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The Effect of Diethylstilbestrol on the Susceptibility of Rats to
Hematogenous Pyelonephritis *

VINCENT T. ANDRIOLE AND GEORGE L. CoHN

(From the Department of Medicine, Yale University School of Medicine,
New Haven, Conn.)

Renal infection rarely occurs after the intra-
venous injection of gram-negative bacteria,
namely, Escherichia coli into normal animals (1).
If the kidney is subjected to experimental trauma
(2), ureteral ligation (3), medullary scarring sec-
ondary to cautery injury (4), or chemical injury
(1), an increased susceptibility to infection results.

These experimental models, however, do not
explain the high incidence of pyelonephritis in hu-
man pregnancy (5-12). The development of py-
elonephritis in pregnant women has been ascribed
to the anatomical and functional changes of the
urinary tract usually observed from the third month
of pregnancy to a few weeks after delivery (5, 7,
12). Dilatation of the ureters and renal pelves has
been attributed to obstruction of the ureter by the
pregnant uterus (13), hypertrophy of the longi-
tudinal sheath of muscle bundles at the lower end
of the ureter (6), or hormonal “imbalance” pro-
ducing atony of the ureter with resultant dimin-
ished peristaltic activity (14). Sinee human fe-
males have an ekxaggerated production of estrogens
during pregnancy {(15), it seemed desirable to
investigate this possible relationship in animals.
The results indicate that diethylstilbestrol* ad-
ministration produces varying degrees of hydro-
nephrosis and an increased susceptibility of the rat
kidney to coliform infection.

Methods

Animals. White male and female Sprague-Dawley
strain rats, weighing 150 to 250 and 125 to 145 g, re-
spectively, were used. Animals were weighed on the
first and last day of each experiment. All animals were
fed Purina lab chow pellets and tap water ad libitum.

* Syhmitted for publication Neremher 13, 1963; ac-
cepted February 6, 1964.

These studies were supported by U. S. Public Health
Service grants EF 13,401, E 1850, A-4222, and A-254.

1The chemical formula of diethylstilbestrol, abbrevi-
ated DES, is 4,4'-dihydroxy-a,g-diethylstilbene.

Diethyistilbestrol.2  Pellets contained 75% diethylstil-
bestrol and 25% cholesterol by weight. The pellets were
weighed 3 and placed subcutaneously through a skin in-
cision, 15 mm long, at the base of the neck of rats under
light ether anesthesia. The incision was closed with a
skin clip. At the time of sacrifice, the pellets were re-
covered from most animals, dried, and weighed. The
amount of diethylstilbestrol absorbed was estimated to
be 0.75 times the difference in pellet weight. Sham-
aperation was earried out in control rats,

Bacteria. The strain of 9. coli (FCY 9) used has
been maintained in this laboratory for 7 years, and de-
tails of its handling were described previously (3).
A volume of 0.5 ml of a 4-hour culture (containing 2.5
to 7.5 X 10° organisms per ml) was injected into the tail
vein of each rat. Tenfold dilutions in 0.85% sodium
chloride solution were incubated in agar pour plates to
enumerate each inoculum.

Remowval of the urinary tract for bacteriological and
pathological studies. Sterile technique was maintained
during all surgical procedures. Under pentobarbital
anesthesia, the abdominal wall was cleaned with 70%
alcohol and incised so that the entire urinary tract was
exposed. After urine and blood were collected in some
aiiliiials, the kiuneys, urcters, and bladder were reinuved
and placed in Petri dishes for macroscopic examination
and sectioning. A mid-line longitudinal section was made
in each kidney which appeared grossly abscessed or hy-
dronephrotic. One-half of the kidney, both ureters, and
the bladder were fixed in 10% formol for histological
examination. The remaining half of the kidney was
placed in a Teflon tissue homogenizer and ground in 4.5
ml of 0.85% sodium chloride solution until a homogene-
ous suspension was obtained. Whole kidneys were cul-
tured after homogenization with 9.0 ml of saline. These
concentrations represented a 10™ dilution. Subsequent
tenfold dilutions were prepared in saline solution. Agar
pour plates were made from these dilutions, and colony
counts were determined after incubation for 48 hours.
Counts ranging between 30 and 300 colonies were taken
as most nearly representative. When the greatest dilu-
tion contained too many colonies to be counted, the num-

2 Diethylstilbestrol peiicts werce kxndly suppii’cd’ i)y ir.
William U. Gardner, Department of Anatomy, Yale
University School of Medicine.

3 Sartorius-Werke balance, model DP 2/200 g, Got-
tingen, Germany.
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ber was recorded as greater than 1,000. The identifica-
tion of E. coli was confirmed by subculturing some col-
onies in desoxycholate, Kliger’s iron, and Simmons citrate
agar.*

Urine culture. Immediately after opening the abdomi-
nal cavity a small quantity of urine was aspirated through
the bladder wall. One loopful of this was streaked on
blood and desoxycholate agar. In certain animals serial
dilutions of urine were made in nutrient broth, and pour
plates were made for final bacteriological count. Or-
ganisms present in the plates were identified as described
previously.

Blood culture. Blood cultures were taken by direct
heart puncture. Pour plates containing 0.1 ml of blood
were incubated for 48 hours, and the number of colonies
was recorded. Bacterial growth was identified as already
described.

Criteria of infection. Kidneys were considered in-
fected when they contained 5 X 10* or more colonies
(3). Urine cultures were considered positive when 10
or more colonies were found on the streaked plate. This
concentration is equivalent to 10° to 10* colonies per ml
of urine. Blood cultures were considered positive when
E. coli was found in the blood agar pour plates.

Intravenous pyelograms. After induction of anes-
thesia with pentobarbital sodium, 2.0 ml of a 50% solu-
tion of sodium 3,5-diacetamido-2,4,6-triiodobenzoate 5 was
injected into the lateral tail vein of the rat. Pyelograms
were obtained 20 to 25 minutes after injection, with 2
times X-ray magnification, an ultrafine focal spot tube,
and 47 kilovoltage peak (three phase).

Results

1. The effect of diethylstilbestrol on susceptibility
of fewmale rat kidneys to infection?

Diethylstilbestrol pellets were implanted sub-
cutaneously in 24 female rats. An additional 24
animals were sham-operated on. Forty-nine days
later each rat was inoculated with the bacterial
culture. Approximately equal numbers of diethyl-
stilbestrol-treated and sham-prepared animals were
sacrificed eight (group I), 12 (group II), 21
(group IIT), and 28 (group IV) days after bac-
terial inoculation (Table I). The urinary tracts

4 Difco Laboratories, Detroit, Mich.

5 Hypaque, Winthrop Laboratories, New York, N. Y.

¢ Biangulex Rapidex Tube—0.26 mm focal spot, de-
signed and constructed by Siemens-Reiniger-Werke, Er-
laugen, Germany.

7 This series of experiments was a pilot study. To
insure a state of “hyperestrogenism,” the rats were
treated with DES for 49 days before inoculation with
coliform bacilli. The results of this study determined

our experimental protocol with the male rats (Results,
1I).
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were then studied as already described. In addi-
tion, the ovaries were removed and examined his-
tologically for verification of diethylstilbestrol
effect.

Table I lists the colony count per kidney in
each group. Six of the 12 kidneys in estrogen-
treated animals in group I, and 4 of 12 kidneys in
group II were infected. No infections were ob-
served in sham-operated animals of groups I and
II. Two of 16 kidneys in treated rats in group
IIT were infected. One kidney in the sham-op-
erated group III animals was infected. One of
eight kidneys in treated rats in group IV was in-
fected. No infection was observed in the sham-
operated animals in group IV.

Pyelograms were obtained on most animals in
group Il and IV. Five of eight diethylstilbestrol-
treated animals in group III showed bilateral hy-
dronephrosis. One diethylstilbestrol-treated ani-
mal in group IV showed hydronephrosis on the

Fic. 1.

(crourP IV) AFTER 77 DAYS OF DIETHYLSTILBESTROL
TREATMENT, SHOWING HYDRONEPHROSIS OF RIGHT KIDNEY
AND URETER.

INTRAVENOUS PYELOGRAM OF FEMALE RAT
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Fi1c. 2. NORMAL INTRAVENOUS PYELOGRAM OF SHAM-
OPERATED FEMALE RAT.

right (Figure 1). Pyelograms in sham animals
in groups 11T and IV were normal (Figure 2).

Histologically, the ovaries of diethylstilbestrol-
treated rats were atrophic. Ovaries of sham-
operated animals were normal.
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Body weight of sham-operated and diethylstil-
bestrol-treated female rats. Sham-operated fe-
male rats increased their body weight 94% (mean)
above the body weight at the beginning of 'gl'i’é
study. Diethylstilbestrol-treated rats increased
their body weight 42% (mean) above the body
weight at the beginning of the experiment. No
diethylstilbestrol-treated rat lost weight during
the study (Table I).

II. The effect of diethylstilbestrol on suscepti-
bility of male rat kidneys to imfection

Normal urinary tracts were observed by pyelog-
raphy in 48 male rats (Figure 3). Diethylstil-
bestrol pellets were implanted subcutanedusly | in
24, and the remaining 24 animals were sham-
operated on. The animals were then divided into
four groups, each group containing six diethyl-
stilbestrol-treated and six sham-operated animals.

Group I received the bacterial inoculum on day
1 of estrogen administration, and pyelograms were
obtained on day 8. Animals were sacrificed, and
kidneys were removed, homogenized, and quan-
titatively cultured. No infection was observed in
kidneys of diethylstilbestrol-treated or sham-op-
erated animals (Table II). Pyelography revealed
hydronephrosis on the left in one diethylstilbestrol-
treated animal. Pyelograms were normal in the
sham-operated animals.

Group II received the infectious challenge on
day 8 after estrogen administration or sham-opera-

TABLE II

The effect of 8 days of diethylstilbestrol treatment and the development of pyelonephritis.
Group I: Challenged on day 1 of estrogens

Colonies E. coli

Gross DES
Right Left Gross Urine Blood hydrone- IVP, day of Total A Weight
kidney kidney abscesses culture culture phrosis sacrifice absorbed gain
mg %
DES- 29,000 15,000 V] 0 0 0 Normal 0.38 + 6
treated 29,000 10,000 [} 0 V] Normal 0.23 +26
210 3,000 V] 0 V] Normal 0.60 + 6
130 2,000 0 0 o Normal 0.30 +5
7,000 3,000 (V] 0 o 0 Normal 0.30 + 7
150 1,000 0 0 0 0 Hydronephrosis, left 0.23 + 7
Sham 27,000 4,000 (V] 0 Normal + 6
15,000 14,000 (1] 0 0 V] Normal + 4
1,000 790 V] 0 (V] 0 Normal + 9
370 4,500 0 o 0 Normal +23
25,000 5,000 0 0 0 0 Normal + 1
3,000 20,000 0 0 0 Normal +27
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Fi1c. 3. NORMAL INTRAVENOUS PYELOGRAM OF MALE RAT
BEFORE DIETHYLSTILBESTROL TREATMENT.

tion, and pyelograms were obtained 8 days after
that. Six of 12 kidneys in treated rats were in-
fected, compared with two of 12 kidneys in sham-
operated animals (Table III). Gross abscesses
were seen in four of the six diethylstilbestrol-
treated infected kidneys. One kidney from an
animal in the treated group demonstrated a gross
abscess and hydronephrosis but was sterile.® Hy-
dronephrosis was present on gross examination
and on pyelography in three diethylstilbestrol-
treated animals. Pyelograms were normal in
sham-operated animals (Table III).

Group III received the bacterial inoculation on
day 14 after diethylstilbestrol administration or
sham operation, and pyelograms were made 8 days
after that. Eleven of 12 kidneys in treated rats
were infected (Table IV). Gross abscesses were
seen in 8 of 11 infected kidneys. Hydronephro-
sis was present either on gross examination
or pyelography in all kidneys studied (Fig-

8 The abscessed area was not cultured, since this half
of the kidney was removed for histologic examination.

VINCENT T. ANDRIOLE AND GEORGE L. COHN

ure 4). One of 12 kidneys in a sham-operated
animal was infected. Hydronephrosis was absent
in the sham group on gross examination and
pyelography.

Group IV received E. coli intravenously on day
21 after diethylstilbestrol administration or sham
operation, and pyelograms were obtained 8 days
after that. Five of 12 kidneys in treated rats were
infected (Table V). Hydronephrosis was ob-
served grossly or on pyelography in the four in-
fected animals (Figure 5). Hydronephrosis was
also present radiographically in two noninfected
treated animals. Infection was present in one
of 12 kidneys of the six sham-operated animals.
Hydronephrosis was absent grossly, and pyelo-
grams were normal in sham-operated animals (Ta-
ble V).

Body weights of sham and estrogen-treated
male rats. Sham-operated male rats increased
their body weight 30% (mean) above the weight
at the beginning of the study compared to an in-
crease of 6% (mean) observed in diethylstilbestrol-

F16. 4. INTRAVENOUS PYELOGRAM OF MALE RAT (FicG-
URE 3) AFTER 22 DAYS OF DIETHYLSTILBESTROL TREATMENT,
SHOWING DEVELOPMENT OF HYDRONEPHROSIS ON RIGHT.
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TABLE V

Twenty-nine days of diethylstilbestrol therapy and the development of pyelonephritis.
Group IV: Challenged on day 21 of estrogens

DES

Total
absorbed

Gross
hydrone-

Colonies E. coli

A Weight
gain (+)

IVP, day of sacrifice

Gross Urine Blood
culture culture phrosis

abscesses

Left kidney

Right kidney

%

mg

VINCENT T. ANDRIOLE AND GEORGE L. COHN

Hydronephrosis, bilateral
Hydronephrosis, left
Hydronephrosis, right
Hydronephrosis, bilateral
Hydronephrosis, right

+4o+++

+oococo

++ocococe

coooo

++

250,008*
70,000*
50,000*

300
3,500

>1,000,000*

710,000
1,000
200
400
600
3,700

DES-
treated

+49
+69
+63
+72
+17
+70

Normal
Normal
Normal
Normal
Normal
Normal

cCocoocoo

cocoocoo

cooco+to

ocCcoooO

2/500
13,000
0
1,000,000*
0

1,500
1,100
3,000
8,000

Sham

* Infection is defined as 50,000 colonies or more (3).

F16. 5. INTRAVENOUS PYELOGRAM OF MALE RAT AFTER
29 DAYS OF DIETHYLSTILBESTROL TREATMENT, SHOWING
DEVELOPMENT OF HYDRONEPHROSIS ON LEFT.

treated rats. No treated rat lost weight during
the study (Tables II-V).

Pathology of sham-operated and estrogen-
treated male rats. The kidneys, ureters, and blad-
ders were grossly edematous in most treated rats
in group III and IV. The bladder and distal
ureters of treated rats in groups III and IV re-
vealed squamous metaplasia of the transitional epi-
thelium. The cytoplasm of some epithelial cells
had a pale-staining appearance. Other cells ap-
peared flattened with small dark-staining nuclei.
Intercellular bridges were observed, and the epi-
thelium ranged from three to six cells in thickness.
These changes were more pronounced in the
bladder. Similar changes were noted in the proxi-
mal ureters of diethylstilbestrol-treated rats in
group IV. Microscopically the lower urinary
tracts of diethylstilbestrol-treated rats in groups
I and IT and sham-operated animals in all groups
were normal.

Renal infection in diethylstilbestrol and sham-
operated animals was characterized by a collec-



TABLE VI

Spontaneous renal infection in diethylstilbestrol-treated noninoculated male rats

A Weight
gain (+)
loss (—)

S

Total
absorbed

DE

IVP, day of sacrifice

Gross
hydrone-

Blood 1
culture culture phrosis

Urine

Gross
abscesses

Left kidney

Colony count

Right kidney

DES

treat-
ment
day

%

+1
+6
+1

mg

0.30
0.23
0.75

Normal
Normal
Normal

ccco

0
0

ccco

ococo

occo

oo

DIETHYLSTILBESTROL AND PYELONEPHRITIS 1143

—10

+2
+22

1.35
0.98

phrosis, right

Normal
Normal

Hydrone

S +c

ccocc

occc

ccc

coo

15

hrosis, bilateral
hrosis, bilateral

Normal

Hydronep
Hydronep

cce

cocC

coo

coo

coc

22

+7
+3

0.98
0.75

Normal
Hydronephrosis, bilateral

o++

cc+

0
0
2,000

0
0
>5,000,000*

29

* Criterion for infection is defined as > 50,000 colonies (3).

tion of small abscesses in a wedge-shaped area
with the apex in the medulla and base in the cortex.
Collections of polymorphonuclear leukocytic exu-
dates were observed within and outside of the tu-
bules and in the cortex. The area of involvement
was sharply demarcated from the surrounding
normal kidney. Colloid casts were sometimes seen
in tubules surrounded by polymorphonuclear -
leukocytes.

The effect of diethylstilbestrol on spontaneous
renal infection in wmale rats. Diethylstilbestrol
tablets were implanted subcutaneously in 12 male
rats with normal pyelograms. Animals in this
group did not receive E. coli. Groups of three
animals were sacrificed on days 8, 15, 22, and 29
after estrogen administration. The kidneys were
removed, homogenized, and cultured quantita-
tively. Pyelograms were obtained in each animal
on the day of sacrifice. One kidney in an animal
sacrificed 29 days after diethylstilbestrol treatment
was infected (Table VI). The organism was
identified as E. coli, but was not the same strain
as used in the experiments. Gross hydronephro-
sis was present in one animal 15 days and in two
animals 29 days after diethylstilbesterol treatment.
Pyelograms revealed hydronephrosis in one ani-
mal sacrificed 15 days, two animals sacrificed 22
days, and one animal sacrificed 29 days after di-
ethylstilbestrol treatment.

Discussion

The data indicate that rats treated with diethyl-
stilbestrol develop hydronephrosis and an in-
creased susceptibility to renal parenchymal infec-
tion associated with squamous metaplasia of the
transitional epithelium of the bladder and distal
and proximal ureters. The hematogenous inocu-
lation of E. coli into the diethylstilbestrol-treated
rats resulted in typical wedge-shaped abscesses in
the kidneys. Parenchymal infection did not oc-
cur in diethylstilbestrol-treated male animals un-
less hydronephrosis was present.

Previous observations of Guze and Beeson (3)
indicate that after ureteral ligation susceptibility
of the rat kidney to infection is maximally en-
hanced at the time obstruction is produced and
that this susceptibility decreases progressively
as the interval between obstruction of the urinary
tract and lodgement of the bacteria in the kidney
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is prolonged. The present studies support these
observations. Susceptibility of the male rat kid-
ney is greatest when the bacteria are inoculated
14 days after diethylstilbestrol administration.
When bacterial inoculation is delayed 21 days
after diethylstilbestrol implantation, a decreased
incidence of infection is observed even though
hydronephrosis is present in all treated animals.

Virulence of the particular bacteria employed is
an important factor in evaluating the significance
of increased tissue susceptibility to infection. The
E. coli used in these experiments did not produce
pyelonephritis in normal rats (3), in those acutely
depleted of potassium (16), or in rats with the
nephrocalcinosis of vitamin D intoxication (17).
Pyelography and the surgical procedure employed
in the present studies do not appear to enhance the
susceptibility of the rat kidney to coliform bac-
terial infection.

The present studies do not clearly define the
mechanism responsible for the increased suscepti-
bility of diethylstilbestrol-treated rat kidneys to
infection. The administration of estrogens may
produce metabolic alterations responsible for the
observed increased susceptibility. No attempt,
however, was made to define this possibility in the
present study. The histological changes of
squamous metaplasia of the transitional epithelium
of the bladder and distal and proximal ureters ob-
served in diethylstilbestrol-treated animals may
also contribute to enhancement of renal parenchy-
mal infection. :

Similar pathological changes have been observed
in the genito-urinary tract of male mice treated
with estrogen: hydronephrosis and hydroureter,
sometimes complicated by spontaneous infection
(18) ; dilatation of the urinary bladder (18-20);
and squamous metaplasia of the epithelium of the
prostatic urethra and periurethral glands (21).
In addition, diethylstilbestrol fed daily to male
mink at the rate of 100 pg or more produces meta-
plasia, cornification, and sloughing of the urethral
and prostatic epithelium, and/or predisposes mink
to spontaneous infection of the urinary tract (22).
The extent of metaplasia that develops in the
mink depends upon the dose, duration, and con-
tinuous administration of diethylstilbestrol. We
were unable to correlate the pathological changes
observed in the present study with the daily dose
of diethylstilbestrol, since the estrogen was ad-

VINCENT T. ANDRIOLE AND GEORGE L. COHN

ministered in pellets. Nevertheless, the total di-
ethylstilbestrol doses per 100 g of body weight used
in the present study were less than the total doses
administered to mink and still produced similar
changes including metaplasia of the proximal
ureter of the rat.

The hydronephrosis and renal parenchymal in-
fection observed in diethylstilbestrol-treated rats
suggest that the physiological and anatomical uri-
nary tract changes of pregnancy may be attributed
to “hyperestrogenism.” The precise mechanism
of this relationship and relevancy to human dis-
ease, however, remain to be determined.

Summary

The administration of diethylstilbestrol to rats
with normal urinary tracts results in the develop-
ment of squamous metaplasia of the transitional
epithelium of the bladder and distal and proxi-
mal ureters, varying degrees of hydronephro-
sis, and an increased susceptibility to renal pa-
renchymal infection.

Hematogenous inoculation of Escherjchia coli
resulted in typical wedge-shaped abscesses in the
kidneys of diethylstilbestrol-treated rats. Although
renal parenchymal infection did not occur in di-
ethylstilbestrol-treated male rats unless hydro-
nephrosis was present, not all hydronephrotic
animals became infected. Susceptibility of the
male rat kidney is greatest when the bacteria are
inoculated 14 days after diethylstilbestrol adminis-
tration. A decreased incidence of infection is ob-
served when bacterial inoculation is delayed until
21 days after diethylstilbestrol implantation.

These findings may have some bearing on the
increased frequency of pyelonephritis during hu-
man pregnancy.
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