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To the Editor: Female infertility due to reproductive aging
has become a prominent concern in the population.
Evidence indicates that oxidative stress is one of the
dominant mechanisms underlying reproductive aging.[1,2]

Although female reproductive aging involves gradual
changes to the hypothalamic-pituitary-ovarian (HPO)
axis, previous studies support a key involvement of the
hypothalamus.[3,4] In our recent dataset, it was shown that
estrogen-induced oxidative stress led to the senescence of
hypothalamic astrocytes that predated reproductive dys-
function.[3] Growing evidence has demonstrated that
antioxidants might delay reproductive aging by reducing
oxidative damage to ovaries.[1,2] However, the effect of
antioxidants on the hypothalamus has not been reported.
Astaxanthin (AST), 3,30-dihydroxy-b-carotene-4,40-dione,
is a xanthophyll carotenoid found predominantly in
marine animals such as salmon, trout, lobster, and shrimp.
Ginseng is a tonic drug in traditional Chinese medicine.
Ginsenoside Rg1, a class of steroidal glycosides, is a
prominent active anti-aging ingredient within ginseng
responsible for these effects. Notably, the two antioxidants
freely cross the blood-brain barrier. In this study, we
evaluated the effects of these two natural compounds on
the hypothalamus and ovaries in protecting female mice
from reproductive aging.

Intact naturally-aging mice were used to study the
functional mechanisms of reproductive decline. Young
mice were 3 to 4 months old and middle-aged mice were 9
to 10months old in this study. Vaginal smears were used to
monitor the estrous cycle daily, which were divided into
diestrus, proestrus, estrus, and metestrus according to the
cell type(s) present [Supplementary Figure 1A, http://links.
lww.com/CM9/A579]. The average estrous cycle of young
mice was 4 to 5 days, while the middle-aged mice showed
irregular estrus cycles, which was more than 6 days on
average [Supplementary Figure 1B, http://links.lww.com/
CM9/A579]. We then explored the age-related changes to
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the HPO axis, which is the basis for the regular estrous
cycles. In the present study, the senescence b-galactosidase
staining (SA-b-Gal) combined with glial fibrillary acidic
protein immunohistochemistry showed higher SA-b-Gal
activity in the hypothalamic astrocytes of the middle-aged
mice than in that of the young mice [Supplementary
Figure 1C and 1E, http://links.lww.com/CM9/A579].
Consistent with this result, increased peroxidase activity
was found in the middle-aged mice [Supplementary
Figure 1D and 1F, http://links.lww.com/CM9/A579]. The
ovarian morphology of the young and middle-aged groups
was observed by paraffin section and hematoxylin/eosin
staining [Supplementary Figure 1G, http://links.lww.com/
CM9/A579]. Follicles andcorpus luteumatdifferent stagesof
development were observed in both the young- and middle-
aged groups, although mice showed a reduced number of
primary follicles, secondary follicles, and antral follicles
[Supplementary Figure 1G and 1H, http://links.lww.com/
CM9/A579]. As luteinizing hormone (LH) levels can
indirectly reflect the functionality of the pituitary gland, we
quantified LH via enzyme-linked immunosorbent assay. No
significantdifferencewas foundbetween themiddle-agedand
the young mice [Supplementary Figure 1I, http://links.lww.
com/CM9/A579]. The aging-related changes to the hypo-
thalamus and ovary might prove to be pivotal in initiating
irregular estrous cycles in the mid-aged mice.

Our group and others have shown that the oxidative stress
in the hypothalamus and ovaries contributes to aging-
related reproductive function decline in female mice.[1-3]

Rg1 and AST have numerous pharmacological effects
relevant to anti-oxidation and anti-aging, so we detected
the effects of the two antioxidants on reproductive
function. A total of 80 young mice with regular estrous
cycles were selected and divided into four groups: a saline
control group, an Rg1 group, an olive oil control group,
and an AST group. As astrocytes show signs of cellular
senescence at an early age of 3 months, drug intervention
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Figure 1: The effect of chronic Rg1 and AST administration on the estrous cycle and hypothalamic senescence associated secretory phenotype (SASP). (A) Experimental setup used for
assessing the effects of chronic Rg1 and AST administration on the estrous cycles of the C57BL/6J female mice. Rg1 (6 mg/kg per 3 days) was injected intraperitoneally every three days for
6 months. AST (2 mg/kg per 3 days) was injected intraperitoneally every three days for 6 months. (B) The percentages of regular estrous cycle, irregular estrous cycle, and continuous
diestrus or continuous estrus (acyclic). (C and D) Effects of Rg1 and AST on the mRNA levels of p16 and p21 in the hypothalamus as determined by qPCR. n= 3. (E) Peroxidase staining in the
hypothalamus, black arrows representing peroxidase. Scale bar= 200 mm. (F) Dual-label immunohistochemistry of astrocytes by glial fibrillary acidic protein staining (brown) and by SA-
b-Gal staining (blue) in the Rg1, saline, AST, and oil group mice (n= 5), white arrows representing SA-b-Gal positive astrocytes. Scale bar= 200 mm. (G) Quantification of peroxidase-
positive astrocytes. (H) Quantification of SA-b-Gal positive astrocytes. (I) Effects of Rg1 and AST on the levels of IL-1b, IL-6, IL-8, and TNF-amRNA in hypothalamus, as determined by qPCR.
n= 3. (J) T-SOD activity in the hypothalamic was evaluated by chemical colorimetric analysis. n= 3. (K) MDA contents in the hypothalamic were evaluated by chemical colorimetric analysis.
n= 3. Data are presented as mean ± standard error of the mean.

∗
P< 0.05,

∗∗
P< 0.01, as compared with the control group. AST: Astaxanthin; IL-1b: Interleukin-1b; mRNA: Messenger

RNA; qPCR: Quantitative polymerase chain reaction; Rg1: Ginsenoside; SA-b-Gal: Senescence b-galactosidase staining; TNF-a: Tumor necrosis factor-a.
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started at 3 months of age and was maintained until 9 to
10 months age. The measurement of the second and third
estrous cycles was conducted at 6 and 10 months of age,
respectively. The fourth estrous cycle was measured at
12 months, as shown in Figure 1A. With advancing age,
108
the percentage of mice with regular estrous cycles
decreased in the saline group, while Rg1 treatment
increased the percentage of mice with regular estrous
cycles in comparison [Figure 1B]. In the AST treatment
group, the percentage of mice with regular estrous cycles
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was higher than that of the olive oil group at 6 and 10
months. Unfortunately, no difference in the percentage of
mice with regular estrous cycles was found among all the
groups at 12 months. The findings suggest that chronic
Rg1 and AST administration delay the irregularity of the
estrous cycle in female mice during aging.

In order to illuminate how Rg1 and AST delay reproduc-
tive aging, we first examined the effect of Rg1 and AST on
the senescence status of the hypothalamus in middle-aged
mice. Senescence associated secretory phenotype (SASP) is
characterized by an up-regulation of p16 and p21, positive
staining for SA-b-Gal, and secretion of proinflammatory
cytokines. After testing for these metrics, our data showed
that Rg1 treatment reduced the gene expression levels of
p16 and p21 in the hypothalamus of middle-aged mice
(F= 6.528, P< 0.01 for p16; F= 9.013, P< 0.05 for p21)
[Figure 1C and 1D]; AST treatment decreased the
expression of p16 and p21 in the hypothalamus compared
to the oil group (F= 57.37, P< 0.05 for p16; F= 10.92,
P< 0.05 for p21) [Figure 1C and 1D]. Immunohistochem-
istry results showed that Rg1 and AST treatments were
associated with decreased peroxidase activity when
compared to the control group (F= 2.189, P< 0.01 for
Rg1; F= 1.087, P< 0.01 for AST) [Figure 1E and 1G].
Similarly, Rg1 and AST treatments reduced the number of
the astrocytes with SA-b-Gal staining (F= 1.144, P< 0.01
for Rg1; F= 1.657, P< 0.01 for AST) [Figure 1F and 1H].
And then, the expression levels of interleukin-1b (IL-1b),
IL-6, IL-8, and tumor necrosis factor-a (TNF-a) were
significantly decreased in the hypothalamus of the Rg1
group as compared to the saline control group (F= 1.316,
P< 0.01 for IL-1b; F= 7.737, P< 0.05 for IL-6; F= 4.68,
P< 0.01 for IL-8; F= 3.583, P< 0.05 for TNF-a)
[Figure 1I]. Meanwhile, the levels of the proinflammatory
cytokines were notably reduced in the AST treatment
group when compared to the olive oil control group
(F= 186.3, P< 0.05 for IL-1b; F= 21.37, P< 0.05 for
IL-6; F= 20.79, P< 0.05 for IL-8) [Figure 1I].

To further explore the possible mechanism of antioxidants
(Rg1 and AST) in alleviating reproductive aging, we
detected the redox status in the hypothalamus upon Rg1
and AST treatment. Total superoxide dismutase (T-SOD) is
a critical antioxidative enzyme that alleviates oxidative
stress produced during aging. Malondialdehyde (MDA) is
widely used as an oxidative stress biomarker. Thus,
we evaluated T-SOD activity and MDA content in the
hypothalamus. Compared to the saline group, T-SOD
activity was significantly increased and MDA levels were
reduced in the hypothalamus of the Rg1 group (F= 1.646,
P< 0.05 for T-SOD; F= 5.226, P< 0.05 for MDA)
[Figure 1J and 1K]. Moreover, AST treatment also led to
an increase of T-SOD activity significantly and reduced the
MDA level (F= 11.71, P< 0.05 for T-SOD; F= 12.43,
P< 0.01 for MDA) [Figure 1J and 1K]. These data suggest
that long-term Rg1 and AST treatment down-regulate the
hypothalamic SASP through antioxidant effects. Of note,
this is the first time that antioxidants have been documented
to delay reproduction senescence in hypothalamic tissues.
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Similarly, we tested the effects of long-term administration
of Rg1 and AST on ovaries. Firstly, neither AST nor Rg1
affected the number of growing or mature follicles
compared with the control group [Supplementary
Figure 2A and 2B, http://links.lww.com/CM9/A579].
Moreover, the Rg1 and AST treatments had no significant
effect on the uterine and ovarian weight compared to the
control groups, respectively [Supplementary Figure 2C and
2D, http://links.lww.com/CM9/A579]. Then, we found
that Rg1 and AST treatment decreased the expression of
p16, p21, IL-1b, IL-6, IL-8, and TNF-a in ovaries,
compared to the respective control groups [Supplementary
Figure 2E–J, http://links.lww.com/CM9/A579]. Finally, T-
SOD activity was significantly increased and the MDA
level was remarkably declined in the ovaries of the Rg1 or
AST group [Supplementary Figure 2K and 2L, http://links.
lww.com/CM9/A579]. These data suggest that long-term
Rg1 and AST treatment down-regulate ovarian SASP
through antioxidant effects.

Taken together, the results of this study suggest that
chronic administration of Rg1 and AST can effectively
enhance fertility outcomes, which may in part involve
distinct antioxidative effects on the ovary and hypothala-
mus of naturally aging mice. However, the specific targets
and molecular mechanisms of antioxidants need to be
further studied, so as to provide new targets for more
effective treatment of reproductive aging.
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