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Background: Given the cytotoxicity of chemotherapy drugs used in cancer treatment, there is a need to 

develop alternative agents to protect female fertility. This study investigated the effect of Actaea 
racemosa (A. racemosa) extract on mice ovarian cells and the damage caused by doxorubicin (DOX) to 

the mice ovaries. 

Methods: We evaluated the effects of A. racemosa extract on mice ovaries (n=42) after DOX treatment. 
The mice were pre-treated with saline solution (controls) or with 0.5 or 5 mg/kg A. Racemosa extract. 

Afterward, during a period of 10 days, they were treated daily with one of the six protocols: (i) saline 

solution (control), (ii) 10 mg/kg DOX, (iii) 0.5 mg/kg A. racemosa extract, (iv) both DOX and 5 mg/kg 
A. racemosa extract, (v) A. racemosa extract (5 mg/kg), and (vi) both DOX and 0.5 mg/kg A. racemosa 

extract. At the end of these treatments, the ovaries were fixed for histopathological examinations. Ovarian 

follicular morphology, stromal cell density, collagen fibers, and TNF-α expression were evaluated. Some 
ovaries were fixed for transmission electron microscopy or stored at -80oC to study the mRNA expression 

for Caspase-3 and TNF-α. 

Results: The mice treated with A. racemosa extract had reduced follicular degeneration and cell death 
after exposure to DOX. Ovaries of mice treated with 0.5 mg/kg A. racemosa extract had granulosa cells 

and oocytes with preserved ultrastructure, decreased immunostaining for TNF-α, and reduced Caspase-3 
mRNA. 

Conclusion: The A. racemosa extract supported follicular survival and protected the ovarian follicles and 

stromal cells against DOX-induced cytotoxicity. 
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Introduction
Advances in early cancer diagnosis and therapeutic 

protocols have offered patients great chances of cure and 

survival. However, the side effects of chemotherapy have 

adverse consequences, such as gonadal toxicity and the 

loss of ovarian function [1, 2]. Doxorubicin (DOX), an 

antitumor antibiotic from the anthracycline class, is one of 

the antineoplastic agents used in clinical practice. 

Interfering with the synthesis and functioning of nucleic 

acids is the primary way in which it acts. In DNA, DOX 

intercalates and causes double strand breaks, interferes 

with the replication and transcription processes, and/or 

interrupts the repair process mediated by topoisomerase-II 

[3]. Damages to the ovaries include decreased ovarian 

reserve due to increased follicular atresia, oxidative stress, 

destruction of ovarian stromal cells, and increased 

apoptosis [4-6].  

Some studies have shown that phytomedicines have 

great potential to protect the gonads against the 

deleterious effects of chemotherapy [7, 8]. Actaea 

racemosa (A. racemosa) bearing the botanical name 

Cimicifuga racemosa, or the common name Cimicifuga 

(Black cohosh), is an herbaceous plant of the 

Ranunculaceae family. The roots and rhizomes have 

attracted the greatest interest in pharmacology, where 

hundreds of other agents have been identified, including 

isoflavones, phenolic constituents, alkaloids, tannins, 

and triterpene glycosides [9]. A. racemosa has 

traditionally been used to treat pain and inflammation, 
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cardiovascular disease, osteoporosis, and especially for the 

signs and symptoms of menopause [10, 11]. In addition, 

the extract of A. racemosa has strong antioxidant and anti-

inflammatory effects [12]. Studies in postmenopausal 

women have found that the daily use of A. racemosa 

extract has beneficial effects on menopausal symptoms 

[13, 14] and improves endothelial function [15]. The 

extract also preserves mitochondrial integrity and ATP 

levels and reduces reactive oxygen species (ROS) 

formation and cell death in cultured neural and liver cells 

[16]. Recently, De Assis et al. [17] have shown that A. 

racemosa extract protects the ovarian tissue against the 

adverse effects of DOX in cultured mice ovaries. In rats 

with polycystic ovary syndrome, the A. racemosa extract 

has been shown to improve the antioxidant status, 

hormonal and lipid profiles, glucose levels, and liver 

functions. It has also induced Ki-67 expression in 

granulosa, theca, and stromal cells, which is a marker for 

cell proliferation [18]. In this way, by stopping cell 

apoptosis, the A. racemosa extract could be able to lessen 

ovarian damage brought on by DOX. However, no in vivo 

studies have been conducted to evaluate the effect of A. 

racemosa extract on protecting the ovaries against damage 

caused by DOX in animal or human models. 

Aim of the Study: The purpose of this study was to 

determine if various dosages of A. racemosa extract could 

protect mice’s ovaries from damage caused by DOX. The 

effects of this extract were evaluated on follicle survival 

and growth, ovarian stromal cells, collagen fibers, cellular 

ultrastructure, levels of mRNA for Caspase-6 and TNF-α, 

and the expression of TNF-α protein. 

Materials and Methods 

Animals: This study is consistent with normative 

resolutions and the guidelines of the Ethics Committee on 

the Use of Animals of the Federal University of Ceara 

(Protocol No. 01/21). Adult Swiss female mice (Mus 

musculus) (n=42) were kept with free access to filtered 

water and mice feed (Nuvilab®). They were kept under 12-

hour light/dark cycles at 22±2°C. 

Evaluation of Estrous Cycle: The estrous cycle was 

evaluated for 10 days, as previously established [19]. 

Briefly, a vaginal smear was collected, placed on 

histological slides, and evaluated under light 

microscopy (Nikon, Eclipse, TS 100, Japan). The mice’s 

status was identified as proestrus, estrus, metestrus, or 

diestrus based on the cells that were observed. Only 

mice with a regular estrous cycle were used in the 

experiments. 

Chemicals: The tested drugs were DOX (Libbs, 

Fauldoxo®, DOX hydrochloride), A. racemosa (L.) 

(MarjanFarma, Aplause®), and 20 mg of dry extract in a 

standardized 5-7% tablet equivalent to 1.0-1.4 mg of 

triterpene glycosides expressed as 23-epi-26-

deoxyactein. The doses of A. racemosa extract were 

prepared by crushing the tablets and diluting them in a 

commercially available saline solution. 

Experimental Design: Animals (n=42) were 

randomly divided into six groups, as shown in Figure 1. 

The mice from the control group (group 1) were pre-

treated orally with saline solution (0.15 M NaCl), and 

after one hour, they received saline solution (0.15 M 

NaCl) intraperitoneally (i.p.). The mice in group 2 were 

pre-treated with saline solution (0.15 M NaCl), and one 

hour later, they received a single dose of DOX (10 

mg/kg, i.p.). The animals in group 3 received 0.5 mg/kg 

A. racemosa extract, and after one hour, they were

treated with saline solution (0.15 M NaCl, i.p.). In group

4, the mice were pre-treated with the 0.5 mg/kg A.

racemosa extract, and one hour later, they received a

single dose of DOX (10 mg/kg, i.p.). Animals in group

5 were pre-treated with the 5 mg/kg A. racemosa extract

(5 mg/kg), and after one hour, they received saline

solution (0.15 M NaCl, i.p.). Animals in group 6,

received the 5 mg/kg A. racemosa extract, and one hour

later, they received a single dose of DOX (10 mg/kg,

i.p.). Mice in groups 3-6 were treated with A. racemosa

extract once a day for 10 days.

Figure 1. Experimental Design. AR: Actaea racemosa extract; NaCl: saline solution; G: group; DOX: doxorubicin. 
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Morphological Assessment of Follicular Development: 

At the end of the treatment, the mice ovaries were removed 

and fixed in paraformaldehyde (4% in phosphate buffered 

saline [PBS], pH=7.4) for 48 h. They were then dehydrated 

in graded ethanol, clarified with xylene, and embedded in 

paraffin. They were serially sectioned at 7 μm thick and 

stained with hematoxylin and eosin (H&E). 

The follicles were classified as follows: a) primordial: 

oocytes surrounded by a layer of granulosa cells in a 

squamous shape, b) primary: oocytes and a layer of granulosa 

cells in a cuboidal shape, c) secondary: oocytes surrounded 

by two or more granulosa cell layers in a cuboidal shape, and 

d) tertiary or antral: oocytes surrounded by many layers of

granulosa cells with a visible antral cavity. Follicles with

retracted oocytes, pycnotic nuclei, and/or surrounded by

disorganized granulosa cells were classified as degenerated

[20]. For the evaluation of follicular activation and growth,

the follicles were classified as primordial, primary,

secondary, or tertiary, as previously described [18]. The

number of stromal cells was counted in an area of 100 μm2

of ovaries from all treatment groups, as previously described

[18]. For each treatment sample, five optic fields were

evaluated from various sections.

Analysis of the Extracellular Matrix and Density: To 

evaluate the collagen fibers, the ovarian sections were 

stained with Picrosirius Red (Abcam Kit), as described by 

Rittié [21]. The sections underwent a one-hour incubation 

period at room temperature in a Sirius Red solution (0.1%) 

after being dewaxed using xylene. A 0.5% acetic acid 

solution was then used to eliminate the extra color. For 

each treatment, the areas occupied by collagen fibers in 

five different optical fields were calculated using a camera 

mounted on the microscope. The images were analyzed by 

Image J software (version 1.51p, 2017). To obtain staining 

levels of collagen fibers, the average pixel intensity of the 

total area was measured after subtracting the background. 

Immuno-histochemistry Assay: The ovarian sections 

were mounted on Starfrost glass slides (Knittel, 

Braunschweig, Germany), and TNF-α was analyzed, as 

described previously [22]. To retrieve antigenicity, the 

sections were incubated in citrate buffer at 95ºC in a 

decloaking chamber (Biocare; Concord, USA) for 40 min, 

while the endogenous peroxidase activity was blocked by 

incubation with peroxidase for 10 min. The sections were 

incubated with 10% normal goat serum for 10 min to block 

nonspecific binding sites. They were then incubated in a 

humidified chamber for 50 min at room temperature with 

anti-TNF-α antibody. Finally, they were incubated for 20 

min with Easy Link One polymer, followed by DAB 

staining and counterstaining with hematoxylin for one 

minute. For negative controls, the tissues were 

incubated with a blocking buffer and without the 

primary antibody. The intensity of immune-staining was 

classified as absent, weak, moderate, or strong [23]. 

Ultrastructural Analysis by Transmission 

Electron Microscopy: The samples were fixed 

overnight in a solution containing 4% paraformaldehyde 

and 2.5% glutaraldehyde in 0.1 M cacodylate buffer. 

They were post-fixed in 1% osmium tetroxide, 0.8% 

potassium ferric cyanide, and 2 mM calcium chloride in 

0.1 M cacodylate buffer at pH 7.2, dehydrated in 

acetone, and embedded in EMbed 812. The 

polymerization was performed at 60°C for three days. 

Ultrathin sections were counterstained with 5% uranyl 

acetate and lead citrate and examined under a 

transmission electron microscope (FEI Morgani 268D). 

mRNA Analyses by Quantitative Real-time PCR 

(RT-qPCR): Utilizing a TRIzol® purification kit 

(Invitrogen; São Paulo, Brazil), total RNA extraction 

was carried out. A total of 20 μL was used for reverse 

transcription, made up of 10 μL of sample containing 1 

mg of RNA, 4 μL of reverse transcriptase buffer 

(Invitrogen), 150 units of reverse transcriptase 

Superscript III, 0.036 U random primers, eight units 

RNAs in 10 mM dithiothreitol, and 0.5 mM of each 

dNTP (Invitrogen). The mixture was incubated at 

42.1°C for one hour, subsequently at 80°C for five 

minutes, and then stored at -20°C. The negative controls 

were prepared with no reverse transcriptase added. 

The SYBR Green was used to quantify the mRNA in 

a Step One Plus instrument (Applied Biosystems; Foster 

City, CA, USA). The reactions were composed of 1 μL 

of cDNA as a template in 9.4 μL of SYBR Green Master 

Mix (PE Applied Biosystems; Foster City, CA, USA), 

0.5 μM of each primer, and 9.4 μL of ultrapure water. 

The primers amplified the mRNAs for Caspase-3 

and TNF-α. The glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) was used as the reference 

gene (See Table 1). The specificity of each primer pair 

was verified by analyzing the melting curve of the qPCR 

results. The first 10 min of denaturation and polymerase 

activation at 95°C were followed by 40 cycles of 15 sec 

each at 95°C, 30 sec at 58°C, and 30 sec at 72°C. This 

was the thermal cycling profile. The final extension was 

performed at 72°C for 10 min. The 2^ΔΔCt method was 

used to normalize the data.

Table 1. Primer pairs used for real-time polymerase chain reaction tests 

Target Gene 
Primer Sequence 

(5’→3’) 

Forward (F) 

Reverse (R) 
GenBank Accession Nº. 

GAPDH 
GAACGGATTTGGCCGTATTG 

GTGAGTGGAGTCATACTGGAAC 

F 

R 
GU214026.1 

CASP3 
ACATGGGAGCAAGTCAGTGG 

CGTCCACATCCGTACCAGAG 

F 

R 
XM_017312543.3 

TNF-α 
CAGAAAGCATGATCCGCGAC 

CCGCCTGGAGTTCTGGAAG 

F 

R 
D84199.2 
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Statistical Analyses: The percentages of primordial and 

developing follicles and those of normal follicles were 

evaluated by chi-squared test (GraphPad Prism). Data for 

stromal cells, collagen fibers, and the levels of mRNA for 

Caspase-3 and TNF-α were analyzed using the Kruskal-

Wallis test, followed by Dunn’s comparison. The results 

were presented as means±SEM. The differences were 

statistically significant at P<0.05. 

Results 

Protective Effect of A. racemosa Extract against Mice 

Ovarian Toxicity Induced by Doxorubicin: Following 

the administration of 0.5 or 5 mg/kg A. racemosa extract, 

the percentage of morphologically normal follicles was 

maintained similar to that of the control group (SHAM). 

However, DOX (10 mg/kg) drastically decreased the 

percentage of morphologically normal follicles. The 

mice that received both DOX and either a dosage of 0.5 

or 5 mg/kg A. racemosa extract had higher percentages 

of normal follicles than those only receiving DOX. The 

percentage of normal follicles in these mice was 

comparable to those that received only A. racemosa 

extract at either 0.5 or 5 mg/kg (Figure 2). Figures 3A-

3H represent morphologically normal or degenerated 

follicles. Regarding follicular growth, the DOX 

treatment reduced the percentage of secondary follicles 

but had no effect on the percentage of primary, tertiary, 

or primordial follicles (Figure 4).

Figure 2. Percentage of normal follicles in the ovaries of mice treated with DOX (10 mg/kg) alone or both DOX and 0.5 or 5 mg/kg A. racemosa extract. a, 

b, and c lowercase letters indicate statistically significant differences between treatments (P<0.05). AR: A. racemosa extract. 

Figure 3. Mice ovaries showing morphologically normal (a-d) and degenerated (e-h) follicles at different stages of development. (a) Normal and (e) 
degenerated primordial follicles; (b) Normal and (f) degenerated primary follicles; (c) Normal and (g) degenerated secondary follicle; (d) Normal and (h) 

degenerated tertiary follicle. Granulosa cells (GC); Oocyte (O); Oocyte nucleus (N); Antrum (A); Cumulus oocyte complex (COC); Theca cells (TC) (400×, 

Scale bar: 100-μm). 
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Figure 4. Percentage of normal follicles per category (primordial, primary, secondary, or tertiary) in the ovaries of mice treated with only DOX (10 mg/kg) 
or both DOX and A. racemosa extract. Lowercase letters (a, b, and ab) denote statistically significant differences between pairs of treatment groups 

(P<0.05). AR:A. racemosa extract. 

Evaluation of Collagen in the Ovarian Extracellular 

Matrix: Figure 5 reflects that neither DOX nor the 

combined DOX and A. racemosa extract influenced the 

organization of collagen fibers in the ovarian extracellular 

matrix (Figure 5A). Figure 5B shows that stained collagen 

fibers were more intensely observed in regions surrounding 

the follicles’ basement membrane. 

Evaluation of Stromal Cell Density in the Mice 

Ovaries: The ovarian stromal cell density in mice treated 

with the extract at either dosage was similar to that of the 

control group (SHAM). Conversely, animals treated only 

with DOX showed a significant decrease in their ovarian 

stromal cells (Figure 6). Further, when mice received both 

A. racemosa extract and DOX, the stromal cell numbers

were similar to those of the control group (SHAM).

Figure 7 shows the histological sections of mice ovaries

from different treatments.

Immunohistochemical Localization of TNF-α in the 

Mice Ovaries: Immunohistochemical analyses showed 

weak TNF-α staining in the follicles of the controls 

(Figure 8B). Moderate TNF-α staining was observed in 

oocytes and granulosa cells of follicles from mice treated 

with either dosage of A. racemosa extract combined with 

DOX (Figures 8D and 8E). The ovaries of mice treated 

with DOX showed strong staining for TNF-α mainly in the 

oocytes and stromal cells (Figure 8C).

Figure 5. Levels of collagen fibers (mean±SD) in mice ovaries treated with DOX (10 mg/kg) or both DOX and A. racemosa extract (0.5 and 5 mg/kg) (a). 

Representative images of collagen fibers labeled Picrosirius red (b). (b1) control group; (b2) DOX (10 mg/kg); (b3) A. racemosa extract (0.5 mg/kg);  
(b4) A. racemosa extract (0.5 mg/kg)+DOX (10 mg/kg); (b5) A. racemosa extract (5 mg/kg); (b6) A. racemosa extract (5 mg/kg)+DOX (10 mg/kg). Scale 

bar: 100 μm (400×). AR: A. racemosa extract; O: oocyte; OS: ovarian stroma. Arrows indicate ovarian follicles. 
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Figure 6. Stromal cell density in mice ovaries treated with DOX (10 mg/kg) or both DOX and 

A. racemosa extract (0.5 and 5 mg/kg). a, b, and c lowercase letters indicate statistically significant differences between treatments (P<0.05). 

Figure 7. Ovarian stromal density in mice from the control group (a) or treated with DOX (10 mg/kg) (b); A. racemosa (0.5 mg/kg) (c); A. racemosa (0.5 

mg/kg)+DOX (10 mg/kg) (d); A. racemosa (5 mg/kg); (e) and A. racemosa (5 mg/kg)+DOX (10 mg/kg) (f). Scale bar: 100 μm (400×).  

AR: A. racemosa extract. 

Figure 8. Immunohistochemical staining for TNF-α in mice ovaries. (a) negative control; (b) control group; (c) DOX (10 mg/kg); (d) A. racemosa (0.5 
mg/kg); (e) A. racemosa (0.5 mg/kg)+DOX (10 mg/kg). Scale bar: 100 μm (400×). AR: A. racemosa extract. O: oocyte; GC: granulosa cells; OS: ovarian 

stroma. Arrows indicate ovarian follicles. 



May 2024, Volume 18, Number 2 

67 
Actaea racemosa Protects Mice Ovarian Follicles. J Toxicol. 2024; 18(2): 61-70 

Ultrastructural Analyses of the Mice Ovarian 

Follicles: Ovaries from the control group (SHAM) showed 

well-preserved granulosa cells and zona pellucida with 

transzonal projections, homogeneous oocytes with well-

defined mitochondria, and nuclear membranes (Figures 9A 

and 9B). The same structural characteristics were observed 

in the follicles from the mice treated with either A. 

racemosa extract alone (Figures 9E and 9F) or combined 

with DOX (Figures 9G and 9H). Lipid inclusions were also 

observed in the ovarian granulosa cells of mice in both the 

controls and those treated with the extract at 0.5 mg/kg 

(Figure 9E). In mice treated with DOX, smaller amounts of 

lipid inclusions were observed in granulosa cells, while the 

oocytes had the organelles that were not well 

recognizable and zona pellucida lacked transzonal 

projections (Figures 9C and 9D).  

Levels of mRNA for Caspase-3 and TNF-α in the 

Mice Ovaries: The results showed that mice treated 

with DOX had increased mRNA levels for Caspase-3 

(Figure 10). However, the levels did not differ among 

the mice treated with either the extract alone or 

combined with DOX, or those from the control group 

(SHAM). The mRNA levels for TNF-α were not 

influenced by either DOX alone or combined with the 

extract.

Figure 9. Ultrastructural images of follicles in the ovaries of mice from the control group (a,b) or treated with DOX (10 mg/kg) (c,d); A. racemosa (0.5 

mg/kg) (e,f); both A. racemosa (0.5 mg/kg) and DOX (10 mg/kg) (g,h). AR: A. racemosa extract. M: mitochondria; Nu: nucleus; ZP: zona pellucida,  

L: lipid; O: oocyte; Gr: granulosa cells; Re: endoplasmic reticulum; GC: golgi complex; Mv: microvillus. 

Figure 10. Levels of mRNA for Caspase 3 and TNF-α in mice ovaries from the control group (SHAM), DOX (10 mg/kg), A. racemosa extract (0.5 mg/kg), 

and A. racemosa extract (0.5 mg/kg)+DOX (10 mg/kg). a and b lowercase letters indicate significant differences between treatments (P<0.05). AR: A. 

racemosa extract. 

Discussion 

This is the first study to provide experimental evidence 

that A. racemosa extract reduces DOX-induced damage to 

the mice ovarian follicles. The DOX treatment induced 

follicular atresia, while treating mice with the extract 

protected the ovarian follicles. The extract has several 

constituents with therapeutic properties, such as 

antioxidant, anti-inflammatory, and anti-apoptotic 

properties. The 23-epi-26-deoxyactein, one of the most 

abundant triterpene glycosides in the extract, stimulates 

mitochondrial biogenesis and activates factors involved 

in cell proliferation [24, 25]. The isoferulic acid 

constituent is believed to inhibit the synthesis of pro-

inflammatory cytokines [26]. In vitro studies with neural 

and liver cells have shown that the A. racemosa extract 

preserves mitochondrial integrity and ATP levels, while 

preventing ROS formation and cell death [16]. In 

addition, the beneficial effects of the extract have 

already been demonstrated on the antioxidant, 

hormonal, and proliferative status of granulosa, theca, 

and stromal cells in rat ovaries [18]. 
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In the current study, DOX reduced the percentage of 

secondary follicles. Previous studies have shown that acute 

DOX damage in the mice ovary is dependent on cells and 

follicle types [27]. A study has shown that DOX increases 

the number of developing follicles by over-activating 

primordial follicles. However, chemotherapy drugs have 

cytotoxic effects, culminating in the loss of follicular 

reserve [4]. DOX also decreases stromal cell density in 

mice ovaries. These cells support the tissue and provide a 

suitable micro-environment for follicular development. 

Previous studies have reported follicular death associated 

with vascular and stromal cell damage in human ovaries [6, 

28]. The stromal cell death and the microvascular damage 

induce tissue hypoxia, which may contribute to the loss of 

ovarian follicles indirectly. In our study, the A. racemosa 

extract contributed to the maintenance of stromal cells and 

protected them against the damages caused by DOX. 

In this study, the extract did not influence the ovarian 

extracellular matrix. Previous studies have not shown 

significant accumulation of collagen in the mice ovaries 

regardless of their age and the estrous cycle stage [29, 30]. 

Oktem et al. [31] have reported cellular death in human 

ovarian stroma after chemotherapy, but there was no 

association between increased follicular degeneration and 

changes in the extracellular matrix. Our findings are 

consistent with a recent in vitro study showing no significant 

changes in the collagen fibers in mice ovaries cultured with 

either A. racemosa extract or DOX alone [17].  

The TNF-α was expressed in granulosa cells and oocytes 

from the secondary and tertiary follicles and in oocytes 

from the primordial and primary follicles of mice in all 

experimental categories. In this study, there was a 

moderate staining in the ovaries of mice treated with the 

extract at 0.5 mg/kg alone or combined with DOX. High 

TNF-α is associated with inflammation, apoptosis, cell 

growth, and differentiation [23]. Further, its effects on the 

ovarian cell death are dependent on the stages of follicular 

development. This may be associated with different levels 

of expression of the receptors [32]. The type-1 receptors 

are linked to the intracellular necrosis, which are essential 

for signaling pathways that lead to apoptosis, while type-2 

receptors are more related to the expression of genes 

involved in cellular growth, survival, and differentiation. 

In mice ovaries, the sites of TNF-α include oocytes, 

granulosa cells, corpora lutea, and macrophages [33-35].  

The ultrastructural analyses showed that ovarian follicles 

from mice treated with the extract at 0.5 mg/kg possessed 

well-preserved granulosa cells, zona pellucida, oocytes, 

and nuclear membranes. The mice treated with DOX 

showed lower lipid inclusions in their granulosa cells. In 

addition, no damage was observed in the organelles within 

the oocytes. The lipids in granulosa cells are important 

because they serve as the substrate for the synthesis of 

hormones [36]. In this context, our findings are consistent 

with those reported by an in vitro study on A. racemosa 

extract (5 ng/mL) and DOX (0.3 µg/mL) [17]. 

The DOX treatment increased the mRNA levels for 

Caspase-3 in the mice ovaries. Activated Caspase-3 

induces cleavage of factors that cause apoptosis [37]. A 

recent study in mice has shown that DOX decreases 

ovarian reserve through apoptosis and over-activation of 

primordial follicles, involving DNA damages and 

Caspase-3 pathway [4]. De Assis et al. [17] have shown 

that adding A. racemosa extract at 5 ng/mL to the culture 

medium of mice ovaries increased the expression of 

antioxidant enzymes, such as superoxide dismutase and 

catalase, but decreased the expression of Caspase-3.  

Conclusions 

Based on our findings, the A. racemosa extract 

protects ovarian follicles in mice against the deleterious 

effects of DOX and helps preserve their ultrastructure. 

These effects are linked to the maintenance of normal 

follicle density, protection of stromal cells, and 

reduction in the immune-staining of TNF-α in the 

ovarian follicles. 
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