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Ahstract The pharmacological c(l‘ects of metabolically stable z-mcthylatcd indirectly acting /I-hydroxy- 

lated L( + )-iwmcrs and the corresponding /i-dcao~L-dcrlvati\,cs of phenolic and nonphcnolic sympatho- 
mmietic amines wcrc invcstigatcd. On the isolated. supcrftlscd rat vas dcfcrcns. prcloaded with 13H]nor- 

cpmcphrine (“H-NE). the contraction and the cfIluv of tritium from the tissue by the drugs were 
studied. It has ohscr\ed that a given phcnolic amine can block the clTccts of other phcnolic amines. 

For cxnmplc. I.( + )-cohcfrin can block the cll’cct of (+ )-desox)cohefrin or tyraminc. A nonphcnolic 
amine. houe\u. blocks other nonphcnolic amincs hut not the cCfccts of phcnolic amines. For cxamplc. 

I (+)+cphcdrine can block the cil’ect of (+ )-dcsoxycphedrinc but not that of tyramine. The efflux 

of tritium parallels the pharmacologic cffcct. It is implied that phenolic and nonphenolic amines utilize 

different transport systems at the adrencrgic WI-vc terminal. Other consistent findings have been that 

the dcsouq-derivatlvc of cithcr phcnollc or nonphcnolic amincs always produces a grater pharmacologic 
clTcct than the corresponding I.( +)-isomer. Since their abllit) to block uptake of 3H-NE IS the same. 

as compared to the L( + )-form. the desoxq-derivative must cntcr the adrcncrgic neuronc faster and/or 

displace more transmitter to produce its grcatcr pharmacologic ctl’cct. Additional studies with isolated 
hovinc splenlc ncrlc granules indate that the less cflcctive L( +)-isomers do not release NE from 

storage vesicles. nhcrcas dcsoxy-analogs trclcasc considcrahlc quantities of NF from these sites. The 

implications arc that the dcsoxy-form ma! rclcasc NE from hoth cqtoplasmic and vesicular stores, 
while the I.( + )-iaomu may rclcasc NE onI) ft-om an cxtra\csicular Gtc. 

The mechanism by which indirectly acting phenolic 
and nonphcnolic sympathomimetic amines act ma) 
be dificrcnt [I. 21. It was suggested that tbraminc, a 
phenolic amine. releases intrancuronally bound norc- 
pinephrinc (NE) rrom different storage pools than 
does mcphcnterminc. which is of the nonphenolic 
type. Subsequently. it was possible to block the rc- 
sponsc of one phenolic amine by prcincubation with 
a supramuximal concentration of another wcakcl 
phcnolic amine but not with a nonphenolic com- 
pound. SimilarI>. it was possible to inhibit the rc- 
sponsc of a nonphcnolic sympathomimctic amine bq 
previously exposing the tissue to another nonphenolic 
indirect11 acting amino. but not a phenolic amine [3]. 
These results suggest that at the adrcncrgic neuronc 
two different transport proccsscs exist, one being spc- 
cific for phcnolic amines and the other for liposolublc. 
nonphenolic s!mpathomimctic amincs 14. 51. 

In addition to di&renccs bctwcen phcnolic and 
nonphcnolic indirectly acting amincs. sympathomimc- 
tics also show a difference in rcsponsc which is related 
to the stcrcochrmistrq about the /I-carbon atom. It 
was obscrvcd [3] that the indirectly acting dcsoxy- 
form (without /i-hbdroxjl group) of a sympathomime- 
tic amine was always more active than the corrc- 
spending /i-hbdroxylated L( + )-analog. The reason for 
this is unknown. but the working hypothesis is that 
the desoxy-analog enters the nerve terminal at a faster 
rate than the corresponding L( + )-analog and there- 

* C‘ontrihution No. 24 to “Steric Aspects of Adrcncrglc 
Drugs.” 

fort liberates more transmitter m a given period of 
time. Alternatively. it may be that both drugs liberate 
equal amounts of the neurotransmitter; however. the 
dcsoxy-analog is a better inhibitor of re-uptake, re- 
sulting in a greater pharmacological response. Thus. 
it is our aim to examine these biochemical and the 
pharmacological correlates in the densely adrenergi- 
tally innervated rat vas defcrens. 

G‘cwv’a/ c,o~?,sit/~~rariorl\. Male albino Wistar rats 
(Laboratory Animal Supply Co., Indianapolis. Ind.) 
weighing I50 400 g were used throughout the study. 
The animals wcrc killed by a sharp blow on the head: 
the vasa deferentia wcrc removed and placed in an 
oxygenated physiological salt solution (PSS) at room 
tcmpcraturc for dcbridement of extraneous tissue. The 
composition of the PSS was (mM): NaCl. 118; KCI, 
4.7; MgCI?.6H,O. 0.54: CaClz.2H20. 3.5; NaH, 
PO,. 1 : NaHCO,. 25: and glucose. Il. Ethylenedia- 
minetctraacctic acid (EDTA) was added (10 Acgiml) to 
retard the spontaneous oxidation of catecholamines. 
PSS always contained tropolone (3 x IO-’ M) to in-* 
hibit catcchol-O-methyl transferasc (COMT). 

All drug solutions were made daily (double-distilled 
dcmincralired water) except for a stock solution of 
(-)-[“Hlnorepinephrinc. which was kept at 4 in I”< 

sodium mctabisutfite. 
R~~.\/Jo/l\o 0f .sr//~~+\c,tl I’LI.S~I t/+c,rr t iu t0 t/eso.u~- 

tlcrirtrtir~\ trjlrl L( + )&w/x Vasa deferentia from one 
rat were allowed to equilibrate at 3X for 15 min in 
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PSS before incubation with ipronizvid (1OY’M) to 
inhibit monoamine oxidasc (MAO). After t\vo bash- 
ings with PSS. the tissues wcrc incubated with .‘H-NE 
(300 ngiO63 jcCi,‘mlJ for 5Omin at 3X Fxh tissue 

was washed tivc limes with 10 ml PSS to I-cmo\c the 
amine from extracellular spaces. 

The vasa defcrcntia were then suspended in scpar- 

ate supcrfusion chambers (warmed to 3X ) and cw- 

nectcd via a thin thread to a Grass force-displaccmcnt 
transducer (mode] FT.03C) under 350 mg tension. Su- 
perfusion with PSS (3X ) at ;I rate of 4 m;min was 
allowed to proceed for 3Oniin before infusions of 
drugs into the system wcrc begun. Drug-induced con- 
tractions wcrc recorded on a Grass ink-\\riting poly 
graph. This superfusion proccdurc ij ;I modilication 
of that dcscribcd b! Su and Bevan [h]. 

After a superfusion equilibrium period of 30 min. 
a solution of the indirect]! acting s\impathomiliictic 
amine was infused into the system by ;I Harvard infu- 
sion pump (model 9.3 I ) at 21 prcdctermined rate and 
concentration so that the PSS reaching the tissue con- 
tained 3 x IOY”M of each amine. At this conccn- 
ration the contractile ctkct of each drug ib maximal 

and is complctel) block4 b! rcscrpinc pretrcatmcnt 

[3. 71. On one of the t\bo tisucs. onl!, the desoxq-ma 

log was infused and the tissue was allowed 10 reach 
its maximum response (100 per ccntl. On the contni- 
lateral tissue. first the i_( + I-isomer was infused and 
allowed to cause its maximum rosponsc. aftcr which 
the desoxq-analog was added and also pcrmitled to 
respond maximall>. At this point. I>raminc W;IY in- 
fused and allowed to elicit its maximum efl&t. No 
drug was superfused until the preceding compo~~nd 
had elicited its maximum cfl’cct on the tissue. F-igurc 
I illustrates a typical tracing from an cxpcrinicn1. 
During the entire drug infusion period. and fol- 2 min 
prior, the supcrfusatc was collcctcd at I min intcr\,als 
and assayed for tritium b> dissol\ ing ;I Z-ml aliquot 
in I3 ml Aquasol (New England Nuclear) and count- 
ing bq liquid scintillation spectroscop!. No correction 
was made for NE metabolitcs. which wcrc ~~ssumcd 
to bc minimal. sincc both ma_jor mctaholic en/) mcs 
were inhibited. 

Irll?;h;r;o/~ of JH-!VE U/J/U/W i/l Ill“ ,IO/IW/ trUt/ I’(‘.%‘!‘- 
pirlL,-/~~c,tr”L’f~,[/ IU~ I’CISLI c/+~~titr. Vasa dcfcrcntia 
from a normal or reserpinc-pretreated rat (5 mg:kg. 
i.p. 1% 2 I hr prior to sacrifice) wcrc placed in scparatc 
beakers containing 5 ml of oxqgcnatcd PSS and a]- 

PHENOLIC 

* B 

Fig. I. Experlmcntal protocol for in&estigaling the cfTccts 

of desoxy-amines and their corresponding L( + )-isomer\ on 
superfused rat ws defwens. A and B are two t~ssuca from 
the same animal. The supcrfusion conccntratlons w,c‘rc 
3 x IO ~’ M for each drug. On tissue B. t!raminc wa? III- 
fused in the prcscncc of on-going infuions of L( + kohcfrin 
and (+)-desoxycohcfrin. Tritium elllu~ ~a colleclcd al rc- 

gular intcr\als 
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Dwgs. Only met~~lic~ll~ stable z-methylated sym- 
pathomimetic amines were used. Since I)( - )-isomers 
of sympathomimetic amines produce considerable di- 
rect sympathomimetic effects. only the desoxy- and 
I_( f )-isomers were used. The following drugs were 
used in this study: ( -)-3H-norupinephrinc bitartrate. 
sp. act. 6.6 Ci/m-mole (Amersham!Searle Corp.): (i-)- 
desoxycobefrin HCl (methyldopamine). (rfr )-desoxy- 
metaraminol (r.-methyl-m-tyramine). L( + )-metara- 
minol bitartratc (Merck. Sharp & Dohme): L( +)-co- 

befrin (Sterling Winthrop): (+ )-~~mp~~~tarninc SO,. 
(~)-rnet~n~ph~t~~rnine HCI (Smith. Kline & French): 
I_(+ )-~).s~lf~~~~-norephedrine HCI (Light & Co.): L( + )- 

~)s~~(~~o-ephedrine HCI (Burroughs Weflcome): tyra- 
mine HCl (General Biochcmicals): ipronia7id (Hoff- 
man&aRoche. inc.); reserpine (C&a): and tropolonc 
(Aldrich). 

RE:Sl LTS 

The normal efflux of 3H-NE during the first 30 min 
of superfusion is quite high and obevs first-order kin- 
etics with a rate constant of 0033 kin- ’ and a half- 
time of 21 min. However. the tissue retained approxi- 
mately 8 -10 x 105 epm/g at the time ~~rLIg-induced 
release was studied. The basal cftlux of jI_I-NE in an 
identical pr~pai-ation has hccn reported previously 

IlOl. 
Generally. during the superfusion of the desoxy- 

amine. the drug-induced rel~asc varied between 200 
and 300cpm/ml. The maximum release value of des- 
oxy-derivative in every experiment is considered to 
be 100 per cent. Although tissue-to-tissue variability 
in the drug-induced release of ‘H-NE occurred, the 
release pattern in experiments paralleled the pharma- 
cologic response. 

7x47 (min) 

Fig. 2. Pharmacological effects and tritium cl-flux (prcsum- 
ably NE) from the superfused rat vas deferens. Note that 

tyramine. a phcnolic amine. did not produce contractlon 
or efllux in the presence of L( + )-cobefrin and ( + )-dcsoxy- 
cob&in. both of which arc also phenolic. Vertical lines 
are S. E. M. The asterisks rcprcsent a significant difference 

(P < 0.05) from resting tension or basal tritium etflux. 

A phenolic amine. ( +)-desoxycobefrin. produces a 
pharmacological response and ‘H-NE release greater 
than that of L( + )-cobefrin. which is also phenolic. 
However, when (+ )-dcsoxycobefrin is superfused after 
a supra-maximal concentration of L( + )-cobefrin 
(3 x IO-‘M), no additional response or “H-NE rc- 
lease is obtained (Fig, 2). Furthermore. superfusion 
of tyraminc. which is also phcnolic. after the two pre- 
vious amines. produces no increase in response or 
“H-NE release even though the activity of tyramine 
in control tissue is greater than that of rithcr the des- 
oxy- or L( +)-analogs [3]. When (+ )-d~soxy~obefrirl 
was administ~re~~ during the jnfusion of L( +)-cobe- 

frin. the response was ~intain~d but the release de- 
clined. The relatively small release of ‘H-NE. with 
the rclativcly fast on-going dcclinc in the basal rc- 
lease. could explain the discrepancies between the pat- 
terns of relcnsc and contraction. Qualitatively similar 
results wcrc ohtaincd with the phenolic amines, (-t-)- 
desoxqmctaraminol and L( + )-mctaraminol. Among 
the nonphcnolic nmincs. ( + )-methamphctamine has 
greater pharmacological activity than L( + )-$-ephzd- 
rine; however, when (+ )-methamphetamine is ad- 
ministered after I_( + )-$-ephedrine. the former is un- 
able to elicit any additional response or “H-NE re- 
lease. Tyramine (phenolic). when superfused in the 
prcsencc of L( i )-I~-ephedrine and ( + )-lncthalnpheta- 
mine. was able to cause an ~idditiollal pl~~~rlnacolo~i- 
cai response and “H-NE release (Fig. 3). The same 
pattern was obtained for ( + )-amphctaminc and L( + )- 

$-norephedrine, except that no clear-cut increase in 
‘H-NE release was observed when tyramine was su- 
perfused after the former amines. even though the 
pharmacological response to tyramine was increased. 
It is possible that the on-going spontaneous decrease 
in basal efflux [IO] has masked the increase in tritium 
outflow induced by tyramine. 

I 1 I I 1 
O-0 2 4 6 8 

TIME (min ) 
Fig. 3. Pharmacological etl&ts and tritium etllux (presum- 
ably NE) from the superfused rat vas deferens. Note that 
tyramine produced additional effects in the presence 01 
other nonphenolic amines. Vertical lines arc S. E. M. The 
asterisks represent a significant ditbcncc (P c; 0.05) from 

resting tension or hasat tritium efflux. 
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terminal. cxogcnousiy administered “H-NE will then 

ilESERP,NE PRETREaTblENT 

i--I 

compete with both the drug [dcsoxq- or I.( + )-form] 
and the lihcrated endogcnous NE. The compound rc- 

015 leasing mow NE may be credited wifh being a g-cater 
inhibitor of uptake when actually it may not hc. For 
11~s rcaon. the uptake stud) ws conduct4 in vasrt 
d&rcnfi:t from rats prctrcatcd with rcsctpine, which 
dcplctcs endogenous catecholatnines. Rcwrpinc will 
also block the \csicular uptake of “H-NE. which per- 
mit.s study of the various sytnpathomimetic amines on 
the mcmhrune of the nurvc terminal without oompli- 
cation due to the effi?cts al the level of the vusicular 
ti~~f~ihr~lfl~. The ahsolutc ~tc~ut~lu~ttion of “H-NE was 
dccrcascd to one-third th:tt of normal viiwt dcfcrcntin 
(49 k 2.2 ng of ‘H-NE.;g of tissue in roscrpini~cd v;t- 

sa &fercnti:t as comparrd to 142 _t 3.3 ng:p in nor- 

mal tissues). It \V:IS detcrmincd that both the desoxv- 
and L( I- I-analog pos~cw~i equal abilittcs to inhit;it 
the uptctkc of cxogcnously administcrcd -3H-NE :tt the 
lcvcl of tht ncuronal memhmnc (Figs. -1 awj 5). Thcsc 
results art significant. since the> t-clitic the hypothesis 
that dosoxy- and L( + j-nnalogs rcte:tsc qua1 amounts 

of noradrcnaline while the desoxy-form is :I greatet- 

inhibitor of re-ttptakc. and support the view that the 

dcsoxy-analog enters the ncrvc terminal litstcr and rc- 
lcascs more NE than the L( + I-brni. 

In \icw of rhcsc findings. studies on ~hc isolated 
storage gmntttc5 of the hovine splcnic nzrvc wcrc pcr- 
formed using one pair of phcnolic znif one pair of 
nonphcnolic dcsox!- and L( + )-analogs. Thu rssults 
are pracnted in Pigs. h and 7. As may be seen. both 
dcsoxq-analogs studied [( + )-desoxycohefrin and ( + I- 
methatnphotatninc] produce ;I considcrablc incrcasi: 
in S-P ratio and hcncc “H-NE clflux f1-om litc isolated 
gt-anulcs. The L( + )-isomers [I.( + t-cohcfrin and L( + )- 

tj/-ephcdrinc] \Icrc ohscrwti 10 cause little or no cn- 
hancemcnt of “H-Nh ctllm To climinalc the cll’ccts 
of day-to-da! \at-iation. the mean diffcrcncc (A) tn 

T 

1 

Fig. 4. Uptake of “H-NE in the pracnce of the dcsoxy- 
and I_( + )-isomers o/‘ phcnotic ;tmmcs. The aminss 

(3 x IV 'M) wcrc incubated for 3 min prior to the addi- 

tlon of ‘H-NE. ‘The vertical lincz u-c S. E. M. A\ compared 
to that in the normal tissue. the ahilit! of these ;~nuncb 

to block the \tptke m the rcscrl7inu-il-~at~~i tissues i\ ldcn- 

trc;il; the astcrivk indicates P < 045. 

In all wses but one. the dcsosy-analog was more 
effective than the I.( +)-form in inhibiting “H-NE up- 
take into the normal vas doferens (Figs. 1 and 5). 
This conceivably could explain the greater acGon of 
the desoxy-analogs observed in Figs. ? and 3. One 
problctn arises. howcvcr. from this type of ~xp~rirn~tlt 
in that s~n~~~tthoniirn~tic amincs. white inhibiting the 
uptake of cxogenously administcrcd -‘H-NE. arc at 

the same time releasing cndogenous NE. Sinco the 
endogcnous NE uill also hc taken LIP hy the ncrvc 

- 

Y CONTROL 

Fig. 5. Uptake of ‘H-NE in ths prcscncc of the dcsorty- 

and I.( + i-isomers of ~~~~~p~~~~~~~i~ am~nt‘s. The zmincs 
(-3 x 10 ‘M) wcx incuhatcd for 3 min prior to the addi- 
tion of 3H-NE. The vcrticai lines arc S. E. M. As compared 
to that in the normal tissue, the ability of the pair of 
amincs to block the uptake it1 the I-cserplne-tl-catcd 1Isstlc’ 

is identical: the asterisk Indicates P < 045. 
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Fig. 7. Supernatant:pellct ratios (S;P) obtained from bo- 
vmc splcnic ncrw granules. cxprcssed as per cent of cow 
trol. for (+ )-mcthamphetaminc and L( + )-$-cphcdrine. The 
concentration of each amine was 3 x IV* M. The vertical 
lines are S. E. M. The mean per cent diffcrcncc hetwccn 
the dcsoxy- and L( +)-isomer calculated from each caper- 

imcnt is A. 

S/P ratios between the desoxy- and its corresponding 
L( + )-analog was calculated and presented in Figs. 6 
and 7. In both pairs of drugs studied. this A reprcscnts 
a statistically significant difference (P < 0.05) from 
zero. The absolute S/P ratios for (+ )-desoxycobefrin. 
L( + )-cobefrin. (+ )-mcthamphetamine and L( + )-I/+ 

ephedrine were 1.41, 1.65. 2.34 and 203 respectively. 
The control ratio was 190. 

DISCVSSIOS 

The results of the present study are in agreement 
with the postulation that the indirectly acting pheno- 
lit and nonphenolic amines may utilize different 
transport systems for neuronal uptake. Figures 2 and 
3 show that when a tissue is exposed first to a supra- 
maximal concentration of a lesser active phenolic 
amine and then to a more active phenolic compound. 
the latter is unable to elicit any further pharmacologi- 
cal response or 3H-NE release. Similarly. the activity 
of a nonphenolic amine is inhibited by previously 
saturating the tissue with another less active non- 
phenolic compound. Thus. in all pairs studied. the 
desoxy-analogs. when administered after the corre- 
sponding L( + )-form. could release no additional 
3H-NE and therefore cause no further response. This 
also explains the ditference in the response of tyra- 
mine when superfused on tissues previously exposed 
to phenolic or nonphenolic amincs. In the former 
case. presumably all carriers for the phenolic uptake 
process are occupied by L( + )-phenolic amines (and 
to a lesser extent by desoxy-phenolic amines). which 
prevent tyramine (phenolic) from being transported 
into the nerve terminal and releasing stores of NE. 
However. when tyraminc is superfused after supra- 
maximal concentrations of L( + )- and desoxy-non- 
phenolic amincs. tyramine does cause additional 
3H-NE release and therefore additional tissue re- 
sponse. In this case. presumably the L(+)- and des- 
oxy-analogs arc saturating the nonphenolic uptake 

process and leaving the phcnolic transport mc- 
chanism relatively free to take up tyramine. which 
may then release NE. Thus. based on these biochemi- 
cal findings. combined with the fact that the physical- 
chemical propertics of the phcnolic and the non- 
phcnolic amines ditTcr. the diffcrcnt mechanisms of 
indirect clrcct appear highly probable. 

r-Methylated amincs with 2s configuration appear 
to be substrate for the enzyme dopamine-P-oxidase 
[I I]. Hence. it can bc argued that greater cfects of 
the dcsoxy-derivative over the corresponding 
L( + )-form is due to the conversion to the corrcspond- 
ing /&hydroxqlatcd I)( - )-isomer. which could be an 
ctlectivc rclcascr of the NF. Although this possibilit) 
is likely, the pharmacological activit! of (- )- and 
(+)-isomers of z-mcthylatcd amincs arc \cr! similar. 
The (-)-isomers of dcsoxy-derivatives are not the 
substrate for the enqmc. In other words. desoxy-dcri- 
vatives which arc not substrate for the dopaminc-/i- 
oxidnsc arc more potent than the corresponding 
L( + )-isomers. Thus. the grcatcr pharmacologic effects 
of desoxy-derivatives could not bc solely explained 
on the basis of their conversion to beta-hydroxylated 
I)( - )-isomers. 

The consistent findings of the prcscnt and past in- 
vestigations have been the grcatcr indirect pharmaco- 
logic effects of the desoxy-derivatives of sympathomi- 
mctic amincs over the corresponding /i-hydroxylated 
L( + )-isomers. Muscholl [I?] has polntcd out that in- 
directly acting amines not onI>: rcleasc cndogcnous 
ncurotransmitter. but they also inhibit the uptake of 
the rcleascd ncurotransmittcr. Since. after rcserpine 
pretreatment. the inhibition of uptake of cxogcnous 
‘H-NE at the ncuronal membrane is the same bh 
the desoxy- and the I.( +)-analogs. the greater indirect 
effects of desoxy-dcrivativcs might bc due to faster 
entry and/or greater eil’cctivc displacement of the 
transmitter from the adrcnergic ncrvc terminal by this 
amine. The converse should occur with the 
L( + )-forms of the amine. The prccisc anatomical loca- 
tion from which these drugs liberate the neurotrans- 
mitter is not known. Ourrfindings indicate that the 
desoxy-form of a sympathomimctic amine ma! release 
NE from granular stores. whereas the L,( + )-analogs 
do not (Figs. 6 and 7). The implication is that the 
dcsoxy-derivatives liberate neurotransmittcr from 
both vesicular and qtoplasmic sites. hhilc the L( + )- 

analogs release NE from only the latter site. It should 
be noted. howc\cr. that vesicles isolated from bovine 
splcnic ncrvc and used in the present study arc prc- 
dominantly large dense core vesicles. whereas those 
in the nerhc terminals of the vas dcfcrcns arc mainly 
small dense core vosiclcs. Although there arc several 
diKcrcnces bctwccn the two vesicle types. cxtrapola- 
tion of data from one type to another i5 possible in 
many instances [ 131. 

On the normal tissue. dcsoxy-dcrivati\cs are appar- 
ently better inhibitors of uptake than the correspond- 
ing L( + )-isomers. Since dcsoxy-dcrivativcs possess 
more indirect ctl2cts than the L( +)-isomers. the rela- 
tivcly more endogenously rcleascd noradrenaline will 
compete with the cxogenously administered “H-NE. 
Hence. it is not surprising that on the normal tissue 
dcsoxy-derivatives arc apparcntlq better inhibitors of 
‘H-NE uptake than the I.( +)-isomers. In other words. 
endogenously liberated nor-adrenaline obscures the 
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