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L)im’is i_s_s_s_sof Bi_s_se/_sui_s_s teal (u_s_s-iP/_s i.� ioioqical I/c-search, T/_s e L ill!! llcsearc/_s Lal_sorat_s_sr to’s, Li_s 1._si1�/ a it_si

(‘u_s_s_s_s/)(_s �_s !I I_s_s‘li_su_s_sapol_s-s,I_s_s(/i(_s u_sa 4620-6

(lieeo’ived 1)ec-en_siher 14, 1971)

SU_st_stAtt_s’

Gl_sicu_sg_s _sm_s(‘uiuso’(b u_sn_sai�ion’o _sxim_s_sato’ly 4-foiib im_s_s’m’u’aso’ in_s i_sepatic- L-pi_si’m_syiaiam_sinoe : p�m’�t-

vat(’ a-mi_sim_so_sfm’an_ssfo’ru_sso’activity in_s u’af-s 24 i_sm’affi’n -s_sthc-_sit-an_sc-otts im_sjectioom_s. ‘Fo’fru_si_s_sd_so, 1_s_s_s)t_s_s)-

u_sitro, am_sc! n_s_som_socbeau_s_siibo u!u’m’ivativu’s u_sf gluo’agom_s a1u�o) iu_scri’asc-d eu_szyi_s_sc- u_s_s’fivify, fl_so’ to’tra-

iodogi_sicag_s_sm_s bc-im_sg m_s_so_su’c-u_so’tivo’ ti_suit_s giuc-u_sgom_s ifo’if. Ti_so’opi_sylbinoi’, u_sm_sin_sioibitt_sr of c�’-

die i-\.. I\I l� i)b _s_s_sspi_so_sdi_s’stt‘m’asu ‘ , 0 ‘n_si _su_smoi’o’d f b_so’ not i_s_sn_s_sof gitmcagu _snoin_s i m_s_s’ro’asitog pl_so’moylalam_si n_s_s’

an_sint)tnu_sm_ssfo’m’u_su�e. I’lligb_sc-r ub_soso’s of ti_st’iopioyliit_so’ u_sn_sd_sof o’pin_s_s’phnin_sc-, _s_s’i_sio’b_s,bike giucagomi,

cat_s stin_suluito’ ad_s’n_syl c-yc-iaso’, t_sis_s_s in_sneu_ssc-c! ti_so’ activity o_sf ti_sis eu_szy_s_s_so’ in_s bofl_s inotao’t- and

adrc-naic-o’fi_sm_s_sizeu! rats. V#{176},02-1)ibufvnvi cvo’iiu’ _\,\IP likewise incro’uts_s’ub ti_s_s o’n_szy_s_s_so’, am_sc!

ti_st’o)phyhiim_so’ gm’_s’afiy pofu’m_sfiafo’i! ifs ac’fi_som_s. ‘Tb_so’ no’s_silts at-c- consisf-c’n_sf- w’ifi_s u_su_s_sic-for (‘\‘ciic

��:\ Ip a-s u�_s_s_s_s(’(lltlt_s_st’it_s ti_so’ o’l_s’vatii_sm_s c)f h_sc-j_saf-ic- pi_s_s’u_sylu_siutm_sin_st’u_s_s_s_sim_sc_stransfo’rasu’. ibis u’t_szynno’

i_s’as shu_si_s’i_s to bu’ (bisfim_scf fm’o’t_s_saiam_sino’ an_sim_sc_sfm’am_ssfo’naso’, in_s tI_sat ti_so’ fo_su’m_s_sc-ni’n_szyn_so’ o’_so_sticlho’

elevated by gluo’ago ott u_snulibufyryb o’yu’iio’ AMP u_sr pant i_silly in_st_sc-fivafed by fno’o’zim_sg, im_sibo’-

1)t’t_sdt’nt-i�’ o_sfalt_sm_sit_so’u_sm_s_sin_sot n’_s_st_ssfo’nau’uu’,i_si_su’m’o’u_s�talan_sin_so’ u_si_s_sir_s_s_stramosfu’m’a-se c-_s_sui_sl ho’ o‘1_s‘vato’ib
b�’ obo’pnivat i_stm_sof ft_sooil u_sn’im_si_sihifu’obby p-_si_si_stm_s_sn_s_so’nc’um’ibo’n_szooat_sit_solo-i_so‘m_s_sJo’m_sfiv o_sf p1 _s_s’m_sylaia-

m_sim_so’an_sinootm’t_sm_ssfo’u’a�uu’.Livu’m’ o’xtm’au’ts _s’u_stt_siyzo’ol ti_so’ tm’amo-sai_siim_satiou_s of pi_s_s’n_sylalu_stoii_so’i_s-it i_s

o’if i_sc-n pym’ttvatu’ u_si’2-_s ox_sogiufu_snato’ t_ssti_so’ u_si_s_sit_so_su_s_s’c-o’ptoi’, but- o_sn_siy f-i_si’ �_si_so’u_sylu_slam_sim_so’j_syu’tt-

vato’ tnam_ssan_sim_satiom_s ivuts im_su’ro’asc-ul by pm’i_sor 24-i_sr trot_sf_s_s_sc-i_st i_s’iti_s giu_s’agc_sm_s. li_sem_syiu_sit_sm_sin_se

a_s_s_sit_sotru_smosfi’nu_sso’ uic-tivify it_sho’u_srt am_sob kio!no’y was u_s-si_sigh as in_s tb_so’ liven; braim_s ha_sI lout-n

activity. Gi_sic-uigon_s ibid nc_st affect- ti_sc- o’m_szyr_s_so’it_st-issuo’s other than ti_so’ liver.

tNl’itOi)U_s’i’ION

Im_s_s’m’_s’a’_sti h_s_s’j_su_sfto’ L-pi_s_s’t_sybaiu_st_sit_si’ hoyt_st -

vu_sf _s’ ami_sim_so_sfm’u_sm_s�_sfo’m’u_ssc-it_s i’espt_sm_ssc’ to gi_st-

cutgom_s _s_s’u_s-st’c’po)rt_s’ub by (‘ivemi ci al. (1)

am_sd by Broi_s’mi u_sn_sub(‘ivo’mi (2). Ti_so’ tin_s_so’

t’_soun’-sc- o_sf c-ho-vat i_son_s o_sf ti_si-s o’m_szyi_s_so’by
giuo’t_sgom_sibiff_s’mo’dm_s_sam’ku’dlyfrom_s_s ti_st_st t_sf

utm_st)fi_st’l’ i_st’i)tttiO’ u’tozym_s_su’, L-tyt’Outit_sO’ 2-_s ox_so-

giututrafo’ u_st_s_sit_s_sotm’u_sm_ssfc-m’u_sso(E(’ 2.53.1.5).

\\i_sc-reas ti_so’ t_s_su_sxii_s_sum_s_si’iso’ im_s tyrosim_so’ u_si_s_si-

m_sotrutnsf_s’ras_s’ oc-o’um’m’o’d u_sftc’r 3 i_sn, ti_se u_so’-

tivify _s_sfpi_su’t_syit_slttt_sin_so’a_s_s_sn_sotnam_ssf en’uc-�a’ i_s-u_s-s

i_sigh_so-sf24 i_sm’u_sftc-m’u_ssim_sgle im_sjo’u’tio_su_sof

gi_sto’u_sgom_s,tim_sibm’o’m_s_saitoedo’lo’vt_stedf_s_si’u_s-siom_sg

u_ss 96 i_sm’.(‘on_ssioic-ru_sblc- o’viubo’m_so’o’ i_su_ssu_so-out_s_s_si-

h_sfi’il ti_st_sfti_so’in_sul_sto’tiom_sc_sftyrt_s-sim_so’u_sm_s_simoo_s-

ft’uu_ssfo’m’u_sse by gluc-tigomi (3, 4) is m_s_s_s’_siiu_sto’olby

im_so’m’o’asu’tb it_sf n’u_s,c-u’hiulu_sn’o’y_s’iio’ _\..‘_sl P. ( )fi_sc-r

agemits bo’siub_s’s glu_s’u_sgot_s ti_st_st in_st’i’o’as_s’ u_strut-

o’t’hitiit_si’ o’vo’hii’ AMP, s_situ as epitot’�_sh_st’in_s_s’ _sti_sil

ti_so’o)phybliu_so’, utio it_sib_st_sc- f-yrosiui_s’ u_sn_sit_so-

fiu_sm_s-sfo’i’u_sse il_sm’u_sts (5) tim_sib it_sf_s-fu_slru_stiivo’i’ in_s
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0,9% NaCl
Tet naic_sdoglucagon_s

1�_sI_s_sr_soi_sit roglucagon

Glucagot_s

Mo_s_so)deamidoglucago n_s

1-21 puolypeptide

18-29 ar_sd 19-29 poly-

peptide

1-18 �_stolypeptide

M_s?zoles; n_sing

094 ± 0.04 (12)

533 ± 0.41” (5)

3.33 ± 0.33a (5)
3.01 ± 041” (5)

2.36 ± 0.12” (12)

1.11 ± 0.13 (5)

0.90 ± 0.05 (12)

0.70 ± 0.05 (5)

a p < 0.001, difleren_sO- fro_smu 0,9% NaC1-treated
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group.

c-ubfum’_s’ (6). I-’_s_sm’t-i_so’m’n_sot’o’,cyclic �&�\1 P itself
indu_s’c-s tl_s_s- t’t_sZyt_s_s(’ it_s c-itlt_smrt’cb livu-m’ to-his (6,

7) ti-s u_si’ll ut-s it_s iu_sft_so’f u_stool u_sobu’o’u_sttl_s’o’fo_sm_s_sized

mats (S).

No c-bat_st h_s_svo’ ho-i’m_s j)Ubhisi_sc-d to_s iu_sdio’utfe

uvi_s-fi_so’r tv_slit Ai’_s1 P n_su_sy utiso n_sc-uliu_sfo- fl_se

effeo’f- o_sf gl_smo’u_sg_s_suioomo pi_su’nyhtlu_sm_simoo- an_sit_so-

tm’utt_s�_sf_s’mtt-so’.(him’ t)bj_s’_s’fiVt’ it_s ti_so’ -studio’s m’e-

l)o_sntu-iI I_sc’m’_s’i_s-u_s-sti_s _s-xu_srnim_so-fum’fh_so-i’ u�on_sc’ o)f
tI_soS o’i_saru_so’fo’ni-stio’-s 0_sf ti_sc- iI_sO’t’_s’ttt’ it_s ti_si-s

t-m_szym_s_sc’ o’utuo’cI by gi_s_sct_sgoi_s, o’spo’_s’ittlly it_s

t o-rn_ss o_sf f i_so- sf r_sto-fimrnl sI)eO’ific-if\’ nequiro’d

imo ti_so’ 1)0l�’1)_s’l)fiii0’, ti_so- spo-(’iflc-ify tof the in-

c’t.c’aso- by gi_sto’ago_sm_s t_sf ti_si u_sm_s_siu_so_sa_sic! tnttu_ss-

utm-nim_su�_s,st’u_s-s u’_s_si_s_si_sutt’o’uIf(_s otliem’s, au_sd fl_se

i)o)su�hibbt’ ru_sit’ _sf i’yo’ii_s’ A\IP as u_sm_s_so’ubiatou’.

_stATEttIAL5 ANt) _sIETHOI)5

A ,iiinals-. )_sIutic- t_slbit_so i’ttt-s of ti_sc- \Vistar

ft’t_sim_si_sent’ obtttiu_sc-ib fm_s_sm_s_sHtml_s_si_s Industries,

C_sin_sb_s-ni_s_st_sd,Im_sd. �I’iio-y i_s-c-re houso-d in u_sim’c’-

bottom_s_s cttges ni_sd _s_s’i’ne m_s_s_s_siu_staiu_sc-don a 12-hr

ligi_st-, 12-hi’ ultirk cycle. Purina labot’atory

ilioi_s u_st_sd i_s’u_sfo’r u_sc-ru’ tivailable ad libitum_si.

rfI_sc- rttt ivo’igi_so’d u_shout 150 g at ti_se tin_se

they u_seri’ tiso-ub. Ti_soy i_s’c-i’o- killed betu_sec-t_s

S an_s. and i_st)O)fl by deo’apitatioi_s, at_sd the

tisu_s-s _svero imn_so’diately ni-moved, frozet_s on

Dry Jet’, tim_sd stoned frozen prior to c-u_szyme

assay. Comparative expc-rin_set_sts showed

that eu_szyn_se 1_s-vt-i-s it_s fnozct_s livers were the
same a-s mm_sfrc-i_s livers, dc-spite the fact f-hat

ot_sc-e iivc-t’ o’xtru_sc-ts tire p_s’c’pared f-i_se enzyme

ld)si’s activity c_st_sfreezing.

CI_sen_sicals. (�_smmeri’ial gbu_s’utgou_s and the-

ophylht_se ivc-re obtained fu’on_s Eli Lilly a_s_sd
Compat_sy. Ziu_so’gh_stcagot_sivt_su� used it_s one

experin_sent. Ti_si’ preparatiom_s u_sm_sd tI_same-

t enization of ti_so- do’rivative�_s at_sd degradation

products of ght_s’agu_sm_s i_s-ill be described else-
_s_s-i_sc-re. Cyclic- AMP i_s’as p_stro’hased from P-L

Bioc-hemictibs, at_sd N#{176}, 02-u!ibutyryl cyclic

A \ I P, fron_s Boehrim_sgi’r,/ 1#{176}_sit_st_st_si_sc-in_s.L-Epi-

i_sc-phnit_se bitu_srtru_st_s’ ivas obtt_sim_sed from Win-
throp Labo_s’uttoni_s’; do-se-s u_sm’t’o’xpressed on

the ba-si-s of ti_so’ free ba�_so-, The doses at_sd
I’OUt(’s i)f adn_sim_sisf-ration w-u’m’o-bu_sso’d u)n pre-
vio)u�_sstudio-s (1, 5, S).

Eiizyn_se assays. Tis-suo- h_si_sn_so_sgenates i_s-crc-

cent nifugo-ubfor 30 n_sit_sat 30,000 X �j, at_sd

ti_ses_s_sp_s-rm_st_stuu_st-fru_sction i_s’a u-sc-u!for en-

zvme u_su�savs, Ph_so’m_sylalat_si n_si u_snd f yrosine

an’_sinoti’anfc-rt_sso’s were n_sc-as_sired by the

5l)t’_s’ft’t_si)i_si)fd_st_s_si’f_s’iO’ i_s_so-fi_st_subof Lit_s ci al. (9).
TI_so- ku-to u_so-id-s form_s_s_sub f_s’o_sn_s0.1 n_s_si L-phc-n-

ylttiam_siu_st’ t_si’ L-tyt’t)sii_sO’ u_s’u’m’o-m_s_sc-u_ss_strc-das the

_s’tiit)u_s’ t’100)l-bO)m’ttt_s’ o’o_sm_s_sj_siu-xo--sit_s 0.57 ii bo-
ru_s,tt- b_s_sift-i’, j)H 5.1 . Alt_s_s_sit_so’am_s_sit_sotmat_ssfo’mase

i_s-ut-s n_so-a-sui’o’d by ti_so’ m_s_su’thod o)f Sc-gal et al.

( 10) . Ti_s(’ l_s�1’_s_svutf_s- foom’n_s_s-ub fr_s_sn_s 0.33 m_s_s_si

L-alat_sii_st’ (it_s Tni�- b_s,iffo-m’, i_sH 8,0) i_s’as _s’e-

din-i’d by i-xi’c--ss ia_s-fate ubo-i_syult’o_sgc’t_sase, u_st_sd

fl_so’ mato’ of N_ADH o)xidbatio_sn it_s fl_sc- latter

t’t’tt_s’ti_s)I_s i_s-ti-s n_sc’asum’ed by ti_si- eI_sat_sge in

u_sbsorbt_suoo’_s’ at 340 i_sn_s. A Gilfonub u_s_sodc-l 2000

_s_sbsom’bau_so’o’ _s’o-o’oi’cleu’ i_s_ut-s i_ssi-d for ti_se o’ot_s-

t-it_suous 51)c-t’f t’ophoton_so’f m’io’ n_s(-asurc-menf S.

All mi-suits tu’o’ o’xpno’s-s(’d u_s-s n_sii’rumoles of

pm’odu_s’f- fomn_so’i! l)c’r n_sit_s_site pc’_s’ gm_s_sm (i_set

weigh_sf) u_sftiss_ste,

RESULTS

Effect of’ �jluca go_si and l’elate(i polypeptides

on Ii ej)atic p/i-city/ala_si ti_se an_s -iiioti’ai_s sferase.

The ability of glu_s’agom_s u_st_sd some of its

do’nivttt ivo’s tO) dc-vat 0’ h_s’patio’pi_su’nylalau_sine
an_sin_sotmat_ssft’raseis si_so_si_st_sil_s Table 1. We

havo- _s’oi_sfirn_sc-d tI_sc- fiu_sulim_sgof Civet_s et al. (1)

f i_st_st n_saximum o’nzyt_s_sc- 1o-vc-h�arc- reached

approxin_su_stt-iy 24 I_sr aft_s-i’ gluo’agoi_s treat-

Ti_soLE 1

I_s_s(’ro’as_s’ i_s_s/_sepatic p/_se_s_sylcula i_s i_s_se a_si_si_s_soIi’ansfe_s’ase

after treat ui_se_s_s-I_si;ilh f/i_si_s-ago_s_s_sa i_se! ic-la ted

polypepticles

(il_sic-ag_s_si_s wu_ss injected siibcuta_s_seously 24 hr

befoore the ruits were killed (0.3 mg/kg). All other
c-_s_sn_s_spou_sn_sdswere im_sjected at am_s equin_so_slar d_sose.

Results are expresseol as mm_sea_sos ± sta_s_sdard erruors

f_s_sr ti_se _s_sun_sbers _s_sfrats per groUt) in_sdicated i_s_s

l)aren_sti_seses.

- ‘ Phenvialanine
( _sornpound mnjected aminotransferase



Phenvlalanine amino)transferase”
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1 \V. \V. Br_s_sn_s_ser, mi_su_snionscni j_st in_s j_srept_sratio_s_s.

TAn0LE 2

Dose-effect _s’o_s_s_spariso_su c_sf gb_sea go_s_s 00(1 its c/erivat_s_s’es i-n elevation of hepatic p/_se_s_sylala_s_si_s_sea_sitinoiransferase

All cornpuoun_sds were in_sjected subcutai_seu_s_sisly 24 hr before the rats were killed, The doses sh_sown_s refer

to glucagon_s; other con_s_spu_sun_sdswere in_sjectedat doses equimolar to those. lies_siltsare expressed utsn_s_seuon_ss

± standard errors for five rates per gro_sup.

Compound injected
0.03 mg--kg 0.1 mg--kg 0.3 n_sg kg 1.0 mg-kg

/2_sn_s_sles,/‘lOin - g

Glucagon_s 1.33 ± 0.14 1.91 ± 0.22 2.82 ± 0.16

Tetraiod_soglucago_sn_s 2.80 ± 0.25 3,19 ± 0.20 5.47 ± 0.31

Monoo_soitroglucag_son_s 1.30 ± 006 166 ± 0.19 2.43 ± 0.05

Monoodeu_sn_sidoglucagon_s 1 .06 ± 0.10 1.41 ± 0.13 1.99 ± 0.21

3.55 ± 0.53

747 ± 0.57
2.99 ± 0.23

2.76 ± 0.34

Hats treated with 0.9#{176},�NaC1 averaged 0.85 ± 0,07, sigm_sific-an_stly differen_st (p < 0.05) fron_s u_sitvu_si_sic-s
in_s the table except u_st ti_se lo_s_s-dose u_sf n_so_sn_sc_sdeu_sn_si_slu_sglticu_sg_s_sn_s.

n_sc-mit; ti_sits u’ffe_s’ts i_sc-i.e n_seasuni-ul at ti_st_st

tim_s_so-. Of ti_so’ do’nivativc-u_s to’sto-d, to’trt_siodoo-,

mon_sot_sit no- , u_st_sd mon_sodo’an_sidogiuo’ttgom_s ivo-ro’

liko- glucagoti it_s ti_suit fi_sey im_s_s’ro’as(’d I_so-patio’

pi_sc-nylalanit_sc- amim_sotmansf_s’m’aso’ lo’vo’Is, Ti_so’

smaller polypeptido’ fmagn_so’t_sf-s of ti_so’ 29-

amino acid 1_sormom_so’ did t_sot signifio’ttnfiy

affo-o’t the eu_szyn_se. Ti_so’s- data are in ac-o’on’ub

w-iti_s the I_sypenglyo’o-n_sit’ glycogc-nolytio’ po_s-

tem_scy of these prepamatiot_ss, sit_sc-c- f-hi’ -sm_s-tilt-n’

polypeptide fmagn_so’u_st do) i_sot nc-ft_sit_s fl_so’

hormonal activity of gl_stc-ngon is’h_s’rc-au� ti_sc-

iodo, nitno, u_st_sd dean_sido dc-nivu-ttivo’ do.’ A

dose-response i’ompt_snison_s of ti_sc- tto’fivc- c-on_s-

pounds is shown it_s Tutbie 2. At all do-sc--s

tested, tetmaiodogluc-ago_sm_s o’t_sused signifi-

i’at_stly high_s-n c-t_szymo’ ti_s’fivity thu_st_s did gut-

i’u_sgou_s ; it_s n_st_st ca-so’s fl_so- diffc’r_s’m_sce u_s’u_ssabout

2-fold. The 0.�3 n_sg/kg do-se of tho’ t(’tmaiodo

do’rivafive i_s-ti-s about u_s-so’ffc-ctivc’ ut-s tho’ 0.3

n_sg/kg dose of gluo’agou_s,u_st_sdthe 0.1 mg/kg

do-se of the fetnutiodo o’on_spo_stm_sd i_s-a-s ou_sly

slightly less effective ti_sat_s ti_sc- 1 n_sg/kg do-se

of glucagon, indicatit_sg that to’fnaiodi_sgluo’a-

got_s was u_seu_srly 10 fin_se-s ui-s active as gbucagou_s

il_s it_scn_s’au�im_sg j)i_sc-t_sylahut_sit_sc’ u_smim_si_stru_snsf_s-r-

aso’. Moreover, iu_s_s’rc-asing ti_so’ u!os_s’ of gin-

cagot_s from 0.3 to 1.0 n_sg/kg dii! not it-ad to a

significant increase in �‘t_szyn_se u_set ivity in ti_sis

experiment (or im_s -several oth_sc-rs), _svi_so’ro’u_ss

it_so’m’easit_sg ti_se do-se (of tc-trutiodogiucu_sgou_s over

that mange did mo--suit in sigt_sifio’am_stiy i_sigh_so-n

c’t_szyme activity. At ti_so’ 1 n_sg ‘kg dc_s�_se of ti_se

tet maiodo co_sn_spout_sub, _s‘m_szyn_se u_so’tivity i_s-u_s-s

n_sort’ ti_suit_sS tin_so’sti_so-u’o)m_stmo)li_s-v_s-I.li_se

n_s_sc_sm_sc_sm_sitno- u_si_sd n_so)i_sodeu_sn_sido)gluo’agom_s ube-

m’ivu_sfivo’s appeutro’d to bo’ 1es�’_s effi’ctivo’ ti_san

glu_s’agou_s it_s thi o’xpeminnent, alth_sougl_s ti_se

diffo’mem_s_s’o-s i_s-_s-mo’-stu_sfi-stio’:_sily sigt_sific-u_sn_st _s)m_sly

u_st tl_s_s- 0.3 mg/kg do-se.

Possible 11_se(iiatim_s b!J intracellular cyclic

:111P of c/ia/if/es in p/_se_sty/ala_s_sine au_si_s_so-

trau_ssferase. 1#{176}_sluin�’o_sf fl_sc- effeo’f-s of giucuigon

u_sppc-u�m’ to) be mo’uliu_sfed by im_so’mo’utu’�o’d imitma-
o’c-llulu_sm’ _s�y_s�iio� A1#{176}_sI P (1 1) . To so’e i_s-i_st-ti_s_s-n’ti_se

in_so-mo-u_s-so’it_s o-nzyn_se u_so’fivify o’u_susei! by giuca-

TimonE 3

Effe_s-t u_sf t/_s_s’ophylli_ste un_s i_so.crease i_s_shepatic p/_se_s_syl-

ala_s_s_s_si_s a_s_s_si_s_sotra_susferase pr(_sel_sle(-el b// gl_sI_s’a(/(_s,t

(i-I_sic-ag_son_s _s�’as i n_sjeo’teol suloc-_sit an_seously n_sf t he
san_se tin_s_set_ss0.#{176},)%Nm_sCl u_sr t}_seuq_s1_syllin_sc- (50

mg/kg) was in_sjectedim_straperituon_seally,24 1_srbc--

f_sore ti_se rats were killed, lies_silts are expressed

as means ± stan_sdarderr_s_srsfor five rats per gr_s_s_smp.

Phem_si-lalanin_sean_sino_sransferase
Dose uf _________________________

glucagon 0�9c� XaC’l-treated Theophvlline-treated

in_s kg j._snz_s;les-miii /g

0 Iii ± 0.03 1.41 ± 0.12

0.03 1 .90 ± 0. 15’- 3. 14 ± 0.22”

(+0.79)#{176} (+1.73

0. 10 2.98 ± 0.33” 4.09 ± 0.33”

(+1.87) (+2.68)

0.30 5.06 ± 0.09” 5.68 ± 0. 33”

(+3-95) (+4.27)

ap< 0.01, differen_st fr_son_s zero those u_sf glucm_sgon.
b Nun_s_sbers in pare_soil_sc-sc-s are the ditlc-ren_sc-es

fr_s_sm ti_se group thu_st received n_s_sogi_sic-ago_s_s.



- _s_szg/

- kg
/.Lni_s_s/es miii- g

Dose _s)f
dibutyryl

cyclic �_s1l�

ung� k_s
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1’i_suL_su 4

Li_s’_s’ali_so_s_s-of /_s0’/)at_s_s- p/_sc_s_stibia_s_si_si_s (li_s_si_s_sO-

Ira _s_ssf_s’ra.s’_s’b!/ �/l_s_seago_s_s_s,(/)iit op/_s i’i_s_s_s’,

(I_s_s(1 t/_seOph!/lli_s_sc

All olniigswere in_sjo-c-te_sl 24 1_sr I_s_si-f_sore the ru_sts

wen’e ki lied, u_st ti_so’doses shown_s. Ui_s_s_sag_s_sn_su_s_s_soI

c-pit_s_s-�_si_snin_se wen’e i n_sjc-vie_si sm_sb_sin_su_sn_st’_s_susiy, tim_s_si
i_seo_sphyilin_se was i n_sjc-c-_sc_si in_s_sru_speri 0_son_sc-ally.

Aolren_su_siec_sonr_size(i mats were m_sscoi 1 week t_sfter

adno’n_st_siecton_s_sy. lies_silts are _s-xpresseoi as m_s_seu_sn_ss±

stt_sn_sduoroi_s’rruorsfor five rats per gr_s_sup.

Phenlaianine an_s_sin_s_s_s_sram_ssferase

‘treat_si_sent 1)u_sse � -
- .�drena1ec-

In_s_sac_s -
i_s_sn_sized

(‘u_sn_struol 1.22 ± 0.06 1.30 ± 0.10

(11_sic-ag_son_s 0.3 4.35 ± 032’ 3.55 ± 0.11”

Epin_sepi_snne

‘l’i_seuoi)l_sylii_sle

0.2�

l.0�

2.0�

25

150 ± 0.19

2.19 ± 0,21#{176}�

2.55 ± 0.26#{176}�

1.20 ± 0.13

1.35 ± 0.24

2.46 ± 0.25#{176}’

2.46 ± 016”

1.11 ± 0.16

100

150

4.04 ± 0.82c
5.04 ± 0.38”

3.62 ± 0.86”

p < 0.001, differen_st fr_son_s_scon_sir_s_si.

p <0.005.
Cp < 0.01.

d p < 0.05.

got_s n_sigh_st be u_scyclic A1#{176}’sIP-n_so’diutteub effe_s’t,

‘xc determined f-i_se infiuo’nc-e of t-i_sc-o�)hylbii_se

oIl ti_se increased enzyme activity cu_s_sised by

gluo’ulgol_s (Table 3) . The (lose of th_seophyllii_se

used did not n_suirkedly utifect em_szyn_se ac-

tivity. Om_s ti_se other hand, f-i_sc-it_semease

c-u_s_s_sso’dby gluc-u_sgom_si_s_ui-sm_s_s_sici_sgmeu_stem it_s

ti_seopi_sylliI_se-t ret_st o-d rat -s ti_st_si_s u_stot_st mois, as

im_sdicated by ti_se putmem_sthet-ic- i_s_sin_sb_s-ms in ti_se

table. Tiuu� f-i_sc-me i_s-c-re gm_s-u_stem’f-i_suit_s additive

effe_s’fsi_sf gluctigon u_sm_sd th_seopi_syiiit_se, espe-

ciu_sbiy u_st ti_se loivc-r doses of glucutgom_s. Since

fh_so’opi_sylhne is u_sm_sit_si_sibito_sm of cyclic- AMP

j_si_sospi_sodie.stc-mase u_si_sd would ptoto’o’t cyclic
AMP formed u_s-sa m’-sultof giuu’u_sgot_sstirnulut-

tiot_sof u_sdem_sylc-yu’lu_sse(11), ti_so-uiu_statine

u’oi_ssisto’m_st i_sit-i_s u_s mole of eyo’bic A1#{176}SIPin

n_s_s’diu_sfim_sgti_sc-iI_sc-t’eu_s,seubpb_sem_syiutiu_sm_sim_si’an_si-

m_sootrtu_ssfo-ru_sso’u_s_s’fiv’mfyto_s_summingu_s-ft_s-ngum-

u-ag_son_s tm’u’ti.f n_s_so-n_st.

�l’he _s-IT_s‘of ‘#{176}u_sfi_sigh_so-i’ti_sos_s’s_sof t i_sc_sopii_s’lu_s_se

u_si_s_siu_sf o-join_so-toi_sm’inc’, i_si_si_s-li, uk_s gitmo’ago_sn_s, out-mi

u_sc-tivutfo’ iOc’l)utfic u_sdi-m_syl o’yo’iu_s-so- (1 1) , u_sm’e

l_soi_s’u_sit_s Tu_sblo- 4. Both_s s_sibstu_si_sc’o-s ii_scmeu_ssed

I_sc-pu_st-i_s I)b_s0’t_s�’1ui1tLI_sit_st’ tin_sit_st_sf nu_st_s-sfemase, u_si-

ti_sough_s _s’l)itOo’Pi_st’im_sc- u_s-u_s-si_sot u_s-s o’ffec-tive ti-s

gi_siu’u_sgo_sm_su_st ti_so’ u_s_s-se-s u-so-ui. Ti_so- o’ffo’ef-ivem_se-ss

of gi_sic-agoit im_s u_s(h’em_su_si_s’o’fom_s_sizi’ubm’u_sts _s_s’uis

t’c-I)oi’ti’(l eui_s’lii-m’ by Civo-m_s et al. (1) . F�pit_so-1)i_s-

i.ille i_sm_sd! ti_st_s_spi_syhiii_st’ u_si-mo- u_si-si_s u_so’fiv_s- in

u_sdmem_su_sio’o’to_sm_s_sizo-dm’u_sts. TI_so- tibilify o_sf ti_so--se

agents to imio’m’iu_s�- pi_so’m_s�’iu_slu_st_sim_s_s-u_sm_s_sitli)tmu_sm_ss-

fo’rt_sse activity it_s u_su!m’o-n_su_slc-o’ton_sizo-ui ru_st-s is

uliffero-m_sf fm’om_s_sf i_so-i m’u‘fl_so’ f on u_sm_soti_so-r 1_so-pu_stic-

o’t_szyn_se, tym’o_s-simoo’ u_sn_s_sit_sc_stru_sm_s-sf_s-mu_s-so’.Ho-re

gluo’i_sco_sm’fio’o_siils u_sppo’u_sn’ to_s b- t’_s�o1uim’ed im_s u_s

pc-mn_si-ssivc- mi_st_st_st_so-i’ f_sot’ fl_so- im_s(!_stc-fiom_s by
c-pii_sephnit_se u_st_sulft or t i_so- m_s_sutxim_s_st_slm’o‘-spoi_s-so’ to

theopi_syllit_so’(5).

Butu’_so’d u_sm_sti_se s_stggo--sfivo’ mo--suits ti_su_st im_s-

c-m’i’tt�t_s’d im_stna,o’ell_stiu_st’ (‘_s’_s’hi(’ :\.1#{176}_slPm_s_sigi_st n_so�-

diu_sfo-ti_so’ii_su’n’o-u_ssc’u_si_so’pu_sti_s’i)i_su’m_s�’lu_slutm_simie

an_sii_sotmam_ssfo-m’u_sse, i_s_c u_sften_spto-d to o-xutn_sii_se

ti_se o-ffec-t of o’vo’lic AMP u_st_s fl_so- o-nzvme.

Ti_se dibufvm’vb c!o’mivu_stivc- iva uuu(-ub fc-_s fao’iii-

tu_sti’ u_so-o’_stn_sulu_sfio)mi of it_stm’t_s_s’o-llulu_sm’ c-yo’hic-

��\,1#{176}_s1I�(Tu_sblt- 5). Ti_se 50 u_sm_sd100 n_sg/kg do-si-s

0_sf dibutyr\-l c-y_s-lic- Ai\IP u_sit_si_so’sigi_sificai_stly

im_so’t’o-ui-su-d o’m_szyi_s_so’activity. I m_st i_so-_spi_sylhit_se-

tnt-aft-u! n_sits, _s’vu-m_s ti_se loI)ive�_st (lose to-st-ed (20

n_sg/kg) gu_svc- ut m_s_sa,xin_su_siitic-reui-si’ il_s ti_se en-

zym_s_so’ u_s_s’tivit-y. Ti_se dlOsd 0_sf dibutyryl _s’yclic

Ti_sOLE 5

El_s_so ho_s_s of /_sepcz I_su ph c-_s_s!/ba la_s_si_s_seci_s_sui_suoi_s’a_s_ss-

fei-a.se by dib_sityryl cyclic AMP, a_s_so’ c-fTc-c-I of

t/_seophylli_s_so’

1)ib_s_sty_s’yl cyo’lic AMP was im_sjc-c-ted aion_sg with

eiti_ser 0.9% NaC1 or ti_seophylline (50 nog/kg). All

im_sjc-ct ioi_ss were r_s_sade in_st raperi t on_sc-u_shy 24 1_sr

before ti_se rats were killed. Bc-suits u_sre expressed
as mea_sos ± sta_s_s_slu_srderrors for five rats per group.

I’henylalanin_seamin_sotranisferase

0,9#{176}�NaC1- Iheoiohvlline-

treated treateol

j__s.�izu/es, n_sin g

0 1.34 ± 0.09 1.31 ± 0.16

20 2.80 ± 0.76” 6.50 ± 1.44#{176}

50 4.78 ± 1.�3�3- 7,39 ± 052#{176}

100 4.72 ± 1.29’ 5.02 ± 082#{176}

“/) <0.05, cliTone_s_stfm_s_s_sm_siota _s1_so�u’of _sIib_s_styryl

u’vc-lic ,‘�_siP,

/� K: 0.01.



TAbLE 6

Lack of effect of i_s_ssulin on ebevation- of /_sepatic

phenylala_s_sine a_s_s_sinotra-nsferase by gl_s_sca go_s_s

a_s_sd dihutyryl cyclic AMP

Glucagon_s (0.3 mg/kg, subcutaneously), di-

butyryl cyclic AMP (50mg/kg, intraperit_s_sn_seuoily),
and insulin_s(10 units/kg, im_straperitoneally) were

injected as i_s_sdicated 24 hr before the rats were

killed. Results are expressed as mean_ss ± stam_sdard

errors for the numbers u_sf rats per group in_sdicated

in parem_stheses.

Phenvlalanine amin_sotransferase

Control Insulin_s-treated

Treatment

0.9% NaCl

Glucago_s_s

Dibutyryl Cy(’iic-

AMP

_s..iim_sle_s- ;nin,g

0.98 ± 0.11 1,14 ± 0.07

(5) (5)

2.79 ± 0.42” :3.39 ± 0.31’-

(5) - (5)

3.72 ± 0.73’- 3.78 ± 1.30’

(5) (3)

protein. We therefore c_s)mpt_smedl the ao’tiv-

ities of these et_szyn_sc-s. Im_screuisc-s it_s l)i_sd’mi-

ylaiat_sine aminotmat_ssfemutse after glucu_sgoi_s oi

dibutynyl cyo’lic �\\l1’ injc-_s’tion i_s-crc i_sot

accompanied by incmo-uiso’s in u_sit_st_sit_se u_sm_s_sit_so-

tmansfenase activity (Tu_sbloi-7). l’�u_s-sfingfor

48 hr n_sore thu_sn doublo’d u_sit_si_sit_se u_smim_sc_s-

transfemase activity i_s’iti_so_stt affectit_sg I)i_sd’i_s-

ylalanine aminotr_s_st_ssfemuise nut ivity. Aluim_sim_se

aminotmau_ssfemase uictivity _svu_ss ii_si_sibited by

concentrations of J)-u-I_slo)mon_so-n_s-unibo’t_szouite

ti_sat had essentially no effeu’t ot_s phei_sylu_sba-

I_sit_so- u_sminotnansfemase uto-tivity (Fig. 1).

TI_so- tnansamination d)f j_si_set_s�’lutlai_sim_se ivit i_s

u_snoti_sen u_smino t_so’ceptom’, 2-oxoglutamu_ste , i�’

also catalyzed it_s mu-_stliver, but ti_se uic-tivity

i_s-itl_s 2-oxoglutamate is not increased by gl_st-

cagoi_s tmeatmei_st, i_s-I_sit-h doe-s u_sc-nc-a-se ph_so-m_s-

ylalu_snit_se amit_sotmat_ssfi-mase ai’tivity (Table

S). ()m_s the other i_sat_sc!, at least part of

the pi_set_sylalutnit_se : 2-oxoglutu_smutte truu_san_si -

nat-ion n_say be d-_situ_slyzed by tynosit_se amii_so-

frc_si_ssfo’na-se,an et_szyme ti_st_sf-i induced by

glucagou_s over a n_sucI_s sI_somt(-m’ fin_se spuno

that_s phenylalu_si_sit_sc- an_s_sit_sot mu_st_s-sferase. Ex -

perimet_st 2 it_s Table S sh_so_s_s’-sti_s_s_st ti_se tmu_si_ss-

utn_sinu_stioi_s of bofl_s pi_s_s-m_syiu_slu_sm_sineu_sm_sdt-yno-

T._sn_sLE 7

Indepe_s_sde_s_st c/_songes in hepatic phe_s_sy/alani_s_se u_si_sd

alanine a_s_siinoti’a _s_ssferases

Glucagon (0.3 mg/kg, subcutan_seousiy) or di-

butyryi cyclic AMP (50 mng/kg, i_s_strape_s’i ton_sc-ally)
was i_s_sjected 24 hr before ti_serats were kiileoi,

Bc-suits are expressed as m_s_sean_ss ± stan_sdard erru_srs
for five rats per group.

Alanimie
an_sinotrans-

ferase

a p < 0.001, differen_s_s from_s_s 0.9%, NaCI-treutted

group.

AMP sho_s_s-t_s il_s Tu_sbic 5 utme similar to those

reported by Wicks et al. (5) to indu-c- ho-patio

tynosit_se u_sminotnat_ssfc-ru_sse in mat--s.

In vio-_s_s of f-he no-port by Wicks (7) ti_sat

insulin u_st_stagot_sized t i_se ii_sducfion of anoti_ser

hepatic o-t_szyme, pi_sospi_soenolpymuvate oar-

boxykinase, by gluo’u_sgot_s, i_s’e detenmii_sed fl_se

effect of it_ssulin on the it_sc-men-se in pi_senyluilut-

nine aminotruinsferase -aused by glucagon

at_sd dibutynyl cyclic AMP (Table 6) . Ti_se
dose of insulin was ti_s_s_st used by Wicks et al.

(8) . Both glucagon i_st_sd dibutymyl cyclic-
AN’IP w’eme as active it_s it_s-s_stlii_s-tne_sited ru_st-s as

in controls.
Cyclic A\IP addod to i_sepatic PI_set_sYlalu_s-

nit_se aminot-ransfera_s’ PreParations i_s_s _s’itro

at a concentration of 0.1 n_s�tdid not increase

enzyme activity.

_sSpeczjicity of chat_s (_s_seSi_s_sJ)li-eu_sylalau_s i_s_sean_s

notrau_ssferase. Because ti_se ii_sduction pt_st tern

of phenylalat_sine an_sit_sot t’an-sfo-mase ivu_ss sin_s_si-

lam to thu_st of hepu_stio’ glutamu_ste-pymuvu_ste

transaminase (L-alu_snit_sc-: 2-oxogl_sit utmafe utmi-
notmansfemase, EC 2.6.1.2) i_s’hei_s ti_se lu_stf em

enzyme i_s_a-sit_sd_sic-edby 1_sydmocortisone,

Civen ci al. (1) I_st_subsuggested that f i_se tw-o
enzyme _s_sctivif ic-s n_sigi_st be due to fl_sest_sn_se

Phenyialan_sin_se
an_sinatra_sos-

ferase
‘I’reatmen_s t

C�uo_s_st_s’_s_sl

Glucagomi

Dibut-yryl cyclic
AMP

Control after

freezing

Cot_stroh

48-1_sr fasti_s_sg

_s.znw/es,--n_sing

1.34 ± 0.09 9.15 ± 0.77

4.23 ± 0.22#{176}8.62 ± 0.94

4.78 ± 1.33b 11.12 ± 0.90

0.36 ± 0.04’� 8.71 ± 0.63

1.13 ± 0.13 9.22 ± 0.49

1.26 ±0.21� 19.94±3.00c

p < 0.001, differem_st fron_s c-on_sinai.

6 p < 0,05.
(p < 0.01.
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1.02 ± 0.09 3.16 ± 0.40

:3.94 ± 0.28” 3.37 ± 0.05

2.70 ± 0.26

5.99 ± 010”

0.71 ± 0.12

2.54 ± 0.10”
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a p < 0.001, differenot- fr_s_sm_s_sc_s_sntroh group.

100 .

I

80

60

! � ./#{149}
iic’o i#{243}’� iI’�

PCMB conc. M

Fmu; . 1 . I_s_s/i i/n/jo i_s /)// /) -c-/i bo_so_sitci(- ii i--it_se_st zoate

( P(’.IJB) of hepatic ala_s_s t i_s_s (li_s_s i_s_s_s_stransferase (S)

and phert !ibal(1_s_s in_s (il_s_s _s_s_sotr(_s_s_ss,fera.s’c (()) ac-li_silt,

i_s_s _silro

sim_se ivitl_s 2-oxoglutu_st’u_sfo- uvas im_screased by

j)t’iOt’ fmeatn_sent for 3 i_sr uvifh_s zinc gluo’agot_s.
Table 9 shou_s-s ti_sc- activity _s)f other tissues

im_s (‘at-alyzing the I)I_so’t_s�lalanine : pymuvate
t mansaminaf-ion rcactioi_s bc-fore ni_sd after

giut-utgon treatmetit . TI_se i_sc-tint at_sd kidi_sey

o’oi_stu_sit_sed its mu-i_s o-nzyn_sc- activity as liver

but _s_s’emenot affected by gl_sicu_sgot_s. Xor i_s-as

i_so’ brain enzyn_se t_sctivity, _svhio’i_s was mu_smk-
u-div louver than in the oti_set’ tisues. Ti_sus,

it_sgiutc-u_sgon-trc’u_sto-d rats, h_sc-patic phem_sylalut-

i_sinot- t_sn_sit_sotn_sinsft-ru_ssi- u_sc-fivif-y i_s-as greater

ti_stintin_su_sI_sy of thc’ i_st i_so-i’ ti-s_s_so- _s-xu_sn_sined.

t)tsCUssmON

Ti_s_s-no- i-s i_soi_s o’om_ssidt-m’u_sble -videt_sce thu_st

ti_so- im_sibuto-tio_sn of hepu_stio- tym’osine u_sr_s_sit_so-

ru_sm_ssfo-m’u_sso-n_s_say ho’ n_so’diu_sf u-ui by cycbio’ AMP.

In ti_s-a, ti_so- _s’m_szym_s_sc- i im_subuc_sd i_sot- u_sniy

by u_sgo-n_sts ti_st_sf ito_s’n’u_s-so- infi’;_sco-blular cy_s’lio’

AMP, i.e., gluc-agoti, epinepi_smit_se, at_sd the-

ophyliit_sc-, but al-so by dibutymyl cyclic AMP

(3-8) . Mediat-ioi_s of these at-f-ions by cyclic

AMP is indicated by the induction of tyno-

sit_sc- amit_sofruinsfenase in fetal liver cells in

omgat_s culture by cyclic- AMP, dibutynyl
cvi’hii’ A:\l1�, and agents that activate adenyl

c�’c-laso’ through a beta-adnenengie stimula-

tory effect (7). By analogy, and be_s’ause a

number of other biological effects of glucagon
seen_s to be mediated by cyclic AMP, one
migi_sf sp(’o’ulate that the effect- of giucagon

on i_sepaf it’ phenylalu_snine aminotransferase

involves d’y_slic AMP a-s a mediator. Although

tho- m’o-suit�’_s in this paper do i_sot- prove f-hat

l_sypofi_sc-sis, ti_sey do lei_sd suppd_smt ti_s it.

First, ti_soe glucagot_s derivatives _s_s’i- tested

f-i_st_sf refu_sim_sed i_sypo-m’glyo-emic- activity also

refu_sim_sed ti_sc- ability to elevate phei_sylaianine

an_sim_su)fru_sm_ssfem_sisi’, u_shc-meas �ihonf-em Pt)lYpep-

tides iviti_souf 1_sypenglycemic u_sctivity did not
ino’rc-u_sse fi_siu� enzynie u_s(-tiVity. Inasmuch as

c-you_s AMl� is knoi_si_s to hi- it_svolved in the

hypo-nglycen_sic activity of glucagon (11), this

fit_sdim_sg i-s o’o_st_ssisfo’nt- with mediation by cyclic

AMP in_s ti_se effi--f ot_s the enzyme. Second,

ti_si’ ability of t-i_seopI_syliine to et_shance the

c-ic-vu_st iomo of hepatic 1)hefl�Tlaiutfline amino-

tmu_st_ssfc-ru_s-sc- o’a_s_ssc-d by gluc-agon is suggestive

evidc-t_sco- that- ti_se effei’t is mediated by

c-you_s AMP, it_si-e theopi_syllit_se inhibits i’y-

c-lit’ t_suo’lc-ofide phosphodiestemase. The abil-

ity of of-hem u_sgo’nf-s f-I_suit elevated intru_scellular

o-yt’lic AMP (epinepl_smine, higi_sem doses of

T._si_sLE 8

Speciji_s-ity of _s_s_s_s-_s-ca.s’_s’_s/ hepatic Ira_s_ssa_sni_s_sasc acti_sity after gb_si-c-ago_s_s treatment

lies_siltsare as n_s_seu_sn_ss± stan_sdu_srd err_s_srsfor five rats per gnu_s_sip. Glt_scag_s_sn and zinc gl_sicagor_s were

injected s_smbc_s_st-ane_s_s_s_ssly at 11_se (looses ir_sdicuited.

Rate of transamin_sationi

‘l’reat mi_sent Phenyiaianine:
pyruvate

Phenvialanine:

2-oxoglu tarate

i._sn_so/es - n_sin g

Tyrosine:
2-oxoglu_siarate

Experimen_st I

Con_st rol

Glucagon_s, 0.3 n_sg/kg, 24 hr
Expeninien_st 2

Cot_st-rol
Zinc glucagon_s, 2 n_sg/kg, 3 hr



p < 0.005, differei_st fr_s_sn_soc-tom_s_sr_s_si.
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T�_s_sLE 9

J�’ffect of gb_si_s-ago_s_s a_s_s p/_sc_s_syiaba_s_si_s_se (_s_si_si_s_soIr_s1_si.-(-

fern_sue (lCti_s’it//i_s_s i_s_st li_s_si’, /_scarl, A-id_sicy, (i_s_sc-i

1)1(1 i_s_s

(]lucaguono (0.3 m_s_sg/kg,s_s_sbcuta_s_se_s_s_s_ssly) uvuis

in_sjected 24 i_sr i_sc-f_sore ti_serutts were killed. Il_s-suits

are expressed as meam_ss ± stu_s_s_sdarderrors f_s_srfive

rats per g_s’o_sip.

Phen_sylalaninearnino_sransferase
‘lissue -- - �- - -�

Control Giucago_s_s

i_sin_sirs i_s_si_s_s g

Liver 0.90 ± 0.02 2.04 ± 0.25”

Heart 0.98 ± 0.04 0.95 ± 0.04

Kidm_sey 1.07 ± 0.04 1.00 ± 0.04

Brain 025 ± 0.01 0.22 ± 0.01

ti_seopi_sylhim_so’, u_st_sd _s-xcogo-m_sou_sut-yo-hio’ AMP) to)

inc-meu_s,-s(- 1_sept_stic’ pi_so’t_s�iu_slutt_sii_sc- u_smim_sot _s’uim_ss-

femase u_st-f-ivity is also _s’t_st_ssistc’i_st w’ifi_s u_s role

of cyclic Ai\IP it_s m_s_so’diu_stim_sg ti_sc’ c-fit-_st c_sf

glui-_s_sgon oi_s f-i_st_sf c-t_szyn_so-. Ut_s ti_sc- oti_si-m’ h_st_si_sd,

onc- m_stsf o-ot_ssiub_s’n thu_sf- flit- o-ffi-o-fs t_sf o-pi-

t_sei)i_smn_sc-, f h_sc-opi_syhhim_st’ , t_si_sc:b possibly _s’Vc-fl

dibufvmvi _s’yohic- � I P it_s m’u_sfs nitty bc itt-

direct. For it_sstat_sc-o-, i_s_sigh_sffi_s_s-y a_s-f by sfit_s_s-

ulatit_sg ti_so’ i’c-lc-u_sso’ of ghii_s-agoi_s fr_s_sm_si ti_sc-

panc-mc-u_s-s ? TI_seopi_syhhim_su- i_sn-s b_s-_s-I_s t’c-pcom’f (-dl to

inc-mt-u_s-si- gluo’u_sgon sc-(’_s’o-fiom_s (12) . Let-it-mci-

\1c-y_s’m et al. (13) hu_svo i’_s’_s-o-m_sfiyt’o’po_sm’to’d ti_st_sf

epit_sc-pi_st’ii_s_s- st-in_suit_sf_s-ui giuc-agoi_s -s_s-_s’t’o’t-ii)n,

u_slfl_so_s_sgi_s t_sfi_so’rs (12, 14) i_su_sv_s-t_sot- o)b-so’nveul

ti_s_s_st effo-o’f i)f c-j)im_sc-j)h_st’im_se. If hu_s I_scot bi-ei_s

shou_st_s ti_st_sf eiic-io1jeiio_st.s gl_st_s-u_sgoi_s c’xo’_s’f-s u_st_s

effect t_st_s pI_su-t_sylu_slu_st_sit_se u_sn_s_sm_sc_stt’u_sm_ssfo-ru_ss_s’.

Perhaps f i_so- �)i_sutt’t_s_sut_s’Oldogic-al t’fi’o’cf i_s_s’ i_su_svc-

pmoduo’_s-d i_s-if-I_s gl_su-u_sgom_s is tic_sf piiy-siolog-
icu_sily mo-b_s-vu_st_st.

Ins_s_slim_s oo_s_sim_sfom’sti_so- ut_s’fiO)t_s o_sf giuc-t_sgom_s i_s_s

some t’u_s-s_s--s, po-t’I_saps fh_sro)ugh u_st_s _s-ffo’o’t ot_s

(V_she A),IP; it_sdc-o’u!, it i_su_s_sub_s-_s-i_ss_stggc-sto-d

f-i_st_st it_s�uulii_s u_sm_stu_sgi_st_sizu- f i_sc- u_s_s’fiol_ss of cyclic

Ai?_sIP itself (7, 15, 16). l’ot’ i-x_s_sm_s_spli-.\Vicks

(7) huts _sui_so)uu’t_sthu_st ti_so- im_sulu(-fi(_sm_sc_sf 1)I_sosl)iiO-

et_solpyn_stvu_sto- c-t_s_s’boxykit_su_ss_s- by _s-if h_so-i’gluo-_s_s-

gon or o’yclli-AMP u_st_s-sit_shibifed by it_ssitlim_s.

Our fii_subim_sg-s shoi_s’ f i_st_s.f it_ss_smlit_s diul i_sot u_sn-

t-agoI_sizo- ti_so- im_sct’o-u_ssc- in pi_s_s-m_sylu_slu_si_sini’ am_s_si-

i_sotransfc-nt_se uu-tivity _s-u_suso-ul by c-iti_s_s-i’glu-

c_s_sgon on dibutyi’yl o’y-lio- AMP; in ti_s_s_sf

I’tsl)o’ct our mt--stilt-s m’_s-si-n_s_sble ti_su_ssc- u_sf Ut_s-ft_s

ci al. (17), u_si_sd)f_so_sit_sdfl_st_sf-im_ss_sihim_silid i_so_sf

u_sm_sfu_sgom_sizo- ti_so’ uu-fioom_s of o’yo-hio’ A)_sI P it_s

inh_sibitit_sg glu_s-okim_su_sso’ it_sub_sit-tic_sm_s.

Ti_so- _stggu’-sfiom_s by Civc-t_s ci al (1) ti_st_sf- ti_se

st_s-n_s_so’ protc-it_s n_sigh_st bo- i’o-pc_sm_ssiblc- fo:ot’ ti_so’

c’I_szyn_s_s- u_si-tivit-io--s o_sf l)h_sc-I_s�’iutlu_st_sit_sO’ u_sm_s_sitico-

fnuu_ssfc-m’u_ssc- u_st_sd gltttt_sm_s_su_sfo--p�’ruv_s_st_s’ fm’u_si_s_s-

uin_sim_saso’ u_sppear� i_sc_st fc_s ho- vu_slid. out’ ubu_sfu_sin_s

Tu_sblo- 7 uti_sul 1”ig. 1 i_sc_suu ti_sat ou_so’I_so-m_szyu_s_sc-

n_su_sybe t_s_su_st_sip_silu_sto’ubltpu_satdb 0)1’ dlt)u\m_suu’u_st’il

it_sdo’po’t_sdet_stly o_sf fl_so’ o)thu-m’. TI_s_s_st is, ti_se

imii’i’t’tisc- it_s I)i_sc-t_sYbttiu_sm_sim_s_s’u_sn_si_s_sotm’u_stosfo-m’_s_so-

_s-_s_sused by gluo’u_sgoi_s ton uhib_sifym’yl c-y_s-lic- A \ I P

is I_st)f- u_sc’(’c_sn_spu_sm_sic-ulby ch_su_sm_sgi’s ito alu_sm_sii_s_s-

u_sn_sim_sc_sfm_s_si_ssfem’u_so-,to_s_sm’(Id_so’s ti_se ubei-m’o’u_s-so’it_s

I)i_s0’1_sYl_s_slt_si_sit_st’ u_sn_sit_scot i’u_smosfo-m’t_ssc- o’u_s_s_s-so-ib by
fmeo-zit_sg let_sd to at_sy u_sifc-nu_sfiom_s it_s u_sb_s_si_sit_se

u_sm_s_sim_s_s)t-mat_s-sfo’m’u_s_s-uo- ‘ (1om_svo’_s_sc’ly , neiti_s(-r ti_so - i m_s-

ctc-u_s-so- u_salu_st_simoo� u_st_s_sim_so_stm’u_sm_ssfo’ru_ssc-cu_suso-il by

fastim_sg i_st)i’ ti_s_s im_shibiti�_si_s by p-o-hbo_sm’_s_sm_s_so’m-

o’um’ibct_szo_s_stu- is u_ssso_so’iati-ci uuifi_s o’ffo-c-f-s o_sm_s

I)I_s0’i_s�lt_sltu1_sit_sc- u_sm_sum_so_sfm’u_si_s-sfo’m’aso’. TI�i_so’so- ru�-
ults -c_st_s_s4ituto- o’vic!o-t_s_s-o’ ti_st_sf the f_sit) i’O’�t’0’-

sc-i_sf so-pu_si’u_stc- _s’mozym_sio’-s.

Alfi_so_sigi_s i’utt iivo’i’ u-u_s-too’u_sfu_slyzo’ fh- tm’u_sm_ss-

titfliI_st_stiOt_s i_sf i)h0’m_sYlut-iutt_sit_s0 u_sif ii 2-toxuoght-

ft_si’u_stc- u_sf u_s_s_s(‘v_s-i_s gm’o’u_sfet’ it_ste ti_st_s-i_s u_sif-ii

j)yi’_stVuLfO’, i!if-’f_s�-t’t-t_sf_s-m_szymi_so’s u_sppo-u_sm’ to_s ho’

l’c-sl)O)t_ssiblO. TI_se u_st’fivity u_s-ifi_s 2-coxo_sghi_stu_smt_st_s-

u_s-s ti_so’ u_sm_s-iitio�_su_s_s’o’olotc_st’ uvuts t_s(_sf- alt(’m’o’d by

l_si’u(_sm’24-i_si’ ft’eu_sfm_s_so’m_sti_situ gitto-u_sg_somo. li_s gin-
_s-u_sgc_sm_s-tt’(’t_st_s-dli_sits. il_s o’c_sm_stt’u_sstto un_st m’o’u_stodl

t’af -s , t i_so- ft’u_st_st_sm_s_si_siu_sfic_st_s of l)i_si-n��lu_sbt_sm_sim_se

uu-ifh-i l)�’m’uvu_st_s- i)i’i)_s’t’i’ubtdI u_st u_sfuisfc-i’ mu_ste thu_s-mt

iu-ith 2-c_sxoglutu_sm’t_sto’. Ti_so- tm’am_s-st_sn_simou_sfi_s_sm_so_sf

pi_st’i_sylt_slu_si_sino with_s 2-oxoogiitfu_sm’u_stc- is o’u_sfu_s-
lyz_s-ub by i_st’j)ttfic tu-ro)sim_sc- u_sm_s_sim_sotnt_si_ssfo-rt_sse

( 15) . PI’ii)t’ I-i_si’ h_s-u_st_s_s_s_s-mituu-iti_s zim_sc gI_sica-

go)m_s, u_si_si_si_s -u_s_si_su_scbu_s 3-4-f_s_sIc! im_sc-t’ou_sse u_s
tyi’i_ssim_so- u_sn_sit_sott’u_sm_ssf’o’m’u_s_so-u_so’tivit-y, o’t_susoul u_s

2-3-fcolub ii_so-t’c-_s_sso’it_s �_si_so’t_syl_s_slai_sit_sc-: 2-_soxooglu-

tu_st’u_sfo tmat_sst_sn_sit_su_sfiomo. TI_sc- ft_s_st fl_st_sf ti_se

m_s_su_sgI_situu!c- of ti_so’ it_so’i’_s-u_ss_s-it_s fl_sc- f_s_s-c_su_so’fiv-

if-it’s i_su_ss t_sof idu-m_stio’u_sl ru_si-se-s ti_sc- pc_sssibility

ti_st_st phc-t_s�’i_s_slu_sm_sim_sc-: 2-o_sxoglutu_sm’atc’ f m’anst_st_s_s-

it_su_stii_sn nit_sy ho’ o’u_stutlyz_s’i! by n_sot’c’ ti_st_sm_sat_se

c-t_szyn_so’.

\Vi-_st’fi_sei’ _s_sm’i_scot giu_s-u_sgo)t_s, dib_stt-ym’yl _s-yo-iie

�,-\.::#{176}tl1��, c-pit_sc-pl_st’it_st’, t_sI_s(b th_su’o�)h_syihitio’ t_st’t (Ii-

i’i’o-fly oi_s livo-_s’ fc im_so’m’o’u_sso’I)i_sc-t_syit_siu_si_sii_so- u_sn_si-

i_sot m’utm_ssferu_sso’ syt_stl_so-sis, uts sc-c-n_s-s to ho’ f-i_so-

O’t_sS_s’uiifi_s fym’_s)sit_st’ u_s1_s_siI_sOfm’u_sI_ssft-ru_ssc-,m_si-o-uls
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to�_s ho- o-i_sto-idato’d. It is ii_sntbtful f-i_st_st uiny of

ti_st�’ ag_silts pc-i’sists for i_s_so_sic-ti_s_s_sm_sa fraction of

ti_so- 24-lit’ im_stei’vu_sl u_sfto’r it-s injei-tiot_s until

1-mizym_slu’ t_so’tivity is m_s_so’t_ssui’c-d. Appu_smu-ntly

ti_so�y t_stI_s’_s’t- u_s systc-n_s_s fl_st_st o’t_smofit_sues to open-

u_ste t_sffc-t’ ti_so- u_sgc-mits ti_sen_s_s-selves 1_save been

dest_s’o_syo-il. \Vo- I_save _s’i)i_sfirm_s_sed ti_se obsem’v_s_s-

tit)t_s i_sf (‘ivei_s ci al. (1) ti_sat- �)l1eI_sylali_st_siI_se
u_sn_sim_sofm’u_st_ssfem’t_s-so’tio’t-ivitv _s’en_sains elevated

for -so-v_s-mt_sb uluiys u_sftu-r a sii_sgle injec-f-iot_s of

gb_sto’t_sg_s_s_s_s,but do_s toot yet 1_save infomm_s_suttion

on ti_sc’ uhmm’u_stioom_sc_sf c-tozyn_s_so- elevatiot_s aft-er

tmi-u_stn_s_su’m_st-ivif-i_s cbibutynyb cyclic- AMP, c-pi-

nei_sl_snii_se,or ti_seoph_syhiim_se. Sudilovsky et al.

(19) t’c--u-t_stly si_scuvo-cl ti_sat i_sepatic cyclic-

AMP levels nc-funned _s’bose to i_sorn_s_stl values

witl_sit_s 4 I_sm’tiff-em’ gI_siu’u_sgot_s had beet_s given at

a luingem’ ulose ti_st_sn ivc- used. TI_sus theme is u_s

wido’ ten_spi_sm’u_sl olisso_s-iu_stic_sm_s betu_s’een cyclic

AMP cot_sc-ct_sfi’at iom_s u_st_sd pi_set_sylutbat_sit_so- u_snni-

not nam_ssfc-t’u_sse levels.
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