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Ureteral ligation (1-3), mechanical trauma (4,
5), scar formation in the kidney after recovery
from severe staphylococcal infection (6), localized
thermal injury to the renal medulla (7), and re-
nal lesions induced by desoxycorticosterone acetate
(DCA)-saline hypertension (8, 9) have been
shown to predispose to the development of acute,
hematogenous, Escherichia coli pyelonephritis in
the experimental animal. It is established that po-
tassium depletion produces renal lesions in ex-
perimental animals and in man (10, 11). A tem-
porary deficiency of potassium has been shown to
lead to permanent renal damage in the rat de-
spite subsequent repletion (12, 13). However,
the degree of renal damage was quite dissimilar
in the two studies, which has raised the possibility
that spontaneous pyelonephritis may have com-
plicated the findings in the one of these studies in
which observations were not made to exclude it
(12). Clinical data suggest an association between
potassium nephropathy and pyelonephritis but
this remains only suggestive (14, 15). There is
evidence both for (15) and against such an as-
sociation in the experimental animal (13, 16).
The present investigation was therefore designed
to test, by experiment, the hypothesis that animals
which have recovered from potassium depletion
may have increased susceptibility to pyelonephritis.
The problem of susceptibility to infection during
potassium depletion is under current investigation.
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MATERIALS AND METHODS

White, male Sprague-Dawley strain rats, weighing
128 to 160 Gm., were used. Potassium depletion was ac-
complished by means of a basal diet which was deficient in
potassium, sodium, phosphate and chloride. Control
groups received the following daily quantity of supple-
mentary electrolytes by gavage: 5 cc. of gavage solution
containing 2 mA oles of potassium, 2 mMoles of sodium,
2.5 mMoles of chloride and 0.75 mMole of phosphate.
The potassium-deficient group received 4 mMoles of so-
dium, 2 mMoles of bicarbonate, 0.5 mMole of chloride and
0.75 mMole of phosphate. The method of producing po-
tassium depletion, including content of diet as well as the
chemical determinations used, has been previously de-
scribed (17). The animals were "pair-fed" by groups,
i.e., the intake of the control groups was limited each
day to the average intake of the experimental groups.
After having been on a potassium-deficient regimen for
four weeks, Groups B and C were given Purina® Labora-
tory Chow and distilled water ad libitum for the next six
to seven months. The final average weight of the ex-
perimentals was 460 Gm. while the final average weight
of the controls was 485 Gm.

Bacteriological technique. The strain of E. coli used
for intravenous inoculation had been isolated from the
urine of a patient with active pyelonephritis, identified,
inj ected intravenously into a rat with a ligated ureter,
subsequently recovered from the infected kidney, and in-
oculated into tubes containing 10 ml. of sterile broth.
The tubes were incubated for three hours, sealed with
parafilm, frozen and stored at - 200 C. Colony counts
had been plotted against Klett-Summerson colorimeter
readings on a broth culture at frequent intervals in order
to simplify the determination and standardization of
inoculum size for future experiments. A few days be-
fore the rats of Group C were to be injected with E. coli,
a frozen culture was warmed to 370 C., incubated for 12
hours, and a small inoculum placed in 150 ml. of sterile
broth. When growth produced marked turbidity, the
culture was diluted with sterile broth to the desired
colorimeter reading, i.e., equivalent to the number of
million bacteria injected. Then 20 to 25 ml. was re-
moved, centrifuged and the sediment resuspended in an
equivalent volume of sterile saline. One ml. of this
saline suspension, calculated to contain approximately
100,000,000 E. coli, was injected into the tail veins of
three rats, each with a ligated ureter. After an interval
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of four days, these rats were sacrificed, the organism re-

covered, identified, incubated in sterile broth for ap-

proximately six hours, diluted with sterile broth to the
desired colorimeter reading, the organism resuspended
in saline, and 1 ml. of this saline suspension injected into
the tail veins of the animals of Group C. The actual
number of bacteria injected was 105,000,000 by colony
count. Further details of bacteriological techniques have
been previously described (8).

Experimental design. The experimental design is
shown in Table I. Group A was sacrificed after four
weeks for documentation of the degree of potassium de-
pletion and of the resultant histological changes. Group
B animals were sacrificed six months after potassium
repletion for analysis of renal histology, potassium con-

tent of skeletal muscle and culture for spontaneous in-
fection. The rats of Group C were injected intravenously
with E. coli seven months after potassium repletion.
They were arbitrarily sacrificed on either the eighth or

ninth day after injection.
One of the control animals died 24 hours after injec-

tion. Since it had been dead for an indefinite time be-
fore discovery and since this is an insufficient time for

TABLE I

Experimental design

No. of
experi- No. of
mental control

Group Description rats rats

A K depletion 4 weeks. 5 5
Analysis of renal
histology, serum
electrolytes, muscle K,
culture for spontaneous
infection.

B K depletion 4 weeks. 5 5
Repletion 6 months.
Analysis of renal his-
tology, muscle K, culture
for spontaneous infection.

C K depletion 4 weeks. 14 14
Repletion 7 months.
105,000,000 E. coli
I.v.

the development of gross or microscopic lesions of pye-

lonephritis, it was eliminated from the study.

TABLE II

Groups A and B-Analyses of sera and skeletal muscle

Serum Muscle

Na K Cl C02 BUN H20 K

mEq.1L. mEq.1L. mEq.1L. mEq.IL. mg./100 ml. Gm./100 Gm. FFDS* mEq./100 Gm. FFDS
Acute K depletion-Group A

147.0 2.4 69.8 48.0 327 27.1
143.0 2.4 83.1 37.4 322 29.4
145.0 2.8 89.2 37.0 319 27.9
145.5 2.3 70.8 48.3 313 26.9
151.5 2.3 67.8 31.7 323 27.4

Controls
145.0 4.8 106.4 15.8 334 46.5
149.5 5.4 104.0 26.0 330 46.2
145.3 5.1 101.7 22.3 324 45.5

327 42.5
143.8 5.8 101.7 21.0 337 46.4

K-depleted with long-term repletion-Group B
146.8 4.8 100.5 24.6 26 318 44.4
142.5 4.6 93.8 28.9 22 318 44.5
145.2 4.4 100.5 25.0 21 325 46.5
144.9 4.5 98.5 28.7 23 325 46.2
143.4 4.1 99.3 23.3 24 332 46.2

Controls
143.0 4.6 98.8 20.9 21 313 46.0

146.0 4.5 100.0 21.6 21 316 47.9
142.7 4.3 95.3 28.4 24 317 47.4
147.8 4.8 98.5 320 46.2

* FFDS = fat-free dry solids.
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RESULTS mal. There was a marked decrease in skeletal
Group A muscle potassium content when measured in terms

The results of potassium depletion for four weeks of milliequivalents of potassium per 100 Gm. of
in the animals of Group A are shown in Table II. fat-free dry solids. Histological study of the kid-
Analyses of serum electrolytes as compared with neys of these animals revealed the characteristic
their controls show a marked hypokalemic, hypo- cellular alterations in the tubules expected in acute,
chloremic alkalosis. Serum sodium remained nor- severe potassium depletion. These tubular lesions,

FIG. 1-Continued
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A

FIG. 1. ILLUSTRATIONS OF NORMALAND PATHOLOGIc HISTOLOGY ENCOUNTERED
A. Normal rat kidney (X115). B. Kidney from a Group A rat after four weeks of potassium depletion. There

are many dilated tubules containing homogenous material (X75). C. Infiltration of mononuclear cells in the Group
C control whose kidneys were sterile on culture (X75). D. Renal cortical abscess (X75). E. Kidney from a Group B
rat. Potassium repletion for six months. Scattered tubular dilatation is present (X75). Hematoxylin and eosin.

the renal lesions after long-term repletion (Group
B), and the changes of superimposed pyelonephri-
tis, are illustrated in Figure 1.

Group B

The five rats in this group, which received a

stock diet adequate in potassium for six months
following a four week period of potassium deple-
tion, had normal serum electrolytes, blood urea

nitrogen and muscle potassium (Table II). Their
kidneys appeared larger than control kidneys and
contained structural abnormalities consisting of
dilated tubules containing eosinophilic casts. How-
ever, in comparison with the severe residual pa-

thology reported by Fourman, McCance and
Parker (12), the lesions were rather minor.

Group C
The 14 experimental rats in this group were

treated the same as those in Group B except that
the period of potassium repletion was of seven

months' duration rather than six, for technical
reasons. They were injected with 105,000,000
E. coli and sacrificed in eight to nine days. Of the
14, 9 had both cultural and microscopic evidence of
pyelonephritis while a tenth had a colony count of
1,920,000 bacteria per Gm. of kidney tissue, but

no microscopic evidence of infection (Table III).
Seven had macroscopic abscesses in one or both
kidneys.

Of the 13 controls, 2 had cultural, but no micro-
scopic evidence of pyelonephritis, while a third
had microscopic evidence of infection, but the
kidneys were sterile on culture.

TABLE III

Group C-Colony count and descriptions of kidneys, after in-
jection of E. coli*, of experimental animals seven months

after potassium depletion, and of control animals

Kidney of Descrip- Kidney of Descrip-
K-depleted tiont control tiont

3,700,000T + 0 +
150,000t + 0 0

31,000 +++ 0 0
970,000 + + + 0 0

0 0 1,200,000 0
0 0 0 0

400,000 + + + 0 0
23,800 +++ 0 0

0 0 0 0
960,000 + + + 0 0
100,000 + ++ 0 0
530,000 + + + 0 0

0 0 75,000t 0
1,920,000 0

* Inoculum = 105,000,000 organisms.
t 0, no cellular infiltrate; +, cellular infiltrate; ++,

microscopic abscesses; + + +, macroscopic abscesses.
I Lung abscess also due to E. coli.
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Two of the experimentals and one of the controls
also had lung abscesses due to E. coli. No other
sites of extrarenal infection were found.

In summary, 10 of 14 previously potassium-de-
pleted rats, but only 3 of 13 controls, developed
varying degrees of pyelonephritis (p < 0.05)p1

DISCUSSION

There is a convincing body of evidence that ob-
struction to urine flow, whether in the kidney or
in the lower urinary tract, predisposes to infection.
The residual damage following an episode of acute
potassium depletion is characterized by dilated
tubules which are presumably obstructed (13).
Therefore, it is not surprising that previously
potassium-depleted rats have increased suscepti-
bility to renal infection.

The decision as to whether a given kidney is
infected presents no problem when a high colony
count of bacteria is combined with gross abscesses
or microscopic evidence of pyelonephritis. The
decision is quite difficult when there is only a
borderline colony count or cellular infiltrate in a
kidney which is sterile bacteriologically. In Group
C, 7 of 14 repleted rats had macroscopic abscesses.
Abscesses were present in none of the 13 controls.
Two of the repleted rats had kidneys containing
heavy infiltrates of mononuclear cells accompanied
by colony counts of 3,700,000 and 150,000 E. coli
per Gm. of kidney. Since cellular infiltration was
not seen in uninjected, repleted animals (Group
B) and since these are higher colony counts than
are to be expected in normal kidneys after this
interval (3), they were considered infected. The
kidneys of one repleted animal and two controls
had counts of 1,920,000, 1,200,000 and 75,000,
but no microscopic evidence of pyelonephritis.
However, the lesions of pyelonephritis are often
quite small and discrete and may therefore be
missed when only one or two sections are made
from a kidney. Also, since one-half of each kidney
was homogenized for culture while the other half
was fixed for microscopic study, it was possible to
have localized infection in only the half which was
cultured. One control animal had a heavy cellu-
lar infiltrate, but was sterile on culture. These
four animals were considered to be infected, but

1 A chi-square test was used to calculate p values.

even if they are considered negative, the overall
conclusions are not significantly affected.

The susceptibility of rats to renal infection dur-
ing acute potassium nephropathy was also studied
(18), but since the number of animals was small
and the results inconclusive, this problem is being
made the subject of further investigation.

This study not only lends support to the clini-
cal observations that potassium deficiency pre-
disposes to renal infections (14, 15), but also
raises the question of whether an episode of po-
tassium depletion in humans may permanently in-
crease susceptibility to pyelonephritis.

SUMMARY

Rats with renal lesions resulting from a previous
episode of potassium depletion have been shown
to exhibit increased susceptibility to experimental
pyelonephritis. The factor responsible for this in-
creased susceptibility is unknown, but is most
likely tubular obstruction or "internal hydro-
nephrosis."
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