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Abstract--Circadian rhythms in the incorporation of 3H-Tdr into chemically 
isolated DNA (DNA specific activity or DNA-SA) from spleen, thymus, duodenum, 
bone marrow and liver were altered by the presence of the Lewis Lung Carcinoma 
(LLC) in BDF1 mice standardized to a 12:12 light-durk cycle (light 0600-1800, 
CST). In general, the longer the LLC was present in the host the more pronounced the 
changes were in the normal circadian pattern of DNA-SA in the host's organs. 
Different ages (6, 10 or 14-day old tumors) of LLC caused different changes in (1) 
phasing, (2) waveform and (3) over-all level of DNA-SA in all organs examined. The 
circadian rhythm in the mitotic index in the corneal epithelium, however, remained 
unperturbed by the presence 0fa 6-, I0- or 14-day-old LLC. The LLC itself exhibited 
significant high-frequency fluctuation in the amount of DNA-SA during the circadian 
period. 

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

CHRONOBIOLOGICAL evaluation of DNA syn- 
thesis and mitosis has revealed the existence of 
biological rhythms in these and many other 
physiological variables [1]. Knowledge and 
use of biological rhythmicity have provided a 
better understanding of many biological 
phenomena and have significantly increased 
the results obtained in many therapeutic si- 
tuations [2-5]. Chronobiological investigation 
of DNA synthesis and mitosis in the tumor- 
bearing host has provided a better under- 
standing of the effects the tumor (Ehrlich 
Ascites Carcinoma) has on the host [6-8]. 
The study reported here continues our chro- 
nobiological investigation of DNA synthesis 
and mitosis in normal and tumor bearing 
mice. In this investigation, rhythms in DNA- 
SA and/or mitosis were studied in control 
mice and in mice bearing 6-, 10- and 14-day- 
old subcutaneous Lewis Lung Carcinomas 
(LLC) as well as in the LLC itself. 
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MATERIALS AND M E T H O D S  

Male BDF 1 mice were used in this experi- 
ment. The mice were kept on a light-dark 
cycle (light from 0600 to 1800CST) for 2 
weeks prior to and throughout the experi- 
ment. Food and water were available ad 
libitum. The mice were 8 weeks old at the 
beginning of the experiment. Four separate 
groups of 80 mice each were utilized. One 
group served as non-tumor-bearing controls. 
The second group (LLC-6) was bearing a 6- 
day-old subcutaneous implant of Lewis Lung 
Carcinoma at the time of sacrifice. The third 
(LLC-10) and fourth (LLC-14) groups of 80 
mice each were bearing 10-day-oid and 14- 
day-old implants of LLC, respectively, at the 
time of sacrifice. 

The LLC used in this experiment was 
obtained originally from Dr. W. D. De Wys 
of Northwestern University and has been trans- 
planted by trocar in our laboratory at 2- 
week intervals. To inoculate the 3 different 
groups of mice with a known number of LLC 
cells, the following procedure was used: large 
subcutaneous LLC tumors were minced and 
then mildly homogenized in a motor driven, 
glass-teflon, loose-fitting homogenizer in 
Minimal Essential Medium--Earle 's  base 
(BBL, Cockeysville, MD) buffered to pH 7.2 
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with N a H C O  3. The homogenate was strained 
through a stainless-steel wire mesh screen and 
a cell count (viable cells only) was made 
using a hemocytometer and a solution of 
0.5°o eosin in saline. The counted cell suspen- 
sion was kept in a stoppered flask in crushed 
ice during the injection procedure. The dif- 
ferent groups of mice were injected subcu- 
taneously between the scapulae with an LLC 
cell suspension between 1130 and 1215CST: 
the LLC-14 mice received 3.2 x 106 LLC cells 
14 days prior to the day of sacrifice; the LLC- 
10 group received 3.5 x 106 LLC cells 10 days 
prior to their death; and the LLC-6 group 
received 3.1 x 106 LLC cells 6 days prior to 
death. Thus, each group received approx- 
imately the same number of LLC cells. 

On the day of sacrifice, the mice in each 
group were subdivided into smaller groups of 
7 9 mice each; and one subgroup was killed 
at each of the following time points: 0800a 
(i.e., 0800 on the first day), 1100, t400, 1700, 
2000, 2300, 0200, 0500 and 0800b (0800 on 
the second day). One-half  hour prior to being 
killed, each mouse received an intraperitoneal 
injection of 10 #Ci of tritiated thymidine (H 3- 
TDR;  specific activity of 15.2Ci/M mole; 
Schwarz/Mann) in 0.1ml saline. The mice 
were killed by cervical dislocation, and the 
abdominal and thoracic cavities were opened 
and the entire mouse was fixed in 10~}{~ 
phosphate-buffered formalin. 

Organs were dissected out of the formalin 
fixed mice, the DNA was chemically isolated, 
and the amount of 3H-TdR incorporated into 
DNA was measured via liquid scintillation 
counting and expressed as CPM/#g  DNA 
(DNA-SA). This procedure has produced con- 
sistent results in rhythms in DNA-SA from a 
variety of tissues repeated from experiment to 
experiment and even from year to year [1, 9]. 
The corneas were removed, stained and coun- 
ted; and the results were expressed as mi- 
toses/1000 cells (mitotic index). The details of 
these technical procedures have been pub- 
lished [6]. During the dissection of the LLC, 
the tumor mass was bisected, the necrotic- 
hemorrhagic areas were identified, and a 
piece of non-necrotic, gray-white tumor was 
removed for analysis. 

RESULTS 

Lewis lung carcinoma (Fig. 1) 

When the various organs were being re- 
moved from the formalin-fixed mice, it was 
concluded that there was not enough viable 

LLC tumor in the LLC-6 group to warrant 
an analysis of DNA synthesis. Therefore, Fig. 
1 contains only the chronobiological profiles of 
DNA-SA for the LLC-10 (solid line) and 
LLC-14 (dashed line) tumors. 
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Fig. 1. Chronogram of DNA-SA in 10- and 14-day-old 
Lewis lung carcinomas. 

The DNA-SA profile for the LLC-10 tumor 
demonstrated trough values during the latter 
part of the nocturnal period (0200 and 0500) 
and higher values during the diurnal period 
and the early nocturnal period. The difference 
between the highest point (0800b) and the 
lowest point (0200) was statistically significant 
(0 .01<P<0.005) .  The DNA-SA profile for 
the LLC-14 tumour was characterized by an 
over-all decrease in DNA-SA. The difference 
between the high and low points was not 
statistically significant (0.2 < P < 0 . 1 5 ) ,  pro- 
bably because of the large standard error at 
0800a. The per cent difference between 0800a 
and 0800b, however, was 320°~. A statistical 
comparison between the data at 1100 and 
0800b indicated a significant difference be- 
tween these two points (P<  0.05). A statistical 
comparison between the 24-hr means of the 
LLC-10 and LLC-14 tumors was significant 
(P<0.0005)  indicating a depression of growth 
as the tumor aged. However, if single time- 
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point sampling of this system was used, no 
statistically significant ditTerences would be 
recorded between the LLC-10 and LLC-14 
tumors at 0800a, 2000 and 0500. 

Spleen (Figs. 2 and 3) 

The entire spleen was removed from the 
formalin-fixed mice, blotted dry and weighed to 
the nearest 0.1 mg. The spleen weights from the 
non-tumour-bearing mice (solid circles and line, 
Fig. 2) averaged 78.7 -F 1.3 mg with a high value 
of 83.5 __ 3.2 mg at 0800a and a low value of 72.3 
__2.1 mg at 1000. The difference between the 
high and low points was statistically significant 
(0.01 <P<0 .005 ) .  The spleen weights from the 
LLC-6 mice (open circles, dotted line, Fig. 2) 
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Fig. 2. Chronogram of spleen weights in control or non-tumor- 
bearing mice compared to spleen weights from LLC-6, LLC- 10 and 

LLC-14 mice. 

showed statistically significant fluctuation (0.025 
< P < 0 . 0 1 2 5 )  between the high point of 131.7 
-I-6.0mg at 0800a and the low point of 113.7 
__+4.1 mg at 2300. Likewise the spleen weights 
from the LLC- 10 mice (open squares, dashed line, 
Fig. 2) showed statistically significant fluctuation 
(0.025 < P < 0,0.125) between the high point of 
141.1 -F 9.2 mg at 1100 and the low point of 113.3 
__+6.6mg at 0200. A comparison of the 24hr 
means of the spleen weights for the LLC-6 (121.0 
+ 1.7 mg) and the LLC-10 mice (128.8 -F 2.8 mg) 
resulted in a significant difference between these 
groups (0.025 <P<0 .0125) .  

The spleen weights from the LLC-14 mice 
(open triangles, dot-dash line, Fig. 2) fluc- 
tuated significantly in a trimodal fashion with 
sharp troughs occurring at 0800a, 1700 and 
0500, and three peaks; one peak occurred 
during the mid-light period, one occurred 
during the mid-dark period and lasted for 6 
hr, and one occurred at 0800b. Since the 
0800b value was in the peak range whereas 
the 0800a value was in the trough range, the 
impression given is that the peaks and troughs 
would have occurred earlier during the second 
24-hr span, if this period has been included 
in the experimental design. It also is possible 
that the fluctuation is not circadian, but 
perhaps ultradian. The high point (322.6 
__+22.6mg) occurred at 0200 and the low 
point (248.7-t-28.8mg) occurred at 0500. 
These values were statistically significant (0.05 
<P<0 .025) .  

All 24-hr means of spleen weight from the 
LLC-6, LLC-10 and LLC-14 mice were signi- 
ficantly greater (P<0.0005) than the control 
over-all mean. The longer the LLC was pre- 
sent in the host, the greater the spleen weight 
was i.e., over-all means were 78.7__ 1.3 mg for 
the control mice and 121_ l . 7mg ,  128.8 
-t-2.8mg and 291.8_+ 10.6rag for the LLC-6, 
LLC-10 and LLC-14 mice, respectively. 

Figure 3 is a display of the changes observed 
in DNA-SA in the spleens of control, non- 
tumor-bearing mice (solid circles and line), 
LLC-6 mice (open circles, dotted line), LLC- 
10 mice (closed squares, dashed line) and 
LLC-14 mice (open squares, dashed line). The 
circadian rhythm in the control mice reached 
a peak early in the nocturnal period and 
remained high until after 0200. Trough levels 
occurred during the majority of the diurnal 
phase. The difference between the peak and 
trough values was significant (0.0024<P 
<0.01). The phasing of this rhythm in DNA- 
SA in the spleen from the control animals 
confirms a similar finding by Burns et al. [6]. 
A rhythm in the uptake of 3H-TdR into DNA 
of the rat spleen with very similar phasing has 
been reported [1]. 

'FEe presence of LLC for 6 days (open 
circles, dotted line) did not markedly alter the 
phasing or the over-all level of this rhythm. 
There were no statistically significant differ- 
ences between the control and the LLC-6 mice 
at any time point. The phasing of the rhythm 
in the LLC-10 mice (closed squares, dashed 
line) was somewhat similar (except for the 
0800a point which was high) to that observed 
for the LLC-6 and control mice, but the over- 
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F~. 3. Chronogram of DNA-SA in spleen in control or non- 
tumour bearing mice compared to D,VA-SA rate in LLC-6, LLC- 

10 and LLC-14 mice. 

all 24-hr mean in the LLC-10 mice was 
significantly greater (P<0.0005) than both 
the control and the LLC-6 over-all means (see 
also Fig. 9). There was no statistically signi- 
ficant difference between the 24-hr means 
from the LLC-10 and LLC-14 groups. 
However, the rhythm in DNA-SA in the 
spleen in the LLC-14 group demonstrated a 
change in phasing in comparison to the 
rhythms obtained from the control, LLC-6 
and LLC-10 groups. In the data obtained from 
the LLC-14 group during the 24-hr obser- 
vation period, the rhythm was trimodal with 
peak activity occurring around the transition 
from dark to light, at mid-dark, and again at 
the transition of light to dark. Trough activity 
occurred at mid-light and again at mid-dark. 

Liver (Fig. 4) 

The amount of 3H-TdR incorporated into 
DNA isolated from the livers of the control 
mice (solid circles and line) was very low and 
did not reveal a statistically significant fluc- 
tuation. The presence of LLC resulted in a 
statistically significant increase in DNA-SA in 
the liver in the other three groups (P<0.0005 
in each case; see also Fig. 9). There were no 
staistically significant differences between the 
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Fig. 4. Uhronogram of  DNA-SA in liver o j control or non- 
tumor bearing mice compared to that in LLC-6, L L C - 1 0  or 
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over-all means of the LLC-6 (6.5+0.5), LLC- 
10 (6.1 _+0.6) and LLC-14 (6.9_0.5) groups. 
However, there were stmisticallv significant 
diit'erences between the peak and trough va- 
lues for each of these groups (P<0.0005 for 
LLC-6, 0.01 < P < 0 . 0 0 5  for LLC-10, and 0.05 
< P < 0 . 0 2 5  for LLC-14). The rhythmic vari- 
ations in DNA-SA in the liver for the LLC-6 
and LLC-10 groups were basically unimodal, 
i.e., one area of peak values occurred during 
early to mid-light phase and one area of 
trough values occurred during the mid- to 
late-dark phase. Such phasing and 111(" over- 
all increase in DNA-SA in the liver is ver~ 
similar to the results reported [br mice bearing 
an 8-day-old Ehrlich ascites carcinoma [8]. 
The rhythm obtained from the LL(;-14 group 
was basically bimodal, i.e., trough levels oc- 
curred around the time of transition from 
light to dark and again at the time of tran- 
sition fi'om dark to light; this finding was very 
similar to that observed tbr DNA synthesis in 
the spleen in LLC-14 mice. 

'H~,mus (Fig. 5) 

The rhythm in DNA-SA in the thymus in 
the control animals (solid circles and line) had 
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Fig. 5. Chronogram of DNA-SA in thymus in control or non- 
tumor-bearing mice compared to that in LLC-6, LLC-IO or 

LLC- 14 mice. 

a peak at 0200 and a trough at 1400; this 
difference was statistically significant (P 
<0.0005). The phasing of this rhythm was in 
some respects similar to previously published 
data on the thymus [7]. The differences seen 
in the phasing and over-all level of DNA-SA 
in the thymus between the present study and 
the 1976 study may be due to the difference 
in the age of the mice used; in the younger 
mice used by Pauly et al. [7], the rhythm was 
more prominent and the level of DNA-SA 
was higher. The presence of the LLC-6 tumor 
altered this rhythmic pattern such that the 
peak (open circles, dotted line) occurred at 
0500 and the trough at 0800 (0 .0025<P 
<0.0005). The presence of an LLC-10 tumor 
caused the rhythm in DNA-SA in the thymus 
(closed squares, dashed line) to reach a peak 
at 2000 and to reach a trough at 0500 (0.10 
< P < 0 . 0 5 ) .  The LLC-14 (open squares, 
dashed line)' resulted in a bimodal rhythmic 
pattern with peak values occurring at 1100 
and 2300, and trough values at 0800, 1400 
and 0200 (P at least<0.005 in all cases). A 
comparison of the over-all 24-hr means of the 
three LLC rhythms with the control rhythm 
(Fig. 9), revealed that DNA-SA in the thymus 
from the LLC-6 and LLC-14 mice was statisti- 
cally significantly depressed (P<0 .05  and 
<0.0005, respectively), whereas the presence 

of an LLC-10 tumor did not cause any statis- 
tically significant stimulation or suppression in 
the thymus. 

Duodenum (Fig. 6) 

The rhythm in DNA-SA in the duodenum 
of the control animals (solid circles and line) 
demonstrated a trough at 1400 and a peak at 
0500 (0 .0025<P<0.0005) .  This rhythmic 
pattern was disrupted by the presence of the 
LLC. The LLC-6 (open circles, dotted line) 
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changed the rhythm so that instead of one 
peak in activity per 24-hr period, there were 3 
peaks (1100, 2000 and 0500) during one 24-hr 
period or 1 peak every 8hr. The LLC-10 
(solid squares, dashed line) resulted in a dif- 
ferent pattern which demonstrated a trough at 
1700 and a peak at 2000 (0 .0025<P 
<0.0005). The LLC-14 (open squares, dashed 
line) resulted in a rhythmic pattern which was 
similar to that seen in the LLC-10 mice in 
that the trough occurred at 1700; the peak 
occurred not at 2000, however, but at 2300 (P 
<0.0005). A statistical comparison (Fig. 10) 
of the 24-hr means of the three LLC groups 
with that of the non-tumor-bearing control 
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group revealed that the presence of the LLC 
significantly increased the amount of DNA-SA 
in the duodenum (P<0.002 for LLC-6, P 
<0.0005 tbr LLC-10 and P<0.05  for LLC- 
14). 

Bone marrow (Fig. 7) 

The rhythm in DNA-SA in the bone mar- 
row from the non-tumor bearing mice (solid 
circles and line) reached peak levels beginning 
at the transition from light to dark and lasting 
until 0200 (actual peak). Trough levels occur- 
red during the majority of the light period 
with the actual trough occurring at 0800a 
(and 0800b). The difference between the peak 
and trough values was statistically significant 
(0.0025<P<0.0005).  The presence of LLC-6 
(open circles, dotted line) altered the phasing 
of the control rhythm by extending the peak 
levels an additional 3 hr, from the tran- 
sition of light to dark, to 0500 (actual peak). 
Trough levels occurred at 0800a (and 0800b). 
The difference between the peak and trough 
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levels was statistically significant (0.0025<P 
<0.0005). The rhythm for the LLC-10 mice 
(solid squares, dashed line) had a sharper 
peak than the control rhythm, with peak 
levels occurring at 1700 and 2000 (actual 
peak). Trough levels occurred at the time of 
transition from dark to light and lasted until 
1100; the actual trough was at 0800b. The 
difference between the peak and trough values 
again was statistically significant (0.0025<P 
<0.0005). In the LLC-14 mice (open squares, 
dashed line), the normal rhythmic pattern 
was radically disrupted. A very sharp peak 
was reached at 1100 and a secondary peak 
occurred at 2300. The trough occurred at 
1400, but near-trough levels of activity occur- 
red also at 2000, 0200, 0500 and 0800b. The 
difference between the peak and trough values 
was statistically significant (P<0.0005). A 
comparison of the over-all 24-hr means for the 
control groups and the LLC animals (Fig. 10) 
demonstrated that the presence of 6- and 10- 
day-old LLCs significantly stimulated DNA- 
SA in the bone marrow (P < 0.0005 ), whereas 
the 14-day-old LLC had no effect on the 
over-all level of DNA-SA. 

Cornea (Fig. 8) 

The circadian rhythm in the mitotic index 
in the corneal epithelium in the non-tumor- 
bearing animals was characterized by a peak 
in the early part of the diurnal period and a 
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trough in the early part of the nocturnal 
period. The general phasing of this rhythm 
was not altered by the presence of the LLC. 
In the LLC-6 group, the corneal mitotic 
index was higher than expected at one point, 
2300; but in consideration of all of the other 
points determined for this group and from our 
extensive experience with this rhythm, this 
2300 value was not considered to be of 
biological significance but rather as a pro- 
bable technical error. The over-all level of 
mitotic activity in the corneal epithelium was 
not statistically significantly altered by the 
presence of the LLC. 

DISCUSSION 

The phasing, amplitude and amount of the 
standard error of the mean (S.E.) of the indi- 
vidual time points of the circadian rhythms 
in DNA-SA in the non-tumor bearing 
animals in such organs as the spleen, thymus, 
duodenum and bone marrow, and the cir- 
cadian rhythm in the mitotic index in the 
corneal epithelium, confirm earlier chrono- 
biological work on these variables [1, 6, 7]. 
These rhythms are synchronized to the light 
dark cycle and therefore are predictable and 
reproducible. 

The present results indicate that the cir- 
cadian rhythms in DNA-SA in the host organs 
are significantly altered by the presence of the 
LLC. There were several kinds of alterations 
induced by the presence of the LLC: (1) 
phase changes, (2) waveform changes (3) 
changes in the 24-hr mean or over-all level of 
activity and (4) increase in the variation of 
the data obtained at each time point, i.e., 
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larger S.E. were consistently found in the data 
obtained from the tumor-bearing mice. In 
general, the longer the LLC was present in 
the host the more pronounced were the alter- 
ations in the rhythm in DNA-SA. The first 
changes noted were usually changes in phas- 
ing, i.e., a different time for the occurrence of 
the peak and/or trough in the rhythm. During 
the later stage of LLC growth (LLC-14), the 
rhythms in DNA-SA in the spleen, liver, bone 
marrow and thymus demonstrated a trimodal 
instead of a normal unimodal pattern. In 
some organs (e.g., spleen), changes were not 
noticed until the later stages of LLC growth, 
whereas in others the changes were observed 
early in the course of growth of the LLC; in 
the duodenum, for example, a trimodal pat- 
tern was apparent on the sixth day of LLC 
growth. 

The changes in the over-all level (24-hr 
mean) of the DNA-SA in the organs studied 
are presented in the histograms in Figs. 9 and 
10. In general, with the exception of the 
thymus, the presence of the LLC resulted in a 
stimulation of the over-all level of DNA-SA. 
The spleen did not demonstrate this stimu- 
lation until after the sixth day of LLC growth, 
although the spleen weight was increased by 
that time. The bone marrow showed increased 
levels of DNA-SA in the LLC-6 and LLC-10 
groups, but not in the LLC-14 mice. Liver 
and duodenum had increased levels of DNA- 
SA during all stages of LLC growth. The 
thymus demonstrated an inhibition rather 
than stimulation of DNA-SA in response to 
the LLC. The stimulation of DNA-SA in the 
spleen and bone marrow and possibly in the 
duodenum may be a retlection of a B-cell type 
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Fig. 9. Histogram of 24-hr means of D..VA-S..] in thymus, spleen and liver in control 
or non-tumor-bearing mice compared to that in LLC-6, LLC-IO and LLC-14 mice. 
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Fig. 10. Histogram oj the 24-hr means oj D,.VA-SA in bone marrow and duo&num in 
control or non-tumor-bearing mice compared to LLC-6, LLC-IO and LLC-14 mice• 

of immune response, whereas the depression of 
DNA-SA in the thymus may be related to 'F- 
cell-specific immunosuppression elicited by the 
LLC [6]. 

The larger S.E. in DNA-SA obtained in the 
organs in the tumor-bearing mice (Figs. 3-7) 
indicates that in addition to the changes in 
the phasing, wavelbrm and over-all 24-hr 
level in the rhythms in DNA-SA, there was 
an increase in the variation between measure- 
ments in the individual animals at each time 
point. This observation is in agreement with 
the changes observed in the phasing, wave- 
form and over-all level of these rhythms, i.e., 
the presence of the LLC causes a significant 
amount of variation or disturbance in the 
physiology of the host. Since the LLC metas- 
tasizes early and widely it is possible that 
some of the variation recorded is due to the 
physical presence of viable LLC metastatic 
nodules. 

The cell population kinetics of the LLC at 
different stages of growth have been studied by 
Simpson-Herren et al. [10], but without re- 
gard tbr possible chronobiological variation in 
DNA-SA in the LLC. In the current study 
the fluctuations in DNA-SA in the LLC itself 
over one 24-hr period indicate that the tumor, 
as well as the host tissue, is characterized by 
complex chronobiological variation. However, 
no evidence was obtained to suggest that this 
fluctuation is synchronized or predictable. 
Nevertheless, the possibility of encountering 
fluctuation of this magnitude within a very 
short time span (24hr) is of importance to 
any investigator of tumor-cell kinetics, 
especially when one realizes that different cell- 

kinetic data (e.g., frequency of labelled mi- 
toses method) can be obtained when the 3H- 
T d R  is injected at the time of" maximal vs 
minimal DNA synthesis. This phenomenon 
has been reported in both normal [11, 12] 
and neoplastic cell populations [13]. 

The circadian rhythm in the mitotic index 
in tile corneal epithelium was not altered in 
any manner by: the presence of the LLC. 
This is a curious phenomenon in consider- 
ation of tile alterations in the rhythm in DNA 
synthesis observed in a variety of organs in the 
LLC-bearing mice. The rhythm in the mitotic 
index in the corneal epithelium also was not 
changed in any manner by the presence of an 
8-day-old Ehrlich ascites carcinoma [6] or by 
changing the meal schedule of the mice; the 
altering of lighting regimens, however, will 
phase-shift this rhythm. The circadian rhythm 
in the mitotic index in the corneal epithelium 
apparently is strongly synchronized by the 
lighting regimen and cannot be altered either 
by the presence of a neoplasm (Ehrlich ascites 
carcinoma or LLC) or by a radical change in 
the feeding schedule in animals kept on a 12- 
hr light/12-hr dark cycle. 

The data presented indicate the fundamen- 
tal role that chronobiological investigation 
plays in any analysis of DNA-SA in normal 
and neoplastic tissues and in the study of the 
interaction between tumor and host. A tremen- 
dous variety of erroneous conclusions can be 
obtained if an experimenter is unaware of the 
significant rhythms in the host and in the 
tumor, and how these rhythms are changed 
when the host and tumor interact, especially if 
only single time-point sampling is used to 
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compare  tumor-bear ing  host to the non- tumor  
bear ing control  animals.  For  example,  in Figs. 
3-7 if single t ime point  sampling were em- 
ployed (i.e., only 0800, or only 2000, or only 
1400, etc.)  one can find examples of  the L L C  
having no significant effect, or a significant 
s t imulat ion or a significnat inhibi t ion of  DNA-  
SA depending  on the single t ime point  selected 
to compare  with the controls or with the da ta  
ob ta ined  at a different time point  (perhaps a 

different labora tory  working with preceisely 
the same system). 

By discerning the chronobiological  na ture  
of  the host, the tumor  and the t umor -hos t  
interaction,  a bet ter  resolution or unders tand-  
ing of  normal  and neoplastic growth will be 
obtained,  and this will lead to more  ac- 
curate ly  designed and therefore more  efficient 
cancer  therapeut ic  regimens [2]. 
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