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Introduction. It has recently been reported
from this laboratory that cyclic-3’: 5’-guano-
sine monophosphate (cyclic-GMP) mimics
certain of the metabolic actions of prolactin
in the mouse mammary gland in vitro (1).
These observations make tenable the idea
that the stimulation of lactational processes
by prolactin following parturition may be
mediated via cycliccGMP. The fact that
cyclic-GMP concentrations are elevated in
lactating rat mammary tissue vs tissues from
pregnant rats was recently documented by
Sapag-Hagar and Greenbaum (2). Since the
intracellular concentration of cyclic-GMP is
determined, at least in part, by the relative
activities of guanylate cyclase and cyclic-
GMP phosphodiesterase, the activities of
these enzymes in mammary tissues from vir-
gin, pregnant, and lactating mice were
measured.

Materials and methods. Timed-pregnant,
Swiss Webster mice were purchased from
Spartan Research Animals Inc., Haslett,
Mich. The animals were killed during specific
days of pregnancy and lacation. If the ani-
mals to be studied were lactating for more
than 1 day, the number of pups was adjusted
to 10 on Day 1 of lactation.

Mammary tissues were prepared for en-
zyme assays by the following methods. Ab-
dominal and inguinal mammary glands were
excised, placed in an appropriate buffered
media at 0-4°C and finely minced. Some
tissues were then immediately assayed for
enzyme activities while others were frozen in
liquid nitrogen and stored at —70°C until
assayed. Freezing and storage at —70°C for
periods up to 1 week did not change the
tissue content of guanylate cyclase or cyclic-
GMP phosphodiesterase.
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When guanylate cyclase activity was to be
measured, the tissues were homogenized at
0-4°C in a ground glass homogenizer in
1:10 (w/v) 0.04 M Tris—-HCI buffer, pH 7.4,
containing 0.25 M sucrose, 0.01 M MnCl and
0.1 M theophylline. Guanylate cyclase ac-
tivity was assessed by the rate of conversion
of a-labeled [®P]GTP to [**Plcyclic-GMP as
is described in an adjoining publication (3).

Cyclic-GMP phosphodiesterase activity
was determined in tissues homogenized at
0-4°C in a ground glass homogenizer in 1: 10
(w/v) 0.04 M Tris-HCl buffer, pH 74,
containing 0.25 M sucrose. Enzyme activity
in 0.1 ml of this homogenate was measured
using the method of Beavo et al. (4). This
method is based on the rate of conversion of
3H-cyclic-GMP to 3H-5-GMP. Since two
K, values have been reported for cyclic-
GMP phosphodiesterase, enzyme activity
was measured using two substrate concentra-
tions (10 uM and 100 uM cyclic-GMP). The
enzyme reaction was carried out in the fol-
lowing manner. Mammary gland homoge-
nate (0.1 ml) was mixed with 0.15 ml of a
buffered solution such that the reaction mix-
ture contained the following: 0.04 M Tris—
HCI, pH 7.4, 0.002 M MgCl,, 10 or 100 uM
cyclic-GMP (ICN Nutritional Biochemicals)
and 0.5-1.0 xCi/ml cyclic*H-GMP (New
England Nuclear Corp.). The reaction was
initiated and carried out by placing the reac-
tion tubes in a water bath maintained at 30°C.
Incubations were carried out for 3 or 6 min
and the reaction was terminated by immers-
ing the reaction tubes in a boiling water bath
for 2 min. Immediately prior to terminating
the incubations, 0.05 ml of a solution con-
taining 1.5 mM cyclic-GMP and 5 mM 5'-
GMP (Sigma Chemical Co.) was added to
the reaction mixtures. The *H-guanosine
formed during the incubation period was
converted to *H-guanine by a subsequent
incubation with crotalus adamanteous venom
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TABLE I. GUANYLATE CycLASE AND CycLIC-GMP PHOSPHODIESTERASE ACTIVITIES IN
MaMMARY GLANDS FROM VIRGIN, PREGNANT, AND LACTATING MICE®

Cyclic-GMP phosphodiesterase (pmoles/min/mg tissue)

Guanylate cyclase

Physiological state (pM/min/mg tissue)

10 uM cyclic-GMP 100 uM cyclic-GMP

Virgin

10-15 days pregnant
18 days pregnant
1-3 days lactating

0.304 + 0.018 (11)e
0.408 = 0.021 (11)
0.403 + 0.038 (9)°
0.523 + 0.019 (14)¢

121 + 9 (6)e
163 + 11 (5)
162 + 15 (8)
181 =+ 11 (10)®

49.9 + 4.4 (6)°
87.0 + 11.5 (5)
82.4 + 9.9 (8)
87.2 + 7.4 (10)

¢ Enzyme assays were carried out as described in the text. Numbers in the table represent the mean =+
standard error of the number of observations indicated in parentheses. Statistical differences are as
follows:avs b (P < 0.05);bvsc (P <0.05);avsc (P <0.0l).

nucleotidase (Sigma Chemical Co.). The
%H-guanine thus formed was then isolated
via ion exchange chromatography through
Dowex 2-X8 (100-200 mesh, chloride form)
columns. These columns (0.8 X 2.5 cm)
were initially washed with 4 ml of 0.04 M
Tris-HCI buffer, pH 7.5. Samples were then
added to the columns and the H-guanine
was removed from the columns by elution
with 26 ml of the 0.04 M Tris-HCI buffer
(pH 7.5). All other labeled nucleotides re-
mained on the columns. Radioactivity in the
26 ml eluate was quantitated by liquid scin-
tillation spectroscopy. Reaction blanks were
also carried out with each assay and these
values were subtracted from the values ob-
tained with tissue homogenates. The activity
of cyclic-GMP phosphodiesterase was then
calculated and the results were expressed as
picomoles of cyclic-GMP converted to 5'-
GMP per min per mg wet tissue weight, With
the incubation conditions employed in this
assay, *H-guanine formation was linear with
time up to 6 min. Also, dilutions of tissue ho-
mogenates produced a proportionate de-
crease in enzyme activity.

Data obtained in this study were subjected
to an analysis of variance and the means were
compared using Sheffe’s procedure (5).

Results. The data in Table I show the ac-
tivities of guanylate cyclase and cyclic-GMP
phosphodiesterase in mammary tissues from
virgin, pregnant, and lactating mice. Guanyl-
ate cyclase activity was enhanced by about
35% during mid and late pregnancy when
compared to activities in virgin animals.
During the first 3 days of lactation, a further
40% increase in guanylate cyclase activity

was observed. Cyclic-GMP phosphodies-
terase activities were also increased signifi-
cantly during pregnancy when compared with
mammary glands from virgin mice; this in-
crease was found when both the low and high
substrate concentrations were tested. In con-
trast to guanylate cyclase, however, cyclic-
GMP phosphodiesterase activities during the
first 3 days of lactation were not different
from the levels found during pregnancy.

Discussion. The concomitant increases in
activities of guanylate cyclase and cyclic-
GMP phosphodiesterase during pregnancy
correlates with the findings of Sapag-Hagar
and Greenbaum (2) that cyclic-GMP concen-
trations in mammary tissues from rats do not
increase, and in fact slightly decrease, as the
gestation period progresses from mid to late
pregnancy. The reason(s) for the increased
activities of guanylate cyclase and cyclic-
GMP phosphodiesterase during pregnancy is
not known. It is possible, however, that the
increased epithelial cell content of the mam-
mary tissue during pregnancy (6) and/or the
altered hormonal milieu may contribute to
these changes.

The observation that guanylate cyclase ac-
tivity increases following parturition while
cyclic-GMP phosphodiesterase activity is not
changed, again correlates with the observa-
tions of Sapag-Hagar and Greenbaum (2).
They reported a significant rise in the concen-
tration of cyclic-GMP in the mammary
glands of lactating rats when compared to
late-pregnant rats. In preliminary studies in
our laboratory (data not presented), we
have similarly found that cyclic-GMP levels
are elevated in mammary glands of lactating
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mice when compared to glands from 18-day-
pregnant mice. The results of these studies,
therefore, make tenable the idea that elevated
levels of cyclic-GMP may contribute to the
mechanism(s) whereby lactation is initiated
and maintained following parturition in ro-
dents. Furthermore, the results of this study,
as well as the fact that cyclic-GMP mimics
certain of the actions of prolactin in the mam-
mary gland (1), support the hypothesis that
the effects of prolactin on the stimulation of
lactational processes may be mediated via
cyclic-GMP.

Summary. Guanylate cyclase and cyclic-
GMP phosphodiesterase activities were
measured in homogenates of mammary
glands from virgin, pregnant, and lactating
mice. Guanylate cyclase activities increased
35% in mammary tissues during pregnancy,
and a further 40% increase was observed
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during lactation. Cyclic-GMP phospho-
diesterase activity also increased during preg-
nancy but activities were not different in
glands from lactating mice vs glands from
pregnant mice. These results are discussed
with regard to a possible role of cyclic-GMP
in regulating lactational processes.
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