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The purpose of the present study has been
to investigate the inheritance of liver and
kidney B-glucuronidase in high (A/Jax) and
low (C3H/He]) tissue B-glucuronidase mice
in order to increase our understanding of
the biologic basis of the renal g-glucuronidase
response to androgenic hormone(1,2,3). The
study has also included assays of acid phos-
phatase activities of both tissues.

The inheritance of liver g-glucuronidase in
the F1 and F2 generations corresponds well
with the data of Law(4) which established
GG as the dominant genes in mice exhibiting
the “high” liver B-glucuronidase trait and,
gg, as the recessive alleles for the strain show-
ing “low” liver B-glucuronidase, However,
the backcross generation of FI hybrid mice
to the recessive C3H/He] parents yields a
number of offspring expected to show low
levels of B-glucuronidase in both liver and
kidney but which instead had a high activity
in liver and a low value in kidney. An ac-
count is given of these findings, the experi-
ments which preceded them, and an effort is
made to explain them.

Materials and methods. One male and 2
female A/Jax mice (pedigree number 26191-
31421) of the 113th filial generation and one
male and 2 female C3H/He]J (pedigree num-
ber 29386-1321) of the 90th filial generationt
were inbred until sufficient offspring accumu-
lated to provide the Parent (P1) generation
for the proposed crosses.

The animals were kept in metal cages in
a temperature controlled room at 20°C and
the cages were cleaned and changed weekly.

* Supported in part by Grants P-106, P-107 from
Am, Cancer Soc., Inc., New York; Research Grants
(CS-9733 and CA 07538-01 and Carcer Award CA-
K6-18,453, from Nat. Cancer Inst, N.I.H, USPHS,
Bethesda, Md.

t Obtained from Jackson Laboratory, Bar Harbor,
Maine on Nov. 15, 1961.

Laboratory chow and water were fed ad
libitum. Most of the matings were made
with 2 females and 1 male in each cage. The
resulting pregnant female was isolated in a
separate cage until her young were weaned
4 weeks after birth. At that time, the mother
was mated again. Some of the young were
taken for the designated matings (Fig. 1)
while others were separated according to sex
and maintained under normal laboratory con-
ditions. At 5 =+ 0.5 months of age, these
animals were sacrificed by cervical fracture.
A kidney was removed, decapsulated, weighed
and homogenized in acetate buffer and made
up to 10 ml. A small specimen of liver was
similarly prepared. The homogenates were
kept cold at all times before assaying for
B-glucuronidase(5) and acid phosphatase(6).
These assays were performed on each organ
and the B-glucuronidase expressed as Fish-
man units and the acid phosphatase as micro-
grams phenol, both per gram of wet tissue.
“High” B-glucuronidase values were defined
as 700 units/gram and over and “low” f-glu-
curonidase values as 699 and less. The 700
units/gram dividing point was chosen after
inspection of the data in Fig. 2 and 3 since
it separated the bimodal distributions in kid-
ney as well as liver 8-glucuronidase.

Results and discussion. The first impres-
sion of the results of liver B-glucuronidase
(Table I, Fig. 2) is that they fit the Men-
delian inheritance of a single pair of genes
as found by Law. Thus, the first filial gene-
ration all show high liver B-glucuronidase and
the second filial generation exhibits the an-
ticipated ratio of 3 high to 1 low. However,
in the mice which represent the backcross of
the F1 generation to the C3H/He]J, the ratio
is 1.6 high to 1 low, not 1 to 1. The I to 1
ratio was expected because of the genotype,
(Gg,2g) resulting from this mating.

The righ ratio in this particular backcross
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FIG. 1. Summary of matings conducted in present experiments.
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F1 Backcross to C3H/HeJ
(126)

.C3H/HeJ x (C3H/HeJd x A/Jax) and (A/Jax x
C3H/Hed)
(4)

Number of animals in

parenthesis. In any given eross, the male is identified first, thus A/Jax X C3H/Hed repre-

sents A/Jaxgd X C3H/Hed Q.

generation is not an isolated finding. The
ratio of 2.5 to 1.0 for liver B-glucuronidase
was reported by Paigen(7) for the progeny
derived from backcrossing the F1 generation
from DBA (high) and C3H/HeJ (low) to
the recessive C3H/He] parents.

The inheritance of renal g-glucuronidase is
not entirely as expected from the genotypes.
Thus, all 66 F1 male offspring possess un-
mistakably high renal B-glucuronidase activ-
ity whereas all 60 female animals are in the
lowest percentile of the high category, being
concentrated in a narrow range, intermediate
between the parental C3H/He] and A/Jax
distributions (Fig. 3). Moreover, the fe-
males exhibit a compact modal distribution,
in contrast to the broader range of values
found in the male mice.

In the bimodal distributions observed in
the males of F2 generation, the “low” en-
zyme values are identical to the correspond-
ing parental ones, while the “high” figures
fall short of matching those of the A/Jax
parents. By contrast, the high females of
the second filial generation have levels com-
parable to those of the first generation. In
both generations, female renal B-glucuroni-
dase activity registers in the middle of ex-
tremes found in C3H and A/Jax kidneys
(Footnote to Table I).

The backcross of F1 mice to the recessive
produces a bimodal distribution of renal
B-glucuronidase with a ratio of 1.3 high to
1 low. In this generation the g-glucuronidase
level of the males (mean 1110) is lower
than that of the high males in the F1 (1450),

TABLE I. Summary of Matings and Distribution of ‘“High’’ and ‘“Low’’ g-Glucuronidasec
Traits in the Progeny.

Expected phenotype
Relative No. of

Observed phenotype

No. of animals

animals Liver Kidney

Cross Matings Genotype igh Tow High T.ow High Low
F1 3 GG xgg Gg All 0 67 0 66 0
Q GG xgg Gg All 0 60 0 60* 0
3+¢ GGxgg Gg All 0 127 0 126 0
2 3 GgxGg GG,Gg,Gg,gg 3 1 105 29 102 31
Q GgxGg GG,Gg,Gg,gg 3 1 91 35 89 37
3+9 GgxGg GG,Gg,Gg,gg 3 1 196 64 191 68
F1 baekeross to 3 Ggxgg Gg,gg 1 1 38 22 33 27
C3H/HeJ Q Ggxgg Gg,2g 1 1 41 26 39 28
3+9 Ggxgg Gg,gg 1 1 79 48 72 55

* The mean $-glucuronidase of the 60 female mice was 694 & 92 F.U./g which was close to
the average (864) between the parent A/Jax value (1530 = 530) and the parent C3H value

(149 =+ 67),
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in the F2 (1735) and in the parental (3045).
On the other hand, the corresponding back-
cross female values show no similar diminu-
tion as seen from Fig. 3.

The inheritance of liver and kidney acid
phosphatase (Fig. 4 and 5) resembled each
other and differed altogether from g-glucu-
ronidase.

Aberrant animals with regard to liver and
kidney B-glucuronidase. The existence of ani-
mals whose liver B-glucuronidase is a trait
of the “high” strain while their kidney
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B-glucuronidase is a characteristic of the
“low” strain is observed (Table II) in the
F2 (2.7%) and in the F1 backcross to re-
cessive (7.1%) and not at all in the F1 gene-
ration. Hitherto, liver and kidney g-glucu-
ronidase levels have either been both “low”
or both “high”(8).

Among the possible causes of this phenome-
non are a true separation of 2 loci controlling
liver and kidney enzyme levels separately,
segregation of multiple alleles controlling hor-
monal levels and variations in the hormonal
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TIG. 2. Distribution of liver g-glucuronidase values in parents and their offspring. Ab-
seissa is numbered in thousands of Fishman units per gram of fresh liver. Dark arcas represent

values in female mice, white areas, those of male mice,
FIG. 3. Distribution of kidney g-glucuronidase values in parents and their offspring. See

legend to Fig. 2 for detail.
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'FIG. 4. Distribution of liver acid phosphatase values in parents and their offspring. Ab-
scissa is numbered in thousands of acid phosphatase units (11) per gram of fresh tissue.
FIG. 5. Distribution of kidney acid phosphatase values in parents and their offspring. See

legend to Fig. 4 for detail.

state of the animals due to environmental
factors.

An examination of the breeding records and
organ enzyme values has failed to support the
first possible cause since disparate values ap-

{ Spontaneous mutations affecting C3H liver 8-
glucuronidase have been reported by Hamer(11)
who observed that individual colonies of British
C3H mice underwent a sudden transformation from
low to high liver values. Observations were not made
on the B-glucuronidase of the kidneys of mutant
animals. Also, Paigen describes a C3H/st subline
which is homozygous, GG.

peared irregularly in offspring of parents in
which liver and kidney were either both high
or both low. Thus, an F1 male (both high)
mated with C3H (both low) produced 4
offspring in the first litter in which the values
were not disparate and in the second litter
of 5, two in which kidney was “low” and
liver “high.” Altogether in this F1 back-
cross generation, only 2 out of 76 offspring
of the first litter showed disparate values in
contrast to 11 out of 51 in the second litter.
From these facts, one can eliminate genetic
mutation as a possible explanation and one
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TABLE 11, List of Disparate Tiver and Kiduney
g-Glucuronidase Values in F2 and Backeross of 11
to C3H/Hed Generations.

B-Glucuronidase activity

(units/g)
Animal No. Sex Liver Kidney
Seeond filial generation—12
355 3 2010 9296
358 d 1760 147
499 kS 1775 129
511 3 1125 227
293 Q 3260 187
Backeross of B'1 to C3H/HeJ
638 3 1940 161
641 Q 3680 204
G432 3 2820 183
648 Q 3700 160
645 Q 2720 165
649 Q 4550 171
650 s 2700 180
651 2 3140 101
654 p 3140 287
655 & 2380 311
656 3 2720 203

can suspect environmental factors,

In favor of segregation of multiple alleles
is the fact that in Fig. 3 a definite reduction
in the mean of “high” g-glucuronidase values
occurred when the GG gene pair is transferred
into a C3H background.

In retrospect, the environmental factor
which is most suspect is that of “crowding”
and of disturbing the society of some ani-
mals by introducing others in their midst.
The crowding was unavoidable due to cage
space limitations which became more acute
as the numbers of animals were accumulating
in the F2 and F1 backcross to recessive gene-
rations. Several days before autopsy the de-
sired animals were labelled, taken from their
own cages and collected into one pen in
order to attempt to meet the cage shortage.

Marked changes in the hormonal status of
mice have been induced in mice by crowd-
ing(9,10). The more aggressive mice produce
adrenal exhaustion in their opponents as a
consequence of fighting. Other effects noted
include a suppression of seminal vesicles
which is an indication of androgen deficit.
Such an androgen deficiency might explain
the low kidney values in the majority of the
animals with disparate values. The liver
would be unaffected as its activity is un-
influenced by androgen.

Livir AND KIDNEY 3-GLUCURONIDASE ACTIVITY

The extent of the renal B-glucuronidase
response to androgenic hormones is known to
be strain-determined(1). Also, offspring re-
sulting from one of the matings performed
as described here (backcross of the F2 to
C3H) responded to testosterone(8) to a
greater extent than was expected as compared
to the parental C3H values. What was not
known then were the resting levels of kidney
B-glucuronidase in the offspring of the various
generations. This is the baseline information
which was particularly sought in the present
experiments and has now been gathered.

It was not known also to what extent the
response was related in general to acid hy-
drolases of lysosomes, the marker for which
is now accepted to be acid phosphatase. The
present data clearly show that the inheritance
of kidney g-glucuronidase is independent
from the renal acid phosphatase and pre-
sumably is unrelated to the economy of lyso-
somal hydrolases as presently understood.

Summary. In the course of a study of the
inheritance of liver and kidney A-glucuroni-
dase and acid phosphatase activities, animals
aberrant with regard to S-glucuronidase were
observed. Thus, 2.7% of the animals in the
F2 and 7.1 of those in the Fl-backcross
to recessive generations exhibited liver 8-glu-
curonidase levels characteristic of the ‘“high”
B-glucuronidase parental strain A/Jax while
their kidney values were in the “low” cate-
gory, typical of the C3H/Heston parents. On
the other hand, the inheritance of acid phos-
phatase proceeded independently of that for
B-glucuronidase. Tt is suggested that these
aberrant animals may reflect the segregation
of multiple alleles governing hormonal levels
and probably also the alteration in hormonal
status due to crowding.
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Effects of Oophorectomy and Various Doses of Estradiol-173 on

Corticosterone Production by Rat Adrenal Slices.*
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Departments of Medicine and Physiology, University of Virginia School of Medicine, Charlottesville

Production of corticosterone by rat adrenal
slices in vitro was decreased by prepubertal
oophorectomy and increased after replacement
with a single injection of a depot preparation
of estradiol-178(1). These observations were
made at only one time interval after replace-
ment therapy (2 weeks) and only one large
dose of estradiol (2 mg/100 g body weight)
was used. The present study was undertaken
to obtain additional data concerning adrenal
production of corticosterone in female rats
and to evaluate the effects of oophorectomy
and estrogen administration in greater detail.

Materials and methods. Female rats of the
Sherman strain obtained from Camm Re-
search Institute, Wayne, N. J., were main-
tained under standardized conditions of light
(14 hr/24 hr) and temperature (75 &= 1°F)
on a diet consisting of Purina Laboratory
Chow and water ad [ib. Unless otherwise
specified, oophorectomy was performed at 30
days of age. Six weeks later, estrogenic hor-
mone replacement was administered as a
single, subcutaneous injection of polyestra-
diol phosphate (Estradurin, Ayerst). Control
rats were uninjected, because preliminary ex-
periments revealed no effects attributable to
a single injection of the wehicle, distilled
water, alone. Animals were rapidly decapi-
tated, and adrenal slices were prepared and

* Supported in part by U.S.P.HS. Research Grant
AM-03370 and Research Career Development Award
AM-K3-13960.

TABLE I. Corticosterone Production by Adrenal
Slices from Intact, Untreated Female Rats of
Selected Body Weights (ug/100 mg Adrenal Wt/

2 Hr).

Corticosterone produced

Body wt  Adrenal
() wt (mg) 5mUACTH 200 mUACTH

116 =1 30.6 +1.1 9.6 = .3 26.4 + 1.7
133 +1 33916 9.2 +1.1 .24.8 + 3.7
174 +4 53.8+2.6 6.3 + 4 15.8 + 1.2*
203 =2 64.6 +5.9 81+ .2 214 + .2
230 =2 67247 116+ .7 24.1 2.1

Entries represent means +S.E. of 4 observations.
* Value differs from all others in column at
P <01,

incubated according to a technique previ-
ously described(2). ACTH was added in
vitro in doses (mU per 100 mg adrenal
weight) indicated for each experiment. Corti-
costerone was measured by a fluorometric
technique(3).

Results. Untreated female rats were di-
vided into groups with homogeneous body
weights (Table I). Adrenal glands from ani-
mals with a mean body weight of 174 g
(168-181 g) produced significantly less corti-
costerone in vitro than did adrenal tissue
from rats of any other body weight tested.
This difference was most clearly manifested
when 200 mU of ACTH per 100 mg adrenal
weight was added to the incubation medium.
Significant differences with the S mU dose of
ACTH were obtained only upon comparison
with steroid yields from rats of the lowest



