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ABSTRACT

Renrultetrahvdro ot inak

(BTH!Q) molecules arc able to adopt
widely dlﬂ'enng conformations that d d on the p or ab of N-
substituests. To asscss the possible rolc of BTHIQ conformation oa the affinity
of these ds for o, -adreacergic of i for tho manageotent
of b ion, the N d BTHIQ nordaud me and
nmadN—dkylﬂaddmvnhmmefwbmd-glombm
curtical sites labelled with the radioligand PHilp in. The

affinity in this series incrcased with the bufk of the substituent co thcmtmgﬂl
atom, from the N-cthyl to the N-propvi analogue. Comparisom of thess results
with published data for relatcd BTHIQs and for the nyd muma of Ihc fully
extonded and semi-folded conformations of laud,

and glsucine, suggested that the a,-adrenargic mceptorbmdng m: is able to
accommodate cither conformation. The p of & butky on the
nitrogen atom sccms to favor P bmdmg jependently ol the {i i
conformation, and that the orientation in which BTHIQs are bound probably

P
3

diffors depending on the p or ab: of a hydroxyl group at a key
position.
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INTRODUCTION

Landanogine (2) is a mmot i ttetralryd inoline (BTHIQ)
alkaloidal wnsunwn( of opmm md 3 mqor metabotite of the clinically
p um,’ as well as of its purc
u, both of which arv used in combination with gencral
ancsthetics. One of tllem-:y pharmacological actions of laudanosine that may
be of clinical concemn in ancsthesia is the relaxation of smooth muscle, mainly
via blockade of a,-adrencrgic receptors.® On the othor hand, subtvpe-sclective
o,-sdrenergic antagonism is of interest as an approach to the management of
hyperiension, and a greater understanding of the structural foaturus leading to
subtype sclectivity is a prerequisite for the develop of usotul drugs.

We have reccutly shown that o, -adrenergic antagonism also operates in
the case of the related BTHIQ coclaurine and some of its derivatives, aithough
sometimes competing with Ca™ entry blockade which also ieads to 2 foss of
vasaular tone and thus to a reduction in arterial blood pressure* In the latter

serics. substitution on the nitrogen alom with a methyl or ethyl group resulted
in small changes in a,-adrenergic receplor affinity without sny g ! trend
cmerging, although in the coclawrine and norarmcpavine familics, b

a para hydroxyl group o the pendeat benzyl moicty, N-substitation led o
decreasod affinitics in the order H > CH, > CH.CH,

BTHIQI are ﬂcxlble molecules that are able to adopt three nmin

ded one, » folded coc, and one thot we call

~semi-folded” The N—u-nbnmted socondary amine BTHIQs show a clear
proference for the cxtended conformation, md (he N-alkylastod analogues
seside predominantly in the i-folded as shown by NMR and
molecular modeling studi d and semi-foldod conformations of

]
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F ther beanri trahydroberberi

BTHIQs approximate themolecular shap tetr
skeloton, and of aporphine ulhlonds, respectively (Fig. 1). As a eonsdunblc
asumber of these sumcallv constrained berbines and aporphines have also been
shown 1o exhibit i blocking activity.®’ we decided 0
compure the affimitics of lauda (2), riand: (1) aad its N-cthyl (3)
and ~propyl (4) derivatives with the publishod data for their extended and somi-

folded rigid analogues, tdnlwdlopllmmne (5) and glmcuw (6), and with our
own m:lu for the flexible cock
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Figure 1: Prefared wnfumnt'mnsd‘ rlaud: (1), laud,
(2), N-cthyt- and -propyl-norisudanosine (3 and 4, respoctivel

ively),
their steric relati w0 tetrahyd "‘(S)mdglmc(‘)

¥ Y r

935




J. Chil. Chem. Soc., 51, N° 3 (2006)

EXPERIMENTAL
General

The following commercial drugs were used: prazosin and phentol

These mhibiuon constants are high (signifying low potency) when
compared with values recorded for o-adrenergic blockers such as prazosin
(0.11 nM)." but are quitc comparable to thosc of related natural products
(sec below). To scarch for analogues with considerably higher affinites by
ntroducing appropnate structural modifications on the casily accessible

were from Sigma (St. Louis, MOY. ["H]prazosin 120.3 Ci mmol™) was from
Amersham Interational (Buckinghamshire. UK). Other reagents and solvents
were of analvtical grade Norfaudanosine (1) and its derivatives (2-4) assayed

BTHIQ scaffold thus remains an attractive goal.

Norlaudanosine (1) and all its V-alkyiated denvatives (2-4) bound

in this work were prepared in our laboratory, and their physical, sp pic.
and analvl!cal data and conformational smdics have been previously reported

by us.?
Binding studies

Feinale Wistar rats, 180-200 g were decapitated and the brain rapidlv
removed. The cerebral cortex was dissccted and homogenized in 10 volumcs
(w#v) ice-cold buffer (Tris HCI 3 nM, sucrose 250 mM and EDTA | mM; pH
7.5 at 25 °C)using an Ultra-Turrax (3 x 15 s). The homogenate was centrituged
for 10 min at 1000 x g. the pelfet was discarded and the supermnatant was
centritiged at 26000 > g tor 13 min a1 4 °C. The final peilet was resuspended
in assay butter (Tris HCl 50 mM, pH 7.5 a1 23 °C)) and stored at - 70 °C tor later
use. All membrane preparation procedures were conducted at 4 °C. Binding of’
[*H}prazosin w rat cerebral cortical membranes was samrable, reversible and
showed high affinity, with a dissociation constant K, = 0.14nM, and occurred
at a single class of binding sites.® The incubation volume was 1 ml (approx.
250 pg protein/tube). The assay tubes were incubated with [PH]prazosin (0.1-
(.2 nM) in the ab or in the p of diug at vianous concentrations.
Incubations were camied out at 25 °C for 45 min and the binding reactions
were then terminated by rapid vacuum filtration using a Brandel cell harvester
(M24R) with fibre-glass filters (Schleicher and Schuell. N® 30) presoaked m
0.3 %4 polyethyleneimine for 5 min. The filters were then washed with ice-cold
50 mM Tris-HCl buffer. pH 7.5 (4 x 4 ml) and the radioactivity bound to the
filters was determined by liquid scintiltation counung. Non-spccuﬁc binding
was determined in the presence of 10 M phentol Pr s were d
according to the method of Bradford wnh v-globulin as standard.” All results
were obtained in duplicate. Inhibition curves were analvzed by the weighted
least-squares iterauve Pnism curve-fiting program (Graph Pad Software Inc ,

2003), and mhibiti (K ) were calculated by usc of the Cheng and
PrussofT fc ta.'® Results are d as mean = standard error of the mean

(s.e.m.) of at lcast three experiments from at least two diferent batches of
cerebral cortex. Where appropiate. vne-way Anova test (available in Graph
Pad Sottware Inc., 2003) for paired data was used, and values of P < 0.05 were
regarded as significant

RESULTS AND DISCUSSION

The aftinities of racemic norlaudanosine (1) und its V-mothvl (laudanosine.

2), N-cthvl (3\ und N-propyl (4) denvatives fur a- adronergic receplors

was dies in rat brain cortical homogenates using the

sulnypo-nmsclccmc radwhgand {*H]prazosin. The speaific binding of this et -

d gic gand ata ion of 0.2 nM ted appro‘nmatclv

%2 of the tntal hinding All the P ds nhibited {*H]p binding
\\'uh the inhibition constants (X)) suminarized in Table |

Table 1. Intubition of PH}prazosin binding to rat brain cortical sites by

norlaud < (1). laudanosine (2). N-ethyl- (3) and M-propvinoraudanosine
“r

Compound K (uM) Slope

1 22.65 +0.67 1.281

2 17.76 £ 0.28 1.121

3 t1.68 +022 0.968

4 505009 1.139

* All binding experiments were carmed out 3-3 times in duplicate
Differences are significant at the P - 0.001 icvel {one-way Anova).

o a-ad gic plors in a competitive manner and at a single site.
Cmcm(raﬁon-rcsponsc curves are shown in Fig. 2. The rank order of affinities
for norlaudanosine and 11s N-alkyl derivatives tested was N-propyl > Necthyl
> N-methvi = norlaudanosine. Although the ditferences are not great, they
we statisucally significant, It is particularly noteworthy that the affinity of N-
pmp\lnorlnudmosme 15 more than double that of its V-ethyl analogue, and

almost four times that of laud ine or norlaud
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Figure 2. Inhibition of the specific binding of [*H]prazosn {(molar
concentralion-response curves) (o rat cergbral conical membranes by racemic
norlaud ine (1). laud (2) A-cthyl- (3) and N-propylnorlaudanosine
{4). Each point is the mean of the results from three or five experiments
perfi d in duplicate. All diffe are sigmficant at the P < 0.00] level
{Anova)

Based on caricsr rcports. we have cstablished unambiguously that
substinition of the secondary nitrogen of BTHIQs produces a shift in the
conformational preterence of the molecule, leading to a predominanty semi-
folded conformation in the N-alkylated derivatives while secondary amines
fike norlaudanosine (1) prefer an cxtended conformation. A third, folded
conformation, although not particularly unstable. is relalively inaccessible from
the others due to the high potential encrgy barriers invol ved.* Our experimental
results, suppurted by theoretical calculations, showed that increasing the size of
the BTHIQ V-substituent beyond methy] docs not have any appreciable cftect
on the confurmational equilibrium, and the only difference between the bulkier
V-alkyl and the A-methyvl devivatives should be kinetic, residing in the higher
(i.e. 2.8 v5. | keal'mole) energy bamier scparating the accessible contormations
in the former compounds. Theretore, the fact that the o -adrenergic receptor
aftinity of .V-propvinoriaudanosine (4) is significantly higher than that of N-
ethvinorandanosine (3) cannot be explained simply by the conformutional
Is, which are quitc similar.

prefi ces of these oo

As the extended conformation of BTHIQs resembles the rigid shape of
berbine alkaloids. while the semi-folded conformation approximates that of
aporphines. a comparison of the affinites of the compounds studied herc with
those of closely related. tetramethoxylated berbines and aporphines seems
warranted. The reported K, value for the betbine tetrahydropaimatine (%) at



a,-adrenergic receptors is 2.88 #M ¢ On the other hand. the apatphine glaucine
(6) also binds to these receptors with slightly greater affinity. and the inlubition
curves displaved shallow slopes which could be subdivided into high and low
affinity components attributed b @, - and a,-receptor bmdlng (K, = 0.07
and .20 uM. respectivelv) ' The rather amall dxffemccs in the affinities of
tetrahvdropalmatine and glaucine, on one hand. and of the N-unsubstitated and
N-substituted BTHIQs. on the other, suggest that both the exiended and the
semifolded conformations can be accommodated by the ligand site of the a-
adrenexgic veceptor.

Tt should be pointed out that the publisbed atfinities for tetrahydropalmatine
and gl correspond to the 1 () isomers. while the compounds studied
by us were racemic. Thus. if the (§) stereochenustry were preferred (which
is not known at this time), the K, values recorded here for the laudanosine
vongeners might be halt as high In the case of (S)N-propyvinorlaudanosine,
its u;-adrenergic receptor affinity would be slightly better than that reported
for (Srtetrahydropalmatine. Thus, aithough the a,-adrenergic affinity of (=)
notfaudanosine und its N-alkylated derivatives increases for the mostly semi-
folded N-ethyl- and -propyi compounds, the K, values, particularly with regard
to (S)glaucine, do not clearly support the ides that these compounds mumic an
aporphine-like conformation when bound to the receptor. It should be realized.
however, that the bipheny! portion of the aporphine skeleton 1s practicalty flat
(with the two coaxial benzence ring planes forining angles of less than 309,
while the median plane of the benzyl group of BTHIQs in their semi-folded
conformation isnwly perpendicular to the planc of the tetrahydroisoquinoline
benzene nng.* This diffcrence may well be sufficient to explain the weaker
aﬂ‘imw of the BTHIQs As the pmpomon of molccules in the semi-folded

ion, barnng specifi tions with the receptor. is not expected
to be differ to any important degree for the V-methyl, -ethyl or —propyl
derivatives, the fact that the affinitics of norlaudanosine (1) and laudanasine
(2) are very similar and significantly lower than those of the compounds
with lasger sub ts on the gen atom d Is another explanati
It seems reasonable to suggest that an cthyl or propyl group aftached to the
nitrogen atom may occupy a hydrophobic pocket in the binding site, rather
like the N-propyl pocket described for D,-dopaminergic receptors, which have
considerable stuctural homology with adrenergic receptors. A similar trend
was seen for 12-0-methvicoclaurine and its ¥V-methyi derivative, which exhibit
K, valuesof 12.02and 5.12 uM, respectively, although at theime no conclusion
couid be diawn from these resuits. In the codaurine (7,12-dihydroxy-6-
methoxyBTHIQ) scries. however, a, gic affinities d se about two-
fold with each increasing carbon atom on going from the secondary amines
10 their A-methy! and cthyl analogues: the X values are 1.07, 2.34 and 5.13
UM, respectively. In the norarmepavine (6. 7-d|mel.hoxw ~12-hydroxyBTHIQ)
serics. the corresponding values arc 5 89, 7.24 and 8 51 #M * The coclaurine-
norarmepavine affinities run in the opposite direction (o that observed m the
present report with faudanosine and its analogues. and that reported by us in
our 2003 paper for 12-O-methylcoclaurine and its V-methyl derivative. This
suggests that BTHIQs bearing a hydroxyl group at the puara position of the
benzyl ring. such as coclaurine and armepavine on one hand. and analogues
lacking thts hydrogen-bond donor on the other, may bind to the receptor in
different onenmuum In both cases the BTHIQs prcsumnbl\ compete with
inc for its bind sm: but considening the likelihood that the

rec:ptot isable to nc.cepﬂ in extended or semifoldesd confor . and
in dfferent on tion should be d betore proposing
any hypothetical phanmacophore.
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