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Abstract

The following results were obtained :

1. Entamoeba histolytica survived for only several days in a sample with 5%
dimethyl sulfoxide at —75C after pre-cooling in a —25C freezer.

2. In a sample with 7.5% glycerol stored at —20C, RH strain of Toxoplasma
gondii survived for at least 75 days, and Plasmodium berghei was preserved for 49
days, whereas Trypanosoma gambiense survived for only 3 days.

3. T. gambiense, P. berghei, and RH strain of T. gondii could be easily stored
at —75C in the presence of 7.5% glycerol, and even without any cryo-protective sub-
stance, the latter two species survived for about 80 days.

4. In spite of several trials, Beverley strain of 7. gowndii could not survive at
low temperatures except only one sample stored at —20C for one day had an infect-
ivity to a mouse.

5. The most interesting finding was that the survival period of protozoa in the
sample prepared with inactivated bovine serum was somewhat longer than that pre-
pared with physiological saline.

Introduction

It was often reported that various kinds preservation of trichomonads in freezers at

of parasitic protozoa might survive for a
long period at an ultra-low temperature
lower than —75C in the presence of
glycerol or dimethyl sulfoxide. The
author also reported his results of the

—25C and —75C (Miyata, 1973), and the
present paper contains the results obtained

from several parasitic protozoa other than
trichomonads.

Contribution No. 683 from the Institute for Tropical Medicine, Nagasaki University




On the Cryo-biological Study of the Parasitic Protozoa (2) 205

Materials and Methods

The following species and strains of
parasitic protozoa were used:

Entamoeba histolytica, Laredo strain
(supplied by Prof. K. Asami, Keio Uni-
versity)

Trypanosoma gambiense (supplied by
Prof. S. Inoki, Osaka University)
Plasmodium berghei (supplied by Prof.
Q. M. Geiman, Stanford University School
of Medicine)

Toxoplasma gondit, RH and Beverley
strains (supplied by Prof. S. Takada,
Osaka City University)

E. histolytica was cultivated in Tanabe-
Chiba Medium (1928) which consisted of
10g of agar and 1g of sodium asparate
in 1 liter of Ringer’s solution. Each 5~
6 ml of the solution was pippetted into a
test tube, and sterilized 3 times intermit-
tently by 100C steam for 30 minutes,
then cooled in the state of reclining at an
angle of 5~6° at room temperature. Just
before use, 5ml of Ringer’s solution con-

were added into the test tube. The other
protozoa were maintained by serial mouse-
passages.

Dimethy! sulfoxide (DMSO) or glycerol
(GLY) was used as the cryo-protective
substance. Twice of the reguired final
concentration (v/v) of a cryo-protective
substance was diluted with an equal vol-
ume of a protozoan suspension prepared in
distilled water or physiological saline.

One ml of the sample was distributed
into a small test tube or an ampoule,
then closed by a rubber cap or sealed by
heat, respectively.

The samples were allowed to equilibrate
for 10 minutes with DMSO or 30 minutes
with GLY, then stored in freezers adjust-
ed at —20C, —25C, or —75C. The cool-
ing speed was checked for each experi-
ment with an electric thermocouple.

For examinations, the samples were
taken out from the freezer at various
intervals and thawed rapidly in a 37C

taining 5% inactivated bovine serum and water bath.
1 or 2 loops of sterilized rice powder
Results

(1) Entamoeba histolytica

One week cultured E. histolytica was
gathered from the bottom of the media,
and used for the experiment. At first the
sample with or without 5% DMSO was
cooled directly in a —75C freezer, but
after the temperature of the sample reach-
ed —30C, no survival amoeba was de-
tected. Then, in the next attempt, the
pre-cooling method reported in the previ-
ous paper (Miyata, 1973) was used; The

samples with 5% DMSO were cooled in
a —25C freezer for 1.5 hours, then a
half of the pre-cooled samples was trans-
fered into the —75C freezer and the rest
stored still in the —25C freezer (Table
1). The surviving amoebae were detected
microscopically in the sample of the 6-day
storage at —25C. The similar results
were obtained in the —75C freezer. The
longest survival record of E. histolytica
at —75C was only 4 days in the table 1,
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Table 1. Freezing preservation of Entamoeba
histolytica in the presence of 5%
DMSO

| Storage Period in
| —75C Freezer
after Precooling in
—25C Freezer

Storage Period in
—25C Freezer

at OC1? —+ . 1 hour® +
at super-cooled 1 day +(+)

state+

2 days +(+)
at —20C * 4 days —(+)
2>
1 hour + g 10 days _
)

1 day (P 16 days —(=)
2 days +
4 days —(+)
6 days +
10 days -
14 days —(=)

Notes: 1) Sample was examined at 0C, and
motile amoebae were detected mi-
croscopically as shown as +.

2) After the temperature of a sample
reached —20C, the sample was stored
for one hour.

3) When the temperature of a sample
reached —20C, all samples were stor-
ed for one hour in the —25C freezer,
then half of the samples were trans-
fered into the —75C freezer.

4) After microscopic examination, the
sample was inoculated a fresh medi-
um and cultivated for one week in a
37C incubator and the result was
shown inside of ( ).

and the record was prolonged to 8 days
in the repeated trials. Various concentra-
tions of GLY and DMSO were also exam-
ined in succeeding experiments, and no
successful result was obtained.

In the —25C freezer, the decrease in
the number of motile amoebae was pro-
portional to the drop of the sample’s
temperature, (Fig. 1), indicating that
longer pre-cooling in the freezer was
injurious to the survival of the amoeba.

(2) Trypanosoma gambiense
A total of 8 ml blood was collected by
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Fig. 1. Decrease of Entamoeba histolytica in the

—25C freezer.

In the following 6 points, the average and
the range of the survival number in 5 mi-
croscopic fields were shown in each results.
A: at room temperature B: at 0C
C: at super-cooled state D: at —20C
E: sample stored for one hour after tempera-

ture reached —20C
F: sample stored for 2 days after tempera-
ture reached —20C

the heart-puncture with heparinized syr-
inges from ten mice infected by 7. gambi-
ense, and added to 22 ml of inactivated
bovine serum. The mixture was divided
into 3 parts as follows:

Group 1. 10 ml of the mixture + 10 ml of
15% GLY prepared in distilled
water (The final concentration
of GLY was 7.5%.)

Group 2. 10ml of the mixture + 10 ml of
physiological saline

Group 3. 10 m! of the mixture + 10ml of
inactivated bovine serum
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into 20
and half of them were

Each one ml was distributed
small test tubes,
placed in a —20C freezer, the rest in a
the final
average number of trypanosomes in the

—75C freezer. Before cooling,

sample was 40,000 per mm3. Survivals

at various periods of the storage were
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In the —20C freezer,
trypanosomes could survive for at least 3
days in the sample with GLY (Group 1),
whereas in the other two groups no sur-
vival was detected. In the —75C freezer,

shown in Table 2.

surviving trypanosomes were found after
the storage for 80 days in Group 1 and

Table 2. Freezing preservation of Trypanosoma gambiense
Period Stored Group of Stored in —?OC Freezer Stored in —75C Freezer
(days) Sample | Microscopic | Mouse Microscopic Mouse
B | Examination Inoculation Examination Inoculation
1 | + 4DV 1‘ It 4D
1 2 1 - | s2 ‘ 1y 4D
3 ; - i S i - 5D
1 | i 7D 1 4D
3 2 - } s | H 3D
3 \ - | S | - 5D
| 1 | - | s \ 1 3D
7 2 - S H 3D
3 - | S | - ‘ 5D
: 1 l £ ‘ 3D
14 [ 2 . ‘ + ! 4D
‘ 3 ‘ | - 5D
1 [ 4 3D
31 2 i + 5D
3 1 - 5D
1 | | H . 3D
50 2 i - 9D
3 - 5D
H 8D
80 \ - S
| | ! - 9D
Notes : Aksample of each group consists as follows:

Group 1. 0.5ml of the mixture with trypanosomes + 0.5ml of 15% GLY

Group 2. 0.5ml of the mixture with trypanosomes + 0.5ml of physiological saline

Group 3. 0.5ml of the mixture with trypanosomes + 0.5ml of inactivated bovine serum

1) Four days later, the inoculated mouse died of the heavy infection of T. gambiense.

2) The inoculated mouse survived for longer than 10 days without infection.

44 : Many survival trypanosomes were detected from the sample (more than 50 survivals
per one microscopic field of 400x, and average survival rate of trypanosomes was

10~20%) .

H : Less than 50 survival trypanosomes were detected in each microscopic field and
the average survival rate was lower than 10%.

+ : Very few survival trypanosomes were detected in the sample.

— : Survival trypanosome was never detected microscopically in the sample.
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3. In Group 2, however, the number of infect the mice. It might be a most
motile trypanosomes decreased proportion- interesting finding that any motile trypa-
ally to the storage period, and at last nosome was never observed microscopi-
the sample stored for 80 days did not cally in all the samples of Group 3 stored
Table 3. Freezing preservation of Plasmodium berghei
Period Stored Group of [ Stored in —20C Freezer Stored in —75C Freezer
(days) Sample Blood Smear | Survival Days | Blood Smear | Survival Days
1 4D 112 4 8
1 2 10 S 4 8
3 : 10 26 4 21
1 4 9 4 20
3 2 Neg® S 4 16
3 8 | 19 4 22
1 4 13 4 16
7 2 Neg S 4 16
3 9 21 4 16
1 5 13 5 16
14 2 Neg S 5 18
3 Neg S 5 12
1 7 14 4 19
28 2 Neg S 4 23
3 Neg S 4 18
1 6 19
35 2
3 Neg S
1 7 20 4 11
41 2 4 16
3 Neg S 4 11
1 7 16
49 2
3 Neg S ‘
1 Neg s | 5 | 9
56 2 5 13
3 } 5 ‘ 16
1 ’ Neg S 7 23
62 2 7 15
3 | 7 16
1 | 4 ’ 16
78 2 | 4 20
! 3 | 4 12

Notes : A sample of each group consist as follows:

Group 1. 0.5ml of the mixture with parasite + 0.5ml of 15% GLY

Group 2. 0.5ml of the mixture with parasite + 0.5ml of physiological saline

Group 3. 0.5ml of the mixture with parasite + 0.5ml of inactivated bovine serum

1) Four days later malaria parasites were detected from the blood smear of the inocu-
lated mouse.

2) The mouse died of malaria at 11 days after the inoculation.

3) Malaria parasite was never detected from the inoculated mouse during an observation
period of a month.

4) The mouse survived for a month after the inoculation.
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at —75C during the preservation period,
although mice inoculated with the samples
were killed by heavy trypanosome infec-
tion.

(3) Plasmodium berghei

A total of 7 ml blood was collected by
the heart-puncture with heparinized syr-
inges from ten mice infected with P,
berghei, and mixed with 23 ml of inacti-
A total of 30 ml
mixture was divided into 3 groups as

vated bovine serum.

follows:

Group 1. 10 ml of the mixture + 10 ml of
15% GLY in distilled water (The
final concentration of GLY was
7.5%.)

Group 2. 10ml of the mixture + 10 ml of
physiological saline

Group 3. 10 ml of the mixture + 10 ml of
inactivated bovine serum

Each one ml of the sample was distri-
buted into 20 small test tubes. In each
group, 10 samples were placed in a —20C
freezer, and the rest in a —75C freezer.
It was difficult to detect the surviving
malaria parasite microscopically without
staining, because this protozoa is an in-
tracellular parasite of red blood cell.
Each 0.3 ml of sample was inoculated
intraperitonealy to three fresh mice.
Table 3 presents the days from the inocu-
lation until the malaria parasite could be
detected from the blood and until the
mouse was killed by malaria. In the
—20C freezer, the sample of Group 1
stored for 49 days could infect the mouse,
although the samples of Group 2 stored
for 3 days or of Group 3 for 14 days could
not. According to the microscopic exami-
nation of all the samples preserved at

—20C, few red blood cells were found
from Group 1, but most of the red blood
cells were destroyed in the other groups.
In the —75C freezer, the samples of all
three groups could infect those mice
during the whole preservation period, and
a lot of red blood cells were detected
microscopically from the sample of Group
1, but in the other groups few of the
cells were observed.

(4) Toxoplasma gondii

(a) RH strain

RH strain which is a virulent strain
isolated from a patient, killed a mouse
within 4~5 days after inoculation, and
many toxoplasmas were detected from
the whole body of the mouse, especially
ascites from 0.8 to 1.2 ml. A total of 10
ml ascites from 10 mice infected with the
strain were mixed in 30 ml of physiologi-
cal saline, and divided into 2 groups as
follows:

Group 1. 20 ml of the mixture + 20 ml of
15% GLY in distilled water
(The final concentration of GLY
was 7.5%.)

Group 2. 20 ml of the mixture + 20 ml
of physiological saline

Each one ml was distributed into 40
ampoules and sealed by heat, then half
of the samples were stored in a —20C
freezer and the rest in a —75C freezer.
After thawing in a 37C water bath, each
0.3 ml of the sample was inoculated
intraperitonealy to 3 fresh mice and the
survival days of the mice after the inocu-
lation were shown in Table 4. Although
the table contains data for 30-day storage,
an experiment repeated under the same
conditions clearly showed that RH strain
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could be stored safely for at least 90
days at —75C in the presence or absence
of GLY or DMSO. The survival days of
the mice inoculated with the preserved
sample were prolonged 2 or 3 days in
comparison with the mouse inoculated
with a fresh sample of the same batch,
but it was not clear whether the viru-
lence of the strain had changed or living
protozoa had decreased in number during
the preservation period. Because dead
toxoplasmas were not destroyed by the
freezing and thawing procedure, it was
difficult to distinguish the living individu-
als from the dead ones by means of mi-

croscopic observation.

(b) Beverley strain
The - mouse inoculated with Beverley
strain could survive, with a healthy ap-
pearence, for one or two months, but
about one month later a number of cysts
could be detected microscopically from
the brain. After one month from the
inoculation with the strain, 3 brains of
the mice were ground in a motor with 10
The suspen-

sion was filtered with double layers of

ml of physiological saline.

gauze, then 20 ml of physiological saline
were added and divided into 3 groups as
follows:

Group 1. 10ml of the mixture + 10ml of
15% GLY in distilled water
(The final concentration of GLY
was 7.5%.)

Group 2. 10 ml of the mixture + 10 ml of
7.5% GLY in distilled water
(The final concentration of GLY
was 3.8%.)

Group 3. 10 ml of the mixture + 10ml of
physiological saline

Table 4. Freezing preservation of Toxoplasma
gondii (RH strain)
Period Group Stored in | Stored in
Stored of : —20C —-75C
(days) Sample ‘ Freezer Freezer
Control 1| 5,5, 6
(0 day) 1> 2 5,6,7
1 1 6, 7, 7 8, 8,8
2 10,10,10 8, 8,8
1 8, 8,38
10 2 S, S, S2
16 1 7,9, 9 7,7, 7
2 S, S, S 8, 8,9
1 7, 7,10
21 2 |
1 8, 8, 8 8,9, 9
30 2 9, 9,10%
1 7, 8, 8
35 2
1 7, 7, 8
40 2
o [
1 i 8, 9,13
45 l 5
T 10,14
50 ‘ 9
1 8, 9,10
63 2
1 9,9,9 |
1 8, 8,9
75 5
Notes : A sample of each group consists as

follows:

Group 1. 0.5 ml of the mixture with
parasite + 0.5ml of 15% GLY

Group 2. 0.5 m! of the mixture with
parasite + 0.5 ml of physiological
saline

1) The equal volume of the sample was
inoculated into 3 mice intraperitonea-
ly just before cooling, and the mice
died of heavy infection at 5, 6, and
7 days later.

2) The inoculated mouse survived for
longer than a month, then the mouse
was examined, but toxoplasma was
not detected.

3) The —75C freezer became out of
order 30 days after than start of the
experiment, then all samples were
warmed naturally up to a room tem-
perature, and no survival toxoplasma
was detected.
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Each one ml was distributed into 20
small test tubes, and half of the samples
were stored in a —25C freezer and the
rest in a —75C freezer. After thawing,
each 0.4 ml of a sample was inoculated
into 2 fresh mice, and 6 weeks later the
brains were examined microscopically.
The cysts of the strain were detected

only from the brain of one mouse inocu-
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lated with a sample in Group 2 of one-day
storage in the —25C freezer, and all the
mice inoculated with other samples were
(Table 5). According to the

microscopic examination of these negative

negative

samples before the inoculation, a few of
the cysts was detected without damage,
but they already lost the infectivity to

the mouse.

Table 5. Freezing preservation of Toxoplasma gondii (Beverley strain)
Period Stored Group of Stored in —20C Freezer i Stored in —75C Freezer
(days) Sample Microscopic Mouse Microscopic Mouse
| Examination!’> | Inoculation?’ Examination ‘ Inoculation
1 ‘ Neg it + ‘ Neg
1 2 + Neg Neg 1 Neg
3 Neg Neg Neg \ Neg
1 j Neg Neg Neg ‘ Neg
7 2 ‘ Neg Neg Neg | Neg
3 l Neg Neg Neg i Neg

Notes : A sample of each group consists as follows:

Group 1. 0.5 ml of the mixture with cysts + 0.5 ml of 15% GLY

Group 2. 0.5 ml of the mixture with cysts + 0.5 ml of 7.5% GLY

Group 3. 0.5 ml of the mixture with cysts + 0.5 ml of physiological saline

1) The sample was examined microscopically after warming, and if cyst was detected,
it was shown as +.

2) The sample was inoculated into a fresh mouse after microscopic examination, and
one month later the mouse was examined microscopically and if cyst was detected
from the brain, it was shown as cyst +.

Discussion

In the presence of glycerol at —20C, at least 80 days. According to a short

RH strain of Toxoplasma gondii were
stored safely for at least 75 days and
Plasmodium berghei survived for 49
days, but the longest survival record of
Trypanosoma gambiense

was only 3

days. It seems that the preservation of
—75C

easy, and, even without any cryo-protec-

those three species at is rather

tive substance, samples of the two species
except 7. gambiense have survived for

report by Weinman (1958), Trypanosoma
rhodesiense survived for 8 years at —70
C, and it might be longest record so far
in the low temperature preservation of
the parasitic protozoa. If the temperature
of the —75C freezer could be Kkept
constant during a preservation period, it
might be possible to store for several
years not only trypanosome but also ma-
laria parasite and RH strain of toxoplas-
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ma. The most important matter in the
presrevation was how to control the fluc-
tuation of the temperature at least within
5~10C.

The most interesting finding was that
the survival period of protozoa in the
sample prepared in inactivated bovine
serum was somewhat longer than that
prepared in physiological saline. It might
be likely that the serum has some cryo-
protective action to protozoa cells in the
low temperature preservation.

In Beverley strain of T. gondii, only
one sample of one-day storage at —25C
infected the inoculated mouse, but the
other samples did not infect. This fact
might be explained by the assumption
that the cyst wall of the strain was very
hard and even if ice was formed in the
cyst, trophozoites in the cyst were de-
stroyed by the ice mechanically, and the
cyst was also broken by the ice. Ac-

cording to Nakabayashi et a/. (1¢67), the
cysts of the strain survived for 67 days
in a low temperature room adjusted 0 +
2C, thus it seems that the ice formation
was very injurious to the cyst.

The preservation of Entamoeba histoly-
tica was not successful in the present
experiments, because the amoebae sur-
vived only for several days at —75C even
in the presence of GLY or DMSO,
although Fulton et al. (1953) succeeded
to detect survival amoebae from the cul-
tures inoculated with samples that contained
5or 10% GLY after 65—day storage at
—79C; and some other researchers also
reported their successes concerning the
low temperature preservation of E. his-
tolytica (Diamond et al., 1963, Gordon
et al., 1969, and Kasprzak et al., 1970).
The attempt to preserve amoeba is being
continued by the present author.
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