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ABSTRACT-Novel  clonidine  binding sites were  characterized  in the lntestinal membrane  isolated from

seawater  eeis, The specific c[onidine  binding sites consisted  of at least two classes,  high affinity  {Kd =  1.4 ±

O.3 nM,  n =  5) and low affinity (Kd =  175 ± 34 nM,  n =  5> sites, The  specific binding of 2 nM  I3H]clonFdine was

most  enhanced  at 200C  and  at pH  7,5, and  reversed  by unlabelied  clonidine. Such binding was  hardly

inhibited by adrenaline,  yohlmbine or rauwolscine,  lndicating that most  binding sites are distinct from a2-
adrenoceptor,  The specific clonidine  binding was  inhibited by varlous  imidazolinetguanidinium drugs, jndj-
cating  existence  of imidazo)inefguanidinium receptive  sites OGRS) or imidazoline receptors  in the eel intes-
tine, Competition experiments  revealed  that rank  order  to displace 2 nM  [3H]clonidine trom their binding sites

wasasfolfows:guanabenz>cirazoline=naphazoline=UK14304=ST587)clonidine)idazoxan=RX821Oe2

=  tolazoline >  ST93 =  oxymetazoline  =  amiloride  =  ST91 >  yohLmbine =  efaroxan  =  rauwolscine  ) adrenaline

=  ST567 =  histamine =  agmatLne,  The rank  order  was  different from those in L or 12 sites ot IGRS  reported  in
various  mammalian  tissues, svggesting  existence  of new  IGRS, non  I, and  nen  l? sites, in the eel intestine, ln
addition, structure-affinity relationships  are  discussed from the results of competition  experiments.  Although

physiological role of IGRS is not clear  yet even  in mammalian  cells!tissues, eeHntestine  may  be a  good
model  to eiucidate  how the IGRS act in the cell and  to decide what  is the endogenous  ligand for the  IGFS,

$ince  eel intestine contains  great amount  of )GRS and  it responds  to guanabenz, an  exogenous  clonidine

derivative.

INTRODUCTION

   lntestinal NaCl and  vvater absorption  is higher in seawa-
ter than in freshwater eels  {Oide and  Utida, 1 967; Skadhauge,
1969; Ando, 1975; Ando et aL, 1992>. Following accllmation
of eels  to sea  water,  the intestine enhances  sens[tivity to

adrena)ine  {Ando and  Hara, 1994). Since adrenaline  is known
to enhance  NaCI and  water  absorption  in the eel  intestine

(Ando and  Kondo, 1993; Ando  and  Omura, 1993), the higher
sensitSvity to adrenaline  may  contribute  to the higher NaCl

and  water  absorption  in the seawater  eel intestine, even  it

adfenaline  Ievels are  identical in boih seawater  and  treshwa-

tereels.TheenltancementinadrenalinesensLtivityjnthesea-

water  eel intestine may  be due  to an  increase in receptor  num-

ber, or an  increase in asunity to adrenaline,  perhaps  by induc-
tion ot new  receptor$  with higher afflnity to adrenaline.

   In order  to evaluate  the$e two possibilitjes, the present
study  was  planned to characterize  adrenaline  rece  ptors in the
eel intestine, by using  [3H]cjonidine as  a radiollgand,  since  our

previous study  had demonstrated that clonidine  acts on  the eel

intestine as  an  ad  renoceptoragonist  {Ando and  KoRdo,  1 993;
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Ando and  Omura, 1 993). However,  most  [3H]clonidine binding

ln the seawater  eel intestine was  hardly displaced by adrena-
line. Theretore, characterization  of such  novel  [3H]clonidlne
binding sites was  pertormed. Some  characterlstics  ef these

binding sites were  similarto  the Lmidazoiine/guanidinium reH

ceptive  sites (1GRS> or imidazoline receptors  reported  in mam-

mals  (Coupry et al., 1990; Jackson  et ai., 1992; Lachaud  et

aY., 1992; Ivkovic et al., 1994; Regunathan and  Reis, 1996).

MATERIALSANDMETHODS

Animals

  Cultured Japanese eels (Anguilia laponica), weighlng  about  200

g,werekeptinseawater<200C)formorethanoneweekwithoutfood,
After decapitation, the intestime was  exclsed  and  the lumen f)ushed
with  ice-cold Krebs bicarbonate Ringer's soiution consisting of (mM);
11S,5NaCl,4.7KCI,3,OCaC)2,t.2MgSO,,t2KH2P04,24,9NaHC03,
The intestine was  then opened,  and  the mucosal  epithelial  [ayer was

scraped  and  trozen at  -80']C,

Membranepreparations

   Frozen mucosal  epithelia  were  homogenLzed in 10 vol. of Lce-
cofd  buffer (pH 7.5>, containing 40 mM  TristHCI, 4a mM  NaCL and

1OO mM  sucrose,  using  a  polytron <TB, setung  6, ×  1Os  bursts). The

hernogenates were  centrifuged  at 9eO  × g for 10 min  at 40C. The
supernatantwascollectedandcentrifugedat11,OOOxgfor20minat

40C. The pellets were  suspended  in 1O voL  of the same  buffer cited
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above  and  ificubated at  250C for 30 min  to dissociate endogenous

ligafids.Attercentrifugationat11,OOO× gtor20min,thepelletswere
resuspended  wjth  an  assay  buffer (pH 7,5) consistjng  ot  40 mM  TrisX
HCl  and  5 mM  MgC[2, Proteins were  determined with  micro BCA  pro-
tein assay  reagent kit (Pierce Chemlcal Company) jn an aliquot ot the
su$pens[on.  Bovine serum  albumin  was  used  as  a  standard,  NaVK'
ATPase  (ouabain-sensitive ATPase) activity of the membrane  sus-

pensjon was  about  1 ,6 pmel  Pi/mg protein for 20 min,

Data analysis

   The results  are  expressed  as  the mean  ± S.E.M. of  n experi-

ments  perfermed in dupricate or  tripricate. B.. and  Kd were  driven
from a non-linear regres$ion  analysis  using  a  program by lshii et aL

(19B3). ICso and  slope factors weFe  deduced fronn pseudo-Hill plot Df
the cempetition  data,

RESULTS
Chemicals
   '

   ['H]clonidineHCI(speclficactivityot61,9CVrnmol}wereobtained
trom New  England Nuclear. The following reagents  were  purchased
tromSigma;(-)adrenalineHCI,clonidineHCI,yohimbineHCI,etarexan
HCI, tolazoline HCI, naphazoline  HCI, amiloride  HCI, RX821  O02  HCI,

agmatine  su[fate,  idazoxan HCI, cirazo]jne  HCI, rauwolscine  HCI,
oxymetazDline  HCl, guanabenz  acetate  and  UK14,304, which  was

dissolved in DMSO,  were  from  Research  BIochemlcals  Inc,. ST91
HCI, ST93  HCI, ST567  HBr and  ST5B7  nitrate  were  glfts from
Beeringer lngelheim KG, Germany,

[3H]clonidine binding studies
   Binding experiments  were  performed  principaliy foliowing a

rr}ethodbyAzumayaandTsutsui(1996},Saturationexperimentswere

periormed by incubating the membranes  in 200  pl assay  buffer (pH
7,5) for 60 min  at 20:C vvith increasing conce  ntrations  of  [3H]clonidine.
Non-specific bindlng was  defined as  a  b[nding in the presence of 1
mM  unlabelled clonidine. Incubatbn was  termlnated by the addition
of 1 mf  ice-cold assay  buffer tollowed by  centr]tugation  at  1 1 

,OeO
 x  g

for 4 min  at  40C. The  pellets were  washed  twice with  cold  buffer, and

the Fadieactivity  ef resu)tant  pelIets was  ceunted  by means  of  crystal

scintillation counting. The bindimg capacity  was  mot  different betweem
the irozen and  the unfrozen  membrane  preparations. The  pH in the
incubation media  was  adj  usted  with  TrisiHCI between 7.0 and  1O.O,
and  wlth  phosphate buffer be)ow pH  6,8, The binding was  performed
at O']C on  ice, 20  or  37DC in water  bath.

   CompetitionstudiesweFecarriedoutvvith2nM[3H]clonidineand
range  of concentrations  of various  reagents  undei  the same  condi-

tion as the saturation expeTiments, At 2 nM  [3H]clonidine, the nDn-
specif[c  binding did not  exceed  30%  of totai binding. Specific blnding
represented  approximately  1 O%  of the totai radioligand  concentration,

[3H]Clonidine binding sites

   Figure 1 shows  saturation  analysis  of [3H]clonidine bind-
ing to intestlnal membrane  homogenates, The specific  bind-
ing (total binding - non-specific  binding) increased with  an

increase in [3H]clonidine concentrations  {60 pM to 1OO nM>,
The Scatchard p4ot of the specific binding was  shewn  in Fig.
1B, Non-llnear regression  analysis  shows  that the clonidine

binding sites consist  of at Ieast two different types, high affin-

ity sites and  low affinlty sites. B.. and  Kd of the high affinlty

sltes were  16,9 ± 4,O fmoYmg protein and  1.4 ± O.3 nM,  re-

spectivety  (n =  5>. B.. =  984 ± 1 32 fmollmg protein, Kd =  1 75
± 34 nM  (n =  5) in the low affinity sites, Using 2 nM  [3H]clonidine,
allofthefol)owingexperimentsweFeperformed,cencentrated

only  in high affInity sites,

   The  specitic binding ef 2 nM  [3H]clonidlne was  pH- and
temperature-dependent. Maximal  binding was  obtained  at

2eeC  (Fig, 2A), body temperature of the eel cu]tured  at 200C,

and  at pH of around  7,5 (Fig. 2B). This binding was  reversed

by additlon  ot unlabelled  clonidine  (Fig. 3).

Competitionexperjments

    ln order  to examine  whether  the clonidine  binding sites in

the eel  intestine is ident]cal with  the adrenaline  receptor,

clonidine  binding was  examined  in the presence of adrena-
tine. As shown  in Fig. 4, however, adrenaline  hardly displaced
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Fig, t, {A) Saturatjon analysls  ot  [3H]clonidine bindjng (60 pM  to IOO nM)  to intestinal membrane  homogenates  at 2D"C  and  pH 7,5: (O) tetal
[3H]clonidine binding, (e) specific binding and  (D) non-specific binding (in the presence of 1 mM  unlabelled  clonidine).  Each point depicts mean
varue of triplicate determinatiens. {B) The Scatcharci plot of [3H]denidine specific binding indicating two cbasses of sites. The data tfom 5
experiments  are  B.,  =  16.9 ± 4.0 fmoVmg  protein, K, =  1.4 ± O,3 nM  and  Bma. = 984  ± 132  fmel/mg  pretein, K, =  175 ± 34 nM  for the high- and

low-affinity binding sites, respectively,
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Fig. 3. Reversibility of 2 nM  [3H]clonidine bind[ng to intestinal mem-
brane.Afterincubationofmembranefraction$with2nM[3H]clonidine
for 60 min,  uniabelled  clon[dine  (1 mM)  was  added  (arrow), Each

point represents  mean  value  in tripiLcate at 200C  and  pH 7,5.
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Fig. 2, (A} TempeTature  dependency of 2 nM  [3H]clonidine binding
tointestlnalmembrane.Themembranetractionswereincubatedwith

[3H]clonidine at O (C), 20 (e> and  37 (A) OC,
 respectively  (pH 7.5).

Specific blnding was  determined after 1O, 20, 30, 40, 80 and  160 min
im tripricate. (B) pH  dependency of 2 nM  [3H]clonidine binding to the
intestinai membrane  fractions, The pH  in the [ncubation media  was

adjusted  with  Tris,'HCI betvteen 7.0 and  1O.O, and  with  phosphate
buffer below  pH 6.8. Specific binding is expressed  as a ratio to the
speclfic  binding at pH 7.5 (100%). Each point depicts mean  value  of

triplicate determinations at 200C,
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Fig. 4. Competition  of specific  binding of  2 nM  [3H]clonidine by vari-
ousadrenoceptorreagentsorendogenousligands.Valuesaremean

± S,E,M. ot 5 to t7 independent experjments  performed  in dup]icate,
lntestinal membrane  were  incubated at 20"C tor60 min  (pH Z5) with

2 nM  [3H]clanidine. Nonspecitic binding was  deflned as  the binding in
the presence of 1 mM  unlabelledclonidine.  (e)clonidine; (C > adrena-
Iine/ (-> yohimbine;  (Z) rauwolscjne;  (A) histamine: (A) agmatine,
Number  ot experiments  are $hown  in pareRtheses,

[3H]clonidine, Similar scarce  competition  were  obtained  in

rauwolscineandyohimbine,cx2-adrenoceptorantagonists,Al-

though both clonidine  and  histamine contain  imidazole ring,
histamine did not compete  with  ['H]clonidine, indicating that

the clonidine  binding sites do not recognize  imidazole ring
itse]f, Agmatine, an  endogenous  clonidine  displaclng sub-

stance  in the bovine brain <Li et  al., 1994), did not  compete

with [3H]clonidjne, either, AItogether, these results suggest  ex-

istence of novel  clonidine  binding sites in the eel intestine,
which  is distinct from adrenaline-,  histamine- and  agmatine-

receptors.

   To characterize  the novel  clonidine  bindlng sites  tu rther,

competition  wjth  various  elonidine  derjvatives were  examined

(Fig. 5), Disp]acing actMty  of ST567 was  simUar  to those ot

adrenaline,  histamine and  agmatine.  On  the other  hand,
UK14304  ctispiaced [3H]clonidine more  effectively at lower
concentrations  {1O-8-1O-` M)  than unlabeiied  clonidine. Dis-

placing activity of ST9t was  iowerthan clonidine  (Fjg, 5A). As

shown  in Fig, 5B, ST93  and  ST587 also  interacted with

[SH]clonidine,andthedlsplacingactivjtywasgreaterinST587
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Fig, 5, Competition curves  between  [iH]cFonidine and  varlous  clonidjne  derivatives. Procedures are  the same  as shown  in Fig, 4 except  for
compeMors.  {A) (:) clonidine;  (e) ST91; {a) ST567; (AL) UK14304, (B) (:} ST587/ (-) ST93. (C) ([) tolazoline; <-) naphazoline;  ([])
oxymetazojine;  (A) cLrazoline.  (D} (C)) idazoxan: (1} RX821O02; ([]> efaToxan;  {A) guanabenz; (A) amiloride, NumbeJ  of experiments  are

shown  in parentheses, Competition curve  of  clonidine  is indicated as  a  dotted line for comparison  ia each  figure.

than in ST93. Torazoline also  displaced [3H]clonidine as  well

as  clonidine  (Fig, 5C), Naphazol]ne and  cirazoline inhlbited
specific clonidine  binding similarly, but their inhibitory effects

were  greater than that of to)azoiime, On the other  hand, the
iRhibitionbyoxymetazolinewassmaHerthanthatbytelazoline.

Idazoxan also  inhibited [3H]clonidine bindlng similarly as

clonidine  (Fig, 5D), Almost identical competition  curve  was

obtained  wjth RX821O02, On the other  hand, compet[tion  of

[3Hic)onidine binding by efaroxan  was  smaller  than those by
idazoxan or RX821002, Guanabenz displaced [3H)clonidine
most  effectively amomg  all reagents  tested in the present study

(Fig, 5, Table 1). Amiloride also inhibited [3H]clonidjne bind-

ing, but the effect was  much  smal)er  than that of guanabenz
<Fig,5D),
   Table  1 summarizes  ICso and  slope  factors obtained
from Figs. 4 and  5. Rank  order  ot potencles to compete  for

[3H]clonldine binding was  as  follows: guanabenz  >  cirazoline

=  naphazoline  =  UKI4304 =  ST587 ) clonidine  ) idazoxan =

RX821 O02 =  tolazoiine > ST93 =  oxymetazoline  =  amiloride  =

ST91 >  yohimbine =  etaroxan  =  rauwolscine  ) adrenaline  =

ST567 =  histamine =  agmatine,

    ln order  to examine  whether  the binding sites of these
c)onjdine  derivatives are  identical with  that of clonidine, total
binding was  examined  in the presence of idazoxan, cirazoiine
orguanabenzattheirmaximalconcentrations,andinthemix-

ture of these derivatives with  1 mM  clonidine.  As shown  in
Fig, 6, displacement of [3H]clonidine by cirazoline, idazoxan

Tablel, lnhLbitienof2nM[3H]clonjdinebindingtoeelintestinalmem-
branes by varieus  clonidine  derivatives tested in present study. Log

[IC.] and  slope factor were  calculated  by p$eudo-Hill plot of  the data

in Figs. 4 and  5.

Competitor n log [ICsu} (M)SIope  factor

Guafiabenz

CirazeFjne
Naphazoline
UK14304ST587ClonldineldazoxanRXB21002

Tolazoline
ST93OxymetazolLne

Amt)orideST91Yohimbine

EfaroxanRauwoLscjne

ST567Adrenaline

Histamine
Agmatine

7545317g5445345463864-7,7 ± O.4+-

-6,6 ± O,4
-6,5 ± O.2
-6.4 ± O.3
-6,4 ± O.3
-6,1 ± O.1
-5,6 ± O.5

-5,5± o.2t
-5,4± O,3'
-5,2± O.4'
-4,8

±o,2-t
-4,8 ± o,2±-t
-4.7 ± o.2ttt

-3.1 ± o.4t-
-2.6± 1,3
-2.4 ± O,st.

-1 .4 ± O.4"-
-1.8± 1,o+t
-1.2±o,st.
 O.1± 1.6+

O.4 ± O.OO.4

 ± O,OO.4

± O.1O.4
 ± O.OO.6
± O,1o.s

 ± e.oe.4

±o,oo.3

 ± e.oO,4
±O.OO,4
± O.OO,3
± O.OO.5
±O.tO,3

 ±, O.OO.3

± O,1O.3
 ± O.O02
±O,OO.3

± O,OO.2
 ± O.OO.3
± O.OO.3
± O.O

Mean ± S,E,M.
',","'

 P<O,05,  P<O.Ot, P<O.OOI cQmpared  to clonidine  (Stuaent F

test or Cochran-Cox test). IC. Ln each  grovp dMded  by dotted Iine
were  not  signiticantly  different
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Fig, 6. Comparison of clonidine dispLacLng actMty  of  clonidine,  cirazoline,  idazexan  and  guanabenz.  Total blnding of  2 nM  [3H]clonidine was

examined  in the presence of 1 mM  unlabelLed  clonidine,  cirazoline  and  idazoxan, and  et  1O gM  guanabenz, and  expressed  as  a ratio to the count
in the absence  ef competitor  {1OO%). In the mixture  ot cLrazoline, idazoxan or  guanabenz with  clonidine,  the total count  was  almost  equal  to the

nonspecific  binding ebtaLned  in the presence of clon]dine a)one. Number ot experiments  are  shown  in parentheses.

and  guanabenz  was  not  additive  to that by clonidine  alone,

suggesting  that clonidine  and  these derivatlves compete  at

the common  binding sites,

DISCUSSION

   The  present study  demonstrates there exist {3H]clonldine
blnding sites in the eel intestine. Opposed to the initla) obiect,

however, most  of  the [3H]clonidine binding sltes were  distinct
from adrenoceptors,  indicating two possibilities whether
adrenoceptors  in this tissue are  ve  ry  few or hardiy recognized
by I3H]cionidine, But the latter case  seems  to be unlike)y, be-
cavse  c)onidine  and  adrenaline  actually enhance  the short-
circuit  current,  an  indicator of active  Cl' absoiption,  across

the eel intestine and  both effect$ are completely  blocked by

yohimbine (Ando and  Kondo,  1993; Ando and  Omura, 1993).

   Most [3H]clonidine were  displaced by varjous  imidazolinel

guanidinium drugs trom their binding sltes (Fig. 5>, This indi-
cates  that these clonidine  binding sites  resemble  to the
imidazoLinelguanidiniumreceptlvesites(IGRS>orimidazoline

receptors  reported  in a  number  of cellsftissues including kid-

ney  (Coupry etaL  1990; Lachaud  et aL,1992;  lvkovic et aL,
1994; Le Rouzic etaL,  i995), iiver (Zonnenschein etaL,  1 990:

Atlas, 1991; Tesson et aL, 1992; ]vkovic et al., 1994), brain

(Tesson and  Parini, 1991; Mallard et a/,, 1992; Reis et al.,

t992; Regunathan  etai., 1993; Bricca et aL, 1994; De Vos  et

aL, 1994; lvkovic etaL,  1994: Reis et aL, 1994; Le Rouzjc et

al., 1995), cultured  astrocytes  (Regunathan et aL, i993),

adipocytes  (Latontan et ai,, 1992), urethra  (Yablensky et al,,

1991>, platelets (Petrusewicz and  Kaliszan, 1986), pancre-
atic B-cells (Brown etai., 1993; Lacombe et  aL,  1993; Reis et

aL, 1994), placenta {Diamant et aJ., 1992>, adrenal  chromaf-

fin ce"s  <Regunathan et at., 1991), and  co]on  (Senard et al,,

t990>.

   The  IGRS  have  been  divided into two groups Oi and  12
sites) in mammals,  tollowing their affinity  for radioligands  and

drug-displacing protile (Regunathan and  Reis, 1996), 1i sites

preter c)onidine  to guanabenz, while  l2 sites prefer cirazoline
or idazoxan rather  than clonidLne  (see Table 2). The fact that
the binding sites are  recognized  by [3H]clonidine indicates
s]mHafity  to 1i sites.  However,  the rank  order  for d]splacing

[3H]clonidine ls difterent from  that in 1i sites, especially

guanabenz >  clonidine  (Table 2), in addition,  the  specific

clonidine  bindlng was  not affected  by  GTPyS  (data not  shown),

whereas  1i sites are considered  to be coupled  to G-protein

(Ernsberger etat., 1995; Regunathan and  Reis, 1996).

   Although higher affinity tor guanabenz indicates similar-

ity to I2 sites ln mammalian  kidney, brajn and  liver, the rela-

tively iow affinity for idazoxan is d-fferent from these mamma-

lian 1? sites (Table 2). In mammais,  l2 sites are  considered  to

be  mainly  locallzed Ln mjtochondria  (Tesson and  Parlni, 1991 ;
Parlni et aL, 1992; Tesson etaL,  1 992; Bousquet, 1 997; Ozaita
et aL, 1997). Recently, however, we  have observed  extracel-

lular guanabenz immed]ately enhances  the $hort-circuit cur-

rent across  the seawater  eel intestine even  in the  presence of

yohimbine (Kim etaL,  in preparation), suggesting  existence

of specific guanabenz binding sites which  are di$tinct trom

a2-adre  noceptor.  The immedlate  response  aEso  indicates that

the guanabenz binding sjtes are not in the mitochondria,  Prob-
ably, the tGRS  in the eel intestine may  act as  a  receptor,  since

the binding js most  enhanced  under  physiologicai condition

<pH 7,5 at body  temperature of 20"C), and  since  the binding
is reverslble, Altogether, these pharmacoiogical protiles indi-

cate  that the eel intestinal IGRS  are  considerably  different

from mammalian  1i and  1? sites. Whethersuch  discrepancy is

due to spe ¢ ies dtfference or due to existence  of new  IGRS,
such  as  1, sites, is not clear  yet. Recently, however, non-li
and  non-[? jmidazoline receptors  are  proposed  in human  heart
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TabJe 2,Pharmaceiogicaj profile ef imidazolinetguanidinium receptive sites (IGRS)

Drugaffinities Distfibutions References

guanabenz >  cirazolLne  =  naphazotine  =  UK14304 =  ST587 )

clonidine  ) idazoxan =  RXB21O02  =  tolazoline ) ST93  =

oxymetazotine  =  amilor]de  =  ST91 >  yohlmbine  =  efaroxan  =

rauwoLsclne>adrenaline=ST567=histamine=agmatine

                                             li-sltes

clonidine  =  phentolamine =  idazoxan >  rilmenidine  =  moxonldine  >

efaroxan  >  guanabenz >  adrenaline  
=
 rauwolscine

clonidine, moxonidine  ) idazoxan, phentolamine >  aganod[ne,

guanabenz

                                             1? - sites

ci razoline >  idazoxan =  BFi >  naphazoline  =  tolazoline >

guanabenz  > clonidine >  adrenaline =
 rauwolscine

idazoxan, phentoiamine =  aganodine,  guanabenz >  clonidine,

moxonidine

LSL61 112 >  idazoxan >  BFI = eirazoline >  guanabenz >

oxymetazoljne  >  clonidine

ci razoline >  clonidine >  UKI4304  > guanabenz

intestine

kidney, PCI2cells, chromaffin
cells, platelets

adrenalmedulla

kidney, adipocytes, brajn

braLn

liver(mitochondrialfractions)

prostate

Presentstudy

(Regnathan and  Reis,

(Moldering$ et aS,,

1996>

1993)

(Regnathan and  Reis,

(MIralles et  aL,

(Ozaita etaL,

1993)

1997)

(Regnathan et aL,

1996)

1993)

<Likungu etaL,  1 996) and  in fabbit sympathetic  nerves  (Gothert
et aL, 1995) and  aorta  {Molderings and  Gothert, 1995),

   The membrane  fractions used  in the present study  ap-

pears to contain  heterogenous components,  since  Scatchard

plots are  hyperbolicand the slope  factors are  Iess than unity.

However,mostabundant2nM[3H]clonidinebindingsites,high

affinity sites, seem  to be common  among  clonidine  and  vari-

ous  clonidine  derivatives, since  the non-specific  binding are
almost  identical even  jn the presence of idazoxan, cirazoline
and  guanabenz and  since  these derivatives are  structuraliy
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Fig, 7, Structure of imidazolinelguanidinium drugs used  in the present study. The  signs of equaljty and inequality indicate the rank order of

potencies to dLsplace 2 nM  [3H]clonidine from the novel  bindiog sites  in the seawater  eel  intestine.



The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  of  Japan

CionFdine Binding in Eel lntestine 211

similar(Figs,6,7},Assumingthat2nM[3H]clonldineandvari-

ous  clonidine  derivatives re¢ ognize  the common  IGRS, struc-
ture-affinity relationship  can  be discussed, Clonidine consists

of phenyl and  imidazole rings with inserted imino bridge be-
tween  them  {Fig. 7). The  affinity seems  to be lowered by re-

piacement of H at position 6 of phenyl rjng with  Cl, CH3 or

C2Hs, since  ST587 >  ST93, UKI4304 2 clonidine  >  ST91 and

tolazoline)oxymetazoline,1ncontrast,benzene-,cyc)opropyl-,

C]- or Br-substitution at position 2 of phenyl ring seems  to

enhancethearnnity,sinceUK14304=cirazoline=naphazoline

>  tolazoline. Imidazole ring does  not  seem  to be essential,
since  guanabenz >>  donidine and  amiloride  also  displace
[3H]clonidine, lmino and  methylene  bridges between pheny]
and imidazole rings seems  to be equivalent,  since  UKI4304
=  naphazoline  and  ST91 =  oxymetazoline,  CH2 and  O-CH2
bridges also  seems  to be equiva)ent,  since  clrazoline  =

naphazoline.  Addition of lipophilic side chains,  such  as  CH2-
CH  =  CH2 or C2Hs, to the bridge seems  to decrease the afiin-
ity, since  cjonidine  >>  ST567 and  idazoxan >  efaroxan.  In

contrast, O-CH3 addition  to the bridge does not affect the af-

tinity, because idazoxan =  RX821 O02.

   Theconceptotimidazo)inereceptororlGRSevotvesfrom

efforts to understand  the receptors  through which  cjonidine, a

centralty active antihypertensive  agent,  lower$ arterial pres-
sure  in cat  (Bousquet et  aL,  1984), The  presence of a

nonadrenergic  binding site for clonidine  in the ventral  meduHa

is directly demonstrated by Ernsberger et  at. {1987), just like
ourpresent  study.  Recently, IGRS are  reported  in many  ce)is!

tissues as  mentioned  above.  However, jt is still not  known

how  the IGRS  work  in cells and  what  are the endogenous

ligands to these respective  sites, except  tor agmatine  (Li et
aL, 1994), The  eel intestine may  be agood  model  to elucidate

mechanisms  how the IGRS work,  and  to identlfy the endog-

enous  tigand(s), whjch  may  not be agmatine  becalise agma-

tine does not effective)y bind to the eel intestinaHGRS (Fig, 4>,
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