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SUM MA RI

li-Hydroxydopanmine is rapidly oxidized to its p-quinolme ammd indohine (leri\ativeS at pH
7.4, as shown by ultraviolet spectroscopy. Incubation of bovinme serum albumini (0.3 nun)

ssit ii 3H-6-hydroxydopaminme resulted in covalenmt bimmding (imonmext ract able avit h alcoimohic

pcrchloric acid) of radioactivity to time protein. The amounmt of radioactiaity boummd aaas
concentration-dependent. At pH 7.4 arid �38#{176},saturatiomm ssas reached at a collcenmtration of

70 mm 3H-6-hydroxydopamine. Time radioactivity bound at timis coimccntrationi corresponds

to time equivalent of 11 nioles of 3H-6-hydroxydopamiime per mole of albumin. If oxidation of

3H-6-hydroxydopaminc avas prcvenmted by Xtt2S�O�, time binding of radioactivity to bovine

albumin was virtually completely abolished. Acctylation of albumin reduced time bounmd
radioactivity to 19 % of timat of controls, avimereas heat denaturation reduced it to only 75 #{182}�,

indicatimmg that riot denaturationi as such, but time blockade of nucleopiiilic groups, is time

main cause for time reduced binding of radioactivity.
Time results of the present experiments are conapatible avitim time imyp()thmesis l)ut forasard

recently [H. Thoenen, J. P. Tranmzer and G. H#{228}usler, in “New Aspects ofStoragc and Release

Mechanism.s of Catecimolaminies” (H. J. SchUmann anmd 0. Kronmeberg, eds.), p. i30. Springer-
Verlag, Berlin, 1970] timat the selective destructionm of adrenmergic nerve terminals by 6-
hydroxydopaminme results from time covalent binidimig of its oxitlationm products to nucleopimihic
groups of biological macromolecules. Time reactioni seems to be mmonspecific, and tIme imigh

gelectivity o1 the destructive effect results from the efficient uptake of (i-imydroxydopaminme

into the adrenergic nerve terminals.

INTROI)UCTION dopamine produce selective destruct ion of
adrenmergic nerve terminals (6-8), providing

b-Hydroxydoparnmne produces aim cfflcienmt
- a tisennmi toom nor crmemicai svmpatnmectomvanid very long-lasting depletion of norepi- (S-10)

nephrine from peripimeral sympathetically I As to time nmecimanisnm of time selective de-
innervated organs (1-4). Ormgmnahly it was structiomm of adrenergic imerve terminals it

suggested that 6-hydroxydopammne may has been shoasnm timat 6-imydroxa-dopanminc is

damage the amine storage sites of time efficiently transported by time neurommal nmcm-

adrencrgic nerve terminals (2, 4) or act as a brane pump (1, 8) and that this uptake into

false adrenergic transmitter as-itim an cx- time imeuroim is a prerequisite for the destruc-

tremely long biological half-life result iimg five effect (9, 11). Hoas-ever, its accumula-

from a high affinity for time amine stores tion in time storage vesicles of time adrcnmergic

(5). Hoavever, elect ron microscopic studies nerve terminals (toes not seem to be of pri-

imave revealed that high doses of 6-hydroxy- mary importaimce, since prior treatment
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FIG. 1. H!/pothetical ,nechanism of action of 6-hydroxydopamine

6-1Iydrox�-dopammmimme is oxidized to its p-qlmimiorme derivative, which camm undergo further transformation

to indoline amid imidole derivatives. Both the p-qlmimmomme amid the immdolimie immdole derivatives can form

covalemmt bonds with imiucleophilic groups of biological macronmolecules.

avitim reserpine prevented ncitimcr time char-

acterist ic ultramorphological nor time bio-
cimemical effects of 6-hvdroxvdopamimic (1).

Time infornuatioim available so far permits

no conclusions as to time mecimanism of action

at time molecular level. Hoavever, preliminary
experiments avitim rats have shmoas-n that, 24

imr after intravenous adminaistrat ion of large
doses of 3H-6-liydroxydopaminie, 30-35 %

of time total radioactivity present in time

imeart could imot be extracted by imomogeni-
zation in 0.4 N HC1O4 (8). Since it is known

that oxidation products of catecimolamines

can undergo covalent bindiimg asitii nucleo-

philic groups of amino acids (12-15), we
have put forasard time imypotimesis timat oxida-

tion products of 6-imydroxydopamilme may

undergo covalent biniding with nucleophilic
groups of biological macromolecules (Fig. 1),
that this reaction is nonspecific, and that time
imigh selectivity of the destructive effects

results from time efficient accumulation of

6-imydroxydopamine in the adrenergic nerve
terminmals (1). It is time purpose of the pres-

eat experiments to evaluate w-imether the
proposed oxidation products are formed in

vitro and whether they undergo covalent
binding with nucleophilic groups of bovine
serum albumin, wiiich is used as a repre-
sentative macromolecular nuodel.

in ETHODS

Spectrophotometric A nalysis

Time changes in time ultraviolet absorption

spectra of aqueous solutions of 6-hydroxy-
dopamiime, norepinephrine, arid dopamine
were studied at room temperature over a

period of 24 hr. The amine concentrations
amounted to 50-140 sit, and time pH was

varied from 3.0 to 7.4 with 0.15 in citric
acid-sodium phosphate buffers. Time spectra
as-crc recorded witim a Beckman DB-G spec-
tropimotometer.

Covalent Binding of Oxidation Products of

3H - C - Hydroxydoparnine, 3H - Norepineph-
rine, and 3H-Doparnine

Time tritiated amines were purified by
preparative chromatograpimy on Whatman

No. 3MM paper, using a solvent system of
1-but anoi-0.5 N HC1 (1:1 by volume). Stock
solutions of each amine, 0.1-1.0 ii in ice-cold
0.1 N HC1 saturated with argon, were pre-
pared immediately before use. The 3H-

amines were added to 1 ml of 0.5 mm frac-
tion V bovine serum albumin (Nutritional
Biochemicals Corporation) adjusted to the
desired final pH with citric acid-sodium

phosphate buffers. Time final concentrations
of tIme 3H-amine varied betascen 1.0 and 300
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mm. Time 3H-anuine-albunmin solutioims avere

incubated in unstoppered test tubes for 12
mini to 24 imr. Time reactiomm was Stoppe(1 with

4 ml of aqueous 0.4 N HC1O4 . Time preci�)i-
tate was homogenized mm grounmd-ghass imo-

mogenizers. After ceimtrifugationi for S nuinm
at 21,000 X ri, the supernatant fluid was

decanted and time pellet was imomogeimized
again mm 2 ml of alcoimohic 0.4 N HC1O1 . This

procedure as-as repeated imine tinues, until time
radioactivity in time supernatant fluid imad

decreased to background levels. Alcoimohic

HClO� as-as used, sinmce it is a good solvent
for 6-hydroxydopamine aimd its first oxida-
tioni products. lurthmermore, it l)reVelmts

their adsorption to albumin by electrostatic
forces, imydrogeli bonmding, or format ioni of

charge transfer complexes. Time final pellet
was dissolved with 1.0 nil of a protein solu-

bilizer solution (“NCS,” Amersimam, Searle).
Tue radioactivity of time dissolved pellet

was determinmed mm a liquid scinmtillation
counter (mark I, Nuclcar-Cimicago), using

a solution of 6 tJ� 2-(4’-tert-butylpimenmyl)-
5-(4”-biphcnyl)-l , 3, 4-oxadiazole (Ciba,
Basle) in toluene. Time counting efficiency
avas determined with an internal standard
of 3H-hexadecane alm(l varied betaaeen 35

and 45%.

Acetylation and Heat Denaturation of Bovine

Albumin

Bovine serum albunuin (33.5 mg) as-as dis-
solved ma1 ml of 0.3 N XaOH. Under vigor-

ous shaking, 0.3 ml of acetic anhydride avas

added in drops. The stoppered test tube as-as
then incubated for 24 hr at 350� Time acetv-
lated albumin was dried under vacuum anmd

then homogenized in 1 ml of 0.15 ii citric

acid-sodium phosphate buffer, pH 7.4.
For heat denaturation, 33.5 mg of bovine

albumin were dissolved jim 0.3 ml of citric

acid-sodium phosphate buffer, pH 7.4, and
incubated for 2 hr in a stoppered test tube

at 100#{176}.The denatured albumin was ho-
mogenized in a final volume of 1 ml of

citric acid-sodium phosphate buffer, pH 7.4.
To study the effects of acetylation and

heat denaturation on time covalent binmdinmg

of 3H-6-hydroxydopamiiie or of its oxida-

tion products, the hmomogenmates of acety-

hated aii(l imeat-delmatumntte(1 albunmirm avere

incubat ed asit im � in
time sanme aa:ty as mmative bovimme albunnimi.

2 , 4 , 5-Triimvdroxypimenet imylanaminie imy(lro-
bronmide (6-i mvdroxydopamimme hiydrobro-

nude) aaas syntimesized by Dr. A. Langemaimn
of 1 lie Cimemmmical Depart nient , and 3H-6-imy-

droxydopanmi lie imydrobronuide (960 nmCi, nag

of base), labelled at the a- and i3-carbon

atonms of time si(le chairm, asti� synthesized by
I)r. A. KrassO of time Pim�-sical Depart nmenmt

of Hoffmaimn-La 1�)cimC, Basle. 3 ,4-Diimy-

droxyphenet imylanminme imydrocimloride (dopa-
iniiie hmydrocimloride, i”luka), and l-2-hy-

drox�- - 2 - (3 , 4 - diimydroxypimenyl)ethmylammmine

(l-norepi�mepim rinme, Hoecimst) as-crc obt ainmed

comnmerciahiy. 3H- 1)opanmi ime imydrocimloride

(29.2 nmCi/nag of base), labeled at time a- and

f3-carbon atonms of time side chaini, and 3H-dl-
norepine�)imriIme lmydrocimloride (22.5 nmCi/nmg

of base, [7-3H ]-dl-norepineplmrine imydro-

chloride) as-crc supplied by Radiocimcnmmical
Cent re, Anmersimam, Eimgland.

RESULTS

Changes in Ultraviolet A bsorption of A queovs

Solut 1(111 S oJ G-Hydroxydopa mine: Time

Course and p!1 Dependence

It is as-eli kiiown thiat G-hvdroxvdopanmine

is ext renmely mist able at imeutral and alkaline

pH (4, 8). Immediately after dissolution a
red color appeared, indicating time rapid

fornmat ion of a (lUilmonmc (IcriVative (16).

Hoavever, at loss-er pH, 6-imvdroxvdopaminme
is much more stable aimd at pH 3 the ultra-

violet spectrunu renmaincd unaltered for at

lea.st 2 imr, exhibitiimg time characteristics of

unchanged 6-imydroxydopanmine (Fig. 2). At

this pH time first distinct chanmges in time

absorption spectrum occurred after 10-20
iir. There avas a simoulder at 265 nm and a

broad peak at about 4S0 nmm, imidicatiimg time
fornmation of time first p-quinmone oxidation
product (Fig. 1) (16). At hmigimer pH this

first oxidation product as-as much more

rapidly formed. Hoavever, it could riot be

detected siimce it was inmnmediatelv trans-

formed by self-condcnmsat ion inito 4,6, 7-tn-
hydroxvindolinme, avimicim as-its furt i icr oxidized
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FIG. 2. pH dependence of changes in ultraviolet

spectra of aqueous solutions of 6-hydroxydopainine

The pH was adjusted with 0.15 M citric acid-
sodium phosphate buffers. The commcemitratiouu of

6-hydroxydopanmine (6-H0-l)A) amounted to 50

�M at p11 7.4 amid to 135 �M at p11 3.0. At p11 3.0,
the absorptiomi spectrum did mmot chammge during 20

miii. The absorption maxima are at 292 amid 235

nm. At pH 7.4, the absorptiomm nmaxinma are at 460

(approximately), 274, and 220.5 mmmi immediately

after dissolution (if 6-hydroxydopamimme amid at

485 (approximately), 270, amid 220 mmm 20 nmmimulater.

to time 6-hydroxyindoline p-quilionie. The

absorption characteristics of the latter com-
pound appeared a feas seconmds after 6-hy-
droxydopaminie wa�s dissolved at pH 7.4

(Fig. 2). Time absorption peaks reached their
maximal levels (490 nm, #{128}= 2100 mrm cm’;
270 nm, e = 10,000 mr� cm’; anmd 220 nm,

= 13,200 irtm cnrm) after 1 hr and corre-

spond to the absorption characteristics of

fi-imydroxyindoline P-(Iuinone described by

Scnoh and Witkop (16).
The transitory formation of the inter-

mediate 4,6, 7-triimydroxyindole can be de-
duced from time appearance of a shoulder at

283 ram without army absorptioim at 490 nun,
occurring only at pH 5 and 6. This pH range

also favored time transformation of time peak
at 270 nm into a double peak at 293 and
275 nm (Fig. 3). This absorption patternm

suggests that a rearrangement of 6-hydroxy-
indohine p-quinone to 4,6, 7-triimydroxyin-

dole took place with subsequenit oxidation

to 6-hydroxyindole p-quinone (Fig. 1). That
this further oxidation took place at pH 5

and 6 but not at pH 7.4 is in accordance

as-ith the previous observation of Senoh arid

Witkop (16) that transformation of 6-hy-

droxyindoline p-quinone to the correspond-

ing indole does mmot occur at alknhiiie PH.

Spectroscopic Changes of Aqueous Solutions

of Norepinephrine and Dopamine at pH

7.4

In contrast to 6-haydroxydopamine, time

absorption spectrum of norepinephrine was
relatively stable at room temperature and

pH 7.4. No major chaniges in the absorption
characteristics occurred apart from a rise in

the baseline, as-hich most probably resulted
fronu the rapid formation of melanin-like
polymerization products from the oxidation

derivatives of norepinephrine. These oxida-
lion products did not reach a high enough
concentration to change the absorption

250 350 450 him 550

FIG. 3. Time course of changes in ultraviolet

spectra at pH 5.0

The concent ratiomm of 6-hydroxydopamine

(6-HO-DA) was 133 MM, the pH was adjusted with
0.15 M citric acid-sodium phosphate buffer, and

the solution was stored at room temperature. Im-

mediately after 6-hydroxydopamine was dissolved,

the absorption maxima are at 291.5 amid 231 nm;
after 2.5 hr, at 485 (approximately), 287, and 231
1mm; and after 23 hr, at 485 (approximately), 293.5,

275.5 (shoulder), amid 231 urn.

FIG. 4. Time course of changes in ultraviolet

spectra of norepinephrine (NE)

The concentration of norepinephrine was 114

MM, the pH was adjusted with 0.15 M citric acid-
sodium phosphate buffer, amid the solution was
stored at room temperature. The absorption

maxima are at 278 and 223 mmnm-



I

I
pmo(es 3H-6H0DA

C

E
-a
1�

em

-�

-a
U,

C

.5?

em

0

I
C,)

in

-�

ph 74

ph 70

a ph6O

ph 5.0
14.0

12 36

Time (nm.)
60

MECHANISM OF ACTION OF’ 6-HYI)ROXYDOPAMrNE 151

per mole of protein.

FIG. 5. Concentration dependence of covalent

binding of 6-hydroxydopamine to bovine albumin

Bovine albumin (0.5 �.mmmmole)amid 3H-6-hydroxy-
doparnine (‘H-6-I1O-I)A) (1.0-100 .4moles) were

dissolved imi 1 ml of 0.15 M citric acid-sodium phos-

phate buffer, pH 7.4, amid incubated for 6 hr at

38#{176}.The reaction was stopped with 4 ml of 0.4 N

HCIO4 - After repeated extraction with alcoholic

0.4 N HC1O4 (until the supermiatant fluid had
reached backgroummd levels), the fimmal precipitate
was dissolved in “XCS” protein solubilizer. The

radioactivity boumid is expressed in equivalemits
of 3H-6-hydroxydopamine per mole of proteima.
The values given represent the means ± standard

errors of five experiments.

characteristics (Fig. 4). The results obtained

as-ith dopamine were very similar to those

with norepinephrine.

Covalent Binding of Oxidation Products of

6-Hydroxydopamine to Bovine Albumin

Rate of binding and saturation. Incubation

of bovine albumin with 3H-6-hydroxydopa-
mine resulted in time binding of radioactivity
which could not be extracted from the pre-
cipitated albumin by repeated homogeniza-

tion in alcoholic HCIO4.
At pH 7.4 and an incubation temperature

of 38#{176},the binding rate decreased progres-
sively, and a plateau was reached after 6
hr. The level of this plateau depended on
the initial 3H-6-hmydroxydopamine concen-
tration, and saturation as-as reached at ap-
proximately 70 mim (Fig. 5). Neither a fur-

ther increase in time initial concentration nor

time addition of furthmer (loses of mH�6�lmy�
droxydopamimme after 6 and 12 hr could

raise the amount of radioactivity bounad per

mole of albumirm. Time amount of bound
radioactivity per mole of albumin equaled

approximately 11 moles of 3H-6-hydroxy-
dopaminme.

Dependence of binding on pH, and effect of
Na,2820m. At a given concentration of

3H-6-lmydroxydopaminie, time rate and extent

of the binding of radioactivity to bovinme

albumin were pH-dcpendeimt. At lower pH
values, tIme rate and extent of binding of
nmoniext ractable radioactivity decreased (Fig.
6). Time fact that both time rate of oxidation

and the rate of covalent binding of 6-imy-
droxydopaminie are pH-dependent suggests

that oxidation of 6-iiydroxydopamine is a

FiG. 6. pH dependence of binding rate of 6-h y-

droxydopainine to bovine albu tim in

Bovine albumin (0.5 mrnole) amid 311-6-hydroxy-
dopamine (�H-6-HO-l)A) (7.5 J�nmoles) were dis-

solved imi 1 ml of 0.15 M citric acid-sodium phos-

phate buffer arid imicubated for 12-60 mimi at 38#{176}.
The reaction was stopped with 4 ml of 0.4 s

11C104 - After repeated extractiomi with alcoholic
0.4 s 11C104 (immitil the supermiatant fluid had

reached background levels), the final precipitate
was dissolved in “NCS” protein solubilizer amid

the radioactivity was determimmed by liquid scm-

tiliatiorm counting. The radioactivity bound is ex-

pressed mi equivalents of 311-6-hydroxydopamimme
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I bat -demiatmirat ed, acel vlat ed, or mint ive i)ovi mme

albiinmimi (0.5 Mmnole) was imicmmbated together with

15 Mnmioles (if �11 -6-hydroxydopamimie (:111�6�110�

I)A) in I nil of 0.15 M cit nc acid-sodium phosphate

bumifer, p11 7.4, at 38#{176}.The concentration of

Na2S2O5 was 0.15 M. Time reactiomi was stopped

after 30 mimi with 4 nil of 0.4 N IICI()4 - After re-

peated ext met ion with alcoholic 0.4 N IICI( )4 (un-
til I he simpermiatanit timid had reached background

levels), the final precipitate was dissolved in

‘‘NCS’’ protein soluhilizer amid the radioactivity

was dot erminmed by liquid scinmtillat ion counting.

The radioactivity hominid is expressed mi equiva-

lemits of �l I -6-Imydroxydopamnimie per mole of pro-
teini. The values givemi represent the meamis ±

stamidard errors of six expenimomits.

prerequisite for time subsequent binding to
time proteili molecule. This assumptionm is

furtimer supported by time observation that
the presence of the anmtioxidant Na2S2O5
almost completely abolished time binding of

radioactivity to albumini under experimental

conditions (pH 7.4 and 38#{176})which other-
avise favor timis binding (Fig. 7).

Effect of acetylatian and heat denaluration

of bovine albumin. In our working imypothe-
sis, we have suggested that the covalent

binding of 6-hydroxydopamine to biological
niacromolecules results from the addition of

time quinone oxidation products of 6-hy-

droxydopamine to nucleophuhic groups of the
macromolecule. If this assumption were
correct, time nmcetylationm of the nucleophilic

groups of boviume albunmin aaould reduce time

a mount of imonext ract able radioactivity re-

tamed by time protein after incubation with

3H-6-hydroxydopamine. As simown in I-’ig. 7,
the radioactivity retained by acetylated
albumin was 19 #{182}�of that retained by the
original bovine albumin. To exclude the
possibility that denmaturation of albumin

accompanmyiimg acetylation is responsible as

such for time reduced retention of radioac-
tivity, we compared time effect of acetylation

with that of heat denaturation. The latter
reduced the retention of radioactivity much

less than acetylation (Fig. 7), demonstrat.ing
that denaturation as such is not the main
cause of the reduced binding of radioactiv-

ity.

Comparison between Covalent Binding of

Oxidation Products of El-Hydroxydopamine
and Those of Norepinephrine and Dopa-
mine

In further experiments, we compared time

rate and extent of binding to albunmin of
radioactivity originating from 3H-norepi-

neph rinme and from 3H-6-hydroxydopamine.

Figure 8 shows that time radioactivity bound

to protein after incubatioum with 3H-norepi-
nephirine was much smaller than that after
incubation with corresponding concentra-

tions of 3H-6-hydroxydopamine. In contrast

to 3H-6-hydroxydopamine, no plateau was
reached within 6-S hr at pH 7.4 arid 38#{176},

and there wa-s a nearly linear increase up

to 24 imr, the longest incubation time studied.
Similar results were obtained with dopamine.
Time slower binding rates of norepinephrine

and dopamine simow close agreement. with
the sloaver rates of oxidation observed in

the spectroscopic studies.

DISCUSSION

The ultraviolet spectroscopic studies of
time present investigation provide good
evidence that time oxidation products pro-
posed in our avorkilmg hypothesis are formed

in vitro at a physiological pH of 7.4 (Fig. 1).
In the lower pH ranges, however, 6-hy-
droxydopamine is relatively stable and

oxidation proceeds very slowly.

The first oxidation product of 6-hydroxy-
dopamine is its p-quinone derivative. In
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FIG. 8. Comparison between iates of binding of

6-hydroxydopa mine and norepineph rifle to bomin e

albumin

Bovimie albumin (0.5 Mnmobe) amid 311-6-hydroxv-

doparnimie (311-6-HO-DA) (1.0-15.0 Mnmoles) or

‘H-norepiniephnine (�H -NE) (1.0-15.0 �moles) were

dissolved mm 1 ml of 0.15 ii citric acid-sodiimnm

phosphate buffer, pH 7.4, ammd incubated for 15-
60 mimi at 38#{176}.The reactiomi was stopped with 4

ml of 0.4 N HC1O4 . After repeated extraction with
alcoholic 0.4 N HC1O4 (immitil the supemniatamit fluid

had reached backgroummd levels), the fimial precipi-

tate was dissolved mi “NCS” protein soluhilizer

amid the radioactivity was determimmed by liquid

scinit iilat ion countinig. The radioactivity bound is
expressed imm equivalemits of 3I1-anmimies per nmole of

protein. The values given represent the nmeamms ±

standard errors of six expeninmemits.

aqueous solution in vitro, it represents only a

short-lived, transitory product, which is

rapidly tranisformed to the corresponding

trihydroxyindoline by self-condensation. At
a further stage of oxidation, time trilmydroxy-
indohinie is transformed to its p-quinone

derivative. Both time initial p-quinone and
the inidoline p-quinone are reactive deriva-
tives which tend to undergo covalent binding

with nucleophilic groups, as depicted in Fig.
1. In aqueous solution in vitro, the p-quinone
formed by oxidation of 6-hydroxydopamine
is rapidly converted to time corresponding

trihydroxyindoline by 1, 4-addition of the
side chain amino group to time p-quinone.

Under physiological conditions in vivo, hoas-
ever, the amino group of 6-Imydroxydopamine

could be fixed by time surrounding macro-

molecules and thus be prevented from form-

ing an indole derivative by self-condenisa-

tion. Under thmese coniditions, the first oxida-
lion product could already undergo covalent

bimmdimmg with nmucleophiilic groups of �macmo-
molecules ali(l thmus chmange timeir fummctiormal

properties. Time difference betas-een 6-imy-
droxydopamimme, Oh time one hand, and nor-

(‘l)inmeplmrilme aIld dopamine, oh time otimer,
i�-ithm respect to their (lenaturatimmg properties

is due mainly to differences in tIme speied of
time formatiomm of time first oxidationm products.

It could be assumed timat time relatively
simiahl amounts of bound radioact ivit v l)res-

eimt after incubation witim 3H-norepinmepimrine
result from a loss of tritium durinmg rear-

ranigemermt of time aminochrome to time

indoxyl derivat ive of 3H-norepinmephm rinme
(17). However, timis seems to be rather im-

probable, sinice time amounts of radioactivity
bound after incubation with both 3H-nmorepi-
nephrine arid 3H-dopaminme are very similar.
A loss of tritiunm during rearrangenmeimt of
time aminocimronme to time irmdole derivative

of 3H-dopamine is unlikely, since to each
carbon atom of time side cimaini of dopamine
labeled with tritium there is also bound a

hydrogen atom, asimich would be preferen-

tially released during rearrangememmt (18).

Time experiments witim bovinme albumin

have shown that derivatives of 6-Imvdroxy-

dopamine are covalently bound to proteinm.
Time measurement of bound 6-imydroxydopa-
mimic derivatives might be in error because

of time presence of oxidatiomm products of
6-imydroxydopamine, wimich are insoluble mi
alcoholic 0.4 N HC1O.1. These melarmini-like
products, however, were not fornmed to a

significant extent unmder the present experi -

mental conditions.
Tlme binding of 6-lmydroxydopamitme can

be prevented by interference with its oxida-
tion, either by lowering time pH or by addinmg

an anitioxidant sucim as Na2S2O5. This shows
that oxidation of 6-hmydroxydopamitme is a
prerequisite for its binding to protein. Low-

erilmg the pH also reduces time niucleopimihicity

of time bovine albumin and thereby delays

time addition to the bovine albuminm of time

oxidation products, which are more slowly

formed from fi-imydroxydopamine at. lower

pH.
Time fact that acetylation of time nucleo-
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pimilic groups of boviime albumin greatly
reduces the binding of oxidation products

of 6-Imydroxydopaminme Supports time view
that a nucleopimihic additioni takes place.
Time relatively small reduction in time bind-

i�mg of radioactivity to bovinie albuminm after
Imeat denat urationm excludes time possibility
that denmaturation as such, accompanying

acetylatiomi of albumiim, is time main factor in

reducing the binding of radioactivity to

acetylated albumin.
Time results obtained mm our nmodel sys-

tem are consistenmt with time view that oxida-
tion products of 6-hmydroxydopamine un-

derg() covalemmt bitmdimmg wit hi nucleophilic
groups of biological macronmolecules. Time
reactiomm is mmonmspecific, and time Imigim selec-
tivity of the destructive effect of 6-imvdroxy-

dopamimme is due to time efficient transport of
timis amimme immto peripheral arid ceimtral
adrenergic imeuroims by time nmeuronal amine

pump.
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