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Influences of Adrenergic Blockades on the Hyperglycemic Action of Clonidine

Sco Kyung Kim, M.D., Yun Sook Cheon, M.D. and Man Ryun Shin, M.D.

Department of Pharmacology, College of Medicine, Korea University, Seoul, Korea

In this paper, the influences of adrenergic blockades; propranolol and phenoxybenzamine
on the changes of hyperglycemic action, hepatic glycogen content, and brain norepinephrine
(NE) content induced by clonidine were investigated in the male mice.

The results obtained were summarized as follows:

1) Blood glucose level was significantly increased by clonidine (30 pg/kg). The increase of
blood glucose level induced by clonidine was not affected by the propranolol(10 mg/kg)
pretreatment, but significantly inhibited by the phenoxybenzamine (10 mg/kg) pretreatment.

2) Hepatic glycogen content was moderately inhibited by clonidine. The decrease of hepatic
glycogen content induced by clonidine was not affected by the propranclol and phenoxybe-
nzamine pretreatment.

3) Brain NE content was significantly increased in 30 minutes and 60 minutes after clonidine
treatment. The increase of brain NE content induced by clonidine was significantly inhibited
by the phenoxybenzamine pretreatment. The increase of brain NE content induced in 90

minutes and 120 minutes after clonidine treatment was more markedly increased by the

propranolol pretreatment,
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Clonidine -2 imidazoline derivative 24 rhiEfye.
2 a-adrenergic receptor off fEFs}e] hiEEZ Y8 &
RS RES A BIE B ERE e AR
e Ep =AY o iR fERS ERD e o
A v R x] ek v} olmbX norepinephrine 3} epine-
phrine o] &Eo] b3 @2 ¥z FEln HHAYE
g}k, Eubohiz}l clonidine & MR IR
#7755l = presynaptic a-adrenoceptor ¢f] agonist 2
e ke = X-e]e] norepinephrine S K

AR e e,

22 4= clonidine & HfEfye 2 E: kMHoR
Sel kA (ERE #skekEd renin o SO MHA
713 HFE hormone(ADH)=z} ACTH S SHw=
#HOA 7 KR hormone(GH) 5w #9415
MyEE-& g BhiAZdeta gvh, 2 Az clo-
nidine 9 BMEIERS (FABES WAL B& 2

ol st glopo® o}l xSl gkl

Metz %1~19.2. clonidine o] R#MoZ fEHsI
adrenergic property & }Ebl7]l W Eelglw g,
Bock 2} Van Zwieten®-& hiEf) ¢ = clonidine o]
{34iell BEERSl: hormone & e BEL xn=
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A Mg FR{ER MEReR Bxldn s
T o] 72 clonidine ¢ hyperglycemic effect
o felEs] —#E :‘é;k?}:'_xi ZERNERBREDE
MBS % clonidine o 3 Mm¥HE s+ F M glyco-
gen &8 9 &P norepinephrine &8 9 #(Lg HE,
$RE HEEESY g3 e RS ddth

I. RE#MHE H FE

BREwE2r —FT @ —EA UE RA—-8H
A FET BE 202 RS BES BE¥ mouwsed
Easte . BBl #AE mouse FE chisl ol
B4k .

@ #RH (saline & FHRHE B FERBEG )

@ Clonidine(30 ug/kg) H & &

® Fropranolol(10 mg/kg) i 4 &

@ Fhenoxybenzamine(10 mg/kg)#: & &

® Fropranolol FipE@E#% clonidine FE&F

® Fhenoxybenzamine §iEE# clonidine 4 F
3] e HREL clonidine #5135}7) 305819 &%
s 9 E9Ee EF BRERA E4stgh

A) mERS B

Mouse ¢| $EHE YB3+ Nelson-Somoéyjj :

wool webd BEs

B) FRR&RS WE

Mouse ¢ MR¥iE UIBFstn F4e) Wil 7L % ENRE
BHlEStZ TS fEH st 20% homogenate & miEe]
A Kemp-Kits 736 W2t @isgEstg o).

C) i NEgEY B

Mouse ¢| B Uitz %4sl Wizl % Ry

P sl BEE EHEE 0.4N perchleric ecid 5ml
= homogenize 3F # 4°Col4 30,000g ® 104 3B

LRHEY de ER¥E HRSd  Anten-Sayre

#19d weldq Aminco-Fowman spectrcphotometer
= mEste .

% & BBl #E3 %4 =+ Clonidine(Catapres;
Poehringer Ingelheim Korea Ltd., Seoul), Fropra-
nolol(E. Merk AG, Darstadt ), Fhenoxybenza-

* mine hydrochloride(Dibenzyline; 3 H LRI EH K

Brtl) Fel gt
. ® 5% B #&

A) o ol 28 B
(1) & E 8 : Saline(0.1 ml/10gm)¢ mouse fi B

OSSR B30, €0, SO ¥ 1205k BET HEEL &

% 118.364.53, 125.13+4.47, 117.75110.€2 %
114.13310.78 mg %2 A IE% M¥EME 116.5717.11 mg
%l Hetd 2E B BbE & dgd=(Table 1,
Fig, '1). . :

(2) Clonidine $¥#5i¥: Clonidine(30 xg/kg)& mouse
BRSPS IEEISE 4% BT mEE-e BRIl
30, 60 % 90%rol] %% 95.6%, 117.8% R 52.1%3870
sle] MEtEBATo = FFiko] 19k (Table 1, Fig. 1).

(3) Propranolel 3¥4i8f : Fropranolol(10 mg/kg)
% mouse JEEA AT # BED miEE-& HER A
et 2% 5 #LE B 5 9glioh(Table 1, Fig. 1).

{4) Phenoxybenzamine ¥4}8 : Phenoxybenza-
mine (10 mg/kg)$¢ mouse A HHT # WED
MEEE-S HEMA Halel 305 48.5% Binstd #

Table 1. Effects of clonidine, propranolol, and phenoxybenzamine on the blood glucose level in the mice

Time (min.)
N 30 60 90 120
Blood glucose (mg%) — e
Medication M.+S.E. M.+S.E. M.+S.E. M.+S.E.
Control 118.36+4.53 125.134:4.47 _117. 751-10. 62 114.13410.78
Clonidine 231.561+26.30 272.56-+26. 60 179.06+14.50 146.50-+14. 85
p<0.01 p<0.01 p<0.01
Propranolol 118. 06.75 140.33+11.18 118.064+12.0 114.254+15.26
Phenoxybenzamine 175. ?i?. 25 105.5012.26 €4.33+10.16 €4.014.73
p<0.01
~ Propranolol+Cl. 262.33£26.71 255.6712L70 203.83+27.28 178. 60119, &7
p<0.01 p<0.01 p<0.02.
Phenoxybenzamine+Cl. 133.43+19.¢6 150..9214-14.98 154. 70123. 66 155.50418. 70
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(A): Effects of clonidine, propranolol, anda phenoxybenzamine on the blcod gluccse leveli n the

mice. (O—Q: control, @—@: clonidine, A—A: propranolol, li—Il: phenoxybenzamine)
(B): Effects of propranolol and phenoxybenzamine on the hyperglycemia induced by clonidine
in the mice. (@—@: clonidine, A—A: propranolol+clonidine,[J—{ ]:phenoxybenzamine+ clonidine)

* means p<{0.01.

Table 2. Effects of propranolol and phenoxybenzamine on the hyperglycemia induced by clonidire in the

mice

w 30 60 90 120
Blood glucose(mg%)

Meiication M.+S.E. M.£S.E. M.%S.E. M.+S.E.
Clonidine 231.56+26. 30 272.56£26.60 179.06:£14. 50 146.50+14. 85
Propranolol +Cl. 262.33+26.71 255.67+21.70 203.83:1-27.28 178.601-19. 87
Phenoxybenzamine+Cl. | 133.43+19.96 150.92:1-14. 98 154.70-23. 66 155.50:+18. 70

p<0.01 p<o.01

iAo s HHRF XS Hgod 60, 90 F 1205
€ A BLE: £ 5 glgih(Table 1, Fig. 1),

(5) Propranolol sj@E&E% Clonidine 3518 : Clo-
nidine & mouse o] 4317 3047 propranolol &
MEREAT M4 # WEd miEES HER Had
30, 60 2 9047l %% 121.6%, 104.3% % 73.1%4
ok HHEHLE HHI £2E Bgod clonidine
BRERR ke 25 5 #BLes £ ¢ g
(Table 1, 2, Fig. 1).

(6) Phenoxybenzamine i &% Clonidine i¥5}8f
: Clonidine & mouse of #:&F5+7] 304-3¢] phenoxy
benzamine & fEIEA 4 # WET MRS #

e il 25 H #bE B 5 glgd ey, clo-
nidine BRHEH A A e 30 2 605 42.4% ¥
4. 6% WA HEBHLE FHHEY £E Hgod
90 8 12057 & Bl #EE £ 5 I (Table 1, 2,
Fig. 1).

B) FHEE 3t BR

(1) HEEE : Saline(0.1 mg/10gm) 2 mouse fEEA
e # 30,60,90 ¥ 1205 MEF HEESES
%4 1.81740.12, 1.26740.09, 1.2233:0.084 & 1.216
+0.184% 24 EFEFHERESE 1.10410.117%< K3}
o B5 B #{tE % 4 glglv(Table 3, Fig. 2).
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Table 3. Effects of clonidine, propranolel, and phénoxybenzamine on thé hepatic  glycogen content in

the mice
—_ Timetmsn:) 30 60 90 120
Hepatic glycogen
content (gm%) M.+S.E. M.+S.E. M.+S.E. M.£S.E.
Medication
Control 1.31740.120 1.267+0. 090 1.22340. 084 1.21640.184
Clonidine 1.154730.172 1.21240.184 1.03140.177 0.789+0. 263
Propranolol 1.1741£0.168 0. 09710. 230 0.990-+0. 072 0.955-0. 286
Phenoxybenzamine 0.40740. 047 1.16610. 076 0. 956+0. 246 0.875+0. 141
p<0.01 p<0.05 ‘
Propranolol+Cl. 1.032+0. 154 0.862:+0.20 0. 897-0. 107 0.88210. 080
p<0.02 p<0. 05
Phenoxybenzamine+Cl. 0.7951+0. 202 0.82340.239 0.59210.128 0.744+0. 085
pAO, 05 p<0.05 p<0.01 p<0.05
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Fig. 2. (A): Effects of clonidine, propranolol, and phenoxybenzamine on the hepatic glycogen content
in the mice. (O—Q: control, @—@: clonidine, A~-A: propranolol, ll—IM: phenoxybenzaminé)
(B): Effects of propranolol and phenoxybenzamine on the the change of hepatic glycogen content
induced by clonidine in the mice. (@—@: clonidine, A—A: propranolol+clonidine, [—{]: ph-

enoxybenzamine+ clonidine)
* means p<0.01.

(2) Clonidine ¥418f : Clonidine-¢&- mouse JEIER

ST #% WEY FHEFESES HER sl 2%

B #EE & 5 99k (Table 3, Fig. 2).

(3) Propranolel iF548¢ : Propranolol € mouse J§
B EHE B WET FREESES HRMN e
5 B B{EE £ 5 glglvh(Table 3, Fig. 2).

(4) Phenoxybénzamine ¥45j8 : Phenoxybenza-

mine & mouse [EEA 4T % WED FEESES
YHEAel Hsled 304 69.1% WiAste MBS
B AHT £E 2304 60,90 L 12059 B Bk
2 B 4 3ol (Table 3, Fig. 2). .

(5) Propranolol ijE®E#% Clonidine F5i# : Clo-
nidine & mouse o] 58k 3049l propranolol &
Ml Ea B WEst REEEES HESA ks
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Table 4, Effects of propranolol and 'phenoxybenZamiyne on the change of hepatic glycogenk content induced
by clonidine in the mice

Hepatic glycogen

30 60 90 120
content(gm%) M.+S.E. M.+S.E. M.+S.E. M.+S.E.
Medication '
Clonidine 1.154-0. 172 1.212440.184  1.0310.177 0.789--0. 263
Propranolol + Cl. 1.03240. 154 0. 8624-0. 20 0. 897+4:0. 107 0. 8821-0. 080
Phenoxybenzamine+ Cl. 0.795+40.202. 0. 8234-0. 239 0.592+0. 128 0.744+0. 085
p<0.01 p<0.01 p<0.01

Table 5. Effects of clonidine, propranoclol, and phenoxybenzamine on

the brain NE content in the mice

T ———Limelmin) | 30 60 90 120
Brain NE content(ng/g)
i ’ M.+S.E. M.+S.E. M.+S.E. M.+S.E.
Medication
Control 173.31:18.76 177.04-21.58 180.0+11.36 181.248,54
Clonidine 250. 9120. 99 261.5+21. 80 224.971-23. 69 206. 5154, 93
p<0.01 p<0.01
Propranolol 247.8129.39 203.6125.76 219.04-24. 85 175.0£21.39
Phenoxybenzamine 207.7%15.70 204.9121.16 106.5+17.02 216.9+8,42
Propranolol+Cl. 279.7123.56 318.31+26.99 350.6:£17.36 364.11-17.40
p<0.01 p<0.01 p<0.01 p<0.01
Phenoxybenzamine+Cl. 186.31+6.20 158.1+19.0 193.0%13.2 197.7110.01

o 60 F 904 32.0% R 26.7% WAslte] HEHER
o8 HEI ZE ngon 30 ¥ 12059 = H BEE
B 2 ol w, clonidine B EHE HildE BF
B (L% 2 <= ¢ gub(Tuble 3,4, Fig. 2).

(6) Phenoxybenzamine figEE# Clonidine 5%
: Clonidine ¢ mouse o] &S 304-8Gs] pheno-
xybenzamine & JEMEA 4TS # WET HEESE
o g Hated 30,60,90 2 12049% &4 39.6%,
35.0%, 51.6% % 38.8% WAt HItBHLE FE
F £Z ®govn, clonidine BE EHRA - Hate
% 30,60 ¥ 004 &4 31.1%, 32.1% %@ 42.6%
FAashe BN eR FHED £EF RYH(Table 3,
4, Fig. 2).

C) hsA NE B0l #3 B

(1) #BREE: Saline(0. 1ml/10 gm)-& mouse [FEA
FEgFE % 30,60,90 B 12059 FE MR NE &8
L& #4 173.3+18.76, 177.0121.58, 180.0+11.36 ¥
181.2+8.54ng/g BA E® MR NE-&E 188.25%
17.52ng/g o Hald 25 B #8tE ¥ 5 A=

(Table 5, Fig. 3).

(2) Clonidine ;518 : Clonidine 2 mouse JEfEA
Egfer % AET WA NE &S HREE Hald 30
ol §04rell A% 44.8% 9 47.7% iBinstel HFHERHT
o= %I 2T rgor 90 8 12054 5 L
= 2 4 gglth(Table 5, Fig. 3).

(3) Propranolol 3¥433¢ : Propranolol & mouse }§
BER IEESE # WGER SR NE SR BIRR st
g 2% 5 #s £ 5 g9 oH(Table 5, Fig. 3).

(4) Phenoxybenzamine ;¥§13# : Phenoxybenza-
mine & mouse [EEA EHT % WEL KA NE&
B BB i ZF 5 8EE E 9 g
(Table 5, Fig. 3).

(5) Propranolol 5ifE&E# Clonidine jx5}%# : Clon-
idine €& mouse o E4t8H71 304-F7¢l propranolol £
BERER E5E % HIET A NEAE2 BRI i
ko] 30470l = B BLE E 5 elgl2v60,90 H 120
Zyoll = &% 79.8%, 94.8% B 100.9%#Bhnste] #HEl
Bpyo = I £F 2gown, clonidine B {E&
ol HAAE 30 2 605 Bl WEE & 5 49
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Table §.. Effects, of propranolol and phenoxybenzamme on.the, ch.ange of braln NE content induced by

clonidine in the mice

Fig. 3.

‘ “Time{min.)~ - 30‘“ T 60 ' g0 . 120 )
Brain'NE content(ng/g) ~ ' A
Medication M.4S.E. M.+S.E. M.%SE. . - M.+S.E.

. Clonidine - 250. 92:20.99 - 261.54-21.80-- --224.9423:69 206.54-54.90 -
Propranolel+Cl. 279. 7+23.56 '318.3426.99 - - - 850.6%17.36 364.1£17. 40
: ‘ B 2<0.01 p<0.01
Phenoxybenzamine+CL | 186.346.20 158.1+19.0 193. 018,20 197.7410.01

i p<0.01 p<0.01
<001 (A) 400 (B} -

=)

LN

£
= — -

g ‘t ]
§ 200t 200r - /E—‘
3] ' .

Z :

ot

o

[14]

0 30 60 90 {20 min.. (o} 30 60 . - 270 {120min.

(A): Effects of clonidine, propranolol, and phenoxybehzarhme on the brain NE content in the

mice. (O—Q: control, @—@: clonidine, A—A: propranolol, J—M: phenoxybenzamine)
(B): Effects of propranolol and phenoxybenzamine on the change of brain NE content induced

by clonidine in the mice, (@—@:
nzamine 4 clonidine)
* means p<0.01.

o} 90 B 1205l &4 55.9% B 76.3%E st
Mo s BAHT 25 B9 (Table 5,6, Fig. 3).

(6) Phenoxybenzamine BigE{E# Clonidine 353 2%
: Clonidine & mouseo] ¥45}7) 305781 pheno-
xybenzamine ¢ [EIRMA H4T % MEDL KA NE
HE WA Litd =¥ B #LE & 4+ g9
1} clonidine BB SRk Hele] 30 € 60400 &%
25.7% Y 39.5% WAsl HEtEMHoR HHY EE
Egeow 90 o 120534l Bl BLE B 4 gdgd
(Table 5,6, Fig.-3).

clonidine, A—A propranolol+ clonidine, [[J—[]: phenoxybe-

V. % =

Clonidine o] - A}gt=t Ehfpol A MiERS ERAZ
the AL RS HEI PO, 28y ol E 2 F
ki) Hel A BREsA b oot

Thybusch 4220 Bok{t4pe] RS RAE PiE
L’ supraopticohypophyseal 5} tuberohypophyseal
system, %= hypothalamus ¢] ‘ergotropic 3 tropho-
tropic zone-o)gli HiHislg 2 Bock &2 3.9ke] B
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Bgoll #] vertebral artery 2 - clonidine & ¥ ARl &
mpEge] L& ey KRB 2 AR M
B BMLE ¥ 5 f3SE B clonidine o] @
mEERe FiEmes Bidvdn dgon, o2
1k FF e #insl growth hormone(GH) ¢ level
s} BEE]l & Aelztz stgv. EEEE clonidine
& GHY s M b2~o17 s s Humph-
reys 2298 clonidine o] 2]} 4 hypophysectomized
dog ol A = MifEEe] WinE < &3 EF ANAsE it
o] Winste A2 Rol clonidines] &3 B
WEFS GHASUWE REAYEEZA Sz KT
EHIT BRY Yy £ESG . KEel Barbieri'®:
R st iy GH S nele WEMBH o
+& BEEsta clonidine & BfuiEfE ol GH g
feae &+ g2 235 FHEfFRC] ohJet
e %E 5 gokn gk

Metz!? = spinal cord & transsection ste] Hiig=
¢] sympathetic pathway & ¢lf Aol AE fgEeL
Atgkst mp3sA] 2 clonidine o] mi¥EE-S HIpA 7l
plasma insulin-§ JRA*A7)n] catecholamine 43%E
HHA A £l o] & clonidine & o] a~adrenergic
blocking agent 8] phentolamine o {ka) A &I &
+< Bigestx clonidine & BIMBEER-S R LR
fERE R EiEsgon, Day &5~ EEH
A clonidine o] K#5 adrenergic a-receptor & H|&;
st= 24 hepatic glycogenolysis & Hi kAot a
34 o clonidine & vertebral artery 2 HAM:E
12 a-mimetic ZRE ¥ + Ysithn g

Leavitt?® 3= n}3 &be] o] Aol A] cerebral ventricle
2 clonidine € # A iy plasma insulin 4&°] &
et mEEe WAS ST kst

& A clonidine & MRS HFs) LAAR
Low FHEESES o4 B = EHAd 293 B
A NEE2< Mgt AY odstA @i e
o] 9} 7+ clonidine ¢| fEF-& a-adrenergic blocking
agent ¢l phenoxybenzamine o] &Js1A 5243 M4
Hded £ dgnh oo BEREE Metzg
R gk IR NE 485 migs #itbel: &
B Bt 25 o) dodvh EEE mEEineg
< Bl =t REHLEE dolve] 2 g
AR 24 doivte Aoz ERge)

V. & i

Clonidine (30 pg/kg) ol 4k3: @IUBEFER, FFEERS
B 3 #4PA NE & & 88 v =] & propranolol (10 mg
/kg) 3} phenoxybenzamine(10 mg/kg)e &L &
BHZslY o235 2 R d9dv

1) Clonidine & ffi¥F&E-S F¥s] LHE A oH pro-
pranolol RS ES] (kAL BEE 91 @god,
phenoxybenzamine §iE&Ed fkelel & BEZs) M4l
A=k

2) Clonidine & JFRE&ES £ BN E ER
4 2.9 o propranolol FijEEd K] HEEL
A 4k} phenoxybenzamine RijEE 2 S EX
5] WA gt

3) Clonidine & 30 ¥ 604 KA NESES H%
8] A% 3 phenoxybenzamine §EE 2 s )
#1519l o propranclol FjEER 90 2 1205 KK
NEgE2 o & $#in=gln.
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