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Abstract

The pregnancy rate and implantation rate following blastocyst transfer in the human have been reported to be high; however,
it has remained necessary to transfer 2—3 blastocysts to achieve these rates. Morphological criteria are currentlyctised to sele
blastocysts for transfer and have some limited correlation with ongoing viability. Glucose metabolism of 189 human morula
to blastocyst stage embryos was analysed using a non-invasive ultramicrofluorescence technique to determine if this could be
used to predict viability. There was a linear trend to increased glucose uptake with progression from the morula to the
hatching/hatched blastocyst stage of development, whereas glycolytic activity did not vary. There was no consistent difference
in glucose uptake or glycolytic activity for embryos at the various morphological stages on day 5 comparednwittay 6

Glucose uptake and glycolytic activity of the nine embryos positively identified as having implanted following transfer varied
and were apparently not different from the values for embryos that failed to implant. In addition, viability was demonstrated
to be compatible with high glycolytic activity, with four of nine implanted embryos having a glycolytic activity in the highest
15% of the population of embryos studied. Glucose uptake and glycolytic activity of male and female embryos did not appear
to be different. Glucose metabolism cannot be used prospectively to select viable human morula or blastocyst stage embryos
for transfer and it is also unlikely to be a useful tool to predict the sex of the embryo.

Keywords blastocyst, glucose, glycolysis, metabolism, viability

Introduction absence of somatic cell co-culture (Joretsal, 1998a,b).
Furthermore, blastocysts grown in culture medium alone are
Recent improvements in culture media, in particular theviable, as demonstrated by the reports of high pregnancy and
development of sequential media, and improvements in cultuimplantation rates following transfer to the uteri of patients
conditions have lead to a resurgence in interest in extendif@Gardner et al, 1998, 2000; Milkiet al, 1999, 2000;
culture of human embryas vitro beyond the 4- to 8-cell stage Schoolcraftet al, 1999; Khorramet al, 2000). As a
on days 2-3 after insemination to the blastocyst stage a@bnsequence of the high implantation rates following blastocyst
development on days 5-7. Approximately half of all humartransfer, multiple pregnancy rates are also high. In order to
zygotes produceih vitro can now be successfully cultured to reduce the multiple pregnancy rate while maintaining high
the blastocyst stage of development in culture medium in thgregnancy rates, suitable predictive indicators of viability need to
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be developed in order to be able to select the single, most viallleemed a non-invasive test on ‘spent’ culture medium.
blastocyst from the developing cohort for transfer to patients.

All patients received human menopausal gonadotrophin
Morphological criteria are currently used for the selection ofHMG) stimulation (Metrodin HP; Serono, Frenchs Forest,
blastocysts for transfer and this has been demonstrated to hdvés.W., Australia) or human recombinant FSH stimulation
some limited correlation with ongoing viability (Jonetsal, (Gonal-F; Serono) in doses ranging from 100 to 600 IU daily
1998b; Balabawet al, 2000; Gardneet al, 2000). Dokras and for up to 12 days. Gonadotrophin-releasing hormone (GnRH)
co-workers (Dokragt al, 1991, 1993) further demonstrated aagonists nafarelin acetate (Synarel; Searle, Delpharn, France)
correlation between the morphological grade of a blastocysir leuprorelin acetate (Lucrin; Abbott, Kurnell, N.S.W.,
and its developmental potential as assessed by the productidostralia) were administered in either the long (down
of human chorionic gonadotrophin (HC@®) vitro. However, regulation) or short (flare) protocols. Follicle growth was
these two measurements cannot be combined to use asmanitored using ultrasonography and measurement of
predictive indicator of viability as HCG production vitro  peripheral plasma oestradiol fLZoncentrations. A dose of
cannot be detected until day 8 and does not peak until day 1010,000 IU of HCG (Profasi; Serono, Frenchs Forest, N.S.W.,
vitro, which is too late to be useful for selecting blastocysts foAustralia) was administered when there were more than three
transfer. follicles measuring 216 mm and the oestradiol concentration

was =545 pg/ml (2000 pmol/l). Oocyte retrieval was scheduled
Retrospective studies have suggested that non-invasid h after HCG injection. Oocytes were recovered
measurement of nutrient uptake may be a useful marker @fansvaginally under ultrasound guidance. The luteal phase was
viability. Hardy and co-workers (Hardyet al, 1989) supported by one of three regimens: 16 days of progesterone
demonstrated that human embryos that aimegitro consume  beginning the day of oocyte retrieval, administered vaginally in
less pyruvate than embryos which progress in culture to treedose of 400 mg/day, or vaginal progesterone at the same dose
blastocyst stage of development. Gaittal (1990) confirmed from the day of retrieval to day 4 in combination with 1000 1U
this finding and further demonstrated that human embryos th&tCG on days 4, 7, 10 and 13 after oocyte retrieval, or HCG
reach the blastocyst stage produce significantly more lactatmly at a dose of 2000 IU on days 3, 6 and 9 after oocyte
than those which arrest in development. Glucose uptake by dastrieval.
10 bovine blastocysts (Renaetl al, 1980) and day 4 mouse
blastocysts (Gardner and Leese, 1987Yitro has also been Embryo culture
positively correlated with viability after transfer to recipients.
More recently, Lane and Gardner (1996) used both glucogembryo culture was performed according to the protocol
uptake and its conversion to lactate (glycolytic activity) as alescribed by Jonest al (1998a). Briefly, two pronucleate
prospective indicator of mouse blastocyst viability. Theseygotes were cultured in groups of two to three inp20
authors demonstrated that selection of mouse blastocysts fmicrodrops of pre-equilibrated IVF-50 culture medium
transfer to recipients on the basis of the blastocyst’s glycolyti€Scandinavian IVF Science AB, Gothenburg, Sweden) or, G1
activity could increase the pregnancy rate four-fold ovemedium (Barneset al, 1995) supplemented with 2 mg/ml
random selection of blastocysts for transfer. In additionhuman serum albumin (HSA) (Scandinavian IVF Science AB)
glycolytic activity could be used to predict the re-expansion ofinder oil (OVOIL-150; Scandinavian IVF Science AB). Sixty-
bovine blastocysts immediately after thawing (Gardxeasl,  five to 76 h after insemination, embryos were transferred to 50
1996). Ml microdrops of pre-equilibrated G2 medium (Bare¢sal,

1995) supplemented with 2 mg/ml HSA under oil. Embryos
The present study was undertaken to determine if the nomere regrouped according to morphology and culture continued
invasive measurement of glucose uptake and its conversionito groups of two to three embryos of similar morphology.
lactate (glycolytic activity) in human morula to blastocyst stageeEmbryos requiring culture beyond day 5 were transferred to
embryos could be used as a non-invasive and prospectiftesh pre-equilibrated 5@l microdrops of G2 medium
indicator of further developmental competence after transfer teupplemented with 2 mg/ml HSA under oil. All embryo
patients. Furthermore, glucose metabolism was alsoultures were performed in individual sealed chambers
investigated with respect to the sex of the child that resultenodular incubator chamber; Billups-Rothenberg Inc., Del
from the blastocyst transfer, as it has been reported that thar, CA, USA) at 37°C and an atmosphere of 5%,8% O,
metabolic activity of male embryos is significantly higher than90% N,.
female embryos (Ragt al, 1995). This study was supported as
a competitive research grant by Monash IVF Pty Ltd. Analysis of the glycolytic activity of

. individual embryos

Materials and methods

The amount of glucose consumed and lactate generated by
Patient recruitment and stimulation individual embryos at different stages of development was

quantified by ultramicrofluorescence microscopy. Quantitative
Forty-four patients admitted to our IVF programme wereanalysis of these two substrates was based on the generation of
recruited for this study. All patients gave informed consent foNADPH or NADH (Gardner and Leese, 1990, 1993).
the extended culture period and embryo transfer on day 5 or ddetabolic analysis was performed on either day 5 or day 6 of
6 post-insemination (day 0 = day of insemination). Patients aldgo-vitro culture, the timing usually dictated by the schedule for
consented to the various culture media used throughoembryo transfer. Prior to analysis the morphology of embryos
development and metabolic incubation. Specific informedvas assessed using an Olympus inverted microscope fitted wi
consent was not obtained for the metabolic analysis as this whlemarski differential interference contrast optics. Individua
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embryos were washed several times in a modification of Gftee after a brief exposure to 0.2% Pronase (Sigma Chemical
medium (GM) that contained 0.5 mmol glucose as the sol€o.) in HEPES buffered G2 medium. Embryos were
energy source (no pyruvate, lactate or amino acids). Individuédansferred in pre-equilibrated G2 medium supplemented with
embryos were then incubated for 3 h in a codgbniicrodrop 8 mg/ml HSA, using a Cook Pivet Laboratory Embryo Transfer
of GM under oil in sealed chambers at 37°C and an atmosphe8et (#K-PETS-2031-Monash, Cook Australia, Eight Mile
of 5% CG, 5% O, 90% N,. A 1 pl microdrop GM medium  Plains, Qld, Australia).

incubated adjacent to the microdrops that contained an embryo

was used as a control. At the completion of the incubatioBlastocysts in excess of those required for transfer were
period, embryos were carefully removed from the incubatiorryopreserved using a slow cooling protocol with glycerol as
drop in a minimum of medium using a finely pulled Pasteuthe cryoprotectant (Jones$ al, 1998a).

pipette then washed briefly in G2 medium before being placed

individually in coded 2Qul microdrops of pre-equilibrated G2 Statistical analysis

medium under oil. Embryos remained in these drops until the

time of embryo transfer. Glucose uptake and glycolytic activity were analysed using a
Kruskal-Wallis non-parametric analysis of variance (ANOVA)
Ultramicrofluorescence assays test. The individual morphological stages of embryo

development (morula, cavitating morula, early blastocyst,
A 1 nl sample was removed from the control and each of thexpanding  blastocyst, expanded  blastocyst and
incubation microdroplets and assayed. Assay reactions wehatching/hatched blastocyst) were assigned ordinal values of
housed in 10 nl drops of reagent under heavy mineral oil-6 to reflect the progression in development from morula to
(Sigma Chemical Co., St Louis, MO, USA) on siliconizedhatching/hatched blastocyst stages. Post-tests for linear trend
microscope slides. Glucose consumption and lactate productiovere performed relative to the ordinal value representing the
was determined for each embryo. The percentage of glucossorphological stage of development only when the
metabolized by glycolysis was calculated on the basis that Kruskal-Wallis test demonstrated a significant difference at the
mol glucose produces 2 mol lactate. Therefore if only some dével of P < 0.05. Pairwise comparisons of glucose uptake and
the glucose consumed is converted to lactate the glycolytiglycolytic activity of embryos at each of the morphological
activity would be <100%, if all of the glucose consumed wastages relative to the day of metabolic assessment or the
converted to lactate the glycolytic activity would be 100%,selection of embryos for transfer were analysed using a
whereas if the glycolytic activity is >100%, lactate is beingMann—Whitney U-test.
produced from endogenous sources.

Results
Embryo transfer

Embryos were assessed for blastocyst development early on th¢otal of 44 non-consecutive patients were recruited from our
morning of day 5 post-insemination. If insufficient numbers ofblastocyst transfer programme for this study, with 43 patients
blastocysts with an advanced morphology were available fdraving a transfer of at least one blastocyst. The remaining
embryo transfer at this time, the embryos were cultured for patient had only morulae on day 5 that were assayed for
further day and embryo transfer was postponed to day 6.  glycolytic activity and the morulae did not develop further with
continued culture. A total of 189 embryos were assayed for
Morula or blastocyst stage embryos were selected for transfglycolytic activity: 30 morulae, 14 cavitating morulae, 37 early
on the basis of morphology rather than on the basis dflastocysts, 29 expanding blastocysts, 49 expanded blastocysts
metabolic activity. The numbers for transfer being determinednd 30 hatching/hatched blastocysts. Ninety-seven embryos
by the availability of embryos for transfer and the patient’s agevere transferred: nine morulae, six cavitating morulae, nine
and previous clinical history. If the patient was >35 years of agearly blastocysts, 17 expanding blastocysts, 33 expanded
or if the patient had failed to achieve a pregnancy after three btastocysts and 23 hatching/hatched blastocysts. Nine patients
more previous IVF cycles, then consideration was given tbecame pregnant with at least one fetal heart (clinical
transferring three blastocysts if available rather than only one @regnancy rate per transfer of 21%) and another four patients
two blastocysts which would be the usual recommendation toad an elevated seruffHCG on day 16, which over
patients of a younger age or with a limited IVF history. One tsubsequent days returned to negative values (biochemical
three blastocysts were transferred to each patient. Occasiongligegnancy). A total of 22 embryos were transferred to the nine
morulae or cavitating morulae were transferred together with gregnant patients. Nine of these embryos could be positively
least one blastocyst if there were not sufficient numbers atlentified as having implanted. That is, the number of embryos
blastocysts available to complete the recommended number o@nsferred was equal to the number of implantations, with an
embryos for transfer. additional five embryos that implanted when the number of
embryos transferred was greater than the number of
Embryos were transferred on either day 5 or day 6, the day ofiplantations. From the nine embryos that could be positively
transfer being determined by the degree of expansion of théentified as having implanted, two females and four males
blastocysts. Preference was given to the most advancedere born. From the remaining five implantations, one female
blastocyst. The priority was: hatched blastocyst > hatchingnd three males were born.
blastocyst > expanded blastocyst > expanding blastocyst >
early blastocyst > cavitating morula > morula (Joeesl, ~ Analysis of glucose uptake and glycolytic
1998a). Within any particular morphological classification,activity of individual embryos
preference for transfer was given to the blastocyst showing the
most prominent inner cell mass. Embryos were transferred zo@lucose uptake by individual embryos varied from 4.6
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Figure 1.(a) Distribution of glucose uptake by individual human embryos at the morula to blastocyst stage of devatopa&93jt (
(b) Distribution of glycolytic activity by individual human embryos at the morula to blastocyst stage of develapm&88j.

pmol/embryo/h to 216.3 pmol/embryo/h (mean uptake 52.8norulae, early blastocysts, expanding blastocysts, expanded
pmol/embryo/h, standard deviation (SD) of 34.6blastocysts and hatching/hatched blastocysts with a mean of
pmol/embryo/h, median uptake 45.7 pmol/embryo/h). The1.9 + 46.4%, 133.9 + 93.2%, 114.9 + 81.7%, 105.5 + 41.1%,

glycolytic activity of individual embryos varied from 7.6 to 107.8 + 57.9%, 111.2 + 44.1% (median of 79.4, 94.3, 115.2,

416.7% (mean 107.2%, SD 61.6%, median 96.5%). The result98, 92.8, 107.4%) respectively (KW = 85%= 0.1308). The

for glucose uptake are illustrated Figure la and for  results for glucose uptake are illustrated=igure 2a and for

glycolytic activity inFigure 1b. glycolytic activity inFigure 2b.

Glucose uptake and glycolytic activity of Glucose uptake and glycolytic activity of
individual embryos with respect to individual embryos with respect to
morphological development morphological development and the day

_ of metabolic assessment
On the day of transfer there is often a very heterogeneous

population of human embryos displaying morphologies thaThe majority of embryo transfers following blastocyst culture
vary from arrested cleavage stages to morulae through io our programme are performed late morning to early
completely hatched blastocysts. For this reason, glucose uptaiiternoon on day 6 of in-vitro culture. Occasionally embryo
and glycolytic activity were analysed with respect to theransfer is performed late afternoon on day 5 if sufficient
morphology of the embryo at the time of metabolic incubatiomumbers of blastocysts have developed to satisfy the numbers
to determine if it were possible to compare all developmentakquired for embryo transfer. Very occasionally the embryo
stages at the time of transfer. Morphology was classifiettansfer is scheduled for early morning of day 6, which would
according to the degree of expansion of the blastocoel cavipyrohibit metabolic assessment due to the prolonged time
with or without evidence of hatching (Jones al, 1998a). required for metabolic incubation and subsequent analysis. For
Glucose uptake by individual embryos within each of thehese reasons metabolic assessments were performed on either
morphological categories was variable. Furthermore glucosday 5 or day 6. The results were analysed to determine whether
uptake was significantly different for morulae, cavitatingembryos reaching a particular morphological stage on diay 5
morulae, early blastocysts, expanding blastocysts, expandeiiro had a significantly different glucose metabolism profile to
blastocysts and hatching/hatched blastocysts with a mean aewhbryos at the same morphological stage on dayw#ro.

SD of 34.8 +30.7, 26.3 + 14.7, 50.4 + 37.6, 60.0 + 43.0, 61.7

+ 29.8 and 61.4 + 28.0 pmol/embryo/h (median of 21.3, 22.3The median value for glucose uptake by embryos on day 5 was
33.7, 48.1, 56.3, 53.6 pmol/embryo/h) respectively (KW =14.7, 17.6, 128.1, 199.4 and 75.4 pmol/embryo/h and on day 6
40.502,P < 0.0001). Glucose uptake increased significantlywas 36.6, 28.0, 32.5, 46.9 and 56.0 pmol/embryo/h for morulae,
with increasing development from the morula to thecavitating morulae, early blastocysts, expanding blastocysts
hatching/hatched blastocyst stagé £ 0.1076,P < 0.0001). and expanded blastocysts respectively. The median value for
Glycolytic activity of individual embryos within each of the glucose uptake by hatching/hatched blastocysts on day 6 was
morphological categories was variable. However, glycolyticc3.6 pmol/embryo/h. There were no hatching/hatche@
activity did not differ significantly for morulae, cavitating blastocysts analysed for glucose uptake on day 5 from th
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Figures 2—4.Graphical representation of glucose metabolism by individual human embryos at the morula (A), cavitating morula
(B), early blastocyst (C), expanding blastocyst (D), expanded blastocyst (E) and hatching/hatched blastocyst (F) stage of
development. The box represents the 25th to the 75th percentile of the data and is transected by a line representingatue median
The error bars reflect the 5th and 95th percentile of the data. Glucose uptake is represented a) grapgl/€olytic activity in
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Figure 2. Glucose metabolism of human embryos at the morula to blastocyst stage of development.
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Figure 4. Glucose metabolism of human embryos at the morula to blastocyst stage of development that were selected for transfer
to the patient’s uterus (open box) or not transferred (shaded box).

series of patients. The difference in median values for glucogégures 4aand4b illustrates the glucose uptake and glycolytic
uptake by the various morphological stages on day 5 comparegdtivity of embryos selected for transfer compared to those that
to day 6 was significant for morulae, early blastocysts andvere not transferred. Overall, there was no significant
expanding blastocysts only. Glucose uptake was lower fatifference in glucose uptake or glycolytic activity of embryos
morulae on day 5R(= 0.008), higher for early blastocysts on that were selected for transfer on the basis of morphology
day 5 P =0.02) and higher for expanding blastocysts on day Sompared to those embryos that were not transferred, indicating
(P =0.005). The results for glucose uptake on day 5 comparedat glucose metabolism was not related to the criteria used to
to day 6 for each of the morphological classifications areelect embryos for transfer. Furthermore, embryos that were
illustrated inFigure 3a transferred were representative of the entire population with the
exception perhaps of expanding blastocysts whose glycolytic
The median value for glycolytic activity of embryos on day 5activity was slightly higher than for those that were not
was 79.6, 85.4, 16.3, 26.1 and 105.4% and on day 6 was 79tgnsferred R = 0.03).
106.2, 122.9, 109.1 and 91.8% for morulae, cavitating morulae,
early blastocysts, expanding blastocysts and expandddnly nine of 97 embryos transferred could be positively
blastocysts respectively and 107.4% for hatching/hatcheidentified to have implanted. In addition there were five
blastocysts on day 6. There was no difference in glycolytiomplantations whose origins could not be positively identified
activity on day 5 compared to day 6 with the exception of earlyesulting in an overall implantation rate of 14%gure 5a
blastocysts and expanding blastocysts on day 5 that showedlastrates the glucose uptake aR@jure 5b illustrates the
significantly lower glycolytic activity P < 0.0001 and® =  glycolytic activity of embryos that were transferred and either
0.0049 respectively). The results for glycolytic activity on dayimplanted or failed to implant (additional transferred embryos
5 compared to day 6 for each of the morphologicafrom which a positive identification of the origin of the

classifications are illustrated Figure 3b. implantations are not represented). There was a wide variation
in glucose uptake by embryos that implanted (33.5-216.3
Glucose uptake and glycolytic activity of pmol/embryo/h) as there was for embryos that failed to implant
individual embryos with respect to (11.4-117.7 pmol/embryo/h). Due to the small sample size
implantation outcome following embryo statistical analysis was not performed. Similarly there was a
transfer wide variation in glycolytic activity of embryos that implanted

(32.3-187.5%) as there was for embryos that failed to implant
Human morula to hatching/hatched blastocyst stage embry¢37.2—-245%). Indeed, four of the embryos that implanted had a
were selected for transfer on the basis of morphologicalycolytic activity that fell in the top 15% for the entire
criteria, preference for transfer being given to embryos of aopulation of embryos analysed and four of the embryos th@
more advanced stage showing prominent inner cell massésplanted had a glycolytic activity from the bottom 15%.



pmol/embryo/h

pmol/embryo/hr

Articles - Glucose metabolism of human morula and blastocyst-stage embryos - GM Jones et al.

a b.
0 Not implanted e Definitely implanted O Not implanted e Definitely implanted
250
300
L
200 250
& 200
150 > L :
=
S 150 - . L]
. . © F .
100 e s B B g
= - S 100 [ Fi A H
bt - 3 O (] e s ! H
50 ' H ! 50 i 2 =,
: - = N . .
G - 3 }
0 0
Morula Cavitating Early Expanding Expanded Hatching Morula Cavitating Early Expanding Expanded Hatching
morula blastocyst blastocyst blastocyst blastocyst morula blastocyst blastocyst blastocyst blastocyst
Figure 5. Glucose uptakeaj and glycolytic activity, If) of individual human embryos transferred to the patient’s uterus at the
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development. The open circles represent those embryos known to have failed to implant and the closed circles represent those
embryos known to have implanted.
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Figure 6. Glucose uptakea] and glycolytic activity f) of individual human embryos at the morula, cavitating morula, early
blastocyst, expanding blastocyst, expanded blastocyst and hatching/hatched blastocyst stage of development that wiien transferre
to the patient’s uterus, either singly or as part of a multiple embryo transfer, resulted in a birth. The closed dianmsemisweapre
embryos that resulted in the birth of two boys, the open triangles represent nine embryos that were transferred asiplart of mult
embryo transfers that resulted in the birth of four boys, the open circles represent three embryos that were transfeofeal as par
multiple embryo transfer that resulted in the birth of two girls and the closed boxes represent three embryos transfewtd as pa

a multiple embryo transfer that resulted in the birth of a girl and a boy.
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Glucose uptake and glycolytic activity of of embryos having the lowest 15% of glycolytic activity
individual embryos with respect to sex of correlated with a further increase in fetal development. Unlike
resultant birth the mouse, however, human embryos develop asynchronously

so that by days 5-6 in vitro, embryos from a heterogeneous
Only two of the 10 births could be positively traced back to thgpopulation of morphologies are available for selection for
originating embryos. Both were males. Of the remaining birthgransfer. Glucose uptake by human blastocysts in this study was
a male and a female child were delivered following the transfeshown to vary with morphology of the blastocyst, increasing in
of three embryos, four males were delivered from the transfeiptake from the morula to the hatching/hatched blastocyst stage
of nine embryos and two females were delivered from thef development. Selection of human embryos for transfer on
transfer of three embryos. the basis of glucose uptake would therefore also need to

account for morphology. Within any particular morphological
The glucose uptake and glycolytic activity of these transferredlassification however, glucose uptake of embryos with
embryos are depicted Figure 6aand6b. Although numbers demonstrated viability was variable and had values both above
are extremely small and positive identification of the sex of thend below the median values for the particular morphological
transferred embryo could only be confirmed in two instances, itlassification.
appears unlikely that either glucose uptake or glycolytic

activity could be used as a parameter for sex selection. An average glucose uptake of 52.3 pmol/lembryo/h by
blastocysts in the present study was similar to a previous report
Discussion of 42 pmol/embryo/h (Gott al, 1990) and higher than the 24

pmol/embryo/h reported by Hardgt al (1989) for human
This study has shown that glucose uptake and glycolytiblastocysts. Continuous assays for pyruvate and glucose uptake
activity of human morula and blastocyst stage embryos canntitroughout preimplantation development was the objective in
be used as a marker of viability and are also unlikely to bboth these studies. Blastocyst development in the earlier study
useful parameters for gender selection in the human. Lane an@s achieved in the metabolic medium, modified T6 medium
Gardner (1996) reported in the mouse, transfer of blastocystentaining 0.47 mmol/l pyruvate, 1 mmol/l glucose, 5 mmol/l
selected for having a glycolytic activity of <88% (thoselactate and 4 mg/ml BSA and in the later study in the same
embryos from the lowest 15% of the glycolytic distribution andmedium but in the absence of lactate. The higher glucose
with a metabolic profile similar to in-vivo derived blastocysts)uptake reported in the present study may be explained by the
resulted in a 4-fold increase in fetal development compared thsence of exogenous substrates other than glucose in the
transfer of blastocysts selected for having a glycolytic activitynetabolic medium as concentrations of these substrates may
in the highest 15% of the population (glycolytic activity affect uptake (Gardner and Leese, 1990).
>160%). The selected blastocysts also had a higher
implantation rate than the blastocysts selected at random. In thany IVF centres routinely transfer blastocysts on day 5
current study, which used very similar metabolic incubatior{(Scholtes and Zeilmaker, 1996; Foegal, 1998; Gardneet
conditions to those used by Lane and Gardner (1996), humah, 1998). The majority of blastocyst transfers are performed in
blastocysts having a glycolytic activity in both the lowest 15%our IVF programme on day 6 of in-vitro culture but very
of the population (glycolytic activity <58%) and highest 15%occasionally blastocyst transfers are performed on day 5 of in-
of the population (glycolytic activity >152%) were vitro culture (Jonest al, 1998a). It was important to determine
demonstrated to be viable by implanting in the uterus followingf metabolic assays could be performed on either day and
embryo transfer. directly compared and also determine if embryos developing at

a faster rate have a different glucose metabolic profile to
An interesting finding of the present study was that humaembryos developing at a slower rate. Although significant
blastocysts that produce more lactate than can be explained differences were detected for glucose uptake by morulae, early
metabolism of exogenous glucose (glycolytic activity >100%)plastocysts and expanding blastocysts and for glycolytic
are developmentally competent. The source of additionaictivity by early blastocysts and expanding blastocysts on day
lactate is presumably due to oxidation of endogenous reservesompared to day 6, the findings were not consistently higher
of amino acids or from endogenous protein breakdown rather lower for day 5 embryos. Faster developing embryos
than from glycogen (Leeset al, 1993), as the activity of therefore do not have a better glucose metabolic profile to
glycogen phosphorylase is undetectable in preimplantatioembryos developing at a slower rate, at least by day 5 of in-
human embryos (Martiet al, 1993). In the present study, vitro culture.
human embryos were cultured in an optimized system (&nesGardner and Leese (1987) were the first to report a possible
al., 1998a) in a complex medium containing Eagle’s 20 amineelationship between glucose metabolism at the blastocyst stage
acids from days 3—n vitro. Less than half the morula to and gender of the embryo. These authors demonstrated that in
blastocyst stage embryos cultured in this system produdbe mouse, male embryos took up slightly less glucose than
lactate in addition to that explained by glucose uptake anfgémale embryos although for the small numbers studied this
metabolism. Additional lactate production is probably due tdlifference was not significant. R&y al (1995) demonstrated
the oxidation of endogenous reserves of amino acids rather thérat in the human, glucose uptake and lactate production by
from breakdown of endogenous proteins, and may in parhale embryos was significantly higher than for female embryos
explain why glycolytic activity cannot be used as a marker obn days 4-5 but that this difference was not significant by days
viability using the culture conditions employed in this study. 5-6. Although gender in this study could only be definitively
Lane and Gardner (1996) reported that mouse blastocystientified to the original transferred embryos for two births, the
having the highest glucose uptake from within the populatiomverlap in glucose metabolic profiles of those embryos tha
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were potentially male or potentially female indicate that it isGardner DK, Leese HJ 1987 Assessment of embryo viability prior to
unlikely that glucose metabolic profiles can be used to transfer by the noninvasive measurement of glucose uptake.

; ; i ST Journal of Experimental Zoolog342, 103-105.
accurately predict the sex of offspring, confirming the flndlngsGardner DK, Leese HJ 1990 Concentrations of nutrients in mouse
of Rayet al (1995).

oviduct fluid and their effects on embryo development and
metabolismin vitro. Journal of Reproduction and Fertili8g,
Finally, the pregnancy and implantation rates following 361-368.

metabolic incubation and transfer at the morula to blastocy&ardner DK, Leese HJ 1993 Assessment of embryo metabolism and
stage of development are lower than has been previously Viability. In: Trounson AO, Gardner DK (edsjandbook of In vitro
reported using identical culture conditions up to the point OIsaFertlllzatlon, CRC Press Inc., Boca Raton, Florida, pp. 195-211.

L B . rdner DK, Pawelczynski M, Trounson AO 1996 Nutrient uptake
metabolic incubation (Jonest al, 1998a,b). The metabolic and utilization can be used to select viable day 7 bovine

incubation utilised in this study has been reported to have no pjastocysts after cryopreservatidfiolecular Reproduction and
effect on viability (Gardner and Leese, 1987), although a more Development4, 472-475.

recent report by Lane and Gardner (1998) has shown that cultif@rdner DK, Schoolcraft WB, Wagleydt al 1998 A prospective
of mouse blastocysts, for periods of 3 h or longer, in media randomized trial of blastocyst culture and transfer in in-vitro

. . . - . - L fertilization. Human Reproductiof3, 3434-3440.
lacking amino acids and vitamins results in SlgnlflCamGardner DK, Lane M, Stevensfal 2000 Blastocyst score affects

perturbations in metabolism and a resultant loss in viability i sjantation and pregnancy outcome: towards a single blastocyst
following transfer when compared to in-vivo derived controls. transfer.Fertility and Sterility73, 1155—1158.

Inclusion of amino acids and vitamins to the culture mediunGott AL, Hardy K, Winston RMLet al 1990 Non-invasive

prevented any loss in viability for incubation periods up to 6 h. measurement of pyruvate and glucose uptake and lactate

To investigate whether metabolic incubation had a negative Production by single human preimplantation embryasman

. e Reproductiorb, 104—108.
impact on blastocyst viability in the present study, 37 cases ?—TardypK, Hooper MAK, Handyside Aldt al 1989 Non-invasive

blastocyst transfer in our IVF programme that occurred in the heasurement of glucose and pyruvate uptake by individual human
absence of metabolic incubation (cases immediately prior to and oocytes and preimplantation embrybisiman Reproductiod,
immediately after a case/s of blastocyst transfer that included 188-191.

metabolic incubation) were retrospectively analysed. The resul#gnes GM, Trounson AO, Gardner @Kal 1998a Evolution of a

for the 37 cases revealed a pregnancy rate of 19% and anculture protocol for successful blastocyst development and

. . . ’ R i 169-177.
implantation rate of 11%, which was not different to that reportegonzr: %nﬁn%gﬁr?;i?] Agprfggt:ggﬁ’ al6i9998b Factors affecting

in the present study. It therefore appears that the low pregnancy the success of human blastocyst development and pregnancy
and implantation rates reported in the present study were not duefollowing in vitro fertilization and embryo transfefertility and
to the brief exposure to amino acid deficient metabolic medium Sterility 70, 1022-1029.

but rather due to factors not specific to the present study. Khorram O, Shapiro SS, Jones JM 2000 Transfer of nonassisted
hatched and hatching human blastocysts afteitro fertilization.

. . . Fertility and Sterility74, 163-165.

!n concluspn, non-invasive meas.ureme.nt of glucose uptake aﬂgne M, Gardner DK 1996 Selection of viable mouse blastocysts

its conversion to lactate (glycolytic activity) cannot be used as a prior to transfer using a metabolic criteridéiuman Reproduction
biomarker of viability to select human blastocysts for transfer. 11, 1975-1978.

Furthermore, these parameters cannot be used in conjunctigtne M, Gardner DK 1998 Amino acids and vitamins prevent culture-
with existing selection criteria, such as morphological induced perturbations and associated loss of viability of mouse

. . s blastocystsHuman Reproductioh3, 991-997.
parameters, to improve further the prediction of viability. Leese H J’yc onaghan J, ,\ﬁ artin Kt al 1993 Early human embryo

metabolismBioessay45, 259-264.
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