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SUM _sEAR’O

1-�j_sin_so’pi_sm-in_so- nit_si! _sofi_s_s-r cu_sn_s_spo_sun_sds c-_s_sn_stain_smog a 3 , 4-dii_sydr_s_sxypi_s_s-n_sybo-f-i_syl backbone

w’o-nc- f_s_sun_sd to_s ho- n000n_sc-o_sn_sp(’fit-iv_s- it_si_sibitons c_sf a cyclic- m_suc-bo-uotido’ pi_so)-sPioo_sdi_s-stera-s_s- is_s_slated

fnon_s ho-_s-f i_scarf. TI_so’ sfnuc-tunal ro-quimon_set_sf-s for ti_si im_si_sibit-io_sn i_s-c-ru’ uliff_s-ren_st- fr_s_sn_stho_sse

c)f classic-al al/)l_sa (_sr beta adru’noo-ngic- n_s’cepto_sr, am_sd in_sioibiti_son_s i_s-as n_s_s_sfprc-ven_st-ed by the

additi_sono u_sf adr_s-n_sc-rgic- bl_s_sc-k_s-r-s. At a c-yc-iic- A\IP com_sc-i-m_stmatii_sn_s_s_sf1.0 i_s_s_si, t-pit_sepl_snin_se i_s-as

a n_si_sm’u-l)i_st_s’tot itoloibitcor ti_san_s ti_sc-0_s�)i_sy1hit_se. Ti_so- co_s_s_sc-u-m_stn-ati_s_sn_snc-_si_stir_s-ui ft_sn i_salf-m_s_saxin_sal

ini_sibitio_sn_s _svas 7 ._s_sn.In_s flit- j)resen_sce of a io_s_sv-substrat-u- c-oonoc-o’m_stmafioin_s (0.01 n_s_sn), ioi_s_s_s_sven,

it i_s-as b_s_-s-s1)_s_stOt_sf fl_sam_s o-it-ioo-m ti_sc-o_s�_s1_syb1ii_s_s-o_smpapav_snin_sc. Eltuc-iuiation_s of ti_se ba-sic- st-i-uc-

torah ro-qinrc-n_so-n_sfs f_s_smimol_sibiti_son_sby ti_sis group _s_sfc-c_sm1)_s_sUm_sdu�n_say aid in_sti_s_s-do--sign_s oof mcoro-

j_sot_s-n_st- amO(1 �-tl_soc-ihc- cyclic t_s_stc-bo-iotido- j_si_so_ssj_s1_si_sdic-st_sra�oo’ imoi_sibifi_smu’�.

Ti_si- in_stract-Ilular c-uon_sc-i-n_stratio_sn_s u_sf cyclic-
A�\II� in_s _s-tikamyi_stes c-an_s bo- it_sc-nea.sed by

stin_s_sulatim_sg n_so-mbnan_se-bo_si n_sd ado-nylyl cy-

c-la-so- (ATP -* cyclic- AMP + PP_s) or by

in_si_sibifin_sg cyclic n_suc-le_stiibe j_si_s_s)-spi_souliestc-r-

a-se (cyclic- AMi� -* 3’-A\IP). Cat-c-c-i_so!-

an_s_si_so_s’t�i_save b_s’om_ssb_s_s_s_sn_sto st-in_s_suiate cyclic

A�\I P fo_smn_s_safio_sn_sin_s m_s_san_sykim_suls of cc-us,
e.g., cardiac- m_s_su_s-c-lc-,livc-r, skei_s-tai n_s_sw_sc-he,

an_sd m_s_sic-b_s-afc-ulu-rytl_sr_s_sc-yt_s- (1, 2). In_s n_so-st

ca-s_s’s u_si_so-mo-it lot_s-s beo-no studi_s’d, f-lois -stimu-

iati_s_sn_s c-o_smro-iato-s i_sitio ti_se beta adrem_sengic

l)0_st0’m_sc-�’u_sf ti_so’ drug-s c-n_s_s�_sboyoxl at_sd is in-

Ti_sisis Co_sm_s_s_st_sn_sic-u_s_sic_sn_s259 fr_so_s_s_sti_se Jo_st_st_s an_sd

Lester Avn_set In_sst it_site of Mo_sleet_sian Biology. This
svo_snk was s1_sI)I)_s)ntc-d Ioy gru_s-n_sts fr_s_s_s_s_stI_se Un_sited

S_st_s_so-s Pn_sloiio’ Health Senvi_s’c- (AM-9038) n_sn_sd the

A_st_sc-ni_s-u_sn_s (�an_s_stc-n Soc-ic-_s y (B(’-12B ).

_s Pre_sioo_s’tuorai Feil_sow _sof t i_sc- NIc-o!io’al Sc-ic-n_st is_s

Sc-i_s-n_s_si_si_s Train_sin_sg Pnoogru_s_s_s_s (5T5-GM1674).

2 llo-seu_sneh Cu_sneer Devc-lopm_s_sc-n_st Awuordee tof the

Nati_son_sai In_sstitutc- of (1c-n_serai �‘_s-Iedical Sc-ic-n_sc-es

(5K03 (1M22345).

l_sibit_s-d by ti_s_s aduhiti_sn_s u_sf beta adren_sengic

bit_sc-k_s-ms.

Ho-c-_s-motly, An_s_si-n (3) m’_s’p_s_smtedti_sat i-c-pb-

n_sc-i_si_snit_se am_sd _s_st10_s-nai/)l_s Li aubrc-t_s_s-ngic- agot_sists

alter ti_se affinoify (of rat liver cyclic- n_soc-leo-
t-idi- pi_soSph_so)di(--sfc-mas(- fi_sn cyclic AMP. Ti_sis
_s-ffo’ct, I_so_svc’vom, u_s’as t_s_s�otdin_sit_si-shied by ti_se

aulditi_s_sn_s _s�_sfai/)lia- adnem_si-mgic- blockers. Ti_sc-

pm_s--s_s-n_st-st udv im_sdic-atc’s float c-ateci_soiam_s_sines
an_sd structurally related c-on_s_si_s_s_sun_sdsarc- n_son-

c-on_spetit-ive in_shoibitoms tof ti_se cyclic- m_sucleo-

t-ido’ j_si_siopi_sodi_s-fc-ras_s- isu_slat _sul fnc_sm bic-f

i_sc-art, an_sd ti_sat ti_sc- structural rc-uiuinc-tnents

f_s_sr ti_sis i_s_si_sibiti_s_snoare diffo-ment fnon_s ti_so-se
u_sf classic-al aipl_sa an_sd beta adr_s-m_so-mgic necc-p-

to_sr-s.

Cyclic- mo_sic-i_s-_s_stiuie 1)100 osi_sl_s_siili_s’f_srasc- (di-
_su’_st_snaso’) was l)ro’Parc-d by a i_s_sodific-atiom_s of

a n_s_s-thoub b0miVi_s)tisi� discribiui (4) . Vc-n_s-
triculan n_s_si-sc-ho-i_s-as i_s_sin_sc-c-tb,i_siomogen_sized in

a Wanim_sg Biem_sdc_sm, a_s_sd c-i-n_stmifuged at 4000

x �j for 10 n_s_sit_s.TI_se et_szyn_s_se in_s the -sul_sern_sa-
f am_st fl_s_sid ivas l_snec-iI)itateul _s_sifi_s a-_s_s_sm_sniun_s

38_si
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3 E. N. (hone_s_s a_s_sd 0. ?s1. 1�_ssc-n_s, _s_s_sanouscnipt- in_s

preparat it_sn_s.

sulfate (33 % satunatioi_s) at_sd diaivzo’d ovo’r-
i_sigh_st again_s-st 20 volun_ses of 0.03 _snTnis-HC1

buffer, pH 7.5. TI_sc- si_slutiot_s i_s-a-s ti_so-n_sap-

plied t-o a DEAE-c-eilulose c-olumm_s (0.1 g i_sf

resin_s per n_sillignam u_sf protein) that i_sad

been_s equilibrated wit-h_s ti_sc- sam_s_sc-buffi-n. Ti_sc-
columm_s i_s-a-s w-ashc-d _svith 0.045 _si soditin_s

carbon_sate in 0.03 _st Tmis-HC1 buffi-r, 1_sH

7.5, am_sd ti_se diestemase i_s-as c-but-id iviti_s
0.18 _si sodium carbo_s_sate ito tI_si’ s-an_so- biiff_sr.

Ti_se fraction_s-s coI_sf am_sing em_szy mafic- activity

were pooled, dialyzed _sovemmoight against

0.01 _sn Tnis-n_saleafe buff_s-n, pH 6.0, am_sib

adsorbed to_s calciuni phosphate go-i (l.S n_sg
of go-i pc-n n_sihigran_s of pm_s_sfo-im_s). Ti_so’ o-n_szynne
ivas ti_sen c’luted ivith 10 #{176}-� ammom_siun_s st_si-

fate in_s 0.03 M gbyc-it_se buffer, pH 10.0, an_sd
dialyzed agai_s_sst 0.03 _sn Tnis-HC1, p11 7.3.

The dialvsat-c- i_s-a-s com_sc-o-_s_stnatc-d by p_s_ssitive

pressure dialysis at_sd subjc-c-fo-d to go-! ultra-

tion_s on_s Seph_sadi-x G-200. Fractious c-om_st-ain_s-
in_sg _s’t_szym_s_sat-ic-activity were again j_si_sobo’il

and c-oncc-i_strated by positive press_sire ilialy-
si-s. This procedure resulted in a 73-fold

punificatioI_s and a specific activity c_sf ap-

proxin_sateiy 20 �omoies i_sf AMP f_smn_so-ui in_s

30 mm per millignan_s oof pro)f(’im_s. The en_s-

zyn_se at this stage of purification_s possessed

tivo Km values for cyclic- AMP, 0.3 i_s_s_smat_sd

0.02 n_s_si, and ot_se K,� fuor cyclic- G’_sIP, 0.1

m_si.3 It exhibited sign_sific-an_st activity on_sly
ii-itii cyclic �3’ , 3’-p_stnit_so’ nuc-lc-otiubc- sub-

strates.

Cyclic- n_suc-ic-otide i_si_sospi_sodic-st-mase ac--

tivitv i_s-as asavc-d by m_s_seasunit_sg ti_se fonma-

tioni of [3H]3’-AMP fmon_s [3HJc-yc-bic- Ai\-IP as

described pno’viousiy (4) . The stamiuband nc-ac--
tion_s n_sixturc- c-ot_staii_sed 20 j._smoles of Tmi-

HCI buffer (pH 5.1), 2 �omoles of magm_s_s-siun_s

sulfate, an_sd 0.2 �._sn_siolo- of [3H�c-yclic AMP (30

c-pm/n_sn_solo-) in_s a f_s_stab vobuio_se of 0.2 n_sb.

Inicubat-ion_ss _s_semc-carried out for 30 i_s_sin_sat

330, Ti_se reaction velocity n_s’maii_sc-d c-o_s_s-
stat_st fi_sr 45 mi_sin am_sd i_s-as pnop_s_srtionai to) ti_so-

amoum_sf of enzyn_se added. Proteito _svas
determi_s_sed by the i_s_sc-ti_soul u_sf Lowry et al.

(5).

Ti_se adnen_sergic- c-on_spout_sd-s used were di

racemic- mixtures ui_sic-s-s other_s_s-i-se specified.

l-Epin_sc-pi_srim_sc-, i-dopa, i-tymosin_sc-, dopan_sinc-,

and n_seti_soxytynan_sin_sc- i_s-c-re uibt aim_se_si from_s_s
Sign_sa Ci_sen_sic-al Con_spat_sy ; ibid_si_sort _siOpr_s )-

tenc-nol i_s-as purchased from_s_s Abdnic-i_s Cl_sc-i_s_si-

c-al Con_span_sy. Ti_se foilowimog con_spioumods
ivo-re obfaim_sed as gifts : AH 3363, Aili’n_s and

Hanbuny, Ltd. ; pmopram_soio_sl, Ayerst Labo_sma-

tories ; i_si_sem_stoian_sim_se, Ciba P1_sari_s_sac-c-ut ic-al

Com�_sany ; 1- a_s_sd (/l-i-so_spnotenc-m_sol , 1-i_son-pb-
nepi_snit_se, and pi_sem_sylc-pl_snin_si-, Stonlin_sg-\Vim_s-

ti_sr_s_si) llesi-arc-i_s Ii_s-stittito-, at_sib jrotok�1u_sl,
Lak_ssid_s Labomatonio’s.

I_s_s ti_se preset_sc-c- u_sf 1 .0 i_s_s_st cyclic- Ai\IP,

dic-sterase activity _svas ini_sibito-ul about 45 #{176}

by 30 u_sn i-el)ii_stpi_snit_so’, /-n_sooni-pin_sepi_sm’im_s_s’,_son’

l-isopi-o_steru-m_s_s_sl (Tabbo 1A). At- c-u_sm_sc-_s-n_stra-

tic_st_s-s tof i-epim_si-pi_snin_sc- beti_su’ei_s 3 j.i_sn at_so!

0.23 i_s_s_sm, ini_sibitic_st_s u_sf uhiu’storasc- activity
was directly j_sroporficoi_sal to ti_sc- lu_sgamition_s

of ti_se ibrug c-o_s_scentmatiom_s. At c-onci-m_st nat ions

greater f-i_san 0.23 n_s_sn, in_shibitioi_s mo-n_sam_si-u

appnoxim_s_sateiy 33-60 #{176}�. In_shibitiom_s by i-c-1_si-
neb)hnine i_s-as n_sot_sc-c_snip_s-fit ive i_s-I_se_s_san_saiyzu-ui

at substrate c-onc-c-t_stratiomis bu-fwc-o-n 0. 1 am_sib
1.3 n_s_si (I”ig. 1), as _s_s_s-lla-s at co_sm_sc-c-n_sfna-tic_sm_ss
_sof cyclic- A1’_sIP buti_s_s’_smo 0,1 at_sub 10 j,�_sn (i_sot

sho_s_sn_s) . TI_sc- con_sc-c-n_stm’afiot_s o_sf ulrug m’i-quiri-ul

for i_saif-n_saxii_s_sal (28 %) ii_sl_sibition_s at 1 i_s_s_si

cyclic- Ai\IP ivas 7 jo_sm. Ti_sc- in_sloibition_s ivas

rev_s�rsibic-. Die-sf_s-na-so- ti_sat I_sad beet_s tro’at_s’ui

iv-iti_s/-c’pinopi_snin_so- (1 i_s_s_sm) fe_sm’ �l0 i_s_sin_sno’-

gaim_sed full activity aft_sr ubiabysis. If co_stilib

f-Iou-i_s ho- inhibifeui too ti_s_s- san_s_so- -xtc-n_st as umi-

treatc-ui et_szyn_sc- tip_s)t_s (-xpostine to_s �0 j._s_si

l-epit_sc-ph_snii_sc- (42 #{182}� am_sd 43 % im_si_sibitiom_s,

rc-spec-tiv_s-ly). Ti_s(’ hydrolysis of cyclic- C�\lP

(1.0 nr_si) i_s-as also_s it_si_sibito-ul 43 % by 30 �o._si

/-epii_sepi_sninc- . Et_szym_s_satic- ac-f ivify _svas tin-

affected hi_s ti_sc- alpha aibrem_s_srgic- bbo_sckc-r
phemifi_sian_sim_so- (30 no_sn) u_sm by tho- -sam_s_so’c-ot_s-

c-c-titration i_sf fl_se beta adrei_s_s-ngic- bk_sc-kers

pnopman_sol_s)1 an_sd dic-Iohi_sroisoprotenemo_s1. Not_se

of ti_sc-se adre_s_sc-mgic antagi_snists biuoc-kc-d the

ability _s_sfepin_sephrin_se f_s_sim_si_sibif dii-sfet asu-
activity.

A drug c-om_sc-c-t_sfratioi_s of 30 �._s_sni_s-as c-i_sosc-m_s

to c-on_s_spare ti_sc- o’ffc-c-tivenoess u_sf analog_sic--s of

ti_sc- basic 3 , 4-dii_sydmoxypi_sem_syieti_syiamii_se

struc-tt_sre i_s-iti_s /-ej_sim_seph nine . Tl_si c-_s_sm_sc-c-i_s-

tmafiot_s _s_sas i_s-iti_sin_s ti_se bit_so-ar pant i_sf ti_si- hog

dose-nc-spouse ctinvo’ for i-c-pit_sc-phrin_so- am_sd

was ttfficie_sot to bring about signoific-ant

(43 #{176}::��in_si_sibit-ion_s of diesterase act ii-ity.
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I_s_s/_sibiiio_s_s o,f ci,eiic uoueieoii_sie phosphodiesie_sase (i_s-iO-ii(J toy a_s_sul(_s(/_s_ses of epi_soeph_s-i_s_se

I)iesten’ase (3 Ihg) _svas assay-ed as tic-sc-nbc-u! in_s ti_se text . Ti_se c-_s_s_s_seen_strati_s_s_s_s of o-yc-lic AMP was I m_s,_s,

an_sol t I_sc- c_s_sn_sc-c-_s_strati_so_s_s oof in_si_sibitoors, 0.05 n_si_s. The activity _sof the c-_s_szy-m_s_sc-in_s ti_sc- ai_ssc-n_sc-e of i_s_shihitors

(l()IY�� aotivity) was 16.7 jo_s_s_so_sic-s_s_sf.#{176}OJ\IPfornnc-d i_s_s30 ni_sin_sjc-r n_siiligran_s_s _sof pr_sot c-in_s.

Structure

A. Compound / \ _________ /3 a Inhibition
__ CIT CH NH

01-I II II 48

Oil I-I (‘11_s 42

011 II (II(CIT_s)2 46

()iI II (‘H(CH_s)_s 0

11 1-i II 46

11 COOII II 53

II COOII H 0

Oil 1-1 (‘I-1� 0

Fl 1-1 II 0

01-I II (�‘ (CH_s)_s 7

II II 1-1 0

Oil II 47

B. Compound

Stnuctune

HOJJ�*)��R Inhibition

(_ -
�0

3S2 SHORT CO_si_sIUNICATION

l-Non’epi n_so-i_si_sri_s_so-

l-I��)i_s_sepi_sri n_si-

1- 1 s_s�_sP�’�_sterc-n_s_sol

i-I )io’i_sl_soro_sisoi_sro_st c-re_s_s_s_si

1)oiou_snoi n_so’

i-1)opu_s

/-Tyn’_sosi n_sc-

l-PI_sc-_s_sy.lc-pI_snin_se
Ty-nu_sno_sin_se

Al-I 3365

3-?_sIet i_sooxyt ynaro_si n_se

P_s._s_sto_skylol

3-01-I, 4-OFT

3-()IT, 4-(i)I-1

3-Oil, 4-OH

3-Cl, 4-Cl
3-OH, 4-OH

3-Oil, 4-OH
4-Oil

3-Oil

4-Oil

3-CU_sOT-I, 4-01-I

3-OCH_s, 4-01-I

3-Oil, 4-OFT

:3 4- 1)ii_syo!r_soxy-bo-_s_szaido-i_sy_s!e

3,4-l)ihydrooxyt_sc_s1 i_st u_sc-it!

3 ,4- l)ihy-_sl_s’_s_sxyn_s_su_s_s_s_slelic-u_sc-id

3 ,4-1)il_syulnoxyi_sy_slr_s_sein_s_s_sarnic ac-ic!

1- 1-. 1)i n_se_s_sI_srin_se

i-I )_s_spa

a -CH-CH_s

CH2����SH2

Ti_sem’e _sbkb n_so_st t_sppi-ar to be a mc-uiuimei_s_sent

f_sot- a I_san’t ic-_stlan’ c-iomofigtiratiot_s about ti_se

i3-ca-rbon (of f-i_so’ c-at_s-c-i-_solat_s_sin_se si_s_see, at- two
uliffi-mi’nt c-_si_sc-i-nofm’at-iot_ss, i-isoprotc-ren_soi and

(ii-isol_s_s’ofi’t’c-mocoi it_si_sihifc-ib diest-erase activity

ti_s ti_s_s- sat_s_so- o’xtc-nof (33 % a_s_sub45 � at 23 an_sd

.50 � , t’o’siot’c-t iVilV) . Iurfho-mn_s_si)nc-, sit_sc-c-

/-i�_so 01_sm_soto’r_s-t_soi am_sd (hc_spai_s_sinic- im_shibito-ul as

eff_s-c-fivo-by as i-innc-i_si_srii_sc-, c-i-rtain_s subsf-itu-

i’_sof�_s on_s f-i_se �3-carbon_s a_s_sd o_s_s_sti_se nif-rogc-r_s of

tine 3 , 4-diliycbr_s_sxypi_so-n_syic-ti_sylan_simie back-
b_s_si_so--co_snub ais_s_s ho’ varied i_siti_so_sit dit_s_sit_si�d_s-
imog ti_sc- ability i_sf c-o_s_s_spoui_sds to in_si_sibit dies-

-CII() 5

-(‘I-1_s(�)0U 28

-Cl-loll -(‘0011 34

-Ci-I_sCII2C(i)O1i 28

-C1IOII- -CII_sNHCH_s 52

-C1I_sC1I2(C0OFI)NH� 60

terase activity. Nc-iti_so-t’ a carboxyl stibsti-

t_sttion_s oi_s f-he a-carbon_s i_sf ti_se bac-kboi_se

( l-dopa c-on_spared to do)pan_sinc-) n_son f-he

preset_sc-c- of a iargc- s_snbst-ifuc-m_st group o_s_s the

m_sitrogem_s ato_s_s_s, as in protokyiol, appc-amo’d to

affu-ct ti_se ability of c-u_sm_s_spout_sd-s f-u_s ini_sibit

die-st-erase activity. i�\ li_solific-ation of ti_sc- 3 , 4-

dii_sydruoxy�_si_sc-nyl i_s_sc_si-ty c_sf ti_se cat-c-c-I_so!-

an_sit_so- , h owc-von, drastic-ally i’u-ul_sic-c-d ti_se ap-

paru-nf potem_scy of ti_sc- com_s_spoui_sd. Removal

of c-iti_sen ti_sc- 3-i_sydroxyl or ti_se 4-1_sydroxyl

group, as i_s_styrositic-, tyran_sii_sc-, at_sd i_si_sc-ny!-

_s-pi_snin_sc-, or rc-i_slacc-n-i_sc-_s_st of ti_se i_sydroxyl
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F_so,. 1 . I_s_shibilion of diesierase ac-il_s_sty by l-epi_s_sephiiu_s_s-

I )ic-stc-rase (:3 _s._sg) was uossuoyeo! u_st diffe_s’c-_sit c-oonu-e_s_strati_s_s_s_ss tof c-y-o-lio’ .-\._sIP in_s t I_se ioresen_sc-c- ton u_si_sso-n_s_s-o-

0_sf epii_sephri_s_se (50 Mit).
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gm_soups 0_si_s ti_so’ � nimog by 3-rneti_s_soxy,

3-i_sydm_s_sxyn_so-fI_syi, _s_sm3 , 4-ubic-ioiono moiefi_s-s,

as in_s mc-t-i_s_s)xytyram_s_sini, AH 3363, a_s_sd ubi-

ci_sloroisopno_sto’ron_s_s_sl , nc-si_sec-f ivc-ly, nenulered

ti_so’ c-on_spc_s_sin_sds in_so-ff_s’c-tivo’. Cateci_si_si , rest_sm-

c-inc_si, ai_sui l_sydroxyc�uin_soi_se (30 u_sm) ubid mo_s_st

in_si_sibit ulii-stera�_sc- activity, makit_sg if _sin_s-
biko-ly ti_sat- fl_si’ im_si_sibifiu_sn_s ubue to_s cati-cI_suol-

an_sit_sc-s mo-sult_s’ul solely ft-_son_s_scl_so’bafi_s_sn cot pm_so-

tei_s_s-boumoul catio_sn_s-s ti_sat n_s_sigi_sf be c-s-sc-mit in_sb

for activity.4

3 , 4 - 1)iI_syuln’_s_sxypi_so’n_sylaikyicamb_sxyhic

ac-id-s s_sic-i_sa-s 3 ,4-dii_syulro_sxyi_s_sat_sdeiic- ac-u!, t_s

m_s_setabolite c_sf c-ato’c-iou oia-n_sinoo’-s, in_si_sibited ibi-

estu-naso’ activity about 30 #{182}�as i_s-eli a-s

1-epim_sepiorin_se (Table 1B), i_si_sc-rc-as uIih_sy-

droxybi-m_szakbc-hyuii’ i_s-as iniac-tiv_s- . Alt i_s_s_sugi_s

ti_se an_sin_sc- m_s_sioio-ty on_s tb_sc- i_sl_si-_s_sc-fb_s�lam_s_sii_su’

backbi_st_so _s_s-a-s n_soot absolutely ru-iitniro’il ft_sn’

in_sh_sibifi_son_s,its jmo-sc-n_scc- appeam(-d to c-n_si_san_sc-u-

inohibitic_sn_s, as _s-viibc-t_sc-eul by ti_sc- ubiff_s-rem_st

4 T�v_so _sot 1_so_s’ ioi_s_sgo’_s_sie u_s_s_sii_s_s_ss, s_s _s’uc-t uru_sliy ohs-

si_s_s_silt_srtoo ti_se (-u_sto-o’i_s_s_slu_s_s_s_si_s_ses,were also_s ti-ste_siat

u_s_s’y_s’lio’.-\_sLP i_so_s_s_so_s_s_sru_s_si_so_s_sof 1.0 i_s_s�_si. His_s a_s_s_sin_so’

(50 _s._s_s_s) ha_si n_s_soc-I_set_s 0_s_sicyo-lic- n_s_sn_s-leo_stide ph_s spl_s� o-

i!ic-sterase u_sc-Iivit \ , u_s_s_sdsi-root on_si_s_s (50 _s._s_sn) was to

_sveu_sk0,0on_s[_setitive in_si_sibit_s or.

TABLE 2
1,_sh-ibii jo_so (of niche i_s i_s_s-ic-of_s(IC p/_so.s-/)/oodi(’.sleru._se

(iciiVii!/ a-i IWO) cou_s_s-eroiruli_s_s_s_ss of cyclic A lIP

1)iestenase (3 j�_sg) was u_sssu_sy-ed f_s_sr 30 n_sin_s in_s the

Pro-sc-_s_sc-c- 0of t he s_s at ed u-_son_sc-c-_s_strat io_sn_ss 0of i n_s-
hil_sit_sors. At 1()0() _s_s_st[�IIlo’�-_s’iio- .-1uJ#{188}IP(si_sc-o’ific-

ac-_s ivit :‘--� 30 _s’p_s_s_s/n_sm_s_s_sole), the act ivit y- of ti_sc-
e_s_szyr_s_sc-i_s_s 0 i_se u_sI_ssc-n_sc-e o_sf i_s_shiiit-o_sns (l(I)0�. � n_sc-
tivity-) wuts 15.2 _sfl_s_s_s_sic-5 of \?_s_sIP fon_s_s_sc-d in_s

3() n_si_s_sPer _s_s_silligran_s_s_sf1_sn_s_stein_s.At 10 �z_sn [�Il]-

cyc-iic- .-#{176}_s.I�II�(specific- u_set ivi t y, 3000 o’i_sn_s/n_s_s_s_s_s_sic-),

_she u_so-Iivit y- i_sf ti_se c-i_szy-_sn_s in_s t i_sc- aI_sseno-e _s_sf i_so-

i_sibito_srs was 0.37 _s_sn_s_sole of ;�_s)oIP fo_sr_s_s_sed in_s 30 i_s_si_s_s

Per _s_s_siliignu_sn_s0_sf i_sn_s_sto-in_s-

- In_si_sii_sitio_s_sof diesterase activity

#{231}�i;�: Inhii_si_so_sr l-Ej_siiie1_sh- Papav- ‘E’heophvl-
nine c-nine li_s_se

0� (�-� (
_( ,L

55 87 41

42 42 6

21 15 0

:1 2 (1

It)

SOt)

50

5.0

0.S

500 22 93 65

50 12 70 17

5.0 :� 26 t)

0.5 2 4 (1



384 SHORT COMMUNICATION

potencies of dihydroxyhydrocinnamic acid,
l-dopa, arid dopamine.

The potencies (-)f several other kinds of
cyclic miucleotide phosphodiesterase inhibi-

tors [theophylhine (6), papaverinie (7), arid

chlorpropamide (8)] were compared with

that of l-epiniephrine at a cyclic AMP con-

centration of 1 .0 m�m. /-Epinephrine and
papaverine were the most effective inhibitors
(Table 2), whereas chlorpropamide (1.0 m�i)
did riot significantly inhibit diesterase activ-
ity under these conditions. When cyclic

AMP was present at a concemitration (0.01

m�r) below the lowest Km value for this
substrate, l-epinephrinie was less potent than
either papaverine or theophylline. Unlike

epiniephrinie amid its congeners, papaverine

and theophylline were competitive inhibi-

ton’s of this diesterase3 amid were capable of

reducing enzymatic activity more than 90 %.

The primary site of action of catechol-

amines is thought to be at receptors on the

plasma membrane of target cells. Relatively

little is known about possible intracellular

effects of catecholamines. The present study

shows that compounds with a 3 , 4-dihy-

droxyphenylethylamine st ructure can in-

hibit- cyclic nucleotide phosphodiesterase ac-

tivity. This would appear to be a novel

effect of catecholamines, since alp/ma and

beta adrenergic blockers do miot influence

either diesterase activity or the inhibition

of this activity by catecholamines, and

both the d- and i-isomers of an effective

drug are equally potent. It is of interest that

a group of compounds structurally related

to epinephrimie and to papaverine, i.e., ana-

logues of 4-(3 , 4-dimethoxybenzyl) -2-imid-

azolidinones, have been reported to be potent

inhibitors of rat erythrocyte cyclic nucleo-

tide phosphodiesterase activity (9).

It is not known whether the concentration

of catecholamines iii cardiac muscle is ever

sufficient to inhibit diesterase activity in

vivo.5 Two observatiomis temid to complicate
the interpretation. Tin’ maximal inhibition
obtained with catecholamines was 55-60 %

(Table 1) ; inhibition was lower in the pres-

enice of 10 ,�xI than of 1000 �r cyclic AMP

(Table 2). These suggest the presemice of

more than one form of the enzyme, which

may differ in their response to catechol-
amines. The observations reported here sug-
gest, however, that there is a site on this
enzyme that can interact with compounds

containing a 3 , 4-dihydroxyphenrylethyl

structure. Elucidation (if the structural re-

quirements for init-eractiomi with this site
may facilitate the design of more potent
and specific inhibitors of cyclic nucleotide
phosphodiesterase activity.
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The concentration of norepinephrine in heart

muscle has been reported to be approximately 1

�zM (10), but most of this miorepinephrine may be
confined to sympathetic nerve cells within the
organ.




