ADRENALINE METABOLISM

of adrenal to respond to ACTH. This would
seem to eliminate suppression of adrenal cor-
tical activity as a mechanism whereby DBI
lowers blood glucose.

Summary. Adrenal function was studied in
6 diabetic patients with hyperglycemia con-
trolled by DBI (N B’ phenethylformadinyli-
mourea) or by DBI and insulin. DBI admin-
istration did not significantly affect baseline
plasma hydrocortisone levels or response to
ACTH. These results appear to eliminate
adrenal steroid suppression as a. possible mode
of action of this biguanide.
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Little information is available on metabolic
products of adrenaline in the human. After
intravenous infusion of adrenaline only 1 to
3% of the amount infused can be recovered
in the urine as adrenaline or a conjugate of
adrenaline(1,2,3). Following intravenous in-
fusion of adrenaline-2-C'*, Resnick and El-
madjian(4) recovered 90% of radioactivity in
urine within 30 hours; when adrenaline-me-
thyl-C'* was infused, about 34% of the radio-
activity was recovered. Schayer(5) previ-
ously found similar results in the rat and was
able to distinguish 6 radioactive peaks by pa-
per chromatography. Armstrong and McMil-
lan(6), and Armstrong, McMillan and Shaw
(7) identified 3-methoxy-4-hydroxymandelic
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acid (MOMA) as a product of noradrenaline
metabolism in humaps. In addition, Axelrod
(8), and Axelrod et a!.{9) found 3 methyl-O-
adrenaline (metadrenaline) and 3 methyl-O-
noradrenaline (normetadrenaline) and their
corresponding glucuronides in urine of the
rat.

This report describes a procedure which
utilizes a combination of filter paper and ion
exchange chromatography, to quantitatively
separate the bulk of radioactive compounds
which appear in urine after intravenous in-
fusion of dl-adrenaline-2-C4.

Materials. The sources of materials were
as follows: dl-adrenaline-2-C', specific ac-
tivity 1.09 mc/m mole from Tracerlab, Bos-
ton, Mass.; Amberlite IRC-50, XE-64 from
Rohm and Haas Co., Philadelphia, Pa.; Dow-
ex 1-2X, 200-400 mesh, from Dow Chemical
Co., Midland, Mich. Methods. Infusion of
dl-Adrenaline-2-C'* and Collection of Urine
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Specimens: Healthy males aged 20 to 35 vears
were given an intravenous infusion of 5 ucuries
(4.5 pmoles) of the labeled adrenaline in 200
ml of physiological saline over a one-hour pe-
riod. Urine was collected at end of infusion
period. at one hour intervals for the next 5
hours, and at 6 hour intervals for subsequent
18 hours. An aliquot of each specimen was
pooled to give a 24-hour urine sample. Ra-
dioactivity in each specimen was determined
with a thin window Geiger tube (16 c.p.m.
background) and corrected to infinite thin-
ness by reference to a previously prepared ab-
sorption curve. Separation of urinary meta-
bolic products. A modification of the method
previously reported by Kirshner, Klingman,
and Goodall(10) was used. An aliquot of
urine (5 to 10 ml) containing 15,000 to 30,-
000 counts/minute is passed through a 3 X
1 cm column of Amberlite IRC-50(11). The
column is then washed with 15 ml of water.
The effluent and wash are combined and
saved. The IRC-50 column is then eluted
with 20 ml of 0.5 N acetic acid. The eluate
is evaporated to dryness and the residue dis-
solved in 0.5 ml of water. This solution is
then chromatographed for 15-18 hours on
Whatman No. 1 filter paper using n-butanol
saturated with N HCl] as the solvent. After
drying, the paper is cut into 1 cm strips: each
strip is eluted with water and an aliquot
plated out for assay of radioactivity. Three
radioactive peaks are found. One of the peaks
corresponds to adrenaline; another corre-
sponds to metadrenaline and the third peak
has not yet been identified. The adrenaline
and metadrenaline peaks account for 80 to
90% of the radioactivity found on the paper.
The combined effluent and wash from the
IRC-50 column is then passed through a 10
X 1 cm column of Dowex-1 acetate. The
column is washed with 15 ml of water and
the effluent and wash are combined and as-
sayed for radioactivity. About 3% of total
activity of the 24 hour urine specimen is ob-
tained in this effluent and wash. The Dowex-
1 column is then attached to an automatic
fraction collector and eluted with 0.3 M am-
monium acetate at pH 4.8. Three ml frac-
tions are collected. The course of the frac-
tionation is followed by assaying an aliquot
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of each third sample for radioactivity. When
radioactivity in the eluate returns to back-
ground, usually after 80 to 90 ml of the buf-
fer have passed through the columns, the
column is eluted with 1 M ammonium acetate
at pH 4.8. The {ractionation is again fol-
lowed by assaying each third fraction for ra-
dioactivity and again a sharp radioactive
peak is obtained. When the radioactivity in
the eluates again returns to background, the
column is eluted with 3.0 M ammonium ace-
tate pH 4.8. The fractionation is again fol-
lowed similarly and a third peak is obtained.
Identification of Dowex-1 Eluates. 0.3 M
Eluate. This fraction is largely an acid labile
conjugate of metadrenaline. After heating
for 15 minutes with 1 N hydrochloric acid at
100°, 60% of the radioactivity originally
present can be recovered as metadrenaline.
The metadrenaline was isolated from the hy-
drolysate by absorption on IRC-50 and iden-
tified by paper chromatography using butanol-
1 N HCI and isopropanol-ammonia-water as
solvents. The conjugate is not a glucuronide
since incubation of either whole urine or the
Dowex eluate with either bacterial (Sigma) or
animal (Warner-Chilcott) B-glucuronidase
for 24 hours caused no increase in the meta-
drenaline fraction. However, the conjugate
was hydrolyzed by incubation with Mylase P
(Nutritional Biochemicals). In a parallel ex-
periment in which rats were given an intra-
peritoneal injection of adrenaline-2-C!%, a
radioactive fraction was obtained from the
24 hour urine specimen which was hydroly-
zable by @-glucuronidase. This radioactive
fraction was identified as metadrenaline glu-
curonide by isolation of radioactive meta-
drenaline after treating the fraction with 8-
glucuronidase. The metadrenaline glucuron-
ide obtained from rat urine can be differenti-
ated from the acid labile conjugate of meta-
drenaline obtained from human urine by ion
exchange and filter paper chromatography.
1 M eluate. Radioactive fractions were com-
bined and concentrated. An aliquot was chro-
matographed on Whatman No. 1 paper in n-
butanol saturated with N HCI and in isopro-
panol-ammonia-water (8:1:1).  Indicator
amounts of 3-methoxy-4-hydroxy mandelic
acid were added in each instance. After de-
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TABLE I. Distribution of Radioaetivity in 24 Hr Urine following Infusion of Dl-adrenaline-2-C*.

Figures represent % of total radioactivity which appeared in urine. The .3 M, 1.0 M and 3.0 M elu-

ates contain respectively, conjugated metadrenaline, 3-methoxy-4-hydroxymandelic acid and 3,4-dihy-
droxymandelic acid.

IRC-50 fractions

Dowex-1 fractions

P6 TECOVerY - N — ~ % reeovery
of infused Un- 3™ 10M 30m Dowex-1 of radioactiv-
dose Total Adr. Metadr. known eluate eluate eluate effluent ity in urine
70 11 4 5 2 43 27 16 2 99
65 12 4 5 1 52 23 9 3 99
75 14 5 6 2 39 29 8 3 93
72 10 4 5 1 46 24 8 4 92
78 10 3 5 1 35 31 14 3 93
76 12 4 4 1 35 29 18 2 96
Avg 735 12+1 4=+0 5=+0 1=+0 42 +7 27+3 12+4 340 95 + 3

veloping for 15 to 18 hours, the paper was
dried and sprayed with diazotized p-nitro-
aniline followed by 10% Na;CO;. After dry-
ing, the paper was cut into 1 cm strips, eluted
with water, and an aliquot of each eluate as-
sayed for radioactivity. In each case radio-
activity was found only in the area coincident
with the added 3-methoxy-4-hydroxymandelic
acid. 3 M eluate. The radioactive fractions
were treated similarly to those of the 1.0 M
eluate. A sharp radioactive peak correspond-
ing to the position of 34-dihydroxymandelic
acid (DOMA) was obtained in the butanol-
N HCI solvent; in the isopropanol-ammonia-
water solvent, 2 radioactive peaks were ob-
tained. However, destruction of the DOMA
which had been added as a marker was ob-
served.

Results. Table 1 presents the data from
experiments in which aliquots of 24 hour urine
specimens obtained from 6 different subjects
were assayed. The average recovery of 73 +
5% of the infused dose is lower than that ob-
tained by Resnick and Elmadjian(4) in hu-
mans and by Schayer(5) in rats. Of the to-
tal radioactivity in urine, 4% is due to adren-
aline. This amount corresponds to 3% of
the infused dose which is in accord with pre-
vious reports(1,2,3). Radioactive adrenaline
could be detected only in the urine samples
collecting during the infusion period and dur-
ing the first and second hours after the in-
fusion.

No previous data on excretion of meta-
drenaline or its conjugate in human urine are
available. The results reported here for ex-
cretion of metadrenaline in human urine are

approximately the same as those for the rat
(9). In addition, Axelrod et al.(9) reported
that, in the rat, 20% of an intraperitoneal in-
jection of adrenaline is excreted in the urine
as the glucuronide of metadrenaline. We have
been able to confirm this finding in the rat.
In the human, the acid labile conjugate of
metadrenaline accounts for about 30% of
an infused dose of adrenaline. This acid la-
bile conjugate does not appear to be a glu-
curonide since it is not hydrolyzed by B-glu-
curonidase and differs chromatographically
from the metadrenaline glucuronide obtained
from the rat.

Recently Armstrong and McMillan(6)
identified 3-methoxy-4-hydroxymandelic acid
as a metabolic product of noradrenaline and
estimated that 30% of an infusion of nor-
adrenaline was converted to this acid. In the
6 experiments reported here, 27% of the ra-
dioactivity which appeared in the urine after
an infusion of dl-adrenaline-2-C* was recov-
ered as 3-methoxy-4-hydroxymandelic acid.

Dihydroxymandelic acid has been previ-
ously found in human urine(12), however,
no estimates of the amounts of this acid de-
rived from adrenaline metabolism were made.
The figures presented for this compound are
tentative pending more rigorous identification
of the material eluted from the Dowex-1
column,

The radioactive material of human urine
which appears in the Dowex-1 effluent has not
yet been characterized. It is interesting to
note that in rat urine, the glucuronide conju-
gate of metadrenaline is found in the Dowex-1
effluent.
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Summary. A procedure is described which
utilizes a combination of filter paper and ion
exchange chromatography to separate the
urinary metabolic products of adrenaline.
After intravenous infusion of dl-adrenaline-
2-C™ in 6 human subjects, 73 = 3% of in-
fused radioactivity was recovered in 24 hour
urine. Radioactivity which appeared in urine
was distributed among various metabolic pro-
ducts as follows: adrenaline, 4%, 3-methyl-
O-adrenaline, 5%, 3-methyl-O-adrenaline con-
jugate, 42 = 7%: 3-methoxy-4-hydroxyman-
delic acid, 27 = 3% 3, 4-dihydroxymandelic
acid, 12 = 4%: 2 unidentified fractions, 4%.

AppENDUM: Recent work on the separation pro-
cedure has resolved the 0.3M eluate and the 3.0M
eluates each into two fractions. Preliminary work
indicates that the metadrenaline conjugate accounts
for about 809 of the radioactivity in the 0.3M eluate
and one unidentified compound accounts for the re-
mainder. In the 3.0M eluate, 3,4-dihydroxymandelic
acid accounts for 30 to 50%; of the radioactivity.
This work is still in progress and will he reported at
a future date.
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In the human, Ahrens et al.(1), Beveridge
et al.(2), and others have indicated a rela-
tionship between degree of saturation of in-
gested fat and resulting serum cholesterol
level. Studies with “normal” experimental
animals (those not receiving dietary choles-
terol or other cholesterolemic agents) have
shown essentially no differential response to
dietary fat(3). Hegsted and coworkers(4)
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presented evidence of a significant nega-
tive correlation between the product of the
essential fatty acids and total saturated fatty
acids (EFA x TSFA) of dietary fats and se-
rum cholesterol level. Serum cholesterol level
can be experimentally elevated not only
through dietary cholesterol but also by feed-
ing low protein diets(5,6,7). QOur objective
was to evaluate the effect of level and type of
dietary fat on plasma cholesterol in growing
chickens receiving either 1) low protein diet
plus 0.3% cholesterol or 2) high protein diet
with 2% cholesterol. Since differences in se-
rum cholesterol as a result of varying the die-
tary fat (as observed by Hegsted et al.) might
be related to differences in absorption of
dietary cholesterol it was of particular interest
to find out whether the low protein induced
hypercholesterolemia would respond differen-



