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Changes in Vascular Responsiveness to Vasoactive Substances
after Acute or Chronic Administration of Propranolol
in Spontaneously Hypertensive Rats

Tetsuhiro KUBOTA

Department of Gerontology, Shinshu University School of Medicine
(Director : Prof, Takashi YAMADA)

The effects of a single or repeated administration of propranolol on vascular responses to
norepinephrine, angiotensin II, isoproterenol and prostacyclin were studied in normotensive rats
(WKY) and spontaneously hypertensive rats (SHR). A single dose of propranolol reduced heart rate
and the hypotensive action of isoproterenol and prostacyclin but failed to affect the vasoconstrictive
action of norepinephrine and angiotensin II both i# wivo and im vifro experiments, Chronic
administration of propranolol for 2 or 14 weeks apparently reduced blood pressure as well as heart
rate in spontaneously hypertensive rats, and also reduced the hypotensive action of isoproterenol
and prostacyclin, Unexpectedly, however, chronic treatment with propranolol potentiated the
pressor action of norepinephrine and angiotensin II ¢# wivo and the vasoconstrictive action of
norepinephrine in wvitro. In contrast, chronic treatment with hydrochlorothiazide reduced blood
pressure and the hypertensive action of norepinephrine and angiotensin II iz wivo but failed to
affect the vasoconstrictive action of norepinephrine in vitro,

It is suggested that, in the normotensive state produced by propranolol in spontaneously
hypertensive rats, the vascular systems are in such a state that they produce hypertension because
of over-responsiveness to hypertensive substances and lowered responsiveness to hypotensive sub-
stances, Shinshu Med, J., 81 : 422-430, 1983
' ' (Received for publication June 8, 1983)
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i VBESH TV % 2% TORERFIZDWT
WEEATRBIAE R R T W e b BRI E 2 T,
propranolol i, IFIRIENE f-receptor 2R+ %
Ay, T LAMEX ERT 25T CH 59, Lnldhk
¢ L%, propranolol 1EOZDIETIL, LiE
IOOHHBEORS T b bY, Mg ok
W ik b T\, & &AM, propra-
nolol #EMMBECRETSEZ LT, BENRALR
BrowicaD,

L7437, propranolol E-LE)EREIR & CORE
Ma#ELBE, B p-blocking fE% /L C, pro-
pranolol A FE% THEE W7z L ITE LI W10,
Wiz, B¢5 Lic f-blockade 1z, EEE(LE R, PR
TEAMEER DS B Lithd b b, f-blockade
OB TIER TRET 51D, X b, f-blockade
o & b i renin BHEIETY 528 COETOE
BEPRRE L METREE 1T & o % L BAR A 0 WID-18,
zm X 51z, propranolol OfE BB LA LIS
B\ iedh, KPFETIL, propranolol RiRE Lc HA
SSREBIES v + (SHR) & AV, MEFIIESE
BRI ED L 5 fefglie 5 2 % 2 RIRF L
12

o0 REFHE

A FEREMpE KUED

hEE170~2008 © HEEHARERNES » + (SH
R) &, MEEEE LT wistar kyoto v F (WKY)
¥, WERLIGESCEMAEBKBLL, ZOSHR%,
propranolol (Prop) 70mg/kg, hydrochlorothia-
zide (HT) 100mg/kg, i X0% Prop 70mg/kg +
HT 100mg/kg OftARCHT, Wwihd0.5% » v
B AP eLr—A(CMC) #EBEL, 0.5ml/
100g AL A X ORI C, 1H1E, 2%k
PRIGER e YRR (poo) I RS L
—JF5, %BEE (control F) ik 0.5%CMC # [flik
b Lz,

CDEME, 2241° COERIERO LT C, Rk
BIORE BEICER S TRT L,

IEISE (BEHE) & LT, norepineph-
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rine (NE) 8 X o' angiotensinII (AngID) % Ay,
X Hiz Bragonist - LT isoproterenol (Iso) ¥ Xk
OERMALOBLN Y & % %2 b h 59 prostacyclin
(PGL) AL ZhbaAEEANRICIERL,
0.05ml/100g{AHE & L THIIREA (. v.) 23T& 3
BRI U,

(E*i )Eﬁ L7z ;’M@,
angiotensin II, 33 X ¢ isoproterenol hydrochlo-
ride ¥, Sigma 2k, dl-norepinephrine hydroch-
loride ¥, =3t, hydrochlorothiazide i}, Ciba-
Geigy #b, prostacyclin-Na (3/NEFER LD, Zh
FHIEAEIIAFE LR,

B EE#RE

1 eI A i ERE

gty o SHR K XU WKY ORBIREY,
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141-670) BT B L R0 RERIDBAELL 3 WM
W, RSIRACIBA L 257 —F 4% H L, NE,
Ang 11, Iso, ¥7:1% PGl % IWFCEER L 2 /it
AT LN BEA L,

3 fHtHtg

REEESRA 1 E R AN b DS L, RIED
HHIBS 3 MM SHR 2B L, T1Ee{ilk
R LS, 0 2 mm, BSH03emo 7 & kIR
BIER L, 95%0s 5%C0: # A THMLE37C,
20ml D3 (NaCl 140mM, KCl1 5,4mM, CaCly
2.2mM, MgCl-6H;0 1,0mM, NaHCO; 20mM,
Glucose 5,.6mM, pH 7.3) THlifz Liz~ 2 2 2%k
Wy Lg DARMEMNTTHREL, W60 HIERAE
ELROBEBRERIT, Fok LIRS FERMCER
L7z,

HEEOMETL Student’s t WIEIC L DTV, piE
N5 BUTOBE, FEEFD LHELL,

propranolol hydrochloride,

m R i
A Propranolol | E48F SHR O&RIELMIC L
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Prop 70mg/kg p.o. 1[5 1208 (n=6) ¥
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Fig. 1 Effect of a single dose of propranolol (70 mg/kg) orally on bleood pressure in
the presence or absence of graded dose of norepinephrine and angiotensin II
Circles and vertical lines indicate mean =« S, E. calculated from 6 animals. Control
= 0.5% CMC was administered, propranolol 70 mg/kg p.o. =70 mg/kg propranolol
was administered orally, Norepinephrine and angiotensin II were administered
intravenously (i, v.) beginning 3 hours after the administration of propranoclol,
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Fig. 2 Effects of isoproterenocl and prostacyclin on blood pressure in SHR treated
with a single dose of propranolol (70 mg/kg). Isoproterenol and prostacyclin were
administered beginning 3 hours after a single dose of propranolol. Bars and vertical
lines indicate mean = S.E, calculated from 6 animals. Hatched bars indicate
propranoclol-treated group, white bars control group., * = p<0.05, ** = p<{0.01 as
compared to untreated controls,
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Table 1 Effects of antihypertensive drugs on blood pressure and heart rate in SHR

rous Nember DRl Aw SO DO earira
animals (mg/kg) (weeks) (g) (mm Hg) (beat/min)

1. WKY Control 10 — 24 421411% 1204 4 365+ 9
2. SHR Control 9 —_ 10 185 5 1614 5 373411
3. SHR Control 14 —_ 12 199+ 8 186+ 6 377k 6
4, SHR Control 13 — 24 34810 197+ 4 360-k11
5. SHR Propranolol (Prop) 15 70 12 1944 3 169 3 263+ 4
6. SHR-Propranolol (Prop) 11 70 24 30817 158+ 8§  271x11
7. SHR Hydrochlorothiazide (HT) 5 100 24 319+21 123421  355:-23
8, SHR (Prop) + (HT) 5 100--70 24 328+ 5 129414 266410

WKY=Wistar Kyoto rat, SHR=spontaneously hypertensive rat, #=mean®S,E, The drug

was administered orally daily for indicated periods,

similarly,
Statistical analysis :

Blood pressure : group 4 vs group 6 p<0, 01,
group 4 vs group 8 p<0, 01,
: group 3 vs group 5 p<0.01,

Heart rate

The control animals received CMC

group 4 vs group 7 p<0.01,
group 3 vs group 5 p<0,01
group 4 vs group 6 p<C0, 005,

group 4 vs group 8 p<0, 005

ot (Fig, 1A), UL, OfE¥nd, Prop #
L. 3 MR Ca8518ul/4r &, control o370+ 7
B/ ke, HE (0<0.01) P LTI,

Fig.1B, Cie/mLlc L ik, NER L Ang II
YEAT B L, HECHA L mEEFRAABRE,
& DIME F5 DR, control ffds L O Prop 5
3 I B OTF OTIRMIC I T o e RIBRT,
1.0 %7:1% 8. 0ug/kg 3 L0 PGIy 0.3 %724k 1. 0pg
/kg it B & control HEOMMEE, MAEKEN
T 585 Prop #E#ECHE, Iso AR L T
B LAME ERAT 2EME R L o (Fig. 2A), %
72y PGl AW X A MEDTHL, Prop #5H4ET

RS bR o7 (Fig, 2B),

B Propranolol, Hydrochlorothiazide @ HJh
TEmEE, BHNCKkE L SHR 508
WEKY O&ZHMIC & 3mELE{L

FAE SHR OfFEiL, 10, 123 L U454 & B
Mic LA L, 24B40MmER, FEEOWRYI LA,
EWlc LRA%R L (Table 1),

Prop, HTO R L O OTGHOHR %, 10
BADHHBIAL, 2 F X IGBRES Ui, FOFE,
Prop 70mg/kg %, 2 FX4@EMESL=2SHR
DI, BHOLNMCTHELT R b, HT 100mg/kg
DEE L HT & Prop WiEOrRAMNCYL, 25
7o FE TS B e (Table 1),
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Iso

148 do 7o 2 HIRFMR R 7ot control @
v V2 VEERTTOMmERR, NEO.1~3.0 pg/kg O
HIRMIEEAI & - T, FREAN I LA L (Fig
3A), o NER X AMEEFL, Prop 5
WCHRI N TR D, 3.0ug/kg EAIL LT, BHE
fﬁ%ﬂiﬁaﬁﬁj}%ﬁ“mmb % (o L_:}’L%_iﬁ L, H Tﬁéiﬂ
530 NEWw & 5 FERGE: WHLTRD, L0
F70hE 3. 0ug/kg AL L - T HEIRATERIBR

AiRw bhie (Fig, 3A),

—J5, 0.01~0.3ug/kg © Ang I #HRISEA @
- T, MEEARKRFENL EAE2R L (Fig. 3B),

o @ Ang IR X % RIEE, NEX RS Prop
BEBETIImR A, 0.03~0. 3ug/ke AL,
HE L B ERRM RS B iLi, HTHSICR T,
Ang II EARC L5 REZNFIFL TXR D, 0.3pg/kg
HEARRCIL, FELBERIZESBD R (Fig.
3B),

Prop & H ToOMEHECE VT, NE ik
Ang I 1z X 5 REERGE, control BEC h~, ik
Abhich -7 (Fig, 3),

Iso L0 PGy 1= X % B FEv%, control $ETH
BRGFHCHAbRIcL 0D, Prop 2 BHEHRSH T,
FDEEERATRECHR LT (Fig. 4, =0
Iso 3 XU PG T X B/EER G, Prop ##453 %
7ok 6 BEHIE TN E T b, 12MR BT
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Fig. 3 Increase in blood pressure in response to norepinephrine and angiotensin II in
SHR treated with propranolol (70 mg/kg), hydrochlorothiazide (100 mg/kg) or both
for 14 weeks, Circles (triangles) and vertical lines indicate mean = 8. E. calculated
from 6 animals. Statistical analysis : *=p<{0, 05 **=p<0,01 as compared to untrea-
ted controls, )
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BE% rropronolol 70mg/Kg p.0.

Fig. 4 Effects of isoproterenol and prostacyclin on blood pressure in SHR treated
with or without propranolol (70 mg/kg) for 2 weeks, Bars and vertical lines indicate
mean £ S. E. calculated from 6 animals, Hatched bars indicate propranolol-treated
group, white bars control group. *=p<0.05 **=p<0, 01 ***=p< 0, 005 as compared
to untreated controls,
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Fig. 5 Effect of norepinephrine on the contraction of the thoracic aorta obtained 3
hours after the last dose of propranolol and hydrochlorothiazide. Propranolol (70
mg/kg) and thiazide (100 mg/kg) were administered for 14 weeks. Circles (triangles)

and vertical lines indicate mean * S.E. calculated from 6 animals.

compared to untreated controls,

s o oo

C HFEIRSEO, HHEHMAHIRO NE (X
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24384 o SHR control B X b it L Faif ATk
%, NE3 x108~ 1 x1075g/mlicii L, FEE
EEE R L, =0 NE & X 32 mgivm
YEfIL, Prop 14:38R5-IECIL control JRIZ Hhs,
PoTHm LTk b, 8x1077~3 x107%/ml ¢
ik, BEXENEDbRA(Fig. 5A),

IO NE i L 5 IUiEsgae Bk, HT 31485
LRI A bies o7 (Fig, 5B),

Prop 70mg/kg 1[G HECHT L 72 C i,
NE it s bhicy (Fig, 6),
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TREL IRy HBVIENE AT 5055 L X
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*=p<0.05 as

ATV BEDDO, SEOSHREY HWETIRIERS T,
1 FXRER Prop 2445 L4, 12icbrcbm
FEOBELA BIigh - fce —Fy RED Prop %5
HEE ST 5 &, BERECmMED TR 4 b h
BN, “hé—FHTHTE L, SHRIZ, LML
h B F Il EED Prop # RIIMES T2 L, &
EOMETHRAL BN & Xh1D, I8, AR o
Prop #EIHSHRICEE Ui Fix DEBRCIL, &
B E TR S e,

2D XA, 1ED Prop #5-C, [OEL D6gH
BOWAE, B ERASHET 5 b b,
MFETHEEALRT, RO Prop &2 kb, i
LT AMSPLSHR TMED TRENRZ LD S b,
Prop OMFETHEIERA%E, Hto EETER X
5L 0DETHELTIIGEMA DB, Fh, B-HMEE
OWEFEE A B LIRIB X huic fh o (F31 % 1D2002D, +
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Fig. 6 In vitro effect of norepinephrine on the
contraction of thoracic aorta. The thoracic
aorta was obtained 3 hours after a single
dose of propanolol (70 mg/kg). Circles tri-
angles and vertical lines indicate mean ==
S.E, calculated from 6 animals,
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