
portional to the difference between the 
signals from the transducers are also 
needed. The most troublesome problem 
has been the elimination of any factor 
tending to modify the dynamic charac- 
teristics of one lumen with respect to 
the other. Very fine bubbles in the sys- 
tem that do not visibly affect the pres- 
sure tracings can so change the charac- 
teristics of one lumen that the differ- 
ential pressure tracing is seriously de- 
graded. 

It is believed that the method pro- 
vides a means of measuring the instan- 
taneous linear velocity in any vessel hav- 
ing a significant rate of flow. Volume 
flow per beat, such as the stroke volume 
in the pulmonary, artery, can be calcu- 
lated from the differential pressure curves 
if some estimate of. the diameter of the 
pulmonary artery is available. A square- 
front velocity distribution' is assumed 
in such calculations' because of the pulsa- 
tile nature of' the flow-. (3). Values ob- 
tained can be checked .by standard Fick 
output studies. 

The method appears to have applica- 
bility in normal' and pathological situa- 
tions, in steady and nonsteady states, in 
animals and in man. 
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Table 1. Fate of P-H3-epinephrine in man. 

Radioactivity excreted in urine 

Percent of urinary radioactivity present as: 

Subject As percent Metanephrine 
of admin- VMAt 

istered dose Free Conjugated Total* 

P-HS-epinephrine administered 
R.C. 95 13 46 59 30 
D.K. 95 14 38 52 37 
R.B. 88 11 36 47 35 
D.H. 73 10 49 59 40 

f-H'-metanephrine administered 
W.N. 92 16 39 55 24 
K.S. 88 11 33 46 25 

* Metanephrine found after heating in 1N HCI for 30 minutes at 100?C. Conjugated metanephrine repre- 
sents the difference between free compound and total. A small amount of metanephrine glucosiduronic acid 

, (6 percent) is included in the conjugated fraction. 
t 3-Methoxy-4-hydroxymandelic acid (vanillylmandelic acid). This fraction also contains an unidentified 
metabolite which represents about 5 percent of the total radioactivity in the urine. 
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action has been shown to be catalyzed 
by the enzyme, catechol-O-methyl trans- 
ferase (1, 2). It was of interest, there- 
fore, to determine the extent of 0-meth- 
ylation of epinephrine in man. 

One milligram of d,l-P1-H3-epinephrine 
bitartrate (267- tc) was given intrave- 
nously over 45 minutes to four normal 
young male subjects, and the urine was 
collected for 48. hours. During this time, 
73 to 95 percent of. the administered 
radioactivity appeared in the urine (3). 
Metanephrine was extracted into iso- 
amyl alcohol at pH 10, and the extract 
was assayed for radioactivity (3). On 
Whatman No. 1 paper the extracted 
radioactive material exhibited a single 
peak having the same RF as authentic 
metanephrine (1) after chromatography 
in butanol-acetic acid-water (8:2:2) 
and isopropanol-5 percent ammonia 
(8:2). The 3- methoxy-4-hydroxyman- 
delic acid was extracted at pH 1 into 
isoamyl alcohol. The extract was shaken 
with 5 percent sodium bicarbonate; the 
aqueous layer was re-extracted into iso- 
amyl alcohol at pH 1, which was assayed 
for radioactivity (3). After chromatog- 
raphy, using the systems described above, 
the final extract showed a major peak 
having the same RF as authentic 3- 
methoxy-4-hydroxymandelic acid and a 
small peak representing an unidentified 
compound present to the extent of 5 per- 
cent of the total radioactivity in the 
urine. All determinations of. radioactiv- 
ity were made by using internal stand- 
ards and were corrected for the partitions 
of the 0-methylated metabolites in the 
two-phase systems described' above. 

Free and conjugated metanephrine 
(Table :1)' accounted for 54 percent of 
the radioactivity in the urine. These re- 
sults differ from those - published by 
others (4) in which little metanephrine 
was found in the urine following the in- 
fusion of C14-epinephrine to man. We 
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also found that 3-methoxy-4-hydroxy- 
mandelic acid accounted for 36 percent 
of the radioactivity in the urine (Table 
1). Armstrong and McMillan (5) have 
reported the latter compound to be a 
major metabolite of norepinephrine. 

To examine the relative importance 
of deamination in the metabolism of 
epinephrine, the metabolism of its major 
product, metanephrine, was studied. 

About 0.7 mg of P-H3-metanephrine 
(6) was administered intravenously to 
two normal young males over 45 min- 
utes, and urine was collected for 48 
hours. In contrast to the marked physio- 
logical and psychological effects pro- 
duced by PI-H3-epinephrine, no detecta- 
ble effects accompanied infusion of 
P-H3-metanephrine. As in the case of 
P3-H3-epinephrine, 88 to 92 percent of the 
radioactivity was excreted in the urine. 
Essentially the same fraction of the ad- 
ministered radioactivity was excreted as 
metanephrine (free and conjugated) 
after administration of P-H3-metaneph- 
rine as was found after administration of 
P-H3-epinephrine (Table 1). A consid- 
erable proportion of administered meta- 
nephrine was deaminated and excreted 
as 3-methoxy-4-hydroxymandelic acid, 
indicating that a significant fraction of 
the metanephrine arising from epineph- 
rine is further metabolized to 3-meth- 
oxy-4-hydroxymandelic acid. 

These results indicate that the role of 
monoamine oxidase in epinephrine me- 
tabolism is mainly in the deamination 
of metanephrine. This would explain the 
observations that iproniazid, an inhibitor 
of monoamine oxidase, does not prolong 
the physiological actions of epinephrine 
in vivo (7). 

From our results it can be concluded 
that the principal pathway of metabo- 
lism of epinephrine in man is its 0- 
methylation to metanephrine, which in 
turn is conjugated and deaminated. 
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This, together with the lack of physio- 
logical and psychological action of 3-0- 
methyl catechol amines observed by 
others with normetanephrine (8) and 
by us with metanephrine, points to cate- 
chol-O-methyl transferase as the princi- 
pal enzyme for the inactivation of epi- 
nephrine. 

Note added in proof: Since this com- 
munication was submitted for publica- 
tion, a paper by Kirshner et al. (9) has 
appeared which reports that 47 percent 
of the radioactivity in the urine is "3- 
methyl-O-adrenaline" (metanephrine), 
free and conjugated, following the ad- 
ministration of d,l-adrenaline-2-C14 to 
man. This finding differs from that re- 
ported previously by these workers (4). 
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on the premise that the loop of Henle 
acts as a countercurrent multiplier sys- 
tem. The loop of Henle mechanism was 
thought to make the interstitium of the 
medulla hyperosmotic, which in turn 
caused diffusion of water out of the col- 
lecting ducts and concentration of the 
urine. The great theoretical advantage of 
this mechanism is that at no level in the 
kidney need there be large osmotic gradi- 
ents maintained by tubular structures 
only one cell layer thick. 

The original experimental observa- 
tions in support of this theory were those 
of Wirz, Hargitay, and Kuhn (2), who 
concluded from cryoscopic studies of 
slices from concentrating rat kidneys that 
the osmotic pressure was identical for all 
adjacent tubular structures at any level 
in the kidney, and that there was a stead- 
ily increasing osmotic gradient from the 
cortex, which was isosmotic with plasma, 
to the tip of the papilla. Recent analyses 
of distal tubular fluid by Wirz (3) and 
ourselves (4) demonstrate that fluid in 
all adjacent tubules does not have the 
same osmolality, invalidating this aspect 
of the original data which presumably 
was due to postmortem diffusion. This 
does not, however, invalidate the theory 
of increasing osmotic gradient from cor- 
tex to papilla. This report (5) presents 
the results of osmolality determinations 
on fluid collected directly from the loops 
of Henle of hamsters. 

The papilla of the hamster's kidney, 
which extends into the upper portion of 
the ureter, was exposed in anesthetized 
animals. When observed microscopically, 
vasa recta and collecting ducts were read- 
ily apparent. Under proper illumination, 
segments of narrow tubular structures 
filled with clear fluid were sometimes 
visible. When punctured with a micro- 
pipette and filled with large amounts of 
dye, they were seen to form typical hair- 
pin loops without anastomosis. On occa- 
sion it was subsequently possible to mac- 
erate the kidney and to follow the in- 
jected loop by microdissection to the 
proximal and distal convolutions of a 
juxtamedullary nephron, proving beyond 
doubt that the structure punctured in the 
papilla was a loop of Henle. In order to 
exclude the possibility that the sample 
was plasma from a vas rectum without 
red cells or anastomosis, it was sufficient 
to demonstrate that the sample contained 
little or no protein by qualitatively test- 
ing it with heat or trichloroacetic acid. 
Fluid was also collected from adjacent 
collecting ducts at the same level. Osmo- 
lality was determined by the microcry- 
oscopic method of Ramsay and Brown 
(6). 

The results of four typical analyses of 
fluid from the bends of the loops and col- 
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vasa recta and collecting ducts were read- 
ily apparent. Under proper illumination, 
segments of narrow tubular structures 
filled with clear fluid were sometimes 
visible. When punctured with a micro- 
pipette and filled with large amounts of 
dye, they were seen to form typical hair- 
pin loops without anastomosis. On occa- 
sion it was subsequently possible to mac- 
erate the kidney and to follow the in- 
jected loop by microdissection to the 
proximal and distal convolutions of a 
juxtamedullary nephron, proving beyond 
doubt that the structure punctured in the 
papilla was a loop of Henle. In order to 
exclude the possibility that the sample 
was plasma from a vas rectum without 
red cells or anastomosis, it was sufficient 
to demonstrate that the sample contained 
little or no protein by qualitatively test- 
ing it with heat or trichloroacetic acid. 
Fluid was also collected from adjacent 
collecting ducts at the same level. Osmo- 
lality was determined by the microcry- 
oscopic method of Ramsay and Brown 
(6). 
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ity of plasma from the inferior vena cava. 
Fluid from cortical segments of proximal 
tubules and late distal convolutions was 
isosmotic and from early distal convolu- 
tions, hypo-osmotic to plasma. 

These results are highly consistent with 
the hypothesis of Hargitay and Kuhn (1) 
that the mammalian nephron functions as 
a countercurrent multiplier system to 
concentrate the urine. The details of the 
mechanism appear to be somewhat dif- 
ferent from those first proposed (7). 
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