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 Free radical scavengers, which act as antioxidants, have the 

potential to prevent oocyte aging and preserve fertilization 

capacity. The microalgae are an important source of 

antioxidants in the environment. This study examined the 

protective effects of methanol extracts derived from Chlorella 

sp. microalgae on the viability and maturation of oocytes 

obtained from mice under in vitro conditions. The microalgae 

were collected from the Persian Gulf region and cultured in 

Bold's Basal medium. The antioxidant capacity of the extracts 

was assessed using the ferric reducing ability of plasma (FRAP) 

and 2,2-Diphenyl-1-picrylhydrazyl (DPPH) methods. Oocytes 

from female Naval Medical Research Institute (NMRI) mice 

were treated with the microalgae extracts for 16 h. The viability 

and maturity of the oocytes were evaluated using inverted 

microscopy. The expression levels of SIRT-3, BMP-15, and 

GDF-9 genes in the treated oocytes were analyzed using real-

time PCR. Both extracts showed antioxidant properties, 

according to the findings of FRAP and DPPH analyses. 

Untreated oocytes had a survival percentage of 58% without 

maturation. However, oocytes treated with either extract at a 

dosage of 150 µg/ml had a survival rate of over 70%. The gene 

expression levels of SIRT-3 and BMP-15 were significantly 

higher in the treatment groups compared to the control group. In 

conclusion, Chlorella sp. extracts demonstrated protective 

effects on oocyte survival, but they did not significantly impact 

oocyte maturation. This study emphasizes the potential 

therapeutic uses of microalgae extracts from the Persian Gulf 

for disorders associated with infertility. 

Article info 

 

Received: December 2023 

Accepted: April 2024 

Published: July 2024 

 

 

 

 

 

 

Copyright: © 2023 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license 

s/by/4.0/). 

http://www.jifo.ir/


590 Izadi et al., Protective activity of Chlorella vulgaris microalgae extract on the in vitro cultured ... 

 

Introduction 

Oocytes undergo postovulatory aging when 

they fail to be fertilized after ovulation, 

resulting in a range of morphological, 

genetic, and epigenetic consequences (Di 

Emidio et al., 2021). The detrimental 

effects of postovulatory senescence include 

mitochondrial dysfunction, telomere 

shortening, and meiotic spindle 

abnormalities. These well-recognized 

implications contribute to the reduced 

number of oocytes and quality of embryos 

(Cimadomo et al., 2018). The formation of 

reactive oxygen species (ROS) is a key 

factor inducing the process of aging in 

oocytes (Premkumar and Chaube, 2016). 

In-vitro fertilization procedures, 

particularly gamete collection, oocyte 

manipulation, and cell culture, may 

produce ROS, reducing oocyte quality, 

fertilization rate, and embryonic 

development (Niu et al., 2023). The 

balance between ROS production and 

detoxification plays an important role in 

fertilization as well as preimplantation 

embryonic development (Deluao et al., 

2022). Antioxidants are substances that 

neutralize free radicals and remove reactive 

oxygen species (ROS), thus helping to 

maintain a balance between antioxidants 

and oxidative stress in oocytes (Khazaei 

and Aghaz, 2017). To counteract the 

harmful effects of oxidative damage, 

mitochondria employ a range of 

antioxidants along with many enzymatic 

defense mechanisms (Jiang et al., 2020). 

Sirtuin (SIRT) protein family members, 

which are deacetylases dependent on 

Nicotinamide adenine dinucleotide (NAD), 

play a crucial role in regulating the 

antioxidant activity of mitochondria by 

inhibiting ROS production via direct and 

indirect mechanisms (Di Emidio et al., 

2021).Mammals possess a total of seven 

SIRT paralogs, namely SIRT 1-7, which 

exhibit distinct primary-terminal structures 

and are distributed throughout several 

subcellular compartments (Vo et al., 2023). 

SIRT-3 modulates the intramitochondrial 

antioxidant environment through 

deacetylation-mediated activation of 

superoxide dismutase 2 (SOD2) (Zhang et 

al., 2020). In addition to limiting reactive 

oxygen species (ROS) levels within 

mitochondria, SIRT-3 facilitates the repair 

of oxidative DNA damage, notably in 

mitochondrial DNA (mtDNA), by 

stabilizing 8-oxoguanine-DNA glycosylase 

1 (OGG1) (Cheng et al., 2013). Studies 

have shown that the oocytes of SIRT-3-/- 

female mice exhibit diminished fertilization 

capacity and impaired blastocyst formation  

(Kawamura et al., 2010). Moreover, 

various experiments employing knock-in or 

knock-out techniques targeting SIRT-3 in 

oocytes have underscored its pivotal role in 

mitigating oxidative stress induced by 

reactive oxygen species (ROS) in murine 

models afflicted with obesity or diabetes 

(Zhang et al., 2015).  

The accumulation of reactive oxygen 

species (ROS) within oocytes results in 

impairment of their capacity for successful 

fertilization (Wang et al., 2021). The 

growth differentiation factor-9 (GDF-9) 

and bone morphogenetic protein-15 (BMP-

15) proteins are members of the 

transforming growth factor-beta (TGF-β) 

superfamily. These proteins, secreted from 

oocytes, significantly impact oocyte 

maturation and fertilization processes. 

When cumulus-oocyte complexes (COCs) 
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are subjected to treatment with GDF-9 or 

recombinant BMP-15 during in vitro 

maturation (IVM), there is a discernible 

increase in blastocyst formation rates and 

embryo production in mice (Sudiman et al., 

2014).  In a study employing a mouse 

model, it was demonstrated that BMP-15 -/- 

females exhibited restricted ovulation and 

fertilization, while GDF-9 -/- mice displayed 

arrested follicular development at the early 

follicular stage (Juengel et al., 2004).  

Microalgae are photosynthetic 

microorganisms with antioxidant, anti-

inflammatory, anti-cancer, and 

antimicrobial activities (Khavari et al., 

2021). Microalgae-derived antioxidants 

protect cells from ROS produced in 

response to biotic or abiotic stressors 

(Coulombier et al., 2021). Chlorella 

vulgaris is a single-cell green microalga 

containing various chemical components 

with antioxidant activity, including 

phenolic compounds, carotene, ascorbic 

acid, and tocopherols (Mtaki et al., 2020). 

Apart from their cost-effectiveness and 

simplicity of culture, Chlorella vulgaris 

microalgae possess antioxidant properties 

that surpass those observed in industrial 

antioxidants (Rodriguez-Garcia and Guil-

Guerrero, 2008). Furthermore, they are 

recognized as a useful resource for 

pharmacological and medical applications, 

allowing for the acquisition of bioactive 

metabolites (Kaur et al., 2023). While the 

beneficial effects of nutrition and 

supplementation with Chlorella vulgaris on 

improving infertility-related disorders have 

been proven in some studies (Farag et al., 

2023), its effects on the growth and 

maturation of female germ cells, as well as 

factors associated with oocyte fertilization, 

remain to be precisely determined. The 

identification of these mechanisms may 

yield innovative therapeutic resources for 

fertility-related issues (Vaskova et al., 

2023). Therefore, the purpose of this 

investigation was to determine whether 

methanolic extracts of Chlorella sp. N4 and 

Chlorella sp. D1 microalgae affected the 

maturation and survival of oocytes obtained 

from Syrian mice. Additionally, in order to 

assess the precise molecular mechanism of 

action, the expression levels of the genes 

GDF-9, SIRT-3, and BMP-15 were 

measured in oocytes treated with the D1 

and N4 extracts. 

 

Materials and methods 

Culture of Chlorella vulgaris microalgae 

The D1 and N4 microalgae Chlorella 

vulgaris (referred to as Chlorella sp. D1 

and Chlorella sp. N4) were obtained from 

the Persian Gulf located in the southern 

region of Iran (26°32N, 53°56E), and their 

molecular identification was determined 

and reported (Vahdati et al., 2022). Bold’s 

Basal Medium (BBM) was used for the 

culture of microalgae; initially, a 10% 

volume of the purified microalgae strain 

was added to 250 ml Erlenmeyer flasks 

containing 150 ml of culture media. The 

flasks were subjected to rotation at a speed 

of 110 rpm and maintained at a temperature 

of 25°C. The exposure conditions involved 

the use of cold white fluorescent lights with 

an intensity of 49.9 µmol m-2 s-1. The 

microalgae were grown under alternating 

light and dark conditions with a cycle 

duration of 16:8 hours. The 

spectrophotometer was utilized to measure 

the cell density daily, specifically at a 

wavelength of 620 nm. Following a period 
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of 15 days, the concentration of the 

inoculum was approximately 5.5×107 

cells/mL. In order to process the biomass 

after the end of the logarithmic phase, the 

first step involved subjecting the biomass to 

several washes using distilled water for 

desalination. Each washing cycle lasted 20 

minutes and was followed by centrifugation 

at 1500 g. Afterward, the biomass was 

subjected to a drying process using a freeze 

dryer. The dried biomass was thereafter 

stored at a temperature of 4°C. 

 

Extraction of bioactive compounds from 

microalgae 

To initiate the extraction process, 200 mg 

of frozen dry microalgae was subjected to 

grinding for 24 hours. Subsequently, the 

ground microalgae were extracted with 2 

mL of methanol at ambient temperature for 

24 hours. The tube was centrifuged at 1500 

g for 10 minutes, and the resulting 

supernatant was collected, filtered, and 

used. Three rounds of extraction were 

performed on the residues, and the resulting 

supernatants were combined. 

 

Measurement of the antioxidant activity of 

microalgae extract 

Ferric reduction activity potential (FRAP) 

analysis 

To conduct FRAP analysis, solutions 

containing 125 and 250 µg/mL of the 

extracts were prepared. The solution had a 

final volume of 2 mL and comprised the 

FRAP solution containing 10 mM TPTZ

(dissolved in 40 mM HCl) and 20 mM Fe. 

Furthermore, a 300 mM acetate buffer was 

introduced into the solution, resulting in a 

pH of 6.3. The aforementioned sample was 

subjected to a temperature of 37°C for 10 

minutes, after which the intensity of its 

color was measured at a wavelength of 593 

nm in comparison to a blank sample. The 

standard curve was generated using ferrous 

sulfate (FeSO4, 7H2O) at a concentration of 

1000 µM, as well as the concentrations of 

125 µM, 250 µM, and 500 µM. The 

quantification of antioxidant activity in the 

extracts was carried out by measuring the 

amount of micromoles of ferrous ion (Fe+2) 

involved. 

 

2, 2-diphenyl-1-picrylhydrazyl (DPPH) 

measurement  

Following the preparation of a 100 µM 

DPPH solution, the absorbance at a 

wavelength of 517 nm was measured. 

Appropriate amounts of ethanol and the 

microalgae extract, with concentrations of 

125 and 250 µg/ml, respectively, were 

introduced into the solution and kept at 

ambient temperature. The absorbance of the 

samples was measured at a wavelength of 

517 nm after an incubation period of 30 

minutes. The calculation of the percentage 

of inhibition or regeneration of DPPH by an 

antioxidant molecule was performed using 

the following equation:  

 

 

DPPH radical scavenging activity (%) =
Abs Control –  Abs Sample

𝐴𝑏𝑠 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100 
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Ovulation induction and oocyte collection 

To induce ovulation, female NMRI mice, 

aged 5-6 weeks, were administered an 

intraperitoneal injection of 10 IU of 

pregnant horse serum gonadotropin 

(PMSG) hormone (Hipra Co., Spain). The 

animals were housed under standard 

laboratory conditions of temperature and a 

12-hour light-dark cycle, with unrestricted 

access to water and food, and all ethical 

guidelines in dealing with animals were 

followed in accordance with the Ethics 

Code: IR.KHU.REC.1400.044. The 

animals were sacrificed spinally 44-48 

hours following the injection, and their 

ovaries were extracted and dissected in 

DMEM culture media containing 10% fetal 

bovine serum and 1% antibiotics. The 

oocytes at the germinal vesicle (GV) stage 

were carefully transferred to a fresh 

medium using an inverted light microscope 

and oral pipetting. Subsequently, the 

samples were put in an incubator for 16 

hours. 
 

Treatment of oocytes with extract 

The collected oocytes were allocated into 

three distinct groups: a control group with 

no treatment, a group treated with Chlorella 

sp. D1 extract, and a group treated with 

Chlorella sp. N4 extract. Each group had a 

minimum of 30 oocytes. The 

concentrations of the extracts that were 

tested were 50, 150, and 300 µg/mL. 
 

Survival rate and maturity of oocytes in the 

culture medium 

Following a 16-hour incubation period, the 

control and treated oocytes were observed 

under an inverted microscope at 

magnifications of 10× and 40×. The 

quantification of viable and non-viable 

oocytes were conducted by assessing their 

morphological characteristics, and 

subsequently, the survival rate was 

calculated. The existence of the polar body 

was examined to assess the level of 

maturity. Then, the oocyte maturity 

percentage was quantified.  
 

Real-time PCR 

The oocytes from all experimental groups 

were collected via centrifugation, and their 

total RNA was subsequently extracted 

utilizing the Trizol reagent. The cDNA 

synthesis was performed using the Thermo 

Scientific Revert Aid RT kit (USA) 

according to the manufacturer’s 

instructions. Oligo 7 software was used to 

design the specific primers, which were 

synthesized by Sina Clone Company (Iran). 

Table 1 displays the primer sequences used 

in this research. Real-time PCR was carried 

out using Amplicon Master Mix (Denmark) 

and Corbett Rotor Gene-RG 6000 (USA).  

The temperature cycle was 95°C for 5 

minutes, 95°C for 30s, 62°C for 60s, 72°C 

for 60s, and 40 cycles. In all groups, real-

time PCR reactions for the target and 

Glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) genes were 

conducted in duplicate, and the relative 

expression of genes was evaluated using 

CTs and REST2009 software. 
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Table 1: Sequence of primers. 

Name Seq Product size Accession nu Ta 

SIRT-3 
F: 5'- ATGTGGTCCAGCTAGGGGAT -3' 

R: 5'- ACGTTCCCGCTGCATAAGAT -3' 
98 NM_022433.2 59 

     

BMP-15 
F: 5'- TCCTTGCTGACGACCCTACAT-3' 

R: 5'- TACCTCAGGGGATAGCCTTGG-3 
100 NM-001289726/1 60 

     

GDF-9 
F: 5'- CTCCCACTCTTCCACCTTCG-3' 

R: 5'- GCCTCTCTTGCTCAGTGTCC-3' 
136 NM-008110/2 59 

     

GAPDH 
F: 5'- CTCCCACTCTTCCACCTTCG-3' 

R: 5'- GCCTCTCTTGCTCAGTGTCC-3' 
189 NM_001289726.1 60 

 

 

Statistical analysis  

The experiments were conducted with a 

minimum of three repetitions, and the data 

were subjected to statistical analysis using 

one-way analysis of variance followed by 

Tukey's post hoc test. A significance level 

of p<0.05 was considered as statistically 

significant differences. The diagrams were 

created with the GraphPad Prism software. 

 

Results 

Antioxidant effect of Chlorella sp. D1 and 

Chlorella sp. N4 extracts 

The analysis of the antioxidant properties of 

two extracts derived from Chlorella sp. D1 

and Chlorella sp. N4 microalgae revealed 

their ability to suppress the activity of free 

radicals effectively. The results of the 

FRAP assay revealed that the FRAP value 

of Chlorella sp. D1 extract at a 

concentration of 125 µg/mL exhibited 23 

µM Fe+2, whereas the FRAP value of 

Chlorella sp. D1 extract at 250 µg/mL 

concentration displayed 51.4 µM Fe+2. In 

contrast, it was observed that the FRAP 

value of Chlorella sp. N4 extract at a 

concentration of 125 µg/mL had a content 

of 21.4 µM Fe+2, whereas the FRAP value 

of Chlorella sp. N4 extract at a dosage of 

250 µg/ml had a content of 50.5 µM Fe+2. 

Upon analysis, it was determined that there 

was no statistically significant difference 

between the two extracts (Fig. 1a). 

The results of the DPPH test showed that 

the Chlorella sp. D1 extract had a free 

radical scavenging capacity of 10.5% at a 

concentration of 125 µg/mL and 19.5% at a 

concentration of 250 µg/mL. Similarly, the 

Chlorella sp. N4 extract displayed a free 

radical scavenging capacity of 15% at 125 

µg/mL and 16.5% at 250 µg/mL. 

Nevertheless, it is important to highlight 

that there was no statistically significant 

difference in the free radical scavenging 

ability between the two extracts at the 

corresponding concentrations (Fig. 1b).
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Figure 1: Comparison the antioxidant activity of 

Chlorella sp. D1 (sp. D1) and Chlorella sp. N4 (sp. 

N4) extracts using FRAP and DPPH assays. 

There was no significant difference between 

extracts at 125 or 250 (µg/mL) concentrations. 

 

Effects of Chlorella sp. D1 and Chlorella 

sp. N4 extracts on the survival and maturity 

of oocytes in the culture medium 

Based on the morphological observations, 

the Chlorella sp. D1 and Chlorella sp. N4 

extracts exhibited significant levels of 

toxicity when administered at a 

concentration of 300 µg/mL and resulted in 

the degeneration of all oocytes. In contrast, 

50 µg/mL concentration yielded outcomes 

comparable to those of the control group, 

with no statistically significant distinction 

(Fig. 2a-c). However, when exposed to a 

dose of 150 µg/mL, the observed outcomes 

aligned with the findings presented in Table 

2. In addition, after 16 hours of treatment 

with two microalgae, Chlorella sp. N4 and 

Chlorella sp. D1, at a 150 µg/mL 

concentration, oocytes with polar bodies 

were counted, and the results are shown in 

Table 3. 

 

 

 
Figure 2: Morphological characteristic of oocytes isolated from NMRI mice. a and b show intact oocytes; 

white arrow: zona pellucida, red star: first polar body. c shows an apoptotic oocyte (black arrow). 

a: observation under 10× objective; b and c: observation under 40× objective. 
 

 



596 Izadi et al., Protective activity of Chlorella vulgaris microalgae extract on the in vitro cultured ... 

Table 2: Effect of Chlorella sp. D1 and Chlorella sp. N4 extracts on the viability of oocytes. 

 Control 
Chlorella SP. D1  

(150 
µ𝒈

𝒎𝑳⁄ ) 

Chlorella SP. N4  

(150 
µ𝒈

𝒎𝑳⁄ ) 

Total Counted Oocytes 30 30 30 

Viable Oocytes 17 25 21 

Apoptotic Oocytes 13 6 9 

Percentage of Viable Oocytes % 56 % 83 % 70 
 

 

 

Table 3: Effect of Chlorella sp. D1 and Chlorella sp. N4 extracts on the maturation of oocytes. 

 Control 
Chlorella SP. D1  

(150 
µ𝒈

𝒎𝑳⁄ ) 

Chlorella SP. N4  

(150 
µ𝒈

𝒎𝑳⁄ ) 

Total Counted Oocytes 30 30 30 

Oocytes with first polar body 3 2 4 

Percentage of Maturation % 10 % 6 % 13 

 

 

Effect of Chlorella sp. D1 and Chlorella sp. 

N4 extracts on the expression levels of 

SIRT-3, BMP-15 and GDF-9 genes 

Real-time PCR analysis revealed that the 

expression of the SIRT-3 gene exhibited a 

2.346-fold increase in the group treated 

with N4 extract compared to the control 

group (p<0.05). The expression of the 

SIRT-3 gene displayed a 7.086-fold 

increase in the group treated with the D1 

extract compared to the control group 

(p<0.05). The expression of the BMP-15 

gene exhibited an 11.35-fold increase in the 

group treated with the N4 extract compared 

to the control group (p<0.05). Furthermore, 

upregulation of the BMP-15 gene was 

observed in the D1 extract-treated group 

with an average fold change of 3.11 

compared to the control group (p<0.05). No 

statistically significant differences were 

observed with the expression of the GDF-9 

gene among N4 treatment groups compared 

to the control group (p>0.05), but the 

difference was statistically significant 

between the D1 extract-treated group and 

the control with an average fold change of 

2.73 (p<0.05).  The comparison between 

the N4 and D1 groups revealed a significant 

elevation in the expression of the SIRT-3 

gene in oocytes subjected to treatment with 

N4, as opposed to D1, with an average 

coefficient of 3.56 (p<0.05). The 

expression of the BMP-15 gene in oocytes 

treated with N4 was significantly higher 

compared to oocytes treated with D1, with 

an average coefficient of 4.64 (p<0.05). 

Also, a significant difference was observed 

in the expression of the GDF-9 gene 

between oocytes treated with N4 and those 

treated with D1 (p<0.05) (Fig. 3). 
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Figure 3: Effect of Chlorella sp. D1 (sp. D1) and Chlorella sp. N4 (sp. N4) extracts on the expression of SIRT-3, 

BMP-15, and GDF-9 genes in the in vitro cultured oocytes. ns: non-significant, **: p<0.01, ***: 

p<0.001. 

 

Discussion 

The present research aimed to explore the 

impact of methanolic extracts derived from 

two Chlorella vulgaris strains on the 

viability, maturation, and gene expression 

related to oocyte function in mice under 

laboratory conditions. Our research 

demonstrated that the methanolic extracts 

obtained from Chlorella sp. D1 and 

Chlorella sp. N4 exhibited antioxidant 

properties and treatment of collected 

oocytes with Chlorella sp. D1 and 

Chlorella sp. N4 extracts resulted in a 

significant enhancement in oocyte survival 

under in vitro culture. Several studies have 

indicated the antioxidant properties of 

Chlorella vulgaris. For instance, the impact 

of Chlorella vulgaris supplementation on 

oxidative stress and the expression of 

antioxidant genes was assayed in the livers 

and ovaries of New Zealand white rabbits. 

The results showed that Chlorella vulgaris 

supplementation increased the overall 

antioxidant levels in rabbits' blood, uterus, 

and liver (Sikiru et al., 2019). Also, in a 

study conducted by Zainul Azlan  et al., the 

administration of Chlorella vulgaris 

resulted in enhanced mitigation of 

oxidative stress and improved muscle 

regeneration in both young and aged 

Sprague-Dawley rats (Zainul Azlan et al., 

2020). Vahdati and colleagues isolated the 

methanolic extract of Chlorella sp. D1 and 

reported its antioxidant activity and 

protective properties for the first time 

(Vahdati et al., 2022). Their findings 

indicated that phytol, di-tert-butyl peroxide 

(DTBP), and BHT were the primary 

phytochemicals responsible for the 

observed antioxidant activities of Chlorella 

sp. D1. Additionally, they demonstrated 

that the extract derived from Chlorella sp. 

D1 had significant FRAP and DPPH 

antiradical activity while exhibiting a 
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protective effect on nerve cells under 

oxidative stress. In addition, Mousavian 

and colleagues previously highlighted the 

significance of sulfated polysaccharides 

found in the extracts of Chlorella sp. D1 

and Chlorella sp. N4 concerning their 

antioxidant properties (Mousavian et al., 

2022). Based on these findings, it can be 

inferred that the Chlorella extracts 

employed in the current study demonstrated 

antioxidant activity, likely owing to the 

presence of compounds such as DTBP or 

sulfated polysaccharides. These 

compounds may have played a protective 

role against toxic factors encountered 

during in vitro oocyte culture. 

We also compared the expression levels 

of SIRT-3, BMP-15, and GDF-9 genes 

between oocytes treated with Chlorella 

extracts and those without any treatment. 

The observed increase in SIRT-3 gene 

levels compared to untreated oocytes 

indicates a positive effect of both extracts 

on the intracellular antioxidant pathways. 

The relevance of SIRT-3 to the competence 

of female germ cells for fertilization and 

early embryonic development has been 

validated through the examination of 

human oocytes extracted from IVF 

procedures. These observations have 

revealed a positive association among the 

abundance of SIRT-3 mRNA, 

mitochondrial biogenesis, and the 

effectiveness of oocyte development from 

the oocyte stage to the blastocyst stage 

(Zhao et al., 2016). Under non-

physiological conditions, the regulation of 

SIRT-3 expression may vary; factors such 

as diabetes, aging, and a high-fat diet have 

been shown to decrease SIRT-3 levels in 

the ovary (Di Emidio et al., 2021). 

According to a study performed by 

Kamalipour and colleagues, the reduction 

in SIRT-3 gene expression in oocytes 

caused by polycystic ovary syndrome 

(PCOS) may account for oocyte fertility 

issues (Kamalipour et al., 2020). While the 

absence of SIRT-3 did not impact the 

population of ovarian follicles and SIRT-3-

deficient oocytes exhibited similar 

mitochondrial mass compared to their wild-

type counterparts, they did demonstrate an 

increased production of ROS, suggesting 

impaired mitochondrial activity following 

SIRT-3 abrogation (Iljas and Homer, 

2020). The administration of some 

treatments that positively affect ovarian 

physiology is correlated with restoring 

SIRT-3 levels in the ovaries. In this context, 

the administration of curcumin and 

melatonin has been shown to boost the 

expression of SIRT-3 and improve the 

aging phenotype (Mayo et al., 2017, 

Saeideh Hasani Azami, 2019). Slipa et al. 

demonstrated the involvement of SIRT-3 in 

reproductive features and its potential 

utility in the selection of viable goat breeds 

by analyzing single nucleotide 

polymorphisms (SNPs) within the SIRT-3 

gene across several goat breeds (Silpa et al., 

2018).  

In a similar manner to SIRT-3, the gene 

expression levels of BMP-15, and GDF-9 

genes were notably elevated in oocytes 

subjected to Chlorella extracts compared to 

untreated oocytes. Several studies have 

revealed the positive effects of BMP-15 and 

GDF-9 on oocyte quality and their ability to 

enhance blastocyst rate and embryonic 

development in fertilized oocytes (Dalbies-

Tran et al., 2020). The addition of BMP-15 

to the culture medium accelerated growth 
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and antrum development while maintaining 

the structural integrity of isolated goat pre-

antral follicles (Celestino et al., 2011). A 

study reported that BMP-15 could facilitate 

the resumption of oocyte meiosis in mice 

through the upregulation of natriuretic 

peptide receptor (Npr2) and Inosine 

monophosphate dehydrogenase (Impdh) 

(Qin et al., 2019). Furthermore, Jitjumnong 

and colleagues demonstrated that BMP-15 

supplementation during in vitro cultivation 

of mouse ovarian follicles can promote 

follicular maturation and growth 

(Jitjumnong and Tang, 2023). GDF9 has 

been suggested to reflect oocyte quality 

(Park et al., 2020), and the use of 

antioxidant compounds, such as α-

tocopherol, sodium selenite, melatonin, and 

ascorbic acid during in vitro maturation of 

the oocyte has been shown to help maintain 

GDF-9 expression and improve fertilization 

outcome (Tripathi et al., 2023). In 

alignment with the reports on the benefits 

of antioxidant compounds on oocytes, our 

findings also demonstrated that the 

Chlorella extracts utilized in the current 

research maintained the expression levels 

of BMP-15 and GDF-9 genes in the in vitro 

cultured oocytes. 

 

Conclusions 

The current research findings indicated that 

the methanolic extracts derived from 

Chlorella vulgaris microalgae exhibited 

antioxidant properties and enhanced the 

viability of oocytes obtained from murine 

ovaries in the culture medium. The 

sustained expression of genes such as 

SIRT-3, BMP-15, and GDF-9 indicates that 

the analyzed extracts may bolster the 

mitochondrial antioxidant defense system 

in oocytes, potentially preserving their 

quality for successful fertilization. 
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