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Abstract

Fifty buffalo embryos were recovered non-surgically on day 5-6
of the estrous cycle. The collected embryos were exposed to an
increasing concentration of glycerol in phosphate buffer saline (PBS),
either by a three step addition or six step addition. In the final
concentration (1.5M glycerol), each embryo was aspirated into 0.25 m!
straw. Two freezing procedures were used. Procedure (A): conventional
freezing (slow cooling) in which the freezing rate was 2°C/min. from
room temperature to -79C and cooled at 0.3°C/min to -350C, then, to
-809C at cooling rate 109C/min before being plunged into liquid
nitrogen (LN). Procedure (B): Rapid cooling or vitrification, the embryos
were directly plunged into LN after addition of cryoprotectant solution.
Two techniques of thawing were applied on embryos frozen, either by
rapid or slow methods. The first technique included plunging the straws
into a water bath at 37°C for 30 seconds, while the second one
included holding the straws in air at room temperature for 2 minutes.
Cryoprotectant was removed and embryos were washed. The viability
was assessed using morphological evaluation and by staining the
embryos with fluorescein diacetate (FDA). Embryos were examined
under a reflected-ligh fluorescence microscope, and according to the
fluorescence observed the embryos were classified as bright and non-
bright (fluorescence was not detected).

Twenty-one of them were frozen by rapid cooling method
(vitrification), 10 of them were frozen after adding glycerol in 3 steps.
On staining, the post-thawed embryos by FDA stain for evaluation 6
(60%) and 4 (40%) embryos were bright and non-bright, respectively.
When embryos were frozen after adding glycerol in 6 steps (n=11), the
respective values were 9 (81.8%) and 2 (18.2%). Differences among
the 2 regimens of glycerol addition (3 and 6 steps) were significant
(P<0.01). On the other side, 22 embryos were frozen by slow cooling.
On adding glycerol in steps, 7 (77.8%) and 2 (22.2%), embryos were
bright and non-bright, respectively. Six steps glycerol additions revealed
that 10 (76.9%) and (23.1%) embryos were bright and non-bright,
respectively. No significant differences were noted between the two
regimens of glycerol addition. Irrespective of the regimen of glycerol
addition, the comparison between rapid and slow methods of freezing
illustrated that, on using rapid freezing, 15 (71.4%) and 6 (28.6%),
embryos were bright and non-bright, respectively. The respective values
on using slow method were 17 (77.3%) and 5 (22.7%). Differences
between the two methods of freezing were non-significant. Across both
methods of freezing, 14 blastocysts (87.5%) and 18 morulae (66.7%)
were bright, the differences between the 2 stages were highly
significant (P<0.01). Seven out 22 embryos (31.8%) developed
damaged ZP on using slow method of freezing, while, only 4 out of 21
(19.1%) embryous showed similar lesions on using rapid freezing, the
difference between them was significant (P<0.05). Embryos thawed in
water bath resulted in recovery rate of 82.8%, while, those thawed in
air at room temperature resulted in 90.5% recovery rate. The difference
between the methods of thawing was non-significant.
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INTRODUCTION

Embryo deep freezing could play an'important role in a national breeding
program for bull-mothers selection. It also opens up possibilities for the trade both
locally and internationally with embryos. In this way, breeds with desirable genetic
traits could be introduced into new areas as embryos (Wilmut et al, 1991). The
successful presevation of embryos depends on one or a combination of the principle
variables of cryobiology which were stated by Leibo (1981). The first principle variabie
of cryobiology is the type and concentration of cryoprotective compound in which the
embryos are suspended for freezing. The second is ice formation; the freezing point of
a cryoprotectant solution depends on the number of molecules of solvent present and
the volume being cooled. The third variable, is the cooling rate and temperature at
which the frozen embryos are stored. The fourth principle variable is warming rate, and
the final variable is the rate and temperature at which the embryo is diluted out of the
solution in which it was originally frozen.

Therefore, the present investigation was designed to study the effect of
cryoprotectant rate and its steps of addition, cooling rate and freezing type on the
viability of buffalo-embryos, as well, as, different methods of embryos thawing
employed to spot the most appropriate embryo freezing and thawing techniques in
buffalo species.

MATERIALS AND METHODS
Embryo recovery and morphological evaluation

Recovery of buffalo-embryos was performed non-surgically on day 5-6 of the
oestrous cycle using the method described by NewComb et al. (1978). Morphological
evaluation has been used to delineate embryo quality; the evaluation was applied
according to Takeda (1986). It included shape, colour, number and compactness of
blastomere cells, size of perivitelline space, number of extruded and degenerated cells,
number and size of vesicles and embryo age in relation to stage of the donor estrous
cycle. Considering this, the embryos were classified as excellent, good, fair and poor,
Only embryos of excellent and good quality were used in the freezing process. Stages
of embryonic development ranged from morula to blastocyst.

Preparation of cryoprotectant stock solution (3.0 M glycerol)
Glycerol (1.5 M) was used as a cryoprotectant for embryo freezing.

1. To add 7.4 mi of modified Dulbecco's phosphate buffer saline (according to
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Mohammed 1991) supplemented with 10-20% bovine serum albumin (BSA) to 2.1
mi of pure glycerol.

2. The prepared solution was then passed through a 0.2 um filter into 20 m! screw cap
bottle, then stored in a freezer at-20°C for use.

3. Dilution of 3.0 M stock solution can be done by the following formula (Actual
concentration of stock solution) - (Desired concentration) / Desired concentration
(Takeda 1984).

This formula determines the number of part of PBS that should be added to one
part of stock solution to obtain the desired concentration of the solution.

Embryo freezing

The collected embryos were exposed to an increasing concentration of glycerol
in PSB at room temperature, either, by a three step addition (0.05 M, 1.0M then
1.5M), with 10,10 and 15 minute, respectively for equilibration, or six step addition
(0.25 M, 0.5, 0.75M, 1.0M then 1.5M) with 10,10,10,10,10 and 15 minute for
equilibration, respectively. In the final concentration (1.5 M glycerol), each embryo was
aspirated into 0.25 ml straw. Two freezing procedves were used. -Procéduse (A):
Programmable freezer, tonventional freezing rate (slow cooling) in which the freezing
rate was 2°C/min. from room temperature t0-7°C. After 5 min of equilibration at that
temperature, ice crystal formation was induced (seeding) by touching the wall of each
straw with forceps previously embedded in liquid nitrogen (LN). Subsequently, samples
were. equilibrated for an additional 10 min at seeding temperature and cooled at
0.3°C/min to-35°C, then, t0-80°C at cooling rate 10°C/miin before being plunged into
LN (according to Mohammed 1995). In second freezing procedure (type B: Rapid
cooling or vitrification), the embryos were directly plunged into LN (according to
Ishimori et al., 1992).

Embryo thawing

After 2-5 months of embryos storage in LN, the straws were thawed. Two
techniques of thawing were applied on embryos frozen either by rapid or slow
methods. The first technique, included plunging the straws into a water bath at 37°C
for 30 seconds, while, the second one included holding the straws at room
temperature for 2 minutes. The content of each straw was emptied into a steriie
holding dish containing 1.5M gicerol-phosphat buffer saline solution freshly prepared.
Cryoprotectant was removed by three step-wise (1.5M, 1.0M and 0.5M), or six
step-dilution 0.25 M to 1.5M degradations with 5-10 min equilibration at each step.
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The embryo was washed twice in a holding medium to remove all cryoprotectant, and
the viability was assessed again using morphological evaluation and fluorescent stain.

Fluorescence method for embryo evaluation

In order to assess the viability of the post-thawed embryos, more accurate and
rapid, fluorescence tests assay were applied. This easy test was used for embryo
viability determination. The living blastomere cells of the frozen-thawed embryos were
detected by staining the embryos with fluorescein diacetate (FDA), (Sigma Chemical
Co., USA) in concentration of 1:400 000 according to Schilling and Dopke (1978). A
stock solution of 5 mg FDA/mI of acetone was prepared and stored at-20°C, and just
before use a solution of 0.5 ml stock/ml PBS was prepared giving a final concentration
of 1:400 000. Embryos were incubated in FDA solution for 3-5 minutes at room
temperature before examination. The embryos were then transferred onto a sterile
glass depression slide with small amount of FDA-free PDS to reduce distracting
background fluorescence. Embryos were observed under a reflected-light fluorescence
microscope at a magnification of X200. The ligh source was a mercury lamp with a
series of excitors and barriers which restricted light reaching to the specimen to 530
nm. Each embryo was exposed to ultraviolet (UV) and the fluorescence observed
appeared green, and was classified as:

1) Completely bright (more than 75% of the embryo size appeared fluorescing).

2) Partial bright (fluorescence not completely covering the embryo, or only dim
fluorescence).

3) No fluorescence detected, or only one to few blastomeres appeared bright. All
statictical analysis were done according to Snedecor and Cochran (1980).

Table 1. Influence of rapid cooling on post-thawing buffalo embryos quality.

post thawing quality using fluorsecence stain
Regime of Stages of Bright Non-bright
glycerol embryos - (%)
addition development Corrlj)lete P(ei;tlal Tg/tal
(no.) (%) o) (%)
Three steps| Blastocyst (3) | 0(0.0) |2 (75.0) | 2(75.0) 1(25.0)
Morula (7) 2(28.6) | 2(28.6) | 4(57.1) 3(42.9)
Total 10 2(20.0) 4(40.0) 6(60.0) 4(40.0)
Six steps Blastocyst (4) | 2 (50.0) | 2 (50.0) |4(100.0) 0(00.0)
Morula (7) 2(28.6) 3(42.8) 5(71.4) 2(28.8)
Total 4(36.4)# | 5(45.5) |9(81.8)# 2(18.2)#

Chi square between percentage of total values in the same column.
# significant at (P<0.01) " non-significant.
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Table 2. Influence of slow cooling on post-thawing buffalo embryos quality.
post-thawing quality using fluorscence stain
Regime of Stages of Bright Non-bfight
%e
glyggrol SHBRES Complete Partial Total s
addition development (%) (%) (%)
(no.) o (J o
Three steps| Blastocyst (4) | 1 (25.0) | 2(50.0) 3(75.0) 1 (25.0)
Morula (5) 1(20.0) 3(60.0) 4(80.0) 1(20.9)
Total 9 2(22.2) 5(55.6) 7(77.8) 2(22.2)
Six steps Blastocyst (5) | 2 (40.0) 3(60.0) |5(100.0) 0(00.0)
Morula (8) 2(25.0) 3(37.5) 5(62.5) 3(37.5)
Total 4(30.8) 6(46.2) |10(76.9) 3(32.1) -
Chi square between percentage of totol values in the same column.
" non-significant.
Table 3. Comparison between rapid and slow methoods of freezing.
post thawing quality using fluorscence stain
Regime of Stages of Bright Non-bright
glycerol embryos 3 (%)
addition development Conz;lete Paortlal Total
(no.) (%) (%) (%)
Three steps| Blastocyst (7) | 2 (28.6) | 4(57.1) | 6(85.7) 1(14.3)
Morula (14) 4(28.6) 5(35.7) | 9(64.3) 5(35.7)
Total 21 6(28.6) 9(42.9) | 15(71.4) 6(28.6)
Six steps | Blastocyst (9) | 3(33.3) 5(55.6) | 8(88.9) 1(11.1)
Morula (13) 3(23.1) 6(46.2) | 9(69.2) 4(30.8)
Total 6(27.3) 11(50.0) | 17(77.3) 5(22.7) -

Chi square between percentage of totol values in the same column.
" non-significant.
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RESULTS

The influence of rapid cooling method of freezing (vitrification) on the embryo
quality is presented in Table 1. Out of 10 embryos frozen by adding glycerol in 3
steps, 6 (60%) and 4 (40%), emberyos were bright and non-bright, respectively on
staining the post thawing embryos by FDA stain. When the embroys frozen by adding
blycerol in 6 steps, the repective values were 9 (81%) bright and 2 (18.2%)
non-bright. Differences between the 2 regimens of adding glycerol (3 and 6 steps)
were significant (p<0.01) with bright {completely bright, (Fig. 1) and partial bright.
(Fig 2} and not bright (Fig. 3)post-thawing embryos.

Table 2 depicting the effect of effect of using slow cooling method of freezing
(automatic freezer) on post thawing embryo quality as illustrated by using fluores cent
stain. On adding glycerol in 3 steps, 7 (77.8%) and 2 (22.2%) embryoé were bright
and non-bright, respectively. Six steps glycerol addition revealed that, 10 (76.9%) and
3(23.1%) embryos were bright and non-bright, respectively. Statistical analysis
showed non-significantdifferences between the two regimens (3 and 6 steps) of
glycerol addition.

Irrespective of the regimen of adding glycerol during freezing (3 and 6 steps),
the comparison between rapid and slow method of freezing (Table 3) illustrated that,
on using rapid method, 15 (71.4%) and 6(28.6) embryoss were bright and non-bright,
respectively. The rspective values on using slow method were 17 (77.3%) and 5
(22.7%). Differences between rapid and slow method of freezing were statistically

non-significant.

Amongat all buffalo embryos (n=43) that were frozen in this experimentm, 16
(37.2%) were blastocysts, whereas, 27 (62.8%) were morulae (Table 4). Across both
methods of freezing (rapid and slow) 14 blastocysts (87.5%) and 18 morulae (66.7%)
were bright when stained with fluorescent stain after thawing.On the other hand, 2
blastocys (12.5%) and 9 morulae (33.3%) were non-bright. Statistical, analysis
revealed highly significant diffrences (p<0.01) between the two stages. Irrespective
of the embryo stage, 32 embryos (74.4%) kept their vialitity after freezing, whereas,
11 emboryos (25.6%) did not survive post-freezing. Statistically, the difference
between viable and dead embryos due to frezing was significant (p<0.01).

Table 4. The influence of embryo stage on the post-thawing embryos quality.

embryo stages Bright (%) | Not bright(%) | Total (%)

’ Blastocyst 14 (87.5) 2 (12.5) 16 (37.2)
Morula 18 (66.7) 9 (38.3) 27 (62.8)
Total

32(74.4) 11(25.0) 43
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Table 5 presents the influence of freezing method on the dmage or of zona pellucida
of post - thawing embroyos. Seven out of 22 embryos (931.8%) developed dmaged
ZP on using slow method of freezing. However, only 4(19.1%) out of 21 embryos
showed similar lesions on using the rapid method of freezing. Statistical analysis
revealed significant differences (p< 0.05) between the values of damaged zona in both
methods of freezing.

Table 5. The influence of freezing method zone on pellucide of embryos.

Freezing methods | Total embryo embryos with dam-
aged ZP(%)
1. Slow 22 7(31.8)*
il. Rapid 21 4(19.1)
Total 43 11(25.6)

*Significant (P < 0.05)

Table 6. The influence of thawing method on of embryo recovery.

Methods of embryos thawing Total thawed embryo Embryos recovery after
thawing (%)
I.Water beth thaw (37 °C/30Sec.) 29 24(82.8)
Il. Room Temperature (2 min.) 21 19(90.5)

Total 50 43(86)

- non-Signifcent

The influence of thawing method on the embryo recovery rate is shown in Table 6.
Thawing in water bath resulted in recovery of 24 (82.8%) embryos from 29 straw,
each containing one embryo. However, by thawing straws at room temperature, 19
(90.5%) embryos were recovered from 21 straws each containing one embryo.
Difference between the recovery rate of both methods were statistically
non-significant temperature. 19 (9.5%) 190.
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Figure 1. Completely bright embryo. .

Figure 2. Partial bright embryo.

Figure 3. Non-bright embryo.
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DISCUSSION

The cfyoproteclive compounds are .usually divided into two categories, those
which freely permeate most cells as glycerol, dimethyl sulphoxide and ethylene gtycol,
and those which do not permeate as sucrose, polyvinyl pyrrolidone, hydroxy ethyl
starch, dextrans and albumin (Leibo, 1981).

Two methods of freezing have been demonstrated for embryo freezing, the siow
(conventional), and rapid (vitrification) methods. The method of slow cooling embryos
was based on the need to avoid intracellular ice formation by progressive dehydration .
of cells during the ice formation phase. Specific training, equipment and liological
freezing machines were mecessary for the application of this method (Elsden et .
al.,1982). The rapid method included freezing in one step by directly plunging into
liquid nitrogen (Rall et al, 1986). Rapid freezing techique had the advantage of
avoiding the damage caused by intracellular ice formation and osmotic effects caused
by extracellular ice formation. It also offered considerable promise for simplifying and
improving the cryopreservation associated with the formation of ice in the suspension
not was eliminated (Rall, 1987). In our study, no significant differences of in the
percentage of positive fluoresced embryos were noted between the rapid and slow
methods of freezing buffalo embryos. Positive fluoresced embryos were accounted to
be 71.4% and 77.3%, re§pectively. However, addition of glycerol in 6 steps during the
rapid method of freezing developed bettr results than recorded when glycerol was
added in 3 steps. These results were in agreement with those reported by Franks et al.
(1986). Also, Takeda, et al. (1984) reported a high survival rate reaching to 88% for
bovine embryos frozen by vitrificantion method.

Irrespective of the method of embryo freezing used in this investigation,
blastocysts had higher survival rate than morulae (87.5 vs 66.7%; P<0.01) as
evaluated after thawing by FDA florescent stain. This means that the developmental
stage of the embryo is a factor affecting its tolerance to cryopreservation. The same
concept was given by Urano et al. (1986). Similarly, Seidel et al. (1983) reported that
bovine blastocysts survived freezing better that morulae. Moreover, Lade et al. (1985)
observed a marked effect of the developmental stage on post thawing viabillty of
equine embryos. They reported that early blastocysts of frozen thawed equine
embryos survived better (62%) than blastocysts (10%). Recently, Ishimori et al.
(1992) found that the rate of development of vitrified mouse morulae and blastocysts
were 34% and 50%, respectively. On the contrary to our findings, Videz et al. (1990)
reported that, after frezing by vetrification method, mouse blastocysts had
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post-thawing survival rate lower than that of morulae. However, the reason that,
frozen thawed buffalo blstocysts were superior to morulae are unknown, but it was
well documented that embryonic stages differed in their sensitivity to various
cryobrotective concentration. Differences in permeability were likely to exist between
morulae and blastocysts. Blastocysts with peripheral trophoblast cells and a distinct
blastocoel responded to osmotic change completely different than morulae with their
compacted blastomeres (Niemann, 1985). Maurer and Haseman (1976) reported that,
sensitivity to coolin'g perocedures could be influenced by blastomere size and that
procedure (freezing and cryoprotectam concentration) should therefore be varied to
accommodate these changes in the blastomeres size associated to embryo stage.
Expanded and hatched blastocysts did not appear to be as viable after
cryopreservatation (Niemann et al., 1987).

In the current research, two regimens of thawing the emmbryos were applied.
Embryo recovery rate was 82.8% when embryos were thawed in a water both at 37°C
for 30 seconds. This value was lower than that obtained (90.5%) when embryos were
thawed in air at room tem'perature for 2 min. Similar results were cobtained by
Bielanaéki et al. (1986) on thawing embryos in water bath. In fact, the low recovery
rate obtained by using water bath method might, presumably, be due to the the
sudden increase in the temperature, and consequently, increasing the size of air
bubbles inside the straw which led to increasing the pressure inside straws resulting in
embryo rupture. This suggestion might be of little effect in thawing method due to
the gradual increase in the temperature and pressure inside the straws.

With regard to the function of zona pellucida (ZP) during embryo preservation, it
is well known that an intact ZP is essential for the survival of bovine embryos during
freezing and thawing (Lehn-Jensen and Rall, 1983). Niemann (1985) stated that,
although damaged embryos developed well in culture, none developed into fetuses
when transferred into recipients. Moreover, Hoppe and Bavister (1983) reported that,
despite the fact that ZP is not required for normal development of bovine embryos in
vitro and vivo, damage or breakage of ZP during freezing and thawing could seriously
limit the use of such embryo. However, Willadse_n, et al. (1978) reported that
transferring embryos with damaged ZP have developed 30% pregnancy rate. Our
results revealed that, amongst embryos thawed by either of the two methods of
thawing, it was clear that those frozen by slow method exhibited zona damage more
than those frozen by the rapid method (31.8% vs 19.15). Similarly, Elsden et al.
(1982) reported that 30% of the embryos with damaged ZP resulted on using siow
method of freeging. Also, Niemann (1985) found that the percentage of embryos with
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damaged ZP (26.6%) which originated on freezing with 1.4M glycerol was reduced to
13.2% when glycerol concentration was decreased to 1.0M. However, eatlier reports
suggested 2 possible mechanisms for zona fracture in cryopreserved embryos. Landa
(1982) proposed that, mechanical stress when ice crystaié surrounding embryos melt
unevenly during thawing and moved in opposite directions and produced shearing
forces causing zona fracture, cryomicroscopic evidence did not subscribe to this view.
The second proposed mechanism (Rall et al, 1984) suggested that, embryo
suspensions were susceptible to thermally induced mechanical stress when liquid
channels completely were solidified at temperature below-110°C. Subsequent rapid
change in temperature while thawing in water bath resulted in a very high level of
mechanical stress causing zona damage. Cryomicroscopic studies of embryo
suspensions provided direct evidence to this view. Furthermore, it was also reported
that the zona pellucida was predisposed for damage owing to burst at heat produced
by ice formed on the surface releasing latent heat of freezing during thawing (Rall and
Mayer, 1989).
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