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Abstract    
 
Background 
There is a species difference in the Fallopian tube levels of amino acids.  
Objective 
To determine the impact of graded amounts of amino acids on embryo development; specifically in static 
culture conditions to examine the tolerance and toxic levels, and to determine optimal concentrations of (i) 
alanine (ALA), (ii) aspartate (ASP), (iii) glutamate (GLU), (iv) glycine (GLY), and (v) serine (SER).  
Methods 
Earle’s Basal salt solution was supplemented with 5mg/ml of bovine serum albumin, antibiotics penicillin/ 
streptomycin sulfate, and pyruvate/lactate. Treatments consisted of culture media supplemented with 
graded (0, 250, 500, 750 and 1000µM) amounts of (i) ALA, (ii) ASP, (iii) GLU, (iv) GLY, and (v) SER. 
Quakenbush sibling mice zygotes were randomly apportioned to individual treatments. Number of 
replicates were 4 to 5 per treatment. The end point was development of day 6 expanded, 
hatching/hatched embryos. 
Results 
The development of day 6 embryos improved with the addition of graded amounts of alanine, especially 
500µM and 1000µM (p=0.0076 and 0.0021 respectively; replicates=4; n= 213 sibling embryos). In this 
group the death rate of embryos on day 6 appeared progressively reduced (r=0.872; p<0.02) with 
increasing levels of alanine; highest in the control (38.7%), that progressively decreased with increasing 
concentrations of alanine (the lowest death  rate of 12.9% was noted in treatment supplemented 
with1000µM). Supplementation of glutamate (500µM) and glycine (250µM) elicited insignificant positive 
embryo development, whereas aspartate and serine resulted in insignificant increases in embryonic death 
and appear harmful at all concentrations tested. 
Conclusion 
Alanine at 1000µM appears beneficial for embryo development under static culture conditions in vitro. 
The concentrations of glutamate, glycine, aspartate, and serine investigated did not elicit significant 
positive response. The lower concentrations of these four amino acids need to be investigated in an 
attempt to determine their optimal levels under similar conditions of culture. 
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Introduction    
It is well recognized diet has a major influence 

on embryo development in vivo (Cetin et al., 
2010). Likewise, the quality of embryo culture 
media has significant influence on the 
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generation, quality and viability of embryos, and 
therefore on the outcome of assisted 
reproduction technology (ART) treatments 
(Friedler et al., 2007; Rieger, 2012; Mantikou et 
al., 2013). Considerable advances have been 
made in our attempts to formulate efficient 
embryo culture media (Mantikou et al., 2013; 
Neilsen and Ali, 2010; Swain and Smith, 2011).  
Efforts to improve culture conditions of early 
embryos attempted to determine the 
requirement of individual nutrient components 
that impact embryo development in vitro. One of 
us (JA) has been investigating the nutritional 
requirement of early embryos in static culture 
system specifically to formulate synthetic 
chemically defined embryo culture media devoid 
of added donor serum proteins (Ali, 1997, 2002, 
2004, 2007; Ali et al., 2000) to comply with a 
directive (EU Tissue Directive, 2004).  

 
The physiological functions of amino acids are 

well documented. In the present context amino 
acids are utilized, among others, for protein 
synthesis, energy metabolism and for its crucial 
role as osmolytes to cope with osmotic insults in 
the immediate milieu of the embryo in the 
Fallopian tube and uterus, and in the culture 
environment in vitro.  The most abundant amino 
acids in mouse oviductal fluid are taurine, 
glycine (GLY), glutamate (GLU), alanine (ALA), 
glutamine (GLN), aspartate (ASP) and serine 
(SER) (Dumoulin et al. 1992). An almost similar 
situation exists in the rabbit oviductal fluids 
where the most abundant amino acids are 
taurine, glycine, alanine, threonine, glutamate, 
serine and aspartate (Miller and Shultz, 1987) 
but not in the human (Tay et al., 1997) where 
arginine appears to be the most abundant 
followed by alanine, glutamate, leucine, lysine, 
asparagine and threonine. It is curious ASP, 
GLY, SER are present in very low 
concentrations in the human Fallopian tube as 
opposed to its abundance in the mouse. In the 
human the amino acid composition of oviductal 
fluid was obtained from women undergoing 
hysterectomy for various pathological conditions 
with a mean age of 39 years, and thus may not 
be representative of healthy young women since 
various physiological situations are known to 
affect the secretion of oviductal fluids (Tay et al., 
1997). 

 
The composition of oviductal fluid is well 

documented (Miller and Schultz, 1987; Hunter, 

1988; Leese, 1988; Nichol et al., 1992; 
Boatman, 1997; Tay et al., 1997). With regard to 
ions, oviductal fluid is rich in K+ and HCO3 – in 
comparison with plasma. The concentrations of 
nutrients also differ from those in plasma and 
vary with the endocrine state. For example, the 
concentration of glucose in pig oviductal fluid 
decreases tenfold after ovulation (Nichol et al., 
1992, 1998) and six-fold in human oviductal fluid 
between the follicular phase and midcycle 
(Gardner et al., 1996). The amino acids present 
in the highest concentrations are arginine, 
alanine and glutamate in human oviductal fluid 
(Tay et al.,1997) and glycine, glutamate and 
alanine in rabbit oviductal fluid (Miller and 
Schultz, 1987). Glycine, alanine, leucine and 
phenylalanine are transported to the greatest 
extent from the vascular compartment into the 
lumen of the rabbit oviduct (Leese and Gray, 
1985). Glycine protects preimplantation mouse 
embryos against the detrimental effect of 
inorganic ions (Van Winkle et al., 1995), 
probably due to its capacity to act as an organic 
osmolyte (Dawson et al.,1998). Taurine and 
hypotaurine are major constituents of oviductal 
fluid and are important in supporting the viability 
of gametes and preimplantation embryos 
(Boatman, 1997).  

 
Despite considerable development in embryo 

culture media, there remains issues to be 
investigated. There is a need to determine the 
effects of individual amino acids on embryo 
development in vitro in our efforts to further 
improve embryo culture media. The objective of 
this investigation is to determine the optimum 
concentrations of five amino acids, viz: Alanine 
(ALA), Aspartate (ASP), Glutamate (GLU), 
Glycine (GLY) and serine (SER) using the 
mouse model in static droplet culture system. 
This report is the second of a series that intends 
to examine the effect of all amino acids and 
several other nutrients, metabolites and 
antioxidants individually on mouse embryo 
development. The first report was on the impact 
of elemental iron on mouse embryo 
development (Ali et al., 2019).  

 

 
Materials and Methods 
 
Ethics approval  
This study was approved by the Institutional 
Animal Experimentation Ethics. 
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Mouse embryos 
Swiss outbreds (SO; 4 to 6 weeks old) mice 
were used to generate embryos. The mice were 
acclimatized for 3 weeks and maintained on a 
light:dark period of 14:10 hours with the light 
period starting at 4 pm. This was to enable the 
authors to perform this study after hours, after 
completion of their daily clinical work 
commitments. The methodology for generation 
and recovery of mouse embryos were based on 
the methods described by Hogan and coworkers 
(Hogan et al., 1994). The SO mice are also 
known as the Quakenbush strain (Qs). They are 
a blocking strain (Du and Wales, 1993) and 
were used in this study for their high sensitivity 
to environmental perturbations. The females 
were mated with stud SO males of proven 
fertility. The methodology for generation and 
recovery of mouse embryos were identical to the 
author’s previous reports (Ali et al., 1993; 2000, 
Ali and Shelton,1995). The sibling embryos 
recovered from individual mice were pooled and 
randomly apportioned to individual treatments 
before commencing embryo recovery on the 
remaining mice.  
 
Culture medium and embryo culture 
The culture medium was made up in ultrapure 
water using 10x concentrated Earle’s Basal Salt 
Solution (EBSS; Sigma Chemical Co, USA). To 
this basal solution, components such as 5mg/ml 
of bovine serum albumin (BSA), and the 
antibiotics penicillin and streptomycin sulfate 
were added. BSA contains amino acids and 
could confound the study, however the control 
also contained BSA without the test amino 
acids. This is anticipated to bring out the impact 
of added individual amino acids in culture.  
Exclusion of BSA was anticipated to affect the 
culture system adversely. Other components 
such as pyruvate and lactate were added as 
previously described (Ali et al., 1993). All 
components used to make up the media had 
passed quality control measures of their 
respective manufacturers. The control group 
consisted of all components except the test 
amino acid. The test group consisted of all 
components plus graded amounts of individual 
amino acids at 250, 500, 750 and 1000µM 
concentrations per test group. Each experiment 
only investigated one amino acid.  
 
Osmolality was adjusted to 285megaohms 
resistivity. The culture medium used was 

somewhat suboptimal for mouse embryos but 
were used such that improvements in embryo 
development due to manipulations of the culture 
conditions can be readily discerned similar to the 
strategy applied to develop the protein-free 
medium (Ali, 1997, 2004; Ali et al., 2000).  
Embryos were cultured in this medium in an 
atmosphere of 5% carbon dioxide in air on a 
continuous basis without change or 
augmentation of fresh medium until days 6-7. An 
incubation atmosphere of 5% CO2 in air was 
utilized because it was found to be superior to 
mixed gas (Ali et al., 1993). 
 
Observations of embryo development were 
noted daily precisely between 8 to 9.30am to 
monitor the development of embryos under 
different culture conditions to elucidate the 
involvement of the individual test amino acids on 
embryo development in vitro.  
 
The quality of mouse embryo development was 
evaluated as previously described (Hogan et al., 
1994). It is well documented that the in vivo 
development of mouse embryos to the 
blastocyst stage takes about 3.5 to 4.0 days 
post fertilization (Whitten and Dagg, 1961). In 
comparison to in vivo development it is well 
recognized and is common knowledge that in 
vitro development of mouse embryos is slightly 
slower compared to in vivo development such 
that blastocysts may only appear on mid-day 4 
or day 5 in vitro. Due to the postponement of 
nearly 8 hours in the light: dark period in the 
present study the embryo development will 
therefore appear slower, compatible to the delay 
in fertilization that occurred due to the delay in 
the light:dark period introduced by the 
investigators. Thus day. day 2 embryos are 
defined as 2- and 4-celled embryos; day 3 
embryos, as 4 to 8-cell embryos; day 4 embryos 
as compacting and compacted morula and, early 
blastocyst; day 5 embryos as compacted 
morula, early blastocyst and blastocyst; and day 
6 embryos, expanded, hatching and hatched 
blastocysts. The end point was the development 
of day 6 embryos. The daily development and 
death of embryos in each experiment that 
investigated a specific amino acid was 
compared with the daily development and death 
of mouse embryos in the respective control.  
 
Under in vitro culture conditions the milieu of the 
embryo is static compared to the dynamic in vivo 
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environment (Byatt-Smith, 1991; Trimarchi et al., 
2000; Hur et al., 2016; Wale and Gardner, 2017 
and others). Studies by Byatt-Smith and co-
workers (1991) on oxygen availability in static 
culture conditions noted human embryos are 
exposed to marginally hypoxic conditions, 
especially at lower oxygen levels. In static 
culture environments the utilization of nutrients 
appears hampered. Once the nutrients in the 
immediate vicinity is consumed by the embryo, 
higher gradients of the nutrients further away 
from the embryo remains underutilized in 
unstirred static culture conditions resulting in a 
deficient state in spite of available nutrients 
within the culture system, quite unlike the in vivo 
dynamic environment.  In view of these 
considerations in this first phase of the study, we 
have investigated the effects of individual test 
amino acids at levels ranging from 250 to 
1000uM, levels that are higher than that present 
in the human Fallopian tube. The higher levels 
of these amino acids utilized were anticipated to 
compensate for the lack of mixing in the static 
culture environment. 
 
Specific experiments 
 
Experiment 1: Effect of alanine on embryo 
development 
This experiment was intended to determine the 
optimal concentration of ALA that can be 
tolerated by, and could elicit a positive response 
in, the mouse embryo with a higher blastulation 
rate. It examined the effect of graded amounts of 
alanine (ALA) in the culture medium on embryo 
development. 1-cell SO sibling zygotes were 
challenged with various concentrations of ALA 
which were in the order of 0, 250, 500, 750 and 
1000µM; number of replicates were 4; with a 
total 313 S.O. zygotes. The culture period 
extended over a period of 6 days.  
Experiment 2: Effect of aspartate on embryo 
development  
This experiment is identical to the experiment on 
ALA that was intended to elucidate the toxicity 
levels, tolerance and optimal concentration of 
aspartate (ASP) on S.O. mouse embryo 
development. The levels of ASP tested ranged 
from 0, 250, 500, 750 and 1000µM; number of 
replicates were 5; with a total 387 S.O. zygotes. 
 

Experiment 3: Effect of glutamate on embryo 
development 
The levels of glutamate (GLU) tested ranged 
from 0, 250, 500, 750 and 1000µM; number of 
replicates were 5; with a total 307 S.O. zygotes. 
 
Experiment 4: Effect of glycine on embryo 
development 
This experiment examined the effect of graded 
amounts of glycine (GLY) in the culture medium 
on embryo development. The levels of GLY 
investigated ranged from 0, 250, 500, 750, 1000 
and 2000µM; number of replicates were 5; with 
a total 314 S.O. zygotes. 
 
Experiment 5: Effect of serine on embryo 
development 
This experiment determined the tolerance levels 
and optimal concentration of serine (SER). The 
levels tested ranged from 0, 250, 500, 750 and 
1000µM; number of replicates were 4; with a 
total 279 S.O. zygotes. 
 
Ethics approval  
This study was approved by the Institutional 
Animal Experimentation Ethics Committee.  
 
Statistical analysis 
Statistical comparisons were performed with the 
use of the two by two tables, Pearson’s Chi-
square and Pearson’s correlation using the 
software StatistixTM. 
 

Results 
 
Experiment 1: Effect of graded amounts of L-
alanine on embryo development 
The development of day 6 embryos (expanded, 
hatching and hatched blastocysts) were 
improved with the addition of graded amounts of 
ALA, and significantly in some treatments 
(500µM and 1000µM concentrations (p=0.0076 
and 0.0021 respectively; replicates=4; n= 213 
sibling  embryos)  when  compared to the control 
group. The death rate of embryos on day 6 
appeared progressively reduced (r=0.872; 
p<0.02) with increasing levels of ALA (Table 1). 
Chi-square analysis showed no difference in the 
trend of development of embryos from day 1 to 
day 6 in the absence (control) or in the presence 
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Table 1: Effect of alanine on Swiss outbred mouse embryos in vitro 
 

Description % Per cent embryo development (n) 

Concentration of Alanine (µM) 0 250 500 750 1000 

Number of day 1 embryos  n=62 n=62 n=63 n=64 n=62 

%Day 2 embryos  91.9 (57) 93.5 (58) 93.7 (59) 87.5 (56) 88.7 (55) 

%Day-3 embryos  61.3 (38) 88.7 (55) 90.5 (57) 79.4 (50) 87.1 (54) 

%Day-4 embryos  
 

61.3 (38) 88.7 (55) 90.5 (57) 79.4 (50) 87.1 (54) 

%Day-5 embryos  
 

61.3 (38) 71.0 (44) 84.1 (53) 76.6 (49) 87.1 (54) 

% Day-6 Embryos  
 

61.3 (38) 71.0 (44) 84.1 (53) 76.6 (49) 87.1 (54) 

% Dead; r= 0.872 (P<0.02) 38.7 29 15.9 23.4 12.9 

p- Value Chi-square for trend+ 
(p>0.05) 

 
3.37 4.42 2.36 4.85 

 Replicates:4; n=313 embryos. +Treatments compared individually with control 

 
 
 
 
 
Table 2: Effect of aspartate on Swiss outbred mouse embryos in vitro 
 

Description % Per cent embryo development (n) 

Conc. of Aspartate (µM) 0 250 500 750 1000 

 Number of day 1 embryos  n=79 n=76 n=79 n=77 n=76 

%Day 2 embryos  89.9 96.1 94.9 97.4 96.1 

%Day-3 embryos  50.6 48.7 60.8 54.5 48.7 

%Day-4 embryos  
 

50.6 47.4 60.8 54.5 47.4 

%Day-5 embryos  
 

34.2 34.2 43.0 42.9 35.5 

%Day-6 Embryos  
 

29.1 34.2 41.8 40.3 32.9 

% Dead; r=0.4093 (p=1) 
70.9 65.8 58.2 59.7 67.1 

p- Value Chi-square for trend+ 
(p>0.05) 

 0.9901 0.8672 0.9318 0.9944 

Replicates=5; n= 387 embryos; +Treatments compared individually with control 
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Table 3: Effect of glutamate on Swiss outbred mouse embryos in vitro 
 

Description % Per cent embryo development (n) 

Conc. of Glutamate (µM) 0 250 500 750 1000 

 Number of day 1 embryos  n=64 n=62 n=62 n=59 n=60 

%Day 2 embryos  95.3 100.0 98.4 91.5 95.0 

%Day-3 embryos  82.8 87.1 90.3 72.9 66.7 

%Day-4 embryos  
 

82.8 87.1 90.3 72.9 66.7 

%Day-5 embryos  
 

76.6 67.7 77.4 61.0 48.3 

% Day-6 Embryos  
 

54.7 56.5 72.6 42.4 33.3 

% Dead; r =  0.6019 ( 
p=0.2828) 

45.3 43.5 27.4 57.6 66.7 

P-Value Chi-square for trend+ 
(p>0.05) 

 0.9906 0.9454 0.9526 0.4532 

Replicates=5; n=307 embryos.  +Treatments compared individually with control 
 
 
Table 4: Effect of glycine on Swiss outbred mouse embryos in vitro 
 

Description % Per cent embryo development (n) 

Conc. of Glycine (µM) 0 250 500 750 1000 

 Number of day 1 embryos  n=52 n=52 n=52 n=52 n=53 

%Day 2 embryos  92.3 96.2 96.2 96.2 92.5 

%Day-3 embryos  78.8 82.7 75.0 84.6 75.5 

%Day-4 embryos  
 

78.8 82.7 75.0 84.6 75.5 

%Day-5 embryos  
 

71.1 73.1 61.5 57.7 58.5 

%Day-6 Embryos  
 

28.8 34.6 32.7 30.8 26.4 

% Dead; r=0.5171 (p=0.2934) 71.2 65.4 67.3 69.2 73.6 

p-Value Chi-square for trend+ 
(p>0.05) 

 0.999 0.9892 0.9619 0.992 

Replicates=5; n=314 embryos. + Treatments compared individually with control 
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Table 5: Effect of serine on Swiss outbred mouse embryos in vitro 
 
 

Description % Per cent embryo development (n) 

Concentration of Serine (µM) 0 250 500 750 1000 

 Number of day 1 embryos  n=62 n=60 n=60 n=60 n=60 

%Day 2 embryos  91.9 93.3 95.0 91.7 91.7 

%Day-3 embryos  64.5 60.0 66.7 51.7 51.7 

%Day-4 embryos  
 

64.5 55.0 55.0 46.7 51.7 

%Day-5 embryos  
 

62.9 53.3 46.7 40.0 41.7 

% Day-6 Embryos  
 

48.4 41.7 46.7 25.0 38.3 

% Dead embryos r = 0.6271 
(p=0.2575) 

51.6 58.3 53.3 75.0 61.7 

P-Value; Chi-square for trend+  0.9804 0.8963 0.3382 0.7604 

Replicates = 4; n= 302 embryos. +Treatments compared individually with control 
 

 

 

 

 

 

Charts 1a-5b: Effect of graded amounts of amino acids on the per cent 
development and death of mouse embryos on day 6 of static in vitro culture 
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of 250 to 1000µM of ALA (p>0.05). Comparison 
of the trend in the daily development of 
embryos, when compared individually between 
treatments and the control embryos, also 
showed no trend, and that all treatments were 
comparable to the control group on a daily basis 
(0.9988; 0.9992; 0.8423; 0.9922; p>0.05) from 
the lower to higher concentrations of ALA.  The 
proportion of dead embryos was highest in the 
control (38.7%) which progressively decreased 
with increasing concentrations of ALA (29%, 
15.9%, 23.4% and 12.9%), eliciting a 
significantly negative relationship between 
embryo death and increasing levels of ALA 
(r=0.872; p<0.02). 
 
    
Experiment 2: Effect of aspartate on embryo 
development  
There was no difference (p>0.05) in the trend of 
development of mouse embryos in the control 
and test groups when ASP was tested on mouse 
embryo development (Table 2; number of 
replicates=5; n=387 embryos). The addition ASP 
to the culture system resulted in higher but 
insignificant (p>0.05) rate of embryonic death. In 
general, the addition of ASP was not beneficial 
to the culture system. 
 
 
Experiment 3: Effect of glutamate on embryo 
development 
GLU at 250µM elicited no response, whereas at 
500µM the response of the embryos appears 
optimal with lowest embryonic death. Higher 
concentrations were less well tolerated by the 
embryos, but all these responses were not 
significant (p>0.05). There was no difference 
(p>0.05) in the trend of development of mouse 
embryos in the control and test groups when 
GLU was tested on mouse embryo development 
(Table 3; Number of replicates=5; n=307 
embryos).   
 
Experiment 4: Effect of glycine on embryo 
development 
The level of GLY that appear optimal was 
250µM but was not significant (p>0.05). All other 
concentrations of GLY tested did not elicit a 
significant response on embryo development or 
death. No trend in the development of embryos 
was noted between treatments, or between 
control and individual treatments (p>0.05; Table 
4; Number of replicates=5; n=314 embryos).   

Experiment 5: Effect of serine on embryo 
development 
SER at 250 to 1000µM appear harmful to 
embryos in culture but this was not statistically 
significant (p>0.05; Table 5; Number of 
replicates=5; n=260 embryos). The trends of 
embryonic development in the control and test 
groups are identical (p>0.05). 
 

 
Discussion 
 
The beneficial effect of ALA on mouse embryo 
development was anticipated. ALA was found in 
large concentrations in the human Fallopian 
tube during the proliferative (mean 84µM) and 
secretory (mean 139µM) phases respectively 
with an overall mean level of 112µM. ALA 
performs a number of useful roles in mammalian 
physiology and metabolism which is well 
documented (Hu and Yu, 2017). An interesting 
finding was that the amounts of ALA tolerated by 
the embryos was very high up to the maximum 
concentration tested, suggesting that further 
increases in ALA may well be tolerated and 
utilized by the embryos. Indeed, another study 
has shown up to 5mM ALA to be beneficial and 
well tolerated by the mouse embryo (Ali, 2007).  
 
 
One of the key findings was that the death rate 
of the embryos on day 6 was progressively 
significantly reduced with increasing 
concentration of ALA. There was a significant 
negative correlation between increasing levels of 
ALA and embryonic death, such that the 
proportion of dead embryos in the control was 
double that seen in the test group supplemented 
with 1000µM ALA, suggesting crucial role(s) of 
ALA in embryo culture media and, in embryonic 
metabolism and physiology. 
 
 
Unlike ALA, the effect of both GLU and GLY on 
embryo development at the test concentrations 
was less dramatic. Previous findings noted 
mean levels of 71µM and 111µM of GLU in the 
human Fallopian tube during the proliferative 
and secretory phases respectively with an 
overall mean level of 91µM, while for GLY it was 
32µM  and 37µM respectively with an overall 
mean level of 35µM (Tay et al.,1997). Glycine 
has been reported to be the most-abundant 
amino acid in human oviductal and uterine fluids 
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(Casslen, 1987; Hugentobler, et al., 2008). In 
the present study, improvements in embryo 
development was noted following 
supplementation with GLU (500µM) and GLY 
(250µM), but this was statistically insignificant. 
Subsequent studies could determine whether 
lower concentrations of GLU and GLY could 
elicit significantly better response than that seen 
in the present study. The outcome of future 
studies with lower levels of GLU and GLY may 
provide the optimal concentrations that may 
elicit significantly higher day 5/6 development of 
embryos in culture conditions.  Higher GLU 
concentration in uterine fluid is suggested to 
chelate embryo-toxic ammonium ions from 
spontaneous catabolic reactions (Lane & 
Gardner, 1995), which is reported to result in the 
production of sufficient glutamine to meet the 
needs of the embryo (Hu and Yu, 2017). The 
higher glutamate concentration in oviductal fluid 
is useful for embryo development. However, it is 
of interest to note a recent study reported culture 
medium of day-3 human embryos; cultured 
under an increased glutamine-to-glutamate ratio 
are more prone to DNA fragmentation, which 
was thought to compromise subsequent viability 
(Drabkova et al., 2016). 
 
 
 
The concentrations of both ASP and SER 
selected in this study were not beneficial for 
embryonic development under in vitro culture 
conditions. This is most likely because the 
concentrations tested were higher than the 
tolerance levels of these two amino acids. 
Levels of these two amino acids in mouse 
Fallopian averaged 17and 41µM during the 
proliferative and secretory phases respectively 
with an overall mean of 27 µM for ASP. While for 
SER, it averaged 26 and 38 µM respectively with 
an overall mean of 32µM (Tay et al., 1997). The 
proportion of dead embryos was higher following 
incorporation of ASP and SER in the culture 
media at the concentrations tested. Perhaps 
concentrations lower than 250µM may elicit a 
positive response on embryo development in 
vitro. This remains to be elucidated.  
Subsequent studies shall consider using lower 
levels of the test amino acids to elucidate the 
optimal concentrations of the test amino acids. A 
recent review on this topic provides more 
information on the role of amino acids in 
embryonic development (Hu and Yu, 2017). 

Conclusion 
 
High concentrations of ALA appear beneficial to 
embryo development in static culture conditions. 
The addition of alanine at 1000µM, appears 
beneficial for embryo development in vitro, 
whereas GLU and GLY elicited insignificant 
positive response. ASP and SER in general 
appear detrimental but these effects were 
insignificant. This study has shown for 
conventional embryo medium the addition of 
aspartate and serine between 250 to 1000µM 
may not be useful.  The lower concentrations of 
GLU, GLY, ASP, and SER need to be 
investigated in an attempt to determine their 
optimal levels under similar conditions of culture.  
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