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ABSTRACT 

[2-14C] Thymidine was injected into rats aged 3, 5 and l0 days, and incorporation of the precursor 
into deoxyribonucleic acid (DNA) of the inguinal fat tissue was measured for short time periods. Using 
chromatographic procedures to measure the distribution of thymidine and its metabolites in the 
soluble fraction of the tissue, degradation of the precursor was found to be similar at all ages. The data 
indicate that thymidine was more rapidly utilized for DNA synthesis in 3-day-old rats than in older 
animals. When 14C-thymidine was injected in vivo and adipocytes and stromal cells were then 
separated from the inguinal tissue of 3-and 5-day-old rats, the incorporation into DNA was significant 
in both types of cells already 30 rain after pulse labeling. Stromal cells took up twice as much of label 
as the adipocytes. Furthermore, real incorporation into DNA was found in the adipocytes when incu- 
bated in vitro in a culture medium supplemented with 14C-thymidine. The possibility is discussed that 
early in postnatal life adipocytes might synthesize DNA for further celt division. 

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

Two questions are of  part icular  interest  to 
the investigator of  adipose tissue development :  
is the number  of  adipose cells de termined very 
early in the developing fat deposit  and which 
cell types have the potent ia l  to mul t ip ly?  

Some evidence suggests that  cell number  
becomes  fixed early in life both  in obese 
humans  and animals. The possibility of  
affect ing cell mul t ip l icat ion in animals ei ther by 
manupula t ing  dietary intake or by hypotha l -  
amic lesions decreases as the animals grow older 
(1-3). The most  interest ing report  on man is 
that  early onset  of  obesi ty is associated with  a 
greater increase in cell number  than obesity 
beginning later in life (4,5). Most of  these 
investigations on the cellularity of  different  
adipose sites used count ing and sizing tech- 
niques (6) which resulted in mis interpreta t ion 
of  the cell number  in very young  animals (7)_ 
Exper iments  using thymidine  incorpora t ion  
into (DNA) deoxyr ibonucle ic  acid as an index 
of  cellular mul t ip l icat ion ei ther  were carried 
out  with adult animals (8,9) or  else labeling 
periods were too  long to determine the real 
number  and site of cells in the proliferative 
process (10). In addit ion,  these exper iments  
were per fo rmed  with epididymal  fat, which is 
not  representative of  the o ther  adipose sites. 
Differences are observed in cellularity,  in fat 
cell size, and in response to  several st imuli  
be tween  one adipose site and another  (3,11, 
12). 

In the present study,  we used the inguinal 
fat pad of  newborn  rats, which develops early 
and becomes  macroscopical ly  visible 12 hr after 
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birth (13). With this tissue, it was possible to 
fol low the different  steps of  development  using 
the incorpora t ion  of  14C-thymidine into DNA 
during short labeling periods. The kinetics of  
incorpora t ion  of  thymidine  vary with age and 
tissues and are inf luenced by the rate of  degra- 
dat ion of  the precursor  after inject ion (14,15). 
Since no informat ion  was available on this 
po in t  in the tissues of  newborn  rats, we also 
measured changes in labeled thymidine  and its 
metabol i tes  in the non-precipi table fract ion of  
the whole tissue. Other  exper iments  were 
per fo rmed  on isolated adipocytes  and stromal 
cells in vitro or after inject ion of  thymidine  in 
vivo to investigate whether  cell mul t ip l icat ion 
is restricted to the stromal cells or whether  
adipocytes  part icipate in the proliferative 
process during the early stages of  development .  

M A T E R I A L S  A N D  METHODS 

Chemicals 

Radioact ive biochemicals:  [2 -14C] thymi-  
dine (50 mCi /mmole )  and [methyl-14C] thymi-  
dine (50 mCi /mmole )  were purchased f rom the 
Commissariat  g l 'Energie A tomique  (Saclay - 
France) ;  tissue culture medium 199 was ob- 
tained from Inst i tut  Pasteur (Paris - France).  
Collagenase and DNase I were obtained f rom 
Worthington Biochemical  Corp. (Eurobio  - 
France).  Unlabeled thymidine ,  thymine ,  thy-  
midine t r iphosphate  (TTP), thymidine  diphos- 
phate (TDP), thymidine  monophospha te  (TMP) 
and f l -Aminoisobutyric  acid (AIBA) were 
obtained from Sigma (Eurobio - France).  
Other  chemicals were obtained from Merck 
(Socolab - France).  
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Animals 

Three-, 5- and 10-day-old Sherman rats 
obtained from Janvier Breeding Laboratory (Le 
Genest - France) were used. In another set of 
experiments, adult animals (6 rap. old, weighing 
ca. 400 g) were used as controls. Animals were 
chosen which corresponded to average age and 
weight relationships determined from animals 
within the colony. These adult rats were fed ad 
libitum with a standard diet made up by 
"Extralabo," Pietrement Lab., Ste. Colombe, 
Provins, France. The composition of that diet 
was: Protein 25%; Fat 4%; Cellulose 6%; 
Minelras 9%; H20  12%; Vit. E 1.500 mg/100 
kg; Vit. A 1.000 000 UI/100 kg; Vit. D 3 
200.000 UI/100 kg. Radioactive compounds 
were administered by subcutaneous injection at 
a dose of 0.2 #Ci per g body weight in 0.1 ml 
saline. 

Experimental Procedures 

The animals were decapitated 30, 60 and 
120 rain after the injection. The left and right 
inguinal fat pads were rapdily dissected, pooled 
and weighed. In all experiments, the whole 
tissue or the isolated cells were homogenized 
manually in a tight fitting glass grinder (Kontes, 
Polylabo - France). In experiments with whole 
inguinal tissue, total lipids were extracted three 
times with chloroform/methanol (2:1, v/v) 
according to Folch et al. (16). The methanol- 
water layer of the chloroform/methanol ex- 
tracts contained 75% of the total free 14C- 
thymidine and its phosphorylated derivatives 
and degradation products. This was shown by 
paper chromatography after evaporation of the 
extracts as described below. To assure complete 
removal of unincorporated thymidine and 

derivatives, the pellets containing the nucleic 
acids and proteins were dried with air and 
washed again three times with 10% cold TCA 
(no radioactivity was present in the last 
washing). The dry extracts obtained by the 
Folch extraction method and the combined 
TCA supernatants were measured separately for 
radioactivity. The total amount of label found 
in these fractions was called hereafter "total  
radioactivity in soluble fraction." 

RNA and DNA were separated from the 
pellets by the method of Schmidt and Thann- 
hauser (17). Aliquots of the RNA and DNA 
fractions were taken to measure the radio- 
activity. No label was found in the RNA 
fraction, showing that a good separation of the 
nucleic acids was achieved. The amount of 
DNA was determined by the colorimetric 
assay of Burton (18)adap ted  for low concen- 
trations. 

Parallel experiments were done using DNase 
digestion treatment to check whether the 
radioactivity of the precipitable fraction was 
only incorporated into DNA. After extraction 
by chloroform/methanol and subsequent TCA 
washing, the tissue residue containing nucleic 
acids and proteins was digested in 1N KOH for 
at least 15 hr at 37 C. In these conditions, DNA 
was resistant to hydrolysis as shown by Steudel 
and Peiser (19). The reaction was stopped by 
addition of 6N HC1 and the precipitate was 
centrifuged. The pellets were incubated during 
3 hr at 37 C in a medium containing Mg SO4 
(0.9 #mole), sodium acetate buffer (pH = 5, 
150 #moles), DNase (30 U/100 #g DNA) in a 
total volume of 1.8 ml. The reaction was 
stopped by 600 #1 of 20% TCA. The DNA was 
determined in the supernatant by the Burton 
colorimetric method. A standard curve of DNA 
was treated in the same conditions as above. An 
aliquot of the DNA supernatant was measured 
for radioactivity as in former experiments. 

In another set of experiments, the animals 
were killed 30 and 60 min after injection of 
1 4  C-thymidine. The tissue was rapidly dissected 
and adipocytes and stromal cells were isolated 
from the whole tissue by the collagenase 
method of Rodbell with minor modifications 
(20). Pooled white fat was thoroughly minced 
with scissors, placed in closed plastic vials in 4 
ml bicarbonate buffer (pH = 7.4) containing 3 
mg/ml of crude collagenase. The bicarbonate 
buffer contained 2% bovine albumin instead of 
4%, and glucose was omitted from the incuba- 
tion medium. The incubations were carried out 
at 37 C in a shaking water bath during 40 min. 
At the end of incubation, the suspension of 
cells was diluted with fresh buffer, filtered. 
through silk and centrifuged for 3 min at 200 x 
g. This procedure yielded two distinct cell 
pools, fat cells floating to the surface and 
stromal cells which settled. Both cell prepara- 
tions were washed three times with the buffer 
without albumin and were homogenized as 
previously described. Lipids were extracted 
from the adipocytes with chloroform/ 
methanol. The adipocytes and the stromal cells 
were washed with 10% TCA, and the nucleic 
acids were extracted from the pellets by the 
usual procedure. The [ 2 -14 C] thymidine incor- 
poration into DNA was measured in both 
cellular pools. In additional experiments, after 
incubation with collagenase, the separated cells 
were washed with phosphate-buffered saline 
(PBS), without CaC12 and MgC12 (pH = 7.4) 
and then once more with PBS-EDTA (0.02%) 
to remove the Ca ++ ions of the Krebs-Ringer 
medium and prevent cellular aggregation. 

In vitro studies: adipocytes and stromal cells 
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TABLE I 

Various Aspects of Growth and Development of Inguinal Adipose  Tissue 
at 3, 5 and 10 Days Postnatal ly  

671 

Inguinal t issue 
Age to ta l  w e i g h t  a Total DNA a Protein a Lipids a 
Days mg mg mg/gm tissue mg/gm t issue 

86 -+ 2 b 0.128 -+ 0.009 b 24.1 -+ 1.0 b 421 + l0 b 
3 (n = 31~ c (n = 31) c (n = 8) c (n = 54) c 

134 +- 7 ~ 0.218-+ 0.015 b 31.7 + 1.5 b 561 -+ 13 b 
5 (n = 24) c (n = 24) c ( n =  12) c (n = 35) c 

321 +- 11 b 0.281 -+ 0.025 2a.t  _+ 0.8 b 669 -+ 18 b 
10 (n - 14)c  (n = 14 )c  (n = l o )  c (n = 2 1 )  c 

aResults are means + SE of n rats. 
bDifferences between 3, 5 and 10 days in all data presented  here  are highly s ignif icant  

(P<o.o i ). 
CNumber of rats used in the experiment. 

were isolated f rom the  inguinal fat pads by the 
collagenase m e t h o d ,  but  a PBS (pH = 7.4) was 
used instead of  the b icarbonate  buffer .  The two 
cell pools were washed four  t imes with PBS and 
then were suspended  in Medium 199 in Hanks 
BSS containing 10% fetal  calf serum, penicil l in 
(100 U/ml)  and s t r ep tomyc in  (100 / lg/ml) at 
pH = 7.4. Before incubat ion ,  the med ium was 
gassed wi th  95% air 5% CO 2. The cell suspen-  
sions were incubated  for 1 hr at 37 C in closed 
plastic vials conta in ing  10 /ICi of  [ 2 -14C] thy  - 
midine  in 8 ml culture med ium.  The vials were 
gently shaken during the  incubat ion  per iod.  
The react ion was s topped  by cooling to 0 C and 
cell suspensions were rapidly washed twice wi th  
medium 199 and twice again with PBS buffer  
med ium.  Before ex t rac t ion  of  the nucleic acids, 
special care was taken to comple te ly  remove 
the  residual-free 14C_thymidine by washing the  
pellets several t imes wi th  cold 10% TCA. DNA 
was ex t rac ted  f rom st romal  cells and ad ipocytes  
as described previously.  [2 -14C]Thymid ine  
incorpora t ion  was measured in the DNA 
extracts .  

The dis t r ibut ion of  radioact ivi ty was deter-  
mined  by paper  ch roma tography  (15,20)  at 
d i f ferent  t ime intervals af ter  inject ion and at 
d i f fe rent  ages in the  c o m p o u n d s  which were 
present  in the me thano l -wa te r  layer af ter  
c h l o r o f o r m / m e t h a n o l  ex t rac t ion .  Af ter  evapor-  
a t ion of  the c h l o r o f o r m / m e t h a n o l  extracts ,  the 
residue was t rea ted  by a mix ture  of  e t h e r / H 2 0 .  
In this p rocedure ,  the nucleot ides  and deriva- 
tives were recovered in the aqueous phase.  This 
phase was concen t ra t ed  by freeze-drying,  and 
the samples were ch roma tographed  on What- 
man paper  n~ in the fol lowing solvent  systems:  
(a) ETAA: 90% ethanol  and 1M a m m o n i u m  
acetate  conta in ing  0.1M EDTA (70:30)  and (b) 
EtAc form: upper  phase f rom a mixture  of  
e thyl  ace t a t e /wa te r / fo rmic  acid (60:35 : 5). The 

radioactive spots  were character ized by the use 
of  unlabeled markers  of  t hymine ,  t hymid ine ,  
TMP, TDP, TTP and AIBA. The pos i t ion  of  the 
spots  was located  with ultraviolet  light (2537 
~ ) ,  and the spots  were eluted wi th  0.1M HC1. 
The amo u n t  of  radioact ivi ty present  in indi- 
vidual spots  was de te rmined  by liquid scintilla- 
t ion coun t ing  ( 15,21 ). 

Radioact iv i ty  was measured  in a l iquid 
scint i l lat ion spec t rome te r  (Nuclear Chicago 
Mark I). The degree of  quenching  among 
samples was cor rec ted  using quench  curves. 

The amo u n t  of  pro te ins  was de te rmined  by 
the m e t h o d  of  Lowry  et al. (22) in an al iquot  
of  the KOH extrac t  used for  nucleic acid 
separat ion.  

Total  lipids were measured  by the gravi- 
met r ic  m e t h o d  after  evapora t ion  of the chloro- 
f o r m / m e t h a n o l  ext rac t .  

Optical  and e lec t ron  microscopic  studies 
were carried out  wi th  isolated ad ipocytes  and 
s t romal  e lements .  

The results were analyzed by s tandard  
statistical p rocedures  (Fischer  t- test) .  

RESULTS 

Adipose Tissue Growth and 
Chemical Composition (Table I) 

Postnata l  to ta l  weight  increases varied 
significantly (p%0.01) by 56% be tween  days 3 
and 5 and by 140% be tween  days 5 and 10. 

A very rapid parallel increase in total  DNA 
con t en t  was observed be tween  the 3 rd and 5 th 
days (70%). Af ter  the 5 th day, the total  DNA 
con ten t  increased to a lesser ex t en t  (30%). 
Prote in  concen t ra t ion  was maximal  at 5 days of  
age and then decl ined.  The percentage  of  lipid 
rose regularly during the ent i re  per iod s tudied .  
These results indicate  that  g rowth  of  inguinal 
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t i m e  a f t e r  i n j e c t i o n  (min )  

F I G .  1. I n c o r p o r a t i o n  o f  [ 2 - 1 4 C ]  t h y m i d i n e  i n t o  
t h e  s o l u b l e  f r a c t i o n  ( e )  a n d  t h e  D N A  ( e )  o f  t h e  
i n g u i n a l  t i s s u e  o f  (a)  3 - d a y - o l d  r a t s ,  (b )  5 - d a y - o l d  r a t s  
a n d  (c)  1 0 - d a y - o l d  r a t s .  E a c h  p o i n t  is t h e  m e a n  + SE  
f o r  3 e x p e r i m e n t s  c a r r i e d  o u t  w i t h  p o o l e d  t i s s u e  f r o m  
a t  l e a s t  3 a n i m a l s .  

fat  t issue was for  the  mos t  par t  cor re la ted  wi th  
cellular mu l t i p l i ca t ion  up to  5 days. Therea f t e r ,  
the  i n c r e m e n t  in adipose  tissue was the  resul t  of  
b o t h  the  increase in adipose  cell n u m b e r  and  
the  en l a rgemen t  of  cell size as s h o w n  by the  fall 
of  p ro t e in  and  the  increase in lipid. 

In V i v o  I n c o r p o r a t i o n  o f  R a d i o a c t i v e  
T h y m i d i n e  in the  T o t a l  T issue 

The data  derived f rom these  s tudies  are 
s h o w n  in Figure 1 and  Table  II. 

Th i r ty  m inu t e s  a f te r  in jec t ion ,  the  [2-14C] 
t h y m i d i n e  i nco rpo r a t ed  in to  DNA of  the  
whole  t issue was h igh at 3 and  5 days of  age 
(28 ,200  and 20 ,400  c p m / m g  DNA, respec- 
t ively,  Fig. 1). At  b o t h  stages of  deve l opm en t ,  
the  t ime  courses  of  i n c o r p o r a t i o n  were similar  
and  a t t a ined  a m a x i m u m  of  rad ioac t iv i ty  at  60 
min.  On day 3, the  d i f ference  of  i n c o r p o r a t i o n  
be tween  30 and  60 rain was s ignif icant .  Ten  
days af te r  the  an imal ' s  b i r th ,  the  label ing of  
DNA was lower  (ca. 11,000 c p m / m g  DNA) and  
r ema ined  s table  t h r o u g h o u t  the  expe r imen t �9  An 
inverse re la t ionsh ip  be t w een  the  d i sappearance  
of  the  rad ioac t iv i ty  f rom the  soluble  compar t -  
m e n t  and  the  i n c o r p o r a t i o n  of  the  p recursor  
in to  DNA as a f u n c t i o n  of  t ime  was observed  in 
Figure 1 in 3- and  5-day-old bu t  no t  10-day-old 
rats. 
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TABLE III 

Incorporation of 14C-Thymidine into DNA of  Adipocytes 
and Stromal Cells Isolated from Inguinal Tissue, after Injection 

in vivo of  the Precursor to 5-Day-Old Rats 

Incorporation Adipocytes a Stromal cells a 
periods cpm/mg DNA cpm/mg DNA 

11500 + 920 23100 • 1390 
30 Min (n = 9) b (n = 9) b 

13000 • 1500 24100 • 960 
60 Min (n = 7) b (n = 7) b 

aResults are means  -+ SE. 
bn = Number  of  exper iments  carried out  with pooled tissue from at least 7 animals. The 

exper iments  on adipocytes and stromal  cells were always done in parallel. 

TABLE IV 

Incorporation of  14C-Thymidine into DNA of  Adipocytes and Stromal Cells 
Isolated from Inguinal Tissue of  3-Day-Old Rats: (a) Effect of  Two Different 

Washing Procedures during Cell Fractionation and (b) Effect of  
Two Different DNA Extraction Methods 

Incorporation periods 

30 Min 60 Min 

Buffer + EDTA Buffer - EDTA Buffer - EDTA 

TCA extraction TCA extraction TCA extract ion DNase extraction 

25310 + 2700 23150 • 2100 25700 • 1250 20500 • 2900 
Adip~ (n = 4) b (n = 5) b (n = 7) b ~ = 7) b 

37630 • 2100 33500 • 1500 43100 • 1700 40800 + 1500 
Stromal cells a (n = 4) b (n = 5) b (n = 7) b (n = 7) b 

aResults are means  + SE. 
bn = Number  of  exper iments  carried out  with pooled rats from at least 12 animals. 

T h e  d i s t r i b u t i o n  o f  t h e  r a d i o a c t i v i t y  in t h e  
m e t a b o l i t e s  o f  t h e  s o l u b l e  c o m p a r t m e n t  was  
m e a s u r e d  u s i n g  [ m e t h y l - 1 4 C ]  t h y m i d i n e .  T h i s  
p r e c u r s o r  was  u s e d  i n s t e a d  o f  [ 2 - 1 4 C ] t h y m i  - 
d i n e  b e c a u s e  w i t h  t h e  l a t t e r  all t h e  d e g r a d a t i o n  
p r o d u c t s  were  n o t  l abe l ed .  W i t h  b o t h  p re -  
c u r s o r s ,  n o  age c h a n g e s  o c c u r r e d  in  t h e  t o t a l  
r a d i o a c t i v i t y  o f  t h e  s o l u b l e  f r a c t i o n .  A r a p i d  
d e c l i n e  in t h e i r  r a d i o a c t i v i t y  was  o b s e r v e d  
b e t w e e n  30  a n d  60  m i n  a f t e r  i n j e c t i o n .  T w o  
h o u r s  l a t e r ,  o n l y  20% o f  t h e  in i t ia l  v a l u e  was  
d e t e c t e d  in t h e  s o l u b l e  f r a c t i o n  on  d a y s  3, 5 
a n d  33% o n  d a y  1 0  T h e  level  o f  14C a c t i v i t y  in 
t h e  t h y m i n e  n u c l e o t i d e s  a t  v a r i o u s  t i m e  p e r i o d s  
a f t e r  i n j e c t i o n  a n d  a t  v a r i o u s  ages  a p p e a r e d  t o  
be  c o n s t a n t ,  w h e r e a s  t h e  r a d i o a c t i v i t y  o f  f ree  
t h y m i d i n e  d e c r e a s e d .  B e t w e e n  30  a n d  120  ra in ,  
t h i s  dec l i ne  va r i ed  as a d i r ec t  f u n c t i o n  o f  age .  
T h e  r a d i o a c t i v i t y  o f  t h e  t h y m i d i n e  d e c r e a s e d  
18- fo ld  a t  3 d a y s ,  12 - fo ld  a t  5 d a y s  a n d  o n l y  
5 - fo ld  at  10 d a y s .  L a b e l  p r e s e n t  in  t h e  d e g r a d a -  
t i o n  p r o d u c t s  was  c o n s t a n t  b e t w e e n  30 a n d  60  
m i n  a n d  t h e n  d e c l i n e d  at  all ages  as a r e su l t  
o f  e l i m i n a t i o n .  H o w e v e r ,  t h e  re la t ive  p r o p o r -  
t i on  o f  t h e  r a d i o a c t i v i t y  p r e s e n t  in  t h e s e  
m e t a b o l i t e s  i n c r e a s e d  d u r i n g  t h e  f i rs t  60  m i n  
a n d  r e m a i n e d  u n c h a n g e d  t h e r e a f t e r  ( T a b l e  II, 

r e s u l t s  in b r a c k e t s ) .  A p p r o x i m a t e l y  60% o f  t h e  
r a d i o a c t i v i t y  in t h e  d e g r a d a t i o n  p r o d u c t s  was  
f o u n d  in  i3-AIBA. 

T h u s ,  t h e  d e c r e a s e  in  t h e  r a t e  o f  l abe l ed  
t h y m i d i n e  i n c o r p o r a t i o n  i n t o  D N A  b e t w e e n  
d a y s  3 a n d  10 was  n o t  t h e  r e s u l t  o f  an  i n c r e a s e d  
r a t e  o f  d e g r a d a t i o n  o f  t h y m i d i n e  b u t  a rea l  
r e d u c t i o n  o f  D N A  s y n t h e s i s  in  t h e  w h o l e  t i s sue .  

Incorporation of 14C-Thymidine into DNA 
of Isolated Adipocytes and Stromal Vascular 
Cells after Injection of the Precursor in vivo 

We e x a m i n e d  t h e  t i s sue  c o m p a r t m e n t a l i z a -  
t i o n  o f  r a d i o a c t i v i t y  in o r d e r  to  p r o v i d e  f u r t h e r  
i n f o r m a t i o n  a b o u t  t h e  s i t e s  o f  cel l  p r o l i f e r a t i o n  
( T a b l e  I l l ) .  T h e  d a t a  i n d i c a t e  t h a t  a rea l  i nco r -  
p o r a t i o n  o f  1 4 C - t h y m i d i n e  i n t o  a d i p o c y t e s  
D N A  o c c u r e d  in 5 - d a y - o l d  r a t s  e v e n  in t h e  
3 0 - m i n  p u l s e  p e r i o d  a n d  r e m a i n e d  a t  t h e  s a m e  
level  60  m i n  a f t e r  i n j e c t i o n .  T h e  spec i f i c  
a c t i v i t y  f o u n d  in  t h e  s t r o m a l  f r a c t i o n  was  o n l y  
d o u b l e  t h a t  o f  t h e  a d i p o c y t e  f r a c t i o n .  T h e  
s im i l a r  v a l u e s  o f  i n c o r p o r a t i o n  f o u n d  a t  30  a n d  
60  m i n  we re  p r o b a b l y  t h e  c o n s e q u e n c e  o f  t h e  
f u r t h e r  4 0  ra in  i n c u b a t i o n  d u r i n g  cell  d i s soc ia -  
t i on .  

In  T a b l e  IV,  we  c o m p a r e d  t h e  v a l u e s  o f  
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FIG. 2. Photomicrographs of free fat cells obtained 
from collagenase-treated rat inguinal adipose tissue. 
The cells were fixed in 1.7% glutaraldehyde in buffer- 
saline (0.1M sodium cacodylate buffer) and embedded 
in Epon-Araldite. Original magnification x 250. 

radioactive thymidine .  
When stromal cells and adipocytes  were 

incubated separately for 60 min with labeled 
thymidine  in a culture medium,  an appreciable 
amount  of radioact ivi ty was recovered in 
the DNA of both cell types (Table V). In the 
stromal cell types,  the incorpora t ion  rate of  
tbymidine  was again double that  of  the adipo- 
cytes. 

A parallel exper iment  using epididymal  
adipose tissue from 6-month-old  adult rats was 
per formed in order to determine the basal 
activity of  a tissue which has ceased to mult iply 
(1). Here, very low activity was observed in the 
DNA of  the 2 cell pools,  about  5 to 10 times 
lower  than in the inguinal tissue of  young  rats 
(Table V). 

DNA specific activity measured ei ther after 
DNA digestion or  after TCA extract ion.  In spite 
of  slightly lower results obtained with DNase, 
no significant differences were found.  

In order  to check whether  some contamina-  
t ion of  the adipocyte  fract ion with s tromal cells 
occurred,  additional exper iments  were per- 
formed using PBS deprived of  Ca ++ and Mg ++ 
and supplemented  with EDTA in the washing 
procedures  to avoid cellular aggregation (Table 
IV). Both cell pools incorporated 14C-thymi-  
dine at the same level with or wi thout  EDTA. 

Fur thermore ,  s tromal vascular cells were 
absent f rom fat cell preparat ions when 
examined by optical microscopy (Fig. 2). 

In vitro 14C-Thymidine Incorporation into 
DNA of Isolated Cell Fractions 

In order to verify that the presence of  the 
labeled DNA in the adipocytes  was not  due to a 
rapid different iat ion occurr ing during tbe 
course of  the exper iment ,  we separated the 
cells in vitro before the incorpora t ion  of 

DISCUSSION 

The results presented here show that  a high 
rate of  cell mul t ipl icat ion and DNA synthesis 
occured between birth and 5 days after birth in 
the inguinal fat tissue of  the infant  rat. We 
observed that nei ther  the penet ra t ion  of  the 
precursor  into the cell nor  its rate of  degrada- 
tion was modif ied during this period. In the 
inguinal tissue, 60% of the radioact ivi ty was 
recovered in thymidine  30 min after the be- 
ginning of  the exper iment .  In contrast ,  Chang 
and Looney  (15) in an adult regenerating rat 
liver showed that,  2 min after precursor  injec- 
t ion,  85% of the to ta l  radioact ivi ty was found 
in the degradation products .  The high level of  
radioact ivi ty  found in the DNA of the adipo- 
cytes after cellular separation supports  the 
hypothesis  of a real par t ic ipat ion of  these cells 
in the proliferative process of  the young  rat 's 
inguinal tissue. The incorpora t ion  of  thyrnidine 
into the DNA of  the adipocytes  has been a 
mat ter  of  discussion for a long time. It was 
assumed by many authors that  it was a conse- 

T A B L E  V 

In vi tro Incuba t ion  dur ing  60 Min o f  A d i p o c y t e s  and S t romal  Cells with 
1 ~zCI/1 ml 14C T h y m i d i n e ,  a f te r  Separa t ion  of  the Cells f rom Inguinal  
Tissue of  Five-Day-Old Rats.  Compar i son  wi th  the I n c o r p o r a t i o n  in to  

DNA of  Cells Isola ted f r o m  the Ep id idyma l  Tissue of  Adu l t  Rats 

Ad ipocy t e s  a S t romal  cells a 
Age c p m / m g  DNA c p m / m g  DNA 

5 days 12800 -+ 1200 b 29400  -+ 2560  b 
(n = 9)  b (n = 9) b 

adults  2400-+ 300 3310 -+ 820 
6 m o n t h s  (n = 3)  c (n = 3) c 

aResul ts  are means  -+ SE. 
bSignif icant ly  d i f ferent  f rom the  adul t  rats.  P<O.O1. 
Cn = N u m b e r  of  expe r imen t s  carr ied out  wi th  pooled  tissue f rom at least 10 rats aged 

three  days and two  adults .  
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quence  of con tamina t ion  of  the adipose cells 
with s t romal  e lements .  Most of  these experi-  
men ts  were conduc t ed  with adult  animals, and 
the prepara t ions  p robab ly  conta ined  connect ive  
and support ive  tissue cells (8,9). However ,  60 
rain after 3H- thymidine  in jec t ion,  G r e e n w o o d  
and Hirsch (10) observed a real incorpora t ion  
of  the precursor  in to  the DNA of  ad ipocytes  
f rom epid idymal  tissue of 9-day-old rats. We 
could cor robora te  these results using inguinal 
tissue in the early stages of  deve lopment  and 
shor t  labeling periods.  The assumpt ion  of 
con tamina t ion  by cellular aggregation could 
be discarded.  Using a med ium deprived of  Ca ++ 
and supp lemen ted  with EDTA during the 
washing procedures ,  we did not  improve 
appreciably our  results. Fu r the rmore ,  taking as 
a basis the relative levels of  radioact ivi ty 
observed in the ad ipocytes  and s t romal  cells, 
one would have to  assume s t romal  con tamina-  
t ion of at least 50%. Elec t ron  and opt ical  
microscopic  studies wi th  isolated ad ipocytes  
showed  an h o m o g e n e o u s  cell t ype  present ing  a 
character is t ic  spherical shape with a large 
central  drople t  and a f la t tened eccentr ic  
nucleus.  These observat ions ruled out  extensive 
con tamina t ion .  In the ad ipocytes  isolated f rom 
5-day-old rats and incuba ted  in vitro in a 
culture med ium with 14C_thymidine ' we found  
label in the  DNA. Hol lenberg and Vost  (8) did 
no t  find any radioactive thymid ine  in the 
ad ipocytes  f rom epid idymal  tissue incuba ted  in 
vitro. In these exper iments ,  adult rats were 
used,  and the authors  r epo r t ed  that  the cells 
were probably  damaged during separat ion.  The 
results p resen ted  here show that  at an early 
stage of deve lopment ,  when the tissue is in- 
creasing especially by hyperplasia ,  ad ipocytes ,  
like s t romal  cells, i nco rpora ted  14C- thymidine  
in to  the DNA. This ability decreased as the 
animals grew older.  The hypothes i s ,  according 
to which the radioact ivi ty accumula ted  in the 
ad ipocytes  could originate in the very rapidly 
d i f ferent ia t ing  s t romal  cells, appeared unlikely.  
Indeed,  the  very short  incorpora t ion  t imes used 
in our expe r imen t s  do no t  warrant  this inter-  
pre ta t ion  if we take dura t ions  of  various k n o w n  
cell cycles in to  cons idera t ion  (23). Can one  say, 
though ,  that  these d i f fe rent ia ted  cells which 
actively incorpora ted  thymid ine  in to  the DNA 
would  be able to divide? One might  suppose ,  
wi th  present  knowledge ,  tha t  the ad ipocytes  
having incorpora ted  thymid ine  remained 
blocked in G 2 of  the cell cycle. This p h e n o m e -  
non  has been  descr ibed for o the r  cells (24).  We 
can imagine tha t ,  under  the inf luence of  certain 
hormona l  or nut r i t ional  stimuli,  part icularly in 

the  young  animal,  these cells can become  free 
of lipids and divide. 
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