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The experiments described here showed
that dietary chloride deficiency modifies the
histological changes encountered in potassi-
um-deficient rats.

Morphological changes in potassium-
deficient rats have been studied repeatedly
(1-3). If the diet is deficient only in potassi-
um, kidneys show characteristic tubular
lesions and appear swollen and pale. In one
paper, it was reported that, if chloride was
also omitted from the diet, kidneys were
more normal in appearance and tubular
lesions were much less severe (4).

A recent review (5) states that until re-
cently, “anions in general, and chloride in
particular, have been considered physiologi-
cally indifferent,” but more recent work has
shown ‘“‘that under many physiological and
clinical conditions anion characteristics have
considerable influence on both the reabsorp-
tion of bicarbonate and the secretion of po-
tassium.” Most such studies have been con-
cerned with acid-base equilibria and the
physiological effects of anions on alkalosis. In
this paper, the influence of chloride on the
morphology of kidney, heart, and testis will
be reported.

Matching groups of male Charles River
CD rats (initially, average weight approx-
imately 100 g) were fed K-, Na-, and CI-
deficient diets containing 30% vitamin-free
casein, 449 dextrose. 20% lard, 2% cellulose,
and 4% of a salt mixture containing no potas-
sium, sodium, or chloride;! all vitamins were

* Composition of Salt Mixture Deficient in K, Na,
and CL

Parts Parts
CaHPO, 620 MnSO.-H O 7
CaCoO: 230 Mel, 1.3
MgSO.+7 H.O 202 ZnS0,7 H.0 1
Fe citrate 55 CuS0,*5 H.O 0.6

added to the diet. One of the following sup-
plements was added to a diet when desired:
1.329% NaHCO; (- Na); 1.16% CaCly-
H,0 (+ Cl); 0.929% NaCl (4 Na, + Cl);
1.58% KHCO; (+ K); 1.18% KCI (4 K,
+ Cl); 0.92% NaCl 4 1.58% KHCO; (4
K, 4+ Na, + CI).

The rats were housed individually on wire
screen to facilitate measurement of their food
intakes and were given distilled water to
drink. They were sacrificed after 34-36 days
on the diet and their livers, kidneys, hearts,
testes, adrenals, and thyroids were weighed
and fixed in Bouin’s solution for histological
examination.

Survival rates, average weekly food in-
takes, and terminal body weights are given in
Table I. The highest mortality occurred in
the groups given the potassium-deficient diets
containing sodium (with or without chlor-
ide). Mortality was significantly lower when
the K-deficient diets did not contain sodium
(Chi Square = 8.8; p < .01).

Within each experiment, the food intakes
of the K-deficient groups did not differ sig-
nificantly regardless of other electrolyte sup-
plements; the groups receiving potassium had
significantly higher food intakes and body
weights.

The kidneys of the rats deprived only of
potassium (i.e., given NaCl) were heavier
than in any other group, including the con-
trols. These swollen kidneys were pale and
showed the microscopic lesion described by
Follis: extreme tubular dilatation with the
tubules lined with flattened epithelium and
containing cellular debris and hyaline casts.
No glomerular or vascular lesions were noted.
Figure 1 shows a section of such a kidney.
All kidney sections were evaluated in a blind
test and the lesions graded on a scale of 0—4-}-.
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CHLORIDE IN POTASSIUM DEFICIENCY 877

Fic. 1. Microscopic sections of organs from potassium-deficient rats. a. Kidney of rat given
NaCl. Tubules dilated with flattened epithelium and containing cellular debris. b. Heart of rat
given NaCl. Unspecific myocarditis with focal necrosis of muscle fibers and infiltration of
interstitial spaces by inflammatory cells. c. Testis of rat given NaCl. Essentially normal. d. Testis of

rat given NaHCQs. Advanced atrophy of seminiferous tubules; spermatogenesis absent; ghosts
of spermatozoa and degenerating giant cells in tubular lumina,
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The incidence of 4 lesions is shown in Table
I

When chloride was omitted from the K-
deficient diet, kidneys were significantly
lighter (p < .02 and .001 in Exp. I and II,
respectively) and were a deep brown color.
The lesions described were seen much less
frequently. These lesions would seem to be
due, in large part, to the presence of chloride
in the absence of potassium because, when
chloride was fed alone (without sodium),
kidneys had severe lesions in 7/10 and 2/8
instances whereas, when sodium was fed
alone, there were essentially no severe
lesions, and the kidneys were a dark brown
color. Rats given potassium had essentially
normal kidneys.

The hearts of the K-deficient rats also
showed the effects of chloride. The heaviest
hearts were found in the groups given only
sodium. When chloride was added to sodium,
the hearts were approximately equal in
weight to those animals given neither sodium
nor chloride. Supplementation with chloride
alone resulted in much lighter hearts (p < .01
and .001). Histologically, heart muscles in
all K-deficient groups showed signs of an
unspecific myocarditis characterized by focal
necrosis of muscle fibers and infiltration of
the interstitial spaces by leucocytes. This has
been described by Follis (1). A section of
such a heart is shown in Fig. 1. Evaluation of
the lesions in a blind test did not reveal any
marked differences among the K-deficient
groups (TableI).

The testis was particularly affected by the
presence or absence of chloride in the diet of
K-deficient rats. Absence of chloride, re-
gardless of whether sodium was present or
not, brought about advanced testicular de-
generation (Table I). Testes of rats given
only sodium weighed less than half those of
the K-deficient rats given NaCl. Addition of
chloride alone, increased testicular weight
more than did NaCl.

Sections of testes of rats fed the K-
deficient diets supplemented with sodium
only and with sodium 4 chloride are shown in
Fig. 1. In the rats receiving NaHCO,, the
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seminiferous tubules of the atrophic testes
were greatly reduced in diameter; spermato-
genesis had ceased, with only Sertoli cells and
a few pycnotic cells remaining. Ghosts of
spermatozoa and numerous degenerating
giant cells were found within the tubular
lumina. Leydig cells appeared more numer-
ous because of the condensation of the par-
enchyma. In the animals given NaCl, testes
were more or less normal, as had been ob-
served by others studying potassium deficien-
cy. Testes in the potassium-deficient rats giv-
en chloride without sodium were essentially
normal.

The modification of the histological lesions
occurring in potassium deficiency by chlor-
ide are probably related to the functional
changes produced by chloride on electrolyte
and acid-base balance and fluid distribution.
At least in the testis, the absence of chloride
would appear to have intensified the degree
of potassium deficiency. In any event, the
biological antagonism between potassium and
sodium is strongly modified by chloride.

Summary. Effects of dietary chloride, with
and without sodium, in potassium-deficient
rats were studied in two experiments with
similar results. The rats were sacrificed after
five weeks on the experimental diets. Exclu-
sion of chloride from potassium-deficient
diets modified some of the histological
findings in the potassium-deficient rats. Ren-
al lesions were much less pronounced, but
hearts were abnormally heavy when chloride
was omitted. Testes were normal in the
presence of chloride but markedly atrophic in
its absence. Potassium obliterated these
effects of chloride deficiency.
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