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Abstract: The present study aimed to detect and observe the activities of phosphofructokinase, pyruvate
kinase, citrate synthase and creatine kinase wich regulate carbohydrate and energy metabolism in the early
rabbit embryos (morulae and/or blastocysts). The volumes and enzyme activities (mean±s.e.m.) of in vitro
culture 48 hrs and 72 hrs morulae and 5 until 6 day rabbit blastocyst at the time recovery and after culture for
24 hrs in the absence or presence of Human Chorionic Gonadotrpin (hCG) in the medium  were  determined.
There was a significant increase in all the enzymes during the early developmental stages of the rabbit embryos
but  hCG  had  effect. The results revealed that the morulae and/or blastocysts after culture in the absence
(group 2) or presence (group 3) of hCG appeared enlarge and their volumes had increased. The large expansion
of the rabbit embryos in the early stages 48 hrs until 6 day post coitus (6 dpc), is due mostly to the basic
medium supplemented with essential and non-essential amino acids and glutamine (ENAAG) (group 2), or to
the (ENEAAG) medium supported with 40 International units (I.U) of (hCG) (group 3). This markedly
enlargement of the morulas and/or blastocysts may be attributed to the stimulation of oestradiol and/or
progesterone of the early development of rabbits embryos and acts on its growth and development and
promotion their estrogen for secretion, thus improving the development in vitro.
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INTRODUCTION Citrate Synthase (CS): Is one of the key regulatory

The activities of phosphofructokinase (PFK), catalyzes the condensation of oxaloacetate and acetyl
pyruvate  kinase  (PK),  citrate  synthase  (CS)  and coenzyme A to form citrate in the tricarboxylic acid cycle.
creatine  kinase  (CK),  have   been  detected  as a It has been extensively used as a metabolic marker in
regulatory enzymes of carbohydrate and energy assessing oxidative and respiratory capacity [12]. More
metabolism  in   the   early    development   stages of than 30 years ago, Holloszy and his colleagues [13]
rabbit  embryos  [1]   and   in   the   various  body tissues reported that endurance exercise training increases the
of  human  beings and animals [1-8]. In the oxidative enzyme activities in skeletal muscle. After that,
preimplantation  rabbit  blastocyst  the  glycolytic numerous studies were conducted to examine the effect of
pathway  of  Embden-Mayerhof  and  the tricarboxylic exercise training on muscle oxidative capacity and
acid  (TCA)  cycle  of  Krebs are considered to be the metabolic characteristics [12,14-17]. 
major  sources  of  energy  supply and of the In cardiac cells, a regulatory role for cytosolic citrate
intermediates   required    for     biosynthetic   activities as an inhibitor of glycolysis was first proposed by
and maintenance of blastocyst morphology [9, 10]. Garland et al. [18]. 
Brinster [11] has investigated the activity of
phosphofructokinase, a key enzyme of glycolysis, in Pyruvate kinase (PK): A crucial enzyme of glycolysis
mouse preimplantation embryos, but we know of no other pathway, is a thiolic  enzyme  present  in  all  tissues.
studies on the activity of regulatory enzymes of There are at least four known isozymic forms of PK in
carbohydrate and energy metabolism in mammalian vertebrates, designed as L (liver), M1(brain, muscle), M2
preimplantation embryos. (muscle) and R (kidney).

enzymes in the energy-generating metabolic pathway that
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These isozymes differ in their chemical, physical, and mitochondrial isoenzymes are BB-CK and Mia-CK
kinetic, electrophoretic and immunological properties, as respectively [29, 30]. The mitochondrial isoform is located
well as their tissue distribution [19]. The evolutionary role at sites between the inner and outer membranes, where it
of glycans in nature and their enormous structural and is associated with porin, transporting the mitochondrial
functional diversity is currently under intense produced PCr from ATP to cytosolic sites of energy
investigation [20]. utilization [29, 31].

Glycosylation is one of the most frequent post- A few number of investigations has recently
translational modifications found in proteins and plays a provided increasing evidence for an important role of
central role in cellular mechanisms of health and disease certain enzymes in regulation of carbohydrate and energy
[21]. metabolic activities in the preimplantation rabbit

Phosphofructo-1-Kinase: (PFK, EC 2.7.1.11) catalyzes the been found to appear and to increase in activity in
formation of fructose-1,6-biphosphate (fru-1,6-P ) from blastocyst stage, but, more significantly, it was shown2

fructose-6-phosphate (fru-6-P) and MgATP, one of the that preimplantation stage can not be effectively
early rate limiting steps in glycolysis. PFK shares the influenced by supplement of 5 µg  oestradiol  –  17  to
phosphate–donor-binding site and a phosphorylation TC – 199 medium  for  cultivation  of  rabbit  blastocyst
mechanism similar to other pyrophosphate-dependent [1]. A very little papers are reported about the regulatory
kinases such as diacylglyceride kinases, sphingosine enzymes of carbohydrate and energy metabolism in the
kinases and NAD kinases [22]. In most cases, PFK rabbit morula and blastocyst stages. Definitely, the
exhibits sigmoidal kinetics  towards  fru-6-P,  whereas objective of this study was to investigate the effects of
ATP  can  be  replaced  by  other nucleotide PFK, PK, CS and CK Enzymes on in – vitro early
triphosphates. PFK activity is affected by nutritional development of rabbit embryos (morula and/or
status, hormones and the developmental stage. A variety blastocyst), in relation with carbohydrate and energy
of positive and negative effectors including PFK reaction metabolism.
substrates and products and other metabolites such as
AMP, citrate and fructose-2,6- bisphosphate (fru-2,6-P ), MATERIALS AND METHODS2

among others, are involved in control of PFK activity,
allowing the glycolytic flux to be responsive to the energy The present study was first carried out on 80 adult
demands of the cell [23]. The polymerization degree of the virgin rabbits of different breeds and ages. Preparation of
enzyme constitutes another regulatory mechanism of PFK embryo donors was performed as described by [32-34]
activity. and the Biochemical methods of regulatory enzymes of

Among the enzymes responsible for glucose carbohydrate and energy metabolism in the early
metabolism, PFK plays a major role through regulation of development stages of rabbits embryos were further
the glycolytic flux at the level of fru-6-P phosphorylation. estimated biochemically by many authors [35-37] as
It has also been implicated in the regulation of many modified by several researchers [1, 3-6, 38], with some
others physiological and pathological events, including modifications.
cellular growth and differentiation [24], regulation of Adult virgin female (5 – 6 months old) domestic
blood glucose concentration [25] and a mitogenic effect rabbits were induced to superovulate by injecting them
in different cell lines [26, 27]. subcutaneously with 0.1 mg FSH (Sigma) in 1 ml saline

Creatine Kinase: (CK, EC 2.7.3.2) plays a key role in the 4th day, they were mated with two ferti1e bucks in
energy metabolism of tissues with intermittently high and rapid  succession  and  then injected intravenously with
fluctuating energy requirements, such as skeletal and 40 I.U. hCG (Antuitrin-'S'; Parke-Davis) in 0,5 ml saline.
cardiac muscle and neuronal tissues like brain and retina. The fema1es were killed (48 hours, 72 hours, 5  days  and
CK catalyzes the reversible transfer of the phosphoryl 6 days) post coitum and rabbit embryos (morulae and/or
group from phospho creatine (PCr) to ADP, to regenerate blastocysts) were recovered by flushing the uteri with
ATP. There are distinct CK isoenzymes, which along with chilled saline (0.154 M-NaCl) or Basic culture medium
the substrates creatine and PCr constitute an intricate supplemented with essential and non–essential amino
cellular energy buffering and transport system, acids and glutamine (ENEAAG) [34] (at room temperature)
connecting sites of energy caption (mitochondria) with supported  with  15.000  gm  bovine   serum  albumin
sites of energy utilization (cytosol) [28]. Brain cytosolic (BSA, Sigma)/liter.

blastocyst. Not only have PFK, PK, CS and CK enzymes

twice daily for 3 consecutive days;  on  the  morning  of
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The morulae and/or blastocysts were washed twice Pyruvate Kinase Enzyme Assay of Rabbit Embryos
with the same solution as used for their recovery, their Tissues: Pyruvate kinase activity was assayed by the
diameters were recorded and they were then divided into advised methods of [4, 35]. The reaction in the forward
three groups of two each of rabbits embryos (morulae and direction was measured by coupling with lactic
blastocysts) subjected to experiments. Group 1 morulae dehydrogenase and the initial rate of oxidation of NADH
and/or blastocysts were those recovered in chilled saline + H  was measured at 340 nm. Each mole of pyruvate
and they were frozen immediately at -80°C. The morulae formed by pyruvate kinase caused oxidation of 1 mol
and/or blastocysts in Group 2 were cultured in 5 ml NADH + H . One mU of pyruvate kinase catalysed the
ENEAAG medium in a 10-ml capacity Erlenmeyer flask conversion of 1 nmol phosphoenolpyruvate to
which was placed in a Dubnoff metabolic shaking pyruvate/min.
incubator: there were 13-15 morulae and/or
blastocysts/flask and they were incubated for 24 h at 37 Citrate Synthase Enzyme Assay of Rabbit Embryos
ºC under a gas phase of 95 % air + 5 % CO . The morulae Tissues: Citrate synthase activity was estimated by2

and/or blastocysts in Group 3 were treated in the same measuring the initial velocity of CoA formation at 412 nm
way as those in Group 2, but 40   International  units  (I.U) by the 5,5-dithio-2-nitrobenzoate method as described by
of choriomon; [ Human chorionic Gonadotropin ] (hCG), [3, 43]. The molar absorbancy index for mercaptide ion
[ IBSA – Institute Biochimique S.A. – CH – 6903 Lugano formed is 13 600. The reaction was initiated by the
– Switzerland ] were added to each flask. A volume 0.05 ml addition of oxaloacetic acid and the preparation of acetyl
of 70% ethanol (without hCG) was added to each flask in CoA was based on the procedure of Simon and Shemin
Group 2. After culture, the diameters and the general [44]. One mU of citrate synthase catalysed the liberation
appearance of the morulae and/or blastocysts were of 1 nmol CoA-SH/min.
checked under a stereoscopic microscope. The morulae
and/or blastocysts were then washed in cold saline, Creatine Kinase Activity Assay of Rabbit Embryos
frozen and kept  at  -80°C  until  assay  for  enzyme Tissues: Creatine kinase activity was assayed by the
activity. procedure of Rosalki [37] as modified by Bergmeyer [38]

Studied enzymes were (a) phosphofructokinase (EC and according the method advised by Cornelio et al. [5].
2.7.1.11) and pyruvate kinase (EC 2.7.1.40), which are In short, the reaction in the reverse direction was assayed
regulatory enzymes of the glycolytic pathway [39-41], (b) by coupling with hexokinase and glucose-6-phosphate
citrate synthase (EC 4.1.3.7), a regulatory enzyme of the dehydrogenase. The initial rate of NADPH + H  formation
TCA cycle [42] and (c) creatine kinase (EC 2.7.3.2), which was measured at 340 nm. Each mole of creatine formed led
is involved in energy metabolism. Groups of 12-14 to the reduction of 1 mol of NADP . One mU of creatine
morulae and/or blastocysts were transferred into a small kinase catalysed the conversion of 1 nmol of creatine
plastic tube containing 1 ml 50 mM-KP0  buffer, pH 7.4. phosphate to creatine/min.  All  measurements  of the4

The  morulae  and/or blastocysts were sonicated for two PFK, PK, CS and CK enzymes of the biochemical
5-sec bursts separated by a short cooling period. experiments  were   carried   out   at  25°C  in  a  Beckman
Additional sonication did not increase the activity of any 25 spectrophotometer   with   a   recorder  attachment.
of the enzymes. An aliquot from each tube was used for The activity of the enzymes was expressed as
assay of the activity of each enzyme. mU/blastocyst  rather   than  as  units/mg  protein,

Phosphofructokinase Enzyme Assay of Rabbit Embryos medium and thus affect their protein concentration [45].
Tissues: PFKM enzyme activity was determined Similarly, the activity is not expressed as mU per unit-
according to the method of [6, 36]. In brief, the reaction in volume or per wet weight of the blastocyst because of the
the forward direction was assayed by coupling with large accumulation of fluid which occurs when the
aldolase, triosephosphate isomerase and unattached blastocyst expands.
glycerophosphate dehydrogenase. The initial rate of
oxidation of NADH + H  was measured at 340 nm. Each Statistical Analysis: Data were analyzed by one-way+

mole of fructose-I,6-diphosphate formed by ANOVA or multivariate analysis followed by the Tukey
phosphofructokinase led to the oxidation of 2 mol NADH test when the F values were significant. Linear regression
+ H . One mU of phosphofructokinase catalysed the was used to evaluate dose or time response. All data were+

conversion  of   1   nmol  fructose-6-phosphate to analyzed with the Statistical Package for Social Sciences
fructose-1,6-diphosphate/min. inserted in an IBM-compatible PC computer.

+

+

+

+

because blastocysts can accumulate BSA from the culture
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RESULTS On the contrary, some attention has been given to

Obtained Results Are Recorded and Demonstrated in correct and intact histological section techniques. It is
Tables (1 – 4) and Figures (1 – 4): evident from the results given in tables (2 – 5), that the

DISCUSSION enlarge after culture and their volumes had  increased.

It has been increasingly realized that more investigated stages, 48 hrs, 72 hrs, day – 5 and day – 6 d
fundamental Knowledge of metabolic enzymes of p.c., is due mostly to the Basic culture medium
carbohydrates, proteins, lipids and energy in the body supplemented with essential and non – essential amino
tissues [1-8] Only few previous studies [1] have been acids and glutamine (ENEAAG) (Group 2), or to the
done on the regulatory enzymes of carbohydrate and (ENEAAG) medium supported with 40 International Units
energy metabolism in the early rabbits morulae and/or (I. U) of choriomon [ Human chorionic Gonadotropin
blastocysts stages in vitro. However, in the first phases (hCG) ].
of preimplantation and implantation in the rabbit in vivo, This enlargement of the morulae and/or blastocysts
exact timing of stage was mostly missing as was any may be attributed to the Stimulation of hCG in the
detailed observation on the dissolution of the zona ENEAAG medium (in group 3) the production of
pellucida. It should be kept in mind that many of the oestradiol and progesterone of the early development of
fixative as used in earlier studies cause partial dissolution rabbits embryos and acts on its growth and development
of the zona pellucida and displacement of zona remnants and promotion their oestrogen for secretion, thus
is caused by paraffin embedding. This does not occur in improving the development in vitro. Concerning morulae
native cryostat section as used in the present and/or blastocysts development of rabbit in vitro using
investigations. ENEAAG   medium, it   could   be   detected  significantly

the early development rabbits embryos in relation to

morulae and/or blastocysts in Groups 2 and 3 appeared

The large expansion of the rabbits embryos in the earliest

Table 1: Volumes and enzyme activities (mean±s.e.m.) of 48 hours rabbit morulae at the time of recovery (Group 1) and after culture for 24 h in the absence
(Group 2) or presence (Group 3) of hCG in the medium

Group 1 Group 2 Group 3
Volume (mm3) Enzyme activity (mU/morula) 13.57±2.04 42.80±2.82* 40.33±5.47*
 Citrate synthase 1.66±0.07 3.87±0.34* 3.75±0.17*
 Creatine kinase 13.16±2.03 53.61±3.12* 51.61±2.12*
 Pyruvate kinase 0.47±0.01 1.57±0.17* 1.50±0.05*
 Phosphofructokinase 00.20±0.008 0.059±0.003* 0.064±0.001*
Numbers in parentheses indicate the number of experiments; there were 12-14 morulae in each experiment. * These values were significantly different from the
corresponding values in Group 1,  < 001 (Student's t test).

Table 2: Volumes and enzyme activities (mean±s.e.m.) of 72 hours rabbit morulae at the time of recovery (Group 1) and after culture for 24 h in the absence
(Group 2) or presence (Group 3) of hCG in the medium

Group 1 Group 2 Group 3
Volume (mm3) Enzyme activity (mU/morula) 16.77±2.03 47.82±2.43* 44.21±5.06*
 Citrate synthase 1.92±0.06 4.21±0.47* 4.84±0.19*
 Creatine kinase 15.53±2.01 60.51±3.19* 58.46±2.25*
 Pyruvate kinase 0.59±0.02 1.70±0.18* 1.69±0.06*
 Phosphofructokinase 00.24±0.005 0.068±0.004* 0.073±0.001*
Numbers in parentheses indicate the number of experiments; there were 12-14 morulae in each experiment. * These values were significantly different from the
corresponding values in Group 1,  < 001 (Student's t test).

Table 3: Volumes and enzyme activities (mean±s.e.m.) of 5 Day rabbit blastocyst at the time of recovery (Group 1) and after culture for 24 h in the absence
(Group 2) or presence (Group 3) of hCG in the medium

Group 1 Group 2 Group 3
Volume (mm3) Enzyme activity (mU/blastocyst) 18.89±2.04 50.66±2.75* 48.24±5.13*
 Citrate synthase 2.04±0.07 4.99±0.50* 5.01±0.18*
 Creatine kinase 17.42±2.09 64.74±3.10* 64.72±2.54*
 Pyruvate kinase 0.68±0.01 1.78±0.16* 1.88±0.05*
 Phosphofructokinase 00.27±0.007 0.074±0.003* 0.084±0.002*
Numbers in parentheses indicate the number of experiments; there were 12-14 blastocysts in each experiment. * These values were significantly different from
the corresponding values in Group 1, < 001 (Student's t test).
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Table 4: Volumes and enzyme activities (mean±s.e.m.) of 6 Day rabbit blastocyst at the time of recovery (Group 1) and after culture for 24 h in the absence
(Group 2) or presence (Group 3) of hCG in the medium

Group 1 Group 2 Group 3 

Volume (mm3) Enzyme activity (mU/blastocyst) 21.85±2.02 57.82±2.77* 53.13±5.39*
 Citrate synthase 3.23±0.07 6.33±0.45* 6.89±0.17*
 Creatine kinase 20.25±2.04 70.72±3.12* 70.72±2.49*
 Pyruvate kinase 0.87±0.02 2.10±0.21* 2.59±0.08*
 Phosphofructokinase 00.31±0.009 0.099±0.006* 0.090±0.002*

Numbers in parentheses indicate the number of experiments; there were 12-14 blastocysts in each experiment. * These values were significantly different from
the corresponding values in Group 1,  < 001 (Student's t test).

Fig. 1: Volumes and enzyme activities (mean±s.e.m.) of 48 hours rabbit morulae at the time of recovery (Group 1) and
after culture for 24 h in the absence (Group 2) or presence (Group 3) of hCG in the medium.

Fig. 2: Volumes and enzyme activities (mean±s.e.m.) of 72 hours rabbit morulae at the time of recovery (Group 1) and
after culture for 24 h in the absence (Group 2) or presence (Group 3) of hCG in the medium.

Fig. 3: Volumes and enzyme activities (mean±s.e.m.) of 5 Day rabbit blastocyst at the time of recovery (Group 1) and
after culture for 24 h in the absence (Group 2) or presence (Group 3) of hCG in the medium.
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Fig. 4: Volumes and enzyme activities (mean±s.e.m.) of 6 Day rabbit blastocyst at the time of recovery (Group 1) and
after culture for 24 h in the absence (Group 2) or presence (Group 3) of hCG in the medium.

higher development, enlargement and growth (Group – 2), significantly higher than those of the Group – 1 morulae
but not than those of the Group – 3 morulae and/or and/or blastocysts, but not did not differ increasingly
blastocysts, but also did not vary significantly from that from each other.
observed in Group – 3. hCG may be play an important role Changes  in   the   enzymes  studied  should reflect
in the onset of development and division of morulae the involvement  of   particular   synthetic   pathways.
and/or blastocysts cells. These results were not in The demonstration of phosphofructokinase, pyruvate
agreement with many authors [1]. All of them could kinase and citrate synthase  confirms  the  existence of
cultured blastocysts in vitro by using TC – 199 medium the glycolytic-TCA cycle in the rabbit  blastocyst  [10].
or TC – 199 medium supplemented with 5 µg oestradiol – The significant increase in the activity of these enzymes
17  (Sigma) dissolved in 0.05 ml 70% ethanol added to in the morulae and/or blastocysts cultured for 24 hrs
each flask of experiments. shows that these rate-limiting enzymes were functional.

Several authors pointed out that the large expansion Generally, from the above mentioning results, it can
of the rabbit blastocyst between the 3  and 7  day post concluded that high levels of regulatory enzymes ofrd th

coitum (p.c.) is due to the accumulation of fluid in the carbohydrate and energy metabolism in the rabbit
blastocoele cavity [46, 47]. Na , Cl  and HC03  appear to developed morulae and/or blastocysts (Groups 2 and 3) in+ – –

be actively transported across  the  trophectoderm  into vitro, may be a cause of promotion and stimulation early
the blastocoele [48] and water  moves  passively development.
secondary to NaCl accumulation [49] see also review by In rabbit, the regulatory enzymes (of carbohydrate
[50]. The trophoblast cell is physiologically polarized in and energy metabolism) – dependent morulae and/or
that Na is transported into the blastocoele  by  Na/K blastocysts development in vitro may be a very important
pumps (Na - K  ATPase, E.C. 3.6.1.3) located on the factors for the next implantation in vivo.+ +

juxtacoelic plasma membrane of the trophoblast cells [51]. On the other hand, in the rabbit which has been
This functional polarity is also reflected by the anatomical investigated more in detail, that the suggestion made by
polarity of the trophectoderm. Membrane junctional the author and others that the several different enzymes
complexes are located at the apices of the trophoblast cell (PFK, PK, CS and CK enzymes) other than proteinases for
and are adjacent to fluid-filled intercellular spaces that regulation of carbohydrate and energy metabolism in the
face the blastocoele cavity [52]. early development phase of rabbits embryos, have been

[53] have proposed that such dosed-end channels found in the morulae and/or blastocysts and the uterus
may be the site of active solute transport that creates local which are thought to build a functionally complex
standing osmotic gradients which cause water flow across metabolic enzymes system [1] as proteinase system
epithelia. Moreover, the data presented in Tables (2 – 5), including mutual activation processes of the early
demonstrated that the morulae and/or blastocysts in development stages of the rabbits embryos [54].
Groups 2 and 3 (but not in Group 1) in the early The new observation of the present work is the
experienced phases in vitro, 48 hrs, 72 hrs, day – 5 and demonstration of creatine kinase activity in the rabbit
day – 6 d p.c., cleared expansed after culture and their morulae and/or blastocyst. This enzyme catalyses the
volumes had increased. This may also due to the enzyme reaction ADP+ creatine phosphate  ATP+ creatine and
activities of morulae and/or blastocysts in which were all thus  makes available a substantial reserve source of ATP.
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The relatively high activity of creatine kinase in 48 hrs, 72 composition of culture media for the early development
hrs, Day – 5 and Day – 6 rabbit morulae and/or rabbit embryos in vitro, not only increase the rate of
blastocysts could be important as a source of high-energy embryos growth but also responsible for supporting the
phosphate bonds. The significant increases in the activity following embryologic development in post-implantation
of the three enzymes of the glycolytic-TCA cycle and in uterus.
creatine kinase in rabbit morulae and/or blastocysts
during the 24-h culture period suggest that, during this REFERENCES
period of rapid growth, part of the energy supplied is used
and the remainder is stored. [55] showed that the 1. Mukherjee, A., S.K.. Dey, J.S. Gupta, C.S. Ramadoss
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