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Abstract
Introduction: Polycystic ovarian syndrome (PCOS) is often accompanied by anovulatory infertility in 
women and contributes to lower pregnancy rates and an increased risk of miscarriage. While clomiphene 
citrate (CC) is the first line treatment for ovulation induction, CC resistance develops in 15 to 40% of 
women with PCOS. Emerging studies suggest that insulin-sensitizing agents such as myo-inositol (MI), 
N-acetyl-cysteine (NAC), and α-Lipoic acid (ALA) can improve ovulation and pregnancy rates.
Objectives: This prospective chart review aimed to evaluate the efficacy of Celine®, an insulin-
sensitizing agent containing MI, NAC, and ALA, in improving ovulation and pregnancy rates in CC-
resistant women with PCOS.
Methods: Data were extracted from the medical records of one hundred women with CC-resistant 
polycystic ovarian syndrome who were initiated on Celine®. Of the main population, 63 women who 
remained anovulatory after two menstrual cycles were subsequently prescribed CC in addition to 
Celine®. Cumulative ovulation and pregnancy rates were calculated based on all ovulations/clinical 
pregnancies achieved after the first Celine® cycle (n=100) and after the second cycle of Celine® + CC 
(n=63). 
Results: Spontaneous ovulation occurred in 37% with Celine® alone and 45% with Celine® + CC, 
yielding a cumulative ovulation rate of 82%. Clinical pregnancy rates were 18% and 17%, respectively, 
with a cumulative rate of 43%.
Conclusions: The addition of Celine®, alone or in combination with CC, to the treatment of PCOS in 
women with CC resistance improved ovulation and pregnancy rates, highlighting its potential role in 
enhancing reproductive outcomes.

Background
Polycystic ovarian syndrome (PCOS) is a 

common endocrine disorder affecting 4-21% 
of women in reproductive age [1–3], and is often 
accompanied by numerous metabolic and 
reproductive implications including obesity, 
metabolic syndrome, hyperandrogenism, 
insulin resistance, hyperinsulinemia, and 
infertility [5–8] . PCOS accounts for 80% 
of anovulatory infertility in women [1] and 
contributes to lower pregnancy rates and 
an increased risk of miscarriage [9]. Insulin 
resistance and associated hyperinsulinemia 
are considered the main contributors to 
PCOS-related reproductive dysfunction, 
by disrupting normal folliculogenesis and 
inhibiting follicular maturation, ultimately 
resulting in chronic anovulation [10,11].
Currently, clomiphene citrate (CC) is the 

first-line medication for medical ovulation 
induction in anovulatory women with PCOS 
[12] with up to 80% ovulation rate, and a 
cumulative pregnancy rate between 60 and 
70% in six cycles [13–15]. An initial dose of 
50 mg/day starting about day two to five of 
the menstrual cycle for five days is usually 
recommended [16]. However, resistance to 
CC may develop in 15-40% of women with 
PCOS and presents as failure to ovulate after 
receiving up to 150 mg/day for five days up to 
at least three cycles [13]. 
Other several insulin sensitizing agents and 

different therapeutical protocols have been 
used to increase ovulation rates in infertile 
women with anovulatory PCOS [17]. Recently, 
myoinositol (MI), a natural insulin sensitizer, 
alone or in combination, has gained increasing 
interest as a potential therapeutic option for 
increasing insulin sensitivity, decreasing 
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hyperandrogenism, and improving ovarian function in women 
with PCOS, specifically those seeking assisted reproductive 
technologies (ART) [18,19]. In addition to MI, other components 
with insulin-sensitizing and antioxidant properties, including 
alpha-lipoic acid (ALA) and N-acetylcysteine (NAC) have been 
demonstrated to improve metabolic parameters in PCOS [20–
22] and restore ovulation in women with PCOS [23]. 
More recently, a novel therapeutic strategy of MI, ALA, and 

NAC in combination (Celine®) has been studied, as it appears 
to have a synergistic efficacy. Treatment with Celine® resulted in 
a shortened duration of ovulation stimulation and an increase 
in pregnancy rate among women with PCOS undergoing ART 
[24]. This study aims to evaluate the effectiveness of Celine® 
in improving ovulation and pregnancy rates in anovulatory 
women with CC-resistant PCOS. By demonstrating its role as a 
monotherapy and in combination with CC, we aim to determine 
whether Celine® is a beneficial nutraceutical in CC-resistant 
PCOS management.
Materials and methods
Study design and population
This prospective chart review was conducted on women 

with CC-resistant PCOS, attending the clinic at the Teaching 
Assistance Reproductive Technology Hospital, Benghazi 
- Libya, between January and June 2019. All women over 
18 and under 37 years of age with CC-resistant PCOS who 
were initiated on Celine® (Surveal Pharma) were included 
in the study. PCOS was diagnosed based on the Rotterdam 
criteria represented by oligomenorrhea, hyperandrogenism, 
or hyperandrogenemia, and typical features of ovaries on 
ultrasound scans [25]. Clomiphene resistance was defined as 
failure to ovulate after receiving 150 mg of CC daily for five 
days per cycle, for at least three cycles [15].
The main study population consisted of all participants who 

received two tablets of Celine® twice daily for two menstrual 
cycles or 8 weeks. Data were extracted from the medical records 
of the main population at a baseline time point corresponding 
to the start of Celine® and at the end of the Celine® cycle. 
Within the main population, a subgroup of women remained 
anovulatory after after two menstrual cycles on Celine® alone 
and subsequently received another cycle of Celine® (two tablets 
twice daily) + CC (at a dose of 50 mg twice daily for five days, 
starting on day 3 of the menstrual cycle). Data were extracted 
again for this subgroup at the end of the second cycle of Celine® 
+ CC. 
Primary and secondary outcomes
Spontaneous ovulation was recorded after two menstrual 

cycles on Celine® alone for the main population, and then after 
a second cycle of Celine® in addition to CC for the subgroup of 
women who did not ovulate spontaneously after two months 
of supplementation with Celine® alone. Ovulation was defined 
as the presence of at least one follicle measuring ≥ 18mm in 
diameter and confirmed by a timed serum progesterone 
increase. The primary outcome measure was cumulative 
ovulation rate. The secondary outcome was clinical pregnancy, 
defined as the pregnancy that lasted six weeks (or 42 days) 
after the onset of the last menstrual period and confirmed by 
human chorionic gonadotropin (hCG) assay [26]. 
Statistical analysis
The clinical data were described using frequencies and 

percentages. Analysis was performed using STATA 17. The 

ovulation/pregnancy rate was calculated as the number 
of ovulatory cases/clinical pregnancies, which have been 
achieved, divided by the total number of women in the main 
population receiving Celine® alone or in the subgroup receiving 
Celine® + CC.
The cumulative ovulation/pregnancy rate was calculated by 

taking into account all ovulatory cases/clinical pregnancies 
achieved following the two supplementation cycles (Celine® 
alone and Celine® + CC). 
Ethical considerations
The study was an observational analysis of pre-existing medical 

records and did not involve direct contact with participants. 
Each participant was assigned a unique, anonymized 
identification number to ensure the confidentiality and privacy 
of the data collected. However, approval to write and publish 
this manuscript was obtained from the ethical department 
at Teaching Assistance Reproductive Technology Hospital, 
Benghazi – Libya.
Results 
A total of 100 women with CC-resistant PCOS who were 

initiated and maintained on Celine® for two menstrual cycles 
were included in the study. In the main population, 63 women 
remained anovulatory on Celine® after two menstrual cycles 
and subsequently received Celine® + CC. 
Table 1 summarizes the ovulation and pregnancy rates among 

the study participants. Spontaneous ovulation occurred in 37 
out of 100 women in the main population who were initiated 
on Celine®. Of the 63 participants who remained anovulatory 
and were subsequently treated with Celine® + CC, 45 achieved 
spontaneous ovulation, while 18 remained anovulatory. The 
ovulation rate was 37% in the main population receiving 
Celine® and 71% in the subgroup receiving Celine® + CC, 
resulting in a cumulative ovulation rate of 82%. 
In the main study population, 18 of the 37 women who 

ovulated became pregnant, for a pregnancy rate of 49%. In the 
Celine® + CC subgroup, 17 clinical pregnancies were achieved 
with a pregnancy rate of 38% resulting in a cumulative clinical 
pregnancy rate of 43%. 

Main population 
who received 
Celine® alone

Subgroup who 
subsequently 

received Celine® 
+ CC

Outcome n (%) n (%)
Spontaneous Ovulation n =100 n =63
Yes 37 (37) 45 (71)
No 63 (63) 18 (29)
Clinical Pregnancy n =37 n =45
Yes 18 (49) 17 (38)
No 19 (51) 28 (62)

CC: Clomiphene Citrate.

Table 1. Spontaneous ovulation and clinical pregnancy rates in the 
main population of women with clomiphene citrate-resistant polycys-
tic ovarian syndrome treated with Celine® alone and in the subgroup 
of women subsequently treated with Celine® + Clomiphene Citrate.
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Discussion
This study evaluated the real-world effectiveness of Celine® 

in improving ovulation and pregnancy rates in CC-resistant 
women with PCOS. Our findings showed that Celine® 
supplementation alone helped induce ovulation in 37% of 
women, while the combination of Celine® + CC further 
improved ovulation, resulting in an 82% cumulative rate. We 
also confirmed clinical pregnancy in 18% and 17% in women 
within the study population and Celine® + CC subgroup, 
respectively, with the cumulative pregnancy rate reaching 43%. 
The improved ovulation rate observed here aligns with 

previous studies assessing the efficacy of insulin-sensitizing 
agents in restoring ovulation in PCOS patients. Studies 
on MI demonstrated its effect in improving metabolic and 
reproductive functions associated with PCOS [18,19,27] and 
indicated that PCOS women treated with MI were two times 
more likely to ovulate compared to placebo [28]. While ALA 
and NAC were also linked to improved insulin resistance 
and oxidative stress, leading to enhanced ovulatory function 
[22,23,29], according to a recent systematic review and meta-
analysis, NAC may complement the ovulation-inducing effects 
of CC, MI, and ALA [21], especially in women with PCOS who 
are CC-resistant [30,31].
In the present study, 43% of CC-resistant women achieved 

clinical pregnancy after Celine® administration, alone or 
with CC. Numerous previous studies have demonstrated the 
effects of MI, NAC, and ALA in monotherapy on pregnancy 
rate. Previous findings indicate that MI supplementation led to 
significant improvements in pregnancy rate [32,33]. Moreover, 
a high implantation rate and cumulative pregnancy rate were 
observed among non-PCOS women treated with a MI + ALA 
combination [34].
While studies suggest a potential benefit of NAC in improving 

pregnancy rate [29] specifically in women with CC-resistant 
PCOS [30,31], the addition of NAC to CC treatment did not 
show significant improvement of pregnancy in patients with 
PCOS-related infertility [35]. The cumulative pregnancy rate 
observed in this study reflects the overall improvement of 
ovulation and subsequent fertility restoration following the 
combined therapeutic approach. 
Despite the individually documented beneficial role of MI, 

ALA, NAC, in improving ovulation and pregnancy rates 
in women with PCOS, their synergistic effects have not 
been extensively investigated. A previous study on Celine® 
highlighted its efficacy in improving parameters such as 
ovarian function, oocyte quality, embryo development, 
and pregnancy rate in women with PCOS undergoing ART 
[24]. Overall, these findings support the efficacy of Celine®, 
alone or in combination with CC, as a nutraceutical with 
promising implications for ovulation induction and improved 
reproductive outcomes. 
Furthermore, improvements in ovulation and pregnancy rates 

found in this study could be attributed not only to the insulin-
sensitizing components of Celine®, but also to the addition of 
CC to the treatment of women who did not initially ovulate. 
The combination of these two approaches may have had a 
synergistic effect in improving CC sensitivity and ovarian 
function. A previous study on CC-resistant PCOS patients 
demonstrated that extended CC treatment was effective for 
increasing both ovulation and pregnancy rates [13]. 
In view of the potential benefits of Celine®, thorough and 

critical evaluation of its efficacy in the treatment of CC-

resistant PCOS is essential. Further larger studies are needed 
to confirm these results and refine the clinical application of 
this combination therapy.
Strengths and limitations
This is, to our knowledge, the first study to assess the effect 

of Celine® supplementation, with or without CC, on ovulation 
and pregnancy rates in women with CC-resistant PCOS. 
Another strength of this study is the use of real-world data of 
a well-defined population of women with CC-resistant PCOS, 
which provides valuable insights into the potential effects of 
Celine® in this targeted population. However, this study is 
limited by its observational chart review design, which limits 
close monitoring of patients and accurate clinical assessments, 
and by the relatively small sample size, which limits the 
generalizability of the findings to a broader population.  
Furthermore, the absence of a control group and the lack of 
adjustment for potential confounding factors limit the ability 
to attribute improvements solely to Celine® supplementation. 
Future large-scale randomized controlled trials are needed 
to confirm these findings and establish more definitive 
conclusions.
Conclusion 
In summary, our preliminary results indicate that Celine® 

may be an option to improve ovulation and pregnancy rates in 
women with PCOS. Large-scale randomized controlled trials 
are warranted to exclude potential confounders and provide 
stronger evidence to guide the clinical treatment of women 
with PCOS.
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