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Abstract--In two methylcholanthrene induced sarcomas of C57BL male mice 
presenting a circadian proliferation (peak of mitoses at noon and peak of labelling 
indices between midnight and 4 a.m.), the authors performed per cent labelled mitosis 
curves every 6th hr during the 8th diurnal period of growth. The G 1 phase showed the 
most important variation with a signifcant increase in the groups receiving 3H- 
thymidine at 2 a.m. The possibility that this periodic variation of GI phase regulates 
the circadian rhythm of cell proliferation is discussed. 

I N T R O D U C T I O N  

A CIRCADIAN variation of ceil division has 
been described, not only in rapidly proliferat- 
ing normal tissues [1-23], but also in non- 
proliferating tissues triggered into active re- 
generation [24,, 25]. A few papers also men- 
tion the existence of a circadian rhythm of cell 
division in animal [2, 26=29] and in human 
tumours [30-36]. 

In a preliminary report, we described signi- 
ticant circadian waves in the mitotic indices 
and labelling indices after injection of tritiated 
thymidine (3H-TdR) in methylcholanthrene 
(MCA) induced sarcomas of mice [28]. In the 
present work, we have tried to extend the 
previous observations by comparing the cir- 
cadian variations in two experimental sar- 
comas with different growth rates. Besides the 
changes of labelling and mitotic indices, the 
duration of the cell cycle was studied by the 
per cent labelled mitosis (PLM) method dur- 
ing a nyctohemeral period in order to ap- 
proach the mechanism of nyctohemeral wave 
regulation. 

MATERIALS AND M E T H O D S  

Two sarcomas, T 9 and Tx0, were induced 
in 1969 by implanting MCA pellets in C57BL 
male mice; each month, the tumours are 
serially transplanted by trocar under the skin 
of isogeneic animals. 

The growth curves were obtained by cal- 
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culating the mean individual diameter: and 
then the mean log volume in 30 animals 
during the whole period of turnout growth. 
The mean individual diameter (mD) was ob- 
tained by the formula: r n D = ~ / ( d 2 [ ) )  where d 
and D are respectively the minor and the 
major diameters of the tumour. The mean log 
volume and standard error of this mean were 
expressed for every step of tumoral growth 
and plotted against time on a semi-log scale. 

The variations of the mitotic indices (M.I.) 
and of the labelling indices (L.I.) were stu- 
died during the 8th diurnal period following 
grafting. Five animals were sacrificed every 
4th hour. One hour prior to. sacrifice, 1 #Ci/g 
of 3H-TdR (specific activity: 5 Ci/mM, 
Radiochemical Center, Amersham) was in- 
jected in 1 ml of saline (i.p.). Tumours were 
resected, formalin-fixed and treated by classi- 
cal histological and autoradiographical meth- 
ods (Ilford L 4 emulsion, 3 week exposure, 
Carazzi hematoxylin staining). To obtain a 
representative pattern of the whole cell popu- 
lation, sections (4 #m) were cut at four dif- 
ferent levels of the tumour. The M.I. and L.I. 
were calculated after scoring 7000 10,000 cells 
per tumour; a nucleus with three grains or 
more was considered as labelled. The Student 
t-test was used to compare midday and mid- 
night values. 

To estimate the duration of the various 
phases of the cell cycle, the PL M method 
(37-39) was used. The animals were pulse- 
labelled either at 2 a.m., 8 a.m., 2 p.m. or 8 
p.m. by i.p. injection with 1 #Ci/g in 1 ml of 
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tritiated thymidine.  Three to tivc animals of 
each group were sacrificed at 3 hr intervals 
throughout  a 27-hr period. A min imum of 100 
mitotic figures per animal  were scored either 
as labelled (three or more grains per figure) 
or unlabelled. 

The  durations of the cell cycle (Tc) and of 
the cell cycle phases ( T G 2 + M / 2 - T S - T G  1 
+ M / 2 )  were estimated by the graphical 
Q uastler Sherman method at" the 5(),i~ in- 
tercept [37]; if the last experimental point did 
not reach the 5@! 0 of labelled mitoses, an 
extrapolation was made to this intercept. The 
Student  /-test was used to compare values 
obtained at the 27th hr t})r each turnout. 

R E S U L T S  

Both tumours showed a gomperlzian type ol 
growth (Fig. 1), "F 9 growing slower than Tl0.  
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The variations of" mitotic and labelling indices 
observed during the 8th diurnal  period of 
growth were quali tat ively identical in T 9 and 
T10 (Fig. 2). The mitotic peaks were found at 
midday  and corresponded to min imum labell- 
ing indices. On the contrary, the highest 
labelling indices were encountered at mid- 
night (Tg) or between midnight  and 4 a.m. 
(T10) at a moment  where mitotic indices were 
the lowest. 

The  analysis of P L M  curves drawn every 
6th hr at day 8 (Figs. 3a and b, 4a and b, 
Table 1) indicate that,  in spite of some diur- 
nal fluctuation of 0 2 and S phases, the G1 
period shows the most significant variation ill 
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I"ig. 3. Evolution of the P L M  curve in T 9 at day 8 ajte~ a 
3 H - T d R  injection performed al '2 a.m., 2 p.m. (Fig. 3a), 8 
a.m. and 8 p.m,  (Fig. 3b). Each point represents the mean oJ 
3 5 measurements; vertical bar.s the standard error ~'thi.s mean. 

However ,  the use of the P L M  method  to 
de te rmine  the transit times in a system which 
is nei ther  asynchronous nor  in a steady state 
deserves comment  [38-41].  This method  was 
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both tumours:  the tumours  labelled with 3H- 
T d R  at 2 a.m. had an impor tan t  increase of  
their Gj  period. T h e  lengthening of  the G 1 
period is cont i rmed:  (1) by the clearcut  re- 
ascension of the P L M  curves obta ined in both  
tumours  after a H - T d R  injections at 2 p.m., 8 
a.m. and 8 p.m. contrast ing with the flatten- 
ing of  the curves obta ined  after 2 a.m. 3H- 
T d R  injections and (2) by the fact that  the 
last exper imenta l  points obta ined at the 27th 
hr are significantly lower in groups injected at 
2 a.m. In the other  inodalities, the values are 
not different be tween each others at this time. 

D I S C U S S I O N  

T h e  present  work confirms our  previous 
observations on diurnal  f luctuations of pro- 
liferation in two methy lcho lan threne  induced 
sarcomas of C57BL male mice: the mitotic 
indices are at their nadir  ei ther at midnight  or 
between midnight  and 4 a.m., at t ime where 
the labelling indices reach their peak. 

T h e  purpose of  the present  experiments  was 
to de te rmine  by the P L M  method  which 
diurnal  change in the cell cycle could be 
responsible for these f luctuations of  the mitotic 
and labelling indices. 
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3 5 measurements; vertical bars the standord error oJ-this mean. 
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Table 1. 

C. Focan, H. Barbason and E. H. Betz  

Eftimaled cell cycle parameters qf 34CA induced sarcomas at 
day 8 (50 '0 intercept method) 

H o u r  of  3 H - T d R  

it!jection T G  1 + M/2  TS T G  2 + M/2  T C  

T9 

2 a.m. 10.5 10.0 4.4 24.9 
8 a.m. 1.8 9.8 6.6 18.2 
2 p.m. 4.6 12.0 4.0 20.6 
8 p.m. 2.8 8.8 6.8 18.4 

TlO 

2 a.m. 19.0" 10. t 2.0 31.4 

8 a.m. 11.6 9.8 3.0 24.4 
2 p.m. 11.0 11.0 2.0 24.0 

8 p.m. 13.0 10.4 2.6 26.0 

*Rough estimation by extrapolation, in practice, precisely unevaluable except 
by computer fitting. 

first described by Quastler and Sherman [37] 
in the small intestine of mice, which has since 
then been shown to be submitted to important 
circadian influences [20, 28]. Except in a few 
selected cases [42, 43], it has been used in 
many tumoral systems without taking into 
account diurnal changes in the proliferation 
activity [40, 41, 44, 45] despite the fact that 
diurnal waves of proliferation occur in expe- 
rimental and human neoplasms [26 36] as 
well as in normal, actively dividing tissues [1- 
25]. 

The validity of the PLM curve as a method 
for calculating the duration of cell cycle 
phases in non-asynchronous systems has been 
questioned especially when a single PLM 
curve is presented [6]. Fluctuations of the 
PLM evolution reflecting especially variations 
of the G 2 and S phases have already been 
described in tissues known to exhibit circadian 
activity such as the hamster cheek pouch [3, 
11, 12, 15] or the mouse cornea [6, 18, 19] 
and epidermis [7, 10, 21, 22]. In the hamster 
cheek pouch, M611er et al. [15] described a 
variable effect of triggering cells from G 2 to 
M phase depending of the hour of 3H-TdR 
injection, inducing false shortening or length- 
ening of G 2 phase. It was also demo- 
nstrated in such systems that the age distri- 
bution of cells in S phase [3, 6, 11, 12, 15] 
due to different rates of entrance or exit [3, 6, 
10-12, 15, 22] present circadian fluctuations. 
These are also liable to influence the evol- 
ution of the PLM curve inducing false corn- 

putations of G 2 and S durations. 
Therefore, to obviate such induced fluc- 

tuations and obtain a better resolution of the 
mean duration of phase of the cell cycle, we 
repeated PLM curves by pulse labelling every 
6th hour during a 24-hr period. For both 
tumours, the most significant variation was 
found in the duration o f G  1. Successive length- 
ening and shortening of G 1 within a 24 hr 
period result in a circadian fluctuation of the 
flux of cells into S, realizing a partial synch- 
tony which generates the circadian waves of 
L.I. and M.I. [10-12]. Although this con- 
clusion must be confirmed by computer fitting 
of our results, it is in good agreement with 
mathematical modellings performed by Klein 
and Valleron [46], or Firket [47]. It is also 
supported by previous observations made on 
the hamster cheek pouch by Brown and Berry 
[3], Izquierdo and Gibbs [11,12] and M611er 
el al. [15], and on the mouse epidermis by 
Burns and Scheving [6], Grube et al. [101 and 
Tvermyr [22]. More ancient works of 
Bullough [4] on the 'chalone' regulation of 
some normal actively dividing tissues sugges- 
ted also that the level of regulation lies in the 
period preceding DNA synthesis, and that 
the expression of this regulation appeared 
during the last hours of the rest period of 
animals. 
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