Research Article ' " A
TheScientificWorldJOURNAL (2002) 2, 14261432 The JcientificWorld
ISSN 1537-744X; DOI 10.1100/tsw.2002.282 www.thescientificworld.com

8-Chloro-cAMP-Related Changes on Mice Uteri
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Histopathological effects of cAMP analog (8-Chloro-cAMP), tamoxifen, and
medroxyprogesterone, alone or combined, upon BALB/c mice uteri are reported. 8-
Chloro-cAMP diminished uterine weight, but did not modify its histopathology or
estral cycle significantly. Tamoxifen diminished uterine weight showing cystic hy-
perplasiaand an estral cycle arrested at diestrus. Medroxyprogesterone increased
uterine weight, caused a swelling of the endometrium and a pseudopregnancy es-
trus. When combined with 8-Chloro-cAMP, tamoxifen or medroxyprogesterone al-
ways had a predominant effect. We concluded that the effects of 8-Chloro-cAMP on
mice uteri did not cause significant changes on its histopathology, but diminished
its weight.
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INTRODUCTION

The study of 8-Chloro-cAMP pharmacologica effects, aone or in combination with other com-
pounds such as tamoxifen and medroxyprogesterone on a hormone-dependent tissue like the uterus,
has two objectives: firg, to explore how those pharmacological agents affect the cell development
of atarget tissue of estrogens and, second, to reveal the diverse protein-protein interactions by the
different transductiona pathways activated by each of them. In thiswork, we studied the effects of
8-Chloro-cAMP, done or in combination with tamoxifen or medroxyprogesterone, on the histopa-
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thology of uterine mice. 8-Chloro-cAMPisacAMP anaog drug that binds to the regulatory subunit
of CAMP-dependent protein kinase (PKA), as determined by Cho Chung[1]. PKA has two regula-
tory (R) and two catalytic subunits. There are two kinds of R subunits: R, and R;,. R, isrelated to the
proliferative actions of CAMP, and R, is related to the differentiation processes triggered by CAMP.
8-Chloro-cAMP binds preferentialy to the R, subunit, and the antitumoral action is attributed to
this binding[2]. It is known that cCAMP induces an inhibitory effect on cell growth[3]. The antitu-
mora action of 8-Chloro-cAMP was investigated in several organs, such as the colon, in breast cell
lines cultured in vitro[4], in nude mice[5,6,7], and using in vivo modelg4]. These investigations
determined that 8-Chloro-cAMP inhibits autocrine and angiogenic growth factor production in
colorectal and breast cancer cells. Scala et al.[8] and other researcherq[9] investigated the mecha-
nism of the action of this drug. Currently, 8-Chloro-cAMP is being used as an anticancer drug in
various treatment protocolq1,6,10]. Medroxyprogesterone is a synthetic progesterone-analog and,
as such, binds to progesterone receptor (PR) molecules. Asindicated by Panuitti et a.[11], it iSused
in mammary cancersto counteract estrogen action. In mice, Lanari et a.[12] and Molinolo et al.[13]
showed that medroxyprogesterone was able to induce mammary carcinogenesis and accelerates
tumor growth in the medroxyprogesterone-dependent tumors. Tamoxifen is a selective estrogen
receptor modulator (SERM) widely utilized for breast cancer treatments as an antiestrogen, acting
by different mechanisms but mainly through blocking estrogen receptor (ER) moleculeq14,15]. In
aprevious report, we studied the effect of tamoxifen, medroxyprogesterone, and 8-Chloro-cAMPin
ERs and PRs of BALB/c mice uteri[16,17]. Furthermore, we determined that 8-Chloro-cAMP and
its association with medroxyprogesterone had a different effect on two mammary tumor sublines
induced in BALB/c mice by medroxyprogesterone injection[18]. It was our am to anayze the
effect of 8-Chloro-cAMP, adone or in combination, with other antineoplastic agents on the histopa-
thology of uterine tissue.

EXPERIMENTAL MATERIALSAND PROCEDURES

Animals

Female BALB/c mice 50-60 days old were employed. The animals were kept under the conditions
recommended by the Guide of Care and Use of Laboratory Animals, U.S.

In Vivo Treatments

Animals were randomly divided into six groups of five mice per group. One group was used as the
control group. These were treated with vehicle. Mice of the other five groups received different
treatments initiated smultaneoudy. The 8-Chloro-cAMP group received a subcutaneous pellet (15
mg/kg day); each pellet lasted 10 days and was changed successively. The medroxyprogesterone
group received a subcutaneous drug depot (0.25 mg/kg day). The tamoxifen group was treated with
a subcutaneous pellet (0.25 mg/kg day); drug delivering from the pellets of tamoxifen and
medroxyprogesterone lasted 2 months with a linear-type releasing kinetic. In combined treatments,
doses of the combination of drugs utilized were the same as previoudly described. The selection of
dose employed was based in previous results obtained from murine mammary tumorg[17].

Estrus Cycle and Uterine Weight Determination

The estrus cycle was determined daily by vaginal smears.
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Histopathology

Representative samples of all uteri were harvested for histological examination.

Reagents

Gador SAA., BuenosAires, Argentina, kindly provided tamoxifen and medroxyprogesterone. 8-chloro-
cAMP was a gift from Y.S. Cho Chung, M.D., National Cancer Institute, U.S.

RESULTS

Uterine Weight

The drugs tested in this study acted diversaly on this parameter as is shown in Table 1. This table
sums up quantitative data and each treatment’ s significance level.

Estrus Cycle

Table 2 shows the effects of drugs employed upon the estrus cycle.
Histopathology

Table 3 summarizes histopathological findings according to the different trestments. See Fig. 1.

TABLE 1
Changes in Uterine Weight According to Treatments

Uterine Weight (mg)

Treatment (Mean + SD) p value
Vehicle 111.6+11.1 —
8-Chloro-cAMP 84.2+14.0* <0.05
Tamoxifen 62.6 +10.1 *** <0.001
Medroxyprogesterone 150.8 £19.4 *** <0.001
8-Chloro + tamoxifen 62.6 £ 3.4 *** <0.001
8-Chloro + medroxyprogesterone 137.6+6.3* <0.05
TABLE 2

Changes in Estrus Cycle According to Treatments

Treatment Estrus Phase

Vehicle Normal cycle (4 days)
8-Chloro-cAMP Extended cycle duration (10 days)
Tamoxifen Permanentdiestrus
Medroxyprogesterone Permanent pseudopregnancy aspect
8-Chloro + tamoxifen Permanent diestrus

8-Chloro + medroxyprogesterone Permanent pseudopregnancy
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TABLE 3
Histopathological Findings According to Treatments

Treatment Histopathological Findings Figure
Vehicle Normal proliferative epithelium la
Scarce stroma

Lack of secretory glands
8-Chloro-cAMP Same as vehicle 1b
Tamoxifen Cystic hyperplasia 1c
Hyperproliferative areas
Important mitotic activity
Scarce stroma
Medroxyprogesterone Progestational-like endometrium 1d
Numerous glands with serrated
appearance and secretory signs

8-Chloro + tamoxifen Same as tamoxifen le
8-Chloro + medroxyprogesterone Same as medroxyprogesterone 1f
DISCUSSION

8-Chloro-cAMP is a cycliccAMP analog directly involved in cell proliferation and neoplastic trans-
formation that causes growth inhibition in avariety of human cancer cell types. It is aso known that
invitro it inhibits the expression of autocrine and paracrine growth factorg19]. Recently, numerous
researchers have investigated the possible dua anticancer mechanism of 8-Chloro-cAMP through
inhibition of cell proliferation and induction of apoptosig20,21,22,23]. In a previous study, we
analyzed the action of 8-Chloro-cAMP, tamoxifen, and medroxyprogesterone, alone and in combi-
nation, upon the uteri of BALB/c miceg]17]. We observed that 8-Chloro-cAMP and medroxyproges-
terone did not modify significantly the content of estrogen receptors. In the current study, we found
that 8-Chloro-cAMP did not overcome the effects seen in the treatment of mice with tamoxifen
(weight loss, estral cycle arrested at diestrus phase, cystic hyperplasia, and mitogenic action) in the
uterine tissue. In combination with medroxyprogesterone, the progestin aspect of the endometrium
produced by medroxyprogesterone was not counteracted by 8-Chloro-cAMP, and the uterine weight
was not increased either. Theinterrelations or crosstalk between different transductional pathways,
which regulate the expression of a gene, are affected by the use of drugs addressed to some of the
components of those pathways. So, as aresult of the crosstak, unexpected effects can be seen. 8-
Chloro-cAMP as wdll as tamoxifen and medroxyprogesterone act on diverse transductiona path-
ways. The combined administration of these drugs allows studying the way by which the interactions
between proteins (cross talk) are modified when drugs that act only through away are given[17]. In
this article, even if 8-Chloro-cAMP effects on the analyzed parameters are not quite noticeable at
the level of dose employed, we cannot reject the possibility that these effects may appear at differ-
ent doses. In the mouse uterus, we determined that 8-Chloro-cAMP caused modifications in subcel -
lular content and distribution of estrogen receptorg[17]. It is interesting to comment on the
modifications caused by 8-Chloro-cAMP aone on the histology of uterus, like a lower number of
proliferative glands and the prolonged estral cycle; moreover, this compound diminished signifi-
cantly the uterine weight (p < 0.05). These modifications could be signaling that by binding itself to
the subunit R, of PKA, 8-Chloro-cAMP is able to favor differentiation and to diminish prolifera-
tion.
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FIGURE 1. Endometrium slice of mouse uterus under different treatments. 1a: Vehicle proliferative endometrial glands
with normal number of mitoses and absence of secretory changes. Dense stroma. 1b: 8-Chloro-cAMP; proliferative
endometrial glands with scarce number and scarce stroma. 1c: Tamoxifen; quistic endometrial hyperplasiawith secretory
apical mucosa sectors and multistratification; mitotic figures were seen. 1d: 8-Chloro-cAMP + tamoxifen; proliferative
endometrial mucosae with multistratificated nucleous, mitoses and cystic glands. 1e: Medroxyprogesterone; highly indented
endometria glands with marked serrated appearance; secretory vacuole located in the basal portion of the cylindrica
epithelium. Clear edematous and scarcely cellular stroma between glands. 1f: 8-Chloro-cAMP + medroxyprogesterone;
important number of secretory glands with serrated appearance, scarce apica secretion, and edematous stroma. In all
cases, HE 100X.

CONCLUSION

The beneficial effectsof estrogensin femalesare well known. However, these sexual hormones can
trigger the proliferation of cells that will grow as a tumor, especialy for breast cells. The firgt-line
treatment for breast cancer that expresses estrogen receptors is tamoxifen. But this SERM, which
exhibits estrogen receptor antagonism in breast cells, aso presents agonist activity in the uterus. On
the other hand, 8-Chloro-cAMP is able to reduce proliferation and favors differentiation acting
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through R;; subunit of PKA. The evidence of crosstak between both biochemica pathwaysiswell
documented. Whether the combined treatment of tamoxifen and 8-Chloro-cAMP can keep prolif-
erative activity triggered by tamoxifen under control remains to be determined.
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