well as taurine) (5, 6). We have no expla-
nation for this difference.

The mechanism of the increased tau-
rine content in the hearts of the hyperos-
motically stressed mice is unknown. The
heart can both synthesize taurine and
transport taurine from the circulation (7).
Since the uptake of taurine into myocar-
dial membranes is sodium-dependent (8),
the latter mechanism may operate in
hypernatremic mice.

Whether taurine has a function in
heart is not known (2, 3, 9). Although we
cannot rule out other possible explana-
tions (2, 3, 10-12) the striking decrease in
heart taurine during hypoosmotic stress
(2, 3) and increase during hyperosmotic
stress support the possibility that taurine
acts as an osmotic agent in mammalian
heart. .

Jean HorowacH THURSTON
RicHARD E. HAUHART
ELISE F. NACCARATO
Edward Mallinckrodt Department of
Pediatrics, Washington University
School of Medicine, and Division of
Neurology, St. Louis Children’s
Hospital, St. Louis, Missouri 63110
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Hydrogen Isotope Ratios of Mouse Tissues
Are Influenced by a Variety of Factors Other Than Diet

In a recent report, Estep and Da-
browski (I) presented data which they
claimed defined the relationship between
the stable hydrogen isotopic ratios of an
animal’s tissues and those of its food and
water sources. On the basis of their
interpretation of these data, they sug-
gested that the isotopic composition of
animal hydrogen records information
about an animal’s diet. We wish to com-
ment on their report.

Estep and Dabrowski (/) studied a
single group of mice that had eaten a diet
of a fixed ratio of deuterium to hydrogen
(D/H) and drunk water whose D/H ratio
differed from that of the diet by a con-
stant amount. They found that the D/H
ratios of dried samples of liver, muscle,
and feces were similar to the D/H ratio of
the food and dissimilar to the D/H ratio
of the water. They concluded that the
hydrogen isotopic composition of the
food an animal eats rather than that of
the water it drinks controls the isotopic
composition of the- organically bonded
hydrogen in its tissues. '

Table 1. Stable hydrogen isotopic ratios of
mouse food, mouse tissues, and cellulose
nitrate that were exposed to water vapors of
different isotopic composition. Food and tis-
sue samples from 11 BALB/c female mice
raised on Wayne Lab-Blox F6 mouse food
and tap water (8) were pooled, homogenized,
and freeze-dried. Aliquots of dried food, liver,
and brain were held for 1 week in two cylin-
ders above liquid water whose 3D values are
given. Aliquots of dried cellulose nitrate pre-
pared from mangrove wood (3) were exposed
to the same conditions for 2 weeks. All sam-
ples were vacuum-dried for 24 hours prior to
conversion of their organically bonded hydro-
gen to water by the Stump and Frazer com-
bustion procedure (9), reduction of the water
to hydrogen gas by the procedure of Bigelei-
sen et al. (10), and determination of the iso-
topic ratios of the hydrogen gas by mass
spectrometry, The D/H ratios are given as 3D
values (6). The precision of the 8D determina-
tions was * 2 per mil.

3Dgmow (per mil)

Ex-

peri-
Sample Ex- Ex- ment 2
peri- peri- minus

ment 1 ment 2 ex-

peri-
ment 1

Water ~79 +128 +207
Brain - 146 —112 +34
Liver -81 -30 +51
Food —55 +5 +60
Cellulose +16 +17 +1
nitrate

Copyright © 1981 AAAS

Hydrogen isotopes are fractionated
during biochemical reactions in a variety
of organisms (2-5). Indeed, Estep and
Hoering (2) observed an isotopic frac-
tionation between some plants and the
water in which they grew that was about
as large as the difference Estep and Da-
browski (1). reported between the D/H
ratios of the mouse tissues and the water
the mice drank. It is certainly possible
that the fractionations that occur during
the incorporation of hydrogen from wa-
ter into the proteins, lipids, and other
compounds of which organisms are com-
prised are of the same sense and magni-
tude in both plants and animals. The data
reported by Estep and Dabrowski (1) do
not eliminate this possibility. Several
types of experiments could be done to
determine whether the D/H ratios of food
control the D/H ratios of animals. One
could analyze tissues from animals
raised on food and water whose D/H
ratios differ so drastically (by a factor of
50 or more) that any reasonable fraction-
ations could not interfere with interpre-
tation of the results. One might also
analyze tissues from at least two sets of
mice raised on food of the same isotopic
composition but supplied with waters
whose D/H ratios differed by a large
amount.

The experiments we suggest above
probably will show that the D/H ratios of
animals and their tissues are not con-
trolled solely by the D/H ratios of their
food. We have done a simple experiment
which indicates that the D/H ratios of
a significant fraction of the organically
bonded hydrogen in animal tissues must
be determined by the isotopic composi-
tion of water that the samples encounter.
We exposed aliquots of dried mouse
brain and liver and mouse food to water
vapors of different D/H ratios prior to
isotopic analysis. The data in Table 1
indicate that at least 16 percent of the
hydroger: in mouse brain is exchangeable
with the hydrogen of water; the corre-
sponding values for mouse liver and
mouse food are 25 and 29 percent. By
contrast, none of the hydrogen in cellu-
lose nitrate, a sample we analyzed as a
control since its hydrogen is bonded non-
exchangeably to carbon (3), exchanges
under these conditions (Table 1). These
values represent minimum eéstimates of
the amount of exchangeable hydrogen in
the different samples, because we made
no effort to determine if the exchange
process had gone to completion. Ex-
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change with liquid water present in ani-
mal tissue in vivo would be at least as
rapid as the exchange with water vapor
we observed in our experiment. OQur data
thus indicate that a large fraction of the
organically bonded hydrogen in whole
mouse tissues cannot be controlled by
the hydrogen isotopic composition of
mouse food, since it must exchange with
water present in the tissues both in vivo
and postmortem. Our experiment does
not address itself to an additional non-
dietary influence on animal D/H ratios—
namely, the likely possibility that some
of the nonexchangeable hydrogen in
these tissues was derived from the water
in body fluids when the proteins, lipids,
and other compounds that make up the
tissues were synthesized.

The data in Table 1 illustrate one other
problem with the suggestion (/) that the
D/H ratios of animals can be used to
obtain information about their diets. The
D/H ratios of the organically bonded
hydrogen of animal tissues must depend
on the relative abundances of the numer-
ous chemical components that constitute
them, since these components can have
different D/H ratios (4). The difference of
approximately 70 per mil we observed
between the 8D values (6) of brain and
liver taken from the same mice almost
certainly is caused by the higher concen-
tration of lipids in brain as compared
with liver (7), because lipids have more
negative 3D values than the other com-
ponents of animal tissue (4). A difference
of 70 per mil between the 8D values of
two animals living in the same habitat
would be interpreted as evidence for
different diets if the suggestion of Estep
and Dabrowski (/) were followed, yet
such an isotopic difference could merely
be a reflection of differences in fat con-
tent of two organisms feeding on the
same food sources.

In summary, we believe that the ex-
periment - of Estep and Dabrowski (/)
does not show that the D/H ratios of the
organically bonded hydrogen in animals
are determined by the D/H ratios of their
diets. We suggest that the hydrogen iso-
topic composition of an animal is con-
trolled by a variety of factors, including
its chemical composition as well as the
D/H ratios of its food and water. We
believe that further experimentation is
needed to determine whether dietary in-
formation can be obtained from analysis
of the isotopic ratios of animal hydrogen.

MicHAEL J. DENIrO*
SAMUEL EPSTEIN
Division of Geological and Planetary
Sciences, California Institute of
Technology, Pasadena 91125
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Since the pioneering work of Schoen-
heimer (1) nearly 40 years ago, it has
been generally accepted that ‘‘sub-
stances with ‘labile’ isotopes . . . cannot
be employed for biological tracer experi-
ments, as they will lose the marker im-
mediately after ingestion, the heavy hy-
drogen being replaced by normal hydro-
gen of the aqueous body fluids. Hydro-
gen attached directly to carbon is
generally stably bound.” In control ex-
periments, Estep and Hoering (2, 3)
demonstrated that the organic hydrogen
in the macromolecules in algae does not
exchange extensively with water while in
living cells or in intact but dormant cells.
Even algae subjected to careful sonica-
tion did not exchange hydrogen isotopes.
Only after the cellular material had been
denatured by heating at 56°C for 24 hours
was the cell hydrogen extensively ex-
changed with the hydrogen in water.

Estep and Hoering (3) showed that,
when cultures of algae growing photo-
synthetically in water with a 8D of —60
were transferred to an identical medium,
where the 3D of the water was changed
to +60, the 8D of the cells did not rapidly
reflect the change in the 3D of the water,
although the algae went through four
doublings in population each day for 4
days. Estep and Hoering postulated that
the hydrogen is metabolized into the
cells by way of a pool of a bound com-
plex that does not exchange rapidly with
cellular water.

Apparently, under some conditions,
the organic hydrogen in cells is not as

labile toward exchange with water as
Schoenheimer’s principles predict. De-
Niro and Epstein’s criticism (4) is based
mainly on experiments that are vague
and difficult to interpret. First, mouse
food and tissues were exposed to water
vapor above liquid water at an unspeci-
fled temperature. Temperatures consid-
erably above the body temperature of
the mouse will cause the rupturing of
quaternary and possibly even tertiary
hydrogen bonds. Second, the initial iso-
topic composition of the organic samples
is not reported. Third, the liquid water
was analyzed for its hydrogen isotopic
composition, but the composition of the
water vapors contacting the organic sub-
stances will be depleted in the heavy
isotope. Fourth, the mouse tissues were
homogenized and freeze-dried before the
exchange experiment, and it is difficult
to assess the extent of denaturation. It is
difficult to compare the results of experi-
ments of Estep and Dabrowski (5) car-
ried out with living mice and snail tissues
and of Estep and Hoering (2, 3), con-
ducted on algal cells with those of De-
Niro and Epstein in which homogenized
and freeze-dried mouse tissue was used.

DeNiro and Epstein note (4) that ‘‘Es-
tep and Hoering . . . observed an iso-
topic fractionation between some plants
and the water in which they grew that
was about as large as the différence
Estep and Dabrowski . . . reported be-
tween the D/H ratios of the mouse tis-
sues and the water the mice drank.”
They then hypothesize that ‘‘it is certain-
ly possible that the fractionations that
occur during the incorporation of hydro-
gen from water into the proteins, lipids,
and other compounds of which orga-
nisms are comprised are of the same
sense and magnitude in both plants and
animals.’’ The coincidence in an isotope
fractionation of a similar magnitude in
photosynthetic plants and heterotrophic
organisms- may. be possible and would
greatly compound the difficulty of inter-
pretation. Estep and Hoering (2, 3) have
shown, however, that, when algae are
shifted from photosynthetic to hetero-
trophic growth, the isotopic composition
of the algae shifts and becomes similar
to that of the organic food source. In
fact, when cells are grown photohetero-
trophically (in light with glucose), the
isotopic composition of the algae reflects
both the organic substrate and photosyn-
thetically fractionated material. If ex-
change of organically bonded hydrogen
with cellular water were the controlling
factor, the isotopic composition of the
cells should be independent of the mode
of growth.
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- At present, there is some uncertainty
about whether the isotopic composition
of the hydrogen in prey and predators
can be used to follow food chains, but
similar criticism may also be applied to
the use of carbon or nitrogen isotopes in
analogous studies. DeNiro and Epstein
specifically criticize (4) that ‘‘the D/H
ratios of the organically bonded hydro-
gen of animal tissues must depend on the
relative abundances of the numerous
chemical components that constitute
them, since these components can have
different D/H ratios.”” Biochemical frac-
tions, that is, lipids, proteins, and carbo-
hydrates, not only have different hydro-
gen isotope ratios but also different car-
bon and nitrogen isotope ratios (6, 7).
Different tissues from mice fed a single
diet may have a difference of 5 per mil in
their carbon isotopic compositions (6).
The symmetry between the results found
for snails and their known food source

Angiotensin II Binding Sites in

We here point out that the report by
Landas et al. (1) does not represent the
first direct evidence of angiotensin If
receptors in the organum vasculosum of
the lamina terminalis (OVLT) of the rat
brain. Using a quantitative light micro-
scope radioautographic approach we ob-
served previously (2) that blood-borne
'>’I-labeled angiotensin II binds to spe-
cific sites in all of the circumventricular
organs of the brain, including the OVLT.
The specificity of angiotensin II binding
sites was established by means of com-
petitive binding studies in vivo showing
quantitatively that angiotensin II antago-
nists blocked the binding of '*’I-angio-
tensin II to the OVLT, whereas competi-
tion with a structurally dissimilar peptide
was ineffectiveé. We have also observed
(3) that specific binding sites for blood-
borne angiotensin II are concentrated
within the neuropil about the capillary
plexus of the OVLT. Landas et al. (I)
observed that CSF-borne angiotensin 11
binds to sites along the ventricular sur-
face of the brain adjacent to the OVLT:
These combined observations provide
evidence for the existence of two ana-
tomically distinct populations of angio-
tensin II receptors in the OVLT. We
bring these facts to light to reemphasize
that topographic differences in circum-
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and the results for mice and their known
food source indicates that the isotopic
composition of the hydrogen in the diet
is at least a very important factor con-
trolling the hydrogen isotopic composi-
tion in the predator.
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Rat Brain

ventricular angiotensin II receptors may
be the basis for differential effects of
angiotensin II on brain function, particuj
larly when angiotensin II is administered
to the brain by anatomically different
routes.
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Bagrry I. POSNER

Department of Medicine, Polypeptide
Hormone Laboratory, McGill
University, Montreal, Quebec H3A 2B2

References

1. S. Landas, M. L. Phillips, J. F. Stamler, M. K.
Raizada, Sctence 210, 791 (1980).

2. M. van Houten E. L. Schiffrin, J. F. E. Mann
B. I. Posner, R. Boucher, Brain Res. 186, 480
(1980).

3. M. van Houten, E. L. Schiffrin, B. 1. Posner,
unpublished data.

7 January 1981

Our report (/) appedred independently
and in the same year as that of van
Houten er al. (2). Both studies support
the hypothesis that we proposed over §
years ago, that the organum vasculosum
lamina terminalis (OVLT) is a receptor
site for angioténsin II (Ang II) with re-
ceptors on the blood side and on the
ventricular side, whereas thé subfornical
organ contains receptors to blood-borne
angiotensin II only (3). Their autoradio-
graphic study, however, is not direct
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evidence of angiotensin II receptors but
of angiotensin II binding, since they did
not provide evidence of any biological
response. In our study, we tested both
the biological response and binding. Ani-
mals responded to intraventricularly ad-
ministered fluorescein isothiocyanate-
labeled angiotensin II by drinking. The
brains were rapidly removed, frozen,
and cut to reveal that the site of fluores-
cent binding was exclusively on the
OVLT. In addition to this study, we
have accumulated the following evi-
dence to support- the hypothesis. We
showed that microiontophoretic applica-
tion of angiotensin II excited cells in the
OVLT of anesthetized rats (4) and in
brain slices from unanesthetized rats (5).
Blocking access to the OVLT by a ven-
tricular plug abolished the resporse to
intraventricularly administered angioten-
sin II (6) but not intravenously adminis-
tered angiotensin II (7). Very low doses
of angiotensin II applied directly to the
OVLT produced drinking and pressor
responses (8). In carefully dissected
OVLT and subfornical organ tissue, we
showed higher binding levels for angio-
tensin II in both organs compared to the
cortex and an increased level of binding
in the OVLT of hypertensive rats (9).
Therefore, we can add the data of the
autoradiography to the list of different
results from other laboratories which
supports the idea of the OVLT as a
specialized receptor area for blood-
borne and CSF-borne angiotensin II.
M. IaN PHILLIPS
STEVE K. LANDAS
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JounN F. STAMLER
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