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Abstract. A method is described for the evaluation of 
DNA syathesis time and cell cycle duration for the basal 
cell of normal human epidermis. The me1hod is based on 
in vivo double injection of tritiated thymidine, intra­
dermally. Since it requires only two biopsies and the in­
jection of small quantities of tritiated 1hymidine, the 
method would secm preferable 10 otbers. The DNA 
§Ynthesis time fouml was 7 hours 35 min; lhe entire
germinative cell cycle duralion was 206 hours. The ad­
vanlages dcriving from tbe described procedure are ex­
tcnsively discussed. 

An analysis of the papers published between 1960 

and 1971, concerned with the kinetics of cell pro­
liferation in the skin, reveals that most of the 
work has been done on laboratory animals. This 
is probably due to the fact that the teclmiques 
for studying the cell cycle are hardly feasible in 

man. However, the need to obtain more data on 
some parameters of the kinetics of cell prolifera­
tion in normal human epidermis, in vivo, ap­
peared to warrant further investigation. As Table I 
shows, the results of measuring the duration of 
DNA synthesis and of the entire germinative cell 
cycle in the epidermis of different mammals, 
including man, did not agree. 

MATERIALS AND METHODS 

Six male patients between 62 and 85 years of age were 
inforrned of the nature of the experiment and voluntccrcd 
to participate. All had bccn hospitalized for long-term 
care and none was suffering from any severe degenerative 
disease. They werc tcsted by being injected intradcrmally 
with 0.1 ml of lritiated thymidine (0.003 mCi - 3 JLCi, 
N.E.N., spec. act. 22.3 Ci/mM), in two areas of ab­
dominal skin (A and B), not less lhan 15 cm apart. Area 
A was injectcd at 4.00 p.m. and again at 6.00 p.rn.; area 
B was injected at 6.00 p.m. only. Both areas were biopsied 
at 7.00 p.m. The needles used for intradermal injec1ion 
were the smallest available; the second injection was 

made at the same point as the first injection. Those sub­
jecls in whom a slight hemorrhagic effusion occurred 
after the first injection were excluded, since we used only 
those subjects showing ischemic, regular wbeals. To 
verify that lhe DNA synthesis and/or the eatire cell cycle 
duration could be allered by the trauma of the first in­
jection, we injected physiological saline and, 2 hours 
later, tritiated thyrnidine in a conlrol subject, 63 years 
old. The biopsies were fixed in Bouin fluid and embedded 
in paraffin. Serial sections, 4-5 µ,m thick, were coa1ed 
with Kodak AR 10 stripping film and developed after 25 
days of exposure at 4 °C. The counting of the labelled 
basal cells was made 011 a Reicherl light microscope 
equipped with an 8 x eye-piece and an immersion objec­
tive of 100/ J .25. A correction factor of 1.4 was intro­
duced in all percentages (9). We cbose sucb factor in 
view of the fact that the greater thickness of our histo­
logical sections (5 JLffi) was correspondent 10 the lower 
lhickness of the sections used by I versen & Evensen (9). 
We preferred 10 main1ain the above-mentioned correction 
factor wbich bad been proved to be correct in previous 
experiments. The duration of the S phase' was obtained 
as follows. According to Pilgrim & Maurcr ( l J) and to 

Baserga & Lisco (I), the ratio between the difference 
of pcrcentage of labelled cells in tbe two areas (A.-B) and 
the percemage of labelled cells occurring in the area 
labelled once (B) is cqual 10 the ratio of the interval of 
time (/1. 1)/total length of the S phase (T8). Therefore, 
from the relationship: 

(A - B) = llt. T = Btlt 
B T,' 8 (A-B)

Assurning 1hat the growth fraction of the basal cell 
population is between 0.95 and the unity (8), since 
N.:T,-N,.,.:T •. ,. 1he emire germinative cell cycle
lime was given by the formula: 

T _ TsNg.c. 
g.c. N, 

T8 
- S phase (DNA synthcsis) lime

N, = number of labclled basal cells 
N g. ,. = total number of basal cells 
T

g.,. = duration of the entire germinative (basal) cell cycle 
i'.1 = interval of time (2 hours) 
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Table I. Durarion of DNA synrhesis time and of the 
entire germinative cell cyc/e in the epidermis oj 
mammals 

Author Animal 

(13, 1960) Mouse, rat 
(14, 1961) Mouse 
(Il, 1962) Mouse 
(9, 1962) Hairless 

mouse 
(4, 1964) Mouse 
(3, 1967) Man 

(16, 1969) Man 

(7, 1971) Man 

Remarks 

in vivo 
in vivo 
in vivo 

in vivo 

in vivo 
in vitro 

in vivo 

in vitro 

•;s•· Phase 
(hrs) 

4-5
30
7.1
5.J

8 
5.9 
16 
10 

RESULTS 

Cell cycle 
duration 
(hrs) 

24-120
586

110 

150 
142-166 
308 
213 

The mcan pcrcentage of labelled cells was 3.79% 
± 0.75 in area B. which had been injectcd only 
once. This percentage rose to 4.80 % ± 0.99 in 
area A, which had been injected a second time, 

2 hours after the second injection. Thus, the 
number of labelled ce.11s increased by 0.50% per 
hour. The "r" test for paired comparison resulted 
in a highly siguificant difference between A and 
B ((=9.5514; P<0.01). The DNA synthesis time 
for the normal basal cell of human epidermis, 
in vivo, was 7 h, 35 min ± 1.13 hours. The time 

for the entire germinative cell cycle duration was 
206.67 ± 50.92 hours. The percentage of labelled 
cells in the control subject was 3.13 % in tbe area 
injected with tritiated thymidine and 2.94 % in 
the area previously injected with physiological 
saline. To obtain these data, it was necessary to 
count more than 10 000 cells per biopsy, due to 
the well known irregular, wave-like arrangement 
of the basal layer of human epidermis. When we 
processed our data, we obtained figures in terms 

of hours, minutes and seconds; however, we men­

tioned these crude data only in the above results 
and not in Table II. 

DlSCUSSION 

Weinstein & Frost (16) demonstraled that tht: 
duration of the S phase in the normal human 

basal cell. in vivo, is 16 hours and that the entire 
germinative cell cycle duration is 308 hours. We 
believc that the technique of labelled mitoses 
used by these authors is substantially one of the 
most correct. However. it requires the injection 
of !arge amounts of lritialed thymidine and, 
moreover, a certain number of very co-opera­
tive patients. Their findings were, in fact, ob­
taincd from more than 10 biopsics performed in 
the same subject wilhin 27 hours. On the other 
hand, the in vitro double-labelling methods used 
on human skin, yielded contradictory data: a 
DNA synthesis time of 5.9 hours was reported 
by Christophers & Schaumlöffel (3), while Heenen 
& Galand (7) reported 10 hours; the cell cycle 

duration was 142-166 hours and 213 hours re­
spectively (see Table I: 3 and 7). 

We believe that in vivo methods are preferable 
to in vitro techniques, for several reasons. First, 
no matter how perfect the laboratory conditions 

may be, it is impossible lo duplicate the in vivo 
conditions. Second, the multiple trauma involved 
in cutting the specimens into small pieces for 
tissue culture purpose, probably alters the mitotic 
rhythm of the tissue. Moreover, to be vaLd, 
in vitro methods require that all conditions of 
the experiment be  controlled. For example, it 
has been demonstrated that labelled cells cannot 
be found more than 150 µm from the surface of 
the tissue culture specimen; to increase the depth 

Table II. DNA synthesis rime and durarion of rhe enfire germinative cefl cycfe in epidermis of man 

r.- Duration of Hs•· phase: T
g.c. = Duration of entire germinative cell cycle: u

t
= interval of time (2 hours) 

A�B B· b.t 
T=--No. Name Age A% B% b., s A- .8 T 

G.G. 62 4.15 3.45 0.34 9.99 9.54' 288 
2 B. U. 70 4.78 3.75 0.51 7.26 7.12' 193 

3 L. E. 78 4.09 3.20 0.44 7.17 7.06' 223 
4 G. A. 81 6.76 5.29 0.73 7.16 7.06' 135 
5 C. G. 63 4.61 3.51 0.54 6.40 6.24' 182 
6 P. E. 85 4.46 3.55 0.45 7.81 7.48' 219 

4.80±0.99 3.79±0.75 0.50±0.13 7.35'± 1.13' 206:::50 
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of the labelled zone. a high grade of partial 

oxygen pressure must be used (15). lf thesc 

conditions are lacking. somc of the nuclei in DNA 

synthesis do not rernain labelled: therefore the 
rcliability of thc in vit ro method for quantitati, c 
cstimation is doubtful. To be sure that all thc 
DNA synthesi,ing cells could incorporate thc 

tritiated thymidine that we injected intradermally, 
thc biopsy wa� taken "inside" the wheal causcd 
by the injected labelled compound. 

1n a recent rcport, Heenen & Galand proposcd 
an in vitro double-labelling method that needs 
two different doses of tritiated thymidine to 

identify heavily and weakly labelled cells in the 
same specimen. Granted that the labels "heavy" 
and "wcak" represen! a �ubjective opinion, we 

believe that thc number of grains visible on the 

histological sections of the nuclei will depcnd on 

whether the section has becn made through the 

ccntre of the nucleus. In other words, the same 
cell may appear hea, ily labelled in one section 
and weakly labelled .in the next, because the 
more tangential thc section, the less will be the 
number of grains. 

One of the purposcs of thc present study was 

lo keep the experimental conditions as safe as 
possible, even though we are aware that the in­

jection of tritiated thymidine is not completely 
free of side effects (5). Therefore, we used the 

smallest possible quantity of the labelled com­
pound. injecting single doses of 3 ,..ci. The usc 
of small doses was justified by other considera­
tions. It has been ,hown lhal "H-Thyrnidinc 

induces mitotic depression in the labelled cell 
population and supranormal mitotic activity in 
thc unlabelled part of the cell population. Cold 
thymidinc, on the contrary, does not affect these 

parameters (6). The use of small doses of the 

labelled compound should therefore overcorne 

or, at least, reduce. the above-mentioned side 
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into nuclear DNA is extrcmely short and that, 

afterwards, it is no longer available (12). The 

2-hour interval we chose, therefore, seems to be

long enough to ensure !hat all the tritiatcd

th} midinc had disappcared from thc tissuc by thc
time of the second injection.

To standardize our technique and to minimize 

thc variations that arise from sex, age and ac­
ti, ity. we chosc malc, elderly. bcd-resting pa­
tients. Moreover, we performed our experiments 

bctween 4.00 p.m. and 7.00 p.m., although we are 
aware that lhe influences of the circadian rhythm 
are negligible in man (10). The control per­

formed in a subject 63 years old, demonstrated 
that the effects of the double injection are 
negligiblc as far as the cell cycle is concerned. 

The method descnbed hcre does not make it 

possible to verify the variations of the labelling 

index that naturally occur in the same individual, 
nor the so-called "growth fraction". Such veri­
fications could be obtained only by pcrforming 
more biopsies in the same subject, but this would 
militate against the safety criteria expressed 
above. However, we did obtain a low standard 

deviation and a statistically low average differ­
ence between A and B (0.022 and 0.787 respec­
tivcly): moreovcr, the variability coefficient was 

2.83 % . These data demonstrated that the in­

dividual variability in the two areas investigated 

rcmains within a narrow range and that no wide 
variations are apparent in the same subject. Jt 
ha� been shown that the growth fraction of the 
basal cells of mouse sk.in is between 0.95 and 
unity, since thc labclling index is 95 % of the 

interfollicular basal cell population after repeated 
labelling (8). It seems reasonable to believe that 
the growth fraction of human skin may be con­

tained within the above limits and therefore to 

assume that the growth fraction cannot be less 

than 0.95, which is not statistically different from 
effects within manageable limits. Moreovcr, per- unity. 
forming the same procedurc in both areas of 
skin helps to restrict the error to reasonably 
constant limits. 

Folio\\ ing Bascrga & Wiebel (2) we chose the 

interval of 2 hours between the first and second 
injection because it was �horter than the prc­
sumable duration of the "S" phase. Studies on 
the metabolism and fate of tritiated thymidine in 

man have established that the period when the 

labelled compound is available for incorporation 

CONCLUSlONS 

The different phases of the cell cycle (mitotic 
duration, Gl, S, G2 phase) can be measured only 
by counting the percentage of labelled mitoses 
throughout the entire period of the cell cycle. 
However, such a procedure is not easily ac-
complishcd in man, in vivo, because it requires 

a !arge number of biopsies and the injection of 

large amounts of tritiated thymidine. Although 
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derived from other similar double-labelling tech­

niques (1, 11), the method presented here seems 

to fulfil the need for development of tcchniques 

for cell kinetic studies on human epidermis, 

in vivo. We suggest that it can be used for in  vivo 

investigations in man, although it is limited to the 
S phase and to thc entire cell cycle duration. 

However. it requires only two biopsies and only 

small quantities of the radioactive compound to 
be injected. Presumably, many pathological con­

ditions could be studied by means of lhe abovc 

method; the pharmacological effects of cytostatic 

drugs acling on the D A synthesis could also be 

profitably studied in man. Jn our opinion, no 

method lhat allows us to study �ome of the para­

meters of the cell cycle should be neglected. 
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