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The purpose of this study was to determine if
there was a diurnal variation in the DNA syn-
thesis pattern of epithelial basal cells in the
dorsum of the mouse tongue between infancy
and preadult ages. The pattern of DNA synthe-
sis in the basal cells of mouse tongue in 24-hour
periods for different age groups was studied
by isotope labeling and radioautography. A
strong diurnal variation was found in the pat-
tern of DNA synthesis with the degree of vari-
ation dependent on the age of the experimental
arou hs.6 1

Irradiation of the head of several species of
laboratory animals causes a mode of irradiation
death called "oral radiation death." This mode
was studied by Goepp and Fitch1'2 who dis-
covered that the initiating factor of the se-
quence of events leading to death was an irradi-
ation effect in the lingual epithelium causing
lack of repopulation.

In previous studies, Goepp and Fitch3
noted that there was an apparent marked diur-
nal variation in oral radiation death mortality
depending upon the age of the mice. It seemed
that youLnger mice, such as those four to five
weeks of age, had an appreciably lower LD50
than did older mice. However, the lower LD50
value occurred only at a certain time of day as
contrasted to irradiation at other times of the
day, the other times giving the same LDe5 value
as that found in older mice. The degree of diur-
nal variation seemed to decrease as older groups
of mice were studied, and there was no ap-
parent diurnal variation in radiation sensitivity
of mice that were 14 weeks of age or older. The
evidence suggested that the sensitivity to irradi-
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ation injury of the lingual epithelium was de-
pendent upon the time of day of irradiation
and that this diurnal difference apparently di-
minished as the mice became older and disap-
peared when they reached maturity at 16 weeks.
The possibility of diurnal variation in the

radiation sensitivity of tissues could be of con-
siderable importance in radiation therapy. This
is hardly a new consideration, but it is still not
clear because of conflicting experimental results
obtained by different workers. Pizzarello, Wit-
cofski, and Lvons4 found considerable differ-
ence in the mortality results in the irradiation
of rats depending upon the time of day. Rugh
and coworkers5 reported that their experimental
results from mouse irradiation showed no diur-
nal dependence for radiation effect, and they
adamantly refuted Pizzarello's work. These two
groups of workers apparently studied normal
adult experimental animals during a period of
growth. Others also have studied this question,
but a clear understanding of the problem has
not yet been achieved.

Whitmore6 has demonstrated that the de-
gree of cell-culture system's sensitivity to irradi-
ation injury can be dependent upon the (DNA)
cycle. Thus, it could be inferred from the re-
sults of previous studies on oral radiation death
that the lingual epithelium in younger animals
mav have a more synchronous DNA cycle
among the progenitor population, the basal
cells. Lindop and Rotblad' who studied the
age factor in the succeptibility of man and
animals to radiation also had mixed conclu-
sions. They found that in the young mice
there is a sharp peak of 40% increase in sensi-
tivity at the age of 4 weeks. They found a
steady increase in radiation sensitivity in old
age, making old mice about twice as liable to
irradiation injury as were younger adult mice.
Von Smallmann and Grimes8 studied diumal
rhythm in the lens epithelium of rats. The ages
ranged from 1 day to 1 year, and they found
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that rats killed in the forenoon showed a re-
duction of 3H-thymidine incorporation directly
related to age. Wakonig-Vaartaja,9 in studying
the effect of urethan on mitotic cells of mice of
different ages and strains, found that the mito-
tic index of the spleen showed a marked decline
from the age of 2 to 12 days. After that time,
the mitotic index maintained a steady level.
Brown and Berry'0 found a diurnal variation
in both the mitotic index and in the tritiated
thymidine labeling index in the epithelium of
the hamster cheek pouch. They concluded
that the diurnal mitotic variation is the result
of a partially synchronous population mov-
ing through the DNA synthetic period. Diur-
nal variation of mitotic activity or DNA
synthesis has been investigated in the mouse,
rat, and rabbit"-14 and specifically in the oral
tissues in the rat.15-19 In addition, Glass and
Goepp20'21 demonstrated a nonrandom distri-
bution of DNA synthesis and mitotic events in
the basal cell population of mouse tongue epi-
thelitum during recovery after irradiation in-
jury. TIhey noted that nonrandom distribution
and related synchrony seemed to be necessary
for the replacement of lost epithelial layers.
The observation that young mice, with pre-
sumably growing tissues, were sensitive to diur-
nal variations in the mortality of oral radiation
death may be because of the presence of a non-
randomn, synchronous occurrence of DNA syn-
thesis which is similar to that found in the
adult mouse tongues after irradiation injury.

The purpose of this study is to determine
if the young mouse tongue epithelium of mice
4 to 12 weeks old has a diurnal variation in the
spatial pattern and synchrony among basal
cells in DNA svnthesis.

Materials and Methods

A total of 54 male C57 BL/6 mice was
sparated into a 4-, 8-, and 12-week-old age
group. Mice were housed in plastic cages with
SAN-1-CEL bedding, and were fed Teklad
Motuse and Rat diet and given water ad
libitum. The mice were caged in a room with
a stable air-conditioned environment (70 to
74 F) without window facilities. The fluores-
cent lights were on continuously during the
24-hour experimental period.

The number and distribution of basal cells
in DNA synthesis were determined at 4-hour
intervals for 24 hours in the groups of 4-, 8-,

and 12-week-old mice. Tritiated thymidine
( 3HTdR*) was used to label cells in DNA
synthesis. The isotope (specific activity of 3.0
Ci/mM) was administered intraperitoneally at
a dosage level of 15 #Ci per mouse. The isotope
was administered for each group of mice at
400, 800. 1,200. 1,600, 2,000, and 2,400 hours.
All mice were killed by cervical dislocation one
hour after the administration of 3HTdR.

The tolngues were removed and fixed in
10% buffered Formalin for 24 hours. Then the
tongues were longitudinally sectioned at the
midline and the hemisections were embedded
in a rosin-eskar paraffin. The first 12 sections
wvere cut at 3 micrometers and placed on two
glass slides. After being deparaffinized, the sec-
tions were stained for the Feulgen reaction.
Radioautographs were done of the isotope spe-
cimens, using the coating technique described
by Kopriwa and Lebiond.22 The slides were
dipped in NTB 3 liquid emulsion,t air dried,

TABLE 1

PERCENTAGE OF LABELED BASAL CELLS AFTER
ADMINISTRATION OF 3HTDR GIVEN AT DIFFER-

ING TIMES IN 24 HOURS IN MICE,
AGE 4 WEEKS

Percentage
Time Mouse Labeled
(hr) No.* Cells

400 1
2
3

800 4
5
6

1,200 7
8
9

1,600 10
11
12

2,000 13
14
15

2,400 16
17
18

33.85
20.20
24.17

16.56
17.50
16.93

9.27
9.74

19.69

7.65
6.15
9.59

31.25
15.68
11.25

27.82
23.34
26.30

Mean SD

26.07 ± 7.02

16.99 ± 0.47

12.9 + 5.89

7.80 + 1.72

19.39 ± 10.50

25.82 + 2.28

* Schwartz Bioresearch, Orangeburg, NY.
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* Three different mouse samples per time group.
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TABLE 2

PERCENTAGE OF LABELED BASAL CELLS AFTER
ADMINISTRATION OF 3HTDR GIvEN AT DIFFER-

ING TIMES IN 24 HOURS IN MICE,
AGE 8 WEEKS

Percentage
Time Mouse Labeled
(hr) No. Cells Mean S D

400 1 14.53
2 21.30 20.40 ± 5.47
3 25.36

800 4 26.30
5 21.46 21.42 ± 4.89
6 16.51

1,200 7 6.83
8 5.31 6.27 ± 0.84
9 6.67

1,600 10 20.31
11 18.11 18.67 ± 1.44
12 17.60

2,000 13 13.65
14 6.25 14.58 ± 8.84
15 23.86

2,400 16 17.03
17 10.95 15.33 ± 3.84
18 18.03

and placed in lightproof plastic slide boxes con-
taining a drying agent, then the boxes were
stored at 4 C for three weeks for radioauto-
graphic exposure. The radioautographs were
developed with D19 developer,t dehydrated,
and counterstained through the emulsion with
fast green at a pH of 5.8 to prevent staining
of the nucleoproteins.

Four hundred and eighty basal cells were

counted per section and four serial sections,
1,920 cells, were counted per tongue specimen.
Counts were begun at the anterior one third of
the tongue and continued posteriorly toward
the intermolar eminence. Only basal cell nu-

clei that w%ere covered by five or more grains
over the nuclear outline were counted as

labeled.
To characterize the distribution of labeled

cells within each specimen, each sample was

divided into a series of "statistical grids." If
labeled cells were, indeed, randomly distrib-
uted within the sample, the number of such

t Eastman Kodak Co., Rochester, NY.

cells within each statistical grid should be ap-
proxiniately equal for all grids; and the number
of labeled cells to be expected within each grid
wouLld be equal to the total number of labeled
cells within the specimen divided by the num-
ber of grids. The significance of deviations from
these expectancies was tested by means of chi-
square analyses,23 using the general formula
(fo- fe) 2/fe Each statistical grid thereby
yielded an index of that grid's deviation from
the frequencv of labeled cells expected in a
random distribution. The sum of these indexes
for each specimen produced for that specimen
a total chi-square value greater or less than a
calculated critical value dependent on a pre-
selected level of statistical significance and the
degrees of freedom inherent in the statistical
procedure. For these analyses, each analysis in-
cluded 31 df, and the 0.05 probability level was
chosen as the maximum to establish nonran-
domness.

In addition, certain of the data obtained
were subjected to a statistical analysis of vari-
ance, a somewhat more sensitive statistical
test.23

TABLE 3

PERCENTAGE OF LABELED BASAL CELLS AFTER
ADMINISTRATION OF 3HTDR GIVEN AT DIFFER-

ING TIMES IN 24 HOURS IN MICE,
AGE 12 WEEKS

Percentage
Time Mouse Labeled
(hr) No. Cells Mean SD

400 1 18.23
2 16.83 17.02 ± 1.13
3 15.99

800 4 11.46
5 8.44 9.48 ± 1.73
6 8.49

1,200 7 10.63
8 13.80 12.39 ± 1.61
9 12.74

1,600 10 19.74
11 13.75 17.03 ± 3.04
12 17.61

2,000 13 7.24
14 9.01 9.71 ± 2.87
15 12.87

2,400 16 10.63
17 14.53 17.33 ± 8.46
18 26.83
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FIG 1.-Microscopic appearance of radio-
autograph of tongue section from 8-week-old
mouse at 800 hours after administration of
3HTdR one hour before sampling. Examination

Thle labeling index, the percenitage of basal
cells labeled by :'flTdR one lhour after injec-
tion, was determined as follows: labeling index
= nuimber of labeled cells X 100%/ total num-
ber of couinted cells in the basal layer.

Spatially related groups of isotopc-labeled
basal cells were described as clusters. The char-
acteristics of the cluster xvere defined as two orl
more labeled contiguous basal cells with more
thatn two nonlabeled contiguLous basal cells on.
both sides of the cluster of labeled cells. If the
span of nonlabeled cells betxeen labeled wxas
two or one, both groups of labeled cells, includ-
ing the span of unlabeled cells, xxere counted as
one cluster. Tllhe reasons for this aie based oni
previous observations made by Glass andI
Goepp..17.1 They reported that in conltinuous
labeling experimenits, the area of labeling beg(an
wvith two or three cells and the area enlarged
alonig the basal cell layer by adding labelecl
cells. HI-owever, in flash label experiments where
the isotope is available for only about 2(0
minutes, areas began wN-ith txso or three contig-
ously labeled cells wvith long spans of uni-
labeled cells between. In continu ing sample in1-

reveals apparent nonrandom distribution of iso-
tope-labeled basal cells as evidenced by exposed
emulsion grains seen over nuclei of basal cells
(original mag X 100).

tervals, there was a great increase in the num-
ber of labeled groups separated by only one or
two unlabeled cells. 1Thlis xwas initerpreted to
nean that spans of one or t:w-o unlabeled cells
represented betwecu groups of labeled cells
represented cells that were actually part of a
spatially related groutp as evidenced by the
results of eontirruous label experiments. C'luster
courrits ercrc described as the clUster factor in
the statisti(al tests that xvere done. Within the
scope of this report, cluster factor is identified
as the numnber of clrrsters/thie total number of
labeled cells.

Results

Prelim-,inamry mi-iicroscopic exarination of
tlhe radioauto- rapbic tonlgue specimeni-is r cvealed
apparci-it spatial grouipinogs of labeled basal cells
siurilar to those previously described by Glass
arid CGocpp.' Th:es groupings or clrrsters ap-
l)eared to be roost exvident in the samiiple of 8-
xx eck-old mice (Figs 1, 2). All samples were
counted aind the labeling itndex was determined.
The results are griven in Tables 1 throuigh 3.

f Den t Res Api-z'l 1977
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For the purpose of comparison, the lab,l-
ing index values (percentAge of labeled cells)
vwere plotted agaainst the samplc age and tinici
of day (Fig 3)

After determiiniations of labeling inidex, the
basal cell population wilas divided inlto pre-
viously d&scrihed statistical grids. Probalbility
valuies Axx rc determiined for all sanmples anid are
griven in Tab)le I.

Cl-uster factor detesmiiinations werev made
thiroghgl use of the forimula already described.
Tables 5, 6, and 7 give the xalues that were
otLained.

The cluster factor vxalues, mrultiplied by
100 to deoiionstrate percentage cluster factor.
were plotted in a histogram-l against the time of
clay for each aane oroup in the total samnples
(Fig 4). In addition, forc purposes of (omiipari-
son, label values atnd the cluster factor percent-
age xalues xwere plotted together against time
of day for each age sample group (Fig 5).
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The ineani numiibers of thymidine-labeled
cells for each of the age grouips and at eaci
samplinog time are g,ixcen in Tables 8 and 9.

The significance of deviations of the vari-
ous grouLp neians fromn their respective row and
ColUmn11 means anid of these fromii the (grand
meian xwas tested by a txvo-xway analysis of vari-
ance as dlescribed previou.sly in the Method sec-
tion. A suimminiary of the restilts of this analysis
is gi ven in Tables 10 and 11.

Discussion

Examiniation of meaiu label indexes iven
in Table 1 (4-xs-eek-old mice) reveals a signifi-
cant (P < .01, based on analysis of variance of
labeled cell counts) drop in the label index
value at 1,600 hours, which is less thain onIe
thir-d of the xvalucs seen in the peaks of labeling
that occurrrecl at 400 and 2,400 hlours. Similarlv,
in 8-week-old niice (Table 2), there xvas a
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FIG 2. Higher magnification of Figure 1
showing distribution of exposed emulsion grains
over labeled basal cells that appear to have a

.
'

_
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nonrandom distribution in basal cell layer (orig-
inal mag X 400).
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TABLE 4

PROBABILITIES ASSOCIATED WITH CHI-SQUARE VALUES OF THE DISTRIBUTION
OF LABELED BASAL CELLS AT VARYING TIMES AND AGES

Time (hr) Mouse No.

400 1
2
3

800 4
5
6

1,200

1,600

2,000

2,400

7
8
9

10
11
12

13
14
15

16
17
18

Chi-Square Probability Value
4 Wk 8 Wk

< 0.275
< 0.050
< 0.010

< 0.338
< 0.157
< 0.338

< 0.251
< 0.256
< 0.313

< 0.300
< 0.017
< 0.375

< 0.750
< 0.100
< 0.300

< 0.120
< 0.312
< 0.300

< 0.012
< 0.032
< 0.003

< 0.001
< 0.026
< 0.094

< 0.113
< 0.134
< 0.106

< 0.017
< 0.100
< 0.360

< 0.090
< 0.030
< 0.530

< 0.325
< 0.001
< 0.001

400 800 1200 1600
TIME OF DAY

2000 2400

FIG 3.-Mean percentages of isotope-labeled basal cells found in each of
three different age groups as compared to time of day sampling intervals.
Solid triangles joined by solid line, 4-week-old mice; open cicrcles joined by
dashed line, 8-week-old mice; solid circles joined by dotted line, 12-week-old
mice.

12Wk

< 0.028
< 0.215
< 0.175

< 2.206
< 0.194
< 0.062

< 0.036
< 0.280
< 0.025

< 0.020
< 0.020
< 0.030

< 0.030
< 0.090
< 0.150

< 0.750
< 0.017
< 0.163
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FIG 4.-Histogram showing mean cluster factor percentages in each of
three different age groups as compared to time of day sampling intervals.

TABLE 5 TABLE 6

CLUSTER FACTOR OF LABELED BASAL CELLS AT CLUSTER FACTOR OF LABELED BASAL CELLS AT
DIFFERING TIMES IN 24 HOURS IN DIFFERING TIMES IN 24 HOURS IN

MICE, AGE 4 WEEKS MICE, AGE 8 WEEKS

Time Mouse Cluster Time Mouse Cluster
(hr) No. Factor Mean S D (hr) No. Factor Mean S D

400 1 0.152 400 1 0.226
2 0.207 0.183 ±0.028 2 0.215 0.211 ±0.017
3 0.190 3 0.193

800 4 0.343 800 4 0.179
5 0.226 0.264 ± 0.069 5 0.195 0.196 ± 0.018
6 0.222 6 0.215

1,200 7 0.310 1,200 7 0.323
8 0.261 0.264 ±0.044 8 0.295 0.309 ± 0.020
9 0.222 9 0.334

1,600 10 0.306 1,600 10 0.193
11 0.334 0.299 ± 0.039 11 0.285 0.229 ± 0.049
12 0.257 12 0.209

2,000 13 0.158 2,000 13 0.223
14 0.253 0.252 ± 0.094 14 0.273 0.237 ± 0.031
15 0.345 15 0.216

2,400 16 0.169 2,400 16 0.265
17 0.206 0.179 ± 0.024 17 0.239 0.225 ± 0.048
18 0.161 18 0.172

Vol. 56 No. 4
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TABLE

CLUSTER FACTOR OF LABE
DIFFERING TIMES IN

MICE, AGE 12

Time Mouse Cluster
(hr) No. Factor

400 1
2
3

800 4
5
6

1,200 7
8
9

1,600 10
11
12

2,000 1 3
14
15

2,400 16
17
18

Age (wk)

0.227
0.276
0.247

0.294
0.270
0.281

0.258
0.273
0.265

0.226
0.217
0.248

0.292
0.251
r] qnr

0.23
0.24
0.18

7 monophasic pattern of labeling with a signifi-
cant difference, the lowest value seen at 1,200LED BASAL CELLS AT hours as contrasted to the peak value occur-

W24HOURSIN ring at 800 hours. The 12-week-old group of
WEEKS mice displayed a biphasic pattern of isotope

labeling. The lowest values of labeling oc-
curred at 800 to 2,000 hours. These values
are significantly different from the times of
highest labeling index values occurring at

0.250 ± 0.025 400, 1,600, and 2,400 hours. Of additional
interest is the change in the ratio between
high and low values in the differing age
groups. Table 1 gives a 3.3 :1 ratio between high

0.282 ± 0.012 and low values, and Table 2 gives a 3.4:1 ratio
betwveen high and low values, whereas Table 3
gives a ratio of mean values of 1.8:1 between
the two high and two low values. The relation-

0.266 ± 0.011 ships between the values and comparison of the
experimental groups can be seen in Figure 3.
The curves generated from the values obtained
from the 4-week-old and 8-week-old groups of

0.233 ± 0.022 mice ate roughly similar in frequency and amp-
litude. However, the 12-week-old group has a
curve that demonstrated double the frequency
and half the amplitude of the two previous

0.283 + 0.029 curves.
'b The data given in Tables 1, 2, and 3 and

seen in Figure 3 clearly demonstrated that there
38 in a diurnal variation in DNA synthesis activity
4i 0.221 ± 0.033 in basal cells of mouse tongue epithelium. The

fact that ilhe 12-week-old group curve exhibits

TABLE 8

MEAN NUMBERS OF LABELED CELLS FROM ALL EXPERIMENTAL GROUPS

Time (hr)
400 800 1,200 1,600 2,000 2,400 Row Means

4
8

12

125.3
98.0
82.0

Column means 101.8

81.7 62.3 40.7 93.3 124.0
102.7 29.5 69.7 72.7 74.0
45.7 58.5 80.5 46.7 89.3

76.7 50.1 63.6 70.9 95.8

TABLE 9

MEAN NUMBERS OF CLUSTERS FROM ALL EXPERIMENTAL GROUPS

Time (hr)
Age (wk) 400 800 1,200 1,600 2,000 2,400 Row Means

4 26.3 17.3 14.0 8.0 20.7 26.7 18.8
8 21.7 21.7 5.5 15.7 15.3 17.0 16.2

12 19.3 11.3 14.0 18.0 11.0 20.7 15.7

Column means 22.4 16.8 11.2 13.9 15.7 21.5 16.9

87.9
74.4
67.1

76.5

I Dent Res April 1977
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DIURNAL VARIATION OF MOUSE TONGUE 433

considerable change in frequency and ampli-
tude needs interpretation. A somewhat similar
type of study done by Goepp3 with the same
type of mice but of a mature age (16 weeks)
demonstrated no significant diurnal difference
in DNA synthesis activity between various
times during a 24-hour period. Also, Goepp3
found that 16-week-old mice had no significant
diurnal difference in mortality from oral radi-
ation death. However, he also found that 12-
week-old mice did show a diurnal difference in
such radiation sensitivity, and the degree of dif-
ference was increasingly greater in 8-week- and
4-week-old mice. The findings in this present
study probably parallel the radiation sensitivity
differences seen by Goepp. The 4-week- and
8-week-old groups of mice have a relatively
high ratio of labeling index between peak and
nadir and, thus, these groups should have a
diurnal variation in radiation sensitivity since.
as Whitmore6 had shown, radiation sensitivity
is related to the DNA cycle. The 12-week-old
group of mice had a smaller ratio between peak
arid nadir. Thus, one could conclude that diur-
nal variation is greater in degree in younger

TABLE 1 0

ANALYSIS OF VARIANCE FOR LABELED CELLS

Source S S df F

Time (T) 15,360.46 5 4.37*
Age (A) 3,772.16 2 2.68
T x A 14,953.84 10 2.13t
Error 23,164.87 33

Total 57,251.33 50
* P < 0.05.
t P - 0.05.

TABLE I 1

ANALYSIS OF VARIANCE FOR CLUSTER
FACTOR PERCENTAGE

Source S S df F

Time (T) 771.13 5 6.34*
Age (A) 87.75 2 1.80
T x A 682.00 10 2.80t
Error 801.87 33

Total 2,342.75 50
* P < 0.005.
t P < 0.005.

I *
I I

I % e

I

I
I I

0 0 00 0oo o
o 0Qv CD CM O
_ C\j cli

4 WEEKS

0 0000 0oo o o o o

N~ N

TIME OF DAY

B WEEKS-I

A I

f,' I'1
,1 I/

V . _ * .

0 0 0 0 0 0

0 0 0 0 0 0

4t m N (D 0 t
_-

12 WEEKS-I

AGE GROUPS

Fai 5.-Graph to contrast curves of means of percentage of labeled basal
cells as opposed to means of cluster factor percentage in three different age
groups of mice as compared to time of day sampling intervals. Open circles
joined by solid line, cluster factor percentage; solid circles joined by dashed
line, labeling index percentage.
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mice, and that this variation tends to diminish
with aging until maturity, at 16 weeks, when
there is no diumal variation in DNA synthesis.
Although such a conclusion could be made, it
should be noted that there may be intersample
variations as a function of intervening growth
spurts and plateaus. These could produce un-
recorded fluctuations in an apparent quasi-
linear relationship between labeling index and
age.

The chii-square analyses of the distributions
of labeled basal cells (Table 4) provide evi-
dence that generally there was a random dis-
tribution of labeled basal cells in the groups of
mice and at most sampling times. Several
groups did demonstrate a statistically significant
nonrandom distribution of labeled basal cells.
Glass and Goepp2iO21 reported nonrandom dis-
tributions of labeled basal cells in epithelium
having relatively high labeling indexes and
when this epithelium was replacing lost cell
layers after irradiation injury. In the present
study, both the 4-week-old and the 8-week-old
group of mice had their peak labeling index
time at 400 hours. These groups also demon-
strated nonrandom distributions of labeled
basal cells (Table 4). The 12-week-old group
showed nonrandom distributions at 1,600 hours.
This time was the same as one of the biphasic
peaks of the labeling index curve of this group.

For the most part, these findings tend to
confirm a suggestion macde by Glass and
Goepp2Q,21 that a higher than normal labeling
index seems to be directly related to nonrandom
distributions of labeled basal calls..

The histogram in Figure 4 shows a marked
diurnal variation in cluster factor percentage in
the 4-week-old and 8-week-old groups. The
12-week-old group shows a small, biphasic diur-
nal variation. It should be noted that the de-
termination of cluster factor results in lower
values for samples that contain more labeled
cells per cluster than higher cluster factor
values that, conversely, contain fewer cells per
cluster. Thus, the relatively low values of clus-
ter factor are seen at 2,400 and 400 hours in the
4-week-old age group. As seen in Figure 5, the
plot of the cluster factor curve is almost an
identical reciprocal of the plot of the labeling
index. Hence, when the labeling index values
are high and the cluster factor values are low,
there is a smaller number of clusters with
relatively more labeled cells per cluster. After
th?t time, the labeling index values drop and
the cluster factor index rises, meaning that
there are more clusters with smaller numbers of

labeled cells per cluster. Comparing this find-
ing with the chi-square analysis, it is apparent
that the time of larger cluster size is also the
tinme of highly significant nonrandom distribu-
tion of labeled basal cells. The finding of in-
creasing cluster size is consistent with the char-
acterization of growth of clusters as described
by Glass and Goepp2l in their continuous iso-
tope labeling studies.

The definition of cluster, as previously
given, allows for the identification of clusters in
experimental groups whether or not the chi-
square analyses showed random distributions in
those groups. The definition of cluster takes
into account the "doughnut effect" that must
be considered in the light of previous continu-
ous labeling experiments. However, the chi-
square analysis is straight-line without consider-
ation for the doughnut effect. The previous con-
tinuous labeling experiments of Glass and
Goepp2l revealed that, initially, clusters appear
as small groups. The srnall clusters continue to
add labeled cells at the edge of the cluster and,
thus, grow to larger cluster size. However, in
flash label experiments, such as this study, the
isotope label is available for only about 20 miui-
utes. Thus, if two small clusters are seen close
to each other and have long nonlabeled spans
of basal cells on either side of the two closely
spaced clusters, the two probably represent one
cluster in which there has been a "fallout" in
the center because the center cells were in DNA
synthesis just before labeling and, thus, are not
labeled.

The results of the analysis of variance tests
are given in Table 10. The resulting values de-
monstrate that the incidence of isotope label-
ing of basal cells is clearly time-dependent, and
inspection of the Means in Table 8 demon-
strates a strong and definite diurnal rhythm that
ebbs at midday and peaks in the early morning
hours. Incidence of these labeled cells as a func-
tion of the animal's age is not statistically sig-
nificant, yet there seems to be a regular diminu-
tion with increasing age. Similarly, although
again this effect does not attain statistical signi-
cance in this test (largely because of the rela-
tively small numbers of mice sampled), the
diurnal ebbs and peaks of incidence are most
strongly noted in the younger mice and con-
sistently diminish with age.

A similar analysis was done with data of
the cluster factor values (Table 9). Results of
the two-way analysis of variance are given in
Table 11. Here again, a strong diurnal rhythm
is clear, the ebbs and peaks of which are, as be-
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fore, at midday and in the very early morning
hours, respectively. Also as before, this rhythm
is most sharply delineated in the youngest mice
and seems to become progressively less distinct
with age; although age by itself is not statisti-
cally significant, the interaction of age with a
sampling time achieves the levels of statistical
significance.

Conclusions

The purpose of this study was to determine
if there was a diurnal rhythm in the DNA syn-
thesis pattern of basal cells in the squamous
epithelium of the dorsum of mouse tongue in
the time between youth, just weaned, and ma-
turity. In addition, it was proposed to de-
termine if DNA synthesis occurred in spatially
related groups of basal cells as had been re-
ported previously in mouse tongue epithelium
after injury.

It was found that there are strong diurnal
rhythms in the pattern of DNA synthesis in epi-
thelial basal cells. Furthermore, there was con-
siderable evidence that the degree of this diur-
nal rhythm tended to decrease with the older
age group of mice. It was also found that at the
time of areatest DNA synthesis activity, basal
cells in DNA synthesis tended to be found in
nonrandom distribution in the basal cell layer,
that is, they were found in clusters.

It is apparent, then, that studies of epi-
thelial population kinetics in growing animals,
in tissues recovering from injury, and perhaps
in neoplastic tissues should take into account a
possible diurnal rhythm of DNA synthesis. Fur-
thermore, the results of this study and previous
ones suggest that the occurrence of clusters is
directly related to periods of growth or re-
covery from injury to epithelium. In addition,
the occurrenice of diurnal variation in DNA
synthesis patterns, the degree of which is ap-
parently related to animal age, may help to
provide a reason for the previous conflicting
claims as to the existence of diurnal variation
in radiation sensitivity in experimental animal
groups.
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