HE ol ¥
g9 vz Ak el A ouabain ] Z2ymE == O
BEiksee) BE)S 9 oA “REICE T B2
& wA 4 ol WHEEES PEREha Bl #RE ouabain
o wiEfEAE Tt Aom 44T 5 drh

s ouabain 3+ RWEWWES St BRfRA B
Fted Cushman®9] JTaps B FE Al x4 EIE
% hormone 530l BARE in vitro FrEEol| 4] ouabain

32,



42 —ZFEE : RE Bl P12 MASEA Ouabain ) g

o] 17-OH corticosteroids 2] S = BEES ulH] =)
%L aldosterone 4i%E MEIF kT $F9 2, Fleischer
0L 4 o BEY SN ETEEAA  ouabain o]
EIE f2 B8, hormone(ACTH) 3} 54 hormone(GH)
o WEEEE (REA AT Rgstg or, Blaine 5%
ERHiEE ¥o]A) ouabain ¢] aldosterone &) IS LY
3} cortisol corticosterone 8| IUE EEZs #in
A7 eha #elgd o, Dicker™ & digitalis glycosides
7t BAT%BE 834 vasopressin 3} oxytocin & 4

< (BEA S 30 MIEEA ouabain o] LN
3 aldosterone ¢] 1} vasopressin 3 7+ AR horm-
one &} S3hol] WS vl A FRREAS ebd g o=
KA phentolamine JEF = #4Is] < & Aol
B BA7t @i HER) B8-S ARaAE g4 A
olth. 28V & EERlA ouabain'®] BEfEMC) &
HEA phentolamine © = sl 1 HEEHK B8
€ BHE Rt Nat 9 K Phmdse] RAo7h Bmik
Y MEREEBERY WO FED HME Yo
BHMER A Net Elisme] (2 HEsAY
ADHAH k5E®MKS] R £EsE Ao oz
EED BHY B ERT AL ¢ 4 gk o)
Rh2- SMEB1 A vasopressin & Fe4re ST BE =
& hydration € 3f& = sl Fyel vasopressin 8] 4+
WE AHT RN ouabain o BhEfEH] 1d 2
Vel Bho 2 o $ sl ¢4 v

Euk ohviel A B AREYES BR
o iR BES o ¢k HES AP
7tA dH A dlrt glo nw i) A ouabain o] o]
AREDES s MR soiels old%t 58
°] ouabain o] HFIFEEMS] FEel itz st
71 oo & BRER BAEY BOst Bgd #
BERES] BT HE FET MG dQ
1 Aoz v ol BWARS mitHER By BRAY
& #ED A tone 9] LW #RIAn QARG =
T BH-S RRIHSEED ) IR RIRRE®] S
€ for 2 m%d SHH g o pss =
mge] Pl Aoz dHA Jdomz WM K
vas afferens ¢| tone ¢] kRF-& ouabain®] D B
T TR REd £RGE AoE Eeac

# 15

RE PIREERY ouabain & #§isle} ouabain o]
PIEE Bot] BRSE fx s pEe misd)

1. Ouabain 0, 1~3ug & fHSERZ HEE A
#EEY =2} BAIE AARSRE Jebida #
HEBIEEER B, R+ Natd K3as BoE
Basrdon ofd RE, BN, MEBBERE, R
EREHEEY £ RESHAEM = A5 HHEN
e el gle}. 2]y filtration fraction of] = &
17t g

2. BIEAZ ouabain lpg & HEITHE KEF
ERsteee]l T BES vAx Zagrh '

3. BURSZEA ouabain lpug-2 TR mE % LEE
ol o} MBS v A Zskglcl

4. PURSE=EA ouabain o] BRI HY EH-S &
BEA phentolamine ¢ RigEE =4 EFs Maislge
Y fUSEA phentolamine 9] FiEEE = ML s
skt

5. Vasopressin ##E 5% 9 hydration 5 Bl
A E ouabain & HFARHEE 22 Jehyieh

LIS BBRER MEEER ouabain & HHBIER-L
ouabain o] HEE Bl HEMEHE RMEAA T
M HERY FRE Fkdond Vel Aom #m
He}

REFERENCES

1 Withering, W.: Az account of the foxglowe
and some of its medicimal uses: With prec-
tical remarks on drepsy awd other diseases,
London, 1785, C.G.J. and J. Robinsoun. Re-
Drinted in medical classics. 2,205, 1987.

2) Farber, S.J., Alexander, J.D., Pellegrino, E.D.
and Earle, D.P.: The ¢ffect of intravenously
administered digoxin on water and electro-
lyte excretion and on remal functions. Circe-
lation, 4,878, 1951. .

3) Hyman, A.L., Jaques, W.E. and Hyman, E.S.:
‘Observation on the direct effect of digoxin
on rexal excretion of sodium and water. Am-
er. Heart J., 52:592, 1956,

4) Schatzmann, J.H., Windhager, E.E. and Solo-
mon, A.K.: Single proximal tubules of the
Nectwrus kidney. II. Effect of 2, 4~dinitrop-.
henol and ouabain om water reabsorption.
Amer. J. Physiol., 195,570, 1958,

8) Orloff, J. and Burg, M: The effect of strop-



6

kP

)

9

100

1

12)

13)

14)

15)

16)

—S.W. Lee : Influence of Intraventricular Ouabain on the Renal Function of the Rabbit— 43

hanthidin on electrolyte excretion in the chi-
cken. Amer. J. Physiol., 199,49, 1960.
Strickler, J.C. and Kessler, R.H.: Direct renal
action of some digitalis steroids. J. Clin.
Invest., 40,8311, 1961.

Cade, J.R., Shalhoub, R.]J., Canessa-Fischer, M.
and Pitts, R.F.: Effect of strophanthidin on
the renal tubules of dogs. Amer. J. Physiol.,
200,878, 1961.

Streider, N., Khuri, R., Wiederholt, M. and
Gieviseh, G.: Studies on the rendal action of
ouabain in the rat. Effects in ‘the non-diur-
etic state. Pfluegers Arch., 349,91, 1974.
Gardos, G.: Effect of ouabain on the active
potassium accumulation, 20,
127, 1964,

Nahmod, V.E. and Walser, M.: *The ¢ffect of

ouabain on renal tubular reabsorption and

Ezperientia,

corsical concentrations of several cations and
‘on their association with subcellular particles.
Molec. Pharmacol., 2,22, 1966.

Ramsay, A.G. and Sachs, G:: Effect of ouwabain
on Na* and K* excretion in the rat.

Soc. Exp. Biol. Med., 126,294, 1967.
Rosenfeld, S., Kraus, L., McCullen, A., Low,
W. and Morales, J.: ‘Effect of ouabain and
potassium on isolated perfused rabbit kidney.
Proc. Soc. Exp. Biol. Med., 130,65, 1969.

Proc.

Hook, J.B.. A positive correlation between
natriuresis and inhibition of renal Na*-K*.a-
denosine triphosphatase by ouabain. Proc.
Soc. Exp. Biol. Med., 181, 731, 1969.
Whittembury, G. and Fishman, J.. Relation
between cell Na* extrusion and transtubular
absorption in the perfused toad kidney: The
effect of K*, ouabain and ethacrynic acid.
Pflueger Arch., 307,138, 1969,

Bowman, J.H., Dolgin, J. and Coulson, R.: Izn-
teraction between ouabain and furosemide on
Na* and K* excretion in perfused rat kid-
ney. Amer. J. Physiol., 224, 1200, 1978.
Brady, J.M. anci Nechay, B.R.: Maximal effe-
cts of ouabain on renal sodium reabsorption

and ouabain-sensitive adenosine triphospha-

17

13)

19

200

2D

22)

23)

24)

25)

26

tase activity in the dog. J. Pharmacol. Exp.
Ther., 190,346, 1974.

Haley, T.J. and Weinberg, S.J.: Comparison of
strophanthin-K and tryptamine strophanthin
after intraventricular injection in wunanest-
hetized dogs. Proc. Soc. Exp. Biol. Med.,
89, 345, 1955.

Weinberg, S.J. and Haley, T.J.: Centrally me-
diated effects of cardiac drugs: Strophant-
hin-K, quinidine and procainamide. Cir. Res.
3,108, 1955.

Garvey, H.L.: The nervous system as a site of
digitalis action. Abstract of the 6th world
congress of cardiology, Cardiovascular rese-
arch, P. 202, B.M.A. House, Tavistock Squ-
are, London, September, 1970.

Basu-Ray, B.N., Dutta, S.N.and Pradhan, S.N.:
Effects of microinjections of owuabain into
certain medullary areas in cats. J. Pharma-
col. Exp. Ther., 181,857, 1972.

Doggett, N.S., Spencer, P.S.J. and Turnet, T.
A.R.: The pharmacological effects of ouabain
administered intracerebrally to conscious
mice. Brit. J. Pharmacol., 40,188, 1970.
Stickney, J.L. and Lucchesi, B.R.: The effect
of sympatholytic ag.nts on the cardiovascu-
lar responses produced by the injection of
acetylstrophanthidin into the cerebral ventr-
icles. European J. Pharmacol, 6,1, 1969.
Gillis, R.A., Quest, J.A.and Standaert, F.G.
Depression by reflexed of the pressor and
cardiotoxic response to ouabain. J. Pharm-
acol. Exp. Ther., 170,294, 1969.

Quest, J.A and Gillis, R.A.: Carotid sinus re-
flex changes produced by digitalis. J. Pha-
rmacol. Exp. Ther., 177, 650, 197 1.
Tanimura, K.: Biochemical study of brain ed-
ema. III. Effects of Na*, K* activated AT-
Pase inhibitor on cat’'s cerebral cortex in
vivo. Brain Nerve (Tokyo), 21,467, 1969
(Jap.)>.

Towfighi, J. and Gonatas, N.K.: Effect of int-
racerebral injection of ouabain in adult and
developing rats. Lab. Invest., 28,170, 197 3.



4“4 —ZFiigE RE BREE Y2 = QISEA Ouabain & pE—

27) AR . QIRSSEA Phenoxybenzamine ¢} 5-Hy-
drozytryptamine fERd "4 BB 2EEL
HEE, 1,131, 1964.

28) Phillips, R.A.: In:Quantitative clinical chem-
istry, Vol. 2, Methods. edited by J.P. Péters
and D.D. van Sivke, Williams & Wilkins,
Baltimore, 1944.

29) Smith, H.W., Finkelstein, N., . Aliminosa, L.,
Crawford, B. and Graber, B.: The other arom-
atic acids in dog and man. J. Clin. Invest.,
24,388, 1945.

300 Dhawan, B.N. and Dea, P.R.: Evidence for
the presence of a-adrenoceptors in the central
themroregulatory mechanism of rabbits. Brit.
J. Pharmacol., 43:497, 1971.

31) Feldberg, W. and Saxena, P.N.: Effects of ad-
renoceptor blocking agents on body tempera-
ture. Brit. J. Pharmacol., 483,548, 197 1.

32) Day, M.D. and Roach, A.G.. Central and adr-
enoceptors modifying arterial blood pressure
and heart rate in conscious cats. Brit. J. Ph-
armacol. 1,825, 1974.

33) HEFFH 1 KBS BB X+ MISER Phe-
ntolamine 8] B¥, ZEBAMsE. 11, 1181,

- 197 4. .

34) Cushman, P.: I nhibit‘ion of aldosterone secre-
tian by ouabain in dog adrenal cortical tissue..
Endocrinology, 84,808, 1969. :

35) Fleischer, N., Zimmerman, G., Schindler, W,
and Hutchins, M.: Stimulation of adrenocor-
ticotropin (ACTH) and growth hormone(GH)
release by ouabain: Relationship to calcium.
Endocrinology, 91, 1436, 1972.

36) Blaine, E.H., Coghlan, J.P., Denton, D.A. and’
Scogginsm, B.A.: In vivo effects of ouabain:
on aldosterone, corticosterone and cortisol se-
cretion in conscious sheep. Endocrinology,.
94, 1304, 1974.

37) Dicker, S.E: J. Physiol., 185:429, 1966.

38) Valtin, H.: Renal function: Mechanisms pres-
erving fluid and solute. Little, Brown& Co..
Boston, 1973, p. 89. . .

39) Mckenna, O.C. and Angelokos, E.T.. Adrene--
rgic innervation of the canine kidney. Circ..
Res., 22,845, 1968.

40) Mckenna, O.C. and Angelokos, E.T.: Acetyich--

‘ olinesterase-containing nerve fibers in the
canine kidney. Circ. Res., 28,645, 1968.




