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Attempts at Synchronization of L-Cells by Thermal Shocks

Próby synchronizacji komórek L za pomocą szoków termicznych

IIonbiTKa CMHxpoHH3aiiJ«i KjieTOK L npH noMomw TepMn»iecKnx iiiokob

INTRODUCTION

A number of methods have been applied to synchronize mammalian 
cells in culture. Most of them were based on the selective inhibition of 
DNA synthesis by means of amethopterin (22), fluorodeoxyuridine (9, 18), 
deoxyadenosine (4, 3, 28), deoxyguanosine (4, 28), or by measns of an 
thymidine excess (3, 28). Synchronous induction of celi division was also 
performed by the application of mitotic inhibitors such as colcemid (21) 
or vinblastin sulphate (6). Synchronization based on the inhibition of DNA 
synthesis and mitotic divisions however, may cause changes in the meta- 
bolism of cells under treatment. The centrifugatiom of the cells in sucrose 
gradient was used as one of the first methods of obtaining a synchronous 
population (23).

The observation that mitotic cells adhere much less firmly to glass 
or plastic surfaces than do interphase cells suggested the use of mechani
cal separation of such cells to obtain synchronous celi populations (26). To 
increase the yield of this method (26) removal of calcium ions from the 
growth medium (20) or short cooling of the culture and addition of 
trypsin (24) were applied to some lines.

Thermal shocks for synchronization of division of HeLa cells were 
first propcsed by Ne w t o n and Wildy (15). Miyamoto, Rasmus- 
s e n and Zeuthen (11) introduced this method for synchronization of 
mitoses in L-cells.

Our attemps to synchronize L-cells by thermal shocks are discussed 
in this paper.
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MATERIAŁ AND METHODS

Medium — The culture medium used was that introduced by Parker supplement- 
ed with 10% of calf serum (inactivated for 30 minutes at 56°C), 100 units of penicillin 
and 60 pg of streptomycin per 1 ml. The Parker medium and the calf serum were 
purchased from the Producers of Sera and Vaccines in Lublin.

Harvesting of cells — The cells from 2 or 3 day-old cultures were harvested 
after treatment with 0.25% trypsdn solution at 37°C for 3 minutes. The celi suspens- 
ions were then thoroughly mixed by means of a Moore pipette.

Tests — For determination of the viability of the cells a 0.02% solution of 
erythrosine B (16) was used and the cells were counted in a Burker chamber, 
whereas for determination of mitotic index the cells were fixed with methanol and 
stalned by the method of May-Griinwald Giemsa modified by Jacobson and 
Webb (5).

EXPERIMENTS AND RESULTS

For thermal shock experiments the celi suspension with the density 
of 105 cells per ml of the medium was placed in Leighton flasks containing 
a cover glass each. After cultivation for a definite period of time without 
a change of the medium, the cover glasses were removed and the cells 
were fixed and stained as denoted in Materiał and Methods.

Two types of experiments were performed. In the first type of ex- 
periments the cells were subjected once to a cold shock at 4°C for definite

Table 1. Mitotic indices of L-cells as affected by cooling at 4°C for 1 hour (mean 
values of MI of 3 series each of 5 cultures)

Hours after inoculation 25 26 28 31 43 49
Hours of reincubation at 37°C 0 1 3 6 18 24

Control %o ±S.E. 62.1
±3.17

63.4
±2.27

55.7
±1.76

51.0
±1.67

33.3
±1.15

25.0
±1.85

MI Experimental %o±S.E. 44.1
±2.38

49.5
±2.76

57.3
±3.71

64.5
±3.0

33.1
±1.16

30.1
±1.35

Experimental % 
of control 71.0 78.1 103.0 126.5 99.5 124.0

For technical details see Materiał and Methods.

Table 2. Distribution of mitotic phases in L-cell population after 1 hour at 4°C

25 hrs after 
inoculation

Mitotic indices 
°/oo ±S.E.

Phases of mitosis 
%

prophase metaphase anaphase telophase

Control 62.1 ±3.17 34.6 38.8 2.9 23.7
Experimental 44.1 ±2.38 10.1 47.8 2.0 40.1
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Table 3. Mitotic indices of L-cells as affected by cooling at 4°C for 3 hours (mean
values of MI of 3 series each of 5 cultures)

Hours after inoculation 27 28 30 33 45 51
Hours of reincubation at 37°C 0 1 3 6 18 24

Control °/oo ±S.E. 58.5
±2.28

55.7
±1.76

57.3
±2.80

40.4
±1.30

29.7
±1.65

26.1
±1.37

MI Experimental %0 ±S.E. 45.5 50.1 76.7 57.0 28.7 25.1
Experimental % ±2.30 ±2.49 ±2.80 ±3.02 ±1.97 ±2.01

of control 77.8 89.9 133.9 141.0 96.6 96.1

Table 4. Distribution of mitotic phases in L-cell population after 3 hours at 4°C 
and subseąuent reincubation for 3 and 6 hours at 37°C

Mitotic 
indices 

“/on ±S.E.

Phases of mitosis 
%

prophase metaphase anaphase telophase

Control* 58.5 ±2.28 28.9 39.8 2.9 28.4
Experimental 45.5 ±2.30 14.9 45.1 0.4 39.5
Control** 57.3 ±2.80 25.2 51.1 2.1 21.5
Experimental 76.7 ±2.80 26.7 40.8 2.2 30.3
Control*** 40.4 ±1.30 30.3 30.7 3.0 35.9
Experimental 57.0 ±3.02 21.9 40.6 3.3 34.2

* 27 hrs after inoculation, **30 hrs after inoculation, *** 33 hrs after inoculation. 
inoculation.

periods of time. For this purpose 24 hour cultures growing in Leighton 
flasks at 37°C were chilled at 4°C for 1, 3 or 6 hours and then fixed, 
whereas the parallel cultures were reincubated at 37°C for 1, 3, 6, 18 or 24 
hours before fixation and staining.

In the second type of experiments 24 hr-old cultures growing at 37°C 
were heated at 41.5°C for 1 hr, then fixed or reincubated at 37°C similarly 
as in the experiments of the first type.

L-cells cultivated at 37°C for the same periods of time were used 
as the control. The experiments were repeated 3 times with 5 parallel 
cultures for each variant. The mitotic indices were caiculated after count- 
ing the number of mitosis per 1000 cells in 15 parallel cultures.

When tested after 1, 3 or 6 hours at 4°C the L-cells in culture showed 
a transient decrease in values of mitotic indices, and in percentages of 
prophases (Tables 1—6). The largest decrease was recorded after 6 hours 
of cooling. After reincubation of the cells at 37°C a gradual restoration 
of the mitotic activity was observed. The maximum increase of mitotic 
index occurred in L-cells cooled for 3 hours and reincubated for 3 and 
6 hours at 37°C (Table 4).

The mitotic indices in these cases did not exceed 8%, even though in 
comparision with the control series these indices increased by 35% and 
40% respectively.
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Table 5. Mitotic indices of L-cells as affected by cooling at 4°C for 6 hours (mean 
values of MI of 3 series of 5 cultures)

Hours after inoculation
Hours after reincubation 

at 37°C

Control %o ±S.E.

MI Experimental °/oo ±S.E.

Experimental % 
of control

30 31 33 36 48 54
0 1 3 6 18 24

57.3
±2.80

51.0
±1.67

40.4
±1.30

37.4
±2.40

26.1
±1.35

21.5
±1.53

30.5
±2.65

39.5
±2.60

50.1
±2.63

43.6
±1.85

30.5
±1.83

26.9
±2.48

53.2 77.5 124.0 116.5 116.8 125.1

Table 6. Distribution of mitotic phases in L-cell population after 6 hours at 4°C

30 hrs after 
inoculation

Mitotic indices 
°/oo ±S.E.

Phases of mitosis 
%

prophase metaphase anaphase telophase

Control 57.3 ±2.80 25.2 51.1 2.1 21.5
Experimental 30.5 ±2.65 7.2 59.7 1.5 31.7

Table 7. Mitotic indices of L-cells as affected by heating at 41.5°C for 1 hour (mean 
values of MI of 3 series of 5 cultures)

Hour after inoculation 25 26 28 31 43 49
Hour of reincubation 0 1 3 6 18 24

Control °/oo ±S.E. 64.6
±1.24

62.5
±1.88

63.4
±2.67

38.8
±2.14

32.3
±1.46

22.2
±1.32

MI Experimental °/oo ±S.E. 37.9
±2.41

63.5
±3.18

57.9
±3.28

35.8
±2.05

28.1
±1.00

25.6
±2.07

Experimental % 
of control 58.6 101.6 91.3 92.3 87.0 115.3

Phases of mitosis 
%

Table 8. Distribution of mitotic phases in L-cell population after 1 hour at 41.5JC 
and subsequent reincubation at 37°C for 1 hour

Mitotic 
indices 

%o +S.E. prophase metaphase anaphase telophase

Control* 64.6 ±1.24 22.7 37.8 3.8 35.7
Experimental 37.9 ±2.41 21.9 38.3 2.5 37.3
Control** 62.5 ±1.88 22.6 30.7 4.2 42.3
Experimental 63.5 ±3.18 28.6 34.3 3.6 33.5

* 25 hrs after inoculation. 
♦* 26 hrs after inoculation.

The transfer of 24 hour-old cultures of L-cell to 41.5 C for 1 hour 
caused a decrease in mitotic activity by almost 40% (Tables 7, 8), without 
any change in the percentage distribution of the particular phases of 
mitosis.
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The cells reincubated at 37°C after 1 hour exhibited the same ratę 
of replication as the control cells; this was also the case with all phases 
of mitoses (Table 8).

When our cultures entered the stationary phase after about 40 hr post 
inoculation a gradual decrease in mitotic indices both in the control and 
the experimental series took place.

DISCUSSION

Effects of cooling or heating on mammalian cells cultured in vitro 
depend not only on the time of exposure to the abnormal temperaturę 
and its height, but also on the type of cells, their age and conditions of 
culture (1, 2, 8, 11, 13, 14, 27).

A decreased viability of different mammalian cells has often been 
observed after a prolonged incubation at lowered temperaturę (14, 25). 
In the cold-adapted LCH-cells the increased number of polyploid cells 
has also been reported (1). The inhibition of DNA synthesis in HeLa cells 
and prologation of the generation time have been found in Chinese 
Hamster cells (13, 15).

Clones with a short generation time of the neoplastic cells H.Ep-2 
from the human skin cooled for 1 hour at 4°C gave, after 11 hours of 
reincubation, a population in which 80% of the cells were dividing, whereas 
clones with longer generation time were not synchronized by cooling (19).

Newton and W i 1 d y (15) who cooled HeLa cells at 4°C for 1 hour 
to obtain a parasynchronous population observed a decrease in mitotic 
index just after coooling and a burst of mitoses after reincubation of cells 
at 37°C for 13—20 hours.

In our experiments directly after cooling L-cells at 4°C for 1 hour 
a decrease by about 20% of mitotic indices and by 30% of the prophase 
percentage was observed but no burst of mitoses occurred after reincuba
tion at 37 °C. The maximum ratę of multiplication, expressed as the mi
totic index, occurred after 3 hours of reicubation at 37°C, whereas after 
18 hours of reincubation the mitotic indices declined. The prolonga- 
tion of the time of cooling to 3 or 6 hours caused no synchronization of 
L-cells either, similarly as it was observed with L-cells investigated by 
Littlefield (9). When experimenting with FL amnion cells in culture 
Miura and U t a k o j i (10) failed to repeat the experiments of Newton 
and Wildy. Moreover, Miura and U t a k o j i (10) suggested that HeLa 
cells in the experiments of N e w t o n and Wildy (15) were, presumably, 
not in the logarithmic phase of growth at the moment of cooling.

According to M i y a m o t o et al. cooling to below 10°C for 1 hour only
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slinghtly affectes the L-cells and does not lead to mitotic synchronization. 
On the other hand, heating to 41—42°C for 1 hour caused an actual 
retardation of mitoses and prolongation of the generation time of L-cells 
which resulted in a partial synchronization of the examined celi popula
tions (11). After 1 hour thermal shock the transient inhibition of DNA, 
RNA and protein synthesis (17) and blccking of mitosis (11) were also 
observed in L-cells.

In our experiments after 1 hour ineubation at 41.5°C and 1 hr rein- 
cubation at 37°C, 60 cells per 1000 underwent division similarly as in the 
control cultures. Afterwards, however, the mitotic indices decreased both 
in the control and in the experimental series. Thus, the application of an 
increased temperaturę did not cause even a transient increase in mitotic 
indices in L-cells population.

The application of the time-lapse photographic method permitted 
Miyamoto et al. (12) to tracę the effect of thermic shocks on L-cell 
division in a smali number of daughter cells originating from one mother 
L-cell (11). In contrast, in our experiments the L-cells grew in mass popu
lations, and in order to estimate the mitotic index we examined 15,000 
cells for each result, which allowed us to evaluate our data statistically. 
It is also probable that a repeated application of thermal shocks to cells 
of a definite age and an adequate time of reineubation would produce 
satisfactory synchronization of L-cells in mass cultures similarly as in 
Schizosaccharomyces or Tetrahymena (7).

The authors wish to express their thanks to Prof. dr Zofia M. Zielińska (Nencki 
Institute of Experimental Biology, Warsaw) for her critcal interest in this study.
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STRESZCZENIE

Próbowano uzyskać synchronizację podziałów komórek L przez krótkotrwałe 
zmiany termicznych warunków hodowli. W tym celu 24-godzinne hodowle komórek 
L przetrzymywano w temp. 4°C w czasie 1, 3, 6 godz. lub w temp. 41,5°C w ciągu 
1 godz., a następnie reilnkubowano w temp. 37°C przez 24 godz. Równoległe hodowle, 
inkubowane w temp. 37°C w odpowiednim czasie, stanowiły kontrolę.

Przeniesienie hodowli komórek L do temp. 4°C powodowało spadek indeksu 
mitotycznego, a w szczególności zmniejszenie procentu komórek w stadium profazy 
przy jednoczesnym wzroście metafaz i telofaz. Reinkubacja w temp. 37°C znosiła 
ten efekt. Jedynie 3-godzinne chłodzenie hodowli dawało w trzeciej godzinie rein- 
kubacji podwyższenie indeksu mitotycznego, lecz tylko do 76,7%o.

Jednogodzinny szok termiczny (41,5°C) powoduje obniżenie indeksu mitotyczne
go, ale procentowy stosunek faz podziałów mitotycznych pozostaje w przybliżeniu taki 
sam jak w serii kontrolnej. Już jednak jednogodzinna reinkubacja hodowli w 37°C 
daje w następstwie populację komórek L o wartościach indeksu mitotycznego 
wyższych niż w serii kontrolnej.

Wyniki powyższe wskazują, że zastosowanie pojedynczych szoków termicznych 
nie jest wystarczającą metodą do uzyskania synchronizacji populacji komórek L. 
w hodowli in nitro.

PE3IOME

npeanpniinMajmcb nonbiTKM nojiyneHHH cnnxponn3amin flejieiina kjictkm ny- 
TeM iienpoflOJi5KHTe.nbHbix n3Menennń TepMnnecKnx ycjiomifi KyjibTypbi. C stom ne- 
Jibio 24-nacoBbie KyjibTypbi kjictok L b TeneHne 1, 3, 6 nacoB aepscajiMCb b Teian. 
4°C mjim 3xe b TeneHMe 1 naca b TeMn. 41,5°C, a noTOM b TeneHMe 24-x nacoB pe- 
MHKybnpoBajincb b TeMn. 37°C. KyjibTypbi, miRySupoBaiiiibie b Teueiiue cootbct- 
CTByioiuero BpeMenn b TeMn. 37°C, HBjiHJincb KOHTpojibiibiMH.

nepeMemenne KyjibTypbi kjictok L b TeMn. 4°C BbiśbiBajio nonn?Kenne mmto- 
TwiecKoro MHjieKca, ocoóewio yMeiibineHne nponeHTa kjictok b CTajinn npo<J>a3bi 
ripn OflHOBpeMeHHOM pocTe MeTacbas m Tejiotfia3. PeniiKyóaunH b 37°C stot acbcbeKT 
nepeHecjia. ToabKO ejKejmeBnoe 3-x nacoBOe oxjiajKfleHne KyjibTypbi gaBajio b 3-eM 
nacy niiKyóaunn noBbiineHne MHTOTnnecKoro MHfleKca, no TOjibKO j\o 76,7%o.

OflHOHacoBOił TepMMnecKHii iiiok 41,5°C Bbi3biBaeT nonnJKenne MMTOTnnecKoro 
MH^eKca, ho npoijeiiTHoe OTiioineHMe (J333 mmtotmiicckmx gejiennił ocTaeTCfi npnójin- 
3HTejibH0 TaKMM jKe, KaK n b KOHTpojibHOń cepMH. Ho y?Ke OfluouacoBan peniiKy- 
6aunn KyjibTypbi b 37°C Bbi3biBaeT nonyjiaumo kjictok L c 6ojiee bwcokmmm 3na- 
leHHHMH MMTOTimecKoro MHfleKca, neM b KOHTpojibHOii cepnn.

3tm pe3yjibTaTbi CBMfleTejibCTByiOT o tom, hto ripnMenenne eflnnn'iiibix TepMn- 
necKnx uiokob hjih nojiyneHMH CMHxp0HH3auM0iiH0H nonyjiHqnn kjictok L b Kyjib- 
Type in nitro He hbjihctch AOCTaTomibiM.


