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Table 1. Longevity of Paramecium population

at natural temperature.

No. of g}:ongevity Tempe-
Period  individuals population rature
used (days)

6/X 1 ~ /XTI N 31 4°c~1T1°ec,
18/X ~18/XI 8 31 11°e~22°¢
19/1 X~11/X 1 22 14°c~22°¢

9/VII~23/VI 10 14 24°c~29°%¢
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Table 2. Popalation fluctuation in Pazramzcium caudatum by temperature.

Days| No.of

- \\\\\\\\) 2 5 10 15 20 25 30 35 40 45 50 55 60 70 80 90 100 120 individuals

"Temp. use
35°c | 5.834.6 17.1 15.1 10.4 5.8 2.1 0.3 0.3 0.08 o | 74.6
30°c ] 4.239.9 52.2 58.2 19.3 6.9 3.3 0.6 0.5 0.01 0.01 68.5
%%'73%43&3%01L4z42304&%&mumw&m2 im3
20°¢ ] 0.4 5.4106.4131.5119.561.155.423.115.9 13.6 16.4 16.820.6 8.3 4.4 64.9
15° [0.4 4.0 56.1155.0 92.246.145.823.4 4.1 13.4 15.0 20.416.312.9 9.3 65.0
10°c | 0 0.8 1.6 35.0102.181.070.627.432.2 23.1 17.1 9.8 8.332.017.5 | 5.3
ng%l 0 0 0.3 0.3 2.0 1.4 1.6 1.013.7 3.6 4.7 59.8
V alue: Mean no. of

individuals 0.1ce
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Table 3. Longevity of Paramecium caudatum by temperature.
Te Maximum Minimum Mean Standard Standard

mp- longevity longevity longevity deviation error
45°¢ 30 min. —_ —_— S —_

o S. 5.5hrs. S : Summer
40%c 12—18hrs. (W 3.5hrs. o T T W: Winter
35 46 days 15 days 29.85 days 12.25 days 4.62 days
30°¢ 33 7 3 7 40.02 6.96 7~ 2.32 »

5% 54 7 36 7 43.14 7 S T7.81 # 2.94 »#
20°c 15 7 45 7 9.6 7 26.13 # 8.24
15°% 110~~» 65 B — —
10°¢ 105~7 4 » — — —
2°%~8°% T0~~» 10~ » S - .
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Table 4. Longevity of Paramecium
caudatum at natural temperature.

Temperature  oax M s
23°c~31°c 85 days 68 days
8 °c~28°¢ 164 days~ 103 ~»
8°e~26°c 142 » 7 135 7
8 °e~237¢ 122 » » 122 days~
8 °e~16°c 10 » 7 10 » »
8 °e~14°¢ % 7 7 35
8 °c~120°¢c 8 » »# 8 » 7
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Fig. 1. Population fluctuation of Paramecium caudatum by temperature.
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Table 5. Pulsating current treatment to Paramecium caudatum

(SG method)

No. of individuals

PC used 16 18 10 23 26 20 15 30 31 33 30

O No. of individuals after 24hrs. 52 66 29 39 52 48 46 56 48 46 51
Fission rate : 3.23.62.9 1.62.02.43.01.81.51.31.7

CONTROL No. of individuals used 15 14 15 20 22 13 13 33 21 12 23
O No. of individuals after 24hrs. 42 51 30 39 41 19 19 40 40 31 48
Fission rate 2.83.62.0 1.91.81.41.41.21.92.52.0

E/C 1.171.01.4 0.81.11.72.11.50.70.50.8

PC No. of individuals used 16 15 17 10 14 15. 13 14 14 23 24

© No. of individuals after 24hrs. 68 57 45 24 28 55 17 37 38 53 47
Fission rate : 4.23.82.6 242.03.61.32.61.82.31.9

CONTROL No. of individuals used 18 18 24 (O 18 21 15 13 17 21 17
© No. of individuals after 24hrs. 51 53 33 (A7) 27 44 23 24 25 40 39

Fission rate

2.82.91.300.91.52.01.51.81.41.92.2

E/e »

1.51.32.0

1.71.31.80.81.41.21.20.8

O : Stock medium

Table 6. Direct current treatment to Paramecium caudaivm

© : H20,80cc+medium 20cc

(SG metho_d)

No. of individuals

28 15 23 41 31 30 58 24 28 30 24 11

pc  No. 20 12 2 16 2 13
nooy OF ndividuals gy 33 19 55 70 71100 93 86102 73 14 47 31 44 3 32 35
Fission rate 2.22.20.81.32.22.31.73.83.03.43.01.22.32.52.01.9 1.5 2.7
CONTROL o, Of mdividuals 5 90 97 91 97 97 45 26 26 172.8 10 22 16 17 19 19 20
O 25.0b ndividuals 403 40 69 66 65 69102 70 T0 64 T5 14 58 51 54 31 43 32
Fission rate 1.51.32.5 3.1 2.4 2.5 2.2 2.6 2.6 3.7 2.6 1.4 2.6 3.1 3.2 1.6 2.3 1.6
E,/C 1.41.60.30.40.90.80.71.41.10.91.10.80.80.80.61.20.7 1.5
pc  Jlo.of individuals 45 45 47 16 24 19 15 18 15 21 15 14
o e s E._ Fission rate in DC
Moer bgmeaviduals o7 16 21 21 37 40 31 39 39 33 32 33°CFission rate in
Fission rate 1.81.21.21.31.52.12.02.1 2.6 1.5 2.1 2.3  control
CONTROL X0 o individuals 45 14 51 49 19 19 14 12 14 16 16 16
© Mo of individuals a3 54 93 24 36 39 38 35 36 41 30 30

after 24hrs.
Fission rate

2.711.71.02.01.82.02.72.9252.51.81.8

E/C

0.60.71.20.60.81.00.70.91.00.61.01.2

O : Stock medium
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36 3B 41 21 26 33 29 26 24 28 36 40
71 66 55 6690 64 68 81 77110 73 51

16 23 52 34 35 28 20 10 14 12 20 22
40 92 139157 183 92 57 33 107 68 34 52

1.91.81.33.13.41.92.33.13.23.92.01.22.54.02.04.65.23.32.93.37.65.72.72.4

37 33 31 3

43 32 29 26 42 40 27 23 22 29 50 32 34 24

18

15 26

19

13 15

49 63 65 65 63 47 62 65 69 93 63 57T 26 34 T7 118112 69 43 48 73 54 36 41
1.31.92.02.01.41.42.1251.62.32.32.41.11.21.53.53.32.92.43.22.72.82.72.6

1.409061.5241.31.01.22.01.60.80.52.23.31.81.31.51.11.21.02.82.01.00.9

20 11 17 19 16 17 20 22 24 19 17 17 20 18
32 37 47 31 38 44 37 39 76 76 64 60 63 T2 —%—
1.63.32.72.62.32.51.81.73.14.03.73.53.14.0

_ Fission rate in PC

" Fission rate in control

26 21 20 20 18 22 16 19 .35 13 13 18 18 15
33 33 30 37 33 32 33 33 61 3B 3B 37 3Ir 39
1.221.51.51.81.81.42.02.01.72.62.62.02.03.9

1.32.21.81.41.21.70.90.91.91.51.51.81.6 1.0

Table 7. Alternating current treatment to Paramecium caundatum. (SG method)

AC  No. of individuals 93 15 19 21 15 19 10 11 14 16 15 16 2 28 30 %

No. of individuals ©| 0O ,

e 56 35 36 39 38 39 23 29 41 35 28 19 88 90 57 89

Fission rate 2.4 2.3 3.6 1.8 2.5 2.0 2.3 2.6 2.9 2.1 1.8 1.1 4.03.71.93.6

CONTROL ~No:of dndividuals 00 49 49 15 15 21 11 15 15 15 13 13 2 20 31 3%
No. of individuals , ©1]0

o of Indiv 59 34 3 37 37 50 28 B BH B 20 107 91 43 146

Fission rate 2.6 2.9 2.9 2.4 2.4 2.3 2.5 2.3 2.3 2.3 2.0 2.0 4.94.51.4 4.3

E/C 0.90.71.2 0.7 1.0 0.8 0.9 1.2 1.2 0.9 0.9 2.0 0.80.81.30.8

O : Stock medium
© : H:20. 80cc+medium. 20ce
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Fig. 4. Population fluctuation of Paramecium caudatum after P C treatment.
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Table 8. Plusating current treatment to Paramecium caudatum. (HS method)

PC No. of individuals 1 912 15 15 15

used

15 15 15 15 15 15 15 15 15 15 15 15 15

No. of individuals o) (g 93 94 30 45 33 44 19 26 24 29 22 22 30 36 32 3 24 27

after 24hrs.
Fission rate

2.02.01.91.62.13.02.22.91.31.71.61.91.51.52.02.42.12.11.61.8

CONT No. of individuals 1 912 15 15 15

ROL used

15 15 15 15 15 15 15 15 15 15 15 15 15

No. of individuals (9 14 17 18 24 35 23 52 18 23 31 30 18 19 23 23 39 26 24 23

after 24hrs.
Fission rate

1.71.61.41.21.62.41.53.51.21.52.12.01.21.31.51.52.61.71.61.5

E/C 1.21.3141.31.31.31.40.81.11.10.81.01.21.21.31.60.81.21.01.2

PC No. of individuals 15 15 15 15 15 15

used

15 15 15 15 15 15 15 15 15 15 15 15 15

No. of individuals o5 19 96 18 21 19 20 20 20 23 28 29 33 28 30 26 21 22 17 18

after 24hrs.
Fission rate

1.71.31.71.21.41.31.31.31.31.51.91.92.21.92.01.71.41.51.11.2

CONT No. of individuals
ROL used

15 15 15 15 15 15

15 15 15 15 15 15 15 15 15 15 15 15 15

No. of individuals 93 29 2) 15 13 19 17 18 23 20 25 22 29 26 39 25 18 20 16 15

after 24hrs.
Fission rate

151.5151.01.21.31.11.21.51.31.71.51.91.72.61.71.21.31.1 1.0

E/C 1.10.91.21.21.21.01.21.1091.21.11.31.11.10.81.01.21.1 1.1 1.2

PC No. of individuals
used

15 15 15 15 15 15

15 15 15 15 15 15 15 15 15 15 15 15 15

No. of individuals 9 o9 91 99 925 20 20 20 20 19 19 17 16 16 19 18 20 18 19 19

after 24hrs.
Fission rate

1.51.31.41.91.71.31.31.31.31.31.31.11.11.11.31.21.31.21.31.3

CONT No. of individuals 45 5 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

ROL used

‘No. of individuals 49 93 91 95 30 21

after 24hrs.
Fission rate

18 18 20 16 15 16 17 16 17 19 21 171 18 18
1.21.51.41.72.0141.21.21.31.11.01.1 1711011 1.31.41.11.21.2

E/C ' 1.2091.01.20.80.91.171.11.01.21.31.10.91.01.11.01.01.11.11.0




SR

PC

No. of individuals

“used

No. of individuals
after 24hrs.

Fission rate

1515 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

2416 31 20 21 17 17 31 47 36 48 32 20 36 31 28 27 22 25 22
1.61.12.11.31.41.11.12.13.12.63.22.11.32.42.11.91.81.51.71.5

CONT
ROL

No. of individuals
used

No. of individuals
after 24hrs.

Fission rate

1515 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

23 16 22 17 21 17 15 27 35 45 42 22 20 27 32 32 28 21 20 23
1.51.11.51.11.41.11.01.82.33.02.81.51.31.82.12.11.91.41.31.5

E/C

1.01.01.41.21.01.01.11.21.30.91.11.41.01.30.90.91.01.0 1.3 1.0

PC

No. of individuals
used

No. of individuals
after 24hrs.

Fission rate

1515 1515 15 15 15 15 15 15 15 15 15

23 20 19 16 16 27 28 22 20 18 20 16 15
1.51.31.31.11.11.81.91.51.31.21.31.11.0

CONT
ROL

No. of "individuals
used :

No. of individuals
after 24hrs.

Fission rate

1515 1515 15 15 15 15 15 15 15 15 15

20 20 20 15 16 23 22 21 17 20 18 15 15
1.31.31.31.0 1.1 1.5 1.5 1.4 1.1 1.3 1.2 1.0 1.0

E/C

1.21.11.01.11.01.21.31.0 1.2 0.9 1.1 1.1 1.0

Table 9. Direct current treatment to Paramecium caudatum.

(HS method)

DC

No. of individuals
used

No. of individuals
after 24hrs.

Fission rate

1515 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

29 19 21 23 20 30 32 16 17 22 21 17 21 20 20 16 15 21 %
1.91.31.41.51.32.02.11.11.11.51.41.11.41.31.31.11.01.4 1.7

CONT
ROL

No. of individuals
used

No. of individuals
after 24hrs.

Fission rate

1515 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

25 19 20 19 23 29 29 15 17 24 20 16 18 20 20 16 17 19 24
1.71.31.31.31.51.91.91.01.11.61.31.11.21.31.31.11.11.31.6

E/C

1.21.01.01.20.91.01.11.11.00.91.171.171.11.01.01.00.9 1.1 1.0

Table 10. Alternating current treatment to Paramecium caudatum.

(HS method)

AC

No. of individuals
used

No. of individuals
after 24hrs.

Fission rate

1515 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

46 56 17 17 22 17 21 22 23 20 22 15 17 16 16 15 17 20 19
3.1371.11.11.51.11.4151.51.3151.01.11.1 1.1 1.0 1.1 1.3 1.3

No. of individuals

used

No. of individuals
after 24hrs.

Fission rate

151515 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

50 59 17 20 23 22 20 24 21 25 29 19 18 22 18 15 15 23 25
3.33.91.11.31.51.51.31.61.41.71.91.31.21.51.21.01.0 1.5 1.7

E/C

0.91.01.00.90.90.81.170.91.10.80.80.80.90.70.91.01.10.90.8
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EXPERIMENTAL STUDIES IN CELL VITALITY OF Paramecium caudatum BY DIRECT CURRENT

(Puls.current)

By Yasushi Washizuka & Hirokazu Imura

From a viewpoint to research on the longevity

of an organism, the authors considered an org-
anism to be a thermodynamical closed system.
As far as we have this viewpoint, the longevity
of an organism has relation to the second law
of the thermodynamics on entropy increase and
when this law is operated reversely, it is poss-
ible for the longevity of an organism to be
unlimited.

Now suppose that a protein developed into a
unicellular and the latter has completed a sys-
tematic evolution, the beginning of our study is
Paramecium caudatum. This study follows the
preceding report by Imura and Washizuka, ‘‘co-
ntraction phenomenon on protein by direct cury-
(1965,1966)"".
caudatum which we used as the material in our
experiments has a connection with ‘“the problem
on the endless living theory of unicellular’’ by
Woodruff (1911) , Calkins (1913) , and Sonneb-
orn (1954).

Therefore Paramecium caudatum is very inter-
esting to us. The experimental studies on Para-
mecium caudatum were done as follows.

ent (puls.current) Paramecium

I. In the pre-experiments
1. The test method by Inewara
hay) medium

(rice plant

2. The fission and the longevity of Parameci-
um caudatum at different temperatures
. In the main experiments
Cell vitality phenomenon of Paramecium
coudatum by direct current and pulsating
current
1. Test method of slide glass (SG method)
9. Test method of hall slide glass (HS
method)
The results of pre-experiments
(1) Paramecium caudatum were cultivated
in Inewara infussion.
Water (water 50ce,” 1 g Inewara) was
boiled for 30 minutes and after this several
Inenwaras were added to the Inewara
infussion. The opening of the test tube was
covered with a piece of paraphine paper. ]
This medium was flourished with food bact-j
eria, Bacillus subtilus. We used this medium

in our experiments two days after it had
been made.

(2) At higher temperatures than 20°c, the
fission of Paramecium caudatum was
active.

On the contrary, at lower temperatures
than 20°c, the fission rate is low. The
shorter the population longevity becomes, the
lower the temperature is and the longer the
former becomes, the higher the latter is.
The experimental results of the main experime-
nts are as follows.

(3) In this experiment the difference betw-
een cell vitality phenomenon of Paramecium
caudatum by pulsating current and that of
Paramecium caudatum by direct current, was
seen and also the phenomenon that alterna-
ting current treatment obstructs this
species was made clear(Table 5-10). When
the fission rate of control is 1, that rate of
Paramecium caudatum by pulsating current
treatment is 1.3 (mean) in S G method,
and is 1.1 (mean) in HS method. On the
other hand, by direct current treatment, it is

0.8 (mean) in SG method and is 1.0 (mean)
in HS method. '

The fission rate of Paramecium caudatum
by alternating current is 0.8 (mean)in SG
method and is 0.9 (mean) in HS method.

The results of these experiments are sho-
wn in Fig.3 and Fig.8 and they are summ-
arized as follows.

When the fission rate of control is 1 and
it is shown as 45°line, most of the points
by pulsating current treatment are above:
the line (about 80%).

The points by direct current treatment
are near the 45°line, and also the points by
alternating current treatment are under the
45°line (about 68%). Judging from this phe-
nomenon, alternating current treatment
seems to work as an adverse effect to
Paramecium cavdatum.

Through above experiments, cell vitality
phenomenon by pulsating current was made
clear. So we want to research on these

problems in more systematically evolved
organisms.
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