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Although dimethyl sulfoxide (DMSO) has been often used in cryopreservation of fish embryo as an 

effective cryoprotectant, its maximum concentration in terms of its toxicity was obscure. When the em

bryos of several fish species, medaka, pejerrey, rainbow trout and carp, were immersed in solutions of 

various DMSO concentrations, the amounts of DMSO penetrating into the embryos were measured by 

HPLC and simultaneously their mortalities were determined from observation under microscope. 

From the uptake curves of DMSO, the permeability coefficients of DMSO to the egg membrane were es

timated to be 0.13 to 1.09 •~10-4 cm/sec. Furthermore, the relations of accumulative mortality v.s. 

DMSO concentration in embryos were well expressed by a cumulative normal distribution function, 

and the average DMSO lethal concentration of each embryo, giving a cumulative mortality of 50%, 

and its variance were determined. It was concluded that the toleranceto DMSO becomes higher in the 

order of carp, rainbow trout, pejerrey, and medaka.
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Some researches1-6) on the cryopreservation of fish em
bryos and eggs have been attempted, but a successful long
time cryopreservation method has not yet been estab
lished. It is known that the cryopreservation of small cells 
such as mammalian embryos7) and sperms8) and fish 
sperm9,10) is possible and is actually used for preservation 
for long periods. Usually, for the cryopreservation of 
small cells, cryoprotectants such as dimethyl sulfoxide 
(DMSO), glycerol and saccharides are used to immerse the 
cells in the cryoprotectant solution. The cryoprotectants 
are thought to penetrate into the cells and help to vitrify 
substances in the cell11) without fatal intracellular freezing. 
In general, the higher the intracellular concentration of 
cryoprotectants, the easier the vitrification becomes. There
fore, it is desirable that the intracellular concentration of 
cryoprotectant is high. On the other hand, most 
cryoprotectants have a toxic effect on cells to a certain ex
tent. DMSO, which is one of the most effective 
cryoprotectants, is also known to be harmful for some 
cells.12) As a first step to successful cryopreservation, it is 
important to determine the optimum intracellular concen
tration of cryoprotectant.

There is no difference in principle between the 
cryopreservation of fish eggs or embryos and other 
animals. However, since fish eggs and embryos are large 
and have a hard, thick membrane compared with other 
cells, there are difficulties not only for heat transfer during 
cooling but also for penetration of the cryoprotectants 
into the eggs.13) We believe that it is necessary to under
stand precisely the relation of the penetration and toxicity 
of cryoprotectants to fish eggs or embryos. Nevertheless, 
for fish embryos and eggs, there have been few quantita

tive investigations on the penetration of cryoprotectants 

into the embryos or eggs and their toxicity. Especially, the 

maximum concentration of cryoprotectant in terms of tox

icity is still not clear. Although Harvey et al.14) reported 

the uptakes of labeled glycerol and DMSO by the develop

ing embryo of the zebra fish, they could not show the toxic

ity of the cryoprotectants because the immersion tests were 

conducted at low concentrations of cryoprotectant. In our 

previous report,15) we compared the mortality time to inner 
DMSO concentration of rainbow trout embryos after im

mersing the embryos in DMSO solution, and suggested 

that the mortality of rainbow trout embryos could be ob

served when the DMSO concentration in the embryos was 

higher than a critical value. However, in that study, the 

DMSO concentration in the embryos was calculated by as

suming the egg membrane permeability coefficient of 

DMSO since we could not actually measure the DMSO 

concentrations.

This study evaluates quantitatively the toxicity of 

cryoprotectant to several fish embryos related to its 

penetration into the embryos. Using DMSO as one of the 

most popular cryoprotectants, immersion tests in solu

tions containing various high DMSO concentrations were 

carried out. During immersion, the mortalities were meas

ured and simultaneously the amounts of DMSO penetrat

ed in the embryos were determined by using HPLC. These 

results on the permeability of DMSO to egg membranes 

and the average lethal DMSO concentration are discussed.

Materials and Methods

Embryos of four freshwater fish species, rainbow trout
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Salmo Gairdneri, pejerrey Odonthestes Bonariensis, carp 
Cyprinus Carpio and medaka Oryzias Latipes, were used. 
The embryos of rainbow trout, pejerrey and carp were 

provided by the Department of Aquatic Biosciences, 
Tokyo Univ. of Fisheries. The embryos of rainbow trout 
and pejerrey were at the eyed stage. Carp embryos were at 
the morula stage. We started our experiments without stor
ing them after transfer to our laboratory. The medaka em
bryos of the eyed stage were taken from stocks at our 
laboratory just before use.

The cryoprotectant, DMSO (>98.5%) and the chemi
cals for HPLC use, HClO4 (60%) and H2SO4 (95%) were 
purchased from Wako Pure Chemical Industries, Ltd. Dis
tilled water was used without further purification. DMSO 
solutions of various concentrations ranging from 2 to 5 M 
were prepared just before the immersion procedure, and 
were dispensed in 75 ml aliquots into dishes. All sample 
were run in duplicate.

The embryos of every species were divided into two 

groups, and after the same immersion procedure one 

group was used for mortality observations while the other 
was used for determining the concentration of DMSO 

penetrating into the embryos.

DMSO Immersion Procedure

About 20 embryos were transferred to each petri dish 

which was filled with a DMSO solution of a given concen

tration and maintained for 120 min at room temperature. 

Simultaneously, the same procedures were carried out us

ing DMSO solutions of different concentrations. The im

mersion conditions and the character of the examined em

bryos are listed in Table 1. The diameters of 20 embryos 

were measured under a microscope just before immersion, 

and the average diameters of embryos were determined. 

The volumes and specific surface areas were calculated by 

assuming the embryos to be spherical. The temperature of 

the solutions during immersion was kept at 11 •Ž for the 

rainbow trout embryos and at 20•Ž for the other embryos.

Motality Measurement

After a given immersion time, the number of dead em
bryos were counted under a microscope. The cumulative 
mortality was defined as the ratio of the number of dead 
embryos to that of initial embryos. Death of the embryos 
except for the carp embryos was judged from lack of 
cardiac movement. In the case of the carp embryos, we 
judged the embryo to be dead if the morula stage did not 
develop to the next stage during incubation in water after 
DMSO immersion.

DMSO Concentration in Embryos16)

Several embryos were removed from the DMSO solu

Fig. 1. Changes in DMSO concentrations in embryos of four fish spe

cies during immersion into solutions of various DMSO concentra

tions; •¤, 1M;  •›,2M;• 3M;•¢4M; •ž,5 M.

tion at selected intervals. Each embryo was homogenized 

with 5 ml of 5% HClO4 for protein precipitation after 

washing with a small amount of 0.15 M saline on gauze. 

The homogenates were passed through a 0.45,ƒÊm mem

brane filter and a 5,ƒÊƒÇ portion was injected into an HPLC 

system as described below.

The HPLC system consisted of a Bio-Rad Aminex 

HPX-87H column (7.8 •~ 300 mm), Shimadzu LC-6A 

pump, CTO-6A column oven at 35•Ž, SPD-6A UV detec

tor at 210 nm, and Chromatopac C-R6A. The mobile 

phase was 0.003 M H2SO4 and the flow rate was set at 0.6 

ml/min. The DMSO concentration in the embryo, which 

was defined as the number of mol per embryo volume, was 

determined and calculated from an authentic DMSO solu

tion.

Results and Discussion

DMSO Concentration in Embryos
All HPLC chromatograms gave sharp and separable 

DMSO peaks (figures not shown), so the DMSO concentra
tions in the embryos could be calculated from the peaks. 
No previous HPLC reports have been used to determine 
the DMSO concentration in fish embryos or eggs. This 
technique was more convenient than the isotope labeling 
method used by Harvey et al.14)

Figure 1 shows the changes of DMSO concentrations in

Table 1. The immersion condition and the character of the examined embryos
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embryos by the immersion procedure. The DMSO concen
trations in the embryos of every species significantly in
creased for 10 min after they were immersed in the DMSO 
solution. The concentration then decreased slightly from 
10 to 20 min, and gradually increased again to each 
equilibrium concentration. The reasons for this transient 
decrease of DMSO concentration in the embryos which 
was significant with higher DMSO concentration in the im
mersion solution are not clear at this stage. As a possible 
explanation, the outflow effect of water through the egg 
membrane by osmotic pressure during the initial period of 
immersion, i.e., shrinking of the embryo volume, may be 

considered. Arii et al. 17) reported the shrinking of medaka 
embryo during immersion in DMSO solution, however, 
they did not determine the DMSO concentration in the em
bryo. In this present report, we calculated the concentra
tion assuming that the volume of the embryo does not 
change during the experiment. Namely, the DMSO concen
trations in Fig. I correspond to the absolute DMSO con
tents in each embryo irrespective of volume change of em
bryo. Therefore, this kind of response on DMSO concen
tration is thought to be independent of osmotic effects. 
Even Harvey,14) who measured the penetration of DMSO 
into fish embryos, did not describe this effect. Since 
DMSO concentrations used for usual immersion tests are 
within 2 M, the response may be overlooked. More de
tailed investigation is necessary to clarify cause.

Egg Membrane Permeability Coefficient of DMSO
We also determined the permeability coefficient k of 

DMSO to the egg membrane from the initial gradients of 
each DMSO uptake curve in Fig. 1. We assumed that the 

penetrating velocity depended on the difference of 
cryoprotectant concentration between the inside of the egg 
and outside of it, the surface area of the egg and permeabli
ty coefficient. This is given by the following equation:

(dCin/dt)=k(A/V)(Cout-Cin). Eq.1

This equation expresses the transport rate of DMSO 
through the egg membrane into the embryo. Cin and Cout, 
are the DMSO concentrations in the embryo and in the im
mersion solution, respectively. A and V are the surface 
area and volume of the embryo, respectively. At the initial

Table 2. The estimated permeability coefficient k of DMSO of the 

egg membranes of several fish embryos

stage of immersion, Cin is approximately 0. Therefore, if 
the initial gradient of the DMSO uptake curve, i.e. (dCin/ 
dt) within a few minutes, is known, the permeability 
coefficient k can be estimated.

As shown in Table 2, the permeability coefficient k of 

DMSO to the egg membrane of the examined embryos 

ranged from 0.13•~10-4 to 1.09•~0-4cm/sec. These 

values are small compared with the value (2.25 •~ 10-4 cm/ 

sec) of other cells published in the literature. 12) This is 

thought to be a reasonable result because the egg mem

brane of fish is known to be hard and thick. Although the 

permeability coefficient of DMSO for rainbow trout in
creased with DMSO concentration in the immersion solu

tion, this increase is thought to be of no significance be

cause the degree of increase is within the range of error of 

estimating the permeability coefficient. It should be noted 

that the figures of the permeability of DMSO listed in 

Table 2 can be used to estimate the DMSO concentration 

in fish embryos for cryopreservation.

From a comparison of the DMSO uptakes among the 

embryos, the inner DMSO concentrations in the rainbow 

trout embryo were much lower than those of the other spe

cies. This is probably due to the difference in embryo size 

as listed in Table 1. The average diameter of rainbow trout 

embryos was much larger than the others, despite the high 

permeability of DMSO to the egg membrane of the rain
bow trout as shown in Table 2. Therefore, the inner 

DMSO concentration increases more slowly.

Cumulative Mortality

In the mortality test of the eyed stage embryos, as the im
mersion time proceeded the pectoral fin showed convulsive 
movement, the blood stream stopped, and at last cardiac 
movement stopped. Fatal carp embryo of the morula stage 
became cloudy as the immersion time increased and de
velopment to the eyed stage was not recognized during in
cubation in water after immersion.

Fig. 2. Changes in the cumulative mortality of the embryos of four fish 

species during immersion in solutions of various DMSO concentra

 tions;•› , 2 M; •  , 3 M;•¢; 4 M; •ž , 5 M.
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Figure 2 shows the relations between the cumulative 
mortality of embryos and the immersion time. The results 
clearly indicate that DMSO is harmful to every fish em
bryo although there are apparently considerable differ
ences in tolerance among the different kinds of embryo. 
The mortality-time relationship for rainbow trout and 

pejerrey was tested using a solution of various DMSO con
centrations as shown in Fig. 2. It is of interest to note that 
immersion in the 2 M DMSO solution had no influence on 
the mortality of the rainbow trout and pejerrey embryos. 
However, when the DMSO concentration was more than 
2 M, the mortality of most embryos quickly increased after 
the induction period in which the mortalities ranged from 
of 0 to 10%. From the results for rainbow trout and pejer
rey, it was found that the induction period reduced as the 
DMSO concentration of the immersion solution increased. 
This phenomenon is thought to be related to the inner em
bryo concentration of DMSO, as is described later.

Average Lethal DMSO Concentration
The DMSO concentration in embryos and cumulative 

mortality at identical immersion times were read from the 
uptake curves of DMSO into the embryos (Fig. 1) and the 
cumulative mortality-time curves (Fig. 2). The relationship 
between them is shown in Fig. 3. This figure indicates the 
direct toxicity of DMSO concentration on the fish embryos 
since the effect of the egg membrane resistance is eliminat
ed. As shown in Fig. 3, the cumulative mortality of every 
fish embryo except for carp was 0% as long as the DMSO 
concentration in the embryo was less than about 0.7 M. 
This result indicates an upper limit of cryoprotectant. 
Data obtained by using the immersion solution of different 
DMSO concentrations are shown in each plot for rainbow 
trout and pejerrey, and are denoted by different symbols in 
Fig. 3. However, all plots tended to gather on an identical 
curve. This suggests that DMSO penetration into the em
bryo is restricted by the permeation rate of DMSO across

Fig. 3. Relations between the cumulative mortality and the inner 

 DMSO concentration for the embryos of four fish species when im

mersed into solutions of various DMSO concentrations; •› , 2 M; • ,

3M; •ž,4M; 0,5M.

The plots represent the actual measured data. The curves indicat

ed by various patterns represent the fitted results to a cumulative nor

mal distribution function.

the egg membrane and the diffusion rate of DMSO in the 
embryos is very fast compared with the permeation rate. If 
the diffusion rate in the embryo is assumed to be low, as 
the initial difference of DMSO concentration becomes 
large between the outside and the inside of the egg mem
brane, the DMSO concentration should increase more 

quickly near the egg membrane, where the important or
gans are gathered. So, the lethal DMSO concentration 
averaged for the volume should become small as the 
DMSO concentration in the immersion solution increases. 
On the contrary, the result was independent of the DMSO 
concentration of the immersion solution. Therefore, the 
above assumption was disproved and the concentration 

gradient of DMSO in the embryo might be small.
The curves in Fig. 3 were obtained by fitting Eq. 2, 

which is a cumulative distribution function. Equation 2 as
sumes that the probability that the embryo dies depends 
on the DMSO concentration in the embryo as a normal dis
tribution function:

Where, MA is a cumulative mortality as a function of the 

DMSO concentration Cin in embryos. Cav is the average 

lethal DMSO concentration corresponding to the concen

tration at which the cumulative mortality reaches 50%.ƒÐ2 

is the variance and 'erf ( )' is an error function. As 

shown in Fig. 3, the relationship of the cumulative mortali

ty and Cin for every fish embryo is well approximated by 

Eq. 2. The parameters obtained from fitting, Cav, and ƒÐ2, 

are listed in Table 3. By using these results and the 

permeability coefficients in Table 2, the cumulative mortali

ty of each fish embryo for an arbitrary immersion time in a 

DMSO solution of any concentration can be determined 

from Eqs. 1 and 2.

The difference of Cav among the embryos reflects the 

difference in the tolerance of the fish embryo. It is general

ly known that the tolerance of fish embryos to chemicals 

depends on the development stage; embryos of the eyed 

stage are stable while those of the morula stage are rela

tively unstable. Arii et al.17) reported that medaka embryo 

showed a difference in tolerance to DMSO depending on 

the development stage. In this report only the carp embryo 

was at the morula stage, while others were at the eyed 

stage. When comparing the eyed stage embryos, medaka 

embryos have a remarkable tolerance to DMSO, and their 

environment adaptability as a species is high since they 

showed a large variance (ƒÐ2). On the contrary, rainbow 

trout embryos were found to be very sensitive. Though it 

may be not valid to compare the tolerance of carp embryo 

to DMSO even with that of embryos of other stages, the 

average lethal DMSO concentration Cav of carp embryo 

was very small because the carp embryo was at the morula

Table 3. The lethal average DMSO concentration Cav and variance 

ƒÐ2 of fish embryos
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stage.

In summary, for several fish embryos, the tolerable in
ner embryo concentration of DMSO , i.e., the average l
ethal DMSO concentration, can be determined quantita
tively, and depends on the fish species and the develop
ment stage. The tolerance to DMSO was higher in the 
order of carp, rainbow trout, pejerrey, and medaka . The 
obtained permeability coefficients of DMSO to the egg 
membranes were small because fish egg membranes are 
hard and thick. The relationship of cumulative mortality 
to DMSO concentration in embryos were well expressed 
by a cumulative normal distribution function . These 
results may be used to predict the cumulative mortality of 
each fish embryo at an arbitrary immersion time in a 
DMSO solution of any concentration. However, it should 
be noted that all results in this paper were obtained at a 
temperature which was close to room temperature . During 
cooling, freezing or immersion at different temperatures , 
our results may not be valid, i.e., the DMSO permeability 
to egg membrane and the lethal DMSO concentration 
might depend on temperature. The effect of temperature 
on permeability and lethal cryoprotectant needs to be in
vestigated systematically.
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