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ABSTRACT

Histrotrophic nutrition was manipulated in adult Merino ewes during the course of a single reproductive
cycle, from 18 days before until 6 days after ovulation. The effect of this relatively short-term exposure to
high feed intake (H: 1.5 x maintenance ration), maintenance intake (M: 1x maintenance ration) or low feed
intake (L: 0 5 x maintenance) was examined on embryo development, composition of oviductal fluid and
pregnancy outcome in the ewes that either ovulated naturally or were induced to superovulate Live weight
was significantly (P<0.05) reduced in sheep on L- compared with a M- or H- feed intake regime. The mean
number of embryos collected, the mean number of corpora lutea (CL), and the proportion of embryos/CL
recovered, was not influenced significantly by differences in feed intake. However, embryos from sheep
with an L feed intake during the peri-conceptional period consistently contained a significantly (P<0.05)
increased number of cells, resulting from a specific increase in the number of trophectoderm (TE) cells.
Manipulating feed intake across the pre- vs. post-ovulatory periods revealed that exposure to a Low feed
intake in the 6-days post-ovulatory period caused this increase in the number of TE cells.

Overall, these studies indicate that short-term changes in feed intake can significantly alter embryo
development with potential consequences for subsequent fetal development. The way in which these short-
term changes influence development has not been resolved, but a number of exciting avenues are presented
for further investigation. The findings are relevant to both human and animal and to improving our

understanding of basic developmental process in reproduction.
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INTRODUCTION

Nutrition has both long-term and short-term effects on various parameters of livestock reproduction
(O’Callaghan and Boland, 1999). Dietary intake can affect plasma concentrations of steroids such as
progesterone and also intra-follicular concentrations of factors such as IGF-1 and IGF-2 (Houseknecht et
al., 1988). High nutrition has a negative effect on oocyte quality (cumulus cover and cytoplasm
granulation), with animals on ad libitum high-energy diets particularly at risk (O’Callaghan er al., 2000).
Furthermore. several studies have indicated that excessive feeding has been associated with a reduction in
the yield and quality of embryos in cattle (Blanchard er al., 1990; Mantovani, ef al., 1993: Nolan. er al..
1998; Boland and Callaghan, 1999; Butler, 2000) and sheep (McEvoy et al., 1995a). It has been suggested
that these results are due to changes primarily at the level of the follicle or oocyte (Dunne er al., 1997,
Boland ez al., 2001). Deleterious effects on embryo development of excessive nutrition around mating are
also evident following superovulation (Mantovani et al., 1993; Yaakub et al., 1999; Nolan et al., 1993).
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Mantovani er al. (1993) reported that superovulatory responses in cattle were lower and the yield of good
quality embryos reduced in heifers that had been exposed to high levels of nutritional concentrates in
association with reduced roughage. Despite substantial progress being made in understanding factors that
control follicle growth (Adams, 1994) and ovulation (Gong et al. 1993), the mechanism by which nutrition
influences embryo quality is not clear. Maurasse ef al. (1985) reported that high feed intake in heifers can
intfluence ovarian function by reducing the number of large non-atretic follicles and increasing the number
of small non-atretic follicles. Assey et al. (1994) reported that impaired developmental capacity of
superovulated oocytes was associated with a number of subcellular abnormalities (structural changes in the
degree of detachment of interchromatin-like granules within the oocyte nucleolus) compared with oocytes

from untreated cows. Nutritional excess may exacerbate these deviations.

While the effects of an elevated plane of nutrition on embryo quality are evident in superovulated ewes
maintained on improved diets for extended time periods (up to 6 months) (Maurasse et al. 1985: Sutton et
al. 1986; Dunn and Moss, 1992: Yaakub et al. 1997: O’Callaghan and Boland, 1999; Boland et al. 2001),
less is known of the effects of short-term changes in diet. Ovulation is increased in sheep in response to an
increased dietary intake for a relatively short time (Coop 1966a and b). There is little information however.
regarding the effects of the level of nutrition during the cycle of conception on embryo development. The
primary objective of this study was thus to examine the effect of changes in nutrition (from 18 d before
until 6 d after conception) on embryo production and quality in the superovulated ewe. The results of this
study indicate that level of nutrition significantly influences several parameters including blastocyst cell
number and cell lineage differentiation. We subsequently determined if these changes resulted from
histotrophic nutritional influences during pre-ovulatory or post-ovulatory periods. A preliminary account of
this work has been published (Kakar et al. 2001).

MATERIALS AND METHODS

Animals

All procedures in this study were conducted according to guidelines of the Australian Code of Practice for
the Use of Animals for Scientific Purposes and received approval from the Adelaide University Animal
Ethics Committee and the South Australian Research and Development Institute Animal Ethics Committee.
South Australian Merino ewes. managed under normal husbandry practices, were moved prior to the
experimental periods to covered yards for 10-15 days and fed pelleted sheep rations of standard
composition (Table 1) at a rate of 600 g/day/ewe. During the experiments, ewes were housed indoors in
single pens exposed to natural photoperiod. Each pen had an individual feed bin and water was provided ad

libitum.

All ewes (4-5 years old of 55-65 kg) were weighed at the beginning and end of each experiment. Daily
energy need for maintenance was calculated from the Agricultural Research Council (1980) feeding
standards using the Rumnut computer program (Pullman & Hughes, 1986). A weighed quantity of feed
was offered daily at 09:00 h and any feed residues were collected every 2-3 days and weighed to determine
feed intake.

Experimental design

Experiment | aimed to examine the effect of short-term (one cycle) changes in nutrition on blastocyst
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development and quality. This experiment was designed as a randomised complete block design with 3
blocks of 16 sheep of comparable body weight and condition. The three dietary treatments were high
feeding (1.5 x daily energy needs for maintenance), moderate feeding ( 1.0 x daily energy needs for
maintenance) and low feeding (0.5 x daily energy needs for maintenance). These treatments are identified
by the H, M and L notations respectively. All 48 ewes were kept for at least two weeks on maintenance
ration before the commencement of the trial. The nutritional treatments were imposed from 18 d before
until 6 d after the expected time of ovulation. "

Experiment 2 aimed to discriminate between the changes to the embryo resulting from nutritional
influences during the preovulatory and postovulatory periods. In this experiment. 76 sheep were randomly
allocated to 12 randomised blocks on the basis of their initial weight. Within each block, between 6 and 8
sheep were randomly assigned to one of six nutrition regimes. These regimes consisted of a combination of
the dietary treatments used in Experiment 1 but were fed for three different time periods, as shown in Table
1. For example. sheep assigned to treatment | were fed a diet with a high nutritional value for the course of
the experiment (HHH) and sheep assigned to treatment 6 were fed a low nutritional diet for the course of
the experiment (LLL). In comparison. sheep assigned to treatment 2 to 5 were fed the M diet (control), for
the first 6 days of the experiment (Day 12 to —6 before the expected time of ovulation), before being
switched to a H or L diet at Day —6 and again after ovulation (Day 0) until embryos were collection 6 days
later (+6 days).

Superovulation

Superovulation was induced in ewes using a progestagen pessary (45 mg flugestone acetate; Intervet, Paris,
France) for 12 days followed by treatment with follicle stimulating hormone (FSH: Ovagen, ICP, Auckland,
New Zealand). The latter treatment consisted of six injections given twice daily, commencing 48 h before
pessary removal and equivalent to 7.9mg NIADDK- oFSH-17 standard. Pregnant mare serum
gonadotrophin (Pregnecol, 500 iu i/m; Horizon, New South Wales, Australia) was administered at the time
of the first FSH injection. Synthetic gonadotrophin releasing hormone (Fertagyl, 50 ug per ewe: Intervet)
was administered (i.m) 27 h after pessary removal.

Artificial insemination and embryo collection

Fresh semen was collected using an artificial vagina and diluted (1:4) with phosphate buffered saline + 10%
sheep serum. Ewes were inseminated by laparoscopy with approximately 20 x 10° spermatozoa per uterine
horn placed directly into the lumen. Insemination occurred approximately 40 h after pessary removal.
Semen was provided from the same two rams of proven fertility in each experiment.

Six days after insemination, embryos were collected under general anaesthesia by mid-ventral laparotomy.
The number of corpora lutea were recorded and each uterine horn was flushed with 20 ml phosphate-
buffered saline containing 5% heat inactivated sheep serum. Embryos were recovered from the flushing
medium within 5 min of collection using a stereomicroscope.

Differential staining

Blastocyst were processed immediately where as morulae and compact morulae were held in culture
medium (SOF + BSA + amino acids) overnight in a humidified atmosphere of 5% CO,: 5% 0O-,: 90% N, at
38.5 °C before processiﬁg. The nuclei of the trophectoderm (TE) and inner cell mass (ICM) cells of the
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embryos were differentially labelled with polynucleotide-specific fluorochromes using a slight modification
(Van Soom er al. 1996) of the method of Hardy er al. (1989). Briefly, the partial digestion of the zona
pellucida was achieved by exposing the embryos, in groups of three to six, to prewarmed (37°C) pronase
solution (0.5% Protease: Sigma Chemical Co., St. Louis, MO) until the zona became wrinkly (after about 1
min to 1%2 min). Thereafter, the zona was completely removed sometimes with mechanical assistance using
a narrow bored pipette. The zona-free blastocysts were washed in medium containing 10% v/v sheep serum
in PBS (Ca®™ and Mg™* free) containing 4% w/v polyvinylpyrrolidone (PVP; ICN Biochemicals. Cleveland.
Ohio 44128). Blastocysts were then incubated in 10mM trinitrobenzenesulfonic acid (TNBS: Sigma) in
PBS containing 4 mg/ml PVP (pH 7.4) on ice for 10 min. TNBS combines with N-terminal amines (Voet
and Voet, 1990) and thus labels certain phospholipids or proteins in the blastomere membrane with
covalently bound trinitrophenol groups. The embryos were washed three times in PBS/PVA and incubated
in 0.1 mg/ml anti-DNP-BSA (secific antibody activity 1.3 mg/ml; Sigma) at 37°C for 10 min. The anti-
DNP-BSA is a commercially available antiserum raised in rabbits against dinitrophenol groups (DNP),
which also cross reacts with trinitrophenol groups. Excess antiserum was then washed away in PBS/PVA
before exposure to complement, resulting in selective antibody-mediated complement lysis of the TE. After
a quick wash, the embryos were finally incubated in a 1:10 dilution of guinea pig complement (IMVS;
Adelaide, Australia) in PBS’, which included 10 pg/ml propidium iodide (PI: Sigma) for 15-30 min at 37°C.

After the complement mediated cell lysis and the staining of the lysed cells by propidium iodide, the
embryos were briefly washed in PBS to remove complement proteins, before being fixed with ice-cold
absolute ethanol. After 5 min of fixation, the embryos were transferred into the second fluorochrome 10
pg/ml in PBS’ bisbenzimide (Hoechst 33342; Sigma) in absolute ethanol at room temperature or at 4°C
overnight, which penetrates both lysed and intact cell membranes and therefore stains all the nuclei of the
embryo. After incubation, the embryos were washed briefly in PBS/PVA and then transferred to a drop of
glycerol containing Hoechst 33342 (1mg/ml) on a microscope slide and gently covered with a coverslip
supported at each corner with vaseline: paraffin wax mixture (9:1). The embryos were carefully squashed
and disaggregated using a pen and then again examined in whole mount using a fluorescent microscope
(Olympus BH2: Osaka, Japan). The number of ICM (blue) and TE nuclei (pink to red) were counted
directly under the microscope. Photomicrographs were taken on Fuji colour positive ASA 400 film
corrected to ASA 800 for dark ground using an Olympus BX 60 fluorescent microscope.

Statistical analysis

Analyses of the two experiments were performed in GenStat for Windows, 5™ Edition (Harding et al. 2000),
using the procedure Restricted Maximum Likelihood (REML) (Patterson & Thompson, 1971). REML is
similar to analysis of variance (ANOVA) in that it accounts for more that one source of variation. However.
REML has the added advantage of being able to handle grossly unbalanced data. In a REML analysis, the
treatment effects were tested using a Wald test at the 5% level. This test statistic is approximately Chi-
squared distributed with the appropriate degrees of freedom. The assumptions of REML analysis are that
the data is normally distributed with constant variance. The validity of these assumptions is examined using
various diagnostic plots, such as the residuals versus fitted values plot. These plots were examined for each

response and there was no indication that these assumptions were violated.

The null hypothesis is that there were no significant differences between the dietary treatments versus the

alternative that at least two dietary treatments were significantly different. However, for Experiment 2 this
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treatment allocation would not detect whether there was a significant difference between the High and Low
nutritional diets before compared with after mating. Therefore an alternative treatment structure was
considered so that the interaction between the pre-mating (-6 Days) diet allocation (H or L) and post-mating
(after A.I) diet allocation (H or L) could be detected. Hence a nested model was considered, in which the
factorial structure for pre-mating (with two levels, L and H) and post-mating (also with 2 levels) occurs
within a factor treatment that distinguishes between the controls (either LLL or HHH) and the modified
diets.

RESULTS
Experiment 1

Mean liveweight was significantly (p<0.05) lower in the L group than in other groups at the end of the
study period (Table 3). All groups lost weight during this period although the loss was not significantly
different .between the H and M treatments. The mean number of corpora lutea and the proportion of
embryos collected of corpora lutea were not significantly influenced by diet. Of those embryos collected,
not all had reached blastocyst and so an analysis was performed on the proportion of embryos that did not
reach blastocyst. There were no statistically significant differences between diets for this response (p=0.1).
However embryos from sheep fed L had significantly (P< 0.05) more cells (74.68 + 1.45) compared with
those sheep fed H (62.01 = 0.84). The TE:ICM ratio for sheep fed the L ration (0.73 + 0.004) was
significantly (P < 0.05) higher than for the H (0.69 + 0.003) or M (0.70 + 0.004).

Experiment 2

Body weight was significantly (P<0.05) reduced and weight loss was significantly greater (P<€.05) in those
sheep fed the L ration regardless of whether this treatment occurred before or after mating. The number of
corpora lutea and the proportion of embryos collected of corpora lutea were not significantly influenced by
diet (Table 5). Significantly (P<0.01) fewer embryos had developed to the blastocyst stage in sheep fed the
H diet after mating compared with the L diet (Table 4). The total number of cells per embryo was
significantly (P<0.05) reduced for sheep receiving the H ration for the whole trial period or after mating
compared with other rations. However, this figure did not differ significantly when treatments were
imposed before mating (P=0.488). The TE:ICM ratio differed significantly (P<0.001) between treatments
only when treatments were applied after ovulation, with L sheep having more TE cells than H sheep.

Table 1. The design for experiment 2 indicating the periods of nutritional treatment relative to the day of
ovulation (day 0). Ewes were fed either a high (H, 1.5 x maintenance), medium (M, | x
maintenance) or low (L, 0.5 x maintenance) diet.

Regime -12 to -6 Days -6 to 0 Days 0 to +6 Day
1 H H H
2 M H H
3 M H L
4 M L H
5 M L L
6 L L L




56

Table 2. Composition of feed used in Experiments 1 and 2

Test Method - Units

Moisture NIR % 9.9
Dry matter NIR % 90.1
Ash NIR % 8.5
Crude protein NIR % of dry matter 19.1
Acid detergent fibre NIR % of dry matter 239
Neutral detergent fibre NIR % of dry matter 333
Digestibility NIR % digestible DM 69.3
Fat (ether extract) Wet % of dry matter 1.6
Metabolisable energy calculated MIJ/Kg DM 10.1
Chloride | Wet % 0.56
Sodium Wet % 0.20
Magnesium Wet % 0.20
Potassium Wet % 1.46
Calcium Wet % 1.06

* NIR (near infrared spectroscopy)
Table 3. Experiment 1. The effect of nutrition (low, medium and high diets) on superovulatory responses

and cell numbers (mean * SE) of blastocysts collected on day 6 (day O= day of ovulation).

Treatment Low Medium ~ High

Final weight (kg)’ 55.35+1.80° (16)" 61.99+1.85" (15)  63.12+1.85°(15)
Weight change (kg) -7.8740.73° (16)  -1.27£0.40° (15) -0.1420.62° (15)
No. corpora lutea 15.37£1.47 (16)  15.07£1.65 (15) 16.07£1.55 (14).
Blastocyst/corpora lutea 0.095+£0.04 (9) 0.0410.03 (7) 0.181£0.04 (8)
Total cell no. 74.68+1.45" (85) 66.43+1.29(76)  62.01+0.84° (85)
TE:ICM ratio 0.731£0.04* (85)  0.7040.04° (76) 0.69+0.03° (85)

*Final weight after adjusting for covariate (initial weight)
"Number in brackets is the total number of animals/embryos collected or stained

** Values within rows with different superscripts are significantly different (P<0.05)




areudoadde jou Fuuonnied — yN

[9A3] uondafor 9,6 ay 1e JuedIUSIS Jou — S°U

. “TTN “THN snsioa HTIN ‘HHIN o

) “TTIN ‘HT snsioa THIN ‘HHIA «

“(TTN = HT = THIN = HHIA '2'1) Sunewr 1s0d pue Sunew-aid uoom1aq UONOBIANUIL §
*3UI[ PI1IOP Y} MO PIZLIBLILLNS ‘1SIIAUT JO suostiedwos saxyy oyur pauonnted s1191(q \

1000>d 100°0>d 9000=d VN VN 1000>d | 100°0>d e (JP 1) 1504
01T0=d 8817'0=d ¢8C°0=d VN VN 000=d | €000=d « (P 1) 21d
...... (p10=d __| 6970=d | 6550=d | VN __| VN | LI0=d | €10=d | :pD¥odoad
1000 >d 1000 >d 6£00=d s'u L 1000>d | 1000>d ,Jp 9)Ria
eoin| viod SOAIqQUId BaIN| ySrom 1YSrom
onel WOIAL | sieo o], | 100askooseg | uoniodoid | eiodio) ur aguey) [euLj

"SuoSLIedUIO WOPIalj JO 9213ap S3uls OUI JIIP JO 103JJ3 3y} Sutuonied g juswidxy *¢ d[qe ],

(SO'0>d) WuaIJIp b::woa_cwmm a1e s)duossadns JUSISIHIP YIm SMOI UTYNIM SIN[BA
paurels 10 Pajod[[0d SOAIqUIS/S[RUIIUE JO JQUINU [€10] 3y} ST SI[IRIQ UT IoquInN] |
(1yS1om enrur) aeLreAaod 1oy Funsnipe 1aje WYS1om [eur] ,

(88) SETFIS98  (0L) (68 TFP0'88 (€9) .6V 1FOL  (08),S81¥80°S8  (£6) 11’1 FT8'IL (88) ;T 1 FIO VL "OU [[90 [eI0],
(88) (€0°0 FIL'0 (0L) {SO°0 F9L0 (€9) FO'0FTLO (08) (SO0 FHL0 (€6) £OOFTLO  (88) OO FETLO ones WOI ‘AL
(16) (£0°0 F21°0 (8L) (£0°0 FOI 0 (8),S00FCT0  (96) p00FOT0  (ITD 00720 (621) Y00 FIT'0 Dpskooiserg

(6) 6v'T FECHT (8) 86 1FTH 91 (6) 69°C F88°€1 (DZ6TFLLY]  ODTFSLLT (1) €97 FOI'8T  eanf e10di00 "ON

@D Q0 TF098- (D LLOF6L'S:  (b1) p80F0EE- (€D T80Ty (T .90 F880 (€1),19°0F00T (3% 1 ur afuey)

(T1) S6°'1FV6'1S @D LLTFOLLS (¥1) 99°T FLT'09 (€1) 8L'T1¥85°8S D €6'1F1979 (EDTWWTFTIVI (33) 1ySrom [eul]

TT1 TIN HIN , THIN HHIN HHH jusuneal],

.Eo:m_go Jo Kep =( Aep) 9 Aep uo pa1da[[0o SI15A00ISE[q JO (FS F UBAW) SISQUINU [[30 pue sasuodsar K10)ejnaoiadns uo UoNRINAO I3}JE 9-(
U99M]2q PUE UONE[NAO 310J9q 9-( ABP ‘UOHE[NAO 210Jaq Z[-9 Aep U39M19q (SI9Ip Y31y pue WNIpaul ‘mo[) UORLHNU JO 199)J3 3], °T wowadxy ¢ 9[qelL

LS



58

DISCUSSION

This study has shown for the first time that short-term low nutrition imposed on superovulated ewes prior to
artificial insemination increased the total number of cells in embryo and this increase was primarily due to
enhance number of trophectoderm cells (Experiment 1). A subsequent experiment indicated that the nutritional
signals enhancing embryo cell number was manifested during the post mating period rather than the pre-mating
period. The lack of a difference between the total numbers of embryos produced by low, medium and high
diets ewes (where the level of nutrition was markedly different), suggests that the extra intake observed in high
group ewes was partitioned towards improving ewe body weight and thus condition rather than increasing
ovulation or embryo growth. In contrast to spontaneously ovulating ewes where flushing (is the increase of
nutrition 4 to 6 week before the mating) may enhance ovulation (Rhind et al., 1989), superovulatory responses
were not compromised by restricted feeding in this study, presumably because individual potential was
maximised as a result of gonadotrophic action. It must be stressed, however, that this occurred following short-
term feed restrictions applied to ewes, which were in good body condition. A similar gain could not be
expected following either prolonged feed restriction or the imposition of the present regimen on already under-
nourished animals. The lack of a significant increase in ovulation rate and number embryos collected with the
increase in food intake was unexpected and is at variance with previous reports (Smith 1985, 1988). Lindsay
(1976) has described live weight as being ‘a crude, inaccurate criterion which, because it describes only long-
term changes in feeding, is incompatible with studies on many of the components of the reproductive process
— which takes place over a few days or even hours’.

Dyck and Strain (1983) suggested that the critical window for nutritional effects on embryonal survival was
early postcoital period. Our overall result shows that the critical window for nutritional effects on embryos
quality in ewes could occur in the period immediately after mating. The results support previously published
data of Nolan et al. (1998) and Negrao et al. (1997), who concluded that the yield of transferable embryos
increased as the dietary energy intake decreased. In ruminant there is the risk that rapid shift in rumen
fermentation caused by abrupt changes in diet composition and in the amount or indeed pattern of feed intake
may temporarily disrupt metabolic homeostasis with consequent adverse effects on the embryo (McEvoy et il.,
2001). Improved nutrition during the periovulatory period is generally regarded as beneficial to reproductive
outcome at a naturally-occurring estrus but this does not dppear to be the case when ewes are superovulated
using exogenous gonadotrophins (McEvoy et al., 1995a,b, 2001; Lozano et al., 2000: Boland et al., 2001;) and
beef heifers (Nolan et al., 1998 Yaakub et al., 1999).

_Total cell number and the ratio of inner cell mass cells to total cells have been used as an indicator of embryo

quality (Van Soom et al., 1997). The results of our present study shows that the number of the total cells were
increased due to a greater proliferation of trophectoderm cells suggests that events associated with implantation
and placental development may also be affected by these early events. In addition, culture conditions that
caused a reduction in mouse ICM and total blastocyst cell number also reduced their long-term viability after
transfer (Lane and Gardner 1997), and a deficient ICM cell number has been identified as a potential causative
component of foetal growth retardation and large placenta, which are characteristic of the inherited BB/E
diabetic rat model (Lea et al., 1996). Elevated glucose levels in vitro have been shown to retard the
proliferation of rat blastocyst ICM and trophectoderm cell populations (De Hertogh et al., 1991) and, in the
mouse, alter the metabolic state of the embryo (Moley et al., 1996). A number of peptide growth factors,
expressed from either or both maternal and embryonic genomes, stimulate proliferation in the preimplantation
embryo, which is mediated by signalling through their specific receptors (Kane et al., 1997). In relation to our
maternal nutritional data, insulin and IGF family growth factors have been shown in vitro to stimulate
preferentially ICM proliferation in early blastocysts (Kaye et al., 1992; Kane et al., 1997). Insulin is not
expressed by the preimplantation embryo and maternally derived insulin is delivered to the ICM by receptor-
mediated transcytosis across trophectoderm (Kwong et al., 2000).
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Moreover, short-term exposure of preimplantation mouse embryos in vitro to insulin caused a long-term
increase in foetal growth rate after transfer (Kaye and Gardner, 1999). In sheep the glucose metabolism is not
critical for embryonic development, but beneficial at low concentrations and high concentrations can inhabit
development, possibly by inhibiting tricarboxylic acid (TCA) cycle (Thompson et al., 1992). We conclude.
therefore, that possibly the hyperglycaemic maternal environment generated by high nutrition provides the most
likely mechanism to explain retarded preimplantation proliferation and reduced total cells especially
trophectoderm cell number. Preimplantation embryos require uptake of amino acids to enhance protein
synthesis for growth from the blastocyst stage (Lamb and Leese, 1994) and suboptimal exposure to amino acids
reduced ICM and total cell number in blastocyst and rate of foetal development after embryo transfer (Lane and
Gardner, 1997). The preimplantation embryo is particularly sensitive to epigenetic modifications that may have
programming consequences (Reik et al., 1993; Dean et al., 1998), and our data strongly indicate, but not prove,
that it is preimplantation embryo itself that is programmed. Some growth factors are also reported when added
to culture system, can effect on the ICM cells, for example, LIF (cow, Margawati et al. 1997), TGFB (cow,
Marquant-Le Guienne et al. 1989), insulin (mouse, Harvey and Kaye 1990), IGF-1 (mouse, Harvey and Kaye
1992) and glutathione (cow, Kotaras and Seamark 1997). CSF-1 (mouse, Bhatnagar et al. 1995) and IGF-1
(buffalo, Narula et al. 1996) stimulate development of TE cells. Further investigations will explore the impact
of dietary intake during superovulation on the production of transferable embryos including, determining the
long-term outcome of changes in TE/ICM ratio. Available evidence indicate that the large offspring syndrome
may also be explained as a consequence of metabolic stress to early embryos, raising the need for more caution
in the introduction of new technologies to assisted conception in human (Leese et al., 1998). There is also a
parallel between the effects on embryos mediated by high maternal diet in vivo in our study and the stress
effects on embryos mediated by in vitro culture which can activate abnormal glycogen metabolism (Edirisnghe
et al., 1984), free oxygen radical release (Johson and Nasr-Esfahani, 1994) and abnormal gene expression
patterns (Eckert and Niemann, 1998; Wrenzyki et al., 2000). In addition the in vitro culture conditions appear
to retard embryo compaction, which in turn reduces the allocation of cells to the ICM lineage and may lead to
abnormal foetal and perinatal growth (Walker at al., 1996; Van Soom et al., 1997). During meiosis and
fertilization, as genetic material divides and rearranges, it is exposed and open to mutation. A nutritionally
unfavourable environment is a major risk factor (House, 2000). Thus, the consequences not only of in vitro
culture but also maternal diet in vivo during the preimplantation period need to be addressed more rigorously in
human and animal reproduction. Although downstream mechanisms responsible for propagating the early
programming events into later gestation and postnatal life have yet to be determined, our results do emphasize
the importance of periconceptional diet in the control of mammalian development, with clinical implications
for long-term healthcare.

An association between increased feed intake, decreased plasma progesterone, and increased metabolic
clearance of progesterone has been shown by Parr et al. (1982). It has been speculated that high dietary intake
induces suppression of circulating progesterone during oocyte maturation which imparts a legacy of
developmental retardation which leads to decreased embryo survival (McEvoy et al., 1995a; Robertson, 1995).
Progestérone concentrations can be elevated by malnutrition and/or progesterone administration in the early
stages (from day 3 to 6) in the sheep causes an increase in the weight of the fetus and its placenta (Kleemann, et
al., 1994). Early evidence indicates that progesterone treatment changes cell linage differentiation in the sheep
with differences in the proportion of ICM and TE (Hartwich et al., 1995). Because in the present study no
progesterone measurements were performed, we can only speculate about the relation of progesterone
concentrations with embryo cell numbers in this study. The reproductive tracts of a variety of species are
known sites of IGF production (Pushpakumara et al., 2002). A particular feature of the IGF system is that the
production of many of its components can be regulated by nutrition (McGuire et al., 1992; Roberts et al., 1997).
This finding raises the possibility that metabolic status could alter ovidugtal activity via modulation of the IGF
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system. Oviductal secretory proteins have been identified in many species including baboons (Verhage et al.,
1989), cattle (Boice et al., 1990), goats (Abe et al., 1995), hamsters (Robitaille et al., 1988), humans (Verhage
et al., 1988), mice (Kapur and Johnson, 1988), pigs (Buhi et al., 1990), rhesus monkeys (Verhage et al.. 1997)
and sheep (Sutton et al., 1984). It has been suggested that these proteins may have some effects on early
cleavage-stage development. Thus, there is a possibility that any change in postovulatory progesterone
concentration may affect early embryo quality or survival by modification of the oviductal environment, and
this possibility is the basis of our next study.
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