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The impact of the osmotic component of the incubation medium for the volume of mouse 
early embryonic cell was studied by laser scanning microscopy. Common Dulbecco’s medium 
caused a prolonged hyperosmotic effect. Adaptive phase of regulatory compensation for the 
osmotic shock was observed under hypotonic conditions. From these data, water permeability 
of the blastomer membrane is evaluated as 0.4 µ/(min�atm).
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Osmotic shock disorders embryo development [6,18]. 
Changes in the isotonic conditions can be caused by 
variations of osmotic characteristics of the solution 
and/or mediated through chemical inactivation of 
membrane proteins forming water channels and ion 
transport mechanisms [11]. For this reason, selection 
of incubation medium deserves special attention, be-
cause the parameters of this medium should be iso-
tonic to the cells incubated in it.

In cell technologies, for example, in cryopreserva-
tion or embryonic cell enucleation, the volume charac-
teristics are used as an integral parameter describing 
the trauma infl icted to the embryo during the experi-
ment. Changes in cell volume are evaluated qualita-
tively by visual inspection or pseudoquantitatively [9]. 
In this latter case, the oocyte is assumed to be spheri-
cal and the cell volume is estimated by the effective 
diameter (section area), measured in the equatorial 
plane focus. Importantly, the choice of the focus plane 
is very subjective.

This method is incorrect after completion of the 
very fi rst cell cycle, when the blastomer shape and 
section area become variables depending on the spa-
tial orientation of the embryo during observation. For 
this reason, the development of approaches to direct 
measurements of the volume of an early embryo and 
its compartments [3] is an important problem. We used 
the technology of quantitative microtomography by la-
ser scanning microscopy for evaluation of the osmotic 
effect on two-cell mouse embryo.

MATERIALS AND METHODS

The study was carried out on F1(CBA×C57Bl) mice. 
The animals were kept under standard conditions 
(20±2oC, granulated PK-121-2 fodder, and free ac-
cess to water). Water, fodder, and fl ooring were re-
placed daily without preliminary sterilization. Two-
cell embryos were obtained as described previously 
[1]. Washed embryos were incubated in Dulbecco’s 
medium. Two-cell embryos collected directly after iso-
lation from the oviduct served as the control. Osmotic 
shock was created by modifying NaCl concentration 
in the incubation medium.

Methods of the preparation making based on snap 
cryofi xation of the biological tissue were described 
previously [2,12-14,16]. The initial step is cryofi xa-
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tion of the object in liquid propane (-188oC). Frozen 
specimens were freeze-dried in vacuum (~10—5 Pa) 
at -100oC on an MBA-5 device (Balzers). After low-
temperature dehydration, the dry specimen was em-
bedded in Epon-812 [10]. Impregnated embryos were 
transferred into the wells of a plate and the medium 
was polymerized at 59oC.

The volume of a blastomer was measured by 
quantitative microtomography [4,15]. The prepara-
tion was examined under an LSM 510 confocal mi-
croscope (Zeiss). Vertically stacked optical sections 
with a 2-µ step were obtained in the transmitted light 
mode. Because of poor contrast of the resultant digi-
tal image, each section was additionally processed 
according to a universal algorithm. The blastomer 
contour was drawn on the microphotograph of the 
embryo in each optical section plane and the 3D im-
age was reconstructed from a series of contours. 3D 

reconstruction was carried out using standard graphic 
editor.

RESULTS

The optical section plane of a two-cell mouse embryo 
was evaluated by laser scanning microscopy (Fig. 1).

3D reconstruction of the embryo was carried out 
after processing a series of successive optical sections 
(Fig. 2).

This technology of laser microtomography makes 
it possible not only to visualize the 3D object, but also 
to measure its volume characteristics quantitatively 
(Fig. 3).

The data (Fig. 3, curve 1) indicate abnormal os-
motic behavior of the embryonic cell under hypotonic 
conditions. Rapid swelling of the cytoplasm, induced 
by water entry into the cell, is followed by a regulatory 
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Fig. 2. Typical picture of a two-cell mouse embryo after three-dimensional reconstruction by a series of optical sections obtained by laser 
scanning microscopy. a) embryo after isolation from the oviduct; b) embryo after incubation in Dulbecco’s hyperosmotic medium; c) embryo 
after short-term incubation in Dulbecco’s hypotonic medium. BL: blastomer; PB: polar body; P: protrusions; V: blastomer volume.

Fig. 1. Typical picture of a two-cell mouse embryo in the optical section plane from a vertical pile, obtained by laser scanning microscopy. 
a) unstained embryo; b) unstained embryo after mathematical processing in a graphic editor. BL: blastomer; N: nucleus; PS: perivitelline 
space; PZ: pelucide zone.
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phase of the volume restoration. Presumably, this ef-
fect is caused by the adaptive reaction to hypo-osmotic 
stress, demonstrated for differentiated cell cultures 
[17]. Using an equation for evaluation of membrane 
permeability for water, we get the value for the respec-
tive Lp coeffi cient:

Lp=(DVt/DP)/(t×S),

where Lp is effective permeability for water, DV is 
the increment of cell volume during t moment, DP 
is the difference between the osmotic pressure under 
isotonic and hypo-osmotic conditions, and S is cell 
surface area.

The surface area of two-cell mouse embryo blas-
tomer was evaluated previously (~104 µ2) [15]. The 
Lp coeffi cient of 0.4 µ/(min×atm) can be calculated 
from the volume of embryonic cell during maximum 
swelling. The result is close to the value estimated 
for mouse mature oocytes in the maturing second cell 
division metaphase [5,8].

Common Dulbecco’s solution (Fig. 3, curve 2) 
causes a smooth ~18% reduction of the volume, which 
indicates that “normal” saline is slightly hypertonic. 
Importantly that even a short-term osmotic shock 
causes disorders in the development of an embryo 
[6,7,18]. A trend to recovery of the initial status of 
the cell is observed during long culturing. Similarly 
as with a hypo-osmotic exposure, this behavior is ex-
plained by activation of the compensatory systems of 
ion transport on the membrane.

Hyperosmotic medium causes uncompensated 
changes in the blastomer volume (Fig. 3, curve 3). In 
this case, the embryonic cell behaves as a common 
osmometer. After rapid 30% shrinking, the cell volume 
reaches the plateau and is not restored. Hence, the la-
ser microtomography technology is a direct method for 
quantitative evaluation of the volume of an individual 
cell of early mammalian embryo. The kinetics of the 
blastomer reaction to osmotic shock was demonstrated 
by this technology on a two-cell mouse embryo. We 
think that there are good grounds to use the laser quan-
titative microtomographic approach in studies of other 
types of isolated cell systems, for example, suspended 
or cultured cells.

The study was supported by the Russian Founda-
tion for Basic Research (grants No. 08-04-01761a and 
Bel-08-04-90053a).
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