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Abstract

Embryo culture is a vital procedure in Assisted Remductive Technologies (ART). Assessment
of embryonic morphology and development is of impdance in the selection of embryos for
transfer. Survivability of embryos in culture media depends on nutrient supply to maintain em-
bryonic growth at every stage of preimplantation deelopment. The objective of this study was
to observe the effect of M16, HTF and KSOM commereai media on preimplantation embryonic
development and morphological grading. Female micevere superovulated with pregnant
mare’s serum gonadotropin (PMSG) followed by humanchorionic gonadotropin (hCG) 48 h
later. The oviducts were flushed at 23 -25 h post&G using M2 medium. Embryos with two
pro-nuclei were selected for culture. A total of 2@ embryos were equally divided for culture in
M16, HTF and KSOM media. Embryonic development andmorphological grading were ob-
served at 48, 67, 74, 93 and 11 h post-hCG until éhhatched blastocyst stage. Significantly
higher numbers of blastocysts was observed in HTeRnd KSOM cultures at 93 h post-hCG,
compared to M16 culture (p<0.05). HTF showed a sigficantly higher number of Grade B4
blastocyst (p<0.05), while KSOM showed a significdly higher number of Grade B1 blastocysts
(p<0.05), compared to M16. Morphological quality apeared to be stage dependant. M16 me-
dium showed significantly higher number of 8-cell tage (n=62) compared to HTF (p= 0.026).
Our observations suggested that for ICR mouse embog, M16 is effective in promoting pre-
compaction stage development until the 8-cell stagerhile HTF and KSOM were more effective
in promoting post-compaction stage development, her producing more blastocysts.
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Introduction minant [1, 2]. Optimization of IVC is consideredfumn-
damental requirement in ART in order to maintain-em

In vitro fertilization (IVF) and culture (IVC) have been bryo viability before transfer.

performed in murine models to study the physiolagd

molecular events of reproductive and developmentahssessment of embryonic development is a usefdt pla
processes. Murine embryos are commonly used tg studorm to select the most viable embryos for transfiyw-

and monitor culture conditions, techniques andimsen- ~ ever, the survivability of embryos in culture medie-
tation used in human IVF due to similarities inithrutri- ~ pends on several factors, including sufficient ieutr
tional requirements and developmental milestoneth wi supply to maintain the growth of embryos at eveags
human embryos. The optimal conditions of IVC on seu 0f development. Various studies have been conduoted
embryos depend on a number of parameters. The comp@valuate culture systems with respect to develogahen
sition of the culture medium used is an importagied ~ competence and embryo grading in human [3, 4] and
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mice [5, 6]. Preimplantation stages of murine emohiy  and lactate. This medium is based on similar canaen
development are normally characterized by morphologtion of potassium in the reproductive tract [3]. Hiow-
of the developing cells and specific alterationgene ever, does not contain EDTA as a chelating ageit-to
transcription, followed by messenger ribonucleiddac hibit glycolysis.
(mRNA) and protein synthesis [7]. The primary goal
culturing preimplantation embryos is to allow grovdf  presently, studies that compare the effects ofouari
embryOS in artificial environment in order to agsisthe Commercia”y available culture media on the deve19pt
development of embryos. Media such as M16, HTF angf preimplantation mouse embryos are still lacking.
KSOM used in this study contain similar metabolites Therefore, the purpose of this study was to deteerttie
such as glucose, phosphate, magnesium sulphate; glueffects of embryo culture in M16, HTF, and KSOM me-
mine, pyruvate and EDTA constituent differences, agjia on pre-implantation development till the blagt
shown in Table 1. stage, as well as morphological quality at différstages
of preimplantation development. The developmergref
M16 medium is known as a conventional culture mediu imp|antation embryos was assessed by the formaton
and has been used in the routine culture of mouse e pjastocysts, hatching of blastocysts, and morplicébg
bryOS. It is a modified KrEbS-Ringer bicarbonatkison grading of b|astomeres’ as well as appearance tof cy
and is very similar to Whitten’s medium [8]. In 5 plasmic fragments. Information obtained from thisdy
Whitten [9] found that by adding glucose to thisdmen  \ould contribute towards the understanding of ppéém-

mouse embryos developed to the 8-cell stage. Rreviotation embryonic requirement subjectedittovitro cul-
studies by Whitten [9], Brinsteat al.[10]. and Bigger®t  tyre.

al. [11]. showed that the addition of several otherabet
lites into the culture medium was essential. Lacialt
lowed embryos to grow from 2-cell to the blastocstsige
in the presence of glucose, while pyruvate suppadttte
transition from 1- to 2-cell [9 - 11]. Another sjushowed
that the utilization of glucose was low at the Inedrig of
embryonic development; however, it increased durin
compaction and blastocyst stages [12]. This praliela-
dence that pyruvate and lactate support early mdase
velopment, whereas glucose supports development
embryos at the post-compaction stages.

Materials and Methods

Animal Treatment

All procedures on the animals were approved by UiTM
nimal Care & Use Committee (Approval code ACUC-
/11).

gfwenty three (8 to 10 week-old) female ICR miceghei
ing 35-40 g were used as embryo donors. Mice wepg k
at temperatures within 22%C, with a light/dark cycle of
Kalium (K) Simplex Optimized Medium (KSOM) 12:12 h. Animals were provided food pellets ancerse
medium was developed after the M16 medium. It wa@Smosis watead libitum For superovulation, the female
modified from Simplex Optimized Medium (SOM), Mice were given 10 IU of pregnant mare serum gon_ad-
which was originally developed to overcome the R-ce Otrophin (PMSG), followed by 10 IU human chorionic
block in CF1 mouse zygotes [13]. The addition df K gonadotropin (hCG) intraperitoneally, 48 h apaeméles
allowed CF1 zygotes to develop into blastocystg.[14 Were then cohabited with fertile ICR males at aora_f
The concentrations of NaCl and KCI were also in-1:1. Pregnabt/plugged embryo donors were eutharired
creased in KSOM [15, 14]. KSOM was optimized us-23-25 hrs post-HCG, by cervical dislocation, foe #ol-
ing all 9 components found in M16 medium, p|usle<:t|on of embryos. Fa_lloplan tube§ were exmsadj_@m—
glutamine and in EDTA [15]. The addition of the mon Pryos were flushed using M2 medium, under a dissgct
essential amino acid, glutamine into KSOM was foundnicroscope (Leica Zoom 2000, Japan). Only 2 pronu-
to stimulate the development of 8-cell hamster grmbr Clear-stage (2PN) embryos were selected for substqu
to the blastocyst stage [16]. Thus, glutamine cdugd IVC.

metabolized by embryos and stimulate the embryonic

development. The addition of Eagle’s non-essentiaEmbryo Culture Conditions

amino acids and glutamine was found to signifigantl A total of 240 embryos were randomly divided into 3
improve development to the blastocyst stage and irgroups of 80 embryos each and were subjected toifvVC
crease the rate of compaction [17,18]. Addition ofM16, HTF or KSOM media. Embryos were cultured in a
ethylenediaminetetraacetic acid (EDTA) into the-cul 35-mm culture dish (Nunclon, Roskilde, Denmarkiedl
ture media blocked the process of glycolysis, whicthwith 100l media of either M16 (Catalogue no: M7292,

prevented glucose utilization in early cleavage srod  Sigma-Aldrich, USA), HTF (Catalogue no: 90125, e
[19]. Scientific, USA) or KSOM (Catalogue no: MR-107-D,

Merck Millipore, Germany) supplemented with 5% BSA,
Human tubal fluid (HTF) medium consists of balancedoverlaid with mineral oil (Catalogue no: M5310, g+
salt solutions with added carbohydrates, glucogeiate  Aldrich, USA).
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Table 1. Generalcomponents of M16, HTF and KSOM.

The cultures were maintained in a humidified cartimx-
ide incubator containing 5% G@nd 95% air at C for 5

Commercial Components consecutive days. Embryos were observed underethe r
Medium _ _ verse phase light microscope (Leica IRB, Japarg,ian
M16 Calcium Chloride . 2H2( verted microscope (Olympus 1X81 SF-3, Japan) for-mo
Magnesium Sulfate, Anhydro phological grading, as well as developmental olzam.
Potassium Chloric, Potassium Phosphatg,
Monobasit Sodium Bicarbonate, Morphology Grading and Developmental Observation
Sodium Chlorid, Albumin, Bovine Frac{  Morphological grading was scored based on the appea
tion V, D-Glucose, Phenol Red . Na Pyru- ance of the cells, rate of growth and degree gffienta-
vic Acid . Na Dl-Lactic Acid. Na Sup{ tion at various time points (Table 2) after hCG adm
plement with potassium penicil-G and|  stration. Morphological grading for 2-cell, 8-caihd 16-
streptomycin sulfat . . cell was done based on scores by Veeck [20] (Taple
HTF Sodium ~ Chlorid, Potassium Chloridg,  For the blastocyst stage, scoring was performedcban
Magnesium Sulfate, Anhydro, Potas-|  Gardnert al [21] (Table 4).
sium Phosphate, Monoba Calcium
Chloride, Anhydrou Sodium Bicarbonate, Embryonic development was also observed according t
Glucost Sodium Pyruvate, Sodium Lactate the time points described in TableEach time point rep-
Gentamicii, Phenol Red Protein Supple- resented a different stage of preimplantation dagraknt
mentatiol i.e. 2-cell (48 h), 8-cell (67 h), 16-cell (74 h)cablasto-
KSOM EDTA, Disodium Sa, Sodium Chloride,  cyst stage (93 h). The number of hatching blastecgs
Potassium Chloric Potassium Phosphate, 117 h (Day 5) of IVC was recorded.
Monobasic Magnesium Sulfate, Anhy-
drous DL-Lactic Acid, Sodium Salt D Statistical Analysis
Glucose, Sodium Bicarbonate |- Data were analyzed using the SPSS package program
Glutamin¢, Pyruvic Acid Sodium Salt, (SPSS 20.0, Chicago, IL, USA). Statistical analysés
Penicilin C Streptomycin Sulfate MEM  performed using one-way ANOVA. A value of <0.05
Essential Amino Acic was considered statistically significant.
Table 2. Observation at specific time points during preiamghtion development.
Day of PMSG Day of hCG 24 h post- hCG (Zygote, 48 h post- hCG 67 h post- hCG 74 h post hCG 93 h post-
Injection Injection Day of Plugging) (2-cell) (8-cell) (morula) hCG
(Blastocyst)
1900 h 1900 h 1000 h 1900 h 1400 h 2100 h 1600 h
Table 3: Scoring criteria for cleavage stage embryos by W€20).
MEASUREMENT GRADE DESCRIPTION

Cleavage stage morphology

Grade 2
Grade 3

Grade 4
fragmentation.
Grade 5

Grade IEmbryo with blastomeres of equal size; no cytoplasragments.

Embryo with blastomeres of equal size; minor cydsptic fragments.
Embryo with blastomeres of distinctly of unequatesinone or few cyto-
plasmic fragments.

Embryo with blastomeres of equal or unequal siignificant cytoplasmic

Embryo with few blastomeres of any size; severeoonplete fragmentation.

Table 4: Morphological scoring for blastocysts (21).

MEASUREMENT GRADE DESCRIPTION
Blastocyst morphology Grade B1 Blastocoel cavity less than half the volume oféhgbryo.
Grade B2 Blastocoel cavity more than half the volume of émebryo.
Grade B3 Full blastocyst, cavity completely filling the enybr
Grade B4 Expanded blastocyst, cavity larger than the embwith thinning of
the shell.
Grade B5 Hatching out of the shell.
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Morphological Grading of Pre-implantation Embryos in
M16, HTF and KSOM media: This second part of the
Development competence of preimplantation embryosin  study compared morphological grading of embryos cul
M16, HTF and KSOM media tured in HTF, KSOM and M16 media. At 48 h post-hCG
The development of preimplantation embryos in HTFwhere cleavage-stage scoring was performed, signifi
KSOM and M16 media were recorded at 48, 67934, cantly more Grade 1 embryos compared to other grade
and 117 h. Statistical analysis of development TFi¢s ~ Wwere seen in all three media (Figure 4). There \here-

KSOM showed no significant differences at all okger €ver, no significant differences in embryo morplgglo
tional time points (Figure 1). between media. At 67 h, results showed differefcéise

morphological grading of Grades 1, 2 and 5 (Figbxe

Figure 2 shows that the number of embryos that ldeveThere were significantly more Grade 2 embryos ofeskr
oped into blastocyst (93 h post-hCG) and hatchastdd i KSOM than in HTF (p = 0.002). At the morula stag

cysts was significantly higher in HTF, comparedino M16 medium appeared to be superior, and produged si
M16 medium (p = 0.016). nificantly higher numbers of Grade 1 and 2 embryos

compared to HTF (p = 0.026 and 0.023, respectively)
Figure 3 showed that in KSOM compared to M16, therddTF produced significantly more embryos in Grade 5
were significantly higher number of 8-cell embryoscompared to M16.
(KSOM vs M16) (p = 0.014), blastocyst (KSOM vs M16)
(p = 0.030) and hatching blastocyst (KSOM vs M6x( In vitro culture at 74 h only showed a significant differ-
0.008). However, the number of embryos that cleaveénce between the number of Grade 5 embryos in H@F a
into 2-cells at 48 h in M16 vs KSOM were not signif M16 (Figure 6). HTF was seen to produce a signitiya

Results

cantly different.

higher number of Grade 5 embryos (p = 0.023).
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At 93 h, when blastocyst grading was performed, HTF
showed the highest number of Grade B4 blastocpsts (
0.007) when compared to M16 and KSOM (Figure 7).
KSOM however, produced significantly higher numbgr
Grade B1 blastocysts (p = 0.030) compared to M1b an
HTF.

Figure 8 shows that both HTF and KSOM produced
significantly higher (p < 0.05) numbers of hatching
blastocysts compared to M16. The results indic#tatl

both HTF and KSOM were able to maintain high em-
bryonic viability towards the end of the pre-
implantation stage, resulting in higher numbefs o

Figure 2. Developmental competence of embryos in Mi1dlastocyst hatching.

and HTF media
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Figure 8. Number of hatching blastocysts in M16, KSOM
and HTF media.

Discussion

The present study demonstrated that HTF and KSOM
media were superior compared to M16 medium in sup-
porting the development of preimplantation embrabs
the higher rates (>90%), up to the hatching blastioc
stage (Figure 8). Improved development to the btast
stage might be due to the lowering of glucose dmusp
phate to more optimum levels in the media. Dueigbédr
energy requirement in the post-compaction stageogki
consumption increased to support blastocyst devetop
(22-24). Studies carried out on glucose and pyaigah-
sumption and lactate production in single humanrgosh
showed that more lactate was produced than coultthe
counted by glucose uptake (25, 26), suggesting ttieat
remaining was derived from endogenous sources, asich
glycogen.

Embryos cultured in HTF showed signs of morpholabic
deterioration as early as the 2-cell stage. Howetrer
following stages of 8-, 16-cells and blastocysturad in
HTF showed better morphological grading compared to
M16 and KSOM. This early deterioration could be tlue
the absence of EDTA in HTF medium. EDTA acted a
chelator of metal ions to decrease oxidative sti¢ssb-
sence could increase oxidative stress resultimgdrpho-
logical deterioration to cleavage-stage embryose &fi
fect was expounded by the fact that cleavage-stage
bryos were more vulnerable than post-compactiogesta
as homeostatic mechanism was well-developed in the
blastocyst. Besides its role in to negate oxidagivess,

EDTA also prevented premature activation of glucose
metabolism in 2-cell embryos [11, 19].

At the pre-compaction stages, the use of M16 medium
appeared to be beneficial for development and ediu
embryos with better morphology, with the highesnier
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of Grade 1 embryos compared to HTF and KSOM. Varienic development in the two media was significalby-

ous studies have been conducted to evaluate cu@ygre ter than in M16 medium. Although a comparison betwe

tems with respect to developmental competence ard e HTF and M16 medium did not show a difference inyear

bryo grading in human [3, 4] and mice [5, 6]. Iristh preimplantation embryonic development, there was a

study, KSOM produced the highest percentage ofhkhatc marked increase in development at the blastocggesn

ing blastocysts (92.5%), followed by HTF mediumHTF medium (Figure 8). HTF and KSOM appeared to be

(91.3%). Although there were no significant difieces superior to M16 with respect to the number of hatth

between KSOM and HTF, the number of hatching blastablastocysts produced. Along the same line, HTF and

cyst was significantly different in both KSOM vs Bllp KSOM were found to have significantly better morpho

= 0.008) and HTF vs M16 (p = 0.007). Both KSOM andlogical grading at the blastocyst stage, compared16.

HTF media appeared to provide better support fdsrgm

onic development and blastocyst differentiation ilunt In conclusion, our results showed that M16, HTF and

hatching. This could be due to the lower osmoksitnf KSOM could support the development of ICR murine

KSOM (255 mOsM) and HTF (284 mOsM) compared toembryos at all stages, from the 2 PN zygote tdthasto-

M16 (290 mOsM). Media with lower osmolality were cyst stage. Based on morphological grading and ldeve

reported to allow embryos to complétevitro develop- opment, M16 was found to be better for cleavaggesta

ment better than medium with higher osmolality [27] culture while HTF and KSOM supported better develop

Although not addressed in this study, other vaniatiin ~ ment to the blastocyst stage.

culture parameters such as type of culture oveo=&ygen

and glucose tension, culture drop volume and BS# su Acknowledgements
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