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Establishment of kappa opioid receptor agonists pharnmcophore 

witIl molecular modeling method 
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AIM ：To build up nonpeptide K-opioid receptor 

agonisls ph肌nac卵}lore． MEⅡ姗 ： Five 
structurally diverse，highly active nonpeptide K- 

opioid agonists were retri ed from Ⅶ )L MDDR 

database． M0lecular mechanics method 

used to seek out 50 lower energy conformations 

for each compound． Taking nitrogen atom of 

pyrrolidine and acyl acetanfide as overhy points， 

5 agonisill were superimposed to each other with 

their most favorite conformation． From the 

overlay map， the structure spe cificity of 

n0n】)印tide K-opioid receptor agonisis were 

elucidated． RESUL1[s： According to this 

pharmacophore， the pyrrohdine 血 ， the 

cad)0TIv1 group of acyl acetamide， and the 

hydrophobic group attached to acyl acetamide 

were suggested to be the structure-specific 

moieties of ~-opioid agonists． Moreover， by 

companng Kl。OplOld receptor 8eI ence ot啪 Ilse 

with other G-protein．coupled receptom． we 

detemfined those coBserve residues existing on 

tmnsmembrane regions which n~sht interact with 

the suggested groups． e~arboxyl of Asp138 

might interact with N atom of pyrrolidine by 

forming a hydrogen bond． nle hydroxyl of 

Serl87 and the carbonyl group of ／~-opioid 

agonisis might form another hydrogen bond， 

which was critical for its kappa selective affinity． 

The hydruphobic group attached to acyl acetamide 

mi n have hydro曲obic interactionwith aromatic 

residues of ~-opioid receptors． C0N( - 

SIoN： These kappa agonisis pham~cophore 

were } I to select specific positions jn the 

lead compounds to be occup ied by hydrophobic 

mo ieties to limittheir ability to acrossthe blood- 

brain bam er． 
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sites reduces hyperalgesia in a rat mo del of 

arthritic nainL ． Therefore，a K．opioid agonist 

with a limited capability to penetrate the blood- 

brain bal'riercouldbe effectiveintreating Dajn 】】 

irifiamm,~tion． ese findings ⅡDaTld the gate 

control theory of pare and suggest new approach 

suc h a8 the developme nt of peripherally-selective 

opioid ana~ 8ic8without e~ntral side d!fecis． 
A binding me del for~-opioid agonisis was 

proposed by Michael HigginbottomL ． Based on 
this model，three compounds structurally diverse 

from U．50488 were designed． Two macrocyclic 

lactam compounds，PD146884 and PD148282， 

bjnd K．opioid receptor selectively with respect to 

the receptor． However， despite the 

macrocydic lactam PDl46884 fits their roodel 

quite wel1． it showed no K．upioid receptor 

binding nity． m 8 result promoted u8 to 

make fullher study on nonpeptide ~-opioid 

agomsts． 

哐T】哪)DS 

This work was performed on Sihcon 

Graphics IRIs R3000 workstation using mYL 

6．1 and MDL ISIS1．3 software package． First． 

we retrieved all kappa agonisill from MDDR 

database with search protocol ISIs／BAsE． Five 

agonists were cbosen for their hi K．opioid 

receptor bind affinity：MDLl67361．IC5o=0．9_0 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


BIBLID：Le．S3 0253．9756 血̂ n删加 衄 Sinica 中国药理学报 1998 s印；19(5) 

nmol·LI1；GR-89696，IC5(】=0．o2 rmxol·L ； 

MDLI63725，Ki=0．24,ram ·L一 ；MDL158584， 

ICso=0．83 11／Ilol·L ；ICI．197嘶7，IC50=6．3 

nmol·L～ ． rI11e configurations of compounds 

were minimized with Gasteiger-Huckel ch,~ge in 

Tripos force field as protonated species ．~ing 

SYBYI／Base module． 

PD146'795 

H∞4隗  

Struealr~ the e d已d ed。0皿p0皿 ds 

The cut．ofr for energy evaluation was 0．8 

nn1，tIle dielectric constant was set to be 7．0． 

and the dielectric function depended on 山e 

distance． 1hm systematic search on all 

rotatable bonds by the inerement of 5 degree and 

~ ．her optimization．the groun d．state conformer 

0f 5 agonists were achieved． WitIl tIle ground． 
state confornler as the starting conformation，we 

researched the critical rotatable bonds of each 

compound by the increment of 5 degree 

systema tically． In this way． we got 50 

conformations(including the ground—state con． 
foFiller) whose energy were l0m r than other 

conformationsfor each agonlst and put tIlem into 

5 databases．respectively． Taking these con． 

formatiom as the overlay choices，we employed 

D1SCO modttle in sYBYL software to detect tIle 

possible common binding sites automa tically and 

overlaid the 5 agonists each other by their favorite 

conformation． 

For understanding山e iuteraction of~-opioid 

receptors agomsts w1恤 ~~-opioid receptors, E1一 

opioid receptor subtype in mouse was taken into 

accoun t． Since there was already study on the 

nature and putative fun ction of sollle oonserved 

residues of 39 G-protein-coupled， receptors 

(GPCR) ．we como~ the sequence similarity 
of K1-opioid receptor witIl other GPCR to 

determine the sequence regions putatively 

ineluded in山e7transmembrane domains andtIle 

conserved residues existir培 in the TMs which 

ght have interaction with the deduced w-opioid 

pharmacophore． 

REs【JI TS AND D=IsCU 卫0N 

Pharmaeoplmre ，I1le 5 selected t~-opioid 

receptor agon~sts were represented (Fig 1)． 
GR-89696 was the most effective agonist of all 

山ese compounds．whileICI一197067was theleast 

effective． The binding affinity of ICI．197O67 

with x-opioid receptor was about one—tenth of 

MDL167361 and MDL158584． Inspecting their 

structures． we found that tIle main difference 

between tIlem was tIlat the pyrrolidiue ring was 

linked with different groups． e pyrrolldine 

linked to ring groups which were hydrophilic 

(GR-89696) or conjugated system (MD 
167361) except ICI．197O67． Such kind of 

hydrophilic interaction b~fween lisa~ and K． 

opioid receptors was beneficial for the 

improvement of its antinocicepfive potency．After 

energy minimization· 恤e lowest energy 

conformers of 5 E-opioid agonists were ob~ ned ． 

The groun d．state of the compoun ds and the 

energyof tIleir overlayconformationwere listedin 

Tab 1． 

Ptectlose tIle energy difierence between the 

groun d-state conformation and the ove~ y 

conformation were so small that it could be 

overcome in the environment of organisms，we 

believed that the overlay conformation were also 

stable ／n v／vo． Using compound GR89696 as 

the fitting template s~ eture， other 4 agonists 

were fitted onto it to produce the pharmaco~ore 
map． 11le root mean square(RIMS)fit values 
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C 
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MDU 删 1 

恤 LL63，．25 

m Ll5＆ 

IC 197067 

Fjg1． 咖 0fthe ~tleetedⅫ  tkk 

雄幽 {the1日b删  口I纠 r0雠曲Ie )． 

over the 4 defined points (atom N10 of 
pyrmlidine，atom N2， Cll， and 013 of aeyl 

aeetamide)were listed in Tab 1． The deduced 
K—opioid receptor agonist pharmacophore map was 

presented in Fig 2． 

1'ala1． rile h~_raal∞ 0f5 o岬 椰m凼 缸 their∞咖  

e∞d0 mgb叩 

Fjg2． The dedateed 删 reeelt．or罐 Ⅲm *  
OtaoreⅡ瞳p． 

Therewere atleastthree binding siteswhich 

were specific to te-opioid receptor(Fig2)． One 
was the pyrrolidine ring， the others w the 

catbonyl of acyl acetamide and the hydroflaobic 
group connected with acyl aeetamide． Some 

pharma~pbere parameters were el卫Hmarized in 

rab 2．of which DistN-N expressed the distance 

bG,4ween N atom ofpyrrolidineandN atom of aCyl 

acetamlde． I)istN．0 expressed the distance 

between N atom ofpyrrolidine andO atom of aeyl 

acetamide．DistN．C WaS the distance between N 

atom of pyrmlidine and C ‘atom of aeyl 

Tab2． rile啾 red di曲叫峭 lmtltarsa l皿  鼬咖 馨 

to the m口∞ phDnⅢ甲 
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acetamide． Torsion was the dihedral ,,ngle 

formed by013，C1l，N2 andN10 atoms． le 

mean value8 of DistN—N and DistN一0 were 0．28 

／l／n and 0．45／l／n，respectively． 

le coupling constarit8 between H3 and H4 

(Fig 3)of compound MDLl l725 were consistent 
with a pseudoaxial and pseudoequatorial position 

of the 4 protons．indicating that tbe piperidine 

ring adopted a half chair conformationL ． |rt s 

was in line with OUr molecular modeling result． 

The angle of Cl1一 N2一C3，Cll—N2一Cl， 

and C】一 N2一 C3 ll8．1。．121．9。，and 

118．7。。respectively． m s meant that C1一N2 

一 C3一Cl1 constitutes a planar system．which 

"waft a
、

lso in agl"eement with experimental 

resulf[6]． 

F 

3． ．4,tom ID nm ber ∞ mp0und r,,~ L16377．5 

con~1wlgd i11 the catechol and indolamine 

receptors but exchanged for a Trp in the 

mmeafittic x~eceptors． It might be important f0r 

the H盟nd at~fity J． Therefore，we speculated 

that the earbonyl oxygen of acyl acetamide of 

opioid receptor agonists mi出 form a hyarogen 
b0nd w SPJl87． Besides。 introducing 

carboxyl group at the plpera~ne nng as 

compound GR一89696 would improve its~-opioid 

receptor binding attqnity significandy． However， 

only from the sequence alignment．we could not 

decide precisely which residues had interaction 

withthis carhoxyl group． But weinfetredthatit 

willform electrostaticinteraefionswiththose polar 

residues of~-opioid l'~ceptors(Fig 5)． 
The p／'~sence ofan electron．withdrawing and 

lipophilic substituent in para and／or meta 

positions was required for potent antinociceptive 

aetivity． Ortho substitution was not well 

tolerated． Thjs perhaps related f0 tbe different 

influence for the eleetron distribution over phenyl 

ring by substitute at para， meta， and ortho 

position． As the result． the interaefion of 

agonJs! with azom．atie residues of Ic-opioid 

receptorsthrough 一T【interactionwould al80 be 

different． 

Fig 6 lists 3 compounds whofle structure 

were similar with the~-opioid receptor agonisl 

pharmaeophore building co~ ds． ICsofor · 

and~-opioid receptor of compound (1)w℃re 
O．O1 nmol·L and l1 ranol·L一1 L9J

．
Com- 

Oound (3) was us削 for the treatment of 
psychotic disorders， cerebral ischemia，COt'wll1． 

sior~ and parkimonism． as well as in the 

preven[Jon of neurotoxic IrrIage and Ile岫 · 

dege~rative di8ea,~8． Il showed hi atFmity 

for d receptor(Ki=0．34 Ilm0l·L )while 
bei醒 devoid of binding affmity for Ic-api0id 

receptor and witll only very lmv attlnity for 

dog．nine 132 receptor (尼 ： l112 m町J· 

L一 )L 1 ． Co~ u-ld(2)is one 0f the most 
p0tent and~eleetive a-receI~r aI驴nists bm little 

∞ no ~ nity for ao~ ine D，． K．opioid Or 

pheneyclidine receptorsL “． nle main sm∞ture 

difference between comp (2)，(3)and aIIr 
deduced -opioid recept~r a8 st plIaⅡ瑚Ic0F 
was that compound(2J and(3)did not havethe 
carbonyl group attached to aeyl aee~nide f0r all 

0id ~eeptor agoni~ts which mj异ht interact 

w residue serl87 of~-opioid receptor． It Was 
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叩 枷 明  衄 删  r 姆 豳 ． 

interesting that sueh car~nyl oxygen atom wa8 

replaced by atom S in compound(1)，while it 
stilll~eessed~ fivelower~ gesie aefivit witll 

ll nnml·L一 bin~ng a伍ni押 f0r x-~ioid 

recep10r． Therefore，吐ldu t1]Ie other structure 

speeitlci~ w船 weH kept in compound(2)and 

(3)except the exrl~nyl of aeyl aeetamide，the 
di~ppearenee of x-opioid receptor binding abfli~ 

deⅡl0ns ted the importance of the exrl~nyl 

group to its selective x-opioid binding枷 ni押． 
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用分子模构法建立 lc阿片受体激动剂的药效基团 

越盔彗 ， ，蒋华良，陈凯先‘，嵇汝运 
(中国科学院上海药物研究所，上海 加00B1，中国) 

关毽词 分子力学； 阿片受体 ；药效基团 
’7『_乙 

目的：建立非肽类 阿片受体激动剂的药效基团． 

方法 ：从 i~IDLNDDR数据库 中选 出五个高活性非 

肽类 阿片受体激动剂，以四氢吡咯环 N原子和 

乙酰胺基团为叠加点，用分子模构法建立非肽类 

阿片受体激动 剂 的药效基 团． 结果：四氢吡咯 

环、乙酰胺的羰基和与乙酰胺相连 的疏水基团为 

非肽类 阿片受体激动剂共同结构特征 ． 推测受 

体 ~p138与 四氢 吡 咯 环 的 N原 子 构 成氢 键 ， 

8erl87可能与激动剂 的乙酰胺 羰基以氢键形式相 

作用 与乙酰胺相连接的疏水性基团可能与受体 

有疏水作用 ． 结论 ：建立 的药效基团有助于设计 

新型高效 阿片受体激动剂 ． 
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