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Abstrac! Endogenous inhibitors of dopamine-/]-hydrox3,1ase (DBH) are present ill organ homogcnatcs 
from several nmmnaalian species. An assay lbr these inhibilors which utilizes DBH partially purified 
fi-om thc bovine adrenal medulla has been developed. A rat spleen homogcnatc, dilulcd I:S01)C/ in 
lri> btll]'cr, inhibited bovine DBH aclixil', b} more lhLln 50 pel" Cell|. Similar L/MOLIIIIs of inhibilorx 
nctixit~ x ~ e r c  p l ' c S C i l l  ill other org~.lll'<. The inhibitory activity in IIoIllogen~|Ics of rat heart was rcduccd 
by lrcLllnlcnt n! 95 ~hile most of that in the spleen was resistant to heal denaturation. Mixing exper- 
iments showed that there were consliluents ill hearl homogenates which could cause the inhibitor 3 
activil 3 in spleen to become heal labile. Diwdcnt cations and the home containing protein cytochromc 
c nlso conferred heat labilit 3 on the inhibitory activity in rat spleen homogenates. N-Ethylmaleimidc 
had no cltcct on !he inhibitory activity m rat heart, spleen or adrenal gland but Cu e ' and p-chloromcr- 
curihenzoatc completely reversed the effects of the endogenous inhibitors in these organs. Sulllaydr31 
reagents can inhibit DBH but there was no correlation between inhibitory, ttctivity and either total 
lissuc sulllL~dr31 concentration or TeA soluble sulthydryl concentration. 

Endogenous inhibitors of dopnmine-fi-hydroxylase 
(EC I. 14.2.1 : DBH ) exist ill many tissues [ 1,2]. Their  
existence was first surmised from the observat ion that, 
a l though little or no DBH activity was detectable in 
homogenatcs  of adrenal glands, activity was readily 
demonst rablc  whcn the homogenate  was fmctionated 
[3, 4. 5]. This observat ion led to tile suggestion that 
endogenous  inhibitors may limit tile rate of dopamine 
hydroxylat ion in intact tissues [2, 4, 5]. 

During the /#hydrox3,1ation reaction. Cu 2+. which 
is at the active site of the enzyme [6. 7] undergoes 
cxclic oxidation and reduction. The action of the 
endogenous inhibitors and prob~lbly of inhibitory 
compoulMs, such as c3,steine and glutathione, appears 
to bc exerted by interaction with the Cu e. al tile 
tlctive site of the enzyme [1]. 

Endogenous mhibi tors  of DBH ( D B H I ) h a v e  been 
purilied from heat denatured homogenates  of bovine 
heart  [S] and bovine adrenal gland [1.9, 10]. The ac- 
fixity of the DBH! which was purilied from bovine 
heart was not affected b~ N-cthyhnaleimide (NEMI, 
but it could hc neutralized by tile addi t ion of Cu e ~. 
The purified inhibitory substance was rcported to be 
heat stable, to have a molecular weight between 750 
nnd 1200, and to contain organic phosphate  and 
carbohydra te  [S]. 

The inhibitor  isolated from homogcnales  of bovine 
~Mrcnal glands had an amino acid composi t ion simi- 
le.u to that of glulathionc but it differed from glulathi- 
one h/ ihe kinetics of the inhibit ion of DBH. Storage 
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caused the inhibitor to become inactive but inhibitory 
activity was regenerated on exposure to H,S  gas [10]. 
The adrenal activity was rever:~ed both  b3 NEM [ I ]  
and by Cu e+ [9]. The difference in thc effect of NEM 
on tile heart and adrenal inhibitors suggests that file 
endogenous inhibitors differ m different organs. 

In order to assess the potential  physiological role 
of DBHI 's  in regulating DBH activity in !'ire and 
thus of regulating norepinephrine biosynthesis, 
studies of the endogcnous inhibitors of DBH in rat 
organs have been initiated. In this report an assay 
R)r DBHI ' s  is described as are the basic character-  
isties of the endogenous DBHI 's  in several rat organs. 

B,IATICRIAI,S AND METHODS 

Animal,~. Male Sprague Dawley rats (Simonsen) 
weighing 150 250 g were used in all experiments. 
They were killed by cervical fracture. 

Chemicals. S-Adenosylmethionine-[~~C] (53 m C i  
m-naole) was purchased from International Chemical 
and Nuclear Corporat ion.  Irvine. California. The for  
lowing compounds  were obtained from Sigma Chemi- 
cal Co.: octoparnine HCI. tyraminc HCI, bovine 
serum albumin,  cytochrome c, 5,5'-dithiobis-2-nitro- 
benzoic acid (DTNB), 1-arterenol H('I ( l -norepincph-  
rineL adenosine, adenosine 5 ' -monophosphate  (AMP} 
and adenosine 5 '- tr iphosphate {ATP): from Sch~¥arz/ 
Mann :  p-chloromercuribenzoate (PCMB):  from 
Abbot t  Laboratories:  pargyline HCI (Eutonyl): from 
Boehringer Chemical Company:  catalase l e e  
1.11.1.6): from ( 'a lb iochem: Clcland's Reagent (dith- 
iothreitoll:  flom Eastman Kodak Company:  diethyl- 
maleate: from Aldrich Chemical Company:  N-ethyl- 
maleimide (NEM):  from Pharmacia  Fine Chemicals. 
Inc: DEAE Sephadex A-50 and  Sephadcx G-200, and 
from Regis Chemical Company:  6-hydroxydopa- 
mine. 
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D13fl In,'(/ication. DBH was purified b'~ a modifica- 
t/on of the method of Foldcs <'l a/. [11J .  Bovine 
adrenal medullae, dissccled free of cortical tissue, 
were weighed and honlogenizcd in 3 vol of cold 0.3 
M sucrose. Tile supcrnatant  obtained after ccntrifuga- 
t ion :it 800:1 for 15 nlin was centrifuged :it 10.000 
:1 for 20 rain. The pellet thus obtained \\as tCStlS- 
pendcd in 0.3 M stiCl-O:.;c, la)cl-cd oil cold 1.6 M StlC- 
Iosc, and centrifuged at 100,0(X) H for 60 nlin m a 
Beckman SW 25.2 iolor.  The pellet, \vhich was highly 
cnrichcd in chromall]n granules, ~as  lyscd b \  suspen- 
sion in potassiunl phosphate  buffer, 10 hiM, pH 7.2. 
The nlcmbfancs wcrc scdinlcntcd by ccntr i fugation 
(1003)00 H for 1 hr} :,llld tile l,\satc was applied to 
:l 40 x 2.5 cm eohmln of DEAE Scphadcx (A-50L 
DBH was clutcd ,aitln a gradient lUl lnhlg frol l l  0 to 
().~ M Nacl in 1() h iM phosphalc bufl'cr, pH 7.2. Tile 
l laci ions wi th the highest actMtics wcrc conlbincd 
;tnd <,lored in polyprop>.Icnc tubes in the pros, once of 
l l . l "  > bovine serum albumin at 10 . [!nzynle storcd 
in Ibis manner rciciincd full activi ty lk_)r al least 26 
months. The DBH used m these cxpcrinlcnts had a 
spccilic ac t iv i l \  of  47 /mlolcs octopanl inc hr mg pro- 
rein. 

Phcpi)'/etllano/wni#l('-N-m<,t/lyl lran.~/e/asc p. r ihca-  
licit. Phcnylcthanolanl inc-~\-nlcf l l ) l  transfclasc (EC 
2.1.i.I : P N M T )  ~as purif ied b~ a modif icat ion of  prc- 
\ iousl  b described incthods [12. 13]. Bovine adrenal 
nlcdullac were honlogenizcd in 3 vol of  1.15<',, K ( I  
and centrifuged :ll 28,(X)0 .q for 30 rain. The supcrn:t- 
tant was adjusted to pH 5.3 wi th 1 N acetic acid 
and ccntritt iged :.it 2<R.(X)() ~! for 30 rain. The resulting 
supcrnatant was rcadjuslcd Io pH 7.1) with 2 M Tris 
btll"fcr, pt t  X.6. alld solid : ln l l l loniul l l  stilf:ilc \\as 
added to 30 pcl ccnl of saltiration (176 g 1). :\llcl- 
ccntr i fugal ion the supernatanl was brought to 50 per 
cent of  s,:itt.lration (I 27 g.l) wi th solid anlnloniunl  sul- 
fate. The pellet obtained aftcr ccntr i fugation at _, .0(X) 
!1 for 30 rain \~as rcstlspcncicd in a mininlal  \o lun lc  
of 5 mM Tris hi.liTer, pH 7.4. and dialyscd againsl 
I()() voI of bultcr. The diah'satc ~\as then la\crcd on 
a Scphadcx O-_~()(I co lunm I I(X) × 4 cnl). TJlc clcth.c 
fractions wcfc collected and stored frozen al I0 
in polyplopylcnc test tubes. The cn/vnlc  \ \as  stable 
for al lc:,ist 20 nlOllths whcll  prepared and MOl-cd in 
this llltt nilCl. 

DBH a,~ay. A modilication of lhc assay of Molinoff  
~'* ol.. [13] was used. The assay is based on the COil- 
version of tyraminc to octopaminc by DBH and the 
subsequent conversion of the octopanlinc thus fornlcd 
to s}ncphrinc[14( "] b\ P N M T  usmg S-adcnosxl- 
mct l l i on inc [ la (  '] zts ti le meth\ l  donor. Scialic nci-x<c 
scclions(0.3 cm) were homogenized in 1 ml of 5 mM 
Tris buffer, pH 7.4. ( ) thcr  organs wcrc weighed and 
homogcni /cd in 25 vol of bul}'er. Homogcnizat ions 
\~crc \~ith a Polytron hol l logcnizcl  r t inni l lg :.11 the 
highest speed for 20 scc. The homogcnatos ~crc  ccn- 
trililged at 12,000 H I;c)i" I0 min. after ah ich the supcr- 
n~lttilllS WCI'C dihitcd as ncccssai5 \~ith Tris hurTer. 
When the cffcct of boiling \~as studied, the Stlpcrn:,i- 
rants wcrc su|!icctcd to a tcmpcratuic  of 95 for 5 
rain. Precipit:itcd proteins wcrc removed b)  ccntrifu- 
gallon, after + which the supcrnatants  wct-c dihltcd with 
Tris bull"or. The rcaction mixture conlaincd 3.5 n lM 
ascorbic acid, pH 5.5; 37 mM sodium furnaratc, pH 
5.5; 0.46 mM pai-gylinc; 5 unils of cat:.tlasc per t~1 

ofrc: lel ion \ o 1  0 . ~  mM l>raminc t l ( l ,  ptt  5.5: 3t! 
mM sodium acetate, pH 5.5: and either I(Ifl HI or 
200 Id of sample. The lhlal reaction volume x~:ls either 
160 or 310 td. Stock sohit ions of octolxuninc, sodium 
lhmarate  and Ivramine HCI x~,clc cld justed to pt t  5.5 
:uld slorcd at - 1 0 .  Sodium ascorbatc, pH 5.5. and 
parag\ l ine  were prcpcued frcsi) dail>. (a tahlse ,  slored 
ell 4 ,  was diluted \~ith 5 mM Tris. pH 7.4, on  the 
da3 of each experiment. The linsl step of tile :lss:ix 
was cmricd oLll for 2(1 111ill al 37 tit pH 5.5, while 
lho V-nlcthylat ion step ~as carried out for 3(i nlin 
oil 37 ;ll pt t  <<<6. Socliun~ borate, pt t  I(L \\it>, ctdcled 
I o a  Ihml concontratic)n t)l ().2 M lo stop lhc P N M I  
reaction. File s).nephrine[l~( '] \\as extl-~tclcct inlo 
either 4 or 6 inl (with 160 or 310 ,ul reaction \e l .  
iospcctivcl)) of  a m i x h u c  of  to]l_lcnc {lilt] isoanl\ l  alco- 
hol (3:2. ~v,  31() HI reaction veil or 5.5 m[ of cth~l 
acetate 1160 HI reaction wH) wi lh  cl Vortex Genie 
mi \cr .  ,.\flcl ccri tr i f t lgal ion al lo\\ speed, ci l l ler ]4 OF 
4 m[ of the 3:2 toluene: isoam\l  alcohol el-galliC Icl\ci 
was dried tit ~0 a~, prc\iousl> described [141 ;ind 
5 ml of  a pi losphor containhlg 150 rnl of nk ' l lmnol  
and 4.29 g of 2,5-diphcnyloxazole I of tolucne ~,\c're 
added to each scintillation xial. When cth\ l  acetate 
Was tiscd for the cx i lact ion the radioact iv i t \  in 4 m] 
of  the organic phase was dctcrnl incd ~\ith ¢, nil of 
l i l t  lO]tlCllC COtlnting solution described abo\c.  Blank> 
and inlcrnal standards \\crc included in catch cxpcl- 
imcnl. The inlc lnal  slandcu-ds 1125 pnlolcs o1 oclop~l- 
lninc) were ii'.;cd Ic) calculate absoltltC til l lOtll l ls o1" 
DBt t  activitb. Thcx also corrccl Ibr HI1\ \ari~ltion in 
liac acl i~i i \  of the P N M F .  

1)I31fi assay. The reaction nlixturc> for I ) B t t l  
assa).s wore the same a,,: those used in the DBH ~lSS:ix 
described above except that :ill a l iquot of part ial l  3 
purif ied bovine adrenal mcdul lar \  DBH, sult'lcienl Io 
convcrl I() 20 pmolcs of  tvraminc to oclopanl inc m e ,  
was added to each :iss,:.i) tube. Blanks cind oclopaminc 
internal :,;{andalds \\ere carried otit :1'; dcscribcd 
ahoxc. DBHI ' s  did not affccl tile second ~,tcp of the 
rcaclion, Since the tissue llonlogcnalcs x\crc usu~lil\ 
vcr3 di]ulc, onlx minimal anlotlnls of endogenous 
DBH acti \ ' i t \  wcrc SCCll, The :lctivit\ of the pariiall 3 
puri l ]cd DBH \\as dctcrnl incd in the absence of in- 
h ib i tor  in each cxpcrinlcnt and tile CXl~Ci-inlcni.al 
I'csults were con-lpal-cd to this activit~ \~ith results 
being expressed as t'~crccnt inhibi t ion. J~hc icprodt ic i-  
bilitx_ of duplicate samples \\as t lns:i t islhcloi\ tlnicns 
special prccaulions xx ere obscrx 0d Io insure lhat 7l;l',~,- 
\k:llL' V, tlS scrupulousl} clean. Soaking gl',i<,>\~uc m 
clcarling solulion (No( 'hronl ix  [(]odax Labs., N.Xl.]l 
tlstiall', resulted in acceptable Fcproducihility. The 
best results \vcrc obtamcd, hc)wcvcr. \ t i l th  ne~ dis 
ix)sabh, • glassw:.llC and pipcllcs I\::ln-L~lb, \'~VR 
Scientific) wcrc used t]aroughou( tl~c cxpci-hllcnl. 

Su!lhydrl'l axwa),'. Suifhvdrxl conccnlrat ions ill ral 
or-an~ ]lonlogcnatcs wcrc determined b \  tile mctllod 
of Scctlak and Lindsa\ [15 ]. Total  sull l l \dl-vl c<mccn- 
l r : i l ion \~as delcFmincd b\ adding (L5-nll ,~ainpics e l  
a 1:25 ( \sv)  Olgan honlogcnalc_' in 20 mM l { I ) f & .  
p t t  4.7. to 1.5 ml of 0.2 M Tris bclfl{2r, pH X.2, contt i in- 
ing lL I  ml of  10ram I )TNB.  Thc ~olunw of the mix- 
turc was adjusted to 10 ml \~itil nlet imnol and color 
was dcvclopcd Ibr 30 nlm, ariel- \~hich lhc s:.unples 
\vu'rc ccnt l i l t igcd ;.tl icy, spccct. Absc)rbance was rc'ad 
;li 412 11111 in ;i Beckman DI spcctrovi]lohqllc'lcl'. Still- 
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hydryl  concen t ra t ion  was calculated using an cxtinc- 
lion coefficient o f  13,600 M i cm ~. Reagent  and  
tissue blanks  were run with each sample.  N o n - p r o t e i n  
sulfhydryl,  which is acid soluble and  includes reduced 
ghutathione as a ma jor  cons t i tuen t  [_16], was deter-  
mined  by add ing  5 ml o f  tissue h o m o g e n a t e  in E D T A  
to 4 ml of  distilled water.  Tr ich loroace t ic  acid (1 ml 
of  50",, w.v) was added  and after 10 min of  intermit-  
tent mixing the solut ion was centr i fuged at low speed 
in an IE( '  centrifuge. An al iquot  [2 ml) o f  the superna-  
t a n t  WaS added  to 4 ml of  (1.4 M Tris buffer, p t t  
8.% conta in ing  0.1 ml D T N B  (10 mM).  The  absor-  
bance at 412 nm ~.as de t e rmined  and  the concen-  
t ra t ion of  T e A  soluble sul[hydryl was calculated as 
descr ibed above. 

R E S U I . T S  

Characwristics o1 the DBHI assay. The  assay f o r  
DBH and  for D BH I ' s  was linear for at least 30 min. 
P re incuba t ion  of  thc enzyme for up to 60 min with 
a p repara t ion  conta in ing  e n d o g e n o u s  inhibi tor  from 
rat spleen did not  affect the degree of  inhibit ion.  

In o rde r  to use bovinc adrenal  DBH to study the 
e n d o g e n o n s  inhibi tors  Ibund in rat organs,  it was im- 
por t an t  to establish that  the inhibi tors  had the same 
effect on cxogcnous  bovinc DBH as they had on  the 
c n d o g c n o u s  D B H  present  in h o m o g e n a t e s  of  rat 
organs.  Exper iments  were carr ied out in which D B H  
activity was de t e rmined  in h o m o g e n a t e s  of  heart ,  
splcen, adrenal  g lands  and  brain  as a funct ion of  the 
concen t ra t ion  of  Cu e - .  It has been shown previously 
[2.9.  13]. that a very precise concen t ra t ion  of  ( 'tl  e. 
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f ig .  1. The effuel o1" ( ' u - "  on Ihc D B H  inh ib i tor  fi-om 
heart. The curxcs dragon with solid lines sho~ the elTccl 
of ('ll2 , OI1 endogenous tissue DBH in at I : 25 homogenalc 
of rat bearl (T. • I and on partially purified adrenal 
DBH added lo the hearl homogcnate (T + P. • ). 
The dashed line is dcrixcd by mathematically subtracting 
the actixilies obtained v, ith tissue from those obtained with 
par'dally purified boxinc ztdrenal DBH in the presence of 
tissue (T + P T. -- × --L The activities of tissue DBtt 
IT) and /issue + partially purilied DBH (T + P) in the 
abscncc of Cu e arc shown by the intercepts on the 
ordinate. "Fhc activity of  partial1} purilicd DBH in the 
a b s e l l C e  o f  ( ' i t  ~ " is s h o w n  oi1 the ordinate (I)  and is the 
mean of 5 determinations + S.E.M. The data is expressed 
as the average of duplicate determinations. The inset shox~ s 
the clt~ct of increasing concentrations of ('LI e + on the ac- 
tivi b' of partially purilied bovine adrenal DBH in the 

absence of tissue. 
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Fig. 2. Reversibility for DBH inhibitor I'ronl adrenal. 
spleen, and heart. Assa~,s lor DBH aclivit\ were carried 
Otll for 20 min as described in Materials and Methods. 
The tissues added to partially puritied DBH ( • ) ~ere 
as follows: (a) a 1:7000 dilution of rat adrenal supcrnatant 
( • ) or at 1:5000 dilution of at boiled rat adrenal super- 
natant I • ): (hi at I:I0.(X)0 dihltion of rat spleen super- 
natant ( • ), or a 1:500 dilution of boiled r;.tt spleen 
supernalanl ( • ): (el a 1:6000 dilulion o1" rat heart 
supcrnatant ( • ) or ~.t I :300 dilution of  boiled rat heart 
supermuant ( • ). The data represenls the average of 

duplicate delerminations. 

is required to obta in  maximal  DBH activity m tiara. 
If an insutiicient a m o u n t  of  Cu -~ is used, the inhibi- 
tars  will decrease the activity of thc cnzyme.  If too  
high a concen t ra t ion  of  ( 'u  e " is added,  the ( 'u  -~ ' will 
itself inhibit ei thcr thc partially puritied DBH (Fig. 
1. inset) or  the DBH which is present  in the homo-  
genate  (Fig. 11. The partial ly purilied DBFt (lid not 
require Cu e` for maximal  activity since there was 
no inhibi tor  in tiffs p repara t ion  (F'i X. 1. inset). In these 
exper iments ,  when the activity of  cxogcnous  bovine 
adrenal  DBH was measurcd  m the prcscncc of  an 
organ homogena tc ,  [is a function of  the concen t ra t ion  
of  Cu e. . the bovine adrenal  enzyme was affected in 
the same w a \  as utzl s the DBH in the homogc lmte  
(Fig. 1). These  restnlts, which x~.cre ob ta ined  with heart  
(Fig. 1). brain [2]. spleen and adrcnal  homogena t e s  
(not shown),  suggest  that  it is valid to use partially 
purit ied bovine adrenal  mcdul lar  3 DBH il] all assay 
of  the DBH inhibi tors  which are I;mmd in rat organs.  

To de te rmine  whe the r  the mhibi tors  of  DBH act 
revers ib ly ,  react ion velocity was de te rmined  as a func- 
l ion of  enzyme di lut ion in the presence and in the 
absence  o f  inhibi tor  [17]. This  anah.sis  was per- 
formed for the unboi led  and boiled rat spleen, heart  
and adrenal  homogena t e s  Wig. 2). 

W h e n  inhibi tor  was added  to partially purilied 
DBH the react ion velocity was decrcascd.  The percent  
inhibi t ion wets constant ,  however,  regardless of  the 
a m o u n t  of DBH activity in the assay. This suggests 
that  the effect of  the mhibi tors  is reversible. 

Amount e l  DBH[ act icily in raHotLs rat re'Owl.'< Thc 
a m o u n t  of  inhibi tory activity x~us such that  in order  
to ob ta in  an 1~,. dihl t ion by several thousand- fo ld  
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Fig. 3. I!ffcct of dilulion on DBHI acti~it\ in honlogcnalcs 
o]" rat heart and spleen. Rat spleen ( @ I and heart 
l--O--) horllogontliCS WCI+t_' prcp{ll-cd, i \ portion o1' each 
llomogcnatc served :is the COll[l+Ol while other aliquots of 
the  sp leen  ]lOlllOgCll4!C i • I ~111(I hc~tYl h o m o g c t m t c  
( ,'q ) \~c lc  studied altcr being at 95 l'OI + 5 rain. l ) ih l t ion 
cur\'cs wcrc pcrl~rmcd on the 2 prcparal ions [ion~ c4ch 
holnogcnate. Tilt_' pc1 + cent inhibi t ion of  ;.111 alic.lUOl of  p41-- 
t ial lv puri[icd DBH is rcpr0scnt0d Oll the ordinate and 
dihl t ion of  tile stlpu'rilahinl o f  boiled stip0rnalanl, on Ihc 

a h s c i s s a .  V a l u e s  a r c  i i q g a l l S  o f  5 o r g a n s  r , ' < , . t : . M  

was required for all o rgans  examined.  The  di lut ion 
curves for spleen and  heart  are shown m Fig. 3. In 
these exper iments  a mean  di lu t ion of  1:295()for  the 
hear t  and  of  I :S000 tot the spleen ~ a s  required to 
inhibit  the partiully purified DBH b 3, 50<',, (Fig. 3).  

W h e n  these h o m o g e n a t e s  wore heated at 95 for 5 
rain. :.ill average of  only 2 per cent  o f  the inhibi tory 
uctivity remained  in the heart  h o m o g c n a t c  while 60 
per cenl o f  tile inhibi tory activity in the spleen 
appeared  to bc heal slable (Fig. 3). Heal ing  for an 
addi t iona l  15 rain had no further  effect on tl~e heal 
s tab i l i t y  of the i n h i b i t o r  present in e i ther  the spleen 
or  heart  hon]ogcnatcs.  The  I>. and percent'<igc o1 
the inh ib i to r ' ,  ac l i v i t )  which was heat ,quble ~cre  
de te rm ined  for  hcm~ogenates o f  several rat c)lTallS 
ITaMc  11. 

The  di f ferences in the heat lab i l i t y  o f  the I ) B t t l  
in hon logona tcs  o [  hear t  f rom tha i  observed  in spleen 
h o m o g e n a t e s  (Table I) could indicate that  the I )BH l's 
are organ  specilic [ 2 ]  or  it could bc duc to lhe pres- 
ence of  a cons t i tuent  in the heart  hon logcna te  which 
rendered fine inll ibitor hlbile to heat. H o m o g o n a t c s  
of  hear t  and spleen wore mixed  in eqt la l  p r o p o r t i o n s  

Tahlc 1. I)P, HI Icxels in rat organs 

l:'cl+CCt~tagc Ileal stable 
Organ Dilution (1~o1 (5' ;tt 95 ) 

H ca rt 
Spleen 
Adrcnal 
Sciatic 

I]CI'\ C 
S,;ilJ WllV 

g]and 

:347(} _+_ 640(11) 2.7 ± ( t .6( l l l  
: S 5 1 0  ~ 6 0 5 ( 1 9 )  6(1.5 F 7(~(171 
77~ ~ 1751)13) 62.0 f 13.3 (31 
:13()(I + 175 ((+) 52.(~ + 37 (~) 

. . I N >  a ~ (0  (N) XI.()  f R.g (3) 

Di lu t ion ctir\'cs of boiled and unboilcd inhi lqtor  \~ctc 
dctcrinined (scc Fig. 3i. I , , ' s  were calculated from the dilu- 
tion curves. The percentage heat stable was calculated 
using the I\>llowing Iormula: 

1~, boiled 
1 . '  uliboilcd ) 1 0 0 .  

The nunlbcrs m paru'nlhcsu.s 4re tl~c nunlbcrs el >,cparalc 
dciciminai ions. Rcsuhs arc i11Ctlll H S.F.M. 

C o n t r o l  B o d e d  
H e a r t  ,--o o----o 
Sp leen  I - - I  [ Z - - - - {  
Hear f  + sp leen  i - - •  , ,~ _ 

'°]:Z+o +'>" ,--." 
d \ \ \  1 

4 ," \' \ i " S \, \ 
x- X \' \ 
c 2; ' \ 

c i ~ ~ ' - - ~  I 
i i 0  I 1 0 0  I 0 0 0  I IO~OOC 

T issue  d i lu t ion  

l"ig. 4. t{llL'cl of rat heart supcrnatant on the heat labilit\ 
o1' I~tt ,;plccn I)Bttt.  l)ilution cur\cs v+ct-c f, crlk;rrilcd tol 
heart { • 1. boiled Ilcarl ] -O i. spleen I • ) ;rod 
boilcd Sl',lccn < . . . .  );ts Fig. 3. ( 'onlrol cur\c,, clnd cur\c., 
al'tcr heal dcnatttralJon (5 nlJn at 95 ) mc sheen, l ) iht t ion 
cur\c,4 wcrc also pcrfornlcd tim boiled (--7~--I and unbnilcd 
I • } i11J',turu's of  cclual ~<ohinlcs of  I11c_' l lcatl 4nd spleen 
homogcnatc,>. The hcatt plus spleen hoilcd ctil+'..c. ' rcl+rcscnts 
the dilutioB of  the spleen ]]omOgClltllC in the iliiXlUl-C {c.g+ 
a 1:25 heart + 1:25 spleen homogcnatc v, ottld ]-~i+odttcc 
~1 1:5{l spleen di]tltionl. The dala rcprcscnls the av¢lagc 

o1" duplicate dctcrminatiol>;. 

and dilut ion curves wcrc de te rmined  Ibr tl~c spleen. 
the heart  and for a 1:1 mixture  of  lhc lx~o homo-  
gcnates  [Fig. 4). When  a mixture  of  heart mid spleen 
homogena t e s  was pieced in a boil ing x~uter bath  for 
5 rain. there was a marked  decrease in tile inhibitol-x 
act ivi t \  present  in tile spleen homogcna tc .  This  sug- 
gested that a cons t i tuent  present  in the heart  homo-  
gcnatc  ,<\as rcsl-~onsiblc for the heal labilit\  obscrxcd 
\~ith these mixed homogon~llcs. Similar results x~clc 
,.',brained when adrena l  and Ilcarl honlogcna tcs  v,,crc 
o . ,mbined and subjected t,a a t empera ture  of 95 ]\',r 
5 min. 

li!tL'cr .1 mulal. , .  +m l i l t '  Izt'~ll l a h i l i r v  , I  I ) 1 7 I t l .  It) 
xim~ o f  the possib i l i ty  that  D B H I ' s  m a \  bc sul l 'xhdrx l  
cotnpmmds I1 I. und the abi lJt \  o f  mctals, p 'drt icular l3 
d i v a l e n t  c~llJOllS. [0 inLicii\alc sullll~drxl COml~ounds 
I IX. lU, In  l, the cltcct ,.',f metals on the ]1cat ,,tabilit\ 
o f  spleen DBHI  x~cis in \cs t igatcd.  When  u c~mccn- 
t ta t ion o1 t " c ' '  greater  lhan Ill 4 M \~.as ad,+.Jcd b', 

1,2, * 

+__ 
x~ 

4C 

c 

2C 

• . . . . .  a C o n t r o l  × _ _  . ~  

, K3 ' I 00  I lO00  I:fO,O0(" 

S p l e e n  d i l u t r o n  

Fig. >. I Ilbct of t c  Z on the hc4t lahilil~ of rat spleen 
inhibihm FcS()4 wus added to a I: 25 r~t[ s;l)[cctl hI'qllO 
gCI1LIIC tO pl'OdtlCC COI1CCIllF{ItiOIlS {'lCI<Accn ]() ~ tll]d 
I{} "M. The supcrnatants from Ihcxc holnogcnalcs ,acre 
boiled for 5 rain at 95 . Precipitated proteins worm removed 
b3 ccntril'ugution and the supcrnalant ~as dihHcd s~ith 
bullL'r to produce tile desired final dilution. F c ' '  does not 
i nh ib i t  I ) B H  at  Ct~llccntl-~tliOllS [~clow l(I ~ M. T]lc c o n t r o l  
CLIF\C iS Ihc  dilution cu r~c  for bo i l ed  spleen qU]')t.'Flli/talllt 
ill [he Llbscllt_'C e l  CXOgCllOIl% l " C :  ( - -A-- I .  T h e  d a t a  rcp-  

t cscn t  the axct-agc o [  d t i p l i c a t c  d c t c r n l h l a t i o n s .  
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Fig. 6. Eflbct of C a " .  Mg 2-, Fce ' .  cytochrome c and 
b e \ m e  serum albunfin on increasing thc heat lability of 
rat spleen inhibitor. ('a('l_, ( × ). FcSO4 i--l--), MgCle 
I .~ .1, cvtochromc c i('c. • } or bovine serum albu- 
min iBSA. • I were added to a 1:25 spleen homo- 
genatc to produce linal concentrations betwcen 10 a and 
10 3 M. These homogcnates were centrifuged and an ali- 
qtlOI el" the supcrnatant was heated at 95 for 5 min. Dcna- 
turcd proteins wcrc removed by centrifugation and dilution 
curves wcrc pcrformed with each of the rcsulting superna- 
tants. C a : ' .  Fe e+ or Mg ~+ did not inhibit DBH at or 
below 10 -~ M. At those concentrations of Cc or BSA 
which inhibited DBH directly ( ;e l0  5 or >10 "~ M. re- 
specIivelyl 100",, values were obtained by adding the 
appropriate concentration of protein to Tris buffer. 5 mM, 
pH 7.4, and assaying DBH in fine presence of this solution. 
In order to dimina(c cxogenous non-protein metals the 
sohltions of Cc and BSA were heated for 5 min at 95 .  
dialyzed against Tris buffer 5 mM. pH 7.4, EDTA (2.9 
mMI and defcroxamme (0.3 mM) (Desferal. Ciba Pharma- 
ceutical Co.. Summit, N.J.) for 48 hr. The proteins were 
then dialxsed against Tris buffer 5 raM, pH 7.4, for an 
additional 48 hr to remove the chelating agents. The per 
cento increased lability was calculated using the following 
t ' o r  n l  t t ] a  : 

I~  boiled in prescnce of metal or protein i ( I 
1~,, boiled in abscncc of metal or pro te in]  

100 

Rcsults arc cxpressed as mean + S.E.M.of3 5uxperimcnts. 

a spleen homogcna te ,  a marked  reduct ion  in DBHI  
acti\.it} occurred  on exposure  to a t empera tu re  of  95 
for 5 rain (Fig. 5). Ca 2- and  Mg -'~ caused similar 
increases in the heat lability o f  D B H I  in spleen h o m o -  
genates  {Fig. 6). In o rde r  to de te rmine  whe the r  metal -  
lopro te ins  cotfld also cause the inhibi tor  in thc spleen 
to become heat labile, the heme prote in  c y t o c h r o m e  
c (Fig. 6) was a d d e d  to a spleen homogena te .  Expo-  
sure of  the mixture  to a t empera tu re  of  9 5  for 5 
rain resulted in a marked  increase in the lability of  
the inhibitor.  Similar results were ob ta ined  with the 
hcme con ta in ing  prote ins  yeast lactic dehyd rogenase  
and hemoglobin .  Bovine se rum a lbumin,  a non- i ron  
conta in ing  protein,  was able to labilize DBHI ,  but  
a much  higher  concen t r a t ion  was required.  (Fig. 61. 

Relation o/ glutathiom, concentration to endogemms 
DBIf l  h'cel.s. Sulthydryl  c o m p o u n d s  such as cysteinc, 
g lu ta th ionc  and m e rcap toe thano l  have been shown 
to inhibit  DBH [1, 10]. Fu r the rmore ,  the effects o f  
at least some o f  the e n d o g e n o u s  inhibi tors  o f  D B H  
,ire rcverscd by appropr i a t e  concen t ra t ions  of  sull L 
hydr',.I reactive agents  such as ( 'ti e+ , Hg 2+, Ag +, 
P C M B .  and  N E M  [9]. To examine  the possibil i ty 
that  DBH inhibi tory  activity might  be related to 
levels o f  reduced gluta th ione,  rats were injected with 
the g lu ta th ione  deple t ing agent  d ie thy lmalea te  [16]. 
A dose  response  curve for d ie thy lmalea te  and the 

t ime course  of  t r ichloroacet ic  acid (TCA) soluble sull:- 
hydryl deple t ion  were de te rmined  for rat liver. A dose  
of  1.3 mg/kg  was chosen  and the animals  were killed 
30 min after the admin i s t ra t ion  of  the drug. At higher 
doses  or  longer  t imes increased morta l i ty  was 
observed.  This t rea tment  resulted in a marked  de- 
crease in total sulfhydryl content  in rut heart and  
spleen (Fig. 7) as well as in the liver. U n d e r  condi t ions  
in which there was a highly significant decrease in 
TCA soluble sulthydryl concen t ra t ion ,  no change  was 
seen in the a m o u n t  of  inhibi tory activit? in either 
the rat spleen or heart  (Fig. 7). 

Reversibility oj emloqenous DBHI. The  ability of  
h o m o g e n a t e s  of  splecn, heart  and adrenal  to inhibit  
partially purified bovine adrenal  DBH was Fully 
reversed by appropr ia te  concen t ra t ions  of  Cu e ~ and  
P C M B  (Fig. 8). N E M  fulled to reverse inhibit ion in 
t i n y  o f  (hese rat o r g L u ]  homogena tes .  In thcse exper-  
iments  d i lh io thrc i to l  was added  dur ing  the : \ ' - inc lh\ l -  
at ion step in order  to reverse the inhibitorx allcots 
of  P C M B  and N E M  on P N M T .  

lnhihitor activi*v stahilitv. The stabi l i t )  of D B t t l  
activity was de te rmined  for the rat heart ,  spleen and 
adrena l  (Table 2). Dihlticm curves wcre pcrformed at 
the indicated t imes and I5,,'s were de te rmined  from 
these curves. The heart and boiled heart  homogenaIes  
and  the unboi led  spleen homogena t e s  re ta ined nearly 
flfll inhibi tory  activity for at least 3 days  when  s tored 
at - 1 0 ' .  O n  the o the r  hand.  the inhibi tory activity 
in boiled spleen homogcna te s  and in adrenal  homo-  
genates  (either boiled or unboilcd) \~as labile when 
s tored at - 1 ( )  for from 1 3 days. In o ther  expel-  
iments  exposurc  of  inhibi tor  p repara t ions  to a pH 
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IControl  
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Fig. 7. Effect of sulthydo.l depletion on rat heart and 
spleen inhibitor. Dicthylmalcatc {DEM)(1.3 mgkg)  ,',as 
injectcd i.p. in cottonseed oil. The controls were injected 
with cottonseed oil alone. After 3(I rain the animals ~ere 
killed and their spleens and hearts were removed and 
assayed for total sulfhydryl, TCA soluble sulllaydrsl, and 
ability to inhibit DBH (1,,,1. Sulfl~ydryl concentration is 
expressed as the molar concentration in a 1:25 organ 
homogcnatc. Ht heart, Sp - spleen. Results arc 
expressed as mean ± S.E.M. uith n -- 5 for experimental 
and control animals. *P < (I.5. **P < 0.005. ***P < 

O.0005. 

HI' 25 ~qb I, 
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C-m NEM 
-A PCMB 
.- cu2+ 

Concentration 
0 

Fig. X. Rcversd or DBHI activity by Cu2 ‘. NEM and 
PC’MH. Cu’+ ( l .). W-crhylmnleimidc (NE&l. .m -.I 
and p-chloromwurihcrvo~ttc (PCMB. A. ) wurc added 
to ;I mixture ol’ pnrti;dly purifcd DBH plus an aliquot 
of LI homogcnxtc IO produce linal concenlralions of 
hc~wccn IO-” and IO” ’ M. Spleen (1 :XKW)). hsart (I :-WI 
LIII~ ndrcmll (I :4XW)) homogcnotcs wrc used. Thcsc dilu- 
tions wcrc chow so as to ohtain lqwaiions with only 
ncgligihlc amounls of DBH activity. Dithiothrciwl WIS 
added IO the N-mcthylation s~cp to rcducc the inhibition 
of PNMT hy PCMB snd NEM. The partially purilicd 
DHH (I’) and tissue + partially purific~ cn7yem, (T + 
I’) activilics wrc ohtaincd in thu ahscncx! of PC‘M H. NEM 

or CL+ ’ 

as low as 2.0 or ;IS high its 10.0 diJ not ;IITCCI the 
DBH I activity. 

1$&r f# r~orc~l~i/rc,/~li~ifll~. A 7‘1’. .4 %f P urrcl fhwsirrc~ 
WI p~ux~ DBH. Sincc ATP and norcpinephrinc are 
found in high concentrations in adrcncrgic storage 
gr:rnules. the ability of norcpincphrinc. ATP. AMP 

Table 2. Stability or r;lt organ DBHl’s 

Organ 

Pcrcenlsgc original inhibitory 
xlivity renxiining ;Irtcr 

71 hr. 

I lairt 
Hoilcd hcari 
q-kll 
Boiled spleen 
AdlUlill 
Hoilcd adrcnill 

XX.8 * 4.3 
9h.O + 2.6 
92.X + 2.4 

Y.4 f 3.Y 
~r2.0 f I .x 
52.x _t X.6 

Dilulion curves for the indicated organs wre prrformcd 
on the same day Ihnt fhc animals wre killed and again. 
72 hr Iatcr. using homogCnatcs which had been slorcd at 
- IO’. The boiled nlmplcs were prepared and ilsStgcd on 
day I and wc‘rc also stored at -10 . Results arc expressed 
as per cent of original inhibitory activity remaining ul’tcr 
72 hr + S.E.M. of 4 dctcrminauons. Per cent of original 
inhibitory activity is ulcnl;~tcd by ihc following liwmula: 

( I,,, at 72 hr ’ _ ) Ion. 
.I,,, at day 0, 

Lund ildc~~osi~~c to inhibit DBH was csaminctl. The 
concentration of norcpincphrinc in the spleens ()I’ r;lth 
used in thcsc experiments was about 0.1 1~. gm. TI~C 
concentration of norcpincphrinc in ;I I :7oOt) dilulion 
of rat spleen would thcrcforc lx ahout 3.4 Y IO I” 
M. Norcpincphrinc up to lli ’ did not inhibit lxlr- 
tiall!; puriticd DRH. The comxntration 01 .Kl’lB is 
one-burlh llinl ol’ norcpincphritic in llic ;tdrcnA 
niaiullury chromallin granule [?I 1. The conccn- 
Iration of ATP and its dgradation products should 
tlicrcl&c IV no graitcr than X.5 x III I I fvl in il 
I :7(3(30 dilulion 0r ii spleen lionwp~natc. Ncilhci 
ATP. AMP nor adsnosine at concentrations up ti) 
IO ’ M h;~tl ml!: CI~CZ on DBH actkit!. 

It has bcsn sugg~stcd that tyrosinc h~drox~lxc (IX 
1.143) is the riltc-limiling slcp in the hiosynlhcsis 01 
ci1tCChol~1mincs LX!]. It is likely that tyrosinc h>dro\> - 
last limits tho mn~imum rate OC catcchol;u~~inc s! n- 
thesis. but it is probably ini ov~rsimplilic;ilion to sug- 
gest that tyrosinr: hydroqlasc is the only rcgukltcd 
step in this biosynthetic pathway [Z]. Thcrc itrc ;II 
Icast two potential rcgulalory mechanisms which ma> 
function in riw to limit the cxprcssion ol’ DHCI x- 
tivity. The lirst of these dcrivcs rrom the I:,~ct that 
DBH is contuincd within and bound to the mcm- 
hrancs of adrenal chromallin pranulcs L2.J. 24] and 
adrencrgic stori1gc gnmulcs [25.26]. Thus. ;~cccss 01 
dopaminc to DBH m;1y hc rcstrictcd ilnd my limil 
the csprcssion ol’ DBH activity. Endogcnous mhihi- 
tars of DBH provide ;I scxx~nd potential mc;ms of 
rqulating DBH activity. Thcsc inhibitors have hccn 
described in scvcral organs [I. X] 1x11 liltlc is kno\vn 
concerning their physiologia1l role in terms of i1 poss- 
ihlc contribution lo the rqulalii~n of norcpincphrinc 
hiosynthcsis in rinj. 

As assay for the cndogenous inhibitors 01’ DBH has 
been esti1hlishcd. This assay is lxlscd on the ahilit! 
of various dilutions ol’ organ hon~o~cn~~tcs to inhibit 
the activity of ;I standard prcparatlon of DHH. The 
DBH used in thcsc cxpcrimcnts was oht;~incd from 
hovinc udrcnnl mcdulluc and it bud ittl i1ctivitk 01 
ilpprOSimiltCl~ 47 /rmoles octop;iniinc, hr. mg prolcin. 
This aaivity compares with i111 itctivity of 03 1115 
j4molcs oclopiminc~br~mp prolcin rcportcd by Foldcs 
c’l trl. [I 1’1 for cn/gmc lhal was hiochsniic;ill~ lionize- 
gcnous. It is i1nport;mt to point out that llic :issa! 
dcpcnds on having :I preparation oI’ DHH which is 
Ircc of cndogcnous inhibitors. It is not ncccssn-!. 
howcvcr. lo hihvc biochemical Iy pure cn/> mc. I’hc Id 
thi1t (‘11’. dots not Ic;1d to i111 incrcusc in the ;1ctivit> 
of the DHH preparation used indimtcs that it is noI 
conluminatcd with inhihilors (Fig. I. inscll. 

The activity of cndogcnous inhihi(ors in various rat 
orgi1ns is cstrcmcly high. Thcrc is. for csamplc. 
cnouph inhibitor prcscnt in ;L I :slMMl homogcnatc 01 
ral spleen to inhibit partially purilicd bovine adrenal 
mcdullary DBH h> nppros1malcly 50 per csnt. The 
endogenous inhibitors dcrivcd lix)m scvcc~l organs 
ditrcrcd markedly in terms of their itppilrCnt I~C:II SI;I- 
hility. WC thus sugcstcd that thcrc i1rC orgibn spccilic 
diflercnccs in DBHI [2]. Mixing cspcrinwnls Damon- 
stratcd. however. that thcrc ;IrC constituents in heart 
liomogcnalcs which cim confer hc:it kihilily on lx~lh 
the hc:irl and spleen inhihilors. I1 is lilicl! Ihat this 
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effect is due to the presence of divalent cations per- 
haps in the form of metalloproteins.  Divalent cations 
such as Fe:  +, Ca 2' . and Mg =+ confer heal lability 
on DBHI d e m e d  tiom rat spleen. Similar results 
were obtained with Fe='  containing proteins such as 
c ' , tochrome c and hemoglobin.  The concentrat ion of 
cxtochrnme c is approximately ten times higher in 
the heart lhan in the spleen [27].  The hearl nlay also 
contain large alTlOl.lnts of other  nlctalloproteins which 
arc involved in oxidative phosphorylat ion.  It is likch, 
that this may explain the difference in the heat lability 
of lhe DBHL in heart as opposcd to spleen homo- 
genatcs. 

The greater heat lability of the inhibitory activity 
in heart  than in spleen homogenates  docs not, thcrc- 
lbre, imply thc existence of organ specitic DBHI's.  
On the other  hand, the inhibitor  isolated fl'om the 
bovine heart  did not react with N E M [8] while that  
isohlted from the bovine adrenal gland could be neu- 
tralized b\, NEM [1.9].  This suggests that there may 
bc organ specilicity ill the DBHI 's  in bovine tissue. 
The inh ib i to r \  activity of rat heart, spleen, and 
adrenal was unilbrml~ insensitive to NEM while inhi- 
bition could be completely reversed by both Cu -'+ 
and P( 'MB.  Even though pharmacologic approaches  
did not demonst ra te  the existence of multiple DBHI 's ,  
several lines of evidence do suggest that there is more 
than one endogelaol_ls inh ib i to r  present in the homo- 
genaies being studied. Whi le most of  the inh ib i to ry  
activity in rat heart  was destroyed by exposure 1o 
95 lbr 5 lnin. thcrc is a portion of the inhibitory 
activity whicll was not destroyed by' heating for cven 
20 min. Fur lhermore.  when homogenates of  ra t ions  
rat orgails '~\ore c lwomatographed on Sephadex 
G-200 :.it least four discrctc peaks of inhibitory acti- 
v i i \  \\ere seen. r\x.o of the peaks are of high stokes 
radius and arc heat labile, while tw'o of lower appar-  
ent nlolecular weight are heat stable (Orcutt  and 
Molinoff, unpublished). 

Additional evidence with regard to the possible 
multiplicity of endogenous inhibitors tomes  fronl 
considerat ion of the effects of glutathionc. Glutathi-  
one is present in the holnogenates being studied and 
it is ablc to inhibit DBH. Depiction of glutathione 
with d iethv lmaleatc did not, hoxxever, affect the total  
level of inhibitory activity in either rat heart  or spleen. 
This suggcsts lhat glutathionc contr ibutes  only a 
small fraction of  the total  inh ib i to ry  act iv i ty  which 
is present i l l thcsc honlogcnates. 

These rcsults do not rLlle out the possibility' that 
the inhibitors are sullhydr21 compounds  smcc most 
of the depletion in total sull]D'dry, l call be accounted 
tbr by' the decrease in ghl ta thione (T( 'A soluble sulf- 
hydryl). Expcriinellts h{l\,rc been carried out to test 
the ability of ghi ta thionc to inhibit partially purilied 
DBH. Concent ra t ions  bclow 0.2 mM had no effect 
while 50 per cent inhibition x~r~is seen tit I raM. The 
concentra t ions  of reduced glutathione in I :25 homo- 
genates of rat heart  and spleen were determined to 
be 73 /~M and l l0 I~M respectively'. This means that 
ghi ta thionc cannot  be contr ibut ing significantly to the 
inhibitory aclivity which is obserxed even in concen- 
trated homogenatcs.  Thc hick of potency of ghitathi- 
one slands in marked contrast to the more actixe 
endog0notls inh ib i lors which arc able to inhibi t  D B H  
ti l ler ~l d ih l l i on  of  several t ] lousand-fold. 

For endogenous inhibitors of DBH to have a sig- 
nilicant physiological role they must have access to 
DBH which is contained within and bound to the 
membranes  of adrenergic storage vesiclcs and adrenal 
chromaflin granules [23,24. 25,26]. The enormous  
amount  of inhibitory activity which is present in the 
holnogcnates examined suggests that most of il is 
located in an extragranular  pool since if all or even 
most of the total inhibitory activity had access to 
DBH, it would result in almost complete inhibition 
of the enzyme. On the other hand. if evcn a small 
percentagc of the DBHI has access to DBH, thcn 
the mhibitors ma? bc playing a very significant 
physiological role in regulating DBH activity and 
thus the synthesis of norcpinephrinc.  

Attempts  to document  the presencc of l )Bl-{l 's  in 
vesicles have not led to clcar-cut rcsuhs. The exper- 
iments arc complicated bx the large amount  of inhibi- 
tory activity which is present in the homogenates  and 
is apparently dcrived from non-neuronal  tissues. Sur- 
gical synlpathetic denervation or treatmerit \vith 
(>hydroxxdopalnine [28] had no effect on the l~<~ 
of iris or heart, respectively. On the other hand. 
several lines of evidence suggest that the endogenous 
inhibitors of DBH do have acccss to the enzyme 
which is sequestered in adrenergic storage granules. 
When DBH activity is measured in perfusates of the 
isolated cat spleen [29]. the pcrfused cat adrenal 
(Mosimann and MolinolE unpublished), or in vesicle- 
rich flactions obtained flom density gradicnts of 
homogcnates  of rat heart  [26]. exogenous ( 'u  -~ ' must 
be added in order to obtain full expression of DBH 
activit\,. It is not possible to use the concentrat ion 
of Cu -~+ which is required to obtain maximal DBH 
activity as at quanti tat ive measure of the amount  of 
inhibitor present in a preparat ion since m o s t  of the 
Cu -~ is apparently bound nonspccilically. However. 
the fact that some Cu e is required implics that there 
is at least some inhibitor present. Experiments arc 
now under uay  which are designed to explore the 
possibility that a small percentage of the lolal amount  
of DBHI docs have access to DBH. 
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