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Global infertility prevalence estimates

2022 global infertility prevalence estimates are:

Approximately one . . .

in six people have
experienced infertility
at some stage in their
lives, globally.




- Female factor

. Male factor

Combined factor

‘1 Female infertility ]

Low AMH

Polychistic ovaries syndrome
Endometriosis

Cervical cancer

Salpingitis
Infections

Male infertility

Hormonal dysfunction
Cryptochidism
Sertoli-cell-only syndrome
Varicocele

Antisperm antibodies
Klinefelter syndrome

87 millions infertile
couples worldwide




VARICCCELE

ANTIOXIDANT THERAPY
for BETTER FERTILITY

ANTIOXIDANTS

SUPPORT EGG
QUALITY

ANTIOXIDANTS

SUPPORT SPERM
QUALITY

IMPROVED
FERTILITY

Antioxidants help
reduce oxidative stress
and support reproductive
health in both men and
women.




IVF success rate Age
Fertilityworld IVF clinic

® Women between 21-25 Years of Age is 99%
® Women between 26-30 Years of Age is 90%
® Women between 31-35 Years of Ageis 85%
® Women between 36-40 Years of Age is 65%
® Women between 41-45 Years of Age is 45%
® Women between 46-50 Years of Age is 40%
® Women between 50 years and above is 30%

PERCENTAGE vs. IVF SUCCESS RATE
At Fertility World

® IVF With Donor Eggs
® IVF With Self Eggs
IVF With Donor Sperms
® IVF With Self Sperms
® IVF With ICSI
® IVF With FET
© IVF with PESA
® IVF with PGD



«Conventional IVF: about 5-10% of cycles
experience total fertilization failure (TFF).

*ICSI (intracytoplasmic sperm injection): about
1-3% TFF.




Intracytoplasmic sperm injection
(ICSI) for non—male factor
Indications: a committee opinion

Practice Committees of the American Society for Reproductive Medicine and the Society for Assisted
Reproductive Technology

American Society for Reproductive Medicine and Society for Assisted Reproductive Technology, Birmingham, Alabam

ASRM-2020:

Two studies in patients with unexplained infertility compared IVF with ICSI using sibling oocytes.
The fertilization rates after ICSI, were higher than IVF group:
65.3% versus 48.1% (P<.001) and 61.0% versus 51.6% (P<.001).

The fertilization failure occurred more commonly in the IVF groups than in the ICSI groups (P<0.05).

However, these studies used sibling oocytes, and the embryos transferred were a mixture from the IVF and ICSI
groups, so no information about the effect of IVF or ICSI on clinical outcomes such as implantation, pregnancy,
or livebirth rates could be ascertained.
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FACTORS CAUSING DNA DAMAGE IN SPERM

o}

UNHEALTHY DIET AIR POLLUTION
High fat, processed food, Toxins and particulate
excess sugar and matter increase oxidative

low nutrients stress and DNA damage

- DNA DAMAGE
Fragmented and

broken DNA strands

< —

HIGH HEAT JOBS
Prolonged exposure to heat

Oxidative stress increases
with age leading to DNA

) (bakeries, brick kilns, etc.)
fragmentation impairs sperm production
and damages DNA
OBESITY
Hormonal imbalance, GENETICS
inflammation and oxidative Inherited mutations and
stress damage sperm DNA DNA DAMAGE IN SPERM genetic susceptibility can

May lead to reduced fertility,
poor embryo quality and increased
risk of miscarringe and genetic disorders

increase DNA damage




Sperm factor

Failed fertilization after ICSI is commonly reported for globozoospermic couples
and can be overcome by artificial oocyte activation (AOA).

Chemical, mechanical and electrical activators
» Ca+2 ionophore A23187 (calcimycin);

» lonomycin

» Strontium chloride

AND electrical

Chemical Activators

ICSI ~olCRE .
possible gﬁ
fertillzation Ca? o
failure = Ca? )

Caz* ionohore A22187 / calcimycin
lonomycin

Mechanical Activation

73 b

\

Strontium chloride

Electrical Activation

Artificial %
Ocote Activation
(AOA)

FAILED FERTILLATION




Application of ICSI-AOA in clinics

SOAFs . /

» Repeated TFF or LFF after IVF-ICSI r

» Severe teratozoospermia (abnormal morphology >98%) | ot retcutn
Globozoospermia

» Testicular sperm extraction (TESE)

A Normal control

Normal control

Patient




SOAFs AND GLOBOZOOSPERMIA ANDROLOGY
Table 3 Characteristics of each globozoospermic cases and their ICSI-AOA dinical outcomes

G1 G2 G3 G4 G5 Gé G7 G8 G9 G10 G11 G12
Male age (years) 28 36 35 36 32 37 44 23 26 35 35 35
Female age (years) 26 33 28 23 35 30 41 24 22 28 32 32
No. oocytes retrieved 4 13 12 23 30 13 3 12 8 7 8 10
No. MIl oocytes 2 9 7 19 26 11 2 1 8 6 8 6
No. fertilized cocytes 2 8 6 14 16 6 1 5 3 2 2 1
Fertilization rate (%) 100 89 85.7 73.7 61.5 54.54 50 45.46 37.5 33.34 25 17
Cleavage rate (%) 100 62.5 100 50 18.7 66 100 40 66 100 100 100
No. embryos transferred 2 2 3 2 2 2 1 3 3 2 2 1
Clinical pregnancy + + + +
Sac number 1 1 2 1 2
Implantation rate (%) 00 50 334 00 00 100 00 334 00 100 00 00
Live birth ™ 1FM 00 1 2FM
Abortion rate (%) 2FM

M, Male; FM, Female; G, globozoospermia.

High fertilization (56.06%) and pregnancy (41.7%) rates

accomplished in this study following ICSI-AOA indicated that

expression profiles of PLCf and PAWP were low in globozoospermic
individuals, and ICSI combined with artificial oocyte activation could

mimic physiological calcium changes which occur during fertilization.

'// INTURNATIONAL JOURNAL :
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No. ICSI-AOA cases =1300

No. OPN= 3622

No. retrieved COCs=14522

Unusable oocytes for ICSI =76

[

No. degenerated=1005

No. oocytes=14037

Immature oocytes= 2012

Oocytes for ICSI-
AOA= T80

— No. OPN=373

No. 3PN=10

No. MIl oocytes for ICSI-AOA=
11756

Degenerated oocytes = 193

No. 1PN==99

No. 2PN=7017

Fertilization Irate: 59.69%
(7017/11756)
I

2PN arrest (215/7017)= 3.06%

22 cells (Cleavage rate) =
(6802/7017) 96.93%

Embryo A= 25.14%

Embryo B= 31.49%

Embryo C=43.36%

1710/6802

2142/6802

2950/6802

No. 2P

N=407

Fertilization rate=52.18%
(407/780)

Cleavage rate (22 cells; N= 378) = 93.8%

2PN arrest (N=29)= 7.19%

_ % of 2PN % of arrested 2PN % Cleavage rate

Result of MIl Oocytes for
ICSI-AOA

Result of Immature oocytes
for ICSI-AOA

59.69%

52.18%

3.06% 96.93%

7.19% 93.8%




Chemical. P=24.6%

| 571ETfrom 321 couples |
|, (4 coulees with noresults) |

Clinical.P=20.82 %

e

Total number of Day3 embryos=
7180 (6802+378)

| J

Live birth=19.55 %

No. fresh Day3 ET= 571
(7.96%)

No. vitrified Day3 ET = 3270

Chemical. P=22.55 %

No.Day5 ET = 3018 No.unusable Day3 embryos =321

Clinical. P=21.61 %

Live birth=20.37 % —

(45.55%) (42.04%) (4.47%)
[ | |
Total Day3 vitrified embryos:3270 No. fresh Day5 No. frozen Day5 ET = No. embl:yolsthatdld not
Day3 thaw embryos: 1743 (That ET= 44 403 reach blastocyst
tage=2571/3018=
1147 of 8celltransferred) (44/3018= 1.45%) | (403/3018= 13.35%) stage /
Day3 vitrified embryos: 1527 (85.18%)

Chemical.P=21.87%

Clinical. P=9.38%

Total Day5 embryos: 403+ 210 (8cell=> blast)=613

Live birth=9.38%

Day5 thaw embryos: 206 + 210 (8cell=> blast)=416
Days5 vitrified embryos: 197

44 ET from 32 couples

Chemical.P=23.67 %
Clinical.P=22.11 %

Live birth=21.80 %
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SYSTEMATIC REVIEW '
Evaluating the Effectiveness of Assisted Oocyte Activation in
ICSI: Pairwise Meta-Analyses and Systematic Evidence VOL. 108 NO. 3/ SEPTEMBER 2017
Evaluation ORIGINAL ARTICLES: ASSISTED REPRODUCTION @Cmssmk
Mohamed Fawzy &% Mohamad AlaaEldein Elsuity, Yasmin Magdi, Mosab Mahmod Rashwan,
Mostafa Ali Gad, Nehal Adel, Mai Emad, Dina Ibrahem, Sara El-Gezeiry ... See all authors ~ D h f I - - p h
First published: 30 January 2025 | https://doi.org/10.1111/1471-0528.18085 0 e_s t e I:Is_e - 0 ca c I u m I o_n 0 - 0 re
Funding: The authors received no specific funding for this work.
during artificial oocyte activation

demonstrate an effect on pregnancy
rate? A meta-analysis

Sughashini Murugesu, M.B.B.Chir.,? Srdjan Saso, Ph.D., M.R.C.O.G., M.R.C.5.,” Benjamin P. Jones, M. R C.0.G."°

Hum. Reprod. Advance Access published June 16, 2015 Timothy Bracewell-Milnes, M.R.C.0.G.,“ Thanos Athanaﬂou M.D., Ph.D., M.B. A, F.ECTS, FRCS,
H Anastasia Mania, B.Sc., M.5c.,, H.C.P.C_,* Paul Serhal, M.D., M.R.C. 0. G.*°
uman Reproduction, Vol.0, No.0 pp. 1 -11, 2015

and Jara Ben-Nagi, M.D., M.B.B.S., M.R.C.0.G.®
doi: 10.1093/humrep/dev| 36

human META-ANALYSIS Embryology i i
Calcium ionophore treatment as a method of AOA.

Artificial oocyte activation to improve
reproductive outcomes in women
with previous fertilization failure:

a systematic review and meta-analysis
of RCTs » Overall pregnancy rate per ET, Live-birth rate per both ET and treatment cycle;

This meta-analysis included a total of 1,521 ICSI cycles spread over 14 studies.

Focusing on the primary outcomes, calcium ionophore use after ICSI treatment
significantly increases:

» Multiple pregnancy rate per ET.

There is insufficient evidence from the currently >
available RCTs to make a decision on the efficacy or
safety of ICSI-AOA on key reproductive outcomes in
couples with previous fertilization failure.

Focusing on the secondary outcomes, calcium ionophore use after ICSI
treatment significantly increases:

> Fertilization rate, Cleavage, Blastocyst formation, Implantation rate.
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ARTICLE

Artificial oocyte activation to improve ot
reproductive outcomes in couples with various
causes of infertility: a retrospective cohort study

BEIOGRAPHY

Mingrong Lv received her PhD in cell biology from the University of Science and Technology of
China in 2015. She has since joined the Reproductive Medicine Center, Department of
Obstetrics and Gynecology, at The First Affiliated Hospital of Anhui Medical University. Her
research has focused on molecular mechanisms of gamete abnormality.

Mingreng Lv'-2*1, Dan Zhang®', Xiagjin He'*3, Beili Chen'3,
. Qiang Li"*#, Ding Ding"*%, Yan Hae'**, Rufeng Xue'"°, Dongmei Ji'*%,
Weiwei Zou"**, Huijuan Zou""*, Yajing Liu"**, Jianye Wang'**,

Zhaolian Wei'**, Ping Zhou'**, Yunxia Cao'*%, Zhiguo Zhang'***

KEY MESSAGE
Application of A23187 led to increased rates of fertilization, blastulation and high-guality blastocyst formation in
certain types of infertile couples and to implantation, clinical pregnancy and live birth rates in most types.

ABSTRACT
Research question: Does calcium ionophore treatment of cocytes improve fertilization rate, embryo development and
outcomes in specific groups of infertile couples?

Design: This retrospective cohart study invelved 796 couples undergaing oocyte activation with caleium ionophare (A23187)
after intracytoplasmic sperm injection (IC51) between 2016 and 2018. All metaphase || cocytes were exposed to 5 pmael/
ionophore for 15 min immediately after IC5I, cultured in vitro to the blastocyst stage, and transferred to the uteri of recipients
on day 5 or eryopreserved for transfer in the next eycle. The previous eycles of the same patients formed the contral group.

Results: Among 1261 IC5] eycles and 794 ICS-artificial oocyte activation (ICS1-ADA) eyeles, implantation, pasitive beta-HCG,
clinical pregnancy and live birth rates were significantly (P < 0,05 to P < 0.001) improved for all groups, compared with previous
cycles, except live birth rate in women with primary ovarian insufficiency (POI). Compared with previous cycles, rates of blastulation
(all P < 0.001) and high-quality blastoeysts (P < 0.05 to P < 0.001) were increased significantly for couples with male factor
(aligoasthenoteratozoospermia [OAT]), unexplained infertility and couples with both factors in the ICSI-AOA cycles. High-quality
blastocyst rate was increased in couples with polyeystic ovary syndrome (PCOS) (P = 0.0453). Miscarriage rates were decreased
significantly (P < 0.05 te P < 0L001) in couples with OAT, PCOS and unexplained infertility in the treatment eycles. Mo significant
differences were found for fertilization rate, embryo development or live birth rate in patients with POl between both groups.

Coenclusions: Artificial cocyte activation was able to ‘rescue’ the poor reproductive outcomes in certain types of infertile
couples with history of failure to achieve pregnancy.



Long et al. Reproductive Biology and Endocrinology (2020) 18:123 . .
https://doi.org/10.1186/512958-020-00680-2 Rep"OdUCtNe Blology
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REVIEW Open Access

Risk of birth defects in children conceived m@.,,
by artificial oocyte activation and -
intracytoplasmic sperm injection: a meta-
analysis

Rui Long, Meng Wang, Qi Yu Yang, Shi Qiao Hu, Li Xia Zhu' and Lei Jin'®

Abstract

Background: Whether artificial oocyte activation (ICSI-AOA) will increase the risk of birth defects remains
controversial. Thus, we performed this study to evaluate the risk of birth defects and further compare the incidence
of different birth defects types (chromosomal aberrations and non-chromosomal aberrations) in children conceived
by ICSI-AOA and conventional intracytoplasmic sperm injection (ICSI) in an enlarged sample size.

Method: A comprehensive review of the literatures comparing birth defects in children conceived by ICSFAOA and
conventional ICS] by October 2020 was performed in PubMed, Ermbase, Cochrane Libraries, Web of Science, and
Chinese databases including China National Knowledge Infrastructure, China Biology Medicine disc and Wan Fang.
Risk ratios (RR) and 95% confidence intervals (Cl) were calculated.

Results: Five studies were included in the final analysis. Compared with conventional ICSI, ICSIFAOA did not
increase the birth defects rate (RR = 1.27, 95%C| 0.70-2.28) of children. Furthermore, in a subgroup analysis, birth
defects were classified into two types (chromosomal aberrations and non-chromosomal aberrations) in four studies
and no statistical difference were revealed.

Conclusion: Our analysis indicates that ICSI-AOA represents no significant difference in the prevalence of major

birth defects or types of birth defects (chromosomal aberrations and non-chromosomal aberrations) comparing

with conventional IC51. This conclusion may provide clinicians evidence-based support in patient counseling and
instruction of the application and safety concern about ICSI-AQA.

Keywords: Birth defects, AOA, 1C5I, Meta-analysis, Chromosomal aberrations
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International Journal of Fertility & Sterility
ISSN:2008-076X eISSN:2008-0778

« Overall, there were 266 live births from 1,317 transfers, with an implantation rate of 14.19% and a live
birth rate of 20.20% per cycle, alongside a 1.5% anomaly rate.

* Previous research indicates defect rates for children born via natural conception (1.64%), IVF (3.18%),

ICSI (3.1%), and ICSI-AOA (3.3%). Our study found a defect rate of 1.5%, which is consistent with
these reported ranges.



Reproductive BioMedicine Online (2015) 30, 323-324
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EDITORIAL

A plea for caution and more researchinthe = (@)
‘experimental’ use of ionophores in ICSI

Jonathan van Blerkom, Jacques Cohen, Martin Johnson
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Ca?* bomb Conduit Receptor Sperm factor

Oocyte activation

Caz-lr
Endoplasmic Reticulum

Sperm-borne oocyte-activating factors
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O TR-KIT
O Nitric Oxide

[ ﬁ' } Q Citrate synthase

Caz-l-
0 PAWP: a sperm-specific WW domain-binding protein

Endoplasmic Reticulum
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Description of oocyte- or sperm-

2 PLCL: Phospholipase C zeta
2 ACTLT7A: Actin Like 7A
ACTL9
ZP2 ACTL7A

PLCZ1 TLE6 TUBB8 WEE2 NLRP5 DNAH17

related fertilization failure & ldentification of novel genetic causes of poor or failed fertilization

Sperm-borne oocyte-activating factors


https://pubmed.ncbi.nlm.nih.gov/17289678/
https://pubmed.ncbi.nlm.nih.gov/26700242/

What iIs the SOAFs ?

v'Released by spermatozoon upon sperm-oolemma fusion

v" A signaling molecule

v A male germ cell/testis specific gene product

v"Induces Ca-oscillations

v  Triggers CG exocytosis/PN development/embryo cleavage

v’ Present in the acrosome-reacted sperm head
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Relative expression of PLCT

ORIGINAL ARTICLE Andrology

Quantitative expression of
phospholipase C zeta, as an index
to assess fertilization potential

of a semen sample

S. Aghajanpour'?, K. Ghaedi'?, A. Salamian!, M.R. Deemeh'3,
M. Tavalaee!, ). Moshtaghian?, J. Parrington?,
and M.H. Nasr-Esfahani'5*
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Systems Biology in Reproductive Medicine

SYSTEMS BIOLOGY IN REPRODUCTIVE MEDICINE @ 5

ISSN: 1939-6368 (Print) 1939-6376 (Online) Journal homepage: http://www.tandfonline.com/loi/iaan20

100
Relationship between phospholipase C-zeta, I
semen parameters, and chromatin status - . P *
B0« . °
Marziyeh Tavalaee, Abbas Kiani-Esfahani & Mohammad H. Nasr-Esfahani '. :' L4 ;
.
L] 1]
] []
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(2017): Relationship between phospholipase C-zeta, semen parameters, and chromatin status,
Systems Biology in Reproductive Medicine, DOI: 10.1080/19396368.2017.1298008
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% PLCE positive spermatozoa

—
® Protamine deficiency

= DNA fragmentation

0 —— ————
SYSTEMS BIOLOGY IN REPRODUCTIVE MEDICINE @ 3 0 10 20 30 40 50 60 70 80 90-400

%DNA fragmented and protamine deficient spermatozoa

R Figure 3. Correlation between percentage of PLC{ with DNA fragmentation (r = -0.3; p=0.026) and protamine deficiency (r= -0.05;

90 p=0.702) in total population (32 men with normal semen parameters and 23 men with abnormal semen parameters). PLCZ:
i phospholipase C-zeta.

70

#
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%PLCT %DNA fragmentation %Protamin deficiency

Percentage of spermatozoa (%)
5}

o

= Normal semen parameters m Abnormal semen parameters

Figure 1. Comparison of mean percentage of sperm PLCZ, SDF, and protamine deficiency between men with normal and abnormal
semen parameters. The mean percentage of PLC{ positive spermatozoa was significantly lower, and percentage of SDF and
protamine deficient spermatozoa were significantly higher in men with abnormal semen parameters compared to men with normal
semen parameters, respectively. SDF: sperm DNA fragmentation; PLC: phospholipase C-zeta. # shows significant difference between
the two groups at p<0.05.
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Assessment of Sperm PAWP Expression in Infertile Men

Somayeh Tanhaei'?, Solmaz Abdali-Mashhadi', Marziyeh Tavalaee'. Soudabeh Javadian-Elyaderani',

Kamran Ghaedi*®, Seyed Morteza Seifati *, Mohammad H. Nasr-Esfahani'***

350 .
&m'(A) «d
z 2
= 250 1 %
$§ 20 §
4 ab »
g 150 - &
§ -
100 z
@ aC [%] g
2 ]

Fertile HF.ICS! LFiCSI Globozoospermic

Figure 1 A) Quantitative real-time analysis of PAWP in fertile, high fertilization post-ICSI (HF-ICSI), low fertilization post-ICSI (LF
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Figure 2 A) Western blot analysis of PAWP in fertile (F) and infertile (IF) individuals. B) Comparison of mean relative expression of
PAWP RNA and protein level in fertile and infertile individuals and C) Correlation analysis between RNA and protein for PAWP (r=0.8;
p = 0.0001). Aster indicates significant difference at p < 0.001 between fertile and infertile individuals (B).
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Fertile Varicocele

An association between sperm PLCC( levels and varicocele? PLes E
Elham Janghorban-Laricheh ' - Nasim Ghazavi-Khorasgani' - Marziyeh Tavalace' -

Dina Zohrabi’ - Homayon Abbasi® - Mohammad H. Nasr- Esfahani'~ Fig. 3 Western blot of PLC{ and GAPDH in four fertile individuals and
five men with varicocele
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differences

*p <005, significant differences
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These slides demonstrate that PLCZ, together with proteins such as PAWP, is essential for initiating oocyte activation
and the fertilization process. A reduction in these proteins is closely associated with structural abnormalities in sperm
chromatin. Quantitative assessment of these factors may potentially serve as an accurate diagnostic tool for

predicting the success of infertility treatments such as ICSI, as well as identifying the underlying causes of oocyte
activation failure.
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ACTL7A protein expression
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ACTL7A protein expression
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Immunofluorescence localization of ACTL7A protein in

human spermatozoa.
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Conclusion:

Artificial oocyte activation (AOA) after ICSI — especially when using calcium ionophore — can significantly

improve fertilization rates, embryo development, pregnancy, and live birth outcomes, particularly in cases with
poor or failed fertilization.

To date, most studies have shown that AOA does not increase the risk of congenital anomalies, miscarriage, or
developmental problems, and overall it is considered a relatively safe technique.

However, because artificial activation cannot perfectly replicate the natural physiological process, and long-
term data remain limited, AOA should be applied only in well-defined cases where there is clear clinical

evidence of oocyte activation deficiency or repeated fertilization failure, rather than being used routinely for all
ICSI patients.
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