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SU.\IMA RY

Ti_so’ activi tn’s (of hoistan_simoe m_s_so’thuyltram_ssfo’raso’ pro’paratioim_ss partially putrifio’d from so’vo’ral

mu_sanun_saliamusoo_strccsare activated by 1(1w’ conco’m_strat-ioom_ss of histamin_so’ (K7�, = 6-9 j.orsi) and

are m_s_sarko-dby imohibiteol by h_sistanuimou’ ctotoco’m_stratiom_ss itt excess oof 10 a_sr. A variety of anti-

histan_siruir drugs are pootet_st compo’titivo’ imohibitoors iof 1_sistan_sino’ n_sethyltramtsferase it_s the

pro’so’tuco’ of histamine conco’m_stratiomts belooss- 10 /2_sm, but en_si_sante o’nzyn_se activity at higher
histan_simio’ o’omocet_stration_ss. Ti_soso’ o’fft’cts of am_stiiuistamiu_ses (‘orro’late partially with ti_seir

at_st-ib_sistam_s_simtic activity.

INTROtIUCTION

i\lo’th_sylatioomt of b_sistat_siine by histamitie

n_st’thyltramosft’ra.se (EC 2.1.1.8) is tb_so’ pre-

(lon_simoatut- t_su(I(bO’ of inactivatioomt (of thus antitue

in most amoin_sab sieo’io’s (1-3). 1-listamimue

mo’t i_sybt ra-m_ssfo’rase occutrs ubiqutitously it_s

ai_sim_s_sab tissuo’s and exhibit-s a 1_sigh_s degree of

substrate specificity, actimig otuly upton hista-

mimot’ and a fo_sv huistan_simte anaboguo’s, but i_soot

ot_s n_soost in_sidazoles (4).

Several drugs, imocludi rig oh_sIt orproon_sazine,

am_st-im_sualarials, amid 5-i_sydroxyt-ryptamine,

are potemot- inioibitoons oof partially pumrifio’d

l)r(’Paratiom_ss of 1_sistan_simue metb_syltransferaso’
(5, 6). Xo’tt’r amid Both’moschatz (7) reported

that _ssomo’ a-m_stilust an_si mo’s weak lv i t_sh_sibi t(’d

crude’ pneparatiolns of t ito’ o’rozvmo’. Hcecmitl,

These studies were stmloloorted by Unoited States
Public llemolt-ho Servico’ Grmimuts NS-07275, GM-

16-192, amid M1I-185t)1.

Presetot ml(1(Iress, I Io’pmirt mi-oetit oof PIot-trmacol-
og�-, Ilmoiversit y of Ot agoo \Iedit’al So’hooool , 1)utie-

oh no, Neiv Zealmtmod.

2 flecipienot (of Besearthi So’ient ist I )evehopnietot-

Award K3-M1 1-33128 froomno I hoe Nat ioomotilImostitate

of Metutal iIetilthu.

itt attempts too o’1(’vato’ ti_so’moormally low

bi’vo’bs of h_sistamnim_se in ti_so’ mammalian braimi

(8, 9), _sve evaluato’d tb_so’ ‘ffeo’ts of several

km_so_si-i_s inhibitors of 1_sistamino’ methybtramus-

ferase. Althougb_s _ss’bl-kto oossn potent irib_sib-

itors, such as quinacrim_se, faibo’d to alter brain

bevels of luistamnine, ti_so’ atutihistamit_se dcx-

brompi_set_siran_sim_se wa�s (omit’ of ti_se few drugs

capable of sigmuificat_stly o’lo’vating levo’ls of

hoistamh_se ito tb_se mouso’ braim_s (10). Accord-

irugby, in ti_se present study is-c b_save o’xamim_sed

ti_se it_steracticomos of a vario’tv of amutib_sistamituic

ago�’nts with_s partially purifit’d i_sistamim_se

mo’tb_syl tramosferase pro ‘paratiomos front mouse

braimo.

_smATERIALs AND METHODS

Am_sin_sals uso’d ivere mu_sale albino mice (30-

40 g) oof ti_so’ CF-i strain_s from Carworth

Farms, Ntis City, N. V.; n_sabo’ albim_so rats

(200-250 g) from Hu_smitimogdon Farms, West

(1omosh_stob_soock’mo, Pa.; amid n_salt’ albit_so guim_so’a

pigs (350-500 g) froom_su ti_so’ Bar F Rabbitry,
Po’rry Hall, Md.

oS-Adt’moosyl-L-[met/oyl-’4C]metiuioomoit_se (51.2

m_suCi/n_sno olo’)was ooht ai mou’ol from Nesv Ei_sg-

300



HtSTA_sIINE \tETHYLTIIANSFERASE ANt) ANTIHI5TA\OINE5 301

ban_sd Nuclear (1oorpom’at-ioomt. Illistamimoo’ diiuy-

drocl_sloride amid ( - ) -S-a(lemuo)syl-L- m_s_setloi -

ot_sit_se io)dielo’ svo’m_s‘ oobtaim_sed f’ron_s Calbiolo’b_so’n_s.

Q uii_sacrit_so’ i_sydrochlo orido ‘ an_sd i�-huist iobimie

I_sydrocbulorido’ svt’ro’ pu_srci_saso’d from Nut ri-

tiom_sal Bioeiuo’mioals ( ‘o orpo oratiom_s . Soutrces of’

doonato’d drugs art’ reo’oordo’d um_sder ACKNOWL-

EDGMENTS at ti_so’ o’mod oof tI_so’ t(’Xt.

Part ial /)um’ljicat-io-n of mouse bra in /mista-

no me iiiethylti’ansfeiase . Hist amimue n_so’t iuyl-

transferase was partially putritmed frolm ti_so’

brains of male albituoo mico’ (5). Whole braimos

of 20 mice wo’re i_somoogemuizo’d it_s 4 volutn_ses of

0.25 M sucroose preparo’d imi 5 mu_s_snsoldiun_s phtls-

phate buffet’, pH 7.4 o’om_staimoii_sg 0.1 �- Tritoom_s

X-100 (11), am_sd cem_strifugeol itt 78,000 X g ftor

30 mit_s. Ammom_siun_s sulfato’ was addo’d to ti_so’

supernatatut fluid to ach_sio’ve 50% saturatioao,

followed by cei_strifugatiom_s at- 10,000 X q ftor

20 mit_s.To ti_seobecam_sted supo’rnatant fractioom_s,

more ammot_sium sutlfato’ was addo’d u_smttil 75 %

sat uratioom_s was reacho’d. Ti_so’ fit_sal pro’o’ipitato’,

(obtaimoo’d by cemttrifugatiomt at 10,000 X q ftr

10 mimi, was dissoAvo’d it_s 10 n_sI of 10 n_s_smso-

diu_sm phosphate bu_sifor, pH 7.4, amid dialyzo’d

ovo’rm_siglut agaim_sst 2 lito’rs oof 1 n_s_si odiuim_s_s

pi_soospi_sato’ buffer, pH 7.4. I’i_so’ Sp(’(’iht’ a(’tiv-
ity o)f ti_se fit_sal pro’paratioomo was 6 tin_st’s

greater that_s that of ti_so’ oorigim_sal supermoatam_st

fractiomu oof the braim_s i_soomruogo’m_sate. Ti_so’ par-

tially puriflo’d o’mozymo’ host ito apprt’t’iablo’

activity ivhuo’m_s stored foor 2 n_som_sti_ss at - 15#{176}.

Met/mod of’ assay. Histanuimie mt’t iuylt ratus-

fo’raso’ activity svas assayed by a nuodificatioomo

of ti_so’ proco’dutro’ (of Sm_sydt’r am_so! Axo’lrod (12).

Tho’ imoo’ubatiom_s amid oxtractiom_s wero’ p�’r-

foormo’d it_s 15-ml, glass-stoppo’ro’d o’o’t_st-rifutgo’

tubo’s. Tho’ ro’aotiomo mixture consisted of 200

/2! 0.05 _st sodium i)i_ssolIi_satt’ buffo’r (jH 7.4),

10-50 /21 of partially punifio’o! h_sistamim_se m_s_so’tii-

ybtram_ssfo’raso’ (0.01-0.05 mg oof proto’im_s), vari-

ous an_s(Iumots of h_sistam_s_simoo’, 13.3 tomoolo’s oof

S-adenoIsyl-m�-mt’th_sioI_simoe, at_sd 1.7 mon_solos

of S-adeiuosyb-i�-[mel/oyl- m4(�1mno�tiuioIm_sim_s(�. E1iit’

fit_sal ro’actioom_s volu_sn_se was 300 /11.Tiuo’ tim_sal

com_soo’mutratiomt of 08-ado’mooosyl-L-n_so’ti_siootoimoo’ ito

the reaction_s n_sixturo’ was 50 /2_sI.

A.fto’r 15 n_sit_s (If imto’ubatio mm_sat 37#{176},t-ioo’ ro’ac-

tiott -svas sh)ppO’(1 by ti_so’ additioom_s (of 0.5 n_si of

0.05 _si borate buffor, p1T 10. Six milhihito’ns tot’

a t(IluO’m_se amid istoamnyl alo’oohitol (1: 1) iso’r’

added, at_sd tiio’ tutbo’ is-as siuako’mo fom’ 15 n_simi.

Aftt r t’emotrifmtgatiomo at 1500 X �i foor 10 m_suim_s,

4 n_sI of ti_so’ orgamoio’ ph_sat’ is’t’o’ trat_ssft’rro’d

too a so’ii_stillathomt vial coomotaimoimog 2 ml of o’th_s-

am_sol am_sd 10 n_sI tof tooluo’mo’ j)h_soosph_soor (0.4 �
2 , 5-diph_som_sybooxazolo’ and 0. 1 ‘.; /)-bis[2- (5-

phuo’m_syboxazo olyb) ]bo’mozt’m_so’) . m4(1 � n_so’asuro’(l
it_s a Packanl mooolo’l 3375 lit1uiid scimotillatiot_s

sllectro)nuo’ter, is-itiu at_s effioio’mtt’s’ of 64 #{182}�.

I)rutgs iso’re initially im_so’utbatt’d for 5 mt_sit_sivithu

ti_so’ o’tozymo’ amid histan_simw, alti_stoutgi_s tl_sey

i_sad a sin_silar o’ffo’ct ot_s hoistanuim_so’ met 1_syl-

tramtsfo’m’aso’ activity is-b_so’mo th_sis j)ro’lir_s_sim_sam’y

imoo’ubatit mm_s stel) sias omit to’d. Afto’r pni��r

im_so’utbat-iomt, Iabo’lt’d atud tmm_slabo’led o”�-ado’moo 0-

syl-i�-n_so’ti_sioonino’ sso’n’ addo’d to) ti_so’ it_scuba-

tiom_s m_s_sixtutre, am_sd ti_so’activity tofti_so’t’muzynut’

ivas m_s_st’asum’o’d as abovo’.

li_s oath_s o’xpo’timt’mot tiso typo’s t)f blam_sk

(!(‘tt’m’Il_simOati(OiOs sso’ro’ obtaimio’d, both_s of wh_sioh

gavt’ ido’nt-it’aIvalu’s. ()moo’t’(Imisistt’(l O)f tom_suit-

timog huistan_sit_so’ n_so’t h_sylt m’amosfo’rase from_s_s t I_se

ro’at’tiom_s, isi_silo’ ito ti_se o)th_so’r huistamu_simot’ was

ton_sittet!.Co ot_sco’motratiootis oof sutbst nato’s am_sd

drugs art’ o’xpro’sso’d as ti_so’ fit_sal o’oiocem_stm’atiom_s

it_s ti_so’ t’o’ao’titomo n_sixtuoro’. Prelit_s_sjm_sary expo’ri-

mu_so’motsgavt’ ti_so’follooivimig i_s’sutlts.(a) ‘I’lue

additioomo tof an_sit_so ogu_samoiolino’, m_sialam_suido’, tt’amo-

ylcy�)r( on_sit_so’, or i\lg��, all at 0.1 n_s_sm,did moot

afio’ot hoistan_sim_se nuethoyltramosfo’raso’ activity.

(b) Histamino’ mo’ti_syltramosf’raso’ ao’tivity

isas litoo’ar is-it h_stin_so’ foor 30 n_sit_s ssi_so’i_s ti_so’ (‘(ott-

ct’mttratiomo tof b_sistanuimoo’isas varied tm’oomu_s1

i_s_s_si to 0.1 /2_si, amid sins bimoo’ar ssith o’tizynue

ttomio’emott’atiooti o)vo’r ti_so’ i’amugo’ stutdio’d. (c)

Additiooii oof drugs at ti_se tm_sd of ti_so’ imicuba-

f-it mm0 pt ‘lit oo! fai heel ft o afli ct ti_se coot tto’mi t of ‘4C

it_sti_so’t omgamoic pi_saso’ - Ti_so -i.o‘fo oro’ it sins co ott-

o’lu_soh’o! ti_sat mttotuo’ of ti_so’ drugs stitdio’d a!’-

fo’oto’d ti_so’ o’xtrao’fibility tof m_s_so’th_syli_sistamu_simic-

im_stol tolueiie-isoan_syl alo’ooi_sol m_s_sixturo’.

RESULTS

Subs/mate iim/o ibitunm oJ’ /o is/aiim inc inc//mgi-

to’ansf’o-i’a.se, a-imd cf/eel of’ dip/menlo ,jdi’aiim inc. bit
imoitial o’xpenin_so’mots iiistam_s_sit_st’ n_so’t livltramis-

fo’rast’ activity isas assavo’d at a vanit’tv of

i_sistan_sim_so’ comooo’mot ratio Otis ito ti_so’ IIm’t’sO’IOo’O’ of’

(!itfo ‘ro’mot, to mm_soont nato )t_s5 oof �S -ado’tio IS\ I- L-

n_so’tioioomiimo’ (Fig. 1). Imoo’rt’asimog ti_so’ i_sistam_s_simoo’

comm_sccmotratioom_s frooni 0.1 to 10 /2_sI emohiamo(’ed

ti_so’ o’mozyn_so’ at’tivity at tin’ ti_sm’o’o’S-ado’m_stsyl-

L-tu_st’thtiootoitto’ t’ootit’t’titm’mttiomtis o’xamu_siito’tl. Tiio’
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HISTAMINE CONCENTRATION (molar)

F’mo�. I - Substrate inhobihio,. of histamine no(’tio!/lh!’ansferase a!o(l effect of dzpimeiohoijdran-tine at various

$-adeioeosyl -L -iioetlo ion inc (S-i .11) cornea trations

‘I’hie emozyrne activity was estimated wi tht itmt’reasing c(omocemot rmutioomos (of Itist mimotimie (0.1 /2M-I0 iot�t) at

hn’t’e t’ootict’mutrmttloomiSof S-adetitosyl-L-mnet hiomiimie. lust anti tie mncthyltrmtmisferase activity in the preseitce

oof (hilohemoluvolramine (0.1 rn_sm) wmts also metosureol at each cotucetitratitoto oof loistanoitie and S-adetioosvl-

m,-muoo’thii toni moe 0ised. Eu do looi mit is Ilie mnt’motoo of thoree det ermni moat iotis.

I’,-,,, vt_slut’ to! l_sistan_simoo’for h_sistan_simoe m_smo’tioyl-

tramo’ifo’rase (‘stmn_sato’(l froon_s th_so’st’ data wa-s

abooitt- 6-9 X /2_si, som_s_so’ivhuat- boiser ti_sat_s thic

K,,, ro’porto’d by Brown ci of. (5) ft-or guitut’a

pig kidt_sey at_so! by Giostafssoomt am_sol Forsbuo’bh
(4) foor pig bivo’r. The K� value for hoistan_simuc

was ti_sc sam_s_so’ at all tbureo’ S-ado’loosyl-L-

n_set ioioomoim_se to mmut’t’m_stratiotis. Ti_so’ Km for

S-ado’ttoisyl-L-m_sio’thio)moitto’_ssas 30 /2_st at 1_sista-

n_simoo to om_so’o’motm’atioumos of 5, 10, am_sob 100 /2_sI.

His! an_sit_se n_sethyitram_ssfo’raso’ activity dc-

cro’aso tI m_sutt-m’kt’oIly at luistamu_sino’ o’(mmo(’o’m_stm’a--

tRolls imi o’xo’o’ss of 10 /2_st. At 100--200 /2_si, tin’

eiuzyi_sut’ activity was t’t’duct’o! too ah out .50

oof (hot’ mu_smixim_sual at’tivity oohlaimoo’oI at 10 /2_st.

Tho’ to ‘It_st ivo’ tlo’o’m’o’mist’ ito ao’t i vitv is-it i_s ito -

cro’asiiog hoist mtmimoo’ o’omot’cmott’atiotos isas sit_s_si-

lar mit all ti_sic-i’ t’omoo’t’motm’atitomos of S-aolt’muosyl

L-m_s_so’th_sioom_sitto’.

T)ilohio’tiiovoli’mtnoitoc (0.1 i_s_s_sm)iuaol a hilli_sasic

t’f’fo’ct omo h_sistmt-mi_siiot’ mun’th_syltramosfo’raso’ aot-iv-

itv. .\.t luistamu_simit’ t’omoo’o’motm’a-tiomos ho’ltow 10

/2_si, OlijIhOO’to\(It’ttm_s_sitO( itohoihito’tlthio’ o’tozynuo’

a(’tiVitV. ‘ill_st ro’bative do’gmo’e of imohoihitioon

vam’io’ol, (lo’po’mi(li tog omo ti_so’ lust am_s_suit’ (‘0 oiico’to -

fiat-iou. Kim_so’tio’ at_salysis oof thuis in_shibitiou_s by

ti_s m_suo’thuood of Dixomt (13) indicated that

dipi_st’moh_sydran_siuot’ _ssas a competitive it_si_sib-

itor, ivitlu a K1 value of 40 /2_si (Table 1). At

1_sistan_sit_so’ o’oomoco’mutratiot_ss it_s ‘xcess of 10 /2_si,

dipito ‘nhydratni ne tnarkedby augmo’m_st(’d o’n-

zymo’ ao’tivity. At 0.1 m_sr histam_si_se, ohpl_se-n_s-

b_sydramii_s0’ m_suaximally cnul_sanoed histamine

nio’thyltram_ssfo’rase activity, abou_st 2-fold. At

inst am_s_sit_so’ t’oItt(’O’tit ratiioi_ss abovo’ 0. 1 i_s_s_si,

(‘i_szym_s_so’activity in ti_so’pro’so’moce of dipho’tu-

hyo!nam_s_sim_se dimu_simuisloed, bu_st bess pro’cipitously

thai_s it_s tii(’ abst’titt’ of diphenhydran_sino’.

Accoroliiogby, at 1 n_s_si histan_sine, o’iuzymo’

activity was augm_s_so’itted 4-fold by dipb_set_s-

livoiranmima’. ‘Ihe pattt’rn of interaction of

dipluemo iuydranninc muod ioistam_s_sui_so’ i_s_st’tl_sy I-

tram_ssfo’m’aso’ i_sits similar at all thre’e on_seen-

tratiouos omf oS-adel_sosyb-L-mo’tiuion_sinc (Fig. 1).
Effects of im’ions concentiat-ions of an ti/i is/a-

lflifl iC (fin (JS (ill ChiZ//ii/� ac/icily. Bo’cause tof ti_se

strikimog t’ffo’o’ts tof dipioo’ni_svobramnimue ui_s 1_sista-

mu_sit_so’ m_s_so’thylti’amosfo’i’muso’ activity, a variety oof



TABLE 1

K values for inhibitioio of mouse bra-in histamine inethyltra-nsferase by antihislaini,oes aiod related druqs

The values presented are the n_seans of two imudeperodent determinations of K, values by Ihoo’ noetho)d

of Dixon (13), Inhiloititomo by all drugs was cumu_spetitive (F�g. 4). Eacho determnitoatioomi was carrot! oout mo

triplicate with five concentratiomos of imihibitor at histaniimoe concentratiomts of 1 and 5�o_sm (Fig. 4). These

histamimoe comocentrations were used bet’ause, with_s mo_soore t han 10 ,�ui histamninoe, the drugs imoo’reased

histamimie met hyltransferase m_sctivity. Ito i modepemodent determnimoations moone oof t hoe values showmu di ffereol

by more thamu 20%. ______ ____________ -

Drug K1 Drug K1

X 1O� X IO�

Quimomocrine 1 Dimnethitidene 140

d-Chlorphenirami moe 7 Fenazooxi ne 150

d-Bromphemoim-amine 9 Tripelenmiamine 160
Chh )rpheni rat_s_sitie 15 Carbinoxami moe 230
Brompheniramine 19 1)iphem_sylpyralinoe 240
Pronoethazine 90 Antazoline 310
l-Chlorphei_siran_sim_se 90 i)iphenhydranuimoe 4(X)

l-Broomouphemuiran_sim_se 100 Triprolidine 450
Brotmudiphenhydran_simue 100 Chlorcyclizine 470
Pyrathiazimue 110 Halopemidol 500
Thionidazitue 120 Cyclizimoe 1200

Chlorpreomuuazine 140 Diazepam 20(X)
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antihist-an_sim_sicat_sdrelated ageu_sts _svo’reo’xarn-

med for th’ir o’ffects on tbuis enzyme. It_sit ial

experimem_sts utilized a fixed co)t_sco’tutrat-ion of

histamine (0.1 rn_so) with drug com_scem_strat-iom_ss

ranging fron_s 0.1 /2_sI to 10 n_s_si. At lois-er drutg

concentratiom_ss, abn_sost all ti_se ago’mots ‘xam-

med c-nb_sat_seed o’mozvmo’ activity, ivi_sibo’ at

higher drug comicemutratiomus ti_sey _svere it_si_sib-

itory (Fig. 2). I)o’xbron_sph_senirmu_s_sim_so’ mit_sd

clexcl_sborphn’muiran_sim_so’ w.et’e ti_se n_so st Ilot emit

agents iii auigmetitung i_sistamim_se n_seti_syI-

trai_ssferase activity, elicitim_sg a n_saximab in-

crease of approximately 2-fold at 2 /2_st. At

concentrations greater than 10 /2_si, these tivo

drugs progressively inhibited tb_so’ en_szynue.

Interestingly, i-iso)mo’rs of brompi_seuuiramino’

- and chlorphenirantine, whici_s are much

weaker ai_stib_sistarnines ti_sat_s the (/-ison_so’rs,

_ss’ere about 10 % as potem_st in augm’m_sting

histamine rnethybtrat_ssferase activity.

Of the drugs ti_sat ct_si_sat_sec-cl i_sistan_simte

methyltramusferase activity, diazel)an_s was

the least potemut, requirim_sg a I n_s_si com_scet_s-

tration to elicit a maxima! ei_si_sancen_seiut of

activity. Most of ti_se drugs at bowo’r o’coi_sco’m_s-

tration_ss sb_sowed a sin_silar 1)atto’rt_s of P0t0’i_sti

at-ion of enzyme activity, follo_sveol by iuuluibi-

tion at 1_sigher concentratiom_ss. Ho_svo’ver,

quim_sacrit_se, the n_sost poto’n_st inh_sibitoor studiocI

in vitro (Table 1), fail’d to tm_si_sam_seeo’mizvme

activity significantly at am_sy drutg cotocen-

tration.

It_s addition to) ti_se ago’u_sts svi_sichi are (‘lit_si-

cabby employed as antihist-amino’s, ti_so’ I)h_sO’m_so-

t luiazin(’s ch_sborpron_sazim_se am_sd ti_si(oridazuu_se,

ti_so’ tricyclic am_st-iok’pro’ssam_st desn_sethoylinuip-

ran_sit_se, at_sd the butyreopi_so’m_som_se hali opo’ridol

also) showed ti_se bipi_sasic o’fft’ets om_sb_sistamine

n_sethybtramosferaso’ nuamiifo’sto’d by tb_so’ amotii_sis-

tan_sit_sic drugs. (‘hbordiaz�’po oxide and sodium_s_s

pentobarbital failed to alto’r ti_so’ (‘tuzymne ac-

tivity at au_sy o’om_sceu_strat iomi, m_soordid i_sistidine

at_sd a-hydraziiooi_si stielim_se (u_sot (10‘j)icted)

have any effect.

Effects of di’uqs on enzyme act oily at differ-

ent histamine ccncenti’a/ ions. I )ruug cono’o’ntra-

t-ioits which i_sac! display’d m_suaxim_suai aug-

met_station of h_sist amim_se n_set iuyltramusfo’rase

activity iii initial expo’rimu_se’mits (Fig. 2) is-c-re

o’xamii_sed for ti_so’irt’ffo’ctsou_s emizynue activity

at histamine �‘t_sttct‘u_strat it)i_s5ram_sginog from_s_s 0. 1

/2_sito 10 rn_si (Fig. 3). i\lost (of ti_so� olrugs dis-

played a patto’rm_s similar too ti_sat first oh-
so’rved witiu diph_so’til_sydrat_suim_so’ (Fig. 1),

imuh_sibitit_sg the t’m_szyn_so’ activity at loowo’r h_sista-

n_sine com_sceu_stratiom_ss mit_sd potem_stiatimig it at

higher levels. Only qutinacrino’ au_se! 5-huyo!rox-

vtrvptam_sne f’ailt’o! to o’moi_sam_sce emozymu_so’ ac-
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Fm u. 2. Effeo-1 of (110/i/O is tamo ioes a oil ic/a led thugs on iictirity of’ hois/a iniio e one//i �jllo’aiosfcoase (H.1I T)

Thoc emizynie activity was c-st iboat ‘d ito the presence o of itocreasing com_scemutrat iom_ss of drugs, whiile the

t’otoco’titratioti tof the substrate, hoist amnitie, was kept at 0.1 ni_si. Drtigs were incubated with thie emozyrne
for 5 mimi lorioor tto thie aoltlitioomooof ,S-m_s(jetoosvl-L-methiioomiitoe (50 Mu). Each looimot is ti_semiiemito of three

oli’tet’mioitoat io)tit-o.

tivitv at am_sy cottct’totra-tiomt o’xamllit_s(’d. Jo_sr

all oothuo’r drugs, the o’xt(’m_st tof m_s_saximal aug-

n_so’motat ioomo of’ ioistan_simoo’ m_s_so’thiyltransferaso

ao’tuvity ivas similar, and tiio’ hOigi_s(’st (‘t_szyflte

activity usually occttrred at i_sistan_siuueeon-

(‘t’motratiomos �of abouit 0.1 iou_sm. Of ti_se drugs

o’xamu_sn_so’el, otolv oorpi_so’m_sadu’im_so’ faih’d to it_shibit

ti_so’ o’m_szynot’ at amuy histan_simoc t’om_scemutratiolu_s.

Is,. inetics of in/i ib itiun of /o is/a-mom me mime//mgi-

/i’a-nsJ’eo’ase by various drugs. Iiub_sibit-ion of tb_se

(‘mozyn_so’ by a vai’io’ty o�f drugs ssas am_salyzed

by tb_sc- n_so’tl_sooi oof i)ixom_s (13) (Fig. 4 and

Tabbo’ 1). Im_si_sibitioou_s f’oor all druigs listed in

Tabbo’ 1 svas conupt’titive, as is do’picted it_s

Fig. 4 for d- at_sc! f-bromo_spb_so’m_siran_sit_so’ .Quii_sa-

crumu’ is-as ti_se n_sost POt(’itt iu_siuibit(Or d’X-
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Fm�. 3. Effect of antihistainines and related di-oogs on activity of histamine one/h yltransferase (11117’) at

vario us con yen lration.s of histani inc

Each drug was itsed ito a comicent ration that l)r(odttced n_saximoial peotemotiation of emizynoe activity when
the histanuine concentration_s was 0.1 n_sun. 1)rugs were imucubated for 5 mimi with the emuzyme in the lores-

ence of imocreasimog concentrations of hist-amnimoe (0.1 j.oui-10 n_sum) before thoe addition_s of S-adetoosy1-m�-
methionine (50 toM), Each poimot is the n_seamo tof three oleternuinations.
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emim_sed, with_s a K1 tof aboutt 0.1 /2_si. Tb_se am_sd bron_spi_so’m_siramimio’ _sverc- about half as

d-isomers oof chlorpi_so’m_siram_s_sii_se au_sd bron_s- active as ti_so’ d-isomc-rs, as ivould be o’xpo’ctc-d

phetuirarnit_so’ i_s-c-re tho’ u_so’xt n_stlst active, i_sm_sd! becauso’ of ti_se 10-fold greater pot-c-m_sey oof tb_se

�s’ere about 10 timt’s as poto’mot as tho’ir /-iso- d- that_s ti_sc- 1- form_s_ss of tbuo’se drugs. Ti_sc- mtext

mers. Tb_sc’ racemic fornus of ci_slorphc-u_siram_s_siu_so’ n_s(ost active groutp of drugs, comosistii_sg oof a
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hee tozytnew asi ticuhomoleolw ith oi tit’reasingc ootocentr ationso ft lrugsi nt h_sepresenceo fh istamnine,1 o

r5 / .L_sI,h oefooret -hoo’modohitiomoo f� S-aok’miosyl-i�-mnethioomoitie.T hem o_seth_soidofg ra�)hicala tialvsisi _s-ast i_sato fI

) ix oomi( 13).K i -molm o’sf ora lld t’mmgsd o’te rtnit n’tli toI h oism oiaminera rel istetii toT ableI - �

vario’ty oof ago’mits with_s K1 valuo’s bets_sc-i’m_s 10

at_se! 20 /2_st, wo’ro’ aboout oono’-fifti_s as potent as

ti_so’ ohio om’- amoo! hrot_s_spi_so’moiram_siit_so’s. Tho’se

ago’m_st s it oo’iuolo’ 1-bron_si oi_so’u_siran_sit_so’, /-chlor-

pho’u_siram_s_sim_so’. pr(In_so’ti_sazi100’, bron_sdipi_sc-u_si_sy -

drami toe, i )yratioiazi out’, t iui( on olazi moo’, chlor -

i�u’�Im_s_sazimi�’, (lim_s_so’t-ioindo’moo’, ft’tiazooxim_se, at_sd
tripo’lo’mitian_siuuc-. Drugs with_s K,- yahoo’s bo’-

two’o’mo20 amid .�0 /2_si itocludo’ol ca-rbim_soxamim_so’,

dipho ‘t_sybpyraiit_so’, aiotazobim_sc-, ohipiuc-ni_sydra-

n_sit_so’, tniprobiolimot’, cI_slo)rcycliziu_s(’. at_sd halo-

po’rielol. Cyclizituc- i_sac! a K1 valito’ of 0.12 m_st.
Wit-h ti_so’ strikiu_sg c-xo’o’ptioou_s of quuu_sao’riu_sc-,

th_se’ro’ is-as a fairly cbost’ o’oorro’latioluu betwei’n

ti_so’ro’lativc- pootemuo’ic-s oof various drugs it_s

im_si_sibitit_sg at_sc! it_s o’bo’vatitog hoistan_siu_se n_st’thyl-

tram_ssfo’rasc-activity (Table 1 au_se!Fig. 2).

Jim/i ib ition of tie u i’ot ran sin i/leo’ uptake sys-



Substance

.if mm- _mf _%f

3.3 X 106 4.8 X 10� 4.8 X 10� 5.8 X 10#{176}

4.1 x 10� 4.8 X 10� 5.0 X 10� 4.9 X 10�

3.8 X 10� 4.8 X 10� 4.1 X 10� 3.3 x 10�

3.1X106 4.2X106 3.8X106 43X10t
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TAttLE 2

Inhibition of uptake of catecholamines, 5-hydroxytryplanoine, and ‘y-aminoboo/yric acid into s/natal and

hypothalamic synaptosonoe-c&ntainin-g homogenates by d- and 1-isomers of

chiorphenirainine and brontpheniramine

Homogemoates were prepared from the corpus striatum or the hypothalamus of rat-s (17, 18) and were

incubated with drugs ramigimog in concentratioom_s frouuu 10’ to 10-8 M, along with 0.1 �.LM concent-ratiomi

of [3Hbmotorepimuephrimie,[3Hbdopamine, or �3H]5-hydroxyt rypt amimoe or with 1 MM [‘4C}’_s’-ami nobut�-ric

acid. At a concem_st-ration (of 0.1 /h_s1, 5-hydroxyt-ryptan_sine does not enter catecholamine synaptosoon_ses

(19). ID50 values were determimoed from log probit plots of percentage imohibit ion at four concemot-rat ions

of inhibitor in triplicate after subtracting 00 uptakes as h)lamoks (18). I)ata presetoted are the meato tof

three independent determinations, for which the standard errtors of the means were tooolgreater thamo
10% of the ID50 values.

ID50 values

Chiorpheniramimie B rompheniramine

d 1 d 1

Hypothalan_sus
[3H lNorepituephri lie

[3H�5-Hydroxyt rypt anuimoe

[‘4C]-y-Anuinoobut-yrit’ acid

Corpus striatum

[‘H]Dopamimoe

lenos and anmine oxidase by -isomers of broom-

pheniram inc and c/iiorp/oen iramnine. Of ti_so’

large numn_sber oof clim_sicabby en_sployed am_sti-
histamines t’xamn_sc-d it_s tiuis study, ti_se n_sost

potent au_st-iI_sistamim_sic ageu_sts are brompb_sc-u_s-

irarnit_sc- at_se! ci_sborpb_sc-i_siramine. These ivc-rc-

also the most potet_st iu_shibitors of iuistamit_sc-
met-hyltrau_ssfc-rase amor_sg the ti_se antihista-

minic drugs studi(’d. Moreover, it is _svebl
known ti_sat ti_se d-ison_sc-rs of these agents arc-
considerably mt_sri’ active as antihistamiuuc-s

than the 1- forms, both in- vitro au_sd -in vivo

(14). The d-ison_sers of ti_sc-se drugs were about

10 tim(’s as potem_st as inhibitors and as au_sg-
ment-ers eof c-u_szymc- activity than tb_sc- /-isoo-

mers. Chlorpho’niran_siu_so’ au_sd brompi_so’nira-
n_sine potemut-iate cat(’ci_soban_simuc-s in vivo (15)
and inhibit their uptako’ by braiu_s synapto-
somo’s (16). To asce’rtaii_s ivheti_sc-rbiologio’al
effects such as nc-urot-rau_ssmittc-r rc-uuptake

and oti_so’r arnit_se-related o’uuzyrne activitit’s

migi_st be affected differemut-ly by ti_sc- d- au_sd
i-isomers of t-hc-so’ drutgs, ti_so’ folbowiu_sg c-xpc-r-

irno’m_st-s i_s-c-re perforrno’cl.

Sytuapt oso on_so’ com_staii_sii_sg i_somogc-t_sato

preparatiouus fron_s ti_so’ b_sypotiuaban_sus or cor-
pus striatum of the rat (17) ivere imuo,ubato’d

ivith loiv com_scc-u_stratuom_ss of rao!iolabo’lo’d

t_soro’pinepi_sriu_sc-,dopamit_so’, si’rot(ot_sit_s,or y-

amii_sobutyric acid, with eon isithout d- or

/-ison_so’rs oof (‘i_sboorpb_so’m_siramiu_so’am_sd hron_s-

pi_sem_siran_stu_so’. As hao! beet_s obsc-rv(’d Previ-
ously, theso’ drugs wore j)ooto’u_st imuhibitors e)f

doparnit_se uptako’ im_stoo striatab sym_saptooson_so’s

(Table 2). Ho_svc-vc-r, there ivas too oliffo’rc-nce

imu ti_so’ pot-c-nc-ic-s o)f ti_so’ d- am_set /-isomo’ns, booth

dispbayimug ID_s0 valu_sc-s of about 3-4 /2_si.

These drugs had similar pooto’m_soic-s in im_si_sibit-

imug m_sorepinepi_srine uptako’ it_sto o hypothual-

an_sic syt_saptosomes, but again ti_so’ni’ is-as mioo

c!ifft’ro’m_scc- betivc-c-n the d- ano! l-foorn_ss of the

(mug. At 0.3-0.4 n_s_si, ti_so’ d� and 1-forms

o of cl_slorpho’u_siramine at_sd brompb_so’m_siramit_se

were ablo’ to ir_si_sibit -y-amimuobutvnic acid

ao’cun_sulation by i_sypeotiualan_sic sym_sapto-

seomo’s with u_so appareuot- diffc-retucc- betwo’o’mo

tb_sc- isomeric form.s of ti_se drugs.
To dc-tern_sit_so’ i_s1_seti_sertho’so’ druigs woumle!

affect an_sine-oxidizitog o’u_szyn_ses, ivo’ o‘xam-

ino’d t-i_sc-ir effects upot_s tiu(’ momuoamumoo’ toxi-

(last’ activity of rat liver homoogo’t_sato’s am_si!
diamim_se oxidase activity of ti_so’ rat- i!o’utn_s

(18) (Tablo’ 3). Botiu d- am_sd /-ciolorpi_so’moira-

mu_sine at 0.1 m_s-u it_si_sibitee! moomooanuiu_so’ oxidaso’

activity cof rat liver i_somogc-m_sat-c-s aboout 50 %

ivb_sei_s tyramine is-as utsee! as substrate, butt
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TABLE 3

Effects oj o -wiio-eis of olo lonp/io ill 1(1 Oil 0000 a iii!

bromp/u’o-iramn iooe on nioiooumnine

oxidase aC/iEi/!/

flat li_s-ermitomiooanlimoe 0 oxitlmose act ivit V was

assayed wit i_smnet huylhist ami moe (0.1 mn_si) or tyra-

mine (0.1 moo_smas subst rate. Emizvme activity was

assayeti ho)- tioc amnitoe oxiolase fluorescem_sce assay

of Sm_syoler amid hlemidley (20). Each_s value is the
meati of footur tletermitiatiomus, tisimog a (Irug concen-
Oral ioti oof 0.1 no_sm, Xoo difterences between the

means of values for each isotoier were sigmuificamit

(p < 0.05).

Inhibition

�“olethvl- - -
- - - I vraminc as

hiistammne as -
sum)strate

subs_s rate

d-(hilorphemiiramino’ 14,3 46.3

l-Choloorpheni ratni moe 10,8 52.8

d-Bro omnphetoirmotni moe 11 .9 58.9

/-Brootnpho’toiratosimie 12.2 61.2

tom_sly 11-14 ivit i_s mnc-ti_sylbiistan_sit_se as sub-

strato’. Ito bootio ci_sso’s tb_s(’mo’ iias u_so diffo’rence

bet_ss-t’o’m_s ti_so’ pooto’moc-ie’s of tue d- au_se! l-isOfl_s(’rS

oif the obrug. Xo’iti_so’r isom_suc-ric fcorn_s of chior-

� )b_so’moiramiuoo’ o or bro ot_s_sp ut‘m_siran_sine alteree!
than_sit_sc- coxidaso’ activity oof ti_so’ rat ileun_s

svi_so’to assavo’ob at 0.1 n_s._si.

DtSCTJSStON

It_s ti_so’ 1)ri’so’lut- study ti_se kimot’tics of bus-

tan_sit_so’ n_set 1_syltramisfe’raso’ au_set its iu_stcractiot_s

is-iti_s a vario’ty of (Irugs svas exanT_sined, usiu_sg

a 6-fold punuIwo! o’m_szyn_sc- preparatiout from

miuooimse brain_s. \Viti_s ti_sis lort’I)aratiOt_s the Km

value (5.4 /2_sm) for i_sistanuimoo’ ivas boiser ti_sat_s

tb_sat ro’po)rto’(! foor gu_simoo’a pig braii_s (5) at_so!

pig livo’r (4). It_s so’parato’ o’xpo’nin_seu_sts, hista-
n_sit_so’ nuo’t luyltram_ssfo’rase _svas punitmee! about

6-fold tiuroimgh ti_so’ amn_soniutm_s_s sulfate step

(5) fron_s n_souise ston_sao’h_s, liver, au_sd kidu_sey

am_sot rat braimo, iivo’r, al_se! kidm_sc-y. It_s all these

tissuto’s ti_so’ K,,, for i_sistamu_sim_se _ssas in ti_sc- rauugc-

oof 6.0-9.0 /2_sI, am_so! ti_so’ o’muzyme activity do’-

climoo’ol at i_sistan_simoo’ com_so’o’mut-ratiou_ss greater

tI_sam_s 10 /2_sI. �\.s i_sad boom_s font_set ivith mouse

braiu_s histamitoc- n_set-ioyltransfo’rase, dipheut-

hyohran_siu_sc- (0.1 m_s_s_su) im_sh_sibitc-d i_sistarniu_se

n_seti_sylt-ram_sslo’rasc- preparo’d fron_s these tis-

sues wIuo’u_s tb_se h_sistanuim_so’ o,omoo’o’m_stration i_s-as

bc-hio_sv 0. 1 t-_s_s_si, butt em_si_sam_sc-ed e’mizym_s_sc-activity

at i_sistan_sim_se c’om_sco’uitratioius greater ti_san

0.1 n_s_sm.

It_s studies of a i_sOfl_sog(’tueOUS Pu’c-l)aration

of pig liver iuistamu_siu_sc- m_suethyltm�am_ssfo’rase, u_so

oo)faoto)r rt’t�uiiro’n_st’nts i_sore observed (4).

A(’o’oorolimogh\-, it is um_s!iko’ly ti_sat- tb_se substrate

im_shoibitiomi a-moe! tb_sc- iniuibitory at_sd o’m_si_sanciu_sg

effects of ehrutgs observc-o! i_s_sti_sis stu(Iy i_s-c-re

el_smo’ to itito’raotior_ss with_s sutch cofactors.

\Iooro’o ovo’u, ti_so’ substrate imui_sibitiou_s of iuis-

tan_sit_so’ m_suo’ti_syltransfc-u’aso’ at_set ti_se effects of

au_stii_sistan_simoo’s _svo’rc- sim_s_sibar at several �S-

a(!(’l_sosyl-L-n_se’tiuioom_sim_so’ 00 om_sco’m_stratiou_ss. Thus

it soulel soc-rn ti_sat th_so’so’ o’ffects reflect an

it_sto’racticoi_s oof iuistan_siu_se am_se! oof ti_se drugs

_sviti_s hoistan_sine n_sc-tiuybtransfo’rasc- it-self, al-

ti_scougi_s (Om_sly stutdie’s iviti_s a h_soin_so�ogeneous

prel)aratio)m_s oof ti_sc- o’u_szyn_sc- conIc! com_s_spletely

remIt’ tout ii_steractiootos of ti_so’ druugs _s_sitI_s otbuer

prooto’im_ss a-s ao’o’oou_sm_stiu_sg br o_s_sr flu_sdii_sgs.
Ti_so’ c-xisto’mico’ of substrate ii_si_sibitiom_s n_say

ton n_say mooot ro’flo’ct- a.bloosto’u’ic I_steoh_sorties of mom_s

em_szyn_so’. Ft on o’m_szy mu_st’s ti_sm_st moo’ lnu’o’actam_st

_ssiti_sro’sloo’cttoo substm’m_sto’ am_sot pt’coo!ttct, in-

vestigm_stioom_s of m_sllo)stericeffects is mi_storediffi-

cu_sit ti_sat_s iii ti_se’ cast’ tof ei_szyn_sc-s is-ith sii_sgbe

substrates. Pi’c_s_suse oof ti_se cruoio’ t_sature o)f

cot_sro’t_szynue pt’oparatit_sI_s,detailed ai_salysis O)f

poosSii)lt’ alitostenic o’ffc-cts _svas u_sotumiibertakeu_s.

However, prc-bim_s_sum_sary im_svestiga-tiom_s failed to

reveal ti_sc- iro’so’m_sce of sign_soid kit_sc-tics. Witi_s

respect too the’ order of substrate’ bimudiu_sg, the

fact ti_sat ti_se K,0 for b_sistamine n_seti_sy!trans-

ferasc- s_sits tb_so’ san_so’ at various com_scentra-

tiot_ss of S-aobo’t_sosy1-u�-n_sc-thiou_sino’ suggests

ti_sat- a pim_sg-pom_sg n_so’ciuau_sisn_s _svas not iu_s-

%‘olvc-d, but _svoubd ho’ cou_ssistc-i_st _svith a se-

quo’t_stial addit iot_s of su_sbstratc-s.

Tb_so’ o‘m_si_satio’o’o! b_sistaminc- n_sot hylt ram_ss-

ferase activity in tb_sc- iri’seu_si’o’ tof antihista-

n_sit_so’s could ri’flc-et a reversal to!’ substrate

imuhibitioom_s �or a truo’ activatioti of tb_so’ o’u_szyn_se.

If ti_se e!rutgs activato’el ti_sc- c-nzyn_so’. tom_sc-isoould

am_sticipato at_s imio’ro’a-so’ it_s its T,,,,�. Estimato’s

of � vt_s-lu_so’s oohtaii_so’e! by e’xtrapolatio_sm_s o)f

doutbbo’-ro’ciproocal 1)10 ots to im_stersectiout _svith

ti_so’ ore!imuato’ im_selicatc-d tb_sat tb_se’ V,,� of his-

tan_si_s_sc-n_so’tiuyltrau_ssf’o’ra.se_s_sasu_sootalto’rc-d by

promc-tb_sazumoo’ (Fig. 5). Similar results were
obtaim_sed _s_siti_s alt ti_so’ ooti_ser antii_sistan_sii_so’s

used jut this study, suggestiu_sg that ti_si_sam_sc-c-

m_s_si’t_stof ti_so’ etozyn_so’ activity by ti_so’sc- drugs
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FIG, 5. Double-reciprocal analysis of hislam iioe

noethyltransfera-oe aetim-it�j at various 1_s-is/aoil iooe

concentrations, and influence of promethazine

Promethazimoe (20 M_si) was imocubated with_s thue

enuzyme it_s the preset_see (of various concentratiomos

of histamimoe before time additiomo of �S-adenosvl-
L-methiomiinue (50 M_si). His_s amo_simoe methyltransfer-

ase activity (F) is expresseil as micromoles oof

nuethylhistamimoe (X 10-2) foormuoed per h_sour per

gram of proteino.

primarily reprc-so’mots a ro’versal of substrate

inhibit-iom_s au_se! not au_s “ao’tivation”.

Tho’ ability of antih_sistamit_sic drugs tc_s

im_shibit- am_sd o’mihanc-o’ i_sistamii_sc- methyltratus-

ferase activity sho_svo’d son_so’ correlat-iou_s _svitiu

their auutii_sistamiu_sio’ potem_scy. Tbuis ivas n_soost

evido’m_st wit-i_s brconipi_so’m_siran_simue at_sd tiubor-

phc-niran_siu_sc-. TI_sets ti_sc-so’ dru_sgs art’ tiuo’ n_siost
active antihistamit_ses cof ti_sioso’ o’xan_sim_sc-ct in

ti_se study, and were alsoo thuc-n_sost-lootc-u_stit_s

theiu- ii_steractions ivith tho’ c-t_szymt’. Moon’-

cover, the d- ison_so’rs ivero’ 10 tin_so’s as activo’

as ti_so’ /- iscomers. It_s adetitiot_s, other biological

effects oof these drugs, se_sc-lu as it_shibitiomu iof

cateci_solan_siu_se uptake im_sto braimu symuapt o

somc-s am_sd inhibition of n_soomoooan_sim_so’ oxidaso’

activity, failed to) si_soo_sv sto’ro’oosek’ctivity. It

should be no_ste’d, I_so_svo’vo’r, tb_sat assays of ti_sc-

antihist-an_siu_sic activity oof ti_so’so’ drugs in
vitro sho_sv a 100-fold diffo’ni’m_sco’ bo’tivc-c-u_s d-

am_sd 1-isoon_sers, i_shici_s is o’om_ssie!o’rably gro’ati’r

than ti_si’ diffc-rc-u_stial effects ivo’ b_save obso’m’vo’d

ion histan_sim_so’ n_si’ti_syltram_ssfo’rasc- (14).

Ou_sr fim_sdiu_sgs n_sigi_st bo’ o’om_sstruc-d as su_sg-

gestit_sg a 1)arallelisn_s bo’tsso’o’t_s ti_so’ activo’ sito’

of histan_sim_se n_seti_sybtram_ssferaso’ al_se! ti_so’ his-

tamiu_se “r(’cc-ptor.” Arguing agait_sst this

possibility are ti_sefindim_sgs ti_sata i_sun_sber of

agent-s i_s-b_sic-i_sare ivi’ak ai_st ii_sistarnim_sic druigs,

soc-u a,� o’i_slo_srproon_saziu_se am_sd! do’smno’th_syhin_si-

j_sran_sino’, _svo’ro’ a�)prooxin_sateby as Poteuut it_s
ti_seir it_sti’racticomos isith the etuzyn_so’ as ivere

drutgs of sin_solar c-i_sc-n_sic-al structuro’ , sut(’h as

pr nuo’t hazitue , isl_sich aro’ n_sore act ivo’ am_sti -

itistan_sit_so’s. Nom_setheless, tho’ partial coonne-

iation of h_sistan_siu_sc- meti_sybt-ram_ssfo’raso’

imoi_sibitiom_s at_se! am_stil_sistan_sii_sic- activit-_s’, as

_sso’li as ti_so’ sto’reosc’lect-ivc- o’ffeot-s oom_s this

o’m_szym_s_so’,butt moot om_s monoamim_so’ oxiila.so’ c_sr

t ram_ssmitto’r ep, suggo’sts t hat (ho’t aibo’d

imuvo’st-igatiou_s of ti_se structure amid kim_sc-tics

i_sf b_sist amine t_s_seti_syitram_ssferase mnay ho’ i_sc-ut-

ristic it_s un_sderstau_seiing i_sistamim_sc- ro’eeptom

mo’oham_sisn_ss.
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