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Abstract

Project code : RSA/10/2540

Project Title : The study of the presence of clonidine-displacing substance and its

interaction at alpha2-adrenoceptor and imidazoline receptor

Investigator : Darawan Pinthong, Ph.D., Department of Pharmacology, Faculty of

Science, Mahidol University

E-mail Address : scdpti@mahidol.ac.th

The aims of this study are to examine the properties and functions of clonidine-
displacing substance (CDS), and to determine whether it could be an endogenous
ligand at Cl,-adrenoceptors and non-adrenoceptor imidazoline binding sites. Agmatine,
a candidate for CDS was also studied in comparison to CDS extract.

In this study CDS was prepared from porcine cerebral cortex using methanolic
extract. CDS activity was determined by the amount of the exfrac{ that displaces 50%
of 1 nM [3H]-clonidine binding from «,-adrenoceptors on porcine cerebral cortex
membranes. CDS activity in porcine brain extract was 20 plfunit or 7.71 £ 1.96 unit/g
tissue (n=5batch). Based on radicligand binding assay, CDS extract recognized both
(L,-adrenoceptors and imidazoline receptor with 2.7 fold more potent at imidazoline
receptor on porcine renal cortex membranes labelled by [SH]-idazoxan than at C,-
adrenoceptors CDS activity was examined in unit by radicligand binding technique.
Functional activities of CDS extract were examined in the 2 model of Q,-adrenoceptor.
First, platelet aggregation model, cionidine an Oi,-adrenoceptor agonist, was found to
potentiate ADP-induced platelet aggregation in a concentration-dependent manner and
the effect was inhibited by an (,-adrenoceptor antagonist, yohimbine. On the contrary,
CDS inhibited ADP -induced platelet aggregation in a concentration-dependent manner

and the effect was not reversed by yohimbine. The inhibitory effect of CDS may act



through the non-adrenoceptor site. Agmatine showed only slightly potentiated effect on
ADP-induced platelet aggregation even at the concentration as high as 10° M. Second,
model of prejunciional O,-adrenoceptor of the rat vas deferens, CDS extract showed
biphasic effects on electrically-evoked contraction of the rat vas deferens. Lower
concentration showed inhibitory effect like clonidine whereas higher concentration
enhanced the contractile response. The effect was not due to O-adrenoceptor
activation since idazoxan, an (f,-adrenoceptor antagonist, did not modify the effect of
CDS extract. Functional activity of CDS at imdazoline receptor was examined in platefet
aggregation model compared to other imidazoline compounds, with or without of,-
adrenoceptor activity. CDS extract and all imidazoline compounds were found to inhibit
adrenaline-induced platelet aggregation mediated by non-adrenoceptor imidazoline
sites. The inhibilory effect was more sensitive to catecholamine than ADP- stimulation.
Nearly the end of the project, harmane was reported to be another candidate for CDS,
however, this study did not found any significant effect of harmane in platelet
aggregation model. In conclusion, CDS extract was not found to display any biological
effects at o,-adrenoceptor, however, it may be an endogenous substance that
regulates platelet hyperreactivity to adrenaline and imidazoline compound may be
useful to prevent this condition. The exact chemical structure of CDS in the exiract

remained to be clarified.

Key words : clonidine-displacing substance (CDS), endogewous ligand, alpha2-

adrenoceptor, imidazoline receptor
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. . v A& Lo | et = £ Py
i active compound vasmsanaiuaddluimsAnsmseangnsluszuuil)
{ [y = 5 o o
3.2 modelfl 2 ﬁﬂmﬁ;maummaﬂ CDS lum‘iaaﬂqwmi:q}uﬁ COL,-adrenoceptor 1
prejuncional (X,-adrenoceptor U84 rat vas deferens WIBuApunY clonidine uaz
agmatine
=S Ay n‘ v o . . K t:i.' [ A
4. FANwALENYATeY CDS lunﬁaaﬂwflﬁﬂ'i:@guﬂ imidazoline receptor 7ILNIALADA
- v o o e .. . A LA — L &£
WIHULABUNY clonidine LLa:m'a“t’lanmIﬂﬁmNLﬂu imidazoline aus]m‘ﬂmﬁaiummﬁ
#i -adrenoceptor Lﬁamgmﬁam‘]ﬂﬂ’i:@j’%ﬁ’m platelet aggregating agent 2 fafa
noradrenaline LLaz adenosine diphosphate (ADP)
(Mslian model NMsauevansafiamfiosainianmsnassdluda 3 wuitnsaan

£ o o ‘o ¢
nnavas CDS "lumum'msxqu alpha,-adrenoceptor IWGIHTUNT non-adrenoceptor)
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35n1snaaas

1 ASANAANT clonidine-displacing substance 3MNANDIVDIR

A5y

1.1 ifuaussvasnynnlseihdad I@]EILﬁuﬁuﬁ%g&ﬁ]’]ﬂil’lLLﬁ?ﬂiS’gluﬁdg’lLﬁdL‘ﬁaﬂ’]‘s
YRS

12, auasatedin (whadhnindszans 110-160 n3) MIUNGaLINE1 cerebellum LR
pia mater 88N LEUAWIZEIN cerebral cortex dmiutuiing udniluiuazdoatuwi
naulenld Polytron homogenizer (model LS-10-35, Kinematica GmbH, Switzerland)

1.3. ¥imsuun homogenates I@mﬂ’]‘iﬁmmﬂ ﬁ 65000 g (Sorvall® RC-5C Plus, Dupont)
L& supernatant ANNUTZRNL 40-60 wd e lWanaznanlysanuazaniSuins 30
fuﬁdlﬁﬁuﬁqmwgﬁﬁaa

14, msnzaofi s tuuondnaisd 65000 g 1wam 20 W uen supernatant 1§73

nlvihslanls speedvacuum (Speed Vac ® plus SC110A).
1.5. &ia CDS ¢78 methanol 4N material B8391N¥N1AURIA2E speedvacuum anana

&8 methanol lay sonication figuunaiwes Juuonieue supematant la ushwns:

\g methanol laals rotary evaporator _
1.6. residue Tldinunaranglu double distilled water, Vi Wiuiaanilne freeze-dry 46

¥eazlia1sanaiiy crude CDS extract 1hldazanelutiindusnadndiuFunmvine

wHAzLieun CDS activity

: 4 s
2. N15L@3LN porcine cerebral cortex membranes 314 site 189 OL-adrenoceptor

v

21 yuswioaduda 1.1 waz Ta 1.2 luwada 1 nisafaans clonidine-displacing
substance MNFUDIUDIAY

2.2 inmsuen homogenates I@Em’\‘ﬂjmwﬂ ﬁ 20000 g ‘ﬁa supernatant 1 pellet 31
azsnolnalu Tris buffer uaziluaziizadnaisse homogenizer

2.3 Elj‘LLLL?_Iﬂ homogenates ﬁﬂﬂ%\‘l ‘ﬁd supernatant 11 pellet ﬁmaam’g’&ﬁmﬁ’mm:a:mﬂ
1w Tris buffer ﬁ?ﬂﬂ%mmﬁmm:am VI 6 volume

24 wimsazauindudong Usinastszinm 3 ml dmsulelu Radioligand binding

assay
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3. nemauAUANTATaI COS lu extract 3@ CDS activity laul¥ Radioligand binding -

assay

385ms

3.1 incubate porcine cerebral cortex membrane, [3H]-clonidine (1 nM } sz CDS ﬁﬂ’:ﬂﬂ
iuudnas tuTris buffer (pH7.4) §%3U total binding 92 incubate porcine cerebral
cortex membrane kaz [ H]-clonidine Tae'lsitéin CDS &3udn non-specific binding 1@91N

73 incubatefiyl 10™*M noradrenaline
3.2 #8990 incubate N 28 “C 45 wAH ugn bound form radioactivity 37N free form lan

1% vacuum filtration U% Whatman GF/B glass fibre filters fdfilters 2-3 ATIaY Tris

buffer
3.3 79 radioactivityl@ﬁ scintiliation spectrometry

3.4. WS CDS activity 310 1Cs 370 displacement curve fnutk CDS activity 1

unit/g wet weight
CDS activity fioudlu unit Tag 1unit 289 DS = 1Bwm cbs (Wwlasins)

= 3 Ly L. . .
FNsnuNu 1 nM [ H]-clonidine binding @aanain Ol,-adrenoceptor sites U porine

cerebral cortex membrane 1@ 50%

4= o .
4. M3L@38 renal cortex membrane 31N 1aVaIRY BoTu site 1o 3 imidazoline receptor

lﬁnwwqmam?ﬁma clonidine-displacing substance luntsau (binding affinity) f
imidazoline binding site lae/l% receptor binding technique
A5n13 .

4.1 ivlanyanlssandad I(ﬂuLﬁuﬁuﬁwﬁdmnﬁmLLﬁausiqluﬁaﬁnLﬁuﬁamwua}o
4.2. ladian3sdin LandI% membrane SALWANBAN WENEI cortex DANIIN medulla WA
AAFIN cortexLi“JW%%Lﬁﬂﬂ winhliuazidoalu ice-cold Tris buffer (50mM Tris HC,
50 mM EDTA; pH 7.4) laald Polytron homogenizer (Kinemetica GmbH) setting 6;
3x30 IuH)

4.3 584 homogenate A7 nylon mesh 1WA 25 Lm Lﬁaﬁ’liﬂ particle lmy ﬂﬁ&

4.4 centrifuge homogenate @72 Sorvall” RC-5C plus, Dupont (Rotor SS—34)ﬁ 20,000 g
\wan 15 wiif 4 °c

45 ‘ﬁ& supernatant La18% pellet snazanlu ice-cold Tris buffer (60mM Tris HCI, 5.0
mM EDTA,; pH 7.4) us2 centrifuge 15 ‘mﬁﬁ 4°C

4.6 Pellet qmﬁwﬁiﬁa:mnlu 10 volume va4 Tris assay buffer (50mM Tris HCI, 5.0
mM EDTA; pH 7.4) uiufivl$9 —70°C membrane azag lwn 1-3 Waulas liiFuanw
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5. ANINAMANLEUS CDS tn153uU? imidazoline receptor Tavls Radicligand binding

assay

5ms

5.1 incubate porcine renal cortex membrane, [3H]-idazoxan (0.3 nM ) waz CDS ﬁm’m
LT UG 9 TuTris buffer (pH7.4) 1TV total binding 92 incubate porcine renal cortex
membrane L& [BH]—idazoxan leg'lidy CDS Fudn non-specific binding 199NN
incubatent 10™M cirazoline

5.2 "RI9N incubate 'ﬁ 28 °C 45 w11 ugn bound form radioactivity 311 free form law
15 vacuum filtration UM Whatman GF/B glass fibre filters #dfilters 2-3 n39e2e Tris
buffer

5.3 9@ radioactivityI@]EJ scintillation spectrometry

6. ANWIKAZATIVIBUANUIININUBIFIIANA CDS Iunsnazen (,-adrenoceptors

6.1  Model °uaamsn‘széj’umﬁuﬁwaam%mfﬁamﬁgﬂns:@juﬁw adenosine
diphosphate (ADP) m’a‘ﬁﬁﬂmﬁmﬁllﬂ% OL;-adrenoceptor agonist a:mmsma‘%um‘ﬁf
ADP  luminszdumsiudrvesiniaifen ua:wamiaannﬂ“ﬁfa:gﬂﬂ'uﬂgﬂm Ol
adrenoceptor antagonist LW yohimbine
I3
6.1.1 Lﬁmﬁa@mngﬁmmﬁﬁmmﬂﬁacﬂmlu siliconized glass test tube 5 3.2%
sodium citrate AUFAFIUREN 9 &4 : sodium citrate 1 &Iu ‘

6.1.2 shantlusgmammmhiiniaiamdudu  (plateletrich  plasma)  lasnts
centrifuge 7t 800 g 10 wH# (Beckman J-6B)

6.1.3 1a platelet count laald Coulter thrombocounter lapysul¥ianuduturaunsa
‘e 2.5-3.0x10° inSanlea/ dapwaaEnALEnnSaLaen (platelet-poor plasma)
614 @nwimsiuaeaniniiealasly chronolog aggregometer (Model 550,
Chronolog corporation, Harverton PA, USA) @mmﬂgﬂmmadmm light transmission Lﬁla
annszdusg ADP inSaidanadudaiuLas RN SEWTILEY Thiinue

6.15 :1niunszduday Oy-adrenoceptor agonist 14 clonidine (10°-10° M)

6.1.6 luMIAN®HAVDY antagonist L‘ﬁam’maau@’jwa@iamsifwﬁaﬁ'maal,n%mﬁamﬁ@
mnmsns:@)‘"u Ol,-adrenoceptor vnldlaansiduy Ot,-adrenoceptor antagonist LT
yohimbine (10° M) uay incubate 1 wifinauiéin agonist Uufinwanisiiuuudlasnis

light transmission atiNsitay 5 wf

16



[] L4 .
9. nseuIwYaya (Data analysis)

ICsy 84 displacement curve (aﬁﬁﬁ@ CDS vLa‘ﬁ [BH]—clonidine %38 [SH]—
idazoxan bé 50%) ¥IN1N non-linear least square method Tagl Kaleidograph
(Synergy software) on a Maclntosh computer. LLﬁaLﬂéﬂum ICs LiJw inhibition constant
(K)) Taa T Cheng&Prusoff equation  K; =1Csy/(1+[L}/Kd)

(L} \Juanuitutuuad radioligand

Kq \is4 dissociation constant

14 model MIRARIVES rat vas deferens Response @ﬁaﬁaniz@i’u {(agonist) Ao
clonidine (10°-10" M) w30 3@ CDS (10°-10" unitmi) Tausnuainudn percentage
289 control contractile response awnnwsns:@uﬁwmnm‘lﬂﬁw fin negative logarithm
‘Uaammlﬁwﬁummﬁ’mi:({fuﬁlﬁwa 50% @< maximum response AR pD, FAIWIENT
N logistic equation.

14 model mﬁuﬁ'umaqm%mﬁamﬁans:@uﬁwmsmaGJ HANSAIE RS BT
mﬁuﬁwnaam%mﬁamﬁﬂuﬁmﬁam:ﬁuﬁm aggregating agent L% noradrenaline #38
ADP sfiauilu 100%

ﬁaa&mmmnﬁm mean + SEM ﬁnﬂaﬂ’mﬁaﬂﬁqﬂ 5 experiment (A% 14 model
284 rat vas deferens ﬁauﬁq@ 4) mitSoufsumastilasld Student's 1 test aNuLan

] 1 dl = | p oA A o bl nnci
ANVAIMBRDITDDNYUDRIAYNIITONTY p<0.056
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A A e A { o 3 = @ o o a
6.1.7 WRspiisunatiietwials agmatine %38 Harmane nIzaw waziilalFasana

CDSﬂsz@}u

6.2. AnwIANUEmIInVaIENIENe CDS lumsnszdu prejunctional Oly-adrenoceptors

#1 rat vas deferens 1agl Ol,-adrenoceptor agonist SLUHINT1TARY neurotransmittor LAZNTT

méﬁ’uamaﬁwﬁﬁL%@ﬁgﬂnszﬁuﬁQUﬂs:LL31WWw

A3

6.21 lfeu prostatic end ’Ua&“fiaﬁﬁ‘li’}l,%a‘ﬂa&%hk incubate it oxygenated, ice-cold
Kreb-Henseleit saline {NaCl 118.4 mM, KCI 47mM, CaCl, 1.25, Mg30Q, 1.2 mM,
NaHCO,; 24.9mM KH,PO, 1.2 U8z glucose 11.1) 5 ml lu organ bath

6.22 Pauapioniteassau prostatic end maaﬁaﬁ'\ﬁngaii’(m’ms:mm 2cm)ii
platinum wire electrode uss3ntnenilsdaniv Grass FT-03 isometric transducer #9siony
Grass Polygraph

6.2.3 ®aI9N equilibrate 30 U apply resting tension ﬁmmzfm MIRANIVBIY aﬁﬁﬁf’]
L%ﬂgnﬂ'i:ﬁ%ﬁlﬂﬂ‘szLLavLWﬁ'lﬁ’mSRl stimulator {transmural stimulation 0.1-0.2 ms
duration, 0.05 Hz, 10 volts) wasiufinanuasuudamsnasmnemaiings

.24 1HuaINITNARDULTY SIANACDS, Ol-adrenoceptor antagonist WIHUINIILHA

damsnanivasriaiiisefignnizdulay  OL-adrenoceptor agonist, clonidine waz

agmatine

&£ O P .. N = Q- P
7. ANWIN1300NENEYaIRITEN® CDS 7 imidazoline receptor \USauifisunurisnidu
[
imidazoline WAz non-imidazoline adrenergic agents T4 human platelet I@Uﬂ’liﬂiz@?ﬂ

@18 adrenaline W8z ADP

7.4 Lﬁmﬁa@mﬂgﬁmﬂﬁﬁmﬁmﬁamﬂ,u siliconized glass test tube 71 3.2% sodium
citrate MAFARIULADN 9 §I% : sodium citrate 1 §I%

7.2 dandunsnwansiniisindadeadiutu (platelet-rich plasma) launns centrifuge
# 800 g 10 W% (Beckman J-6B) wunion@nuuut #aus9uinhy centrifuge fafi 3600 g
15 wift woneralann dunaraainfidseeninieion (platelet-poor plasma)

7.3 7@ platelet count Teelt Coulter thrombocounter lepysuldiianauduiusasnsa
1Fen 2.5-3.0x10° inSauden/pl drawaainfidsianiniaiien

7.4 fnwmsivamaaninisalanls chronoleg aggregometer (Model 550, Chronolog
corporation, Harverton PA, USA) lay incubate m%m’ﬁa@ﬁ 37 ° ¢ lu chamber 189

o
LA TEn
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7.5 niwdiy agonist Felunisnanesiiilu imidazoline agents 16A  clonidine,
tolazoline, antazoline, idazoxan wW3aaI&Na CDS

7.6 1umi‘mﬂaamﬁNaﬁvltﬂ”ﬁ’imﬂﬂ'a&ﬁurmﬂ's:@?u Ol,-adrenoceptor  w3a'lain O
adrenoceptor antagonist 1T yohimbine azL@afiaw agonist Waz incubate 1 #H

7.7 %é’amn‘tfum:@j’uﬁw adrenaline/noradrenaline %38 adenosine diphosphate (ADP)
Tufinnanisiddoundas light transmission NANINIZAAIY  aggregating  agent

(catecholamines #38 ADP) waz 1iaf) imidazoline agents ﬂi:ﬁ%‘i’)ﬂﬁ’m

8. 5&@3?}31?1’121@‘%’ (Materials)

ldazoxan hydrochioride (FW 240.7), Clonidine (2-(2,6-Dichloroaniline)-2-
imidazoline hydrochloride (FW 266.6), Adenosine-5'-diphosphate sodium salt from
equine muscle (FW 427.2), Yohimbine hydrochloride (FW 390.9), Antazoline
hydrochloride (FW 301.8), (Z)Arterenol {(Z)-Norepinephrine FW 319.3), Tolazoline
hydrochloride (FW 196.7), Cirazoline HCI (MW 252.75), agmatine {(1- amino-4-
guanidinobutane) sulfate salt (FW 228.3), Harmane hydrochloride (2-methyl-[3-carboline;
1-methyl-9H pyrido{3,4-]indole)Norharmane hydrochloride (9H pyrido[3,4-B]indole) and
Sodium citrate Fdﬁyaﬁ]’m Sigma.

Methanol HPLC grade (Baker Analyzed® F.W. 32.04) Trizma®
hydrochlorideanhydrous M.W.157.6, ethylenediamine tetra acetic acid (EDTA).

[Benzene ring 3H]-c:lonidine hydrochloride, specific activity 70.5 Ci/mmol, [SH]-
idazoxan ([SH]—RX781094), specific activity 45.0 Ci/mmol ﬁﬁamn NEN DuPont, Poly

Flour " (Scintillation fluid), Packard.

qmamﬁ‘uad imidazoline and nonimidazoline t-adrenergic agents alglums

Anwnileail ;

Imidazoline agents Clonidine {Ot;-adrenergic partial agonist)
ldazoxan ((t,-adrenergic antagonist)
Antazoline {devoid of Q,-adrenergic activity)
Tolazoline {a;-adrenergic antagonist)

Non-imidazoline agent Yohimbine (Ct,-adrenergic antagonist)
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HAanN1INaaod

1. AN D AVDIANTANA CDS

INNIIAN® CDS TINFUDINY 5 auaIWUIIALady CDS activity Uszame
7.71 £ 1.963 unit/g wet weight tissue (n=5)

ssana CDS sansn 'l8f [H]-clonidine 211 G-adrenoceptor binding site
#i cerebral cortex membrane umavIEIsEAAENNIUTGT Op-adrenoceptor binding
site uazlaf [ Hl-clonidine #18 1Cs, (Inhibitory concentration # 50%) 20.6 + 2.958 pu/ml
(n=16) FeR a3 oafiyinAL 1 unit ves CDSactivity

waNAINAENTANACDSSsmansnlafi [ Hl-idazoxan 21 porcine  kidney
coetex membrane T4l imidazoline binding site 6781 1Csq 7.724% 1.635 pl fml (n=10)
INFN 1Cs, UFAITNANTEAACDS Snuaunsnlunssud imidazoline receptor 4NN

# ap-adrenoceptor £ 2.7 1 (p<0.05) ﬁamwﬂmmlugﬂﬁ 1
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Competitive binding of CDS at alpha,-adrencceptors
on porcine cerebrai cortex membrane and at imidazoline receptor

on porcine renal cortex membrane

100 —o0— %Inhibition of{3H]clonidine
—@— %lnhibition of [3H]idazoxan
80
o
£
g
LD
;§. 60
(7]
B
g 40
£
2
K=
=
2
20
0 T T T 1
102 10" 10° 10’ 10?

[CDS] pi/s00pl .

Figure 1 Competitive binding of porcine brain methanolic CDS exiract against 1 nM of
[SH}- clonidine binding to porcine cerebral cortex membranes (0) and against 0.3 nM of
[3H]-idazoxan binding to porcine renal cortex membranes (®) Nonspecific binding was
determined in the presence of 10* M arterencl (NA) for alpha2-adrenoceptors and in
the presence of 10™ M of cirazoline for imidazoline receptors. The concentration of
CDS is expressed in Ll of extract per 500 [ assay volume. The results shown are the
mean = SEM of % inhibition of radioligand binding from 16 experiments of porcine

cerebral cortex and 10 experiments for porcine renal cortex.
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2. ANHIUAZATIVFDUAMNAINTINVBIFTIHNAA CDS Twn1nTEeh O, -

adrencceptors

LS

LY [~ o4 {
2.1 Model ﬂaﬂﬂ'l'ﬁl‘l]ﬂ'!‘ﬂaﬂln?ﬂlﬁﬂﬂﬁﬂﬂﬂ'ﬁ%ﬂ%ﬂ?ﬂ ADP

q

2.1.1 4a184 alphay,-adrencceptor agonist L5% clonidine

14 model ﬂﬁm:@j’umﬁuﬁ'mamﬂ‘%mﬁa@\wm'}msﬁﬂu alpha,-adrenoceptor
agonist LTu clonidine mmmﬁma‘%mﬂﬁf 189 1 UM adenosine diphosphate (ADP) 1
msnszdumsiuimasniaiien Fadunaldsafinnududu 3x107-10° M clonidine
Na‘l‘ifgnﬂ’uﬁtﬂﬁimﬂ alpha,-adrenoceptor antagonist L yohimbine Laasinilunivaan
QNBANw alphay-adrenoceptors #ARENIARACDS FulamsTuiuvesniaiendsasedny

N1l clonidine

EﬂﬁZ uandfly clonidine mmmaat.a%mm?? 284 adenosine diphosphate (ADP) 11UM
lumInszdumsiudinauniaidan Fanm Ly concentration-dependent

Clonidine §wiaiia’laifl ADP nazdu azliAunademssudinaaniaidea(lilduans
lunsw)
gﬂﬁ 3 uaesimamInszdumsdudivenniaiealay  clonidine Qnﬁuﬂgﬂﬁﬁm

alphay-adrenoceptor antagonist (10° M) yohimbine

24



Effect of clonidine on

ADP {1 pM)-induced platelet ‘aggregation

300
. i 3 ADP(1 M)
5 EIEE Clonidine(3x107 M)
= o
w O +ADP(1pM)
o 2004 - 8
2 B Clonidine(10™M)
g g +ADP(1uM)
€2
s 2 100
E el
R
0

Compounds (mol/f)

Figure 2 The potentiation effect of clonidine on ADP-induced human platelet
aggregation. Platelet-rich plasma (PRP} was preincubated with clonidine (3)(10'7 or 10°
M) 1 min before addition of 1 AM ADP, in a final assay volume of 250 LLl.

The effect of clonidine stimulation is shown as percentage of 1 UM ADP

response. The value shown are mean * SEM (n=14).

a . represents statistical significant difference from the effect of 1 LLM ADP stimulation
at p<0.05.
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Effect of yohimbine on clonidine potentiated ADP-induced

platelet aggregation

3001
Clon(3x10"M)+ADP(1uM)

BREE Clon(10M)+ADP (1uM)

=R Y (10M)+Clon
(3x107"My+ ADP (1uM)

B Y (10°%M)+ Clon(10%M)
+ADP(1uM)

% Maximum of light
transmission

Compounds (mole/l)

Figure 3 Effects of alphaZ-adrenoceplor antagonist, yohimbine (104i M} on clonidine
potentiated ADP-induced human platelet aggregation. Platelet-rich plasma (PRP) were
preincubated with or without yohimbine (10'6 M) 2 min before addition of clonidine
(3x10" or 10° M) 3 min prior to the addition of 1 LM ADP,

The effect of clonidine and/or yohimbine are shown as percentage of 1 UM
ADP response. The value shown are mean 1 SEM (n=14).
* . represents statistical difference from the effect of clonidine (‘10'6 M} +1 UM ADP

stimulation in the absence of yohimbine at p<0.05.
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212 wausd clonidine-displacing substance §anS3UAIVAIATALRIANDNNTEAY

@18l ADP

Hfiudeangu3ne 8 au ugsienaieuog platelet count PlElunsnanes 2.96 +
0.37x 1077

gsan@ CDS (0.02 unit) lapfwslinmindausdanisnazduinioifas L liainia
\RaagnnIEduaIn ADP 1 UM ssana CDS (1.25x1 0 — 0.02 unit) manTnduLInTTEy
sruaansadanls ludnwueAtuiunnuuds (concentration-dependent) Haazifisld
Fof CDS 0.02 unit Feduislduszanm 50% WafiwuiuADP nazdulagi iy dausag
lugﬂﬁ 4 Lm:wamaaCDSlumﬁmihmﬁuﬁ‘wmm%mﬁawﬁgﬂm:@j’uﬁw ADP ﬁl"l,ajgn
Lﬂﬁﬂuuﬂaaﬁau alpha,-adrenoceptor antagonist (10-6 M yohimbine) (yohimbine laiflwna
domsnszduiniaidaalonasaulaudimiaiell ADP) usasin cDs lldaengnt

[V v ] A . [ d
U lanEw alphay-adrenoceptor uaLiwn nonadrenoceptor site mLLﬁmiugﬂ‘ﬁ 5
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Effect of CDS extract on ADP(1 pjLM)-induced platelet aggregation

150+

ADP1uM
:E BT CDS125X10%+ADP1PM
2 100, ® CDS2.5x10°U+ADP1uM
B =
g 2 m CDS 0.005U+ADP1uM
g ?, 1 CDS 0.01U+ADP1uM
‘é 8 50l [T CDS 0.02U+ADP 1M
o

S

0

Q\.
‘,9

Compounds (Unit/250 pl)

Figure 4 The effect of CDS extract on ADP-induced platelet aggregation. Human
platelet-rich ptasma (PRP) was preincubated for 1 min in aggregometer prior to the
addition of 1 UM ADP. PRP was then incubated with various concentration of CDS
(units/2501 assay volume) for 1 min prior to addition of 1 WM ADP in 250 Ul assay.

The effect of CDS inhibition is shown as’ percentage of 1 UM ADP response.
The values shown are mean + SEM (n=8).

*: represents statistical difference from the effect of 1 UM ADP stimulation at p

<0.05.

28



Effect of yohimbine on CDS extract inhbited ADP (1 [LM)-induced

human platelet aggregation

3Y 10% M+ADP1uM

B Y+CDS1.25x10°U
+ADP1M

B Y+CDS2.5x10™U
+ADP1uM

. Y +CDS0.005U +ADP1uM

== Y+CDS0.01U+ADP1uM

D Y+CDS0.02U+ADP1pM

transmission

o7, Maximum of light

Compounds (Unit/250 ul)

Figure § Effect of yohimbine on the inhibitory effe.ct of CDS on ADP-induced
aggregation. Platelet-rich plasma (PRP) was incubated with yohimbine (10'6 M) 2 min
prior to the addition of CDS extract at various concentrations (units/250u!) and
incubated for further 1 min before the addition of 1 UM ADP.

The effect of yohimbine and/or CDS extract is shown as percentage of 1 UM

ADP response. The values are shown as mean = SEM from 8 experiments using

platelet-rich plasma from 8 separate blood donors.
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. . ' aw = oA v vl
2.1.3 Wawed agmatine agmatine HWadamTMziUvsNNSaRaRBIEn BT

v e 2 ] W . o ' - ™)

ANMTNTUHFINI0.1 mM Feldnanansnaen ADP 1 UM nazduathlidvdadgms
-, o ar A
and muamlugi.lﬂ 6
J e d J ] L - e » [ d

MANULAG WAYBY Harmane FswumsdaftlugiemoussuddvasesluuiAunal 1
————————— L]

G R o -~ A Bt
moldwde Output mnTmamﬂauﬂ"lmm‘umnam

Effect of agmatine on ADP (1 LIM)-induced
platelet aggregation

150~ b
) Bl Agmatine(10°°M)
g ] +ADP(1uM)
c ‘s 1004 Agmatinemo-sw
g g +ADP(1pM)
. B Agmatine(10™M)
g E N +ADP(1uM)
E kot
o\o

0

Figure 6 Effect of agmatine on ADP (1 pM}-induced human platelet aggregation.
Platelet-rich plasma {(FRP) was preincubated with various concentration of agmatine 1
min before the addition of 1 UM ADP, in a final assay volume of 250 L.

The effect of agmatine is shown as percentage of 1 [\M ADP response.

The values shown are mean = SEM (n=10),
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contractile response maaﬁaﬁwﬁn%mﬁw%u 32 £ 12 % 37N control response {100%)
(n=5)

Namiﬂs:@uma&mmﬁmﬁaﬁ idazoxan (10° M) Wi idazoxan laimansnudou
wilainaTaIaI®Ne CDS ﬁﬁ@iamw@ﬁma:wiaﬁwﬁwL%ﬂﬁgﬂns:ﬁuﬁmnsnﬂw“ﬂw (31
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"L@Tﬁﬁmimaauﬁmi@u@uamaammﬁ@ CDS 69 clonidine ﬁma@mlugﬂ 10 clonidine &9
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potency YgJclonidine 7\ rat vas deferens (pD, 8.62 = 0.06, n= ammﬁﬂﬁ’amﬁaﬁms

)
afia CDS 1.7 units/ml (pD, 8.27 £ 0.12, n=5) DafibdAtyn19aiian p<0.05
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Figure 7 The cumulative concentration response curves of clonidine ( O ) and

clonidine in the presence of 10° M idazoxan ( ® ) against electrically-evoked
contractions of prostatic segments of the rat isolated vas deferens. Contractions were
elicited by transmural electrical stimulation (0.5 ms duration, 0.005 Hz, 70 volts) and
had equilibrated before adding the drugs. Contractile response in the presence of the
agonists have been calculated as a percentage of a reéponse in the absence of the

agonist and expressed as the mean £ SEM of 2-4 separate experiments.
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Figure 9 Cumulative concentration response curves of brain methanolic CDS extract in

the absence { O ) and presence ( ® ) of 10° M idazoxan against electricaily-evoked
contractions of prostatic segment of the rat isolated vas deferens. Contractions were
elicited by transmural electrical stimulation {0.5 ms duration, 0.005 Hz, 70 volts) and
had equilibrated before adding the antagonist and the extract. Contractile responses in
the presence of the extract have been calculated as a percentage of the controi
response (before adding the antagonist or the extract) and are expressed as the mean
+ SEM of 2-3 separate experiments for the extract in the presence of idazoxan and 5
separate experiments for the brain extract.

* represents statistical difference from the control contractile response at p<0.05.
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Figure 10 The cumulative concentration response curves of clonidine ( O ) and
clonidine in the presence of (1.7 units/ml) methanolic brain CDS extract ( O ) against
electrically-evoked contractions of prostatic segment of the rat isolated vas deferens.
Contractions were elicited by transmural electrical stimulation (0.5 ms duration, 0.005
Hz, 70 volts) and had equilibrated before adding the drug or the extract. Coniractile
responses in the presence of the agonist have been calculated as a percentage of the

control response (before adding the drug or the extract) and are expressed as the

mean £ SEM of 4-6 separate experiments,
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3. WaTaIRIRNA CDS lun1nsz@u imidazoline receptor

ng . . . & = = Iy . .

ﬂ’li?lﬂisﬂﬂ’i‘i@ﬂﬂt]“ﬂﬂaw’li imidazoline & s5iw3a il adrenergic actvity W& non-
imidazoline adrenergic agents 1% M3INTZ¢1 human platelet Wuin m‘sﬁﬁgmﬂmaa‘%ﬁa
\flu imidazoline 154 clonidine, antazoline, tolazoline Hgmaudalunisnszduiniaiiont

, , ~ o L= .. . ~ .
uwanensa N adrenergic agent figaslassasnaliiiu imidazoline Geanuuanssibiuns
A1IMANURINTAUBY imidazoline compound FIRINNSONTZAY imidazoline receptor 1
[ =)

in3aLian

3.1 Wausdimidazoline agents and non-imidazoline c-adrenergic agents §an13IuNK

PP INIALABANONNTE UG8 noradrenaline

PNMISANMINSzguinIntaaadiuNoradrenaline 10°-10" M Iédaniinnudu
Tu 4 uM %uﬂumwm’i’;’uﬁuﬁm;mﬁns:@\?umﬁuﬁwaam%mé’amiﬂﬂhjﬁ reversible
phase Lﬁaamn@?’aamsgwﬂuudﬁuE?amﬁuﬁ’umaam%mﬁa@ delwdnmsiUSaunas
legaian

m‘smaaaﬁwu*ﬁwm‘sﬁﬁgm’[ﬂsaﬁ%ﬁaLﬁu imidazoline lai1azi agonist activity (1%
clonidine, tolazoline), antagonist activity (LT idazoxan)“t»ﬁ‘avl.&iﬁ activity “ﬁ o-
adrenoceptor (V% antazoline) ﬂnﬁqmmmﬂ'ﬂﬂt&mﬁuﬁwaal,ﬂ%l,ﬁamﬁgﬂﬂ's:@juﬁm

noradrenaline @3u&adlu3L11 Waze inhibitory concentration (ICsg) A96:15191

Drug 1Cso[M]
Imidazoline agents clonidine s 456x10"
ldazoxan 4.21x10"
Antazoline 2.85x10"
Tolazoline 1.64x10°
. . . 7
Non- Imidazoline agents Yohimbine 3.40x10

Table1 Potencies of imidazoline agents and non-imidazoline t-adrenergic agent in
inhibiting human platelet aggregation induced by noradrenaline 4 [UIM. Each value

indicated the mean of ICs, from 5 experiments.
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Figure 11 Concentration-effect curves of imidazoline and non-imidazoline ((-adrenergic

agents on noradrenaline (4 WUM)-induced human platelet aggregation. The effects
shown were percent of control response of maximum stimulation by noradrenaline

alone-induced aggregation. Values shown are mean * SEM of 5 experiments.
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§19ua4 potency LunmsdudinmsIuAuvaInIndanfinnnszgudiuNoradrenaline

A8 idazoxan >ychimbine>clonidine>antazoline>tolazoline
¢§ :I‘d o [ . . . i . . A

ldazoxan Eﬁ&Liﬁlumiﬂugj@l‘i‘[ﬂ‘NaﬁéLﬂu imidazoline potent N1 yohimbine 918w

0tz-adrenoceptor antagonist 10 1111 Tunsduds noradrenaline lumsnszduwniaidan
. 8« . . = [N 2

Antazoline @4l imidazoline  compound LLa:vLaJqumawmmi:@;u -

adrenoceptor AMNINALIIMITUNUDDILNIALRAANDNNSZ AU Noradrenaline 1t

- o . o W ¢ £ ,
N LRAII7 imidazoline compound fTWRADA Iﬂﬂaaﬂﬂ‘ﬂﬁmu imidazoline receptor

3.2 Wavad clonidine-displacing substance (CDS) #ianis3uAuyadLnIaLaaanannseu

@78 noradrenaline

msana CDS lawdislidnademsdusamssuiuwraaniaiion udazduduile
\nSaLaan Qnnszduwd e Noradrenaline (4 [LM) ﬁauamlugﬂm WA NT U IRNT
aﬁ@ﬁlﬁ’aﬂﬂgamﬂ Hud 0.25 unit mmsmé’u&mﬁuﬁ'maom%mﬁa@ﬁgnni:@j‘”uﬁm
Noradrenaline 'l# 40%
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Figure 12 The effects of clonidine-displacing substance (CDS) extract, a putative
endogencus ligand al imidazoline receptor, on noradrenaline {4 WM)-induced human
platelet aggregation. The effects shown were percent of control response of maximum
stimulation by-noradrenaiine alone-induced aggregation. Values shown are mean *
SEM of 5 experiments.

* represents significant difference from noradrenaline-induced human platelet

aggregation at p<0.05.
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3.3 Wa18d imidazoline agents and non-imidazoline Ot-adrenergic agents §an153UNW

PpanSaRaannnnszaual ADP

Imidazoline agents nﬂﬁ'ﬂ@lﬂé’]ﬁd"l,aifma@iaﬂﬁ%’uﬁ‘wuaam%mﬁa@ LL@ﬁLﬁﬂﬂi:W:u
78 ADP (4 UM) imidazoline agents ﬂﬂﬁﬁﬂﬂ&ﬂﬂ’HﬁMﬁﬁﬂdﬁ 10° M liusnanadud
wialssumsiuAuenniaian dananalusi1s
Clonidine @1l partial agonist i 0O.,-adrenoceptor ﬁﬂ’amu’ﬁ’aﬁug&?\d‘loé M 99
mewma‘%ymﬁuﬁummm%mﬁamﬁgﬂm:ﬁuﬁw ADP ﬁ‘af:eﬁaamnﬁ'sm:ﬁuﬁa ADP
AlFanudiviu 4 pM Sonrzduiaiumssuiuasiniafonls Taolaill reversible phase
%ﬂtﬁauﬁamﬁ{fuﬁ'sgaqwumm%m‘?a"amlué’aamufﬁammulmg FILFAIHBLEIUNITTUY
’uaqm%mﬁamﬁmwmﬁuﬁuﬁauﬁwga
Imidazoline agents ﬁaﬁuﬁammﬁ’uﬁugwmcﬂ 10° - 10™ M waasuaduismsiu
ﬁ‘waun%mﬁamﬁgﬂﬂs:éjuﬁ’m ADP (A9 20% 189 ADP Lﬁ@ﬂiz@j’%l@mé’lﬁd AIUHE
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Figure 13 Concentration-effect curves of imidazoline and non-imidazoline Cl-adrenergic
agents on ADP (4 UM)-induced human platelet aggregation. The effects shown were
percent of control response of maximum stimulation by ADP alone-induced aggregation.
Values shown are mean * SEM of 5 experiments.

* represents statistical significant difference from ADP alone-induced human

platelet aggregation at p<0.05.
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ABSTRACT

Clonidine, an imidazoline alpha;-adrenergic agent, is known to exert
complicated effects on human platelet aggregation, unlike catecholamines, the non-
imidazoline alpha-adrenergic agents. This study aimed to investigate the
aggregatory/antiaggregatory effects of wvarious imidazoline agents on human
platelets. Blood samples were taken from normal volunteers and platelet aggregation
was assessed by the turbidimetric method using a Chronolog aggregometer.
Noradrenaline (4uM) and adenosine diphosphate (4uM) were used as aggregating
agents. The results showed that all imidazolines (with or without alpha;-adrenoceptor
activity), clonidine, idazoxan, antazoline, tolazoline were able to inhibit
noradrenaline-induced platelet aggregation. Compare to the non-imidazoline alpha;-
adrenergic antagonist, yohimbine, the rank order of potency was idazoxan (ICso =
421x10°M) > yohimbine (ICso = 3.40x10”7 M) >clonidine (ICsp = 4.56x10"M) >
antazoline (ICso = 2.85x10°M)> tolazoline (ICsp = 1.64x10°M). Clonidine-
displacing substance (CDS), a putative endogenous ligand at imidazoline receptor,
was also found to inhibit noradrenaline-induced platelet aggre’gation_ Unlike
noradrenaline, ADP-induced platelet aggregation was not potentiated or inhibited by
all imidazoline agents at the concentration below 10°M. In conclusion, imidazoline
agents effectively inhibit noradrenaline-induced human platelet aggregation. The
effect may be mediated by non-adrenoceptor imidazoline binding sites. The resuits
from this study suggested the antiaggregatory role of imidazoline on noradrenaline-
induced human platelet aggregation. In addition, CDS may be the endogenous

modulator in preventing platelet hyperreactivity to catecholamine stimulation.
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1. Introduction

In human, it is known that adrenaline-induced platelet aggregation is
mediated by alphaj-adrenoceptors (Hsu et al., 1979; Grant and Scrutton, 1979) The
response varies widely between catecholamines and other alphas-adrenergic agents,
in particular, clonidine, an imidazoline compound which is known to possess alpha;-
adrenergic activity. Clonidine itself induces only small aggregation of human platelet
(Hsu et al., 1979). However, it inhibits the actions of noradrenaline and adrenaline on
platelets (Stump and Macfarlane, 1983), whereas it is able to potentiate ADP-
stimulated platelet aggregation at the concentrations that inhibit adrenaline-induced
aggregation (Shattil et al., 1981). The mechanism is partly involved the inhibition of
adenylate cyclase of alpha;-adrenergic agonist (Clare et al., 1984). It has been
suggested that imidazoline compounds may interact with non-alphas-adrenoceptor
binding sites on human platelets since two imidazoline compounds were found to
inhibit platelet adenylate cyclase through non-alphaz-adrenoceptor mechanisms and
the effects can not be blocked by alpha,-adrenoceptor antagonist, yohimbine (Ferry et
al., 1986). The existence of non-adrenergic, imidazoline binding sites (I, and L,
receptors) that are pharmacologically distinct from alphas-adrenoceptors in human
platelets have been reported (Piletz et al, 1991; Piletz and Sletten, 1993). Taken
together, imidazoline compounds may interact with additional binding site to produce
a distinct aggregatory response from that of catecholamines.

Therefore, this study aims to investigate the aggregatory/antiaggregatory
effects of imidazoline (with or without alphas-adrenergic activity) and non-
imidazoline alpha-adrenergic agents on human blood platelets induced by 2

aggregating agents, noradrenaline and ADP. In addition, clonidine-displacing



substance (CDS), a putative endogenous substance at imidazoline receptor, was also

examined in this study.

2. Materials and Methods

2.1 Materials

The following drugs were purchased from Sigma : idazoxan hydrochloride,
clonidine hydrochloride, adenosine-5'-diphosphate sodium salt from equine muscle,
yohimbine hydrochloride, antazoline hydrochloride, (+)-noradrenaline, tolazoline
hydrochloride and Sodium citrate.

The property of imidazoline and nomimidazoline o-adrenergic agents
examined in this study are as follow :
Imidazoline agents Clonidine (oiz-adrenergic partial agonist)
Idazoxan (o;-adrenergic antagonist)
Antazoline {devoid of az-adrenergic e}ctivity)
Tolazoline (o ;-adrenergic antagonist)

Non-imidazoline agent Yohimbine {c;-adrenergic antagonist)

2.2 Blood Sample Collection

Blood samples were taken from normal volunteers. Samples were transferred
into siliconized glass tubes containing 3.2% sodium citrate in a ratio of 9:1. The PRP
was prepared from the citrated blood by centrifugation (Beckman J-6B) at 120g for
15 minutes and upper clear supernatant was collected as platelet rich plasma (PRP).

The remaining lower portion was further centrifuged at 2300g for 15 minutes to



obtain the upper clear supernatant as platelet poor plasma (PPP). Both PRP and PPP

were used in the studies of platelet function by turbidimetric method.
2.3 Aggregation studies

Platelet aggregation was assessed by the turbidimetric method using a
Chronolog aggregometer {Model 550, Chronolog corporation, Haverton PA, USA)
with dual channel strip chart recorder. The test PRP sample of 250 pl was added into
a siliconized cuvette with a teflon coated stirring magnetic bar inside. The cuvette
was then placed in the temperature-controlled chamber of aggregometer equilibrating
at 37° C for 2 minutes. Five microliters of agonist or/and antagonist, clonidine,
yohimbine, idazoxan, antazoline, tolazoline or CDS was added into PRP and left for
an incubation period of 1 min at 37° C. The sample was further equilibrated in order
to obtain a steady baseline by sturring at 1000 rpm for 1 min before adding an
aggregating agent (ADP or NA). For the experiments of combined effects of as-
adrenoceptor agonist and antagonist, antagonist was added 2 min. be-fore addition of
agonist. Finally, 5 pl of ADP or NA was injected into the sample. The aggregatory
response was recorded for 4 min for ADP and 5 min for NA. The change of light

transmission in the PRP compared to PPP was recorded as percent maximum

transmission {(%L.T).

2.4 Preparation of porcine brain clonidine-displacing substance (CDS)
The method to prepare clonidine-displacing substance (CDS) was previously

described by Pinthong et al. (1995a,b) and Pinthong (2000). Briefly, the cerebral



cortex part of porcine brain was cut into pieces and homogenized in 6 volume of
distilled water using Polytron homogenizer. The homogenate was centrifuged at
65,000g for 30 min at 4 ° C. The supernatant was boiled for approximately 5 min to
precipitate soluble protein and then cool to room temperature. The resulting solution
was centrifuged at 65000 g for 30 min at 4 ° C. The resulting supernatant was dried
by using Speed Vacuum (Speed Vac® plus SCI110A). The dried material was
extracted with methanol (HPLC grade) 2x20 volumes (w/v) by sonication for 30 min
at room temperature. The methanolic extract were combined and centrifuged at 4,000
rpm. for 5 min. to remove any particulate matter and then evaporated to dryness
using rotary evaporator. The dry methanolic extract containing CDS was
reconstituted in doubled-distilled water and stored at —20 ° C until required for used.
CDS activity of the extract was determined in unit by [’H]-clonidine/porcine cerebral
cortex membrane radioligand binding assay (Pinthong, 2000). One unit of CDS is the
amount of the extract that produced 50% inhibition of [*H]-clonidine (1 nM) binding
to porcine cerebral cortex membranes, or an equivalent to oz-adrenoceptor binding

site in 1 ml assay.

2.5 Data analysis

All data were expressed as mean = SEM of 5-8 experiments. The concentration
of the agent causing 50% inhibition of aggregation (IC50) was determined from the
concentration-response curve using Kaleidagraph (Synergy Software) on a
Maclntosh computer. IC50 values among these agents were compared by analysis of
variance followed by a Wilcoxon-Mann-Whitney test. Differences were considered

significant at p <0.05.



3. Results
3.1 Effects of imidazoline agents and non-imidazoline a-adrenergic agents on

noradrenaline-induced human platelet aggregation.

Noradrenaline, at the concentrations from 10® to 10* M, was examined to
induce human platelet aggregation. In this study, 4 uM noradrenaline was chosen to
induce platelet aggregation in the following experiments since it was the minimal
concentration that was found to produce aggregatory response without reversible
phase.

The present study found that all imidazoline compounds, either previously
shown to possess any or no activity at op-adrenoceptor, were able to inhibit
aggregatory response induced by noradrenaline (figurel). The inhibitory
concentration (ICsq) values are shown in table 1.

The relative rank order of potency (based on ICsg) of dmgs to inhibit adrenaline-
induced aggregation in human platelets was idazoxan > yohimbine > clonidine >
antazoline > tolazoline. Idazoxan which is imidazoline cz-adrenergic antagonist was
approximately 10 fold more potent than non-imidazoline a-adrenergic antagonist,
yohimbine. The imidazoline compound like antazoline which devoids of -
adrenergic activity and tolazoline which is a;-adrenergic blocker also showed the

ability to inhibit noradrenaline-induced platelet aggregation.

3.2 Effects of (imidazoline and non-imidazoline) o-adrenergic antagonists on
clonidine inhibited noradrenaline-induced human platelet aggregation.

Clonidine was the only agent used in this study that possessed c-adrenergic

activity. The non-imidazoline a;-adrenergic antagonist was used to examine whether



the inhibitory response of clonidine on noradrenaline-induced human platelet
aggregation is solely due to oz-adrenoceptor activation, As shown in figure 2,
yohimbine at the concentration 10® — 107 M cannot reverse the inhibitory effect of
clonidine, whereas at the concentration 10° M, yohimbine inhibited the effect of
noradrenaline-induced aggregation. Idazoxan, the imidazoline cz-adrenergic
antagonist, was compared to yohimbine. Similar results have been shown for

idazoxan (figure 3).

3.3 Effects of clonidine-displacing substance (CDS) on noradrenaline-induced
human platelet aggregation.

CDS extract itself did not showed any effect on platelet aggregation (data not
shown) whereas in the presence of noradrenaline, CDS extract was found to inhibit
noradrenaline-induced human platelet aggregation in concentration-dependent
manner (figure 4). Although the highest concentration of the extract used in this
study was less than 1 unit of CDS activity, 0.75 unit CDS inhibited noradrenaline
response up to 82.05+4.38% (n=8). The addition of yohimbine (12)'6 M) cannot
reverse the effect of CDS but almost completely inhibit noradrenaline effect on

platelet aggregation.

3.4 Effects of imidazoline agents and non-imidazoline a-adrenergic agents on
ADP-induced human platelet aggregation.

ADP (4 uM) is used to induce human platelet aggregation in this study. As
shown in figure 5, all agents did not show any potentiation or inhibitory effects on

ADP-induced platelet aggregation at the concentration below 10° M. Although



clonidine is previously known to stimulate ADP-induced human platelet aggregation
at the concentration that inhibited adrenaline-induced, in this study clonidine showed
significant stimulatory effect at as high concentration as 10° M.

Other imidazoline compounds showed small inhibitory effects (within 20%)

on ADP-induced platelet aggregation at high concentration (10°-10* M).

3.5 Effects of (imidazoline and non-imidazoline) a;-adrenergic antagonists on
clonidine potentiated ADP-induced human platelet aggregation.

In this study, clonidine did not display significant potentiated effect on ADP-
induced platelet aggregation at low concentration. The potentiation effect of
clonidine is significant at the concentration of 10° M. However, idazoxan and
yohimbine can reverse this potentiation effect of clonidine, as shown in figure 6 and

7, respectively.
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4. Discussion

This study has examined the effects of imidazoline agents on human platelet
aggregation. The 2 important platelet aggregating agents, noradrenaline and ADP
were used. Adrenaline/noradrenaline, in certain condition, can be considered an
aggregating agent, however, the aggregatory response induced by adrenaline differed
from that induced by other platelet agonists (Steen et al.,, 1993; Lanza et al., 1988).
Adrenaline fails to aggregate platelets from a number of human donors and most
mammalian species (Kerry et al, 1984). The high prevalence of impaired platelet
responsiveness to adrenaline/noradrenaline in normal human individuals has been
observed in several investigations (Kambayashi et al, 1996, Nakamura et al., 1997).
The observed response to adrenaline seems to depend on the number of stimulatory
a-receptors present as well as the ratio of these receptors to. the inhibitory [-
adrenoceptors also present on platelets. The discrepancy of platelet response between
positive-and negative-responders to adrenaline was found to be associated with the
decrease in number of oj-adrenoceptors and relative densities of oy-and Pa-
adrenergic receptors, which depends on each individual and vary from species to
species. (Kambayashi et al., 1996). In the present study, approximately 50% of blood
donors are negative-responders.

In human, it is known that adrenaline-induced platelet aggregation is
mediated by as-adrenoceptor stimulation since it is antagonized by o;-adrenoceptor
antagonists, such as, yohimbine, phentolamine, idazoxan, but not by a-adrenoceptor
antagonists, phenoxybenzamine and prazosin (Hsu et al., 1979; Grant and Scrutton,

1979; Lasch and Jakobs, 1979). In addition, binding studies with radiolabeled

adrenoceptor agonists and antagonists have demonstrated the existence of o;-
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adrenoceptors on human platelet membranes (Motulsky et al., 1980; Shattil et al,
1981; Lanza and Cazenave, 1985). However, antazoline, an imidazoline compound,
which is devoid of o;-adrenoceptor activity, was also found to inhibit adrenaline-
induced platelet aggregation. This study suggested that the compound interacts with
non-oz-adrenoceptor sites on platelets. Moreover, clonidine, a partial agonist at -
adrenoceptors, by itself is known to be ineffective in inducing aggregation of human
platelets but it can inhibit the adrenaline-induced aggregation. This study revealed
that az-adrenoceptor antagonists (yohimbine, idazoxan) were not able to reverse the
effect of clonidine on adrenaline-induced platelet aggregation completely.

The results from this study implicated that non-adrenoceptor imidazoline
binding sites may play a role in platelet aggregation. Whether this site is imidazoline
receptor, the selective antagonist that can distinct between oz-adrenoceptor and
imidazoline receptor will be useful to clarify this site, If this is the case, the site is
likely to be I-1 since clonidine (I-1 agonist) displayed higher potency than tolazoline,
which is more selective to I-2 than I-1 site. The existence of imidazoline receptors on
platelets aids the explanation of certain atypical properties of r';lonidine which
differed from (non-imidazoline) oz-adrenoceptors mediated platelet aggregation
(Piletz and Sletten, 1993).

The mechanism by which imidazoline receptor interacted with o-
adrenoceptor when imidazoline compounds stimulate human platelet remains to be
clarified. The general sequence of events that occurs following exposure to an
aggregating agent is shape change, appearance of fibrinogen receptors, aggregation
and release of dense granules (resulting in enhance activation due to released ADP)

and a-granules (resulting in enhanced stabilization of the fibrinogen bridges between
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platelets and irreversible aggregation). The platelet o-receptors has been
characterized pharmacologically as an ay-receptor, which is in keeping with its
access to blood-bomne catecholamines and its inhibitory coupling to adenylate
cyclase, although the increase in cyclic AMP alone may not be the only cause of
aggregation (Cusack and Hourani, 1982). Stimulatory agonists in general act via the
phospholipaseC pathway to generate the second messenger Ca’* and DAG, whereas
inhibitory agonists act via stimulation of adenylate cyclase to generate the second
messenger cyclic AMP. Increase in cyclic AMP level inhibits and reverses the
increases in cytoplasmic Ca*" caused by aggregating agents (Feinstein et al., 1983).
However, no direct evidence for imidazoline receptor activation involved cyclic
AMP signaling pathway, i1.e in human platelets, two imidazoline compounds
(KUM32 and CBS1276) have been reported to inhibit platelet. adenylate cyclase

through non-a;-adrenoceptor mechanisms, because their effects were not blocked by
the oz-adrenoceptor antagonist, yohimbine (Ferry et al., 1986). The works done on
imidazoline receptor signal transduction were rather controversial, i.e. in chromaffin
cells activated by I-1 imidazoline agonists, no effect on the accumul;.tion of cAMP,
c¢GMP or inositol phosphate were found in the studies of signaling mechanisms
(Regunathan et al., 1991). In contrast, some studies showed that binding to I-1
imidazoline sites is sensitive to guanine but not to adenine nucleotides, implying
coupling to a G-protein but not a known G-proteins (such as Gj, G; and Gy). This has
been described in various tissues and cell lines, including human platelets (Piletz and
Sletten, 1993; Emsberger et al., 1995). I-1 imidazoline receptors are coupled to

phospholipid signaling pathways which results in the generation of diglycerides and

release of arachidonic acid and its metabolites (Ernsberger et al., 1995). The
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interaction of signaling pathway between imidazoline agents and catecholamines
remains to be clarified.

Imidazoline agents inhibited effectively the full platelet aggregation induced
by adrenaline, but iess effective to modify the effect of ADP-induced aggregation.
Surprisingly, in this study clonidine does not show significant potentiated effect on
ADP-induced aggregation at the concentration below one micromolar and potentiated
effect at higher concentration is not substantial which is different from previous work
done by Shattil et al. (1981). However, ADP initiates aggregation by simultaneous
activation of 3 receptors, P2Y1, coupled to Gq, madiates ADP-induced shape change,
phospholipase C activation and calcium flux (Jin et al., 1998), P2Y12 that signals
through Gi and inhibits adenyly] cyclase activity (Jin and Kunapuli, 1998) and P2X;
receptor, which mediates rapid Ca** influx (Vial et al., 1997). It is known that ADP
does cause increases in intracellular Ca>", although this seems to be influx rather than
from internal stores. ADP-induced Ca®" influx, unlike that induced by other agonist,
appears to be due to activation of receptor-operated Ca®" channels rather than to any
second-messenger system (Sage and Rink, 1987). Imidazoline agent; may have less
influenced effect on these pathways.

Clonidine-displacing substance (CDS), a putative endogenous substance at
imidazoline receptor, was found to inhibit noradrenaline-induced platelet
aggregation, like imidazoline agents. Although the amount of CDS extract examined
in this study was rather low, 0.75 unit CDS displayed an inhibitory effect on
noradrenaline-induced platelet aggregation to more than 80%. The result from this

study is consistent with that of Diamant et al. (1987) using HPLC purified CDS.
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However, in the present study showed that the effect of CDS is not likely to be due to
ap-adrenoceptor activation since it is not reversed by yohimbine.

The fact that spontaneous platelet aggregation in conventional experiments
without addition of any inducing substance can be observed in patients with
cardiovascular and cerebrovascular diseases (Hoogendijk et al., 1979). The existence
of CDS in human serum has been found (Synetos et al., 1991). An appearance of
CDS in physiological system may possess regulatory role to inhibit noradrenaline-
induced platelet aggregation and prevent vascular occlusions.

The concentration of adrenaline/noradrenaline needed to induce platelet
aggregation in vitro is in the micromolar range, considerably higher than the highest
concentrations ever likely to be found in the circulation which is in nanomolar range.
This suggests that aggregation induced by adrenaline is unlikely to have any
significant in vivo, especially because it only occurs at reduced extracellular Ca®>”
concentrations (Glusa and Markwardt, 1980). Although the proaggregatory response
to adrenaline/noradrenaline occurs at concentration unlikely to be reached in vivo,
the synergistic effect of other proaggregatory agonists, such as 5-HT ;nd vasopressin,
bring the requirement of adrenaline/noradrenaline concentration within a plausible
range and probably reflects the situation in blood more accurately. This synergistic
effect implied that circulating adrenaline/noradrenaline showed a role in sensitizing
platelets (Culliver and Ardlie, 1981).

In conclusion, imidazoline compounds displayed the inhibitory effect on
platelet aggregation which is more sensitive to noradrenaline than ADP stimulation.

This study suggested that imidazoline compounds have a therapeutic role in
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preventing platelet hyperreactivity induced by catecholamines. In addition, CDS may

be the endogenous modulator to prevent this condition.
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7. Legends

Table 1 Potencies of imidazoline agents and non-imidazoline a-adrenergic agent in
inhibiting human platelet aggregation induced by noradrenaline (4 uM). Each value

indicated the ICsp of the mean from 5 experiments.

Figure 1 Concentration-effect curves of imidazoline and non-imidazoline o-
adrenergic agents on noradrenaline (4 uM) induced human platelet aggregation. Each
agent was added 2 minutes before addition of noradrenaline. Normal saline (NSS)
was added as control (noradrenaline alone-induced aggregation = 100%). The effects
shown were percents of control measured at 5 minutes after. stimulation by

noradrenaline. Values shown are mean + SEM of 5 experiments.

Figure 2 The effects of (10°°-10° M) yohimbine, a non-imidazoline a,-adrenoceptor
antagonist, on clonidine inhibited noradrenaline (4 uM)-induced human platelet
aggregation. Antagonist was added 2 minutes before addition of clonidine and 4
minutes before noradrenaline. The effects shown were percents of control measured
at 5 minutes after stimulation by noradrenaline. Values shown are mean = SEM of §

experiments.
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Figure 3 The effects of (10°-10° M) idazoxan, an imidazoline a,-adrenoceptor
antagonist, on clonidine inhibited noradrenaline (4 puM)-induced human platelet
aggregation. Antagonist was added 2 minutes before addition of clonidine and 4
minutes before noradrenaline. The effects shown were percents of control measured
at 5 minutes after stimulation by noradrenaline. Values shown are mean + SEM of 5

experiments.

Figure 4 The effects clonidine-displacing substance (CDS) extract on noradrenaline
(4 uM)-induced human platelet aggregation. Normal saline (NSS) was added as
control (noradrenaline alone-induced aggregation = 100%). The effects shown were
percents of control measured at 5 minutes after stimulation by noradrenaline in the
absence (cross bar) and the presence of yohimbine (dark bar). Values shown are
mean + SEM of 5-8 experiments.

* represents significant difference from noradrenaline-induced .human platelet
aggregation at p <0.05.

** represents significant difference from noradrenaline-induced human platelet

aggregation in the absence of yohimbine at p <0.05.
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Figure 5 Concentration-effect curves of imidazoline and non-imidazoline o-
adrenergic agents on ADP (4 pM) induced human platelet aggregation. Each agent
was added 2 minutes before addition of ADP. Normal saline (NSS) was added as
control (ADP alone-induced aggregation = 100%). The effects shown were percents
of control measured at 4 minutes after stimulation by ADP. Values shown are mean +

SEM of 5 experiments.
* represents significant difference from ADP-induced human platelet aggregation at

p <0.05.

Figure 6 The effects of (10%-10° M) idazoxan, an imidazoline o-adrenoceptor
antagonist, on clonidine potentiated ADP (4 pM)-induced human platelet
aggregation. Antagonist was added 2 minutes before addition of clonidine and 4

minutes before ADP. The effects shown were percents of control measured at 4

minutes after stimulation by ADP. Values shown are mean + SEM of 5 experiments.

Figure 7 The effects of (10°°-10° M) yohimbine, a non-imidazoline oz-adrenoceptor
antagonist, on clonidine potentiated ADP (4 pM)-induced human platelet
aggregation. Antagonist was added 2 minutes before addition of clonidine and 4
minutes before ADP. The effects shown were percents of control measured at 4

minutes after stimulation by ADP. Values shown are mean + SEM of 5 experiments.
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Drug ICs [x107M]

Imidazoline agents Clonidine 456 (£0.53)
Idazoxan 0.42 (£0.07)

Antazoline 28.50 (£ 5.59)

Tolazoline 16.40 (+ 2.83)

Non-imidazoline agent Y chimbine 3.40 (£ 0.48)
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ABSTRACT

It has been suggested that 'clonidine-displacing substance' (CDS) is a putative endogenous
substance at imidazoline receptor. CDS was found to recognize not only the imidazoline binding sites
but also ay-adrenoceptors. However, the information of the functional activities of CDS at the o,-
adrenoceptor is still limited. The aim of this study was to examine the properties and functions of
CDS, in particular, the actions at o;-adrenoceptors. In the present study, the methanolic CDS extracts
were prepared from bovine brain. CDS activity was determined by the amount of the extract that
displaced 50% of [’H]-clonidine binding to bovine cerebral cortex membranes. CDS activity from
bovine brain methanolic extract was 4.8+0.5 units/g wet weight. Based on radioligand binding assays,
this extract recognized both c,-adrenoceptors on bovine cerebral cortex membranes labeled by [*H]-
clonidine and non-adrenoceptor imidazoline binding sites on porcine renal cortex membranes labeled
by [*H}-idazoxan. The CDS extract was found to be slightly more potent (2 folds) at o,-adrenoceptors
than at non-adrenoceptor imidazoline binding sites. Functicnal studies of CDS were examined in the
models of a,-adrenoceptor-mediated inhibition of forskolin-stimulated cAMP accumulation in guinea-
pig cerebral cortex slices and in porcine isolated palmar lateral vein. The effects were compared to
those of the known a,-adrenoceptor agonists, UK14304 and antagonized by ,the op-adrenoceptor
antagonist, idazoxan. The results from this study showed that bovine brain methanolic CDS extract did
not display any activity involving oj-adrenoceptors as predicted from radioligand binding. In
conclusion, CDS is able to displace clonidine from a;-adrenoceptors but no related biological activity
was detected at this sites. Whether the possibility that CDS is an endogenous ligand at oi-
adrenoceptors and at non-adrenoceptor imidazoline binding sites and possesses any significant
activities at these sites remain to be clarified.
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INTRODUCTION

“Clonidine-displacing substance”
{CDS) was first isolated from rat and calf
brains by Atlas and Burstein'? and it was
suggested to be a candidate for an endogenous
ligand at non-adrenoceptor imidazoline
binding site (imidazoline receptor). A
partially-purified extract of the brain was
found to displace specifically bound [*H]-
clonidine from binding sites on rat brain or
bovine cerebral cortex membranes, which were
catecholamine-sensitive, oz-adrenoceptor
binding sites, and hence the active agent was
called clonidine-displacing substance'. CDS
has been shown to interact with non-
adrenoceptor imidazoline binding sites in
several tissues such as brain which are defined
by [’H}-para-aminoclonidine’, and in rabbit
kidney labelled by [*H)-idazoxan®. CDS has
been detected in several tissues such as brain’,
kidne(f, adrenal chromaffin cells”®, liver’ and
lung'". However, the chemical structure of the
active substance remains to be elucidated.

Although CDS has been shown to
have an affinity for both oy-adrenoceptors and
imidazoline binding sites, its biological
activities remain  unclear. At oy
adrenoceptors, CDS extract was reported to
inhibit electrically-stimulated twitch responses
in rat vas deferens and the inhibitory effect
was partially reversed by the o-adrenoceptor
antagonist, yohimbine''. Another evidence of
CDS action at a;-adrenoceptors was inhibitory
adrenaline-induced aggregation but
potentiating ADP-induced ag%regation of
human platelets, like clonidine'*. However,
there has been no other evidence support the
action of CDS at a;-adrenoceptors since then.

For CDS action at imidazoline
binding sites, CDS was found to contract rat
gastric fundus strips, the site that was non-
catecholamine, since this effect of CDS was
not blocked by a,-adrenoceptor antagonists",
Brain-derived CDS extract has been reported
to modulate arterial blood pressure through the
non-catecholamine site when injected directly
into the ventrolateral medulla'*’®. However,
the results examined by these 2 groups showed
opposite effects, the former lowered blood
pressure whereas the latter caused elevated
blood pressure. Another CDS action was the
induction  of  substantial  release  of
catecholamines from cultured chromaffin
cells™  Whether CDS can be a putative
endogenous substance that acts at both sites,
the exact biological action of CDS remains to
be investigated.
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The aims of this study are to examine
whether the bovine brain extracts possess any
agonist  activities at  functional  op-
adrenoceptors, corresponding to their binding
properties. In this study, the binding
characteristics of crude methanolic CDS
extracts and functional activities at -
adrenoceptors were examined. Two op-
adrenoceptors models were used, i.e. central o
;-adrenoceptors on guinea-pig cortex slices
which mediate inhibition of forskolin-
stimulated cyclic AMP'® and a,-adrenoceptors
on porcine palmar lateral veins, the activation
of which results in inhibition of forskolin-
stimulated cyclic AMP".

MATERIALS AND METHODS
Chemicals, drugs and solutions

(-)-Noradrenaline bitartrate,
forskolin, Dowex-50, alumina, Tris-HCI,
EDTA, idazoxan (2-(2(1,4-benzodioxanyl))2-
imidazoline hydrochloride) and salts in Krebs-
Henseleit buffer (NaCl, KCI, CaCl;, NaHCO,,
MgSQO,, KH,PO, and glucose) were purchased
from Sigma Chemical Company.  Other
chemical used included cirazoline (SM.
Chemical Company), UK14304 (5-bromo-6-
[2-imidazolin-2-ylamino]-quinoxaline
bitartrate, Pfizer), rolipram (Schering} and
HPLC grade methanol (Fisons).

[PH]-clonidine hydrochloride (specific
activity of 30 Ci/mmol), [*H]-idazoxan ([*H]-
RX781094, specific activity 43 Ci/mmol),
[*H)-adenine (specific activity 851 GBg/mmol)
and [“Cl-cAMP (specific activity 1.6
GBg/mmol)  were  from  Amersham.
Scintillation cocktails (Emulsifier Scintillator
299, Packard) were also included.

All drugs were dissolved in distilled
water and added in volumes less than 1% of
the K-H solution for cAMP assays except
forskelin and rolipram which were dissolved in
absolute alcohol in volumes less than 3% of
assay volume and then diluted with
Krebs’solution.

Preparation of clonidine-displacing
substance (CDS) from bovine brain

Bovine brain was obtained from a
local abattoir immediately after slaugther of
the animal. The brain was kept on ice during
transportation. Half a bovine brain (110-160 g
wet weight) was taken and the cerebellum and
all pia mater removed prior to chopping into
small pieces. Tissues were homogenized in an
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OMNI-GEN sealed homogenizer (setting 4.5
for 3x3 min) with 5 volumes (w/v) of distilled
water. The resulting homogenate was
centrifuged at 65,000g for 30 min at 4°C (MSE
Superspeed 65). The supernatant was then
removed, boiled for approximately 40-60 min
to precipitate soluble protein and to reduce the
volume and then allowed to cool to room
temperature.  The resulting solution was
recentrifuged at 65,000g at 4°C for 20 min.
The supernatant was removed from pellets,
frozen at -20°C and then freeze-dried. The
freeze-dried material was used for further
extraction. The lyophilysed material was
extracted by sonication with 2x20 volume
(w/v) of highly purified methano! (HPLC
grade) at room temperature for 30 min. The
methanolic extracts were combined and
centrifuged at 3,000 rpm for 5 min (MSE
Mistral 3000) to remove any particulate matter
and evaporated to dryness in a rotary
evaporator at low pressure. The residual
material was dissolved in 10 volumes (w/v) of
doubled distilled water, frozen and lyophilysed
again to remove all trace of organic solvent.
The final lyophilysates were redissolved in 10
volumes (w/v) doubled distilled water (3 ml)
and kept at -20°C until required for use.

Membrane preparation

Bovine cerebral cortex membrane
preparation™

Calf brains were obtained from local
abattoir immediately after slaughter of the
animals. The cerebral cortices were
homogenized in 20 volumes of ice-cold Tris
buffer (50 mM Tris HCL, pH 7.7 at 25° C)
using an OMNI-GEN sealed macro-
homogenizer (Model N017506, Camlab Ltd.)
(setting 5;120 sec) to minimize potential risk
associated with aerosol formation.  The
homogenate was then centrifuged at 20,000
rpm (40,000g) for 10 min at 4° C (MSE
Europa 24M). The supernatant was discarded
and the pellet was resuspended in 20 volumes
{w/v) of ice-cold Tris buffer and recentrifuged
for a further 15 min and the supernatant
discarded. The remaining pellets were
weighed and resuspended in 6 volumes of ice-
cold 50 mM Tris buffer, pH 7.4, and then
aliquoted for either direct use in binding assay
or stored at -20° C.
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Porcine kidney cortex membrane preparation

This membrane preparation for the
non-adrenoceptor imidazoline binding sites
was based on the method originally described
by Vigne et al."” The porcine kidney was
obtained from local abattoir soon after
slaughter of the animal and kept on ice prior to
the dissection of the cortex. Working on ice,
the kidney was cut in half and the outer
membranes surrounding the kidney was
stripped off and the cortex separated from the
medulia. The cortex was cut into small pieces
and homeogenized in 24 volumes of ice-cold
Tris buffer (50 mM Tris HCL, 5.0 mM EDTA;
pH 7.4) using a Polytron PT (setting 6; 3x30
sec). The homogenate was then poured
through a 25 puM nylon mesh to remove large
particulate matter. The homogenate was
centrifuged (MSE Europa 24 M) at 20,000 g
for 15 min at 4°C. The supernatant was
discarded and the pellet resuspended in ice-
cold Tris buffer (50 mM Tris HCL, 0.5 mM
EDTA; pH 7.4) and recentrifuged for further 3
min. The final pellets were resuspended in 10
volumes of Tris assay buffer (50 mM Tris
HCI; pH 7.4) and stored at -20°C.

Activity of bovine brain CDS extracts

The CDS activity of the methanolic
extracts from bovine brain was evaluated by
the ability of the extracts to displace 1 nM
[’H}-clonidine binding from wy-adrenoceptor
sites on bovine cerebral cortex membranes.
The assay volume of (.5 ml, containing 100 pl
bovine cerebral cortex membrane (200-300 pg
protein) in 50 mM Tris-HCl buffer (pH 7.4),
was incubated with 1 nM [*H]-clonidine in the
presence of increasing concentrations of CDS
extract. Non-specific binding was determined
in the presence of 10*M noradrenaline. After
an incubation peried of 60 min at 25°C, bound
radicactivity was separated from free by
vacuum filtration over Whatman GF/B glass
fiber filters using a Brandel cell harvester,
followed by 2x3 ml washes with ice-cold assay
buffer. The filters were then suspended in 4 ml
of scintillation cocktail and bound ligands
were determined by scintillation spectrometry.

One unit of CDS activity is defined as
the amount of the extract that produced 50%
inhibition of [*H]-clonidine (1 nM) binding to
bovine cerebral cortex membranes in a total
volume of | ml assay (assay volume was
always 0.5 ml). CDS activity was calculated
in unit/g wet weight of tissues. Number of
units/g tissue wet weight was calculated from
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2% Ficoll, and stored overnight at 4°C.
Segments of palmar lateral vein were cut into 5
mm lengths and incubated in modified Krebs-
Henseleit saline for 60 min at 37 °C in a
shaking water bath. Afier this period of time
segments of vessel were incubated with 0.8 p
M [’Hl-adenine (75 KBg/ml) again for a
period of 60 min at 37°C in a shaking water
bath. After incubation the segments of vessel
were washed 3 times by resuspension and then
one segment was transferred into each flat-
bottom plastic incubation vial containing
Krebs solution to a final assay volume of 300
pl. Segments were allowed to equilibrate for
20 min and all experiments were carried out in
quadruplicate. ~ The cyclic-AMP selective
phosphodiesterase inhibitor, rolipram(10~°M)
was added to all assay tubes to prevent
degradation of cAMP'. The sequence of
addition of antagonist, agonist or the extracts
and forskolin were the same as in the
experiment with guinea-pig cortex slice as
mentioned above. The o,-antagonist, idazoxan
(10° M), was added 10 min before the agonist,
UK14304, or CDS extracts and incubated for
10 min. Finally, forskolin (30 uM) was added
for 10 min. Incubation tubes were resealed
under an O, : CO, (95% :5%) atmosphere after
each addition. Incubation was stopped by the
addition of 200 ul 1M HCI, followed by 750 pl
distilled water.

[PH]-cAMP was separated from [°H}-
adenine and other [’H]-products using
sequential Dowex/alumina chromatography in
Dowex 50 columns (Bio-Rad), adjusting for
variation in recovery by the addition of ['C}-
cAMP (approximately 30 Bq per tube) as
mentioned above. [*'H]-cAMP and total tritium
in the tissue was determined using scintillation
spectrometry.

Data analysis

The inhibition of radioligand binding
by CDS extracts was analysed using a non-
linear least square method using Kaleidagraph
{Synergy software) on a Mac-Intosh computer.
In functional assays, the level of forskolin-
stimulated (*H)-cAMP accumulation produced
by the effect of op-adrenoceptor agonist or
antagonist or the extracts were substracted
with the basal level of cAMP production. The
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results were presented as percentages of the
control forskolin-stimulation above basal level.

The data shown were mean+standard
error of mean (SEM) from at least 4
experiments. Statistical analysis used was the
Student’s t-test. The difference between mean
values was considered statistically significant
if p<0.05.

RESULTS

Binding  properties of bovine  brain
methanolic CDS extracts

Following aqueous extraction,
deproteinization, freeze drying and further
extraction with methanol, 110-160 g wet
weight of bovine brain produced a slightly
yellow material which was dissolved in 12
volumes of double-distilied water to yield the
‘methanolic CDS extract’. As shown in figure
1, the brain CDS extract could recognize both
oy-adrenoceptors and  non-adrenoceptor
imidazoline binding sites. The line with open
circle showed that the extract caused a
concentration-dependent displacement of 1 nM
[’H]-clonidine binding to bovine cerebral
cortex membranes which contained ;-
adrenoceptor  sites™. At the highest
concentration examined, the brain extracts
(100 pl/mb) caused 80.5+2.5 % inhibition
(n=8) of [*H]-clonidine binding. The amount
of CDS extract producing 50% inhibition of 1
nM [’Hl]-clonidine  binding (which was
equivalent to | unitml) was 18.6+1.7 ul/ml
(n=8). The slope of the displacement curves
was 1.09+0.08 (n=8). Based on the wet weight
of the original starting material, the activity of
CDS from bovine brain was 4.8+ 0.5 units/g
wet weight (n=8 batches).

The line with closed circle showed
that the extract produced a concentration-
dependent displacement of [*H)-idazoxan from
porcine renal cortex membranes which
contained the non-adrenoceptor imidazoline
binding sites'”. The amount of CDS extract
producing 50% inhibition of 1.0 nM [*H]-
idazoxan was 33.2+3.4 ul/ml (n=4). This
result showed that the brain CDS extract was
approximately 2 folds more potent at oy
adrenoceptors than at non-adrenoceptor
imidazoline binding sites.
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Figure 1 The effect of bovine brain methanolic CDS extracts against 1nM [*H]-clonidine binding on
bovine cerebral cortex membranes (O) and against 1nM [*H]-idazoxan binding on porcine
renal cortex membranes (®). Non-specific binding was determined in the presence of 107
M noradrenaline (10-15% of total binding) for the sites labeled by [*H]-clonidine and in the
presence of 10™ M cirazoline (<15% of the total binding) for the sites labeled by [*H]-
idazoxan. The concentration of the extract is expressed in pl/0.5 ml assay volume. The
figures shown are means = SEM from 4-8 experiments. Mean ICs, (n=8) of brain exiract
against the site labeled by [’H]-clonidine (n=8) is significantly difference at p<0.05 from
that of the site labeled by [*H]-idazoxan (n=4) (see also the text).

Functional activities of CDS extracts at o
adrenoceptors

The effects of oaradrenoceptor agonist,
UKi4304, on forskolin-stimulated cyclic
AMP accamulation

The basal level of [*H]-<cAMP
accumulation in guinea-pig cerebral cortex
slices was 1,323 £196 dpm (n=4). Forskolin
(30 uM) caused a 3-4 folds increase in [‘H]J-
cAMP accumulation, while UK14304 (107 M)
did not affect the basal levels (1,425£210 dpm,
n=4). However, UK14304 caused a
concentration-dependent inhibition of
forskolin-stimulated cAMP accumulation, with
a pD, value of 7.49+0.21 (n=4) (Figure 2).
UK14304 caused complete inhibition of
forskolin-stimulated [’H]-cAMP accumulation
to basal levels. The oy-adrenoceptor
antagonist, idazoxan (10° M), had no
significant effects on either basal or forskolin-
stimulated [’H]-cAMP level (Figure 2, lefi
panel) but abolished the inhibitory effect of
UK 14304 on forskolin-stimulated [*H)-cAMP
accumulation in guinea-pig cortex slices
(Figure 2, right panel). These experiments
showed the presence of a,-adrenoceptors on
guinea-pig cerebral cortex membranes, which
were negatively linked to cAMP formation.

The effects of brain methanolic CDS extracts
on  forskolin-stimulated  cyclic  AMP
accumulation in guinea-pig cortex slices.

Brain methanolic CDS extract (0.9
unit/ml) had no significant effect on basal
[PH}-cAMP accumulation {1,485+220 dpm for
basal and 1,375+385 dpm for the extract). All
the concentrations of brain methanolic extracts
examined (0.009-5.3 units/ml) produced no
significant change (at p<0.05, n=4) in
forskolin-stimulated [*H}-cAMP accumulation.
(Figure 3, right panel). The figure appeared to
show a biphasic effect but these changes were
not significantly different from the conirol
forskolin response. Idazoxan (10° M) had no
significant effects on either basal (1,4424320
dpm) or forskolin-stimulated [*H]-cAMP
levels (99+4% of control respense). In the
presence of 10 M idazoxan, brain methanolic
CDS extract had no significant effect on
forskolin-stimulated [*H]-cAMP accumulation.
Surprisingly, at a higher concentration (5.3
units/ml), in the presence of idazoxan, the
extract significantly inhibited forskolin-
stimulated ["H]}-cAMP accumulation to 30% of
forskolin-stimulation.
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Figure 2. The effect of UK14304 on forskolin-stimulated [’H]-cAMP accumulation in guinea-pig

Figure 3.

cerebral cortex slices. The left panel (bar) shows the effect of 30 uM forskolin {Forsk) and
the effect of 10° M idazoxan (IDZ) on forskoin-stimulated [*H]-cAMP accumulation above
basal level. The right panel represents the effect of UK14304 (O) and UK14304 in the
presence of 10 M idazoxan (@) on 30 uM forskolin-stimulated [*H]-cAMP accumulation
in guinea-pig cerebral cortex slices. The level of [*H]-cAMP is shown as percentage of the
30 pM forskolin response (above basal level). Each experiment was carried out in
quadruplicate. The values shown are means + SEM from 4 experiments.
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The effect of brain methanolic CDS extracts on forskolin-stimulated [’H])-cAMP
accumulation in guinea-pig cergbral cortex slices. The left panel (bar) shows the effect of
30 uM forskolin-stimulated [*H]-cAMP accumulation above basal level which represents
100%. The right panel represents the effects of extract (O) and the extract in the presence
of 10° M idazoxan (®) on 30 uM forskolin-stimulated [*H]}-cAMP accumulation in
guinea-pig cerebral cortex slices. The level of PH]-cAMP is shown as percentage of the
30 puM forskolin response. Each experiment was carried out in quadruplicate. The values
shown are means + SEM from 4 observations.

* represents statistical difference from the effect of forskolin- stimulation at p<0.05.
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The effects of UK14304 and brain methanolic
CDS extracts on forskolin-stimulated cyclic
AMP accumulation in porcine palmar lateral
veins.

UK 14304 (107 M) had no effect on
the basal [’H]-cAMP level but inhibited
forskolin-stimulated [*H}-¢cAMP accumulation
in porcine palmar lateral veins to 45+8 %
{(n=4) of the forskolin response (Figure 4).
The inhibitory effect was reduced by 10° M
idazoxan to 78+9 % (n=4). of the forskolin
response.
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Brain methanolic CDS extract (0.9
unit/ml} had no effect on the basal *H]-cAMP
accumulation (1,008+336 dpm for basal and
840£168 dpm for the response of the extract,
n=4).  Forskolin (3¢ pM) produced an
(19,280+2,400 dpm) approximate 20 folds
increase in ['H]-cAMP accumulation. Figure 5
shows that the extract, over the concentration
range of 0.009-5.3 units/ml, does not produce
any effect on forskolin-stimulated [*H]-cAMP
accumulation, either in the presence or absence
of idazoxan (10 M).
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Figure 4. The effect of UK14304 (107 M) in the presence and absence of 10° M idazoxan (IDZ) on
30 uM forskolin (Forsk)-stimulated [’H]-cAMP accumulation in porcine palmar lateral
vein, The level of [’H]-cAMP is shown as percentage of the 30 uM forskelin response.
Each experiment was carried out in guadruplicate. The values shown are means=SEM from

4 experiments.

* represents statistical difference from the effect of forskolin-stimulation at p<0.05.
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1 0 H 1
102 10! 10° 10!

[Brain methanolic CDS] units/ml

The effect of brain methanolic CDS extract on forskolin-stimulated ['H]-cAMP

accumulation in porcine palmar lateral vein. The left panel (bar) shows the effect of 30
M forskolin-stimulated [’H]-cAMP accumulation above basal level which represents
100% and the effect of 10° M idazoxan on forskolin response. The right panel represents
the effects of the extract in the absence (O) and in the presence of 10 M idazoxan (®) on
30 uM forskolin-stimulated [*H]-cAMP accumulation in porcine palmar lateral vein. The
level of [’H]-cAMP is shown as percentage of the 30 puM forskolin response. Each
experiment was carried out in quadruplicate. The values shown are means+SEM from 4
experiments. There is no significant difference (at p<0.05) between the effects of the
extract on forskolin-stimulation and the effect of forskolin-stimulation per se.
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DISCUSSION

The present study has confirmed that
methanolic extract of bovine brain contains an
agent that can displace [*H]-clonidine from
bovine cerebral cortex membranes.  This
provides the evidence for the presence of
‘clonidine-displacing substance’ as described
by Atlas and Burstein'. The CDS extracts are
also capable of interacting with the non-
adrenoceptor imidazoling binding sites on
porcine renal cortex membranes labeled by
[*H]-idazoxan as previously reported on the
properties of this substance’. This raises the
possibility that CDS might be an endogenous
ligand for both «,-adrenoceptors and
imidazoline receptors.

The binding of the extracts exhibited
some selectivity for these 2 sites as previously
reported”®.  The brain methanolic extracts,
which were prepared in the same way as in this
study, were less active for opiate receptors
jabeled by [*H]-etorphine and inactive against
aq-adrenoceptors and muscarinic binding sites

labeled by [‘H}-prazosin and [’H]-
quinuclidiny! benzilate, respectively. In this
study, the extract was approximately 2 folds
more potent at op-adrenoceotors that at
imidazoline receptors. However, this finding
contrasts with that of Singh et al'® which
showed that the exiract from bovine brain and
lung were approximately 3-4 folds more active
at the non-adrenoceptor imidazoline binding
sites on rat kidney membranes labeled by [*H]-
idazoxan than at op-adrenoceptors on bovine
cerebral cortex membranes labeled by [*H]-
clonidine. This discrepancy may be due to the
difference in their ligand recognition properties
of porcine and rat imidazoline sites on kidneys.

In the guinea-pig cerebral cortex slice
model, the imidazoline derivative o-
adrenoceptor agonist, UK14304, was used
since it produced greater effect than clonidine
which showed partially agonist activity.
UK14304 (10° M) completely inhibited
forskolin-stimulated c¢AMP  accumulation.
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This effect was mediated by o,-adrenoceptors
since it was prevented by the op-adrenoceptor
antagonist, idazoxan. The inhibitory response
to oy-adrenoceptors activation in guinea-pig
cortex slices was greater than that in the rat
cerebral cortex slices. In the rat model, only
35% of the forskolin-stimulated cAMP
accumulation was inhibited by UK14304 (10"
M)'®.  Because of the greater degree of
inhibition seen in the guinea-pig cortex, this
tissue was used to examine whether CDS
extracts possessed agonist activity at central o
z-adrenoceptors. This study found that
methanolic CDS extract from bovine brain did
not mimic the effects of oy-adrenoceptor
agonist, UK14304. The unexpected significant
inhibitory effect of idazoxan in combination
with the higher concentration of the brain
methanolic extract on forskolin response might
be due to some contaminants in the methanolic
extract or idazoxan that might affect adenyl
cyclase directly.

In the porcine palmar lateral vein, the
vascular  oy-adrenoceptors  has  been
demonstrated to be negatively coupled to
cyclic AMP formation''. The degree of
inhibition by o,-adrenoceptor agonist, 107 M
UK 14304, on forskolin-stimulated [’H]-cAMP
accumulation in palmar lateral vein was found
to be approximately 45% of the forskolin-
induced response, which was comparable to
that reported by Wright et al'’. The inhibitory
effect of ay-adrenoceptor agonist, UK14304,
on forskolin-stimulated response in porcine
palmar lateral vein was also mediated by ;-
adrenoceptors, since the effect was prevented
by idazoxan. However, the bovine CDS
extract failed to mimic the effect of UK14304
or produce any significant potentiation of
forskolin-stimulated ["H]-cAMP accumulation.
In addition, idazoxan did not alter the response
of the brain extract on forskolin-stimulation.
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