
ACE 2013 : An Academic Extravaganza 

 

Dear members and colleagues 

Greetings!! 

We have just had a marvelous Congress at Banga-

lore.  The 2nd  ACE International Congress held 

at Bangalore was a huge success, as evidenced by 

the volume of attendees  and the quality of the 

scientific sessions and workshops. I deeply appre-

ciate your encouraging comments and feedbacks 

about the Congress.  Thanks to the work of all of 

our committee members, and the sincere efforts 

of local  organizing committee led by Dr. Varsha 

and Dr. Srinivas. Our Congress Committee for 

2014, under the  leadership of Dr. Charu Joshi as  

Organizing Chair person, got an early start and is 

well along in planning our next International 

Meet. The group of speakers lined up, thus far, is 

amazing. Please plan to join us in Indore, MP, 

India 8-10th August 2014. 

Please contact me or any other board member if 

you wish to participate actively in ACE activities 

or if you simply have ideas, comments or sugges-

tions for the work of our Society. 

We, as a team, welcome your concerns and your 

ideas about how we can improve the ACE activi-

ties. Our official e-mail address is 

admin@aceindiaonline.org. Please feel free to get 

in touch. 

Dr. Alex C Varghese, PhD 

President- ACE, India 

Quarterly Newsletter of The Academy of Clinical Embryologists 

Dear Friends and supporters of ACE, 

The recently concluded 2nd international conference of ACE at Bengaluru was an event 

filled with academic opulence! ACE takes this opportunity to thank each and every one 

of you for your whole hearted support.  

The seeds of to ACE 2013 were planted in October 2012. The discussions were very   

modest and we expected a total participation of not more than 250. We were pleasantly 

surprised to count the last participant at 345!!! 

One of the 4 workshops was designed to cater to the most essential but neglected aspect 

of ART i.e a basic semenology workup. This workshop was overbooked with a total 40 

participants. Dr Daniel Franken and Dr Natalie Hahn have been training people in   

semenology in different parts of the world since many years and their very simple but 

practical tips were most valuable part of the workshop. 

The Workshop on Embryo evaluation and culture conditions under the leadership of  

Dr Inge Agerholm, dealt in detail the embryo morphology, the changing parameters in 

morphokinetics as is being well documented by time lapse technology. This workshop 

would be of less value if the culture conditions were also not discussed simultaneously 

along with debates and discussions which added practical value to the whole exercise.  

. 
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 This was attended by 52 participants. The  Ovarian Tissue Cryopreservation workshop was booked much before time, as it 

needed more logistic workup, organization and was a complete hands on workshop we could not accommodate more than 26 participants.  

Dr Vladimir and Evgenia Isachenko lead the workshop from making the participants understand the basics of cryobiology to the actual 

hands on of cyopreserving an ovarian tissue by slow-freeze method. 

The embryology update saw a total of 50 participants. This workshop dealt with setting up of the IVF lab, lab equipments, protocols for 

COH, dealing with OHSS etc. This workshop had equal participation from clinicians and embryologists. 

This year ACE introduced two orations to honour the pioneers in IVF. We were honoured to have Dr Alan Thornhill, chair Alpha to deliver 

the first oration in honour of Prof Robert Edwards, ‘To ICSI or not to ICSI? Criteria based on efficacy and safety’. In a country which has 

more ICSIs performed than IVF for non male factor infertility the take home message was very clear and loud for all to hear!! 

ACE is one of the only  few infertility societies in India, that duly recognize the immense contribution made by the  late Dr Subhas Muk-

herjee, a biologists and scientists who never got his due during his life time. An oration in his honour was delivered by Prof  Polani B. Se-

shagiri on Embryonic Stem cells and their  future. 

 The Main congress was nothing less of an academic feast, with lectures dealing in basic gametogenesis, fertilization, covering microma-

nipulation, cryopreservation, Pre implantation genetic techniques, Quality control , safety of IVF, designer babies etc etc. The clinical 

plethora included COH, basic workup in infertility, Repeat implantation failures, simple cost effective IVF in the Indian scenario, Endo-

metrial receptivity and means to improve them, role of DHEA, r-LH, medical and surgical management of the male patient.  

This well attended extravaganza on the basics and advances in the field of infertility both on the clinical and laboratory front was a memo-

rable experience for not only the participants and the faculty but also for the organizers. 

Once again a big thank you to all of you, and we promise to stand to your expectations the next year too at ACE 2014- in Indore. 

Editorial 

Dr Sanjay Shukla 

Dr Satish Adiga 

Mr Gaurav Majumdar 

Dear Friends, 

Our efforts to continuously improve and work indefatigably translated into the huge success of the 2nd International Con-

ference of our society just held in Bangalore. 

This issue of the ACE Newsletter showcases the photo albums of various workshops, scientific & clinical sessions and pres-

tigious orations dedicated to Prof Bob Edwards & Dr Subhas Mukherjee.  

I am thankful to Dr Sujatha and Dr Varsha for their help in compiling conference related material. Also, a special thank to 

Mr Parag Nandi for his excellent photography support. 

First lead article by Dr Vladimir Isachenko, presents the case report of a successful restoration of reproductive functions of 

a cryopreserved ovarian tissue transplanted to a cancer patient. 

Dr Jaffar Ali in his detailed article explains the basics of his Protein Free Culture Media, why he formulated the protein free 

media, and his experiences with the usage of these media in human IVF. 

Dr Vanesa Rawe shares her experiments to correlate Chromatin integrity, & DNA damage in human spermatozoa  with 

infertility. 

ACE had conducted a series of workshops in different cities on Standardization of Semen Analysis : WHO 2010 Criteria in 

January 2013. Dr Daniel Franken, Director of these workshops analyses the  value of such trainings by evaluating partici-

pants’ ability to assess sperm morphology  before and after the training session. 

This time IVF Gadgets focuses on Time Lapse Imaging system in IVF. This series would continue in next issue too. 

So, keep reading and keep sending your feedback to us. 

 

Dr Sanjay Shukla 

Editor 



Inauguration by the Chief Guest Padmashree DrPM Bhargava Inaugural Speech byDr PM Bhargava 

Prof Bob Edwards Oration 

Speaker : Dr Allan Thornhill 

Dr Subhas Mukherjee Oration 

Speaker : Dr P Seshagiri 

Felicitation of Dr Allan Thornhill by Dr PM Bhargava Felicitation of Dr P Seshagiri by Dr Daniel Franken 



 

Workshop 2 : Embryo Culture System & Embryo Evaluation 

Workshop Director : Dr Inge Agerholm 

Workshop 1 : Standardizing Semen Analysis—WHO 2010 Criteria 

Workshop Directors : Dr Daniel Franken and Dr  Natalie Hahn 



 

Workshop 3 : Ovarian Tissue Cryopreservation 

Workshop Directors : Dr Vladimir Isachenko and Dr Evgenia Isachenko 

 As intended the IInd annual conference of ACE highlighted the most relevant scientific advancements in the field of clinical embryol-

ogy and assisted reproductive technology. Though the conference featured plenary sessions, workshops and presentations, a session which 

deserves a special mention was the paper presentation by a bunch of young and enthusiastic embryologists. The best paper presentation and 

the second best presentation of this session were offered prizes worth INR 20,000 and INR 10,000 respectively.  The call for abstracts for this 

session was made as early as December 2012 on the ACE website and other forums. Abstracts started to trickle down after the announcement, 

but gathered momentum in the last few days before the meeting. A wide variety of abstracts ranging from basic science in assisted reproduc-

tive technology to retrospective analyses  were submitted to the organising committee. These abstracts were scrutinised and only the original 

research work backed with authentic data were chosen for presentation. Some of  the interesting topics were - effect of therapeutic viability 

assay on heat shock protein expression and DNA integrity of fresh and frozen thawed spermatozoa, outcome of high insemination concentra-

tion(HIC) with presence of loose cumulus cells and ICSI on sibling oocytes for male sub fertility. 

  

The session was conducted on the second day of the meeting and was well attended .  The participants were allotted 8 minutes for presenta-

tion and two minutes for discussion. Assessment were made on the scientific content, quality of slides, clarity of oral presentation and overall 

knowledge on the topic. First prize was awarded to Dr.Freya Mathias for her lucid presentation on comparison of vitrification and slow freez-

ing on cleavage stage embryos. Dr.Yamini Asokan stood second by a narrow margin of 0.5 points, showcasing the tough competition spirit 

exhibited by the participants. I along with Dr.Satish Adiga and Dr.Daniel Franken, members of the selection panel were thoroughly im-

pressed with the efforts gone into the preparation of these presentations. This is just a beginning  and we are hopeful that in the coming 

years this session would attract many more participants and become the most popular session of ACE meetings. Rightfully so in a country 

with more than 500 IVF units.. 

ACE2013, Paper Presentation : 
An Overview 

Dr R Sujatha 

Best Paper Award : Dr Freya Mathias, First Prize ; Dr Yamini Asokan, Second Prize  





  
 
Dr Vladimir Isachenko is the 
leader of Research group for 
Reproductive Medicine of Co-
logne university, Cologne, 
Germany. 
 
He was awarded his PhD in 
the field of human and animal 
physiology from Kharkov, 
Ukraine. 
 
Since 1985, he has worked in 
the area of reproductive biol-
ogy. Prior to moving to work 
with humans in 1990, he 
worked on the oocytes and 
embryos of agricultural and 
laboratory animals. He moved 
to Germany in 1995 after ob-
taining the Award of Alexan-
der von Humboldt Founda-
tion.   
 
Now his main work in the 
University Maternal Hospital, 
Department of Obstetrics and 
Gynecology, Cologne Univer-
sity focuses on developing new 
methods of preservation of the 
genome of cancer patients 
through vitrification of sper-
matozoa, oocytes, follicles 
and ovarian tissue.  
 
His specific scientific interest 
lies in the effect of cold on the 
genome. 
 

INTRODUCTION 

A major public health problem in the world is 

cancer. Currently, in the United States alone 

one in 3 women will develop cancer in her life-

time [1]. Cancer is also one of the major death 

causes and in the USA alone a total of 1,638,910 

new cancer cases and 577,190 deaths from can-

cer are projected to occur in 2012 [2].  

Further, the availability of improved and more 

effective anti-cancer therapy has significantly 

increased the chances of survival. In the USA, 

the overall 5-year relative survival rate for child-

hood cancer has improved markedly over the 

past 3 decades, from 58.1% for cases diagnosed 

between 1975 and 1977 to 82.5% for those diag-

nosed between 2001 & 2007, due to new and 

improved treatments [1]. 

Cancers of reproductive ages are treated with a 

combination of therapies (surgery, radiation, 

and chemotherapy) chosen based on the type 

and stage of cancer [1]. The problem of post-

cancer infertility is of serious concern because 

chemotherapy can be gonadotoxic and lead to 

the functional death of ovaries.  

Cryopreservation of ovarian tissue before cancer 

therapy with re-implantation after convales-

cence is the potential key solution of this prob-

lem [3-6].   

Several cases reporting restoration of ovarian 

function after re-implantation of ovarian cortex 

in patients with premature ovarian failure after 

cancer treatment have been published since 

1998 and now the baby-born after thawing and 

transplantation is a reality [7-23].  

Evgenia Isachenko, Gohar Rahimi, Peter Mallmann, Ingrid Orth, Doris Peters, Torsten Schmidt,       

Bernd Morgenstern, Dolores Foth, Bettina Hanstein, Maria Röthlisberger, Vladimir Isachenko*, 

University Maternal Hospital, Department of Obstarics and Gynecology,  Cologne University,   
Kerpener Str. 34, 50931 Cologne, Germany 
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Dr Vladimir Isachenko PhD 

SUMMARY 

Background: Patient S. was born in 1983, developed a Ewing-Sarcoma and obtained low dose chemother-
apy in 1996. In 2007 this Patient S. received high-dose chemotherapy because lung-metastases were diag-
nosed. The aim of the study was to investigate the health of cryopreserved ovarian tissue and also to ex-
amine whether this ovarian tissue can restore the reproductive function of patient after two cycles of radio
-and chemo-therapeutic treatments.    

Methods: Twenty pieces of ovarian tissue (total of ~ 200mm2) were conventionally frozen with 6% (v/v) 
dimethyl sulfoxide, 6% (v/v) ethylene glycol and 0.15 M sucrose and kept for five years before 8 pieces 
being thawed and transplanted back to the patient.  Two small (1x2x1mm) pieces of this thawed tissue 
were cultured in a chicken embryonic chorioallantoic membrane (CAM)-system for 5 days to assess the 
tissue viability. Results: The ovarian tissue that was grafted re-established spontaneous menstrual bleed-
ing within five months and serum 17-ß Estradiol increased from 19 to 330 pg/ml. Ultrasound revealed a 
dominant follicle at the site of the transplanted tissue in the follicular phase after the menstrual bleed. 
Analysis of the CAM cultured tissue established that 88% of the primordial follicles had degenerated and 
there was limited growth of blood vessels. Conclusion: In spite of the damage caused by the cryopreserva-
tion the surviving follicles could restore ovarian function after re-transplantation. 

Keywords Human, Ovarian Tissue, Cancer, Freezing, Ice, Transplantation, Follicles, Angiogenesis 

Patient S.: Restoration of Reproductive Function After Two 

Cycles of Radio-and Chemo-Therapeutic Treatments and 

Transplantation of Cryopreserved Human Ovarian Tissue 



 

It was reported about culture of human ovarian tissue on embryonic chorio-allantoic membrane of hen’s egg [24,25]. The CAM system is an intermedi-
ate stage between in-vitro culture and animal experiments, and it could be considered as an interface between in-vitro and in-vivo models (including 
xenotransplantation). Importantly, it does not raise ethical or legal questions, nor does it violate animal protection laws. We used this system for cul-
ture of thawed ovarian tissue. 

The aim of the study was to investigate the health of cryopreserved ovarian tissue and also to examine whether this ovarian tissue can restore the repro-
ductive function of patient after two cycles of radio-and chemo-therapeutic treatments.    

 

MATERIALS AND METHODS 

The protocol of investigations was approved by the Ethics Boards of Cologne University. 

Except where otherwise stated, all chemicals were obtained from Sigma (Sigma Chemical Co., St. Louis, MO, USA). 

 

Patient S.: menopause after anticancer treatment 

Ewing-sarcoma of the right femur was diagnosed in a 13-year-old girl in December 1996. The patient was initially treated with radiochemotherapy in 
accordance to the EICESS-92-protocols (VACA: Vincristin, Adriamycin, Cyclophosphamid, Actinomycin), Radiation 44,8 Gy. In 1997 the tumor was 
resected. 

Follow-up imaging in 2006 revealed a round pulmonary mass. The metastasis was removed surgically and chemotherapy was planned afterwards. 

Because the patient wanted to preserve her fertility, ovarian tissue was laparoscopically removed from both ovaries and frozen.  

Six cycles of VIDE (without Doxorubicin and Caelyx) chemotherapy was performed in time-period from January to May 2007.  

Between May and September 2007, Patient S. underwent high dose chemotherapy (BU-Mel Chemotherapie (47.52 mg Busulfan, 4/day and 224 mg   
Melphalan). 

The patient then underwent chemotherapy according to the Dexa-BEAM protocol (BCNU [Etoposide, Cytarabine, Melphalan]) at the Department of 
Internal Medicine of Cologne University.  

This chemotherapy was followed by pronounced menopausal symptoms: Patient S. experienced secondary amenorrhea with level of FSH 103.6 mIU/ml, 
17-ß Estradiol 19 pg/ml, Anti-Müllerian Hormone < 0.1 ng/ml). 

After over 5 years of freedom from recurrence, the patient requested retransplantation of the cryopreserved ovarian tissue to enable her to fulfill her 
wish to have a child.  

Ovarian tissue after thawing was retransplanted into a peritoneal pouch in the area of the ovarian fossa on the right and left abdominal wall on 5 March 
2012.  

Andrological investigation of Patient S’s partner showed no abnormalities. 

 

Tissue collection and dissection 

Informed written consent for performing the procedure was obtained. According to this protocol 10% of ovarian tissue was used for patient-oriented 
research. For transportation of ovarian tissue from surgical section, preparation of ovarian strips, preparing freezing and thawing media, the Leibovitz  
L-15 medium with 5% Serum Substitute Supplement (Irvine Scientific, Santa Ana, CA, USA) (hereafter referred to as the “Basal medium”) was used. 

Fresh ovarian tissue fragments after surgical operation (04.01.2007) were transported to the laboratory within 20 min with temperature maintained at 32
–34°C. Using tweezers and scalpel No 22, ovarian fragments derived from both ovaries (4-5 x 2-3 x 0.8-1 mm) (Length x Width x Depth) were dissected 
and divided into 20 pieces and frozen as described below.  

  

Freezing and thawing  

Cooling regime of the protocol for cryopreservation of ovarian tissue is based on an embryo cryopreservation protocol [26].   

Standard 2 ml cryovials (Nunc, Roskilde, Denmark) at room temperature were filled with 1.8 ml of cryopreservation medium composed of “basal me-
dium” (see above) supplemented with 6% (v/v) dimethyl sulfoxide, 6% (v/v) ethylene glycol and 0.15 M sucrose.  

Separately all 20 pieces were exposed (equilibrated) at room temperature in 20 ml of freezing medium for 20 min. (see Fig. 1 in Isachenko et al. [27]).  
After equilibration, pieces were transferred to 10 cryo-vials (2 pieces in each vial) and frozen. 

For freezing, the cryo-vials were subsequently placed in an IceCube 14S freezer (SyLab, Neupurkersdorf, Austria), with the freezing chamber previously 
stabilized at -6°C for 10 min. The cryopreservation programme was as follows: (i) the starting temperature was -6°C; (ii) the seeding performed at -6°C 
to –8°C(iii) samples were cooled from -6°C to –34°C at a rate of –0.3°C/min; (iv) at -34°C cryo-vials were plunged into liquid nitrogen.   

The thawing was done in three steps : by holding the cryo-vials for 30 s at room temperature followed by immersion in a 100°C (boiling) water bath for 
65 s, and finally emptying the contents of the vial into the thawing solution for the removal of cryoprotectants.  

The exposure time of cryo-vials in the boiling water was visually controlled by monitoring the amount of ice left in the vial. As soon as, the ice at the 
center of the vial had shrunk to 1-2 mm, the cryo-vial was removed from the boiling water, at which point the temperature of the medium was between 
+4 and +10°C. Within 5–10 seconds after thawing, all the pieces from the cryo-vials were poured into 10 ml thawing solution (“basal medium”containing 
0.5 M sucrose) in a 100 ml specimen container (Sarstedt, Nuembrecht, Germany). The container was placed on a shaker and continuously agitated with 
200 osc/min for 15 min at room temperature. 

The stepwise dilution of cryoprotectants was achieved by drop-wise addition of 1.6 ml/ min basal medium for a further 30 min at room temperature. 
The final sucrose concentration was 0.083 M, equivalent to almost isotonic conditions.  

 

 

 



 

Finally, the pieces were washed thrice in basal medium for 10 min, and used for re-transplantation and CAM-culture.   

For re-transplantation we thawed 4 cryo-tubes with 8 pieces. For CAM-culture two small (1-2 x 1 x 0.8-1mm) (Length x Width x Depth) pieces were cut 
from the thawed tissue prepared for re-transplantation. We used 2 such pieces to inoculate 2 eggs i.e. one piece per egg. The CAM-culture started at the 
same time as the tissue was returned to the patient. 

CAM-culture 

Fertilized eggs of White Leghorn chickens, purchased from a local hatchery and incubated at 37°C in air with 60% relative humidity, were prepared for 
implantation on day 4 of incubation. Standard microbiology assessment was performed to exclude subclinical infections. Preparation of the chorio-
allantoic membranes was performed essentially as previously described [25,28,29].  Each egg was swabbed with warm 70% ethanol, and then a hole was 
drilled through the pointed pole of the shell. On day 5 the hole was widened to 1.5–2.0 cm window in the shell. This window was covered with tape until 
day 10 when forceps were used to remove the outer, peridermal, layer of the CAM and to place a 0.5 mm high, 5 mm inner diameter, 6 mm outer diame-
ter, silicone ring on the intact, inner, vascularized CAM basal layer (Figure 1). An ovarian piece was placed within this ring and the shell window then 
covered again. The two eggs were then incubated for a further 5 days at 37°C. 

 

 

 

 

Histology of follicles 

For histological investigation, about half of tissue were fixed in Bouin’s solution, embedded in paraffin wax, serially sectioned at 4 µm, stained with hema-
toxylin/eosin, and analyzed under a microscope (x6400, Olympus Co, Tokyo, Japan). Every fifth section was analyzed. The number of viable and degener-
ated follicles was counted. 

Ovarian tissue pieces were sectioned, coded and scored blind. To avoid counting of the same follicles, only the section with a visible oocyte nucleus was 
counted. 

The morphology of the primordial, primary and secondary follicles was evaluated using criteria described by Paynter et al. [30]. The primordial follicles 
had an oocyte surrounded by a single layer of flattened follicular cells while the primary and secondary follicles had an oocyte surrounded by one to two 
layers of spherical granulosa cells. The quality of the follicles was graded on a scale from one to three. A Grade 1 follicle was spherical in shape and con-
tained a spherical oocyte surrounded by evenly distributed granulosa cells. The oocyte had to have homogenous cytoplasm and slightly granulated nu-
cleus, with condensed chromatin detectable in the centre of the nucleus. A Grade 2 follicle had similar characteristics, but the oocyte was without con-
densed chromatin within the nucleus and was often irregular in shape; the surrounding granulosa cells could be flat and pulled away from the edge of the 
follicle. A Grade 3 follicle contained a misshapen oocyte with or without nuclear vacuolation; theca and granulosa cells were separated from the edge of 
the follicle and the partly or fully disrupted granulosa had pyknotic nuclei. Grade 1 and 2 follicles were denoted as normal and those of grade 3 were de-
noted as degenerated (for example, see Isachenko et al. [31].  

Immunohistology for angiogenesis 

About half of ovarian tissue pieces after CAM-culture were fixed in 4.0% formaldehyde, embedded in paraffin wax, serially sectioned at 4 µm and stained 
with antibodies (Dako, Hamburg, Germany) directed against von Willebrand factor (1:100). 

 The intensity of the immunoreactivity for von Willebrand factor was semiquantitatively scored [32] as follows: no immunoreactivity (-), weak immunore-
activity (+), moderate immunoreactivity (++), strong immunoreactivity (+++). The extent of vascularisation was subjectively estimated based on how 
much of the total cross-sectional area contained cells expressing von Willebrand factor.  

 

Figure 1. Cryopreserved ovarian piece of Patient S. 

before and after 5 days culture with chorioallantoic 

membrane (CAM) system.  

(a) just after thawing and before placement on the 

CAM, 

(b, c, d) the same piece after culture on CAM 

marked by silicone ring as viewed from above (b, c) 

and below (d). 

Increased intensiveness of the avian vascularisation 

in the place of the seeding of pieces was noted. 

Bar = 1 mm. 



Tissue re-transplantation 

Five years after her ovarian tissue was cryopreserved, the patient (now aged 30) remained cancer free and returned expressing her wish to have a child. 
Four from 10 cryo-vials with her ovarian tissue was therefore thawed and transplanted in the Cologne University Maternal Hospital in 2012. Laparoscopy 
was used to place 8 tissue pieces.  These pieces were retransplanted into a peritoneal pouch in the area of the ovarian fossa on the right and left abdomi-
nal wall on 5 March 2012 (Figure 2).  

The development of the follicles was summarized by mean and SD.  

 

 

 

 

 

 

 

 

 

 

RESULTS 

CAM-culture  

Both the chick embryos survived. After 5 days on the extra-embryonic chorioallantoic membrane, the ovarian fragments had developed a spherical shape 
and were associated with several distended blood vessels (Figure 1).  

Histology of follicles 

Histological examination of the ovarian pieces cultured for 5- days on the CAM revealed “viable” (morphologically normal preantral follicles. The mean 
preantral (primordial, primary and secondary) follicle density per 1 mm3 was 5.1+0.9  in a single fresh ovarian piece (this rate was detected routinely in 
2007) and 4.4+2.9 in the two pieces that had been thawed and CAM-cultured for 5 days.  A greater proportion of the follicles 98.0+1.2%  were classified as 
normal (grade 1 and 2) in the fresh unfrozen tissue compared to 11.9+4.5%  (P<0.05) in the thawed and cultured tissue.   

Immunohistology for angiogenesis 

The fixation of fresh ovarian tissue for detection of angiogenesis in year 2007 was not presupposed.  

The weak (+) rates of the immunoreactivity in frozen-thawed tissues were observed (Figure 3).  

Patient S.: restoration of ovarian function 

Six weeks after transplantation of ovarian tissue on 05 March 2012, it was detected with the primary ovarian insufficiency with 5 pg/ml 17-ß Estradiol and 
zero level of Anti-Müllerian Hormone. 

On 31 August and 20 September 2012 the normal hormonal levels were established with 14.7 and 8.0 mIU/ml  FSH as well as 112 and 333pg/ml 17-ß Estra-
diol, respectively.   

On 23 September 2012 Patient S. began her first spontaneous menstruation and on 5 October 2012 formation of dominant follicle in the area of transplan-
tation was noted (Figure 4).  

 

As the patient did not want hormone treatment at first, cycle monitoring was 
started. The patient did not conceive after three cycles and now agreed to stimu-
lation with FSH. In November 2012 stimulation was started and follicle growth 
could be achieved in both the transplanted ovarian tissues.  

In January 2013 Patient S. included in standard IVF program of our clinic.  

 

 

 

Figure 2. Patient S.: Retransplantation of thawed ovarian tissue on 5 March 2012. 

Figure 3. Vascularisation (von Willebrand factor expression, in red) in 

cryopreserved ovarian tissue of Patient S. after CAM-culture.  

The weak (+) rates of immunoreactivity was noted. 

(black arrows) CAM.  

Bar = 50 µm. 



 

DISCUSSION 

 

In cryopreservation many factors contribute to cell and tissue damage, one of these is intracellular ice formation (Mazur, 1966 [33], Mazur et al., 1969 [34], 
Leibo and Mazur,  1971 [35]; Leibo, 2008 [36]; Leibo and Pool, 2011 [37]). 

Seeding is used for freezing of embryos and other types of cells [39-42]. Usually freezing of  spermatozoa of different species is done without seeding. The 
work of Songassen and Leibo, 1997 [43] demonstrated a positive effect of seeding on the freezing of different biological objects. To study effects of seeding 
on their fertilizing ability, spermatozoa were frozen either without seeding or after seeding at -4°C. Based on experimental results, authors concluded that 
embryo production by IVF seemed to be improved using spermatozoa frozen after being seeded [43].  

Seeding (initiated ice formation) is a central part of some but not all slow freezing protocols, and has been used in most but not all studies on slow cool-
ing of ovarian tissue. As with embryos a cooling at a rate of –0.3°C/min from the ice nucleation temperature is generally used. Seeding is necessary so that 
nucleation and propagation of ice crystals can be controlled, minimizing the potential damage caused by the physical changes associated with ice forma-
tion, with release of latent heat of fusion. At present the temperature of seeding usually varies from –6 to –9°C. 

We have shown the effectiveness of seeding by -4°C for 1.25M (11.5%) glycerol [38].  Taking into the account, that at present for cryopreservation of ovar-
ian tissue, usually permeable cryoprotectants are used in concentration 10% to 12%, it is necessary to initiate the seeding at around -4°C. For the freezing 
protocol in our cryobank we use a little bit lower seeding temperature (-6°C) because at this temperature an ice formation is more reliable.    

However, some data demonstrate that at conventional freezing the initiation of ice formation is not necessary. An entire human ovary with its vascular 
pedicle was frozen [44,45] using the following cryopreservation procedure: the ovary was perfused and immersed in 10% dimethyl sulfoxide , and placed 
in a large volume cryo-vial. The cryovial containing the ovary was then placed in a freezer and frozen with a cooling rate of –1°C/min, without initiation of 
ice formation. The authors observed high survival rates of follicles, small vessels and stromal cells, as well as a normal histological structure in all ovarian 
components after thawing [44,45]. 

It is compared conventional freezing of human ovarian tissue using either spontaneous or initiated (“seeded”) ice formation [38]. Small pieces of experi-
mental tissue were randomly distributed into three groups that were then subjected to different treatments prior to culture in vitro for 16 days: the con-
trol group, cultured immediately after biopsy (Group 1); cryopreservation/thawing with spontaneous ice formation (Group 2); and cryopreservation/
thawing with initiated ice formation (Group 3). Follicle viability and hormonal activity were then evaluated. There was no significant difference between 
groups regarding the concentration of 17-ß Estradiol in the culture supernatant, whereas progesterone concentration was significantly higher in Group 1 
compared with Groups 2 or 3. There was a significant difference in primordial and primary follicle density between all of the groups (Group 1 having the 
highest and Group 2 having the lowest) and Group 2 had significantly fewer normal grade follicles than the other two groups. It was concluded that for 
optimal cryopreservation of human ovarian tissue, the protocol of conventional freezing should therefore include a step of initiated ice formation [38]. 

The difference between our results and the results of Martinez-Madrid et al., 2004 [45] and Jadoul et al., 2007 [44]  can be explained by the fact that in our 
study small fragments of ovary were used, whereas in the other studies whole ovaries were cryopreserved that had been equilibrated with cryoprotectant 
via perfusion. 

By opinion of authors of this article, the conventional freezing of ovarian tissue without seeding has a negative effect of spontaneous ice formation in 
cryopreservation of ovarian tissue. Authors of this article believe that optimal recovery of viable follicles after freezing and thawing of human ovarian 
tissue is obtained by using a protocol of conventional cryopreservation that includes a step of initiated ice formation.  

The aim of investigations of Zhang et al., 2011 [46] was to detect the effects of different cooling rates and different ice-seeding temperatures on the cryo-
preservation of whole cow ovaries. Ovaries were slowly frozen using different protocols with different cooling rates and different ice-seeding tempera-
tures. Follicular viability was assessed using the trypan blue test; the percentage of morphologically normal primordial follicles and the follicular densities 
of grafts were measured. Authors concluded that the optimal protocol for slow freezing of cow whole ovaries includes cooling rate 0.2°C/min and the ice-
seeding temperature -50 C. 

In conclusion, in spite of the damage caused by the cryopreservation, the surviving follicles could restore ovarian function after re-transplantation.  

 

Figure 4.  Ultrasound showing dominant follicle in the area of transplant. 

Growth of follicle noted: (a) on 05.10.12, (b) on 08.10.12. 



REFERENCES 

 

1.  Siegel R, DeSantis C, Virgo K et al. Cancer treatment and survivorship statis-

tics, 2012, CA Cancer J Clin 2012;62:220-41. 

2. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012, CA Cancer J Clin 

2012;62:10-29. 

3.  Dittrich R, Maltaris T, Hoffmann I, et al. Fertility preservation in cancer 

patients.  Minerva Ginecol 2010;62:63–80. 

4.  Hovatta O. Methods for cryopreservation of human ovarian tissue, Reprod 

Biomed Online 2005;10:729–34.  

5.   von Wolff M, Donnez J, Hovatta O, Keros V, Maltaris et al. Cryopreserva-

tion and autotransplantation of human ovarian tissue prior to cytotoxic 

therapy - a technique in its infancy but already successful in fertility pres-

ervation. Eur J Cancer 2009;45:1547-53. 

6.   von Wolff M, Montag M, Dittrich R, et al. Fertility preservation in women-a 

practical guide to preservation techniques and therapeutic strategies in 

breast cancer, Hodgkin's lymphoma and borderline ovarian tumours by 

the fertility preservation network FertiPROTEKT. Arch Gynecol Obstet 

2011;284:427-35.     

7.  Andersen CY, Rosendahl M, Byskov AG, et al. Two successful pregnancies 

following autotransplantation of frozen/thawed ovarian tissue. Hum 

Reprod 2008;23:2266-72. 

8.   Demeestere I, Simon P, Emiliani S, Delbaere A, Englert Y.  Fertility preser-

vation: successful transplantation of cryopreserved ovarian tissue in a 

young patient previously treated for Hodgkin’s disease. Oncologist 

2007;12:1437-42.  

9.   Donnez J, Dolmans MM, Demylle D,  et al. Livebirth after orthotopic trans-

plantation of cryopreserved ovarian tissue. Lancet 2004;364:1405-10.   

10.  Donnez J, Squifflet J, Jadoul P et al. Pregnancy and live birth after auto-

transplantation of frozen-thawed ovarian tissue in a patient with metas-

tatic disease undergoing chemotherapy and hematopoietic stem cell 

transplantation, Fertil Steril 2011;95:1787.e1-4.  

11.   Ernst E, Bergholdt S, Jørgensen JS, Andersen CY () The first woman to give 

birth to two children following transplantation of frozen/thawed ovarian 

tissue. Hum Reprod  2010;25:1280-1. 

12. Isachenko V, E Isachenko, G Keck et al. First live birth in Germany after re-

transplantation of cryopreserved ovarian tissue: original device for initia-

tion of ice formation, Clin Lab 2012;58:933-8.   

13.   Isachenko V, Dittrich R, Keck G et al. Cryopreservation of ovarian tissue: 

detailed description of methods for transport, freezing and thawing, Ge-

burtsh Frauenheilk 2012;72:927-32. 

14.   Meirow D, Levron J, Eldar-Geva T, et al.  Pregnancy after transplantation 

of cryopreserved ovarian tissue in a patient with ovarian failure after 

chemotherapy. New Engl J Med  2005;353: 318-21. 

15.  Meirow D,  Baum M, Yaron R et al. Ovarian tissue cryopreservation in 

hematologic malignancy: ten years' experience, Leuk. Lymphoma 

2007;48:1569-76. 

16.   Müller A, Keller K, Wacker J, et al. Retransplantation of cryopreserved 

ovarian tissue: the first live birth in Germany. Dtsch Arztebl Int. 2012:8-

13. 

17.   Oktay K, Türkçüoğlu I, Rodriguez-Wallberg KA. Four spontaneous preg-

nancies and three live births following subcutaneous transplantation of 

frozen banked ovarian tissue: what is the explanation? Fertil Steril  

2011;95:804.e7-10. 

18.   Revel A, Laufer N, Ben Meir A, Lebovich M, Mitrani E (2011) Micro-organ 

ovarian transplantation enables pregnancy: a case report. Hum Reprod  

26: 1097-1103. 

19.   Rosendahl M, Schmidt KT, Ernst E, et al. Cryopreservation of ovarian 

tissue for a decade in Denmark: a view of the technique. Reprod Biomed 

Online 2011;22:162-71.   

20.   Roux C, Amiot C, Agnani G, et al. (2010) Live birth after ovarian tissue 

autograft in a patient with sickle cell disease treated by allogeneic bone 

marrow transplantation. Fertil Steril  93: 2413.e15-19. 

21.   Sánchez-Serrano M, Crespo J, Mirabet V, Cobo AC, Escribá MJ et al. Twins 

born after transplantation of ovarian cortical tissue and oocyte vitrifica-

tion. Fertil Steril 2010;93:268.e11-13. 

22.   Schmidt KT, Rosendahl M, Ernst E, et al. Autotransplantation of cryopre-

served ovarian tissue in 12 women with chemotherapy-induced prema-

ture ovarian failure: the Danish experience. Fertil Steril  2011;95:695-701. 

23.  Silber SJ, DeRosa M, Pineda J, et al. A series of monozygotic twins discor-

dant for ovarian failure: ovary transplantation (cortical versus microvascu-

lar) and cryopreservation. Hum Reprod 2008;23:1531-37.  

24.  Martinez-Madrid B, Donnez J, Van Eyck AS, et al. Chick embryo chorioal-

lantoic membrane (CAM) model: a useful tool to study short-term trans-

plantation of cryopreserved human ovarian tissue. Fertil Steril 

2009;91:285-92. 

25. Isachenko V, Mallmann P, Petrunkina AM et al. Comparison of in vitro- and 

chorioallantoic membrane (CAM)-culture systems for cryopreserved me-

dulla-contained human ovarian tissue, PLoS One 2012;7:e32549. 

26.   D.G. Whittingham, S.P. Leibo, P. Mazur,  Survival of mouse embryos fro-

zen to –196 degrees and –269 degrees C, Science 1972;178:411–4. 

27. Isachenko V, Montag M, Isachenko E, et al. Effective method for in-vitro 

culture of cryopreserved human ovarian tissue. Reprod Biomed Online 

2006;13:228-34. 

28. Auerbach R, Kubai L, Knighton D, Folkman J. A simple procedure for the 

long-term cultivation of chick embryos. Devel Biol 1974;41:391-4. 

29.  Kunzi-Rapp K, Genze F, Küfer R, et al. Chorioallantoic membrane assay: 

vascularized 3-dimensional cell culture system for human prostate cancer 

cells as an animal substitute model. J Urol 2001;166:1502-7. 

30. Paynter SJ, Cooper A, Fuller BJ, Shaw RW. Cryopreservation ofbovine ovar-

ian tissue: structural normality of follicles after thawing and culture in 

vitro. Cryobiology 1999;38:301-9. 

31. Isachenko V, Lapidus I, Isachenko E, et al. Vitrification and conventional 

freezing of human ovarian tissue: morphological, endocrinological and 

molecular biological evaluation. Reproduction 2009;138:319-27. 

32.   Khan-Dawood FS, Yusoff Dawood M, Tabibzadeh S. Immunohistochemical 

analysis of the microanatomy of primate ovary. Biol Reprod. 1996;54:734-

42. 

33.  Mazur P. Physical and chemical basis of injuri in single-celled microorgan-

isms subjected to freezing and thawing, in: T.H. Meryman, (Eds.), Cryobi-

ology, Academic Press, London,1966.    



Female Sperms, Male Eggs : Possibility in Offing ? 

34.   Mazur P, Farrant J, Leibo SP et al. Survival of hamster tissue culture cells 

after freezing and thawing. Interactions between protective solutes and 

cooling and warming rates, Cryobiology 1969;6:1-9.  

35.  Leibo SP, Mazur P. The role of cooling rates in low-temperature preservation, 

Cryobiology 1971;8:447-52.  

36. Leibo SP. Cryopreservation of oocytes and embryos: optimization by theoreti-

cal versus empirical analysis, Theriogenology 2008;69:37-47.   

37. Leibo SP, Pool TB. The principal variables of cryopreservation: solutions, 

temperatures, and rate changes, Fertil Steril 2011;96:269-76.  

38.  Isachenko V, Isachenko E, Reinsberg J, et al. Cryopreservation of human 

ovarian tissue: effect of spontaneous and initiated ice formation. Reprod 

Biomed Online 2008;16:336-45. 

39.  Candy CJ, Wood MJ, Whittingham DG, Restoration of a normal reproductive 

lifespan after grafting of cryopreserved mouse ovaries. Hum Reprod 

2000;15:1300-4. 

40.  Leibo SP. Cryobiology: Preservation of mammalian,  in: J. W. Evans and A. 

Hollaender, (Eds.), Genetic Engineering of Animals, Plenum Press, New York, 

1986, pp. 251– 272. 

41.  Leibo SP, Farrant J, Mazur P et al. Effects of freezing on marrow stem cell 

suspensions: interactions of cooling and warming rates in the presence of 

PVP, sucrose, or glycerol, Cryobiology 19706:315-32. 

42. Wood MJ, Mollison J, Harrild K et al. A pragmatic RCT of conventional versus 

increased concentration sucrose in freezing and thawing solutions for hu-

man embryos, Hum Reprod 2011;26:1987-96.  

 43.  Songsasen N,  Leibo SP. Cryopreservation of mouse spermatozoa. I. Effect of 

seeding on fertilizing ability of cryopreserved spermatozoa, Cryobiol-

ogy 1997;35:240-54. 

 44.   Jadoul P, Donnez J, Dolmans MM, et al. Laparoscopic ovariectomy for whole 

human ovary cryopreservation: technical aspects. Fertil Steril 2007;87:971–

5. 

45.  Martinez-Madrid B, Dolmans MM, Van Langendonckt A,  et al. Freeze–

thawing intact human ovary with its vascular pedicle with a passive cooling 

device. Fertil Steril 2004;84:1390–4. 

46.  Zhang JM, Sheng Y, Cao YZ et al. Effects of cooling rates and ice-seeding 

temperatures on the cryopreservation of whole ovaries, J Assist Reprod 

Genet 2011;28:627-633. 

 

It is possible for eggs from males and sperms from females to produce a baby. Researchers from Japan have created primordial germ cells from skin 

cells of mice that can develop into both sperms and eggs. The research shows that, in the future, it is possible to create viable eggs for infertile 

women.  

During embryo development, some cells are "kept aside". These primordial germ cells later develop into either oocytes (in females) or spermatozoa 

(in males). 

To prove that these PGCs were similar to naturally occurring PGCs, researchers developed eggs from PGCs and then used these eggs to create live 

mice. The research team was led by Katsuhiko Hayashi from Kyoto University in Japan, Scientific American reported. 

The process involves using early-stage embryos to obtain pluripotent stem cells and somatic cells. These cells are used to develop primordial germ 

cells. These cells were then put into the testes of male and ovaries of female mice. Once developed, they were extracted and grown into live mice. 

The research team conducted the initial experiments in 2012 and are now collaborating with other researchers to find the applications of the re-

search in humans, The Independent reported.  Of course, such experiments get a lot of public attention and invite discussions of ethics in stem cell 

research. 

"It goes without saying that [they] really transformed the field in the mouse. Now, to avoid derailing the technology before it's had a chance to   

demonstrate its usefulness, we have to have conversations about the ethics of making gametes this way," Amander Clark, a fertility expert at the 

University of California, Los Angeles, told Scientific American.      -Source : Nature World News 

Photo Courtsey : Nature News, 21 Aug, 2013 



Embryos (and cells) have always been cul-
tured in vitro in culture media that con-
tained supplemented donor serum, serum 
proteins or even donor xenogenic serum/
serum proteins. This author spent about 20 
years on research to develop a completely 
synthetic protein-free embryo culture media 
(PFM; Ali et al., 2000; Ali, 2004, 2009).  
 
Four common questions concerning protein-
free embryo culture this author has heard 
from colleagues time and again were: (i) 
“Why was the protein removed in the me-
dium?”, (ii) the second most common ques-
tion was “Wouldn’t removing the proteins in 
culture affect sperm capacitation?”, the third 
most common question, mostly from skep-
tics (iii) sounds something like this….“Is  the 
PFM efficacious?”....or ….“how GOOD is it?”, 
and finally the curiosity inherent in all scien-
tists led some to ask the question “how was 
the PFM formulated?”. By answering these 
questions the author hopes to meet the ex-
pectations of ACE India that wanted the 
author explain what the protein-free tech-
nology in IVF is all about. Answering ques-
tion 4 will be beyond the scope of this article 
because it requires a separate article since 
this research effort to formulate the PFM 
involved a series of over 78 experiments over 
a period of nearly 20 years of systematic in-
vestigation. In any event this has been de-
scribed previously elsewhere (Ali et al., 
2000). 
 
Why remove proteins from the embryo 
culture media? 
In 1998 when the author was preparing an 
abstract for a conference presentation on the 
preliminary clinical findings on the PFM, the 
report of  Kemmann was published in the 
Human Reproduction (1998) highlighting an 
incident that could possibly transmit the 
dreaded prion-disease (CJD) to IVF patients. 
Kemmann’s report made the author feel all 
his efforts were not in vain. What happened 
was a major embryo culture media manufac-

turer obtained serum albumin from a repu-
table supplier. The serum proteins obtained 
from the said source was used for large scale 
production of IVF embryo culture media. 
The media was sold to IVF Clinics (possibly 
worldwide). One of the donors of serum 
albumin later died of Creutzfeldt-Jakob Dis-
ease (CJD). The manufacturer sought to re-
call the tainted product but by then many 
IVF centers have used the medium. The IVF 
community was confronted with the di-
lemma of having to inform their patients 
that they may have been exposed to CJD 
(Kemmann, 1998). The chance of CJD trans-
mission through serum proteins is theoreti-
cal nevertheless the fact remains that disease 
could be transmitted through tainted serum 
proteins. Kemmann (1998) calculated the 
risk of disease transmission to be around 
1:30,000. Since CJD could take up to twenty 
years to manifest we have to wait a long time 
to know whether any real damage was done. 
Fifteen years have gone by. There were no 
reports of CJD transmission. We still have to 
wait a few more years to be certain. At that 
time Kemmann’s report and the fear over 
possible transmission of CJD and other 
pathogenic diseases to infertile patients 
through embryos cultured in medium that 
could be contaminated with pathogen-
bound serum proteins created considerable 
concern among IVF Embryologists and infer-
tility specialists worldwide. There were nu-
merous discussions on the issue. Time is the 
best healer of all woes and with the passage 
of time the risks associated with possible 
transmission of diseases through protein-
bound pathogens in culture medium were 
soon forgotten or was swept under the car-
pet, a method most of us resort to when con-
fronted with pesky situations that defy all 
efforts at resolution.  
 
A literature search will reveal the treat is 
real. The literature is replete with numerous 
incidences of disease transmission through 
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blood products and legal disputes over such matters. It is well documented that haemophiliacs have been infected with AIDS through blood-
derived products. CJD has likewise been transmitted through tissue-derived products. Human growth hormone extracted from the pituitary 
was found to be capable of transmitting CJD to humans (Esmonde et al., 1994) and human gonadotropin injections can also transmit CJD from 
person to person (CDC, 1985). CJD can be transmitted through blood (although the titer of CJD prions is low in blood; Heye et al., 1994). About 
200 IVF patients that received embryos cultured in medium containing pooled sera contaminated with hepatitis B virus contracted hepatitis 
(van Os et al., 1991). Even a Government has been taken to court for exporting tainted blood products that caused AIDS in haemophiliacs. (See: 
Craven et al., 1997, Med. Sci. Law 37:215-227; Keshavjee et al., 2001, Soc. Sci. Med. 53: 1081-1094; Weinberg et al., 2002,Ann. Intern. Med. 136: 312-
319; Evatt, 2006, Semin. Hematol. 43: S4-9). 
 
The preceding text answered the first question that inquired why the author sought to do away with donor proteins in embryo culture media. 
The main objective was to prevent disease transmission that could occur through donor protein-bound pathogens. There are other reasons why 
proteins should be removed from the culture medium. Briefly it is more scientific to use synthetic PFM because we can then know what the 
exact composition of the medium is. This is not the case in conventional culture medium containing donor serum proteins (CCM). Each batch 
of serum proteins will vary depending on its source. Furthermore the level of impurities of unknown nature will also vary in individual batches 
of serum products. The batch to batch variation seen in CCM is thus attributed to the batch variation in pooled donor serum proteins. As a con-
sequence donor serum proteins impact the quality of medium which in turn affect the quality of embryos generated in such media that influ-
ence the pregnancy rate. However in the synthetic PFM batch to batch variation is practically non-existent. In PFM the quality of the medium 
remains consistent between batches and therefore the quality of embryos may not vary between batches of culture media. There are other perti-
nent issues of significant advantage to manufacturers such as logistics, longer expiry duration and so forth but that is not relevant to this dis-
cussion.  
 
Another important but seldom discussed point is that of permissibility.  Many cultures forbid use or consumption of certain material. For in-
stance, among the Abrahamic religions of Judaism, certain sects of Christianity (the Adventists?), and Islam, some products, food material, ani-
mals, etc, are taboo or prohibited. Such materials or products may neither be touched nor consumed. The concepts of Kosher or Halal are im-
portant considerations for the former and latter cultures respectively. In simple terms these two terms simply mean permissible or more accu-
rately ordained fit for consumption or utilization. Among certain castes of the Hindus of India materials of animal or human origin, cannot be 
touched nor foods considered non-vegetarian be consumed. It is probable that such patients, including those that are concerned about the Ko-
sher and Halal status of the embryo culture medium may prefer a completely synthetic PFM for their ART treatment procedures. Most patients 
have no idea whatsoever what is in the culture medium. If they knew it is highly probable many will seek culture media that meet and comply 
with the norms of their cultures. The moral question here is do we have the right to withhold information concerning the composition of the 
culture medium if a particular culture is averse to or considers one or more ingredients in the embryo culture medium non-permissible? In 
some cultures, and in perhaps most, the laws of permissibility can be broken when human life is at stake or when there is no other option in an 
emergency situation. When a permissible option comparable in its efficacy to the non-permissible product is available then it is obvious the 
people of these cultures would, naturally, opt for the permissible item. [Disclaimer: The author asserts he is not an authority on cultural norms 
and practices. The reader must find out for themselves what is permissible in their society]. 
 
Some individuals may even feel aversion to the use of unclean donor blood products in healthcare procedures. Imagine the reaction of patients 
undergoing stem cell therapy if they knew the stem cells they are about to receive may be contaminated with xeno (mouse proteins). Xeno 
feeder layers are used for the culture of stem cells. Using xeno feeder layers could be hazardous and also considered unclean for therapeutic 
purposes by many. The use of a suitable PFM overcomes most if not all of these concerns because it is completely synthetic. All ingredients used 
in the PFM are chemically synthesized. 
 
Will sperm capacitation and fertilization be affected in protein-free medium? 
 
It is well documented that protein in culture medium is a prerequisite for sperm capacitation and for the interaction of male and female gam-
etes for fertilization to take place. Furthermore the absence of protein in the culture medium was generally thought to cause hardening of the 
zona pellucida which could then impair normal spermatozoa penetration during conventional IVF. It could also impair embryo hatching. How-
ever the author’s research in the area of PFM successfully overcame the need for added donor proteins in the culture system. The absence of 
proteins did not affect fertilization in the human. In fact the absence of proteins in the culture medium beginning from egg retrieval, sperm 
preparation, insemination, fertilization, culture of resultant embryo and embryo transfer did not affect the outcome of treatment as discussed 
below in subsequent sections.  
 
In the author’s laboratory oocytes were inseminated individually in 200ul micro-droplets of equilibrated culture medium under embryo tested 
mineral oil previously adjusted to contain 100,000/mL motile spermatozoa. The inseminated oocytes were cultured in an atmosphere of 5% 
CO2 in air at 37oC. The oocytes were denuded 18-22h later with denuding pipettes.  Fertilization was determined 18h to 20h after IVF. The oo-
cytes were considered fertilized when two distinct pronuclei were visible. Fertilized oocytes were cultured in ultra micro-droplets of equili-
brated medium under mineral oil in an atmosphere 5% CO2 in air at 37oC. Cleavage and embryo quality was assessed about 48h post-
insemination. 
 
The results of a study comparing the fertilization rate between the conventional protein-containing media and the PFM showed comparable 
results albeit higher fertilization in the PFM group in conventional IVF procedures (79%, n=149 vs 85% n=136; p=0.235) and significantly higher 
fertilization rate during ICSI (69%, 252 vs 78%, 252; p = 0.043) respectively.  

In another study the findings were almost identical to the previous findings (79%, n= 149 vs 85.3 n=136; p=-0.235) for conventional IVF and 
(75%, n=47 vs 87%, n=31, p=0.8) for ICSI in CCM and PFM respectively. These findings indicate the PFM has overcome issues concerning sperm 
capacitation and that fertilization is not affected in the absence of proteins, a feature previously unattained. Independent data from other work-
ers is awaited. 

 



How does the PFM compare with CCM in efficacy? 
 
Studies by the author have shown the PFM to be comparable in efficacy to the CCM. Sperm survival in the PFM is somewhat higher than in the 
CCM at 24 hours of culture (79% vs 50%; n=22; p=0.0113) and comparable at 48hours respectively (42% vs 26%; n=22; p=0.2141; Ali et al., 2000).  
 
The quality of embryos generated in the PFM is either superior or comparable to those generated in CCM Tables 1-2). The results shown are 
that of two separate studies. Tables 1 and 3 refers to series one while Tables 2 and 4 to another series of studies.  
 
Two parameters (Ali et al., 2000) were employed to determine the embryo quality of day 2 embryos, viz.: the average blastomere score and the 
average embryo grade. These were determined as follows: 

Average blastomere score  =     
Total number of blastomeres  ÷  Total number of embryos   

 
(ii) Average embryo grade       =     

Total of embryo  grades ÷  Total number of embryos 
 
Since most healthy day 2 human embryos generally attain the 4-cell stage, an average blastomere score 4 and above was considered excellent in 
a range of 2 to 6. The embryos were graded according to a scale of 1 to 4, where the numerical 1 denoted poor quality, and 4, excellent quality. 
Embryos were graded collectively by four or a minimum of three laboratory personnel. [It can also be scored by two individuals]. The clinical 
pregnancy rates and outcome were somewhat superior in the PFM medium compared to the CCM (Tables 3-4). Therefore the efficacy of the 
PFM is comparable if not better than that of the CCM. 
 
The formulation of an efficacious PFM for the generation of viable early cleavage stage human embryos will ensure the safety of patients under-
going assisted reproduction treatment as the need to use potentially hazardous donor protein can be eliminated.  
 
In the present study we have demonstrated that fertilization in human oocytes could occur in a protein-free culture environment with sper-
matozoa prepared in a protein-free medium. It is apparent that protein is therefore not essential in the medium used for preparation of sper-
matozoa for insemination, or for fertilization to occur during ICSI or conventional IVF. Based on these findings it is reasonable to assume that 
capacitation of spermatozoa may occur and the acrosome reaction may not be affected in the absence of protein in the medium. 
 
In the results of two separate studies shown here and others not indicated here it appears in general that the quality of embryos generated in 
the PFM system are better than those generated in the control medium containing protein. This difference was usually statistically significant in 
some of the studies with regard to both mean blastomere score and mean embryo grade. The development of embryos generated in the PFM 
system was usually significantly faster as indicated by higher mean blastomere scores than that generated in the CCM control medium indicat-
ing generation of more healthier embryos in the PFM. The children born from embryos generated in the PFM appear healthy and normal. The 
eldest child is about 15 years now. There are 53 children ranging from 11 to 15 yrs born from embryos generated using the PFM. There is a paucity 
of published independent studies on the PFM. There is only one report on te use of PFM in IUI. An Indian multicenter IUI trial using the PFM 
resulted in 25% pregnancy rate (Mehta, 2012).  
 
As responsible IVF Embryologists we have to be careful whatever we do cause no harm to patients and their babies. Also we have a responsibil-
ity to those that depend on us for their sustenance and support, and to ourselves because tainted media products could affect healthcare work-
ers too. We have to be very careful when we handle products containing donor serum proteins. "Parvus error in principio magnus est in 
fine” translated: “A small mistake in the beginning is large in the end". This phrase made famous by Aristotle’s reiteration of Plato’s warning 
still holds good in spite of the passage time.  
 
The problem of inappropriate use of donor serum products and methods are also prevalent in others areas of IVF as well. For instance the last 
decade and a half was witness to the application of both non-aseptic techniques for the ultra rapid cryopreservation by vitrification of trans-
plantable human gametes, embryos and tissues, and the use of hazardous donor serum proteins in the cryoprotectant solutions in the health-
care industry.  There has been a paucity of research to overcome the need for donor proteins in cryoprotectant solutions. In the 1980s and 1990s 
research to develop vitrification techniques of cryopreservation appeared headed in the right direction. Then in the early 1990’s onwards micro 
carriers for vitrification were developed in which asepsis proved difficult to maintain or could not be attained. Research is needed to overcome 
these deficiencies in assisted reproduction. 
The European Tissues and Cells Directive (Directive 2004/23/EC) came into being because of the concern for the safety of and to set standards 
for healthcare products and service. I will not go into this Directive in greater detail. This Directive is available freely online. Every healthcare 
worker should read and comprehend the message of this Directive. 
 
Summary and Conclusion 
 
We now have an efficacious protein-free (PFM) medium for human ART 

Sperm capacitation, penetration and fertilization not affected in the PFM 

The PFM appears to be SAFE.  

Excellent clinical pregnancy rate of 55% reproted in women <39yrs 

Children born from embryos generated in the PFM are now about 11 to 15 years old and apparently normal and healthy 

Quality of PFM Reproducible; minimal or no batch to batch variation 

Potential for transmission of protein-bound pathogens to IVF patients is now eliminated 

We are no longer dependent on serum proteins  Applications in other areas if medicine/agriculture – include stem cell therapy, transplantation, 
meat and dairy industry, and vaccine production. 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:102:0048:0058:EN:PDF


 

Table 1: Quality of day 2 human sibling embryos generated by conventional IVF in PFM and CCM  

______________________________________________________________________ 

Description   CCM   PFM   p value 

A. Conventional IVF 

Total no. of oocytes   149   136   NS 

%Fertilization rate (nos.)  79   85       p = 0.235 

% Zyg Developmental arrest  8.1    2.2      p = 0.052  

Mean blastomere (±1SD.)  3.4   3.4      p = 0.865  

Mean Embryo (±1SD.)  2.7   3.1      p = 0.001  

% Embryos > 4-cell stage  56.2    58.4      p = 0.847 

% Embryos > grade 3  58.1   74.3      p = 0.017 

______________________________________________________________________ 

B. ICSI 

Total nos. of oocytes  252*   252* 

%Fertilization rate (nos.)  69    78        p = 0.043 

% Zyg Developmental arrest  6.3    2.8     p = 0.088  

Mean blastomere (±1SD.)  3.3   3.8     p = 0.001  

Mean Embryo (±1SD.)  2.8   2.9      p = 0.08   

% Embryos > 4-cell stage  55   71      p = 0.002 

% Embryos > grade 3  59   64     p = 0.413 

______________________________________________________________________ 

[Embryo grade: 4=excellent; 3=good; 2= fair; 1=poor];from: Ali., 2004 

[* total  nos. of oocytes for both groups were identical] 

 

Table 2:  Quality of day 2 human sibling embryos generated by conventional IVF or ICSI in PFM and CCM 

______________________________________________________________________ 

Description   CCM   PFM   p value 

Total no. of oocytes   401    388   NS 

% fertilization rate   73     82   p=0.02    

% arrested @ 1-cell stage  7      3   p=0.009 

Mean blastomere number      3.4     3.7   p=0.001 

Mean embryo grade                  2.8    3.0   p=007 

% above 4-cell stage  55    65   p=0.02 

% above grade 3   58        68   p=0.02 

______________________________________________________________________ 

 [Embryo grade: 4=excellent; 3=good; 2= fair; 1=poor]  from: Ali et al., 2000 



Table 3: Quality of day 2 human sibling embryos generated by conventional IVF and ICSI in PFM medium 

_______________________________________________________________________________________________ 

% Clinical pegnancy rate (CPR) for PFM per retrieval (2004):   

IVF:-  50. % (14 of 28) in all age groups;  53.8% (14 of 26) in women < 40 yrs of age; 

ICSI:-  46.2% (12 of 26) in all age groups; 54.5% (12 of 22) in women < 40 yrs of age 

(Control:  33% (IVF and ICSI);  

_______________________________________________________________________________________________ 

 +% Term deliveries for PFM per retrieval for all age groups (2004):   

IVF:-  12 babies (30.8%, 8/26 women delivered; 1 pregnancy lost to follow-up)  

ICSI:- 12 babies (36%, 8/22 women delivered);  

______________________________________________________________________________________________ 

Table 4: Summary of Embryos Transferred, Implantation,Viability and Delivery Rates of Embryos Generated in PFM 

____________________________________________________________________________________________________ 

Description     PFM   CCM 

____________________________________________________________________________________________________ 

Total  no. of  Patients    114   1515 

No. of  Patients Clin Pregnant (all ages)   55 (48.2%; S)  469 (31.0%)  

No. of Clin..Preg Patients lost to Follow-up:    5   16 

No. of Patients That Aborted    12 (24%; S)  150 (n=453; 33.1%)  

No. of Patients That Delivered   38   303  

% pregnancies that went to term    76% (38/50; S)   66.9% (303/453) 

Delivery Rate     35% (38/109; S)  20.2% (303/1499) 

___________________________________________________________________________________________________  
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The value of sperm morphology assessments as predictor of a 

man's fertilizing potential has often been challenged due to       different 

classification systems. Several factors are responsible for this technical 

variation including differences in the methods used to  prepare and stain 

specimen’s differences in proficiency among     technicians and inherent 

differences in classification criteria and method. These differences in 

methodologies between laboratories are well known, but since the publi-

cation of the WHO manual the    between-laboratory variation can be 

negated. Intra-and inter-individual variability should decrease to non-

significant levels of difference. An ever-remaining problem would be the 

comparison of predictive power of semen parameters of one setting with 

another and attempt to transfer the specific values to fit their patient 

population.  

Recently in February the Academy of Clinical Embryologists 

(ACE) enrolled 120 delegates in 3 cities in India i.e. Delhi,   Mumbai and 

Bengaluru to 2-day workshops. The objective of the workshops was to 

train delegates to perform a semen analysis according to the WHO2010 

laboratory manual for the analysis of human semen. The 2-day work-

shops consisted of 2 sessions and a pre-and post training session. Prior to 

the training, participants were        requested to record the values for 

morphology (% normal cells), concentration, motility and vitality. Here 

we report on the findings   during the morphology sessions. Morphology 

was recorded on pre-stained Hemacolor (Merck Chemicals, Cat no 

1.11661./1) reference Slide 1 & 2).  The results of the pre-and post training 

sessions were compared with the values recorded for the reference slides 

by an experienced morphology reader.  

Following the pre-training evaluation session delegates re-

ceived a second slide that was used during a hands-on one-to-one train-

ing session. This session was supported by a consensus training session 

during which high quality micro-photographic images of numbered 

sperm were projected on a large screen. Individual spermatozoa were 

discussed during group session to underline the specific aberrations 

responsible for the sperm to be classified as abnormal.  

Delegates were provided with a third reference slide contain-

ing sperm from a donor with >12% normal forms. Delegates reported 

8.6±10% normal forms for this slide. For a spermatozoon to be consid-

ered normal the sperm head, neck, mid-piece and the tail must be within 

the limits and guidelines described in the WHO 2010 manual for the 

analysis of human semen. The head should be oval in shape. Allowing 

for the slight shrinkage that fixation and staining induce; the length of 

the head should be 4.0-5.0µm and the width 2.5-3.5µm.  The length-to-

width ratio should be 1.50 to 1.75.  Estimation of the length and width of 

mailto:drf@.sun.ac.za


the spermatozoa were made with an ocular micrometer.  There should be a well-defined acrosomal region comprising 40-70% of the head area.  The mid-

piece should be slender, less than 1µm in width, about one and a half times the length of the head, and attached axially to the head. The tail should be 

straight, uniform, thinner than the midpiece, uncoiled and approximately 45µm long (WHO, 1999).  This classification scheme requires that all 

"borderline" forms be considered abnormal.  

 The results of the morphology training program were as follows: The pre-training slide contained 17% normal forms while the delegates re-

corded 46.1±22%, while the post training slide contained 12% normal forms while the delegates reported 8.6±10%. 

 

Statistical analysis 

 

  Training of technicians as well as regular proficiency testing will ensure continuous communication with the referring laboratory.  

Proficiency testing of technician skills is of the utmost importance if andrology laboratories want to secure a professional code of conduct.  The authors 

firmly believe that global quality control measurements in andrology laboratories will eventually become mandatory.  A high quality semen analysis still 

represents the cornerstone in the investigation of the infertile couple.  In order to maintain low intra- and inter-technician variation and high quality 

proficiency testing among laboratory technicians, continuous teaching programmes should be available to all. 

Figure 1: Histogram of standardized scores pre and post training. 
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The mixed effect linear regression model showed a significant de-
crease in the mean scores from the pre-training scores, p<.001. The 
adjusted mean scores were calculated from the mixed effects 
model.  The post mean is equal to   -0.19 with 95% confidence in-
terval of -0.98 to 0.61. Since this interval spans 0 it shows that the 
mean morphology reading after training by the participants was 
not significantly different from 0. After training the participants 
read the morphology slides close to the true value. In contrast the 
pre- training readings were substantially biased – the Z-score of 6.5 
indicates this (Figure 1).  
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Introduction 

 
All sexually reproducing species depend on the 
successful fusion between haploid male and 
female gametes to generate new offspring; how-
ever, this process frequently fails1. Sperm chro-
matin maturity and DNA integrity are necessary 
prerequisites for the completion of fertilization 
and subsequent embryo development2. 

During spermiogenesis, sperm chromatin is 
highly organized into a volume that is typically 
10% or less than of a somatic cell nucleus. Pro-
tamines progressively replace somatic histones 
in a stepwise manner; first somatic histones are 
replaced by testis-specific histone variants, 
which are then replaced by transition proteins, 
in a process that involves extensive DNA rear-
rangements and remodeling. Finally, during the 
elongating spermatid stage, the transition pro-
teins are replaced in the condensing chromatin 
by protamines. This sequential process facili-
tates molecular remodeling of the male genome 
within the differentiating spermatid nucleus. 

Protamines are the major nuclear sperm protein 
and several functions have been proposed for 
this: condensed paternal genome, hydrody-
namic nucleus, protection the paternal genetic 
message, epigenetic mark on some regions of 
the sperm genome, etc3-7. 

Defects in protamine replacement are related to 
a poor DNA integrity, several studies have pos-
tulated that protamine deficiency is related to 

aberrant chromatin packaging and conse-
quently with the ¨susceptibility¨ to DNA dam-
age in human sperm8. 

DNA damage in the male germ line has been 
linked with a variety of adverse clinical outcome 
including impaired fertility, an increased inci-
dence of miscarriage and enhanced risk of dis-
ease in the offspring, demonstrating that the 
genetic integrity of the male germ line plays a 
major role in determining the normality of em-
bryo development9-19. 

Some mechanism for the creation of DNA dam-
age in the male germ lines could be oxidative 
stress (e.g. ROS production, varicocele, leuko-
cyte infiltration), sperm apoptosis 
(endonucleases), environmental toxicants (e.g. 
chemicals, radiations, drugs) and abnormal 
chromatin remodeling20. 

Chromatin packaging may need endogenous 
nuclease activity to create and ligate nicks that 
facilitate protamination. Some authors postu-
lated that the presence of DNA nicks in ejacu-
lated sperm may be indicative of incomplete 
maturation during spermiogenesis. These nicks 
provide relief of torsional stress to aid chroma-
tin arrangement and alteration in the control of 
this process could result in the presence of 
chromatin packaging anomalies or unrepaired 
DNA nicks21,22. 

The aim of this study was to investigate the 
relationship between chromatin remodeling 
and their impact on DNA damage. 
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During spermatogenesis, male germinal cells suffer from a complex remodeling 
process in which around 85% of testicular histones are replaced by small basic 
proteins called protamines. This event is not only necessary to form a hydrody-
namic nucleus but also to protect genetic information from external attack of 
nucleases, reactive oxygen species (ROS) and the presence of mutagens that gen-
erate DNA fragmentation. 
A decrease in protamine content is related to a poor DNA integrity and aberrant 
chromatin packaging. This situation would bring about a state of ´chromatin 
susceptibility´ to the attack of endogenous and exogenous agents that would 
generate higher levels of fragmented sperm DNA. 
The objective of the present study was to evaluate the association between the 
level of sperm chromatin packaging and DNA fragmentation and apoptotic 
markers in ejaculated spermatozoon. Positive correlation between the degree of 
sperm DNA fragmentation and the level of chromatin packaging was found; 
moreover, it was possible to determine the relative risk to have abnormal DNA 
fragmentation levels when samples presented abnormal chromatin packaging. 
When abnormal levels of DNA fragmentation and chromatin packaging were 
observed, some seminal parameters were found below the normal cutoff. 
The direct study of the internal organization of the human sperm provides new 
knowledge in the improvement of infertility treatments. 



 

Materials and Methods 

Semen samples (n=125) were obtained from patients suffering from male infertility in the andrology laboratory at REPROTEC, Buenos Aires, 

Argentina. Semen parameters were assessed according to the World Health Organization criteria (WHO, 201023). Samples were collected by 

masturbation after 3-5 days of sexual abstinence and were allowed to liquefy for a least 30 min. 

Assessment of the DNA damage was carried out using the terminal deoxynucleotidyl transferase mediated dUTP-nick end labeling (TUNEL) 

assay and it was performed according to the manufacturer’s instructions. 

Chromatin package was evaluated using Chromomycin A3 (CMA3) and Aniline blue (AB) staining. 

The CMA3 is a widely used fluorochrome that binds specifically to regions rich in guanine-cytosine and competes with protamines in the same 

places in the DNA24 so it is inversely related to the state of protaminación25 and allows indirect visualization of protamine deficiency in the 

sperm nucleus26,27. 

Aniline blue staining discriminates between histones rich in lysine and protamine rich in arginine and cysteine28,29. The nuclei of immature 

sperm rich in abundant histones contain lysine and react positively to staining, taking a strong blue color. 

The Pearson correlation analyses between variables are performed using SPSS statistical program (SPSS 16.0 for Windows, SPSS Inc., Chicago, 

IL) and plotted for Microsoft Excel 14.0 (Office 2010 for Windows).  Contingency tables and chi-square test (χ2) was analyzed using Epidat 3.1 

statistical program. We determined the probability value (p), and the Odds Ratio (OR) to measure the degree of association between vari-

ables. 

Results  

Semen samples characteristics and TUNEL, CMA3 and AB values are shown in Table 1. 

 

 

 

 

 

 

 

 

The values obtained in our study population, although on average exceed the reference values, it is with great dispersion. This observation 

makes sense since it was a population consulting for infertility. 

Table 2 shows the correlation analysis between CMA3/TUNEL and AB/TUNEL. The Pearson coefficient shows a significant positive correla-

tion between the percentage of CMA3 positivity and TUNEL positivity (r=0.244; p˂0.01); and between the percentage of AB positivity and 

TUNEL positivity (r=0.278; p˂0.01) 

 

 

 

 

 

 

 

Interestingly, when patients exhibit pathological CMA3 values, the majority of them (82%) show abnormal level of DNA fragmentation 

(TUNEL above 20%). Contrarily, when CMA3 values were normal, 66% of patients had normal DNA fragmentation values (Table 3). Chi-

square value for this parameters was 29.33 (p˂0.01), and the odd ratio was 8.85 (IC 95%= 3.84 – 20.42). 

 

Parameter Mean ± SD Reference 

Volume 2.6 ± 1.3 ˃2 ml 

Sperm Concentration 69.2 ± 54.8 ≥20x106/ml 

Progressive motility 
(a+b) 

60.2 ± 21.2 ≥ 50% 

TUNEL 25.2 ± 18.7 ≤ 20% 

CMA3 41.6 ± 16.4 ≤ 30% 

AB 45.0 ± 18.1 ≤ 30% 

Table 1: Values are presented as mean ± standard 

deviation (SD). Reference value according WHO 

2010.   

 

Correlation % TUNEL 

  r p-values 

CMA3  % 0.244** 0.006 

Aniline Blue % 0.278** 0.002 

 Table 2: Pearson correlation analysis between 

CMA3/TUNEL and AB/TUNEL. r= correlation 

coefficient; p-values were considered statistically 

significant when p≤0.05(*) and highly significant 

when p≤0.01 (**) 



 

 

 

 

 

 

 

 

 

 

 

 

 

Similarly, 79% of the patients who have pathological AB values presented simultaneously abnormal TUNEL values too (Table 4). In this case, 

Chi-square value was 34.01 (p˂0.01), and the odd ratio was 12.61 (IC 95%= 4.93 – 32.20). 

 

 

 

 

 

 

 

 

 

 

 

 

These results suggest the existence of a positive and statistically significant correlation between chromatin compaction (CMA3 and AB) and 

DNA fragmentation (TUNEL) in the studied semen samples. This abnormal chromatin architecture compaction (measured by CMA3 and Ani-

line Blue) constitute a risk factor for developing pathological values of TUNEL. 

Patients whose CMA3 values are pathological(greater than 30%) have a 8.85 times higher risk of presenting sperm DNA fragmentation com-

pared with those with normal values. 

Similarly, patients with pathological Aniline Blue values have a 12.61 times higher risk of presenting DNA fragmentation compared with those 

with normal values. 

On the other hand, it´s interesting to note, that CMA3 and AB techniques strongly correlate with each other (Figure 1). The Pearson correlation 

analysis showed that there is a highly significant relationship between the two techniques, showing a positive association value r = 8.18 (p ˂ 

0.01). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the other hand, we found a statistically significant negative correlation between the percentage of TUNEL and sperm concentration             

(r = -0.345, P ˂ 0.01); and TUNEL and the percentage of motile sperm (r = -0.485, p ˂ 0.01) (Table 4). 

Patients TUNEL(+) TUNEL(-) Total 

CMA3(+) 
82% 

(64/78) 

18% 

(14/78) 

62% 

(78/125) 

CMA3 (-) 
34% 

(16/47) 

66% 

(31/47) 

38% 

(47/125) 

Total 
64% 

(80/125) 

36% 

(45/125) 

100% 

(125/125) 

Table 3: Percentage of patients having patho-

logical (+) and normal (-) CMA3 and TUNEL.         

Values.in parentheses represent the absolute 

numbers. 

Patients  TUNEL(+)  TUNEL(-) Total 

AA (+) 
79% 

(71/90) 
21% (19/90) 

72% 

(90/125) 

AA (-) 
22% 

(8/35) 
78% (27/35) 

28% 

(35/125) 

Total 
63% 

(79/125) 

37% 

(46/125) 

100% 

(125/125) 

Table 3: Percentage of patients having patho-

logical (+) and normal (-) AB and TUNEL. 

Values.in parentheses represent the absolute 

numbers. 

Figure 1: The scatter plot shows strong 

correlation between CMA3 and AB. 

 



 

 

This suggests that both the sperm concentration and progressive motility are significantly reduced in those patients with abnormal   

values of DNA fragmentation shown by TUNEL assay. 

Discussion 

Infertility affects almost 20% of couples in reproductive age and defective sperm functions is the largest single defined cause of men 

infertility24. 

As mentioned above, several authors have indicated that defects in sperm chromatin remodeling have an impact on the genetic integrity 

of the germ line with negative consequences during fertilization and embryonic development. 

One potential consequence of abnormal protamine expression is a susceptibility to DNA damage. Incomplete protamination could   

render the spermatozoa more vulnerable to attack by endogenous or exogenous agents such nucleases, free radicals or mutagens. Poor 

sperm DNA integrity may affect procreation in couples having natural intercourse and in those treated by IUI, IVF and ICSI. 

The potential relationship between protamination defects and decreased DNA integrity has been assessed by different groups using a 

variety of direct or indirect approaches. In the present report, we showed a significant relationship between chromatin compaction 

(indirectly determined by Chromomycin A3 and Aniline blue staining), and DNA fragmentation measured by TUNEL assay. 

Consistent to our observations Nasr-Esfahani et al., 2004, 2005 and 2007 showed that DNA fragmentation (determined by comet assay), 

is more common in sperm with high levels of CMA3, and showed a negative correlation between fertilization rates after IVF and         

protamination levels determined by CMA3. Similarly, others authors also linked high levels of DNA fragmentation obtained with SCSA 

(Sperm Chromatin Structure Assay) with poor ICSI and IVF results33,34. The predictive value of sperm DNA fragmentation tests depend 

on the type of DNA damage (single or double strand), the extent of DNA damage per spermatozoon, whether DNA damage affects    

introns or exons and the ability of the oocyte to repair sperm DNA damage20. 

Our results have shown a strong correlation between groups of patients with and without altered AB and CMA3 values in relation to 

TUNEL values, suggesting that defects in chromatin compaction have a strong impact on determining the vulnerability of DNA to be 

fragmented.  Therefore, we could hypothesize that sperm chromatin compaction and its vulnerability to be damaged would play a pre-

dominant role in determining the outcome of assisted reproductive techniques in infertile couples consulting for reproductive prob-

lems. 

High correlation between AB and CMA3 staining shows that it can be used interchangeably any of these techniques. 

On the other hand, we observed that the degree of DNA fragmentation and sperm concentration inversely correlate. Similarly,       

pathological TUNEL values showed correlation with loss of motility. This is important to note especially in oligozoospermic and        

asthenozoospermic patients as important parameters that could be used to suspect the presence of high levels of DNA fragmentation. 

Final considerations 

Traditionally, the diagnosis of male infertility was based solely on microscopic evaluation and analysis of the concentration, sperm mo-

tility and morphology as a routine indicator of semen quality and reproductive chances of infertile men. However, normal semen      

parameters provide limited information regarding the diagnosis and prognosis of these samples and their predictive power is very poor. 

The quality of the sperm chromatin and DNA integrity is essential to ensure not only the success fertilizing gametes, but also to carry 

out normal embryonic development of the zygote. 

In accordance to the literature, the results of our work have shown the importance of using special diagnostic methods (like CMA3, AA 

and TUNEL) to determine the possible origin of the underlying sperm pathology (vulnerability and DNA damage). This has an           

important impact on the clinical practice, allowing using the most appropriate therapeutic approach for each type of sperm pathology. 

Semen parameters % TUNEL 

  r p 

Volume (ml) 0.087 0.337 

Sperm concentration (1x106/ml) -0.345** 0.000 

Progressive motility (a+b) % -0.485** 0.000 

Table 4: Correlation analysis between semen   

parameters and TUNEL. The correlation is signifi-

cant when  p <0.05 (*) and highly significant 

when p <0.01 (**) 
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IVF Gadgets - Series II (Part– i) 

Time Lapse Embryo Imaging Systems 

 

Stills from Frtilization and Development of the Sea Urchin Egg by Julius Ries, one of the earliest 
time-lapse microcinematographic films ever made, filmed in Paris in 1907. 

(Photo Courtsey : Seeing things: from microcinematography to live cell imaging, Hannah Landecker, Nature 

Methods 6, 707 - 709 (2009) ) 

 

Live cell imaging is an extremely powerful tool for the cell biologists to study and understand the cell dynamics with new insights.  

Though, this wonderful modality is being used in cell biology for over a century, its application in human pre-implantation embryology is relatively 
new and have a potential to revolutionize the conventional ways of growing embryos in our laboratories. This technology allows embryologists to 
monitor embryo development without taking them out of the incubator.   

 

In this issue, we bring you one of the most fascinating equipment just introduced in human IVF—Time lapse Embryo Imaging Systems.  

At present there are only a few such systems available worldwide . Of these, some are designed in the form of integrated incubation systems where 
one does not need a separate incubator and the camera continuously record the embryo development. On the other hand, there are systems which 
have special camera mounted stage which can be used with the conventional CO2 incubators. Integrated systems can incubate & monitor several 
patients’ embryos simultaneously, while one camera mount stage can monitor only one dish at a time and for different patients, many such stages 
are needed.   

 

Typically, a time lapse embryo imaging system has an instrument equipped with a camera, a software to analyse the images and specially designed 
culture dishes/plates.  

Don’t miss the next issue of ACE Newsletter for the second part of this series covering more Time lapse imaging systems.   

 

Disclaimer : The Academy of Clinical Embryologists does not endorse any of the products listed in this column and has no commercial interests. The 
order of appearance of different products is random only—Editor. 

http://www.nature.com/nmeth/journal/v6/n10/full/nmeth1009-707.html


Time Lapse Embryo Imaging Systems 

The Eeva Dish – a specially-designed  
culture dish where your embryos grow. 

Early Embryo Viability Assessment Test for IVF 
Eeva was designed to non-invasively and safely identify the embryos most 
likely to develop to a blastocyst at an early stage. Eeva is an innovative imag-
ing diagnostic system used by IVF laboratories to analyse early embryo devel-
opment. At the heart of Eeva is intelligent software that reliably and consis-
tently assesses critical and subtle differences in early embryo cell divisions to 
determine an embryo’s viability and the potential for further development. 
Eeva assists embryologists in selecting the best embryos for IVF transfer to 
optimise the chances for a successful pregnancy. 
Eeva consists of a special microscope that fits inside a standard incubator and 
takes video images of your embryos, which are analysed by proprietary, intel-
ligent software. Your embryos are cultured within a specially-designed Eeva 
dish while Eeva watches over your embryos through Day 3 or Day 5, depend-
ing upon the advice of your IVF team. 

Eeva automatically analyzes embryo development 

against scientifically and clinically validated cell-
division timing parameters and predicts the future 
viability of each embryo by Day 2. The quantita-
tive, objective data from Eeva, in conjunction with 
standard morphology grading, may enable IVF 
clinics to make better informed decisions regard-
ing embryo selection and the optimal patient 
treatment pathway. 

Using the Eeva Station, images and videos for each 

Eeva Patient Session can be easily reviewed. The 
downloadable reports and videos may aid when 
counseling patients and improve the overall pa-
tient experience. 

The Eeva Dish contains microwells which enable Eeva to track the 

individual development of each embryo and allow embryos to 
grow under group culture technique. 

The Eeva Scope fits into most standard IVF incubators and pro-

vides automatic dark-field image capture and cell-division track-
ing without intervention by the embryologist or excessive light 
exposure to the embryos. 

The Eeva Scope Screen fits on the outside of the incubator and 

allows the embryologist to control each Eeva Patient Session and 
view the latest images without opening the incubator or disturb-
ing the embryos. 

http://www.eevaivf.com/             http://www.auxogyn.com/eeva.php 



Embryo evaluation with less stress – embryo safety first 
Using Primo Vision Time-Lapse Embryo Monitoring System 
inside your incubator provides maximum safety in your culture 
environment. The system allows you to observe all embryos 
without the disturbing incubation conditions or altering your 
daily routine. The system records all moments of embryo    
development, giving you an excellent tool for evaluation. 

State-of-the-art image quality 
Primo Vision now integrates Hoffmann modulation contrast for improved image analysis. 
The new feature enables the precise observation of embryos’ developmental dynamics from 
polar body extrusion, PN formation, through time points of cleavages and cleavage inter-
vals, blastocoel pulsation and exact identification of fragmentations and cleavage patterns. 

Modular and expandable 
The modular design   al-
lows expansion to your 
needs. The starting kit 
with one microscope 
monitors up to 16 em-
bryos of one patient. The 
full system with six  micro-
scopes can follow up to 96 
embryos from six patients. 
Additional microscopes 
can be installed at any 
time which gives 
high flexibility.   

Capture, Analyze, Report & Present 
The The Primo Vision Capture & Analyzer software pro-
vides an easy and reliable way to compare and analyse 
the development of embryos in a user-friendly environ-
ment. Using the software you can also create personal-
ised reports and videos about embryo development to 
share with colleagues and patients. 

Remote access 
Evaluations can also be performed 
outside the lab. The remote access 
function makes online assessment 
with colleagues or other profes-
sionals a reality. The Primo Vision 
iPad Viewer serves the purpose of 
showing the sequence of time-
lapse images of embryos, providing 
transparency towards patients. 
 
Quality Control 
Primo Vision Evo provides full control over what is happening 
inside the incubator, hence a useful tool to maintain and im-
prove overall lab quality. Compare different culturing environ-
ments, measure the effects and improve your protocols. Identify 
immediately if a negative factor is effecting your results and 
track the root cause. Meanwhile, archive the performance of 
every embryo and build up your institution's time-lapse data-
base. 

Group culture beneficial for embryo development 
The 9- or 16-well dishes are uniquely designed for Primo Vision. Embryos are pre-
cisely identified and individually monitored. As a result of interaction between em-
bryos, enhanced embryo development can be achieved. Several studies have proven 
that group culture enhances embryo development. 1, 2, 3, 4, 5. 

Sizes to suit your needs 
The dishes are available in two types: the 9-well dish can host up to 9 
embryos while the 16-well dish can hold up to 16 embryos of one patient. 
The dishes are individually packed. 
Convenient to work with 
The design of the dish enables all embryos to be situated within the 2,5 
mm x 2,5 mm exposure area of the Primo Vision microscope. Embryos 
placed in the micro wells of the dish can be individually identified and 
monitored, yet they are still part of the same culture group. The deep 
wells provides stability during handling procedures. 
Thoroughly tested 
The dishes are CE-certified and MEA tested.  

Time Lapse Embryo Imaging Systems 

http://www.vitrolife.com/en/Fertility/Products/Primo-Vision-Time-Lapse-System/ 



 

Time Lapse Embryo Imaging Systems 

http://www.fertilitech.com/en-GB/Products/EmbryoScope-reg-Time-Lapse-system.aspx 



 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

InvitationInvitationInvitation   
  

I 
t gives me immense pleasure to invite all of you to the 3rd International Conference of the Academy of Clini-

cal Embryologists. Last two conferences have been huge success due to an overwhelming participation of IVF 

professionals from all over the country. I am sure with the galaxy of its national and international speakers and 

the high standard of the scientific content it is again going to be great scientific feast of latest developments and 

knowledge in the field of ART. 

We are planning four pre-congress workshops on 8th august 2014 

Workshop on mechanics of micro manipulator: This unique workshop will mainly focus on mechanical aspects of micro manipulator 

which include alignment of pipettes, angle adjustments, maintenance and other related tips for getting  effective performance by 

your manipulator. All three brands available in India that is RI (UK), Narishige (Japan) and Ependorff (Germany) will be displayed 

accompanied by company engineers and expert embryologists working with these machines. 

Workshop on Batch IVF: Majority of centers perform their ART cycles in batches. This workshop will address various  issues related to 

batch IVF. The practical difficulties faced by the IVF specialists will be discussed in detail. This will equally help both the clinicians 

as well as the embryologists.    

Work shop ON PGS/PGD (Pre natal genetic screening/ Pre natal genetic diagnosis): One to one interactive and  actual hands on 

workshop conducted by the experts in the field. For limited participants only.    

Workshop on Vitrification: This is another unique workshop where latest techniques like multi thermal gradient system for Vitrification 

will be discussed with the pioneers of the field from Israel. 

Another major attraction would be a special session on uterine transplantation and pregnancy. There will be video presentations and lectures 

from its pioneers.  

Indore is a developing city situated in Central India. It is very well connected with major metro cities and rest of India by Railways, Bus, and 

Air. It has international airport with direct and stop over flights to all over India. Nearby, there are many places of tourist attraction. 

 rd
 

8-9-10 August, 2014 

 
Charudutt Joshi 
Organising Chairperson 

ACE 2014, Indore 
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