the conditions used for the data in Table
2 since it seems likely that the ratio of
formation of these two products would
be influenced by the physiological state.
The data do, however, indicate that am-
monia is a better substrate than gluta-
mate for citrulline synthesis, whereas the
reverse is true for glutamine synthesis.
The evolutionary precedent for a mito-
chondrial localization of glutamine syn-
thetase in vertebrate liver was set in the
elasmobranchs (/4), where the enzyme
functions in conjunction with the gluta-
mine-utilizing carbamyl phosphate syn-
thetase-III in the synthesis of urea for
osmotic purposes. In amphibians, hepat-
ic mitochondrial ammonia detoxication
is via carbamyl phosphate synthetase-I.
Immunochemical and other properties of
carbamyl phosphate synthetases-I and
-III suggest that the two are evolutionar-
ily related (16). The utilization of gluta-
mine synthetase for the intramitochon-
drial detoxication of ammonia appears
not to occur in amphibians, even in those
species that excrete a large percentage of
their excretory nitrogen as uric acid (/7).
However, our data indicate that both
systerns may have been present in the
stem reptiles that subsequently gave rise
to the ruling reptile, avian, and mamma-
lian lines of descent. Both carbamyl
phosphate synthetase-I and cytosolic
glutamine synthetase in mammalian liver
show a heterogeneous distribution with-
in this organ (/8), so whether the same or
different populations of tortoise hepato-
cytes contain both detoxification sys-
tems remains a question.
JAMES W. CAMPBELL
DARWIN D. SMITH, JR.
JEAN E. VORHABEN
Department of Biology,
Rice University,
Houston, Texas 77251
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does raise blood pressure, but to a far
lesser extent than potassium lowers
blood pressure, so that the net effect of
administering potassium chloride would
be to lower blood pressure. MacGregor
observed an average decrease of 7
mmHg in systolic blood pressure when
he added 60 mmol of KCI to the usual
diets of 23 mild hypertensives for 4
weeks (5) and an average increase of 10
mmHg in systolic blood pressure after
adding 100 mmol of NaCl to low sodium
diets consumed by 23 mild hypertensives
for 4 weeks (7). In these experiments,
each 100 mmol of KCIl lowered blood
pressure an average 12 mmHg, and each
100 mmol of NaCl raised systolic blood
pressure an average 13 mmHg. If chlo-
ride, not sodium, were the pressor com-
ponent of salt, potassium would have to
be roughly twice as potent in lowering
blood pressure as chloride is in raising it.

Whitescarver et al. conclude that ‘‘the
development of hypertension in the Dahl
S rat is dependent on the provision of
sodium as sodium chloride.’’ This con-
clusion could only be reached if sodium
chloride had been compared with a num-

351



ber of sodium salts, such as sodium
citrate, sodium nitrite, sodium phos-
phate, or sodium benzoate. To date, the
authors have only shown that a mixture
of sodium bicarbonate and sodium amino
acids does not cause hypertension in the
Dahl S rat. On the basis of these findings
and those of Kurtz and Morris in their
study on uninephrectomized rats treated
with deoxycorticosterone (8), one could
also conclude that sodium raises blood
pressure, but that this effect is canceled
out by a hypothetical depressor effect of
the bicarbonate ion.

We have no problem accepting the
results of the two studies. We point out,
however, that the effect that they dem-
onstrate may be difficult to reproduce
regularly. When Abernethy and one of
us (H.G.L.) demonstrated that pressure
elevation from sodium bicarbonate-ace-
tate mixtures caused less of an increase
in blood pressure than sodium chloride,
the rats also gained less weight. When
pair feeding was done so that there was
no difference in the gain in weight, there
was no difference in the gain in blood
pressure (9). For the moment, we think
that the safest interpretation of these
studies is that the use of an anion other
than chloride in experimental hyperten-
sion in the rat may, in some yet-to-be
defined circumstance, be able to block
the blood pressure-raising effects of sodi-
um, probably by decreasing tubular re-
absorption of sodium.

BonNNIE F. LIEBMAN

Nutrition Center, Science in the Public
Interest, 1501 16th Street, NW
Washington, D.C. 20036

HERBERT G. LANGFORD
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Liebman and Langford (/) raise sever-
al different issues, not all of which are
directly related to our study of Dahl salt-
sensitive (Dahl S) rats fed diets contain-
ing high concentrations of sodium, with
or without chloride (2).

We previously reported that dietary
sodium loading with anions other than
chloride (either bicarbonate alone or a
combination of anions including bicar-
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bonate, phosphate, glycinate, glutamate
and aspartate—referred to as NaAA) did
not produce hypertension in the Dahl S
rat (2, 3). We have recently extended
these observations to another model of
salt-sensitive  hypertension—unineph-
rectomized rats treated with de-
oxycorticosterone acetate (DOCA) (4).
Blood pressures were higher in rats fed
sodium chloride than in rats subjected to
comparable sodium loading by means of
NaAA. These observations led us to
conclude that the full expression of salt-
sensitive hypertension in these models is
not dependent on dietary sodium alone.

In developing the NaAA diet, we com-
bined a variety of sodium compounds so
that, when compared to a high sodium
chloride diet, the equivalent sodium
loading without chloride would not result
in differences in weight gain, arterial pH,
net sodium and potassium balance, and
plasma concentrations of sodium, potas-
sium, and ionized calcium. At the dietary
intakes required, sodium citrate chelates
calcium, sodium nitrate results in de-
creased weight gain, sodium phosphate
causes diarrhea, and sodium benzoate is
a gastrointestinal irritant. After consider-
able trial and error, we arrived at the
NaAA diet. To determine if lower blood
pressures in the NaAA-treated animals
might be related to a nonspecific effect of
the NaAA diet itself, we studied Spra-
gue-Dawley rats using the ‘‘one-kidney,
one-clip”” model of hypertension (one
kidney removed and partial occlusion of
the renal artery of the remaining kidney).
Groups of these rats received either a
high sodium chloride diet or a high
NaAA diet (¢). Over a 17-day period,
both diets caused comparable increases
in blood pressure. We therefore con-
clude that in the Dahl S rat and the
DOCA-salt hypertensive rat the absence
of hypertension in NaAA fed animals is
specifically related to the lower intake of
dietary chloride rather than to some oth-
er effect of the NaAA diet itself.

We have also evaluated the effects of
selective chloride loading (without sodi-
um) on the development of hypertension
in the Dahl S rat (¢). Blood pressure
increased gradually in animals fed 4 per-
cent sodium chloride but did not in-
crease in animals fed equivalent amounts
of chloride provided as glycine chloride.
We therefore conclude that in this model
the development of hypertension is de-
pendent on the concomitant administra-
tion of sodium and chloride.

Our studies are not in conflict with the
observations of others that a high dietary
potassium intake tends to lower blood
pressure, an effect generally attributed to
potassium, not chloride. Our observa-

tions have implications for the mecha-
nism by which sodium chloride produces
hypertension in susceptible hosts.
S. A. WHITESCARVER
C. E. OTT
B. JACksON
Department of Physiology,
University of Kentucky College
of Medicine, Lexington 40536
G. P. GUTHRIE, JR.
T. A. KOTCHEN
Department of Medicine, University
of Kentucky College of Medicine
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Liebman and Langford (/) imply that
we, and others, hold that chloride is the
pressor component of sodium chloride in
the diet. In fact, we proposed the possi-
bility that the anionic component of the
sodium salt consumed can be a critical
pathogenetic determinant of ‘‘sodium-
dependent’’ hypertension. Given our
finding that, in rats given deoxycortico-
sterone (DOC), provision of dietary sodi-
um as sodium chloride induced hyper-
tension whereas provision of dietary so-
dium as sodium bicarbonate did not, we
concluded that it seemed prudent to
speak of sodium chloride-dependent hy-
pertension rather than ‘‘sodium-depen-
dent”’ hypertension. We suggested that
the pathogenesis of the DOC model of
hypertension and other models of ‘‘sodi-
um-dependent’’ hypertension might de-
pend on the chloride component of sodi-
um chloride.

In one sense, Liebman and Langford
appear to agree with our suggestion that
the anion of a dietary sodium salt can
determine the extent to which that sodi-
um salt induces an increase in blood
pressure. They ‘‘feel that the safest in-
terpretation of these studies [ours (2, 3),
and those of Whitescarver et al. (4, 5] is
that the use of an anion other than chlo-
ride in experimental hypertension in the
rat may, in some yet-to-be defined cir-
cumstance, be able to block the blood
pressure-raising effects of sodium, prob-
ably by decreasing tubular reabsorption
of sodium.”’ This formulation, however,
assumes that the pressor effect of a sodi-
um salt resides with the sodium ion alone
and is critically dependent on its in-
creased renal reabsorption.

In presupposing that sodium is the
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pressor component of sodium chloride,
and that chloride merely permits the
kidney to reabsorb more sodium than it
otherwise would, Liebman and Langford
do not appear to allow for the possibility
that dietary chloride might induce hyper-
tension through a mechanism other than
the renal retention of sodium. It is of
course possible that the anion of a di-
etary sodium salt could affect blood pres-
sure by affecting only the renal reabsorp-
tion of sodium. However, in rats given
DOC and in Dahl salt-sensitive rats, the
finding that dietary sodium chloride in-
duces hypertension, but equimolar
amounts of nonchloride containing sodi-
um salts do not, could not be related to
more positive external balances of sodi-
um or to greater weight gain in the rats
given sodium chloride (2-5). These ob-
servations do not support the notion that
anions other than chloride block the
blood pressure-raising effects of sodium
simply by decreasing tubular reabsorp-
tion of sodium. The fact that provision of
supplemental potassium chloride can at-
tenuate the severity of hypertension
does not exclude the possibility that
some effect of chloride contributes to
sodium chloride-induced hypertension.
Liebman and Langford state that it
may be difficult to reproduce the finding
that the anionic component of the sodi-
um salt consumed can be a determinant

of blood pressure. This finding, howev-
er, has been consistently observed in
studies of the DOC model of hyperten-
sion in three separate laboratories (2, 3,
5, 6). The phenomenon occurs in the
absence of impairment of weight gain (2,
3,5).

Studies conducted thus far suggest
that all sodium salts do not have the
same potential to induce increases in
blood pressure (2-8). If dietary sodium
salts were shown to vary widely in their
hypertensinogenic capacities in the hu-
man, the finding would have consider-
able relevance to the pathogenesis of
‘‘sodium-dependent” hypertension.

THEODORE W. KURTZ
R. CurTIsS MORRIS, JR.
General Clinical Research Center
and Department of Medicine,
University of California School of
Medicine, San Francisco 94143
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Electron Density Distribution in the Organic Superconductor

(TMTSF),AsFg: Fact and Fancy

In arecent report, Wudl et al. (1) claim
to have obtained experimental evidence
from x-ray analysis for bonding electron
density between selenium atoms belong-
ing to different molecules of tetramethyl-
tetraselenafulvalene (TMTSF) in the or-
ganic metal (TMTSF),AsFg. The crystal
structure is built from stacks of TMTSF
molecules and sheets of AsFg anions.
The evidence for bonding density con-
sists of various features seen in an elec-
tron-density difference map. Peaks oc-
curring between molecules of the same
TMTSF stack are considered to be ‘“‘a
microscopic view of electron density dis-
tribution along a one-dimensional con-
duction band,”” whereas peaks between
selenium atoms belonging to different
stacks show that ‘‘there is a continuum
of density from one molecule to the other
that may represent a conduction
band” (I, p. 417). Apart from the ques-
tion why peaks in the difference map
(regions of excess electron density)
should be considered to represent a con-
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duction band associated with removal of
electrons from the neutral TMTSF mole-
cules, the claims put forward in the Sci-
ence report (I) are so remarkable that
they can hardly avoid drawing specially
critical attention to the evidence on
which they are based.

A careful evaluation of the evidence
seems all the more necessary because
the high proportion of heavy elements in
the crystal implies that bonding effects
will be very small compared with the
sum of the core densities and hence very
difficult to detect experimentally. In-
deed, the suitability factor of the com-
pound (TMTSF),AsF¢ for a charge-den-
sity study, as defined by Stevens and
Coppens (2), is only 0.11, compared with
about 3 to 4 for a light-atom structure. A
value as low as 0.11 requires extreme
accuracy in the x-ray measurements and
in the parameters describing the promol-
ecule (3), if the difference map is to mean
anything at all (4).

Unfortunately, the full experimental

details of the work have not yet been
disclosed (5). Yet, from the limited infor-
mation provided, there is no indication
of any claims for extraordinary accura-
cy. In fact, the main conclusions are
drawn from difference maps based on
room-temperature data containing only
(I, p. 416) ‘‘minimal high-angle scatter-
ing, presumably due to a 1/3-2/3 rota-
tional disorder observed in the AsFjg
groups.”  Although low-temperature
(—113°C) measurements were also made,
the resulting difference maps were con-
sidered to be inferior to those from the
room-temperature study for reasons that
appear to depend on the authors’ a priori
judgment about what the residual elec-
tron density ought to look like: ‘‘some
common sense is required in the inter-
pretation of what is an artifact of the
experiment and what is ‘real’ electron
density’’ (I, p. 417). )

We are left with the internal evidence
of the electron-density difference maps,
which constitute figures 1 through 4 of
the report (7). Of these, figure 1, showing
the difference density in the plane of the
TMTSF molecule, is the most revealing
for an assessment of the quality of the
maps. Although the site symmetry of the
TMTSF molecule in the crystal is only
C, its electron density can be expected
to correspond closely to the D,, molecu-
lar point group. In fact, density features
corresponding to chemically equivalent
parts of the molecule are of quite differ-
ent shapes, sizes, and strengths; for ex-
ample, one selenium atom is accompa-
nied by a strong peak in the molecular
plane, in the sp? lone-pair region, but the
other three selenium atoms lack this fea-
ture. It is also apparent that all the
atomic centers are in regions of strong
negative density, pointing to a slight er-
ror in the scale factor. Since the integral
of the difference density over the unit
cell must vanish, this negative density
must necessarily be compensated by
positive density in other regions of the
crystal. Thus, many features of the dif-
ference density in the molecular plane,
where it can be checked to some extent,
do not seem particularly meaningful and
are almost certainly due to errors in the
measurements and in the parameters. It
therefore seems prudent to reserve judg-
ment about the significance of features of
the difference map in the other regions
where no such checks are possible.

The importance of accurate charge-
density maps for studying chemical
bonding can hardly be denied, but at the
same time the experimental difficulties
involved in obtaining such maps, partic-
ularly for heavy-atom compounds,
should not be underrated. The experi-
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