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Considerable interest has  been focused on a detailed study of 
the generative cycle of inaiiiinalian cell systems. The convention- 
al subdivision of this cycle is, 

M - GI - S G, - M 

where M = mitosis, G, = postiiiitotic, presynthetic phzise, S = 
DNA synthesis phase and G, = postsynthetic, preinitotic phase. 

Most information concerning these phases has  become avail- 
able through the use of autoradiography following injection o f  
tritiated thyiiiidine (HJ-TDH). Hs-TDR injection results in  a 
tagging of the cells in S-phase at  the time of injection. There- 
fore, i t  is clearly of importance for the interpretation of H'3-Tl)K 
autoradiographs to know the duration of the phases in the  gener- 
ative cycle, particularly the duration of the S-phase. 

Methods for the determination of S-phase 

The length of the S-phase can be estimated by foiiowing the 
labeling of the iiiitotic figures a s  a function of tiiiie after Ha-TDR 
injection (Quastler 1'360). For the intestinal crypt cells of mice 
the S-phase was found to be 7.5 hours (Quastler CQ Sherman 

::. A portion of the resrarcli was carried out a t  Hrookhavcn National Laho- 
ratory under the auspices of the U. S .  Atomic Energy Commission. 
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1959; Kobnrg S- Illnitrrr 1SW). The method h:is been applied to 
or:rl iiiucos:i by Toto O j h t i  (1061) who suggested a 10 hour 
S-phase in tongue cpitheliuin of inice and by Skoiigunrd & 
Ucciyric 1962) who found the S-phase in Lhe gingivd epitheliuni 
of inariiiosets to be 7 hours. The iiiethod is, however, laborious 
and the accuracy is dependent on the regular onset and terini- 
n:ition of initosis. The findings of Skoiigunrd (1965) seem to 
indicate that this is not :rlw:rys the case in thc oral epit1ieli:i of 
the iii:irniosef. 

Wimber c t  Qucrstler (1'363) introduced :I method for the de- 
terniiixition of S-phase, based on double labeling with HJ-TDR 
:rnd CIJ-TDR. The niethod may be suniiiiarized a s  follows: A n  
asynchronous cell population in a steady state is "pulse-labeled" 
with HJ-TDR. l h i s  results in tritium labeling of the DNA in 
those cells which :ire in S-phase :it thc time of injection; t, nii- 
nutes later ; i n  injection of W - T D R  is given, labeling the cells 
in S-phase at the time of the second injection with C I S .  During 
the time interval between the two injections (t:,) a number of 
cells will have moved out of S, and will, therefore, he labeled 
with H; only. An equal nuinber of cells will have moved into S 
:ind only be CI*-labeled. The following categories of labeling will 
occur: 

HJ-l:ibeled - tlie iiuniber is 1)roportion;rl to t ,  
C1~-labeled - the nuinber is proportional to t,, 

C14 + HJ-ltibeled - tlie nuiiiber is proportional to TS - t ,  
(Ts = duration of S-phase.) 
On the autor:idiograplis the cells 1:ibelcd with H J  only c;in bc 
distinguished f r o m  those labeled with C14 becausc of tlie longer 
range of the C1J-rays. After suitable exposurc the C14-labeled cells 
will show :i halo of grains around the nuclei, whereas the HI 
labeling only produces grains directly over the nuclei. The CI* 
:ind thc C*t  + Hr labeled cells cannot be distinguished; however, 
since the suiii of these categories will be proportionnl to Ts - t,, 
+ t, = TS, the following equation will apply, 

where H = the nuiiiber of cells labeled with HI only and C = the 
CI4-labeled cells. 
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hlATl?IIIAI, A N D  METHODS 

Three niarniosets were injected intraperitonenlly with 2 pCi 
HJ-TDR per g body weislit; 1 or 1.5 hours later a second in- 
jection of 0.3 pCi CI1-TDR was given and 1 hour after the last 
injection the animals were sacrificed. Tissue samples were taken 
from the following areas : the attached gingiva, the marginal gin- 
giva including the epithelial nttachiiient, the palate, :ind the 
tongue. The tissues were fixed in 1 : 3 acetic acid-alcohol, stained 
according to Feulgen, whereafter the epithelium was squashed. 
During the preparation under the dissecting microscope of the 
tissue sainples fro111 the niarginnl gingiva, attempts were niade 
to scrape off cells from the epithelial atlachiiient only. The slides 
were coated with a double layer of NTB emulsion as suggested 
by Wimber A? Qucistler (1963) in  order to obtain :I thicker layer 
of emulsion for easier recognition of the C14 labeling. The slides 
were exposed for 30 days :it 4” C. After photographical pro- 
cessing the slides were analyzed under the microscope and the 
number of Hj- and CWabeled cells recorded. 

II E s U L ’ T  s 
The findings from the three double injected iiiarinosets arc 

listed in Tables 1 and 2, and the labeling picture demonstrated 
in Fig. 1. 

Table 1 
T h r  results f r o m  t h e  three H3-TI )H cind C1d-I’I)H irijeclrtl mnrmosels. 

Marmoset 
no.  H C Ts 

1 1.5 82 4 5 9 8.4 

2 1 .R 71 412 8.7 

- -. t., 

3 1 362 2498 6.9 
__ -___ 

t., = hours between the two injections; H = the iiumlwr of HI-labeled 
cells; C = the number of Clr-labcled cell \;  TS = duration of S-phase cal- 
culated by: 
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Pig. 1. Autoradiogr:iph o f  squash prcparatioii from :I double injected aninial. 
Notc t h e  tlifferencc 1)rtween tlie C~'- l : i l~clcd cell ( C )  i intl  the  H'~-laIicIcd 

c e l l  ( I i ) .  

The squash autoradiographs froiii iiiariiiosets nos. 1 and 2 were 
prepared from biopsies t~lteri froiii tlie attached gingiva whereas 
the data froii i  1ii:iriiioset 110. 3 were coinpiled froiii autoradio- 
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Table 2 
l‘he R 3 -  and 04- lnbeled  cells observed in four  d i f ferent  oral ep i the l ia  f rom 

nitcrmoset 110. 4. 

Epithelium 1, H C TS 
~ ~. ~ 

A t t  aclwcl g ing iva  1 89 605 fi.8 

Epithelia 1 :I t t  nch 111 e 11 t 1 !13 660 7.1 

1 I) n 621 6.9 I ongue 

Pa I ate 1 !I0 612 6.8 

,. 

~- ~~ 

graphs of squash preparations from attached gingiva, epithelial 
:ittachnient, tongue and palate. The figures from these epithelia 
are seen in Table 2. 

The results suggest a DNA synthesis phase in the oral epithelia 
of the niarnioset of 8 f 1 hours’ duration. 

DISCrsSION 

The double labeling method for determination of S-phase in 
the inanimalian organism i s  based on the following assumptions, 

1) the cell population must be asynchronous, 

2)  the cell population must be in a steady state with equnl 
nuinber of cells being reinoved and generated, 

3 )  the duration of the S-phase must undergo only minor varia- 
tions, 

4)  the time interval between the first injection and sacrifice 
must he less than the duration of G2 + M. Otherwise some of the 
labeled cells will have divided. 

The two first assumptions have been discussed elsewhere for 
the oral epithelia of marniosets (Skozzgncrrtl 1965) and found to  
be sufficiently fulfilled. The majority of reports dealing with 
DNA synthesis phase indicate that  the S-phase for renewing cell 
populations in ~ii:iiiinials shows only sninll variations even for 
different species and tissues. There seems to be no reason to 
expect that the S-phase in cells within a tissue should vary sig- 
nificantly. Also the last assumption is met for the present ma- 
terial since no labeled mitoses were observed. 



Table 3 
IJirrrrfion of S - p h m e  i n  d i / / e r c n t  ntomninlicrn f iss i ies  drfernt ir ied bg i)tirioiis 

inoesliyctlors. 
~~ ~ ~~ ~- 

Iiivc\tigators Year Species r 1 7 .  issue Duration of S-pltasc 
(hours) 

0u:tstler 6: Slictimaii 195!) mouse gut epitlielium 7.5 

1,ajtIta 195!l mouse I ) o w  niarrnw 5-1 0 

Sherman et (11. 1961 mouse e:ir epidermis 32 

l'oto 6: Ojha 1961 mouse oral epithelium 10 

K o ~ J u ~ ~  6: Mnurer 11101 mouse gut rpithelium 7-- x 
... riivnea 

1'"ncrc"s - 

forestomacli 

orsop1i:igus rpitlieliuni 

Skougnard 6: Reugrie l!162 ninrinosct gingival epithelium 7 

C;i me ron 11Hi4 mouse emhrgonic 6 . 5  -7 .1  

8 

The 8 hour S-phase in the nrnl epithelia of iiiarniosets found 
in the present study is in agreeiiienl with the results of most 
other investigators (Table 3 ) .  The 32 hour S-phase for the mouse 
ear epidermis reported by Shermnn et (11. (1961)  differs drasti- 
cally from the other S-phase durations listed in Table 3. This 
result was, however, believed to lie related to the lower tempera- 
ture in the outer ear, resulting in :in extraordinarily slow me- 
tubolisiii for these cells coinpared to the rest of the organism 
(BiiZloiiyh 1949; Shermnn et  r r l .  1961). The S-phase found in the 
present investigation supported the concept that the DNA syn- 
thesis phase in the manininli:iii organism is relatively constant 
for different types of cell populations even in different species 
(Kobiirg c t  Mnnrer 1961 ; Lnjthtr 1W3; Cnmeron 1964). 

I t  is of interest to note that there appe:trs to he no appreciable 
difference hetwcen the S-phase of the four different epithelial 
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areas exaiiiined in  1ii:irnioset no. 3. Even if  it cannot be ruled 
out that the squash preparations from the epithelial attachment 
imiy have included some cells from the free iii:irginal gingiva, 
the majority of the cells on these slides helonged to the epithelial 
:ttt:ichment. I f  :I signifir:iiit difference exisled between the du- 
ration of S-phase in the epithelial :ittachnieiit and the rest of the 
gingivn, such difference would iiianifest itself in the ratio of H'- 
and C~~-I:ibeletl cells recorded on the :iutoradiogr:ipli~. 

SlJiblhIAIIY 

The DNA synthesis phase (S-phase) in marmosets was deter- 
iiiined by the douhle labeling iiiethod ( H  :-TL)It + CLd-TDK) sug- 
gested by WiinhPr & (%irtrstler (1963).  The ratio of HJ- and 0 4 -  

labeled cells recorded on the autoradiographs showed that the 
S-phase in the oral epithelia of ii1:iriiiosets lasted 8 hours. The 
result corroborates the concept that the S-phase in the 1ii:iiiiiii;ili- 
:in organisin is relatively constant. 

The present investigation further showed that the S-phase in 
the epithelial attachment of niariiiosets does not differ from that 
found in othcr oral epitheii:i. 

IllS"hlI? 

LA DURRE L)E LA SYNTNl%E DU DNA DANS L'EPITFIEIJUM GIDcGIVAL 
DU OTJISTI'l" 

La pCriode de synthcse du DNA (phase S) fut d6termini.e 
chez le ouistiti par 1:1 iii4thode de douhle niarquage (HI-TI)K et 
C14-TDR) suggbrbe par Winiher et Qiuistler (1903) .  Lc rapport 
des cellules iimyuCes par HJ vu Cl.1 conipt6es sur des pr'cpra- 
tions nu1oradiogr:ipliicIues n montri. que l a  phase S dans l'kpi- 
thCliuiii buccal du ouistiti dure 8 heures. Le ri.sultat renforcc 1 2 1  

conception d'une ph:ise S relntiveinent ronstante cliez les niani- 
iiiifhres. 

ZUSAMMENFASSUNG 

DIE DAUER DER DNA-SYNTHESE IM GINGIVALEPITHEL DER 
hl ARMOSETS 

Die DNA-Synthcsephse (S-Phase) bei Marmosets wurde iiiit 
Hilfe der Methorle der doppellen Mwliieriing (H3-TDR + C14- 

'l'DR) iiach Winibrr & Qncrstlcr ( 1  $463) hestiniint. D:is autoradio- 

45 - -  dcta odont. scand. V o l .  23. 
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graphisch registrierle Verhaltnis der HS- und C*?-nlarliierten Zcl- 
len zeigte, dass die S-Phase iui Muntlepithel der M:irmosets 8 
Stuiiden dauert. Das Ergebnis hestitigt die Vorstellung, dass die 
S-Phase in S~iugetierorganisiiien relativ konstant ist. 

Weiterhin zeigte die vorliegende Untersuchung, dnss die S- 
Phase iin Epithelansatz der Marniosets sich nicht von der ini 
iibrigen Mundepithel gefundenen unterscheidet. 
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