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Abstract

Introduction

Background: The study was carried out to examine the effect of
Ascorbic Acid (AsA) on estrogen/progesterone levels in the isolated non-pregnant rabbit uterine muscle.

Estrogen and progesterone are steroid sex hormones which
are important for the maintenance of uterine quiescence, for
the stimulation of myometrial gap junction formation, for the
regulation of uterine blood flow and the synthesis of cellsurface reseptors [1]. An alleged risk of long-term estrogen
use is the increased incidence of breast cancer [1].
Estrogen influence on target tissues is the most important
problems in understanding of the estrogen-induced carsinogenesis and anticarsinogenesis mechanisms. Some conditions and factors (Ascorbic acid, alpha-tocopherol, etc.) increasing the genotoxic component in total effect of estrogens
on the uterine tissue are very important, since these factors
may influence both the hormonal carsinogenesis type and
biological properties of the developing hormone-dependent
tumors [2] Alpha-tocopherol and ascorbic acid (AsA) have
been suggested to play a role in breast cancer prevention due
to their antioxidative capacity. Increased exposure to endogenous and exogenous sex steroids is a known risk factor for
breast cancer [3]. Ascorbate inhibits oxygen consumption
when estradiol is metabolized in the presence of either glutathione or nicotinamide adenine dinucleotide (NADH) by
reducing radical intermediates back to their parent molecules
and forming the relatively stable ascorbate radical. The accumulation of intracellular hydrogen peroxide could explain
the hydroxyl radical-induced DNA base lesions recently reported for female breast cancer tissue [4].
At the cellular level, theoretical evidence supports the
idea that estrogen itself may serve as an antioxidant, although much of the work examines estrogen’s ability to protect membrane integrity rather than oxidative stress directly.
It appears that women taking oral contraceptives exhibited
higher erythrocyte glutathione peroxidase activity [5]. This
finding suggests that differences in endogenous plasma estrogen may affect lipid peroxidation and antioxidant enzyme
status because exogenous steroids are thought to be associated with increased free radicals, lipids, and lipid peroxides in
the blood [6]. This theory was contradicted by Kanaley and
Ji, who found that erythrocyte glutathione peroxidase activity was significantly higher in amenorrheic athletes relative

Methods: Twelve non-pregnant rabbits were randomized into two
groups as the rabbits pretreated with AsA (n = 6) and the rabbits not
pretreated with AsA (n = 6). After 30 mg/kg AsA was administered
intraperitoneally, serum and tissue (uterine smooth muscle) levels
of estrogen and progesterone were measured.
Results: AsA at the above mentioned concentration caused a significant increase in tissue estrogen/progesterone ratio (P < 0.01),
while did not induce any change in the hormone ratio in the serum.
The increase in the tissue estrogen/progesterone ratio was resulted
from both the decrease of the progesterone levels and the increase
of estrogen levels (P < 0.001).
Conclusions: In this context, the fact that the tissue levels of hormones and autacoids is more important than the serum concentrations should be concidered. The findings of this study indicate that
in comparison to the control group, AsA causes decrease in the nonpregnant isolated uterine smooth muscle tissue levels of progesterone and increase in the non-pregnant isolated uterine smooth muscle tissue levels of estrogen while the serum levels keep constant.
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Table 1. Tissue (Wet Weight) and Serum Progesteron and Estrogen Levels of the Groups
Tissue
Progesterone levels
ng/g

Tissue estrogen
levels pg/g

Serum Progesteron
levels ng/mL

Serum Estrogen
levels pg/g

Group 1
(n = 6)

0.0005 ± 0.00008

0.13 ± 0.03

1.5 ± 0.4

101.7 ± 3.1

Group 2
(n = 6)

0.01 ± 0.002

0.08 ± 0.01

1.5 ± 0.4

98.1 ± 9.8

P value

< 0.001

< 0.05

> 0.05

NA

Group 1: AsA pretreated rabbits. Group 2: control group rabbits. AsA: Ascorbic acid.

to eumenorrheic control subjects [6]. The authors suggest,
however, that the observed differences in glutathione peroxidase activity may not be a direct result of estrogen status, but
rather estrogen status may influence blood antioxidant activity through another mechanism, such as plasma iron concentrations [7]. In any case, it appears that estrogen status and
blood antioxidant capacity are related in some way.
Vitamin C is water soluble and can directly react with
superoxide, hydroxyl radicals, and singlet oxygen [8]. Byrd
et al have suggested AsA to be associated with steroidogenesis in chickens as have been indicated for mammalian species. They have reported that AsA had caused an increase in
progesterone biosynthesis by activating luteinizing hormone
[9]. AsA does have an important role as a modulator of aromatase activity in vivo in rats [10].
The present study was undertaken to examine the effects
of AsA on estrogen and progesterone levels in the isolated
non-pregnant rabbit uterine muscle and serum, in order to
assess the modulatory effect of AsA on hormone levels that
may increase cost-effectiveness and decrease adverse effects
of hormonal therapies especially postmenopausal therapy.

Materıals and Methods
This is the experimental study that has been made at the University of Gazi Medical School, Department of Pharmacology Research Laboratory and Kirikkale University Medical
School, Department of Gynecology and Obstetrics.
Study groups
Twelve non-pregnant adult, New Zeland female rabbits
weighing 3.0 - 3.5 kg were kept in standard laboratory conditions; at 25 °C under controlled lighting (12 hours light,
12 hours darkness). They were given a standard diet and tap
water ad libitum. In terms of Helsinki declaration, standart
care was taken for all the animals. The experiments complied
64

fully with the current laws of our country.
Group 1 (n = 6): The rabbits were pretreated with AsA,
30 mg/kg body weight intraperitoneally for five days. (This
application way was choosen because of preventing the insufficiency absorbtion of ascorbic acid from digestive tract).
Group 2 (n = 6): As the control rabbits, they were injected the same volume of saline intraperitoneally for five days.
Surgical procedures
The animals were anaesthetised with sodium pentobarbital (30 mg/kg I.V.) and an abdominal midline incision was
performed to all groups’ animals, and then the uterus were
quickly removed, the endometrium was gently dissected
from myometrium and isolated uterine smooth muscle was
transferred to a tube for extraction. Blood samples were taken directly from the heart and transferred to the tubes for
centrifugation at 3,000 g.
Laboratory assay
Tissue specimens in isotonic solution were homogenized by
doing 8 stroke/min with teflon capsulated homogenizatour,
and then they were centrifugated. Estrogen and progesterone
assay were estimated from supernatant.
Estrogen and progesterone levels in both tissue and
serum were estimated by using RIA CT Radium Radioimmunuasay for estrojen and Immulite 2000 Chemiluminescent technique for progesterone. The results were given as
pg/mL for estrogens and ng/mL for progesterone at serum.
In wet weight of tissue, the results were given as pg/g for
estrogen and ng/g for progesterone.
Statistical analysis
All the results are expressed as mean ± SEM. The values of
differences between groups were compared using the Student’s t-test. Values were considered significant at P < 0.05.
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Table 2. Tissue (Wet Weight) and Serum Estrogen and Progesteron Level Ratios of
the Groups
Tissue
ratio

estrogen/progesterone

Serum
ratio

Group 1
(n = 6)

188.9 ± 68.4

76.3 ± 4.4

Group 2
(n = 6)

8.45 ± 3.15

80.3 ± 7.6

P value

< 0.01

NA

estrogen/progesterone

Group 1: AsA pretreated rabbits. Group 2: control group rabbits. AsA: Ascorbic acid.

Results
Tissue Progesterone levels of group 1 was found to be 0.0005
± 0.00008 ng/g (wet weight) while it was 0.01 ± 0.002 ng/g
for group 2. The lower level of the tissue progesterone in the
AsA pretreated group was found to be statistically significant (P < 0.001). Progesterone levels in the AsA pretreated
and the control group were 1.4 ± 0.1 ng/mL and 1.5 ± 0.4
ng/mL for the serum respectively. No statistical difference
existed in terms of serum progesterone levels due to AsA
treatment. Estrogen levels both in the tissue and serum were
compared. Tissue estrogen levels were found to be 0.13 ±
0.03 pg/g (wet weight) for group 1 and 0.08 ± 0.01 pg/g for
group 2 and in the AsA pretreated group this situation was
significantly higher than the control group (P < 0.05). Serum estrogen levels for group 1 and group 2 were 101.7 ±
3.1 pg/mL and 98.1 ± 9.8 pg/mL, respectively. There was no
statically difference between two groups for serum estrogen
levels (Table 1).
Tissue estrogen/progesterone ratio was found to be
188.9 ± 68.4 in the group 1 and 8.45 ± 3.15 in the group
2. Higher tissue estrogen/progesterone ratio in the AsA pretreated group was found to be statistically significant (P <
0.001). Serum estrogen/progesterone ratio was 80.3 ± 7.6 for
AsA pretreated group and 76.3 ± 4.4 for the control group
which is found to be statistically insignificant (Table 2).

Discussion
According to the results of the present study, AsA caused a
significant decrease in tissue progesteron levels while did not
change serum progesterone concentrations in the non-pregnant rabbits. While increased tissue levels of estrogen, serum
concentrations of estrogen did not change by AsA pretreatment.Although AsA has been shown to have an important
role as a modulator of aromatase activity in rats in-vivo and
altered the binding and enzymatic activities of estrogen [10].

AsA caused a significant decrease in tissue progesterone levels while did not change serum progesterone concentrations.
The decrease in tissue progesterone level might depend to
the activation of prostaglandin synthesis via cyclooxygenase
by AsA [11]. AsA has been reported to inhibit prostaglandin
synthesis by removing intermediate radicals that are essential for cyclooxygenase mechanisms [12]. It has been shown
that prostaglandin F2α produced a decrease in progesterone
levels [13]. However, serum progesterone concentrations
did not change by AsA. Therefore the decrease in tissue progesterone levels could not be explained by the activation of
prostaglandin synthesis by AsA. These results indicate that
vitamin C may alter tissue levels of progesterone prior to its
effect on circulating levels and can be assumed that AsA promotes the degradation of progesterone via increasing activity
of the enzymes involved in the tissue. Since it is well known
that AsA is involved in steroid biosynthesis.
Combinations of vitamins C and E enhances some features of estrogen effects (uterine weight, induction of progesterone receptors) but attenuates the other (proliferation
index). So that the combination of N-acethylcysteine and
optimal doses of ascorbic scid and alpha-tocopherol may be
recommended for prevention of the phenomenon of switching of estrogen effects [2]. The alteration of luteinising hormone (LH) by AsA might be due to the decreased activity
of progesterone which caused a negative feedback inhibition
on LH.
Nutritional deficiency of AsA increases by oral contraseptives with low-dose-estrogen [14]. But vitamin C, an important factor in uterine estrogen binding, does not have a
role in the prevention of Depo-Provera-induced menstruel
irregularities [15].
Ascorbic acid may interact with estrogen therapy that
this effect of AsA with estradiol (E2) may be possibly antioxidant [16]. Studies in animals support the theory that estrogen protects membrane integrity during times of oxidative
stress. Antioxidants act as a cooperative network, employing
a series of redox reactions [17-20]. Additive effect of AsA in
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anti-oxidation may be responsible for increased levels of tissue estrogen. As a result of the study, ascorbic acid has been
interacted with estrogen therapy, this effect may be found
possible interaction of AsA with E2 at the level of antioxidation [16].
As a conclusion, the finding of this study showed that
AsA in comparison to control group, while did not have an
effect on serum estrogen/progesterone ratio, induced the increased tissue estrogen/progesterone ratio. This catalisor effect of AsA at tissue may help minimising hormone-induced
morbidity by adjusting clinically used hormone dosage.
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