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The mechanism of the severe nitrogen retention
seen in extrarenal conditions such as pyloric
stenosis or intestinal obstruction has not been es-
tablished conclusively. Some investigators at-
tribute it to transient renal insufficiency of a purely
functional character (1, 2). Others (3, 4) be-
lieve that renal function is essentially unaffected
and relate the azotemia directly to the hypochlo-
remia. However, marked nitrogen retention has
been observed frequently in the presence of nor-
mal or high levels of plasma chloride (5, 6).
Kerpel-Fronius (7), furthermore, has shown ex-
perimentally that azotemia is not a complication
of hypochloremia in the absence of dehydration
and also that azotemia does develop in dehydration
without hypochloremia. The purpose of the pres-
ent study was to clarify the problem of extrarenal
azotemia by studying the effects of a gradually
induced hypochloremia on the acid-base equi-
librium and renal function in the dog. The in-
vestigation also includes an analysis of the hista-
mine-stimulated gastric secretion removed during
these experiments.

METHODOF STUDY

Chloride deprivation was gradually produced by the
intermittent withdrawal of the gastric contents. It was
desirable to remove the gastric juice under conditions
otherwise as nearly normal as possible. For this purpose
two healthy female dogs were operated upon under ether
anesthesia. A special gold-plated cannula2 was intro-

1 Read before the Central Society for Clinical Re-
search, November 1, 1940.

2 The gastrostomy cannula employed was devised by
Dr. Alfred J. Klein of the Department of Medicine and
is similar to that described by Dragstedt (Surg., Gynec.,
and Obst., 1933, 56, 799). In the quantitative collection
of gastric juice intermittently over a period of weeks,
the addition of a plunger to Dragstedt's cannula has
proved useful. The cannula proper consists of a brass
tube with an internal diameter of 1.1 cm. and is 7.5 cm. in
length. The circular flange at the proximal end has a
diameter of 3.5 cm. Attached to the cap, which screws
on the distal end of the cannula, is a closed hollow brass
cylinder so constructed in diameter and length that it

duced into the stomach and was brought through the
abdominal wall to the exterior. After recovery from
the operation, the dogs were placed on a liberal diet with
added vitamins. The chloride content of the food was
carefully determined and the intake of salt was main-
tained at a low level almost constantly except for one
short period during which food with a higher salt con-
tent was inadvertently used. The chloride intake in dog
14 (weight 7.6 kgm.) averaged 315 mgm. daily, exclud-
ing seven days when the daily intake approximated 499
mgm. The chloride intake in dog 35 (weight 11.0 kgm.)
averaged 467 mgm. daily, except for one week during
which the daily amount rose to 746 mgm. Both dogs re-
ceived a liberal allowance of chloride-free water which
they drank freely throughout the experiment. In dog
14 the intake averaged 237 cc. daily for most of the ex-
perimental period; this amount was increased to 366 cc.
daily during the final four weeks. Dog 35 received 331
cc. daily at first. The intake was then increased to 462
cc. and during the last seven days averaged 975 cc. (in-
cluding 100 cc. of 2% per cent sodium citrate and 300
cc. 5 per cent glucose in distilled water intravenously).

The weight of the animals was checked every seven
to fourteen days. The serum chloride, carbon dioxide and
pH, and the blood urea nitrogen were determined at
weekly intervals (8); in addition, renal function in dog
35 was measured by the urea clearance method of Van
Slyke (9). The urine was collected for two hours in
these studies. After a control period of several weeks,
the removal of gastric contents was begun. The dogs
were trained to stand quietly on a table and the secretion
of gastric juice was stimulated with hourly subcutaneous
injections of histamine, the average dose ranging from
0.33 to 0.50 mgm. in dog 14 and from 0.50 to 1.0 mgm.
in dog 35. The contents were collected in glass Soxhlet

completely fills the lumen of the cannula. Both the
cannula and the plunger are gold-plated. The introduc-
tion into the stomach is simple. An incision is made in
the anterior surface of the antrum just long enough to
permit insertion of the flange. Two pursestring sutures
are taken in the stomach around the shaft of the cannula
and the omentum is wrapped around the shaft. The
distal end of the cannula is brought to the outside through
a stab wound in the abdominal wall. There has been no
leakage with subsequent excoriation of the skin and no
loss of gastric juice in dogs prepared by this method.
On withdrawal of the cap and plunger there is an im-
mediate flow of gastric contents undiluted by materials
which usually accumulate in the shaft of a cannula with
a simple cap.
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FIG. 1. THE EFFECT OF GRADUALCHLORIDE DEPLETION ON THE ACID-BASE BALANCE
AND BLOOD UREA NITROGEN IN DOGNUMBER14

flasks, after removal of the screw-cap plunger from the
cannula, for three hours each day. Food and liquids
were placed in the cages after each collection. Accurate
records were kept of the volume of secretion removed
daily; the pH was determined with a Beckman pH meter;
the chlorides were measured by the method of Van Slyke
and Sendroy (8). It was impossible to prevent the
occasional accumulation of saliva in the stomach; re-
gurgitation of bile, however, was infrequent.

RESULTS

The gastric contents were withdrawn intermit-
tently from dog 14 over a period of seventy-four

days. It will be noted (Figure 1) that the serum
chloride decreased gradually from an average of
105.5 mM. per liter to the low value of 46.8 mM.
per liter, a reduction of 56 per cent. The serum
carbon dioxide rose to a peak of 56.2 mM. per
liter, and the pH increased to a level of 7.63.
The total anion concentration (Cl and HCO3) de-
creased from an average of 135 mM. per liter,
when the acid-base balance was normal, to 103.1
mM. per liter as the hypochloremia became severe.
Despite the severe hypochloremia and alkalosis,
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TABLE I

Gastric secretion during hypochloremia

Gastric juice (daiy values)

Volume pH Chloride

cc mM. per liter
Dog 14:

a. Period of normal blood chloride 70-150 1.20-1.43 132-148
(103.8-101.2 mM. pe liter) average 99 average 1.30 average 138

h Svere hypochloremia 56-124 1.40-2.70 92-126
(55.2-46.8 mM. per liter) average 84 average 1.87 average 117

Dog 35:
a. Period of normal blood chloride 87-170 1.18-2.41 132-148

(108.4-98.4 mM. per liter) average 121 average 1.43 average 140
b. everehypochoa 46-159 1.45-1.65 112-140

(56.4-38.9 mM. per liter) average 123 average 1.51 average 131

the rise in blood urea nitrogen was slight, ranging
from 14.0 to 19.7 mgm. per cent during the period
of chloride loss. It will be noted (Table I, Fig-
ure 2) that the volume and chloride content of
the gastric juice decreased moderately while the
pH rose slightly. Weight loss amounted to 1.1
kgm., or 14 per cent of the body weight, and oc-

curred chiefly during the latter stages of the ex-
periment. Weakness gradually increased and on
the seventy-fourth day the withdrawal of gastric
juice was discontinued. The dog was found dead
in its cage several days later. At necropsy the
lungs were congested but there was no evidence
of pneumonia. The kidneys showed early post-
mortem changes. The glomeruli and tubules were
normal on microscopic examination, although con-
siderable protein precipitate was present in the
glomerular spaces and in the tubules. Calcium
was not found in the kidney, using von Kossa's
silver nitrate stain. One parathyroid gland was
successfully located and appeared entirely normal
on histologic examination.

The gastric contents were withdrawn intermit-
tently from dog 35 for eighty-six days. The serum
chloride, carbon dioxide and pH remained normal
for thirty-nine days, by which time 13,510 mgm.
of chloride had been removed (Figure 3). In
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FIG. 3. THE EFFECT OF GRADUALCHLORIDE DEPsETION ON THE ACID-BASE BALANCE, BLOOD
UREANITROGEN, ANDURACLEARANCEIN DOGNUMBER35
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the followin"g week the serumii clhlori(le decreased
appreciably and eventually dimiiinislhed f romii an

average of 107.3 mMI. per liter to tlle low level of
38.9 mlM. per liter, a reduction of 64 per cent.
The serumii carbon dioxide rose to a lheiglht of
57.5 m.M. per liter anid the pH to a level of 7.72.
Durinig the final two days the serumii carbon

dioxide anid pH decreased despite the progressive
hylpoclhloremia. The total aniioln concenitration
(Cl anid HCO: ) dimiiniislhed fromii an average of
131 mlM. per liter, wlheni the acid-base balance
was niormiial, to the very low value of 82.1 miM.

per liter durilng tlle finial stages of the hypochlo-
remiiia. The blood urea nitrogen in this animiial
reaclhed a l)eak of 28.6 miigmii. per cenit. This
moderate clevation of the blood urea niitrogen is

in miiarked contrast to the hiiglh values usually
foun(d in acute lhypocliloremiiia anid alkalosis. The

values raanged fromii 10.9 to 17.1 mgm. per cent
when the serumi clhloridle was normal and f rom

16.8 to 28.6 miigmii. per cenit durilng the hypochlo-
remiiia. The total plasmiia nitrogen, lnoni-protein ni-
trogenl, and plasma proteins were normal several
lhours before deatlh, the values beilng 10.14 gramiis

per liter, 0.40 gramis per liter, and 6.09 grams per

cenit, r-espectiv ely. Excretion of ingested water
Nas delayed in botlh dogs as the clhloride loss was

initenisified. However, after dituresis appeared,
urinie volumiies during the hypoclhloremia closely
approxiiimated those obtainled wlhen the acid-base
balance wxas niormial. The urine volumiies inl dog
35 average(d 1.72 cc. per mlinute durinlg the con-

trol period and 1.46 cc. per miiinute during clhloride
deprivation. Urinie collections (two-lhour periods)
were delayed until diuresis occurred. The urea

clearalnces remiiailned normal througlhout the ex-
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periment, raniginig f romii 68.9 cc. to 41 .8 cc. of
blood per square mieter wlhen the serumll clloridle
was normiial, and fromii 50.9 cc. to 47.2 cc. dlur-inlg
the chloropenia, excel)t for olne value of 38.7 cc.
These results do nlot differ greatly fromii the aver-
age urea clearalices reported for thle niorml-al (log
by otlher- autlhors. Rlhoads et al. (10) ol)taine(l an
average clearanice of 49.8 cc.; Ralli ct al. (11),
57.7 cc.; and(I Jolliffe anid Smiiitlh (12), 55.3 cc.
Inl dog 35 the average daily volumiie of gastric
juice was unichalnged, the pH rose slightly, and
the (lecrease in chloride contenit was comparatively
small (Table I, Figure 4). Dog 35 lost 1.5 kgmii.,
or 13.5 per cenit body weiglht, almost elntirely (ltr-
iing tlle last seveni (lays of the experimenit. Mus-
cular lhyperirritability (leveloped on the eiglhty-
eightlh day and the animal died several hours later.
At necropsy the glomiieruli were niormial aln(d there
wN-as slight focal tubular atruoph witlh cortical scalr-
rinig. The lumiiina of miiany of the collectilng tu-

btules were filled witlh blue staininig miiasses whicl
proved to be calciumn (Figure 5). Anialysis of
the skini, skeletal muscle, liver, and kidney in both
(logs revealed a muarkedly reducedI clhloride conl-
tenit. Direct measuremiients of the blood sodium
vere lnot miiade in these experimiients. However,
the fact that the sumil of the anionis (Cl and( HCO:.)
wxas mituclh below nlormal inidicates a decreased conl-
cenitration of cationi, i.c., sodiumii.

DISCUSSION

Iniasmiiuclh as the gastric juice is (lerived from
water anid electrolytes taken fromii the blood
plasma, the conitiniued loss of gastric secretion
inivolv es a considerable loss of clhloride and a muclh
smiialler but significant depletion of sodiullm. The
loss of anion (Cl) is replace(l by an extension
of bicarboniate, anid ther-efore (loes not alter the
total electrolyte valuie at first, whereas loss of base
is not replaceable except frolim the diet anid, more-
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over, carries with it an equivalent quantity of
bicarbonate ion. The deficit of base is accom-
panied by a corresponding loss of extracellular
water, leading to an extensive reduction in the
volume of extracellular fluid (13). Severe nitro-
gen retention usually accompanies such acute dis-
turbances in the plasma electrolytes and fluid (14,
15, 16). Experimentally, Dragstedt and Ellis
(17) found an elevation of the urea nitrogen
from 12 to 154 mgm. and of the non-protein ni-
trogen from 27 to 180 mgm. when the whole blood
chloride decreased from 300 to 108 mgm. of chlo-
ride. The pathogenesis of the azotemia has not
been clearly understood, although several explana-
tions have been offered. Blum attributed the rise
in blood urea to reabsorption of urea through the
tubules of the kidney in order to raise the sub-
normal osmotic pressure of the plasma. Urea,
however, is a crystalloid and, even if reabsorbed,
would not regulate the osmotic pressure of the
plasma as originally conceived for it diffuses freely
through all the tissues of the body. As McCance
(15) points out, nothing can act as an efficient sub-
stitute for an extracellular electrolyte unless its
distribution is limited to the extracellular fluids.

A second cause which has been given for the
development of extrarenal azotemia is the in-
creased protein catabolism of dehydration. Nu-
merous investigators (18, 19) have shown that de-
privation of water alone may accelerate the break-
down of protein. McCance (20) found during
acute salt deficiency produced by diet and sweating
that, with a reduction in the volume of body fluids
of 28 to 38 per cent, the subjects were in negative
nitrogen balances. Both in clinical and experi-
mental salt deficiency the loss of chloride is abrupt
and is rapidly followed by a marked loss of body
water. The nitrogen retention, therefore, may be
explained simply on the basis of excessive protein
breakdown associated with anhydremia (21, 22,
23). The azotemia in hypochloremia has been at-
tributed also to impaired renal function secondary
to dehydration (24, 25). This concept is sup-
ported by the findings of Landis et al (26) in that
the mild elevation of blood urea nitrogen follow-
ing restriction of sodium chloride was accom-
panied by a slightly diminished average twenty-
f our-hour urea clearance. The conventional one-
hour clearances were normal. McCance and Wid-
dowson (27) found a decrease of the creatinine,

sucrose, inulin, and urea clearances during acute
salt deficiency. These decreases were attributed
to diminished glomerular filtration and to in-
creased tubular reabsorption of urea. Eventual
reduction of the volume of blood plasma by the
process of dehydration causes physical changes in
the blood and in the mechanics of its circulation
which greatly reduce volume flow through the
kidneys, with the result that accuracy of renal
function is impaired. These changes include: in-
creased colloidal osmotic pressure; increased blood
viscosity, decreased blood volume; a reduction in
the number of " active glomeruli "; and a decrease
in the rate of circulation. Regardless of the spe-
cific mechanisms operative, it is apparent that the
basic renal disturbance is not one of primary or
secondary renal disease but of impaired renal
function secondary to dehydration.

This study, in contrast to the previous investi-
gations, indicates that a gradually induced hypo-
chloremia is not necessarily accompanied by severe
nitrogen retention. Ambard and his associates
(28) and Hiatt (29) have made similar observa-
tions. The decisive factor which determines the
extent of azotemia during hypochloremia appears
to be the degree and rapidity of dehydration as-
sociated with the chloride loss. The extracellular
fluid was not measured but, presumably, was
diminished. Evidence for its decrease is to be
found in the significant loss of weight sustained
by both dogs and also in the established fact that
loss of body fluid occurs with a decrease in serum
electrolytes (30). Since the animals drank con-
siderable amounts of chloride-free water daily, it
would appear that dehydration did not exist in
the sense of deprivation of water, but was present
in the sense that loss of body fluid accompanied
the loss of electrolytes. However, the dogs ap-
parently were able to make rather satisfactory
adjustments to severe changes in the electrolyte
balance during most of the experiment. The
normal urea clearances and the finding of normnal
nitrogenous constituents in the blood several hours
before death are evidence of adequate renal func-
tion. The mild elevation of blood urea nitrogen
may be considered as indicative of a decrease in
renal function too small to be detected by the usual
clearances, as suggested by the work of Landis.
The explanation of such an assumed impairment
of renal function, however, is not easily hypothe-
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sized. The urinary volumes were excellent, al-
though we observed, as have other workers, an
unexplained delay in water diuresis in these
animals.

The calcium precipitate observed in the renal
collecting tubules in dog 35 is of considerable in-
terest since it is not usually present in the normal
dog and was not found in dog 14. This condition
was described originally by Nazari (31) in 1904
in two patients with prolonged vomiting secondary
to pyloric stenosis. Many similar reports subse-
quently appeared (32, 33, 34) but the mechanism
of the condition is not entirely clear. Calcium
salts are not infrequently deposited in necrotic
kidney cells. Martz and others believe that the
secretion of an acid urine during severe alkalosis
makes the cell fluids of the kidney even more alka-
line and thereby favors the precipitation of cal-
cium. Hatano (35) was able to prevent this com-
plication during hypochloremia by the intravenous
injection of sodium chloride which tended to cor-
rect the acid-base balance. The use of sodium
bicarbonate proved ineffective. Gomori and his
co-workers (36) have frequently observed fat de-
generation with necrosis and calcification in the
kidneys of patients dying of " hypochloremic
uremia." Since the kidneys in the present experi-
ment were normal, the calcium precipitate is prob-
ably the result of an abnormal physical chemical
state in the urine.

The results of the present investigation are in
complete accord with other studies in demonstrat-
ing that during periods of marked hypochloremia,
the gastric mucosa is able to secrete normal
amounts of highly acid gastric juice. Dragstedt
and Ellis (17), working on dogs with total gastric
pouches, found that the gastric glands continued
to secrete in spite of a plasma chloride level lower
than one-third of normal; the volume of secretion,
however, was reduced and its acidity lessened.
Lim and Ni (37) observed a continued secretion
in dogs despite dehydration and a loss of one-half
of the total body chloride. Katsch and Melling-
hoff (38) and Mellinghoff and Heuschert (39)
withdrew gastric juice from patients for ten hours
each day for three to five days, removing up to 33
grams of sodium chloride, and produced an aver-
age fall in the whole blood chloride of 51 mgm.
per 100 cc. The gastric secretion showed a 20
per cent reduction in volume without significant

change in the chloride content. The response to
histamine was as good or almost as good on the
last day of treatment as it had been on the first.
McCance (20) found that salt deficiency produced
by diet and sweating tended to reduce the concen-
tration of acid and chloride in gastric juice but
that individuals varied widely in their response.
Solely, Lagen and Lockhart (40) examined three
healthy men over a period of one week on a salt-
deficient diet, an increased output of salt being ob-
tained by frequent periods of sweating. They
found no significant change in the free acidity or
total hydrochloric acid of the gastric juice under
these conditions. The degree of salt deficiency,
however, was very slight. Nicol and Lyall (41)
studied a group of patients with peptic ulcer in
whomhypochloremia had been induced by vomit-
ing and concluded that the gastric mucosa could
still secrete normal amounts of hydrochloric acid.
The blood chloride in one patient had decreased to
60 mM. per liter. Hiatt (29) has recently found
that the volume and total acidity of the histamine-
stimulated gastric secretion were decreased in dogs
with chloride levels below 65 per cent of normal.
The function of the gastric glands is apparently
unique, since chloride secretion by other routes,
including the skin and choroid plexus, and its ex-
cretion via the kidney are diminished or cease com-
pletely in the presence of a severe hypochloremia.

SUMMARY

A gradual depletion of body chloride was pro-
duced in two dogs by the intermittent withdrawal
of histamine-stimulated gastric juice over periods
of seventy-four and eighty-six days. The dogs
received a generous diet with added vitamins and
a liberal allowance of chloride-free water. The
salt intake was maintained at a low level, averag-
ing 315 and 467 mgm. daily. At weekly intervals
determinations were made of the serum chloride,
carbon dioxide, pH and blood urea nitrogen, and
renal function in one animal was measured by the
urea clearance method of Van Slyke. In dog 14
the serum chloride decreased from an average of
105.5 mM. per liter to 46.8 mM. per liter, while in
dog 35 the serum chloride decreased from an
average of 107.3 mM. per liter to 38.9 mM. per
liter. In dog 14 the carbon dioxide rose to 56.2
mM. per liter and the pH to 7.63; in dog 35 the
carbon dioxide rose to a height of 57.5 mM. per
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liter and the pH to 7.72. The blood urea nitrogen
in dog 14 ranged from 10.6 to 16.6 mgm. per cent
when the acid-base balance was normal, and from
13.3 to 19.7 mgm. per cent during the hypochlo-
remia. The blood urea nitrogen in dog 35 ranged
from 10.9 to 17.1 mgm. per cent with a normal
acid-base balance and from 16.8 to 28.6 mgm. per
cent during the chloropenia. Both dogs lost ap-
proximately 14 per cent of body weight. There
was indirect evidence to suggest that the blood so-
dium was diminished. Since both animals were
allowed to drink as much chloride-free water as
desired, dehydration in the ordinary sense of water
deprivation was not present. The nitrogenous
constituents of the blood in dog 35 were normal
shortly before death. The urea clearance re-
mained normal throughout, ranging from 68.9 to
41.8 cc. during the control period and from 50.9 to
47.2 cc. during the depletion of body chloride.
The excretion of ingested water was delayed in
both dogs as the loss of chloride was intensified.
In dog 14 there was a moderate decrease in the
volume and chloride content of the gastric juice,
the pH rising slightly; while in dog 35 the volume,
pH and chloride content of the gastric juice did
not change significantly. Calcium precipitation
was observed in the renal collecting tubules of
dog 35.

CONCLUSIONS

1. A severe alkalosis may be induced by the
gradual withdrawal of gastric contents without
severe or, indeed, even marked nitrogen retention.

2. Such an alkalosis apparently does not pro-
duce renal injury detectable either by the urea
clearance test or by histologic examination.

3. The secretion of hydrochloric acid by the
gastric mucosa is relatively uninfluenced by a pro-
found hypochloremia.

The authors wish to express their appreciation to Drs.
Louis Leiter and Walter Lincoln Palmer for their valu-
able aid in the analysis of the data.
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