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After severe thermal injury, the adrenal medulla and the sympathetic nerves can be partially or totally depleted of their
adrenaline (epinephrine) and noradrenaline (norepinephrine). The purpose of this paper is to elucidate the rate at which

dopamine-2-14C, a precursor of noradrenaline, is synthesized into noradrenaline and noradrenaline metabolic products,
thereby giving some indication as to dopamine's utilization, turnover, and possible use in treating such noradrenaline-

adrenaline depletions. Three burned subjects, 3 wk postburn, were infused with 104.6 pc (872 pg) of dopamine-2-14C for
4 hr. Urine was collected at various hourly intervals for the 1st day, and thereafter for 4 days, assayed, and compared
with the metabolism of dopamine in normal subjects. Methods for separating, identifying, and counting radioactivity of the
various metabolic products of dopamine are described. Normally 87.6 £3.1% of the total radioactivity is recovered within
24 hr after an infusion of dopamine-2-4C, but in the three severely burned patients, this value was increased to 93.1,
97.3, and 97.5% in 24 hr. There was a marked decrease in the percentage of radioactivity recovered as noradrenaline in
all collection periods, and in contrast to normal subjects, no radioactive noradrenaline was recovered after 24 hr.
Concomitantly, there was an increase in radioactivity recovered as metabolic products of noradrenaline, reflecting a
compensatory shift toward noradrenaline synthesis and utilization at the expense of [...]
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ABsTrRACT After severe thermal injury, the adrenal
medulla and the sympathetic nerves can be partially
or totally depleted of their adrenaline (epinephrine) and
noradrenaline (norepinephrine). The purpose of this
paper is to elucidate the rate at which dopamine-2-*C, a
precursor of noradrenaline, is synthesized into nor-
adrenaline and noradrenaline metabolic products, thereby
giving some indication as to dopamine’s utilization,
turnover, and possible use in treating such noradrenaline-
adrenaline depletions. Three burned subjects, 3 wk post-
burn, were infused with 104.6 uc (872 ng) of dopamine-
2-%C for 4 hr. Urine was collected at various hourly
intervals for the 1st day, and thereafter for 4 days, as-
sayed, and compared with the metabolism of dopamine in
normal subjects. Methods for separating, identifying,
and counting radioactivity of the various metabolic
products of dopamine are described. Normally 87.6
+3.19 of the total radioactivity is recovered within
24 hr after an infusion of dopamine-2-“C, but in the
three severely burned patients, this value was increased
to 93.1, 97.3, and 97.59% in 24 hr. There was a marked
decrease in the percentage of radioactivity recovered as
noradrenaline in all collection periods, and in contrast
to normal subjects, no radioactive noradrenaline was
recovered after 24 hr. Concomitantly, there was an in-
crease in radioactivity recovered as metabolic products
of noradrenaline, reflecting a compensatory shift toward
noradrenaline synthesis and utilization at the expense
of the dopamine metabolic products. The results indi-
cate that in the burned patients the infused dopamine-2-
“C was rapidly synthesized into noradrenaline and then
rapidly released and metabolized. From these results it
seems evident that dopamine would be a useful adjunct
in the treatment of sympathico-adrenal medullary deple-
tion in burns.
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INTRODUCTION

There are many stressful conditions which stimulate the
sympathicoadrenal medullary system into releasing in-
creased amounts of noradrenaline (norepinephrine)
from the sympathetic nerves and adrenaline (epineph-
rine) from the adrenal medulla (1-5). Of these stresses,
thermal injury is probably one of the most potent (6-9).
Goodall, Haynes, and Moncrief showed that the pro-
longed stress which accompanied severe thermal injury
was of such magnitude that the adrenal glands could
be partially or totally depleted of adrenaline (10) and
the sympathetic nerves partially or totally depleted of
noradrenaline (11). The purpose of this paper is io
evaluate the rate of noradrenaline-adrenaline biosynthe-
sis and utilization in severe prolonged thermal injury
and thereby obtain information as to how this depletion
might be treated.

METHODS
General

Three severely burned patients were infused with dopa-
mine-2-*C (3-hydroxytyramine, 3,4-dihydroxyphenylethyla-
mine), the immediate precursor in the biosynthesis of nor-
adrenaline (see Fig. 1). Infusion was purposely delayed
until 3 wk after the burn, since it is at this time that the
depletion of adrenaline and noradrenaline most commonly
manifests itself (6, 10, 11). Whereas, the patients were be-
ing treated, nevertheless, at the time of the dopamine infu-
sion, they were not receiving any therapy that in itself would
alter dopamine metabolism. Summary of patients is as
follows :

L. H, 37 yr old male, 63% burned with mixed second
and third degree, Curling’s ulcer present, lived.

P. M., 43 yr old male, 50% burned, 45-50% third degree,
died.

R. M., 59 yr old male, 36% burned, with 33% third degree,
died.
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Ficure 1 Biosynthetic pathway to the formation of noradrenaline
(norepinephrine) and adrenaline (epinephrine).

Each patient was infused with 104.6 uc (872 ug) of dopa-
mine-2-*C (SA, 32 mc/mmole). The labeled dopamine was
dissolved in 1000 ml of physiological saline and in-
fused via the antecubital vein at a constant rate over a pe-
riod of 4 hr. Urine was collected during the infusion period
and at 2, 4, 8, and 24 hr, and at the end of the 2nd, 3rd, 4th,
and 5th days. The method for isolating and quantifying en-
dogenous noradrenaline and the metabolic products of
noradrenaline, as well as the metabolic products of dopa-
mine, has been previously described (12, 13). In brief, it is
as follows:

Separation of acidic compounds. An aliquot of urine con-
taining 100,000 dpm to which was added carrier compounds
of 3-methoxy-4-hydroxymandelic acid (MOMA), 3-methoxy-
4-hydroxyphenylacetic acid (HVA), 3,4-dihydroxymandelic
acid (DOMA), and 3,4-dihydroxyphenylacetic acid
(DOPAC) was placed on 1 X 35 cm column of Dowex-1-X2
acetate anion-exchange resin. The column was placed on an
automatic fraction collection system and eluted with a
gradient elution system consisting of ammonium acetate
buffers of varying molarity and acidity.

The eluate was passed through a quartz flow cell of a
Beckman DB-G Spectrophotometer and the optical density
measured at 279 mgu. The optical density was recorded on
one channel of a dual-channel recorder. After the elunate
passed through the DB-G Spectrophotometer, it entered a
10 ml flow cell, and the radioactivity was counted with a
specially developed flow system, i.e., Packard Experimental,
analog, digital flow system. The output was recorded on the
other channel of the dual recorder. From the fraction col-
lector, an impulse was relayed to an event marker on the
recorder so as to indicate the change of each fraction by the
fraction collector. For a typical tracing, see Fig. 2.

Those fractions comprising a single radioactivity peak
were pooled and assayed for total radioactivity. The re-
covery of the total radioactivity placed on the Dowex-1
column was 97 *=6%. The peaks containing specific free
phenolic acids, such as MOMA, HVA, DOMA, and
DOPAC were confirmed by paper chromatography in three
different solvent systems, i.e., n-butanol-N-acetic acid-H-O
(4:1:1), benzene-proprionic acid-H:0 (4:1:1), and iso-
propanol-5% NHa: (8:2). The conjugates of HVA, MOMA,
and DOPAC were identified by refluxing the ammonium
acetate-free peak in 3 N H2SO, followed by extraction into
ether and chromatography of the resulting compound with
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appropriate carrier compounds in different solvent systems.
The conjugates of 3-methoxytyramine (3-MT), normeta-
drenaline (NM), noradrenaline, and dopamine were iden-
tified by hydrolysis of the conjugated amine in 2 N H.SO.
followed by ion-exchange absorption and chromatography
of the free amines on IRC-50 Amberlite resin; the normeta-
drenaline conjugate peak also contained significant amounts
of noradrenaline conjugate which was separated and mea-
sured.

Separation of the basic compounds. An aliquot of urine
containing 500,000 dpm was placed on a 60 X 0.9 cm column
of Amberlite IRP-64 resin along with carrier compounds
of adrenaline (epinephrine), metadrenaline (3-O-methyl-
adrenaline, metanephrine), NM (3-O-methylnoradrenaline,
normetanephrine), noradrenaline, dopamine, and 3-MT.
The column was washed with 20 ml of 0.2 M ammonium
acetate buffer, pH 6.2, attached to the above described
flow monitoring system, and eluted with 0.3 M am-
monium acetate buffer, pH 5.0, followed by 0.4 M buffer.
The identity of the radioactive peaks is determined and con-
firmed by paper chromatography. Adrenaline and NM elute
from the column at the same point, but further separation
procedures produced only small to trace amounts of
adrenaline.

RESULTS

From the results it is evident that there is an increase in
the rate of utilization of dopamine, Normally 87.6
+3.19, of the total radioactivity is recovered within 24
hr after an infusion of dopamine-2-“C, but in the se-
verely burned patients 93.1, 97.3, and 97.59% were re-
covered in 24 hr, (see Table I). Very little radioactivity
is recovered after 24 hr.

In the burned subjects there is a marked decrease in
the percentage of radioactivity recovered as noradrena-
line in all collection periods, and contrary to normal
subjects, no radioative noradrenaline recovered after
24 hr. Concomitantly, there is an increase in radioac-
tivity recovered as specific metabolic products of nor-
adrenaline, i.e., noradrenaline conjugate, NM conjugate,
and MOMA in the early collection periods (see Table I).
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It has been previously shown (12) that in normal
subjects after an infusion of dopamine approximately
25% of the dopamine is converted to noradrenaline and
its metabolic products and about 759 to metabolic prod-
ucts of dopamine, i.e., principally HVA, DOPAC, and
their respective O-sulfate conjugates. In the severely
burned subjects approximately 309, was converted to

noradrenaline and noradrenaline metabolic products,
and 709 is recovered as dopamine and metabolic prod-
ucts of dopamine.

There was a small increase in the recovery of radio-
activity as conjugates of dopamine, 3-MT, and 3-methoxy-
4-hydroxyphenylethanol (MHPE) but a decrease in
HVA, the principal metabolite of dopamine. There was

TaBLE 1
Excretion Pattern of the Metabolites and Biosynthetic Products of Intravenous
Basic metabolites—IRC-50 fractions
: Per cent
Period of h
urine | Subjects f(’f "ged’“'
collection recovered | Adr | NM | NOR | #HT |3MT| Unk |Dowexl| p, 3-MT | \M conj | NOR conj
r - g n effluent conjugate ] ]
) L. H. 45.4 —_ 0.3(0.14) | 0.5(0.23) | 13.6(6.17) | — — 0.4(0.18) | — 6.0(2.72) | 4.1(1.86) | 1.2(0.55)
During P. M. 43.6 _ 0.2(0.10) | 0.5(0.21) | 8.0(3.51) [ — 0.2(0.07) | 7.1(0.31) | — 8.7(3.79) | 2.7(1.18) | 2.2(0.96)
infusion | R. M. 45.0 —_— —_ 0.1(0.05) | 8.1(3.65) | — —_ 2.0(0.90) { 0.5(0.23) | 4.6(2.07) | 3.4(1.53)| 2.5(1.13)
Normal | 38.9+3.6 | Trace|0.2+0.1 |2.940.3 8.1+1.5 | Trace| 1.1+0.7 1.7+£0.2 | 1.0+0.4 3.641.1 | 2.840.7 1.8+0.5
L. H. 22.1 —_ 0.3(0.06) | 0.5(0.10) | 2.5(0.55) | — 0.2(0.04) | 0.4(0.09) | 0.5(0.11) | 15.1(3.34) | 8.8(1.95)| 6.2(1.37)
2 hr post P. M. 23.2 — 0.2(0.05) | 0.3(0.06) | 1.2(0.27) | — 0.1(0.03) | 2.3(0.53) | — 16.6(3.85) | 8.6(2.0) 6.0(1.39)
infusion | R. M. 21.5 —_ 0.2(0.04) | 0.3(0.06) | 0.8(0.17) | — —_ 0.8(0.17) | 1.5(0.32) | 12.6(2.71) | 6.8(1.46) | 7.5(1.61)
Normal | 16.5+2.1 | Trace|0.3£0.1 |0.9+0.3 | 0.940.4 | Trace|0.2+0.1 1.040.2 (0.5+0.3 8.0+2.3 | 6.3+0.1 3.240.5
L. H. 7.9 — 0.2(0.01) | 0.4(0.03) | 0.9 (0.07) —_ 0.1(0.01) | 1.6(0.13) | 0.9(0.07) | 19.5(1.54) | 10.7(0.85) | 10.6(0.84)
2-4 hr P. M. 10.1 —_ 0.3(0.03) | Trace 0.8(0.08) | — 0.1(0.02) | 2.2(0.22) | 0.6(0.06) | 20.7(2.09) | 14.3(1.44) | 7.9(0.80)
R. M. 12.0 —_ 0.1(0.01) | 0.3(0.04) | 0.3(0.04) | — 0.2(0.02) | 1.1(0.13) | 1.4(0.17) | 16.3(1.96) | 14.0(1.68) | 9.4(1.13)
Normal [ 9.6+1.5 | Trace|0.3+0.1 |0.6+0.2 | 0.2+£0.1 | Trace| Trace 0.9+0.2 {0.440.2 | 10414 | 7.8+£0.7 | 4.4+0.7
L. H. 8.9 — 0.3(0.03) | 0.4(0.03) | 0.3(0.03) | — 0.2(0.02) | 2.1(0.18) | 0.8(0.07) | 21.5(1.91) | 11.9(1.06) | 9.4(0.84)
4-8 hr P. M. 10.6 —_ 0.2(0.02) | Trace 0.8(0.09) | — — 2.3(0.24) | — 20.1(2.13) [ 18.7(1.98) | 8.0(0.85)
R. M. 10.1 — 0.1(0.01) [ 0.3(0.03) | 0.2(0.02) | — 0.1(0.01) | 2.2(0.22) | — 16.3(1.65) | 10.1(1.02) | 11.3(1.14)
Normal | 9.1+0.5 | Trace|0.4+0.1 | 0.740.1 | 0.2+0.1 | Trace | Trace 0.8+0.3 |0.6+0.2 | 14.34+2.0 | 8.4+1.8 | 4.4+09
L. H. 8.8 — 0.3(0.03) | 0.5(0.04) 0.3(0.03; —_ 0.4(0.03) | 1.9(0.17) | 0.9(0.08) | 18.4(1.62) | 16.2(1.43) | 7.0(0.62)
8-24 hr P. M. 9.8 — 0.2(0.02) | 0.1(0.01) | 0.7(0.07) | — —_ 3.4(0.33) [ 0.5(0.05) | 24.1(2.36) | 20.0(1.96) | 9.4(0.92)
R. M. 8.9 —_ 0.2(0.02) | 0.3(0.03) | 0.3(0.03) | — 0.1(0.01) { 1.4(0.12) | 0.4(0.04) | 15.8(1.41) | 12.8(1.14) | 9.9(0.88)
Normal | 13.5+2.1 | Trace | 0.34£0.1 |0.7+0.1 | 0.1+0.1 | Trace| Trace 0.84+0.3 [0.94+0.3 | 9.5+2.1 | 5.5+£1.6 | 3.240.9
L. H. 2.6 —_ —_ —_ _— —_ — 4.2(0.11) | — 13.4(0.35) | 10.5(0.27) | 5.0(0.13)
24-48 hr P. M. 1.9 — —_ —_ —_ —_ — 7.4(0.14) | — 23.0(0.44) | 18.6(0.35) | 8.0(0.15)
R. M. 1.9 — —_ — — —_ — 3.9(0.07) | 2.4(0.05) | 14.3(0.27) | 9.410.18) | 3.6(0.07)
Normal 5.6+1.0 [Trace | 0.5+0.1 | 0.54+0.1 | Trace Trace | Trace 0.740.2 | 1.0+0.3 | 6.1+2.1 | 4.6+0.1 1.2+0.2
L.H* | 07 — | = — — — |—= — — — — —
48-72 hr P. M.* 0.5 — — — — —_ — — — — — —
R. M. 0.4 — — — —_ —_ _— 7.1(0.03) | — 10.6(0.04){ 5.1(0.02) | 7.0(0.03)
Normal | 2.2+0.4 | Trace|0.5+0.1 |0.5+0.1 | Trace Trace | Trace 1.34+0.5 [ 1.0£0.3 | 3.24+0.7 | 3.9+1.0 | Trace
L. H* 0.6 — — — — — — — — — — —
72-96 hr P.M.* | Trace — — — — — — — _— — —_ —_
R. M. 0.1 — — — _ —_ —_ 11.5(0.01) | — —_ 14.7(0.02) | 2.8(0.00)
Normal 1.2+£0.3 | — — —_— — —_ — 2.34+1.0 | 1.0+0.5 2.5+0.4 | 3.7+0.4 | Trace
L. H.* 0.4 — — — — — — — — — — —
96-120 hr | P. M.* | Trace — — — — — — — — — — —
R. M.* | Trace — — — — — — —
Normal | 0.6+0.2 | — — — — —_— —_ 2.8+1.0 | Trace 2.6+1.0 | 3.8+1.1 | Trace
L. H. 93.1 — 0.3 0.4 6.8 — 0.1 0.8 0.3 11.1 7.1 4.2
Total24 hr | P. M. 97.3 — 0.2 0.3 4.0 — 0.1 1.6 0.1 14.2 8.6 4.9
R. M. 97.5 — 0.1 0.2 4.0 —_ 0.4 1.6 0.8 9.8 6.8 5.9
Normal | 87.6+3.1 | Trace|0.20.1 | 1.54+0.2 3.4+0.7 | Trace | 0.4+£0.3 1.14+0.2 | 0.730.3 6.3+1.4 | 4.54+0.7 2.4+0.6
L. H. 97.4 — 0.3 0.4 6.8 — 0.1 0.9 0.3 11.5 7.4 4.3
Total P. M. 99.7 — 0.2 0.3 4.0 — 0.1 1.8 0.1 14.7 8.8 5.1
120 hr R. M. 99.9 —_ 0.1 0.2 3.9 —_ 0.4 1.7 0.8 10.1 7.0 6.0
Normal | 97.243.5 | Trace|0.3+0.1 | 1.540.2 3.440.7 | Trace | 0.440.3 1.240.2 | 0.840.3 6.8+1.5 4.8+0.7 | 2.6+0.6

Excretion pattern of the basic metabolites, acidic mztabolites, and biosynthetic products of dopamine after a 4 hr infusion of dopamine-2-14C ; comparison
Adr, adrenaline ; NM, normetadrenaline ; NOR, noradrenaline ; 3-HT, 3-hydroxytyramine (dopamine) ; 3-MT, 3-methoxytyramine ; 3-MT conj, 3-methoxy-
MOMA, 3-methoxy-4-hydroxymandalic acid; HVA, 3-methoxy-4-hydroxyphenylacetic acid; DOMA, 3.4-dihydroxymandelic acid; DOPAC, 3,4-dihy-
conj, 3,4-dihydroxyphenylacetic acid conjugate; MOMA conj, 3-methoxy-4-hydroxymandelic acid conjugate; HVA conj, 3-methoxy-4-hydroxypheny-
activity recovered in each collection period; in parenthesis is the per cent of the infused dose recovered.

* Insufficient radioactivity for assay.
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no significant change in the conjugates of DOPAC and
HVA; these metabolites are principally derived from
dopamine.

Whereas there were significant decreases in the amount
of radioactivity recovered as peak 6 and peak 11, the
meaning behind this decrease is obscure since peak 6 and
peak 11 have not yet been identified. However, it has

been determined that they are metabolic products of
dopamine rather than noradrenaline (12). In severely
burned subjects the metabolism of dopamine is also al-

.tered in other ways; there are radioactive unknown

compounds which appear in urine of burned subjects
but which have not been observed in normal subjects
(see Fig. 2).

Infused Dopamine (Hydroxytyramine-2¥C) in Severe Thermal Injury

Acidic metabolites: Dowex-1 fractions

MHPE & P15
HT conj P6 MOMA | HVA | DOMA |UnkP 11| DOPAC |UnkP 12| MHPG | POPAC | yoMa | HVA Junkp 7
conj conj conj conj

1.2(0.55) | 1.1(0.50) | 5.9(2.68) 33.8(15.35)| — 1.2(0.55) | 7.8(3.54) | — 1.9(0.86) | 1.4(0.64) | — 60212) | 3.6(1.63
1.3(0.57) | 1.1(0.48) | 4.7(2.05) [40.0(17.44)| 1.2(0.52) | — 8.2(3.58) | — 2.0(0.87) | 2.6(1.13) | — 6.8(2.97) | 2.4(1.05)
32(1.44) | 1.8(0:81)| 4.4(1.98)(29.1(13.10)| 1.0(0.45) | — 8.4(3.78) | — . 42(1.89) | 7.5(3.38) | 2.1(0.95) | 11.1(5.00) | 6.2(2.79)
1.0£0.3 | 1.940.7 | 2.340.4 [47.8£2.9 | Trace 19410 | 20412 | 1.4240.5 | 30412 | 3.9+0.7 | 14204 | 53420 | 4.3+£1.0
3.2(0.71) | 2.5(0.55)| 7.2(1.59) [25.4(5.61) | — 2.0(0.44) | 3.00.66) | — 10.1(2.23) | 6.8(1.50) | — 5.3(1.17) | 3.0(0.66)
2.7(0.63) | 2.3(0.53) | 10.3(2.39) [24.5(5.68) | 1.6(0.37) | 1.3(0.30) | 2.9(0:67) | — 5.4(125) | 5.4(1.25)| 0.30.07) | 7.4(1.18) | 2.1(0.49)
£2(090) | 1.9(0.41)| 9.2(9.98) |18:4(3.96) | 1.5(0.32) | Trace = | 2.6(0.56) | 0.8(0.17) | 9:8(2:11) | 9.2(1.98) | 2.1(0.45) | 6.1(1.31) | 3.6(0.77)
2.540.5 | 2.5+1.1 | 6.5+1.0 |36.344.2 | 1.54£0.5 | 4.1+1.0 | 40£0.6 | 1.5+1.3 | 2.8+1.0 | 7.2+2.2 | 2.4+1.0 | 6.4x2.1 | 6.0£1.5
3.8(0.30) | 4.3(0.34) | 14.3(1.13) | 8.7(0.69) | — 1.1(0.09) | — 1.2(0.10) | 7.5(0.59) | 6.5(0.51) | 1.3(0.10) | 3.7(0.29) | 2.3(0.18)
3.6(0.36) | 4.2(0.42) | 8.5(0.86) |10.4(1.05) | — — 1.3(0.13) | 2.2(0.22) | 8.8(0.89) | 8.3(0.84) | — 1.6(0.46) | —
3.7(0.44) | 2.8(0.34) | 11.2(1.34) | 5.4(0.65) | 0.4(0.05) | 0.9(0.11) | — 1.1(0.13) | 13:0(1.56) | 9.4(1.13) | 2.0(0.24) | 5.6(0.67) | 1.3(0.16)
17405 | 43413 |11.84£0.8 204416 | 1.640.4 | 1.540.4 | 44410 | 1304 | 5815 | 8.6+19 | 3809 | 6.020.9 | 5.0£2.0
35030 | 530047 | 1880167 | 2000.18) | — 1.2(0.11) | — 1.7(0.15) | 8.8(0.78) | 7.6(0.68) | 2.1(0.19) | 2.1(0.19)| —
3.6(0.38) | 4.3(0.46) | 7.1(0.75) | 5.1(0.54) | — 1.10012) | — - 960102 | 970103 | 19(0:20) | 38(0.40) 3.1(0.33)
2.9(0.29) | 2.9(0.29) | 11.7(1.18) | 3.5(0.35) | — = — 1.70.17) | 15.7(1.59) | 10.6(1.07) | 2.4(0.24) | 5.4(0.55) | 2.6(0.26)
2.840.3 | 7.640.5 [15.8241.5 | 6.541.4 | 12402 | 20407 | 1.740.5 | 2.040.6 | 7.1:£0.9 | 9.0+1.4 | 3.741.0 | 4.8£1.8 | 6.62.0
5.1(0.45) | 6.5(0.57) | 24.5(2.16) |— — — — 2.0(0.18) 12.3(1.08; 7.7(0.68) | — 2.1(0.19) | 2.2(0.19)
5.8(0.57) | 4.8(0.47) | 11.9(1.17) | — _ - — 12(0.12) | 11.0(1:08) | 4.8(0.47) | — 1.8(0.18) | —
3.0(0.27) | 3.4(0.30) | 10.8(0.96) | 2.9(0.26) | — — — 1.8(0.16) | 15.9(1.42) | 12.2(1.09) | 3.1(0.28) | 3.0(0.27) | 2.6(0.23)
2.340.8 |12.0£1.0 |23.443.7 | 2.740.9 | 09404 | 2.140.4 | Trace | 2.5+0.7 |10.4:£1.6 |[11.1+3.0 | 3.4+0.3 | 4703 | 3.821.1
3.5(0.09) |10.6(0.28) | 29.8(0.78) |— — — — 2.3(0.06) | 12.5(0.33) | 9.2(0.24) | 1.4(0.04) | 2.2(0.06) | Trace
2.1(0.04) | 4.1(0.08) | 9.0(0.17) |— — — — = 10.1(0.19) | 6.4(0.12) | Trace 1.6(0.03) | Trace
6.8(0.15) | 3.3(0.06) | 7.9(0.15)| 2.6(0.05) | 1.8(0.03) | — — 1.0(0.02) | 13.1(0.25) | 12.9(0.25) | 2.4(0.05) | 6.3(0.12) | Trace
Trace  [15.143.0 | 359438 | 1.840.4 | Trace | 2.3+0.2 | Trace | 2.6:1.0 |11.6+2.1 | 8.3+1.2 | 28+1.0 | 43418 | 2.220.6
4.9(0.02) | 3.20.01) | 7.4(0.03) | 2.3(0.01) | 3.0¢0.01) | — — — 12.0(0.05) | 14.1(0.06) | — 7.9(0.03) | —
Trace 17.742.2 | 39.0+1.6 |Trace Trace 2.6+0.5 | Trace 29407 | 11.7£1.3 6.6+1.2 | 3.31+1.0 2.540.5 | Trace
6.20.01) | — 76.5(0.01) | 2.7(0.00) | 3.1(0.00) | — _ _ 9.8(0.01) | 20.2(0.02) | — _ —
Trace 17.243.0 | 42.1+3.5 |Trace Trace 2.64+0.5 | Trace 2.9+0.3 | 12.8+3.4 8.242.1 | 3.0+1.8 1.9+0.5 | Trace
Trace 20.144.0 | 34.4+4.6 |Trace Trace 3.0+0.8 | Trace 2.540.6 | 13.6+4.5 8.84+3.0 | 2.5+1.1 4.14+0.6 | Trace
2.3 2.4 9.2 21.8 Trace 1.2 42 0.4 5.6 4.0 0.3 4.6 2.7

235 2.4 72 247 0.9 0.4 i 0.3 5.1 47 0.2 5.2 1.9

34 2.2 74 18.3 0.8 0.1 43 0.6 8.6 8.6 2.2 78 12
1.540.4 | 3.9 407| 7.741.0 [27.54£22 | 0602 | 20207 | 2.0 £0.7 | 1.4£0.6 | 42411 | 5.8£1.3 | 21405 | 4.8+0.1 | 4311
2.4 2.7 10.0 21.8 Trace 1.2 4.2 0.5 5.9 4.2 0.3 4.6 2.7

2.6 2.4 7.4 24.7 0.9 0.4 44 0.3 5.3 4.9 0.2 5.2 1.9

3s 2.2 7.6 1814 0.9 0.1 43 0.7 89 9.0 2.2 7.9 42
15404 | 5.441.0 |11.321.4 [27.642.2 | 0.6£0.2 | 2.3£0.7 | 2.0£0.7 | 1.7:£0.7 | 5413 | 6.6£15 | 2.440.5 | 5.10.1 | 4.41.2

of normal subjects and severely burned patients. 5 3 ) ) A

tyramine conjugate; NM conj, normetadrenaline conjugate; NOR conj, noradrenaline conjugate; 3-HT conj, 3-hydroxytyramine (dopamine) conjugate;
droxyphenylacetic acid ; MHPG conj, 3-methoxy-4-hydroxyphenylglycol conjugate ; MHPE conj, 3-methoxy-4-hydroxyphenylethanol conjugate;; DOPAC
lacetic acid conjugate; Unk P 2, P 6, P 11, P 12, and P 17, unknown peak 2, peak 6, peak 11, peak 12, and peak 17. Figures express per cent of radio-
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FiGure 3 The urinary adrenaline and noradrenaline output of one burned patient who re-
covered; adrenaline and noradrenaline are calculated in ug/24 hr. The normal range of nor-

adrenaline is 2045 ug/24 hr; the normal range of adrenaline is 5-25 ug/24 hr.

The amount of radioactivity recovered as adrenaline
was small and not in sufficient quantity to monitor.

DISCUSSION

It is generally accepted that almost any severe stressful
condition will activate the sympathicoadrenal medullary
system into releasing increased amounts of noradrenaline
and adrenaline. Severe thermal injury represents one of
the most potent stresses. Immediately after thermal in-
jury, there is a marked increase in the urinary output
of both adrenaline and noradrenaline, and this elevated
output continues for most of the recovery period (6)
(see Fig. 3). If the stress of severe burns continues for
a protracted period of time, the adrenal medulla and the
sympathetic nerves can be partially or totally de-
pleted of their respective hormones (10, 11). It was
previously shown that of the severely burned patients
that died, approximately one-third showed at the time
of death a subnormal output of noradrenaline and sub-
normal noradrenaline content of the sympathetic ganglia
and axon, a condition commensurate with sympathetic
nerve depletion (11). Furthermore, over two-thirds of
the cases that died showed at the time of death a sub-
normal output of adrenaline and an adrenal gland that
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was partially or totally depleted of its adrenaline and
noradrenaline content (10). Whereas this depletion was
not the cause of death in these patients, it nevertheless
was a contributing factor and therefore imposes the
question of how this depletion should be treated. The
approach considered in these experiments was to infuse
the severely burned subjects with a noradrenaline-adrena-
line precursor, i.e., dopamine (3,4-dihydroxyphenylethyl-
amine, hydroxytyramine) (see Fig. 1).

By evaluating the rate at which dopamine-2-*C is syn-
thesized into noradrenaline and noradrenaline metabolic
products, this would give some indication as to its utili-
zation and turnover and thereby its possible effectiveness
in treating a noradrenaline-adrenaline depletion. From
the results it is evident that there is an increase in the
rate of utilization of dopamine, i.e. normally 87.6 +3.19,
of the total radioactivity is recovered within 24 hr after
an infusion of dopamine-2-“C, but in the severely
burned patients 93.1, 97.3, and 97.5% were recovered in
24 hr (see Table I). To state this differently, in the
burned subject very little radioactivity is recovered af-
ter 24 hr, i.e. less than 2.59 in the two patients that
died, whereas, in normal subjects 12.49, is recovered
after 24 hr (see Table I, under per cent of the infused
dose recovered), thereby indicating that the dopamine



is being utilized at a far greater rate than it is in normal
subjects.

The fact that in the burned subjects there was marked
decrease in the amount of radioactivity recovered as
noradrenaline in all collection periods and no radioactive
noradrenaline recovered after 24 hr, but a concomitant
increase in the metabolic products of noradrenaline in-
dicates that the infused dopamine-2-*C was rapidly syn-
thesized to endogenous noradrenaline and then rapidly
released and metabolized (see Table I, comparison with
normal subjects). The metabolic products of noradrena-
line that demonstrated this increase in metabolism were:
MOMA (the principal metabolic product of noradrena-
line) in the early collection periods, noradrenaline con-
jugate, and NM conjugate.

In normal subjects approximately 259% of the dopamine
is converted to noradrenaline and metabolic products of
noradrenaline and approximately 75% to metabolic
products of dopamine, i.e., principally DOPAC, homo-
vanillic acid, etc., and their respective conjugates (see
Table I) (12). However, in the severely burned sub-
jects about 309 of the dopamine was converted to nor-
adrenaline and its metabolic products and 709, to meta-
bolic products of dopamine. This increase in conversion
to noradrenaline and noradrenaline metabolic products,
at the expense of the dopamine metabolic products, indi-
cates that in the burned patients there is a compensatory
shift towards noradrenaline synthesis and utilization.

These results give indirect evidence for the need for
dopamine in severely burned subjects with possible sym-
pathicoadrenal medullary depletion. However, they do
not indicate whether or not a more distant precursor to
noradrenaline and adrenaline, i.e. DOPA (3, 4-dihydroxy-
phenylalanine), or even tyrosine, would be useful (see
Fig. 2). Presumably, the most immediate precursor would
be the most useful ; nevertheless, DOPA, which is readily
decarboxylated to dopamine, could be of equal or even
greater value. The experiments herein described are not
intended to indicate the clinical value of dopamine in
burned subjects, but rather to demonstrate biochemically
its rationale and usefulness; the clinical evaluation of

Dopamine Metabolism in Severe Thermal Injury

using dopamine in severely burned patients will be subse-
quently reported.
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