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Abstract-~ Oral admmistration of [“Cldopamine to dogs resulted in urinary excretion of predominantly 
[l”C‘]dopamine .i-0-sulfate. whole after intravenous administration the lahcled drug was mctaholized 

largely by 0-mcthqlation and deamination pathways. Expcrimcnts irr ri~ro pinpointed the small intes- 
tinal wall of the dog as the site of dopamme sulfate coqugatc formation. The small intcstincs of 

rat and guinro pig lack this sulfating ability. When trace amounts of [“Cldopamine ?-0-sulfate wcrc 

administered to dog. rat and guinea pig. the compound turned out not to be metabolicaHy inert. 

In the guinea pig. [l”C]dopamine SO-sulfate was almost complctelv dcsulfated and mctaholired accord- 
ing to the pattern characteristic to orally administered dopamine -in this animal species. In rat. about 
30 per cent of the administered [“C]dopamine ?-0-sulfate (19.1 /cg;kg) was excreted in urine unchanged. 

whereas Y smaller dose (74 /+/kg) was totally mctaboliLed according to the pattern characteristic to 
rat. In dog urine. more than X0 per cent of the radioactive dose (7.5 /{g/kg) cmerted in urine as 
unchanged [“C‘]dopamine 3-O-sulfate. the normal metabolism end product of dopammc in dog. 

Sulfate conjugates of dopamine have been known to 
be excretory metabolites in animals and man. 
although Jonner and Rose [I, 21 suggest the possibi- 
lity that they may also represent intermediates of 
metabolism. In our previous study concerning the 
metabolic 1:,ltc of orally administered [ “C]dopa- 
mine C-i], dogs excreted the labeled dose largel) in 
the form of urinary [l”C]dopamine 0-sulf;tte ester. 
whereas rats and guinea pigs excreted sulfate conju- 
gated dopamine in minor quantities or hardly at all. 
It was of interest. therefore, to investigate the exact 
site of formation of dopamine O-sulfate in the dog. 
In addition. it was decided to investigate the meta- 
bolic fate of dopamine 3-0-sulfate in rat and guinea 
pig where such mctabolite is produced normally only 
in minor quantities. 

hlATERlALS AND METHODS 

Chenkul.s. Glass-distilled water was used during 
this work. Amberlite CC-50 weakly acidic carboxylic 
type cation exchange resin. 2O+lOO mesh, Lot ZEC, 
was obtained from Mallinckrodt. The resin was 
cycled with hydrochloric acid and sodium hydroxide, 
and equilibrated with Na-phosphate buffer. pH 60. 
as described by Minard and Grant [4]. AGI-x8 anion 
exchange resin in the formate form. X&400 mesh, 
from Bio-Rad Laboratories, was soaked in 4 M for- 
mic acid and thoroughly washed with water heforc 
it was filled into the columns. Formic acid. 88”,,, ana- 
lytical reagent. was obtained from Mallinckrodt. 
Silica gel QIF QuantaGram plates. 5 x 20cm. were 
purchased from Quantum. Inc. Ketodase. brand of 
P-glucuronidase. containing 5000 units/ml. was pur- 
chased from Warner Chilcott’s General Diagnostics 
Division. Glusulase preparation from Endo Labora- 
tories. Inc. contained 158.700 units glucuronidasc and 
52.400 units sulf:ttase~‘ml. Aquas01 scintillator solution 
was obtained from New England Nuclear. Methanols 

toluene-based scintillator (Formula B) and toluenc~ 
cellusolve scintillator solution (Formula A) were pur- 
chased from Burdock & Jackson Labs. Adenosine-5’- 
triphosphate (ATP) disodium salt was obtained from 
P-L Biochemicals. Inc. Dopamine’ HBr. 99”,, pure. 
was purchased from Aldrich Chemical Co.. Inc. All 
other reagents were analytical grade. 

S~~rlrhrsi,\ of’tlopcut~irw 3- ~rntl 4-0-.srt@r~.s. Thih syn- 
thesis was accomplished according to the scaled-up 
procedure of Jenner and Rose [ 11. The products were 
characterized by i.r. and NMR spectra and b> elc- 
mental analysis. 

A~irnctls. Female purebred beagle dogs (7.1 7.5 kg) 
were dosed by stomach tube. In addition. a 440-g 
malealbinoguineapiganda 216-gmalewhite Sprague- 
Dawley rat received [‘4C]dopamine 3-O-sulfate 
by gavage. A 915-g male guinea pig and a 487-g male 
white rat were given the [“Cldopamine 3-O-sulfate 
dose intravenously. All species were fasted for 18 hr 
prior to experimentation. Six hr after the dosage the 
animals were fed Gaines dog food and Purina Labor- 
atory Chow. The injections were given into the 
saphenous vein (dog), the tail vein (rat). and the penis 
vein (guinea pig). 

Foinzc~fion in vi\0 of’ [ ‘“C]t/optrnlin~, 3-0-sulfirrc~. 
3.4-Dihydroxyphenylethylamine HBr [ 1-l ‘C] ([“Cl 
dopamine.HBr. 9.28 mCi.m-mole) labeled at the 
z-carbon of the phenethyl moiet? was obtained from 
New England Nuclear. It was diluted with an equal 
amount of unlabeled dopnmine,HBr thus resulting 
in a specific radioactivity of 464mCi;m-mole. The 
drug was administered in the form of a freshly pre- 
pared saline solution at a dose of 0.15 mg:‘kg orally 
to dog No. I and intravenously to dog No. 2. Urine, 
voided up to 24 hr after dosing. was collected and 
the radioactive urinary metabolites were separated by 
column chromatography on AGI (formate) resin. 
Eight days later the dogs were switched: now 
[“Cldopaminr was given &travcnouslq to dog No. 



szo I MI RlI\ 

CH 14CH NH + 
I2 * 3 

The fractions containing radioacti\c dopaminc sul- 
fate (F-is. 2) wcrc pooled and frcex-di-icd. The com- 
bined frecrc-dried material was dissolved in 25 ml 
zalinc. Its radiochcniical purily (>+I() per cent) \I;~s 
dctcrmincd by Oiin-layer chromatography in three 
solvent systems and 1~1 hq.drolysis 14 ith Glust~lasc Ihl- 

lowed bq column chromatoSraphic anal!scs. This 
material was co-chroinatopraphcd on 0.X x 50 cm 
AG I-xX (20(~~400 mesh. in acetate form) columns uith 
authentic unlabeled dnpammc ?-O-sulf:ltltc\ and dop;~- 
mint -I-O-sulfate sxi~plcs as dcscribcd b! Bodnar>k 
xid Brunct [j], the cluatc being monitored al 775 nm 
in ;I Lcisb spcctrophotometcr and 0.3.nil aliclii~~t\ 01 
the 7.5-1111 fractions hcing radioassaycd m IO ml of 
tolucne cellusolve scintillator solution \4ith ;I Pat- 
hard Tri-C’arb scintillaGon specwomclcr. 

The [“C]dopaminc i-O-sulfate solution i!l ulinc 
was stored at - I6 and thawed immrdiatclq helbre 
administration to rats. guinea pips and dog. 

Pvc~partrtio~~ o/‘c~r~lrdc~ c,.\trac~r of ,~r~trll iufe.\liuc’. Tllc 
high-speed supcrnatant of dog. rat and guinea pig 
small intestine cxUxt was used ;I> ;I wurcc of the 
sulfiitc-transferriii~ cnz~mcs. A hcaglc dog \\;Is sacri- 
iiccd by intrawnous in$ction of KCI solution; ;I IMI 

and ;I guinct pig were killed b\i a blow on the head. 
The small intcstmcs wrc quick]> cxciscd. chilled and 

thoroughl! \vashcd with cold water. Sections 01 
I 3 cm were cult out of the small intcstinc at c\crh 
5 IOcm interval. The sections were hlottcd and cut 
with scissors into small picas in ;I baker plxcd on 
ice. Five g of the material \vas homogcnizcd in 20 ml 
of 0.25 M wcrosc‘ solution with the aid of a motor- 
driven ground-glass homogenircr (Kontos Glass (‘0.1 
rotating at 650 rtx min. the susptmsion hcinp li)rced 
past the pestle ten times during 2 min while the hon- 
ogcnixr was submerged into iw. The homopenatc 
was thun ccntrifugcd at lOO.OOO~~~,, l’or I.5 hr in ;I 
Spinco model L prt’paratiw ultraccntrifugc using ;I 
No. 50 Ti-rotor. The clear supernatant L+;IS arcfull! 

remo\cd. stored owrniplir at - 20 and used the next 
da\ 

~~orw~trrior~ 0f [ ‘JC‘]t/optrr~~ir~c 3-0-.fcdftrtc CV~CY’ in 
vitro. A one-ml portion of the small intestine high- 
speed supernatant was incubated in a total volume 
of IO ml containing 100 /moles MgC12. 20 Ltmolcs 
Na2S0,. 50 Itmoles K2HP0,. I50 ILmoles ATP and 
0.2 rtmole [“C]dopamine~ HBr (9.28 LtCi ‘m-mole). All 
components ticrt‘ ad_justed to pH 7.4 with 0. I N 
NaOH before mixing. After incubation for I .Z Iv at 
37 . the solution \+a5 poured on an AG I (formatc) 
column and the rxlioactivc compounds ucrc clu~~i 
with a formic acid gradient as described bcloa. 

Pwptrratior~ cjf wirw .srrr~~~~les ftir coltrl~G\. Ascorbic 
acid and Na,EDTA wxt‘ added to the urine samples 
(both 0.5 mg.mll 10 protect the metabolites against 



Dopamine ?-0-sulfi1tt2 831 

Table I. Thin-layer chromatography Kf values for some dopamine metabolites in four solbent systems 

Solvent systems 

No. I No. 2 No. 3 No. 3 
Chloroform 80 Chloroform X0 Awtic acid 20 

Methanol 1 X Methanol I7 tGX/cne 95 Water 20 
Water 2 Acetic acid 3 AcetIc acid 5 ,i-f3Lltanol x0 

3.3-I)ih!dro*)phcn~I~iL‘ctic acid 
3.J-Dih~dro4~mandclic acid 
Homo\anilllc acid 

Vanill!lmandelic acid 
SH!drux! [4lcn! Iacctic acid 
j.Mcthox~pli~n~l~ic~ti~ acid 
Dopamine sulfate 

.‘l’4W1! I dopamlrlc 

3.3-Dih~dro\~phe~~~t~~l 

Homo\anill~l alcohol 
3.4.Dihydro\! phen! I ~l!col 

075 

OHIO 
0.65 
0.X 

035 
0.72 

O.lO 
o.s5 

0.55 

0.70 
0.25 

gel plates. Rcfcrcnce standards wrc spotted on the 

s;imc plates and the plates u’crc dcvelopcd for about 
I hr for the tirst three solvent systems and for 4 ht 
for solvent sqstcm No. 4. Tahlc I pivos the R, values 

of some standards (known dopaminc metabolites) as 
detected under u.\‘. light. The radioactive bands on 
the plates wcrc located by sequentially scraping 
0.5cm sections of Silica gel into scintillation vials 
containing IO ml methanol~tol~lene-based scintillator 
solution and assayed [or radioactivity. 

Fraction number 

Fig. 2. Separation of dog urinary mctahohtcs of [‘JC]do- 
pamine on AGI (formarc) column. F-ormic acid molarity 
is shown thus. The profile of radioactivity excreted 
after oral dosage is sho\+n (-~ ). and after intravenous 
dosage (,‘..‘,). The arrows show the positions of known 

dopamine metabolitos on the chromatogram. 

pathways of dopaminc in dog wcrc comparcd aftct 

oral and intravenous administration of thr drug. 
Thercforc. only relativcl> small dosagcs of the drug 
(@I 5 mg/kg) were used. Nevertheless. the metabolic 
patterns of these orally administered doses were very 
similar to the patterns obtained earlier in another 
study where one hundred times higher doses were 
administered orally to dogs [3]. 

Figure 2 gives the positions of known dopamine 
metabolites on a typical chromatogram obtained with 

dog urines after oral and intra\cnous administration 
of the labeled drug. Table 2 shows that the difference 
of dopamine metabolic pathways in the dog depends 
only on the route of administration of the drug and 
does not depend on which route was used first in 
the same dog. 

It can be seen that oral administration of dopaminc 
resulted mainly in the sulfation of the drug. Deamina- 
tion and 0-methylation. resulting in the production 
of homovanillic acid. occurred onI4 to ;t small extent. 
After intravenous administration of dopaminc the 
deamination and 0-methylation pathways dominated 
resulting in considcrablc production of labeled homo- 
vanillic acid. while the sulfate conjugate was a rela- 
tively minor urinary mctabolite. The labeled dopa- 
mine sulfate ester in dog urine after oral or intra- 
venous administration of [‘“C]dopaminc has been 
identified as [‘lC]dopamine 3-0-sulf:,itc since the 
radioactive fractions coincided \vith the added unla- 
bcled dopamine 3-O-sulfate marker on AC 1 (acetate) 
column when eluted uith a shallow acid gradient 
according to Bodnaryk and Brunet [S]. while the 4-0- 
sulfate isomer was &ted later at higher acetic acid 
concentration. 

The lyophilizcd radioactive peak material showed 
yer!’ little mobility when subjected to thin-layer 
chromatography in three solvent systems. Further 
identification of the labeled dopaminc sulfate ester 
fraction was obtained by enzymatic hydrolysis of the 
freeze-dried radioactive peak material with Glusulase 
at pH 63 and subsequent rcchromatography on AC I 
column. Almost all of the applied radioacti\itj 
appeared now in the eflluent (where free dopamine 
would emerge) and only less than 5 per cent in the 
fractions where previously labeled dopamine sulfate 
ester had been eluted. The effluent containing free 



dopamine was chromatographed further on Amhcrlitc 
(‘G-50 column and eluted with boric acid. thus verify- 
ing the identity of the liberated dopamine. On the 
other hand, incubation of freeze-dried dopamine sul- 
fate cstcr fractions with Kctodase followed by rcchro- 
matographq on AG I column did not change the pos- 
itions of the radioactive fractions on the chromato- 
pram. 

E/l;!,rnari~,fo~riutfiorl in vitro 0/ [‘SC]dopuminr 3-O- 

.s~lj;tfc. The experiments irl rit>o show that sulfoconju- 
gation plays a significant role in the elimination of 
dopaminc in the dorr. Since the pattern of dopamine 
mctnbolism varies Gith the route of administration 
;~nd the amount of dopamine 3-O-sulfate bccomcs 
considcrablc after oral administration of dopaminc to 
the dog. the possihlr role of the digestive tract 
bccomcs evident. In order to establish the main site 
of formation of the excreted dopamine sulfate. the 
high-speed supernatant of dog small intestine extract 
has used as ;I source of enzymes responsible for the 
metabolism of orall! administered dopamine. It was 
found that. indeed. 97 98 per cent of the [‘“Cldopa- 
mint \\;I’\ conbcrted to [“C’ldopamine 3-0-sulfate 
v, IICII incubated u ith dog intestinal extract. There was 
no Iabclcd dopaminc sulfate formation when a corrc- 
hponding high-speed supernatant from dog stomach 
extract \+as LIX~ for incubation. The high-speed 
supcrnatants from small intestine of rat and guinea 
pig likewise failed to product [“Cldopamine sulfate 
ester from labeled dopamine. These data lend support 
to the 1 WV that dopamine is extensively metabolized 
in the intestinal wall of the dog before it enters into 
the blood stream. i.e. before it is absorbed. 

,Alc,ltrho/ic~ ftrfc 01’ [‘4C]dopun~im~ .i-0-.su&Gr if1 
glrirrctr pi(q. rtrr rd tlog. The source of labeled dopa- 
mint sulfate ester in these cxperimcnts was dog urine 
after the dogs wcrc given [‘“Cldopamine orally. The 
fractions of the radioactive peak on AC1 (formate) 
columns containing r”C]dopamine 3-0-sulf:Ite were 
pooled and lyophili/ed. Although the material was 
sullicicntly radioactive for many metabolism expcr- 
imcnts. the amounts given to the animals were quite 
low. Thus. tracer amounts in microgram rather than 

milligram quantities per kg bodk height NCI-c 

administcrcd. Table 3 summ;u%c’\ the results. The 
data indicate that [ “C]dopaminc J-O-sulfate was 
readily absorbed and that the major portion of the 
absorbed dose was rapidI> climinatcd in the urine 
of all species. C’ontrar! to cxpcctation. not all 
[‘“Cldopaminc 3-0-sulfate was eliminated LIP 
changed. The drug had been metabolized to ;I \arq’ing 
extent in all species and the new labclcd metabolitcs 
here excreted in urine. Onl! in dog LV;IS there more 
than 80 per cent of the labeled dose in ~~nchangcd 
form in urine. However, some desulfation of the drug 
had occurred as judged by the appcarancc of lab&d 
homovanillic acid. ;I known mctabolitc of dopaminc 
in dog urine. 

In guinea pig and rat. the administcrzd ['Y']dopa- 

mine X-O-sulfate had been rather cxtcnsi\cly mctabo- 
lized. Of particular interest is the lilct that the ncu 

metabolic patterns rcscmbled the pattcrnh of ornIl> 

administered dopaminc metabolism in these spc- 
ties [3]. Thus, in guinea pig. the main urinar> meta- 
bolite of dopaminc was i.l-dih~dro~!phcii~ Iacetic 
acid. comprising X.i per cent of the recovered urinq 

radioactivit> and indicating that the dcaminatlon 
pathway dominated with almost no (I-mcthylation 

and glucuronidc formation taking place. In the rat. 

deamination and 0mrthylation ah well ah glucur- 

onidc conjugation path\va\s \vci-c used. Gncc 

[“C]dopaminc mctabolitcs in urine wcrc its glucur- 

onidc conjugate (34 per cent). .I+dihq&ox> pheng la- 
cctic acid (26 per cent) and homovamlllc ad ( I7 pel 
cent) [3]. 

It can also be seen that intra\cnous administration 
caused ditrerent metabolic patterns than oral 
administration of [“C‘]dopaminc 30sulf;ttc. It 
seems that the intravenous route increases O-mcth> la- 
tion in general as .judged b> the conGdcrablc lnd~ 
of urinary homovanillic acid in all yxxica. 

In this study. weak cation cxchangc resin (Ambcr- 
lite CC-50) columns 14. h] have beon routinely used 



Recovery of tradioactlvity 

applied on the column (I’,,) 

Recover\ of radioactive 
dose tn i)- to 24.hr urlnc I”,,) 

105 X7.3 9.3 : 8% 76.7 

72. I X6.7 67.0 x’7.5 XY.7 

- 

for separation and identification of AG I (formatc) 
column effluents. both before and after the conjugates 
had been hydrolyzed with Glusulase at pH 6.0. In our 
earlier work [-?I. we attempted to hydrolyze dopa- 
mine sulfate in dog urine with Glust~lase at pH 5.0. 
which resulted sometimes in incomplete hydrol!,sis. 
Incomplete hydrolysis of sulfate conjugate of dopa- 
tnine by Glusulase in plasma of humans and dogs 
at pH 5.0 has been observed also by other 
workers 171. These difficulties can be avoided when 
the hydrolysis is carried out at higher pH values 
(hctween 5.5 and 6.5). 

Sulfoconjugation is a known pathway in dopamine 
metabolism for several animal species. In dog [3] and 
in human [2.8] dopamine is excreted in urine pre- 
dominantlv as the ester of sulfuric acid after oral 
administrition of dopamine or L-dopa. 

Metabolic inactivation of related compounds of 
catccholaminc character appears also to take place 
in dog and man predominantly by sulfate conjuga- 
tion. with ;I much smaller degree of 0-mrthylation. 
when the drugs arc given orally. while after intra- 
venous administration these compounds are metabo- 
lized main]! by 0-mcthylation. Thus, isoprcnaline 
(isoprotcrenol) is largely metabolized in dog [S] and 
in human [IO] by sulfate conjugation after an oral 
dose. while 0-methylation appears to assume ;I more 
important role in the metabolism of intravenous iso- 
prenaline. Jenner and Rose LZ] believe that. since 
0-sulfation and 0-methylation appear to occur pre- 
dominately on the same OH-group. they may rep- 
resent competing processes. 

doses of dopamine l-o-sulfate were administered to 
the animals. Critical evaluation of the data in Table 
3 would suggest that there appears td be a certain 
threshold which determines how the dopaminc 3-0- 
sulfate is handled by each species. For example. in 
the dog where the dopamine metabolite occurs nor- 
mally. 80 per cent of the dopamine 3-O-sulfate is 
readily eliminated unchanged at as Ioh ;I dose as 
2.5 /Lg/kg. In the rat. which normally does not meta- 
bolize dopaminc by sulfocon.jugation to a large 
cxtcnt. ;I small dose (7.4&kg) results in extensive 
metabolism. but a larger dose (19.1 kcg,‘kg) causes 41 
per cent of the compound to be climinatcd in unmeta- 
bolized form. Finall>. the guinea pig. which uses 
hardly any sulfoconjugation in dopaminc metabolism, 
does not eliminate the foreign compound, dopamine 
?-O-sulfate. without prior extensive metabolism. 

..l~~hllo,~~ll~rl~/cfl~‘~~~i~ The author is much indebted to Mr. 
Wayne Ours for the sInthesis of dopaminc O-sulfate cstcrs 

and to Mr. C. B. Estcp and Mr. W. W. Hunter \+ho dosed 
the animal5 and collected the samples. 

RE.FERlCNC‘EX 

Contrary to the lindings of Jcnncr and Rose [2]. 
our results indicate that dopamine 3-0-sulfate is not 
metabolically inert. It appears to undergo appreciable 
desulfation when administered orally or intravenous]> 
to guinea pig. rat and dog resulting in dopamine for- 
mation which is then mctaboli7ed according to the 
pattern characteristic to the particular animal species. 

Unfortunatolv. the doses of dopamine ?-0-sulfate 
which were ad&istcred to the rats bv Jenner and 
Rose arc not known to us. In our w&-k. very low 
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Tahlc 3. Labeled urinary mctabolites of orally or intravenously administered [“C‘]dopamine l-O-sulfate in guinw 

pig. rat and dog 

Or;d administration 
Intravenous 

cldministration 

Metabolltc 

C;lucuronidus of O-mzthqlated 
catecholamincs 

Dopamine gltlcuronidc 
Homovanill! I alcohol 

Dopamine ?-0-sulliltr 

i.4-Dihqdrox! phcnetol 
Homovanillic acid 

3.4.Dih~dro~~phenqlacetic acid 

Not idrntiticd 


