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fostering bacterial imbalances that lead to vaginitis (Suárez 
et al. 2006; Gonzalez-Bulnes et al. 2020). These disruptions 
promote opportunistic pathogens, negatively impacting 
sperm quality and fertilization (Manes et al. 2014; Vas-
concelos et al. 2016; Martinez-Ros et al. 2018; Gonzalez-
Bulnes et al. 2020).

Antibiotics, administered systemically or locally, have 
been used to control bacterial overgrowth and prevent 
infections (Gatti et al. 2011; Vasconcelos et al. 2016; Ojeda-
Hernández et al. 2019; Guner and Kisadere 2022). However, 
their widespread use contradicts efforts to minimize antibi-
otic residues in animal production (Gonzalez-Bulnes et al. 
2020; Regecová et al. 2022; Výrostková et al. 2021). Pro-
biotic-based alternatives, particularly those utilizing Lacto-
bacillus spp., have emerged as a non-antibiotic approach to 
maintaining vaginal health. Although Lactobacillus spp. are 

Introduction

Intravaginal progestagen-impregnated sponges (IVS) are 
widely used for estrus synchronization in ewes, mimick-
ing the luteal phase for 12–14 days (Gonzalez-Bulnes et 
al. 2020; Guner et al. 2024). Unlike CIDR devices, IVS 
obstruct the vaginal canal, altering discharge dynamics and 
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Abstract
This study investigated the effects of Lactobacillus plantarum (LAC) and its cell-free supernatant (CFS) on vaginal health 
and reproductive performance in ewes. The ewes were synchronized using fluorogestone acetate (FGA) or medroxy-
progesterone acetate (MPA) impregnated intravaginal sponges. A total of 196 Merino ewes were randomly assigned to 
four groups in a 2 × 2 factorial design. Intravaginal sponges remained for 14 days, and vaginal discharge, sponge weight 
change, estrus response, and pregnancy rates were evaluated. No adverse health effects were observed following intra-
vaginal probiotic treatment. There was a tendency (p = 0.07) for higher sponge loss in the FGA group (13.2%) compared 
to the MPA group (5.7%). On the day of sponge removal, 90.8% of ewes exhibited vaginal discharge. Although not sta-
tistically significant, mean vaginal discharge scores were lower in LAC-treated groups compared to CFS-treated groups. 
While L. plantarum had no significant effect on vaginal discharge scores in the MPA group (40.7% in MPA + LAC vs. 
41.7% in MPA + CFS for score 2; p > 0.05), it significantly reduced purulent/hemorrhagic discharge in the FGA group 
(29.7% in FGA + LAC vs. 47.6% in FGA + CFS; p < 0.05). Estrus initiation occurred significantly earlier in the FGA 
group (36.8 ± 1.9  h) compared to the MPA group (49.1 ± 1.2  h; p < 0.01), although neither the probiotic treatment nor 
its interaction with progestagen type significantly influenced estrus timing. Pregnancy rates were significantly higher in 
the FGA + LAC (71.7%) and FGA + CFS (75.6%) groups compared to the MPA + LAC (49.0%) and MPA + CFS (50.0%) 
groups (p < 0.01). Our findings suggest that FGA-based synchronization improves pregnancy rates, while treatment with 
L. plantarum may enhance vaginal health, providing a potential non-antibiotic approach for reproductive management.

Keywords  Estrus synchronization · Intravaginal sponge · Lactobacillus plantarum · Pregnancy rate · Vaginal discharge

Received: 25 February 2025 / Accepted: 9 July 2025 / Published online: 18 July 2025
© The Author(s), under exclusive licence to Springer Nature B.V. 2025

Lactobacillus plantarum and supernatant: vaginal health and 
reproductive parameters of ewes synchronized with fluorogestone or 
medroxyprogesterone acetate

Baris Guner1  · Tevhide Elif Guner2

1 3

https://doi.org/10.1007/s11250-025-04550-0
http://orcid.org/0000-0001-6414-6752
http://orcid.org/0000-0002-8706-1417
http://crossmark.crossref.org/dialog/?doi=10.1007/s11250-025-04550-0&domain=pdf&date_stamp=2025-7-15


Tropical Animal Health and Production (2025) 57:307

not predominant in the ovine vaginal microbiota (Swartz et 
al. 2014), their antibacterial properties have been explored 
to modulate vaginal microbiota (Serrano et al. 2020; van 
de Wijgert and Verwijs 2020; Barba et al. 2024; Guner et 
al. 2024; Toquet et al. 2025). Nevertheless, studies on the 
inhibitory effects of lactic acid bacteria supernatants against 
pathogenic bacteria remain limited (Danilova et al. 2019; 
Guner et al. 2022).

Variations in progestagen composition, sponge texture, 
size, and absorption capacity affect teh efficacy of intravagi-
nal probiotic treatment on vaginal flora,. Structural prop-
erties of IVS significantly influence vaginal alterations, as 
larger sponges with higher absorption capacity may retain 
more secretions, promoting bacterial colonization and pro-
longed inflammation (Martinez-Ros et al. 2018; Gonzalez-
Bulnes et al. 2020). Ewes typically exhibit estrus (75–100%) 
within 24–72 h after IVS removal (Olivera-Muzante et al. 
2011), with fluorogestone acetate (FGA) inducing a more 
rapid estrus initiation than medroxyprogesterone acetate 
(MPA) (Romano 1996). However, the 48-hour after IVS 
removal is critical for vaginal healing (Quereda et al. 2020; 
Guner et al. 2022), suggesting that early estrus in FGA-
treated ewes may increase the risk of semen deposition in 
an inflamed vaginal environment. Given the widespread use 
of different progestagens in field conditions, it is essential 
to assess the effects of intravaginal treatments with both 
progestagens. This study aimed to evaluate the impact of 
Lactobacillus plantarum or its cell-free supernatant, applied 
at sponge insertion, on vaginitis severity and reproductive 
performance in ewes synchronized with FGA or MPA in a 
field study.

Materials and methods

Animals management

The experimental procedures were approved by the Balıkesir 
University Animal Care Committee (Reference Number: 
2021/3–4), ensuring compliance with ethical standards for 
animal research. This study was conducted on 196 clinically 
healthy Merino ewes, all of which had a parity of two. Ewes 
exhibited normal physiological and behavioral parameters, 
including good appetite, absence of lameness, and no signs 
of neurological or digestive disorders. Their alertness to 
environmental stimuli was demonstrated through respon-
sive ear movements.

Throughout the study, the ewes were maintained on a 
nutritionally balanced total mixed ration and were provided 
with daily grazing access to natural pasture for four hours. 
Additionally, they had unrestricted access to fresh water and 
shaded areas to ensure optimal welfare conditions.

Experimental design

The estrus synchronization protocol was conducted during 
the breeding season, spanning from May 25 to June 24, in 
Balıkesir, Türkiye. A total of 196 Merino ewes were ran-
domly assigned to one of four experimental groups follow-
ing a 2 × 2 factorial design. The grouping was based on two 
factors: (1) the type of intravaginal treatment administered 
prior to sponge insertion either Lactobacillus plantarum 
(LAC) or its cell-free supernatant (CFS), and (2) the type 
of intravaginal sponge used—either fluorogestone acetate 
(FGA) or medroxyprogesterone acetate (MPA).

All ewes received intravaginal sponges impregnated 
with either 60 mg of medroxyprogesterone acetate (Espon-
javet®, HIPRA, Istanbul, Türkiye) or 20 mg of fluoroges-
tone acetate (Chronogest CR, MSD, Istanbul, Türkiye) for 
a duration of 14 days. The sponges differed in their physical 
characteristics, with FGA sponges measuring 4 × 4 cm and 
weighing 0.96 g, while MPA sponges measured 4 × 3 cm and 
weighed 1.17 g.

Lactobacillus plantarum and its cell-free supernatant 
were prepared following the protocol described by Guner 
et al. 2024). The bacterial culture and supernatant were 
produced two days prior to application and stored in sterile 
tubes at 4–6 °C until use. Prior to sponge insertion, 1 mL of 
either L. plantarum suspension or its cell-free supernatant 
was injected into each intravaginal sponge to ensure uni-
form distribution of the treatment. To maintain aseptic con-
ditions, the vulvar area of each ewe was disinfected with 1% 
benzalkonium chloride (Zefirol, Dermosept, Istanbul, Tür-
kiye) before sponge insertion. Additionally, all instruments 
and materials used for sponge application were thoroughly 
disinfected to prevent contamination. At the time of sponge 
removal, all ewes received a single intramuscular injection 
of 500 IU equine chorionic gonadotropin (eCG; Gonaser®, 
HIPRA, Türkiye, or Folligon®, MSD, Türkiye).

Vaginal discharge scores were recorded at the time 
of sponge removal, and each sponge was weighed after 
removal. The difference in weight was calculated as sponge 
weight change, serving as an indirect measure of vaginal 
discharge accumulation throughout the application period. 
Vaginal discharge was assessed based on its volume and 
composition, specifically whether it was clear, purulent, or 
hemorrhagic. The scoring system, adapted from (Martinez-
Ros et al. 2018), categorized discharge as follows: score 0: 
for negligible or no discharge, score 1: for a small amount 
of clear discharge, and score 2: for an abundant amount of 
purulent or hemorrhagic discharge at the time of sponge 
removal.

A total of eighteen rams were introduced to the flock 
for natural mating. Estrus detection was conducted using 
crayon marks from harnesses worn by the rams, which 
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were transferred onto the rumps of receptive ewes. Ewes 
exhibiting estrus behavior were identified twice daily over 
a 96-hour observation period, following the methodology 
described by (Ungerfeld and Rubianes 2002). Pregnancy 
diagnosis was performed 35 days post-mating using tran-
srectal ultrasonography with a linear probe (7.5  MHz) to 
confirm pregnancy status (Hasvet 838, Hasvet, Antalya, 
Türkiye).

Statistical analysis

All statistical analyses were conducted using IBM SPSS 
Statistics (version 27, IBM Corp., Armonk, NY, USA). A 
General Linear Model (GLM) was employed to evaluate 
the effects of different intravaginal sponge applications on 
vaginitis scores and sponge weight change. In this model, 
progestagen type was included as a fixed factor, while treat-
ment groups were incorporated as a covariate to account 
for potential interactions. The chi-square (χ²) test was used 

to compare estrus detection and pregnancy rates among 
groups. Additionally, Spearman’s rank correlation analy-
sis was performed to examine the relationship between 
vaginitis scores and both pregnancy and estrus response 
rates. Results for continuous variables were expressed as 
mean ± standard error of the mean (SEM), while categori-
cal variables were presented as percentages. Statistical sig-
nificance was defined as p < 0.05, and statistical tendencies 
were considered within the range of 0.05 < p < 0.10.

Results

Throughout the experiment, no adverse effects on the 
health status of ewes receiving intravaginal treatment were 
observed. The overall sponge loss rate was 9.2%. There 
was a tendency (p = 0.07) for a higher sponge loss rate in 
the MPA group (5.7%, 6/105) compared to the FGA group 
(13.2%, 12/91). Among ewes that experienced sponge loss 
before the scheduled removal day, four out of six ewes in the 
MPA group and eight out of twelve ewes in the FGA group 
exhibited estrus. Furthermore, pregnancy was confirmed in 
one ewe from the MPA group and seven ewes from the FGA 
group.

On the day of sponge removal, vaginal discharge was 
observed in 178 ewes (90.8%), while 18 ewes (9.2%) expe-
rienced sponge loss without any signs of vaginal discharge 
(Table  1). Mild to severe discharge was observed in over 
80% of ewes in both groups, with purulent or hemorrhagic 
discharge being slightly more frequent in the FGA group 
(47.6% vs. 41.7%, Table 1).

There was no significant difference in vaginal discharge 
scores between ewes treated with LAC or CFS in the MPA 
group (p > 0.05). However, FGA + LAC group had a statisti-
cally lower rate of purulent/hemorrhagic vaginal discharge 
than FGA + CFS group (p < 0.05). The type of progestagen 
(MPA or FGA) did not have a significant effect on vagi-
nal discharge scores (p > 0.05). LAC treatment resulted in 
a slight, yet statistically insignificant, reduction in overall 
vaginal discharge scores within the FGA group (Table 2). 
Additionally, sponge weight change was significantly higher 
in the FGA group compared to the MPA group (p < 0.05). 
However, intravaginal treatment had no significant effect 
on sponge weight change. Furthermore, no significant inter-
action was detected between progestagen type and treat-
ment concerning vaginal discharge scores or sponge weight 
change (p > 0.05; Table 2).

The mean onset of estrus was significantly earlier 
(p < 0.05) in the FGA groups (36.8 ± 1.9  h) compared to 
the MPA group (49.1 ± 1.2 h, Table 3). The onset of estrus 
(mean ± SEM) for each treatment group was as follows: 
MPA + LAC (50.4 ± 1.8  h), MPA + CFS (47.8 ± 1.6  h), 

Table 1  Effect of treatment with Lactobacillus plantarum (LAC) or 
cell-free supernatant (CFS) on retention rates and vaginal Dsicharge 
scores in Ewes synchronized with fluorogestone acetate (FGA) or 
Medroxyprogesterone acetate (MPA)
Variables MPA-LAC MPA-CFS FGA-LAC FGA-

CFS
Over-
all

Number of 
ewes

51 54 46 45 196

Retention 
rate

50 49 40 39 178

Score 0; 
Negligible

5 2 2 3 12

Score 1; 
Mild

21 21 22 14 78

Score 2; 
Purulent or 
Hemor-
ragic

24 26 16 22 88

Values in rows labeled with different letters (a, b) exhibit statistically 
tendency (p < 0.05). (MPA, medroxyprogesterone acetate; FGA, fluo-
rogestone acetate; LAC, Lactobacillus plantarum; CFS, Lactobacil-
lus plantarum cell-free supernatant)

Table 2  Effect of treatment with Lactobacillus plantarum (LAC) or 
cell-free supernatant (CFS) on vaginal discharge score and sponge 
weight change in Ewes synchronized with fluorogestone acetate 
(FGA) or Medroxyprogesterone acetate (MPA)
Variables MPA + LAC MPA + CFS FGA + LAC FGA + CFS
Vaginal 
discharge 
score

1.38 ± 0.09 1.49 ± 0.08 1.35 ± 0.08 1.49 ± 0.10

Sponge 
weight 
change

6.03 ± 0.35a 6.05 ± 0.25a 7.25 ± 0.35b 7.13 ± 0.24b

Values in rows labeled with different letters (a, b) exhibit statistically 
tendency (p < 0.05). (MPA, medroxyprogesterone acetate; FGA, fluo-
rogestone acetate; LAC, Lactobacillus plantarum; CFS, Lactobacil-
lus plantarum cell-free supernatant)

1 3

Page 3 of 7  307



Tropical Animal Health and Production (2025) 57:307

al. (1979), who reported higher loss rates with MPA. The 
larger size, higher absorption capacity, and greater mechan-
ical pressure of FGA sponges may contribute to retention 
difficulties, particularly in young ewes with narrower vagi-
nal canals. Consistent with Kilboz and Karaca (2010), who 
observed a 37.5% sponge loss rate in young goats, anatomi-
cal limitations should be considered in future applications. 
Despite sponge loss, estrus expression and conception still 
occurred in both groups, suggesting that hormonal absorp-
tion was sufficient before sponge expulsion in some animals 
(Guner et al. 2024; Kilboz and Karaca 2010). Therefore, 
allowing ram introduction upon sponge loss may be a ben-
eficial management strategy under field conditions.

Consistent with previous studies (Quereda et al. 2020; 
Guner et al. 2024), all ewes (except those with sponge loss) 
exhibited vaginal discharge. Prolonged progestagen treat-
ments contribute to the absorption of vaginal secretions by 
polyurethane sponges, leading to abnormal discharge after 
sponge removal (Al-Hamedawi et al. 2003; Martinez-Ros 
et al. 2018). The extended presence of the sponge may pro-
mote microbial proliferation and inflammation, exacerbat-
ing vaginal discharge (Manes et al. 2010, 2018; Guner et 
al. 2022). Young ewes are more prone to severe vaginal dis-
charge than mature ewes (Martinez-Ros et al. 2018; Guner 
and Saat 2021). FGA sponges may absorb more fluid due to 
their material properties. Hence, it would be expected that 
the FGA sponge has more adverse effects on vaginal dis-
charge than MPA sponge. Our findings indicate that sponge 
composition did not significantly affect vaginal discharge 
scores.

The use of antibiotics has traditionally been a common 
approach to managing vaginal inflammation associated with 
intravaginal sponges (Berruga et al. 2008; Serrano et al. 
2020). However, their application has been linked to disrup-
tions in the vaginal microbiota, leading to a decline in spe-
cific beneficial bacterial populations (Serrano et al. 2020). 
Additionally, concerns regarding antibiotic residues in milk 
and meat highlight the necessity of alternative strategies 
to mitigate these risks (Berruga et al. 2008). Given these 
challenges, recent studies have emphasized the potential 
of intravaginal probiotics as a preventive measure against 
sponge-induced vaginitis (Quereda et al. 2020; Serrano et 
al. 2020; Guner et al. 2022; Toquet et al. 2025).

Lactobacillus spp. (Quereda et al. 2020; Toquet et al. 
2025), and their supernatant (Guner et al. 2022) have shown 
promising results in supporting vaginal health and reducing 
vaginitis in vivo studies. Probiotic applications help restore 
microbial balance by reducing neutrophilic infiltration and 
alleviating microbiota disruptions caused by intravaginal 
devices (Quereda et al. 2020; Toquet et al. 2025). As in our 
study, previous studies have also reported the advantage of 
not freezing the bacteria for a long time (Toquet et al. 2025). 

FGA + LAC (38.0 ± 2.9  h), and FGA + CFS (35.7 ± 2.5  h). 
The estrus response rates in the FGA + LAC, FGA + CFS, 
MPA + LAC, and MPA + CFS groups were 80.4% (37/46), 
77.8% (35/45), 90.2% (46/51), and 83.3% (45/54), respec-
tively, with no statistically significant differences among 
groups (p > 0.05). However, pregnancy rates were sig-
nificantly higher in the FGA + LAC (71.7%, 33/46) and 
FGA + CFS (75.6%, 34/45) groups compared to the 
MPA + LAC (49.0%, 25/51) and MPA + CFS (50.0%, 27/54) 
groups (p < 0.01). Similar to estrus onset, a significant differ-
ence in both conception and pregnancy rates was observed 
between the two progestagen types (p < 0.01; Table 3).

Discussion

Our study evaluated the effects of intravaginal treatment 
(LAC, Lactobacillus plantarum or CFS, Lactobacillus plan-
tarum cell-free supernatant) and two different intravaginal 
sponge composition (fluorogestone acetate and medroxypro-
gesterone acetate) on vaginitis and reproductive parameters 
in ewes. Vaginal discharges are considered a physiological 
response of the vaginal mucosa to the presence of a foreign 
body, and the characteristics of discharge or sponge loss are 
influenced by the size and texture of the material used in 
sponge manufacturing (Swelum et al. 2015). In this study, 
the overall sponge loss rate was 9.2%, which falls within the 
previously reported range of 1–10% in ewes (Viñoles et al. 
2001; Swelum et al. 2015; Guner and Kisadere 2022; Guner 
et al. 2024). While intravaginal devices generally have 
lower retention rates compared to sponges (Swelum et al. 
2015), direct comparisons between FGA and MPA remain 
limited (Boland et al. 1979; Ainsworth and Shrestha 1983). 
In our findings, sponge loss was more frequent in the FGA 
group than in the MPA group, contrasting with Boland et 

Table 3  Effect of treatment with Lactobacillus plantarum (LAC) or 
cell-free supernatant (CFS) on reproductive parameters in Ewes syn-
chronized with fluorogestone acetate (FGA) or Medroxyprogesterone 
acetate (MPA)

MPA + LAC MPA + CFS FGA + LAC FGA + CFS
Number of 
ewes

51 54 46 45

Onset of 
estrus (h)

50.4 ± 1.8a 47.8 ± 1.6a 38.0 ± 2.9b 35.7 ± 2.5b

Estrus 
response

90.2 (46) 83.3 (45) 80.4 (37) 77.8 (35)

Conception 
rate

49.0a (25) 50.0a (27) 71.7b (33) 75.6b (34)

Pregnancy 
rate

54.3a (25) 60.0a (27) 89.1b (33) 97.1b (34)

Values in rows labeled with different letters (a, b) exhibit statistically 
tendency (p < 0.05). (MPA, medroxyprogesterone acetate; FGA, fluo-
rogestone acetate; LAC, Lactobacillus plantarum; CFS, Lactobacil-
lus plantarum cell-free supernatant)
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Garoussi et al. 2020; Pérez-Clariget et al. 2021; Guner et 
al. 2024), whereas those with FGA-based sponges varied 
between 45% and 90% (Altincekic et al. 2020; Quereda et 
al. 2020; Al-Dahal et al. 2022; Di Giorgio et al. 2022). Swe-
lum et al. (2015) determined higher FSH levels after sponge 
removal in FGA group. Although there was no difference 
in estrus response, estrus initiation is earlier and serum 
concentration of estradiol (E2) and progesterone (P4) was 
higher in CIDR group than FGA group in previous study. 
This difference in serum hormone levels resulted in a higher 
pregnancy rate in CIDR group than FGA group. Like the 
previous results in CIDR group compared to FGA, changes 
in estrus initiation time and pregnancy rate were similar in 
our FGA groups compared to MPA groups. Thus, earlier ini-
tiation of estrus expression and higher pregnancy rate could 
be time-dependent early decreases in progesterone and early 
increases in estradiol-17beta levels in FGA group compared 
to MPA group in our study.

Conclusion

The administration of LAC or CFS did not induce any 
adverse effects in ewes. Notably, LAC treatment at the time 
of sponge insertion resulted in a lower vaginal discharge 
score in both progestagen groups. Moreover, ewes in FGA 
group exhibited an earlier onset of estrus and had a higher 
pregnancy rate than ewes in MAP group. This study pro-
vides practical insights that are highly relevant for field 
applications, as it was conducted under commercial-like 
conditions using commonly available progestagen-based 
intravaginal sponges. Evaluating the effects of two distinct 
progestagen types (differing in size and formulation) on 
vaginal health outcomes is particularly important, as these 
variables may influence the incidence and severity of vagi-
nitis. Understanding how the physical and hormonal char-
acteristics of synchronization materials affect reproductive 
parameters supports more informed decision-making in vet-
erinary practice.
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There has been limited study (Danilova et al. 2019; Guner 
et al. 2022) in the literature evaluating the effectiveness of 
bacterial supernatant on vaginitis in ewes. Danilova et al. 
(2019) demonstrated the inhibitory effect of Lactobacillus 
plantarum supernatant on pathogenic bacteria in vitro study. 
Guner et al. (2022) reported the administration of Lacto-
bacillus plantarum supernatant reduce Enterobacteriaceae 
count at the time of sponge removal in ewes.

In our hypothesis, the larger sponge size of FGA could 
have promoted more severe vaginal discharge than MPA. 
Using different progestagens did not affected vaginal dis-
charge in this study. The mean vaginal discharge score 
was insignificantly lower in groups that were treated Lac-
tobacillus plantarum compared to supernatant groups. The 
absence of a negative control group in this field study limits 
the ability to fully evaluate the specific impact of the treat-
ments on vaginal discharge severity; future studies incor-
porating untreated controls would help clarify these effects. 
The farmer, who applied estrus synchronization using an 
intravaginal sponge, had concerns that severity of vaginal 
discharge would reduce fertility (Guner et al. 2024). At this 
point, the farmer’s concerns about the control group without 
any intravaginal treatment limited our study. Further histo-
logical analyses of vaginal tissue are needed to better under-
stand the efficacy of lactic acid bacteria or supernatant in 
ewes that synchronized with FGA and MPA.

There was no difference in the proportion of ewes 
expressed estrus among groups, however ewes in FGA 
group (36.8 ± 1.9  h) expressed estrus in earlier than ewes 
in MPA group (49.1 ± 1.2 h). More ewes expressed the first 
24 h after sponge removal in FGA group compared to MPA 
group. Our findings mean that most ewes synchronized with 
FGA exhibit standing heat at earlier times than MPA ewes. 
Likely our findings, earlier estrus initiation in FGA grup 
than MPA group were demonstrated in previous studies in 
ewes (Robinson et al. 1967), in does (Romano 1996, 2004). 
The earlier onset of estrus in FGA ewes probably due to the 
differences in the rate of absorption and metabolization of 
each progestagen. Abrupt decrease in progesterone concen-
tration after sponge removal stimulates GnRH release and 
FSH increase (Swelum et al. 2015). The difference in estrus 
initiation between MPA and FGA could be resulted from 
higher potential to suppress estrus during insertion, quick 
elimination time and short half-life of FGA compared to 
MPA. Moreover, estrus was observed more precise and con-
centrated in ewes FGA group than MPA group (Robinson et 
al. 1967; Romano 1996).

Furthermore, conception rate and pregnancy rate were 
significantly higher in the FGA group than MPA group in 
our study. Our findings align with previous research, where 
pregnancy rates with MPA-based sponges ranged from 41.4 
to 79.0% (Ungerfeld and Rubianes 2002; Manes et al. 2014; 
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