
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). 

ELWOOD H. LABROSSE 
JULIUS AXELROD 

SEYMOUR S. KETY 
Laboratory of Clinical Science, 
National Institute of Mental Health, 
Bethesda, Maryland 

References and Notes 

1. J. Axelrod, Science 126, 400 (1957); J. Axel- 
rod et al., Biochim. et Biophys. Acta 27, 210 
(1958); J. Axelrod, S. Senoh, B. Witkop, J. 
Biol. Chem., in press. 

2. J. Axelrod and R. Tomchick, J. Biol. Chem., 
in press. 

3. Radioactivity was determined by a modification 
of the method of G. T. Okita et al. [Nucleonics 
14, No. X, 76 (1956)]. The sample (0.1 ml of 
urine or 4 ml of isoamyl alcohol extract) was 
added to a mixture of 4 ml of ethanol and 10 
ml of 0.4 percent 2,5-diphenyloxazole and 0.01 
percent ,B-bis[2-(phenyloxazolyl)]benzene in to- 
luene and counted in a liquid scintillation 
spectrometer. 

4. 0. Resnick et al., Science 127, 1116 (1958); 
McC. Goodall, L. Rosen, N. Kirshner, Fed- 
eration Proc. 17, 56 (1958). 

5. M. D. Armstrong, A. McMillan, K. N. F. 
Shaw, Biochim. et Biophys. Acta 25, 422 
(1957). 

6. This compound was prepared enzymatically by 
the 0-methylation of f-H3-epinephrine (2). 

7. S. J. Corne and J. D. P. Graham, J. Physiol. 
(London) 135, 339 (1957); E. C. Griesemer 
et al., Proc. Soc. Exptl. Biol. Med. 84, 699 
(1953). 

8. E. V. Evarts et al., Proc. Soc. Exptl. Biol. 
Med. 98, 74 (1958). 

9. N. Kirshner, McC. Goodall, L. Rosen, Proc. 
Soc. Exptl. Biol. Med. 98, 627 (1958). 

16 July 1958 

Evidence That the Mammalian 

Nephron Functions as a 
Countercurrent Multiplier System 

Abstract. Fluid collected by micro- 
puncture from the bend of the loop of 
Henle in the concentrating hamster kid- 
ney had the same osmotic pressure as 
fluid from a collecting duct at the same 
level, while that from the distal convolu- 
tion was more dilute. This indicates that 
the tubular fluid is first concentrated, 
then diluted, before its final concentra- 
tion. 

Hargitay and Kuhn (1), in 1951, in- 

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). 

ELWOOD H. LABROSSE 
JULIUS AXELROD 

SEYMOUR S. KETY 
Laboratory of Clinical Science, 
National Institute of Mental Health, 
Bethesda, Maryland 

References and Notes 

1. J. Axelrod, Science 126, 400 (1957); J. Axel- 
rod et al., Biochim. et Biophys. Acta 27, 210 
(1958); J. Axelrod, S. Senoh, B. Witkop, J. 
Biol. Chem., in press. 

2. J. Axelrod and R. Tomchick, J. Biol. Chem., 
in press. 

3. Radioactivity was determined by a modification 
of the method of G. T. Okita et al. [Nucleonics 
14, No. X, 76 (1956)]. The sample (0.1 ml of 
urine or 4 ml of isoamyl alcohol extract) was 
added to a mixture of 4 ml of ethanol and 10 
ml of 0.4 percent 2,5-diphenyloxazole and 0.01 
percent ,B-bis[2-(phenyloxazolyl)]benzene in to- 
luene and counted in a liquid scintillation 
spectrometer. 

4. 0. Resnick et al., Science 127, 1116 (1958); 
McC. Goodall, L. Rosen, N. Kirshner, Fed- 
eration Proc. 17, 56 (1958). 

5. M. D. Armstrong, A. McMillan, K. N. F. 
Shaw, Biochim. et Biophys. Acta 25, 422 
(1957). 

6. This compound was prepared enzymatically by 
the 0-methylation of f-H3-epinephrine (2). 

7. S. J. Corne and J. D. P. Graham, J. Physiol. 
(London) 135, 339 (1957); E. C. Griesemer 
et al., Proc. Soc. Exptl. Biol. Med. 84, 699 
(1953). 

8. E. V. Evarts et al., Proc. Soc. Exptl. Biol. 
Med. 98, 74 (1958). 

9. N. Kirshner, McC. Goodall, L. Rosen, Proc. 
Soc. Exptl. Biol. Med. 98, 627 (1958). 

16 July 1958 

Evidence That the Mammalian 

Nephron Functions as a 
Countercurrent Multiplier System 

Abstract. Fluid collected by micro- 
puncture from the bend of the loop of 
Henle in the concentrating hamster kid- 
ney had the same osmotic pressure as 
fluid from a collecting duct at the same 
level, while that from the distal convolu- 
tion was more dilute. This indicates that 
the tubular fluid is first concentrated, 
then diluted, before its final concentra- 
tion. 

Hargitay and Kuhn (1), in 1951, in- 

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). 

ELWOOD H. LABROSSE 
JULIUS AXELROD 

SEYMOUR S. KETY 
Laboratory of Clinical Science, 
National Institute of Mental Health, 
Bethesda, Maryland 

References and Notes 

1. J. Axelrod, Science 126, 400 (1957); J. Axel- 
rod et al., Biochim. et Biophys. Acta 27, 210 
(1958); J. Axelrod, S. Senoh, B. Witkop, J. 
Biol. Chem., in press. 

2. J. Axelrod and R. Tomchick, J. Biol. Chem., 
in press. 

3. Radioactivity was determined by a modification 
of the method of G. T. Okita et al. [Nucleonics 
14, No. X, 76 (1956)]. The sample (0.1 ml of 
urine or 4 ml of isoamyl alcohol extract) was 
added to a mixture of 4 ml of ethanol and 10 
ml of 0.4 percent 2,5-diphenyloxazole and 0.01 
percent ,B-bis[2-(phenyloxazolyl)]benzene in to- 
luene and counted in a liquid scintillation 
spectrometer. 

4. 0. Resnick et al., Science 127, 1116 (1958); 
McC. Goodall, L. Rosen, N. Kirshner, Fed- 
eration Proc. 17, 56 (1958). 

5. M. D. Armstrong, A. McMillan, K. N. F. 
Shaw, Biochim. et Biophys. Acta 25, 422 
(1957). 

6. This compound was prepared enzymatically by 
the 0-methylation of f-H3-epinephrine (2). 

7. S. J. Corne and J. D. P. Graham, J. Physiol. 
(London) 135, 339 (1957); E. C. Griesemer 
et al., Proc. Soc. Exptl. Biol. Med. 84, 699 
(1953). 

8. E. V. Evarts et al., Proc. Soc. Exptl. Biol. 
Med. 98, 74 (1958). 

9. N. Kirshner, McC. Goodall, L. Rosen, Proc. 
Soc. Exptl. Biol. Med. 98, 627 (1958). 

16 July 1958 

Evidence That the Mammalian 

Nephron Functions as a 
Countercurrent Multiplier System 

Abstract. Fluid collected by micro- 
puncture from the bend of the loop of 
Henle in the concentrating hamster kid- 
ney had the same osmotic pressure as 
fluid from a collecting duct at the same 
level, while that from the distal convolu- 
tion was more dilute. This indicates that 
the tubular fluid is first concentrated, 
then diluted, before its final concentra- 
tion. 

Hargitay and Kuhn (1), in 1951, in- 
troduced a new and revolutionary con- 
cept for the mechanism of urine concen- 
tration in the mammalian kidney based 

594 

troduced a new and revolutionary con- 
cept for the mechanism of urine concen- 
tration in the mammalian kidney based 

594 

troduced a new and revolutionary con- 
cept for the mechanism of urine concen- 
tration in the mammalian kidney based 

594 

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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Table 1. Osmolality of fluid from the 
loops of Henle and collecting ducts and of 
plasma from the inferior vena cava. 

Osmolality (milliosmoles 

Hamster per kilogram of water) 
No. Loop of Collect- Plasma Henle ing duct Plasma 

1 1391 1402 308 
2 725 720 336 
3 1270 1206 325 
4 453 453 
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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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