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R a t s  200-250 g b o d y  we igh t  of a closed sub-co lony  of 
t he  above  s t r a i n  were used. T he  t u r n o u t  used was  har -  
ves ted  8 days  a f te r  f l ank  i m p l a n t a t i o n  and  a t u m o u r  cell 
suspens ion  p r e p a r e d  in H a n k ' s  so lu t ion  a t  a c o n c e n t r a t i o n  
of 5 mi l l ion  v iab le  cells/100 ~1. T he  v i ab i l i t y  assessed b y  
dye exclusion was cons idered  sa t i s fac to ry  if above  95yo. 
T u r n o u t  cell suspens ions  were p r e p a r e d  b y  minc ing  in a 
p las t ic  pe t r i  dish, in  H a n k ' s  solut ion.  T he  f luid was 
p i p e t t e d  off, f i l tered t h r o u g h  a coarse fi l ter,  and  al lowed 
to  s t a n d  for 5 ra in  to  al low f r a g m e n t s  to  sett le.  The  
s u p e r n a t a n t  was  cen t r i fuged  a t  200 g for 5 ra in  and  t he  
pel le t  r e suspended  in H a n k ' s  so lu t ion ;  c en t r i f nga t i on  
a n d  resuspens ion  were r epea t ed  twice. The  f ina l  sus- 
pens ion  was a d j u s t e d  to  give t he  requ i red  concen t r a t ion .  

W h e n  a dose of 5 mil l ion t u m o u r  cells in  100 ~l is 
in jec ted  in to  t he  footpad,  a few t u m o u r  ceils are p re sen t  
in  t he  subcapsu l a r  s inus  of t he  ips i la te ra l  popl i tea l  l y m p h  
node  24 h a f t e rwards  (Figure),  t h e  s ubcaps u l a r  s inus  is 
c rowded  w i t h  t u r n o u t  cells b y  48 h, t he  m e d u l l a r y  s inuses  
con t a in  t u m o u r  cells b y  3 days  and  b y  5 days  t he re  is 
s u b t o t a l  r e p l a c e m e n t  of t h e  node.  F u r t h e r  me ta s t a s i s  
occurs  to  t h e  p a r s - a o r t i c  nodes  b y  7 days  and,  in  an ima l s  
which  are al lowed to su rv ive  long enough,  o f ten  to  t h e  
lungs.  The  incidence  of pop l i t ea l  l y m p h  node  me ta s t a s i s  
a t  t h i s  dose is over  95%.  Comple te  serial  sec t ion  of 3 
ips i la te ra l  pop l i t ea l  l y m p h  nodes  i m m e d i a t e l y  a f te r  
in jec t ion  of t u m o u r  and  3 l y m p h  nodes  6 h a f t e r  in ject ion,  
showed  t h a t  no  t u r n o u t  cells were d i rec t ly  in j ec ted  in to  
lympha t i c s .  The  presence  of t u m o u r  cells in  t he  a f fe ren t  
l y m p h a t i c s  of t he  popl i tea l  node  t h r o u g h o u t  the  experi-  
m e n t  gave  ev idence  of c o n t i n u o u s  r e c r u i t m e n t  of t u m o u r  
cells. The  e x p e r i m e n t  has  been  r epea t ed  us ing  v a r y i n g  
doses of t u m o u r  cells a n d  severa l  h u n d r e d s  of animals .  
W h e n  dead  t u m o u r  cells are used t h e y  do no t  a p p e a r  in  
t he  l y m p h  node.  

The  same  t e c h n i q u e  has  been  t r i ed  w i t h  o the r  t umours .  
I n  a g roup  of 4 h a m s t e r s  g iven  6 mi l l ion  cells of a n  SV40 

induced  t u m o u r ,  t h e r e  was me ta s t a s i s  in  t h e  pop l i t ea l  
node  in 3 an ima l s ;  in a group of 10 CBA mice g iven  cells 
of s p o n t a n e o u s  mouse  carc inoma,  p r o b a b l y  of skin  
a p p e n d a g e  origin, t h e r e  was m e t a s t a s i s  in  t he  pop l i t ea l  
node  in 5 animals .  B o t h  of these  t u m o u r s  showed m a r k e d  
m a l i g n a n c y  his tological ly .  

S imi lar  e x p e r i m e n t s  car r ied  ou t  w i t h  t r a n s p l a n t a b l e  
s p o n t a n e o u s  m a m m a r y  t u m o u r s  in  12 C3H mice  and  
8 Swiss mice, a n d  w i t h  an  a d e n o v i r u s  induced  t u m o u r  
in  8 CBA mice were unsuccessful .  These  t u m o u r s  are 
h is to logica l ly  less m a l i g n a n t .  I t  appea r s  the re fore  t h a t  
some his to logical ly  m a l i g n a n t  animal t u m o u r s  will  
me ta s t a s i ze  w h e n  t h i s  t e c h n i q u e  is used. O t h e r  h is to-  
logical ly more  b e n i g n  lesions do not .  I t  seems l ikeIy t h a t  
th i s  t e c h n i q u e  will be  of some va lue  in t he  s t u d y  of a n  
i m p o r t a n t  b u t  poor ly  u n d e r s t o o d  aspec t  of neoplas ia  2. 

Rdsumd. L ' in j ec t i on  de 5 mil l ions  de cellules t u m o r a l e s  
RD3  dans  la p a t t e  dn  ra t ,  fa i t  a p p a r a i t r e  des d6p6ts  
m 6 t a s t a s i q u e  sous fo rme de gangl ions  l y m p h a t i q u e s  
popl i t6aux.  L ' e x a m e n  h i s to log ique  dgtai l l6 m o n t r e  qu ' i ls  
son t  vra ies  m 6 t a s t a s e s  Des r6su l t a t s  pare i l s  son t  a p p a r u s  
dallS 2 au t res  t u m e u r s  qu i  6 ta i en t  h i s t o l o g i q u e m e n t  
mal ignes ,  ma i s  non  darts celles qu i  6 t a i en t  b6nignes.  Cet te  
t e c h n i q u e  semble  conven i r  ~ 6 tude  de la m 6 t a s t a s e  
l y m p h a t i q u e .  
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On the Determination of Intestinal Epithelial Cell Generation Time from Labeling Index 
and DNA Synthesis  Duration 

Two m e t h o d s  c o m m o n l y  used for d e t e r m i n a t i o n  of t he  
gene ra t ion  t i m e  of t he  in t e s t ina l  ep i the l ium invo lve  
1, c o n s t r u c t i o n  of a pe r cen t  labeled  mi toses  (PLM) curve,  
or 2. use of t he  r e l a t ion  Tg = Ts/LI, where  Tg is t he  
gene ra t ion  t i m e  in  hours,  Ts is t he  d u r a t i o n  of t he  
S phase  (DNA s y n t h e t i c  phase)  ill hours  and  LI  repre-  
sents  t h e  f r ac t ion  of labeled  cells fol lowing a pulse  
exposure  to  Lri t iated t h y m i d i n e  1. 

Sample Tg (PLM) Ts (PLM) LI (%) Tg(Cale.) 

Normal mouse 13.1 h 7.6 h 56.6 13.4 h 
jejunum 
Post-irradiation 10.3 h 5.6 h 51.7 10.8 h 
mouse jejunum 
Normal mouse - -  8.5 h 39.0 21.8 h 
ascending colon 
Normal mouse -- 7.5 h 39.0 19.2 h 
descending colon 
Post-irradiation 11.4 h 5.9 h 40.6 11.8 h 
mouse ascending colon 
Human jejunum 0 h 13.0 h ~ 34.5 37.1 h 
Human ascending 1-2 days% ~ 14-20~, 9 40.6 34.5-49.2 
colon 

The  second m e t h o d  is c o m m o n l y  used w i t h  h u m a n  
tissue, where  r epea t ed  s amp l ing  is no t  possible.  However ,  
use of th i s  r e l a t ionsh ip  w i t h  t h e  i n t e s t i n a l  m u c o s a  resu l t s  
in  a n  ove re s t ima t e  of Tg, p r imar i l y  because  LI,  expressed  
as labe led  ce l l s / to ta l  c r y p t  cell is a r t i f ic ia l ly  low. The  
low labe l ing  i ndex  is t he  resu l t  of s u b s t a n t i a l  non -p ro -  
l i fe ra t ive  c o m p a r t m e n t s  in  t h e  c rypt ,  p r i m a r i l y  goble t  
cells a n d  m a t u r i n g  c o l u m n a r  cells. A more  precise  
e s t ima te  of Tg can  be o b t a i n e d  b y  us ing  t h e  re la t ionsh ip ,  
labeled  cel l /epi thel ia l  cells in  t h e  p ro l i fe ra t ive  c o m p a r t -  
men t ,  exc lud ing  d i f f e ren t i a t ed  cells. However ,  PELC ~ 
has  e s t i m a t e d  t h a t  30 to  40 % of labeled  cells in  j e juna l  
c ryp t s  are no t  in  cycle and  do no t  p roceed  to  mitosis .  
He  con jec tu red  t h a t  l abe l ing  of these  cells is due  to  
me tabo l i c  DNA.  If  th i s  was t rue ,  t he  en t i re  re la t ionship ,  
Tg = Ts /LI ,  would  be  inva l id  as app l ied  to  t h e  i n t e s t i na l  
n l u c o s a .  

Materials and methods. Male C57 B L / J  mice, 100-200 
days  old, were used. One group was in jec ted  i. p. w i t h  
50 ~Ci of t r i t i a t e d  t h y m i d i n e  (0.36 Ci /mM,  Schwarz /  
Mann) ,  a n d  sacrif iced b y  cerv ica l  d i s loca t ion  a t  r egu la r  
in te rva ls .  Samples  were t a k e n  f rom j e j u n u m ,  a scend ing  

1 j ,  E. CLEAVER, Thymidine Metabolism and Cell Kinetics (North 
Holland Publishing Co., Amsterdam 1967), p. 111. 
S. R. PELc, Cell Tissue Kinet. d, 577 (1971). 
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Fig. 1. Percent labeled mitoses ia mouse jejunum following pulse 
labeling with tritiated thymidine. Tg = 13.1 h; Ts = 7.5 h. 
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Fig. 2. Percent labeled mitoses in mouse jejunum after 3 X-ray 
exposures of 300 R each separated by intervals of 24 h. Tritiated 
thymidine was injected 48 h after the last exposure. Tg = 10.3 h; 
Ts = 5.6 h. 
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Fig. 3. Percent labeled mitoses in mouse ascending and descending 
colon following pulse labeling with tritiated thymidine. Tg cannot 
be determined accurately. Ts = 8.5 h for ascending colon and 7.5 h for 
descending colon. 
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Fig. 4. Percent labeled mitoses in mouse ascending colon after 3 
X-ray exposures of 300 R each separated by intervals of 24 h. 
Tritiated thymidine was injected 48 h after the last exposure. 
Tg ~ 11.4 h; Ts = 5.9h. 

colon and  descend ing  colon, and  r a d i o a u t o g r a p h s  pre-  
pared .  The  labe l ing  index  was d e t e r m i n e d  b y  c o u n t i n g  
labeled  a n d  un labe led  nuclei  in t h e  p ro l i fe ra t ive  zone 
only, def ined b y  t he  region be tween  t he  lowest  a n d  
t o p m o s t  labeled  cells 3, exc lud ing  goble t  ceils. 

A second g roup  was in jec ted  i.p. w i t h  20 aCi of t r i t i a t e d  
t h y m i d i n e ,  a n d  pa i r s  sacr i f iced a t  r egu la r  in t e rva l s  
the rea f t e r .  Samples  were t a k e n  f rom the  same t issues,  
processed  as before,  a n d  P L M  curves  prepared .  

A t h i r d  g roup  rece ived  a series of 3 X - r a y  exposure  of 
300 1R each  s epa ra t ed  b y  i n t e rva l s  of 24 h. The  mice  were 
in jec ted  w i t h  t r i t i a t e d  t h y m i d i n e  48 h a f te r  t h e  las t  
exposure ,  a n d  P L M  curves  p r e p a r e d  and  t he  labe l ing  
i ndex  d e t e r m i n e d  as before.  

Pe ro ra l  b iopsy  spec imens  of j e j u n u m  were o b t a i n e d  
f rom 2 pa t i en t s ,  and  samples  of a scend ing  colon were 
o b t a i n e d  f rom 2 p a t i e n t s  fol lowing surgery.  Smal l  pieces 
of t i ssue  were i n c u b a t e d  a t  37~ u n d e r  1 0 0 %  oxygen  
(30 psig) in  a f lask c o n t a i n i n g  3 m l  of t i ssue  cu l tu re  
m e d i u m  199 and  50 [xCi of t r i a t e d  t h y m i d i n e  (49.2 
C i / m M ,  New E n g l a n d  Nuclear)*.  R a d i o a u t o g r a p h s  were  
prepared ,  a n d  t he  l abe l ing  index  d e t e r m i n e d  in t he  same  
m a n n e r  as before.  D a t a  f rom all  e x p e r i m e n t s  are sum- 
mar ized  in the  Table .  

Results  and discussion. The  va lues  for mouse  j e j u n u m  
were Tg of 13.1 h (PLM curve),  Ts of 7.6 h, L I  of 56 .6%,  
and  Tg ( theoret ical)  of 13.4 h (Figure  1). Fo l lowing  
i r r ad i a t i on  t he  j e j una l  gene ra t i on  cycle was s h o r t e n e d  
(Figure 2) ~. P o s t - i r r a d i a t i o n  va lues  were Tg of 10.3 h 
(PLM curve),  Ts of 5.6 h, L I  of 51.3 %, a n d  Tg ( theoret ical)  
of 10.8 h. The  re l a t ionsh ip  Tg ---- Ts /L I  seems va l id  for 
mouse  smal l  i n t e s t i n e  u n d e r  b o t h  s t e a d y  s t a t e  a n d  
e x p a n d i n g  cond i t ions  6. 

I n  colonic c ryp t s  t he  second wave  of labeled  mi toses  
was poor ly  def ined (Figure  3). The  labe l ing  index  for 
b o t h  a scend ing  a n d  descend ing  colon was 39 .0%,  yiel- 
d ing  gene ra t i on  t imes  of 21.8 h a n d  19.2 h respect ively .  
Gob le t  cells c o n s t i t u t e  a fa i r ly  large error,  a p p r o x y m a t e l y  
18 % in mouse  colon. Fo l lowing  i r r ad ia t ion ,  the  genera-  
t i on  cycle in t he  a scend ing  colon was s h o r t e n e d  (Figure 4), 
P o s t - i r r a d i a t i o n  va lues  were Tg of 11.4 h (PLM curve) ,  
Ts of 5.9 h, L I  of 49 .9%,  a n d  Tg ( theoret ical)  of 11.4 h. 

The  labe l ing  i ndex  in t he  p ro l i fe ra t ive  zone  of h u m a n  
j ej una l  c ryp t s  ave raged  34.5 %. P u b l i s h e d  d a t a  for  h u m a n  
smal l  i n t e s t ine  ind ica te  a well  def ined S phase  dura-  
t ionS, 7, s. F r o m  t h e  p r e sen t  results ,  Tg = 13.1/0.35, or 
37.1 h for j e j u n u m .  Fo r  h u m a n  colon, LIPKIN 9 has  
pub l i shed  S phase  d u r a t i o n s  of 14-20 h, a n d  a gene ra t ion  
t i m e  of 1 to  2 days  8. I n  these  expe r imen t s ,  t he  labe l ing  
index  in t he  h u m a n  colon ave raged  4 0 . 6 % ,  y ie ld ing  a 
ca lcu la ted  gene ra t i on  t i m e  of 34.5 to  49.2 h. 

The  p o t e n t i a l  e r rors  in  us ing  Tg = T s / L I  a p p e a r  to  
resu l t  f r om the  inc lus ion  of d i f f e r en t i a t ed  ceils, i.e. goble t  
cells a n d  m a t u r i n g  c o l u m n a r  cells, in  t he  ca lcula t ions .  
However ,  if t hese  cells are exc luded  f rom the  a s se s smen t  
of p ro l i f e ra t ive  c o m p a r t m e n t  kinet ics ,  t he  gene ra t ion  
cycle va lues  ca lcu la ted  f rom the  P L M  curve  and  f rom the  
labe l ing  i ndex  are a p p r o x i m a t e l y  t he  same.  The  exis tence  

IV[. LIPKIN, P. SHERLOCK and ]3. BELL, Gastroenterology 4#, 721 
(1963). 

4 j .  I. FABRIKANT and C. L. WISSEMAN III, Radiology 90, 361 (1968). 
5 S. LESHER, Radiat. Res. 3~, 510 (1967). 
6 R. F. HAGEMAN~ and S. LESH~R, Br. J. RadioL 44, 599 (1971). 
7 R. G. SHORTER, C. G. ~IOERTEL, J. L. TITUS and R. J. REITEMEIER, 

Am. J. Digest Dis. 9, 760 (.1964).. 
8 F. ]~. BERTALANFFY and K. P. NAGY, Acts Anat. 45, 362 (1961). 
9 M. LIPKIN, B. ]3ELL, G. STADLER and F. TRUNCALE, in Carcinoma 

o/ the Colon and Antecedent Epithelium (Ed. W. J. ]3URDETTE; 
Charles C. Thomas, New York 1970), p. 213. 
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of r a d i o a u t o g r a p h i c a l l y  de t ec t ab l e  labe led  nucle i  in  
mouse  j e j u n u m  due to  me tabo l i c  D N A  appea r s  in  doubt .  

I t  is no t  possible  to  d e t e r m i n e  if t h i s  r e l a t ionsh ip  is as 
exac t  for h u m a n  t issue.  However ,  t h e  va lues  o b t a i n e d  
compare  r easonab le  well  w i t h  those  in t he  l i t e ra ture .  The  
la rges t  sources  of p o t e n t i a l  er ror  a p p e a r  to  r e m a i n  t h e  
goble t  cell c o m p a r t m e n t  a n d  m a t u r i n g  c o l u m n a r  ceils 1~ 

10 This work was supported by USAEC Contract No. AT (11-1)-3098 
and NIH Grants No. 1 P02 CA 104438-02 and No. 5 T01 CA 
05224-03. 

11 Technical assistance was provided by Mrs. Lv~ COST, JEANNE 
KISSEL and GWEN THOMAS. 

Rdsumd. D a n s  l '6pi th61ium de la souris,  la dur6e des 
phases  de g6n6ra t ion  fur  d6 te rmin6e  t h 6 o r i q u e m e n t  p a r  
la r e l a t ion  Tg = Ts /LI .  Les r6sul ta ts ,  sans  t e n i r  c o m p t e  
des cellules cal iciformes,  f u r e n t  compar6s  au x  donn6es  
ob t enues  p a r  les courbes  PLM.  

J.  w .  COOPER, •. F .  HAGEMANN a n d  
G. J. BRODMERKEL jr. 11 

Department o[ Cell and Radiation Biology Laboratories, 
Division o/Gastroenterology, 
Allegheny General Hospital, 
320 East North Avenue, Pittsburgh 
(Pennsylvania 75272, USA), 5 July 1973. 

I n t i m a l  C u s h i o n s  in  C i l i a r y  A r t e r i e s  of the  D o g  

Valve- l ike  i n t i m a l  cush ions  or i n t i m a l  pads  h a v e  been  
descr ibed  a t  b r a n c h i n g  s i tes  of a r te r ies  supp ly ing  va r ious  
t i ssues  of d i f fe ren t  a n i m a l  species, a n d  are  cons idered  to 
p l ay  a role in  t he  r egu la t ion  of b lood f low 1-1~ 

I n  t he  l igh t  microscopic  s t u d y  of ser ial  sect ions  t h r o u g h  
t he  eyes of 10 y o u n g  adu l t  dogs (beagles) well  m a r k e d  

i n t r a - a r t e r i a l  cush ions  were c o n s t a n t l y  found  in 1. b r a n -  
ches  of t h e  pos te r io r  c i l iary  a r t e r y  e n t e r i n g  t h e  r e t i n a  
a r o u n d  t h e  p e r i p h e r y  of t h e  op t ic  disc k n o w n  as cilio- 
r e t i na l  a r te r ies  (Figure  4), a n d  2. s u r r o u n d i n g  t h e  orefices 
of b r a n c h e s  of t h e  a n t e r i o r  c i l iary  a n d  la te ra l  i r ida l  
a r te r ies  c o m p a r a b l e  to  t h e  m a j o r  a r t e r i a l  circle of t he  
iris a t  t h e  base  of t h e  ci l iar  process  (Figures  1-3). Ra re  
va lve- l ike  s t r u c t u r e s  were also p r e s en t  in t h e  an t e r i o r  
c i l iary a r t e r y  a t  t h e  p o i n t  where  i t  r uns  ob l ique ly  t h r o u g h  
t h e  sclera. 

These  i n t i m a l  pads  p r o t r u d e  in to  t h e  l u m e n  of t h e  m a i n  
t r u n k .  T h e i r  l u m i n a l  surface  is covered  b y  endo the l i a l  
cells. The i r  b o d y  con ta ins  l o n g i t u d i n a l l y  a r r a n g e d  s m o o t h  
muscle  cells, col lagen f ib res  an d  r e l a t ive ly  l i t t l e  P A S -  
pos i t ive  m a t r i x  (Figure  2). Some are less co mp ac t  and  
c o n t a i n  a b u n d a n t  f o a m y  m a t e r i a l  wh ich  gives t h e  
h i s tochemica l  r eac t ions  of acid mucopolysacchar ides .  The  
cush ions  in t h e  pos te r io r  c i l io- re t ina t  a r te r ies  are demar -  
ca ted  f rom t h e  u n d e r l y i n g  t u n i c s  m e d i a  b y  sp l i t t i ng  
layer  of t h e  i n t e rna l  e last ic  l amina ,  b u t  no  elast ic  f ibres  
are  seen in t h e  i n t i m a l  pads  of b r a n c h e s  of t h e  a n t e r i o r  
c i l iary  a r t e ry .  

These  i n t i m a l  cush ions  in t h e  dog 's  eye show en t i r e ly  
t h e  same s t r u c t u r e  as those  in t h e  i n t r a o c u l a r  b r a n c h e s  of 
o p h t h a l m i c  a r t e r y  in r a t s  2, 4, pos te r io r  c i l iary  a r te r ies  in  
dog a n d  ca t  6 a n d  in cerebra l  a r te r ies  of va r ious  spe- 
cies 1,5,~,8,10. U l t r a s t r u c t u r a l  s tud ies  showed  t h a t  per i -  
va scu la r  a u t o n o m i c  ne rves  do n o t  e x t e n d  in to  e i t he r  t he  
med ia  an d  i n t e rna l  cush ions  ~,1~ T h e  presence  of in te r -  
cel lular  con t ac t s  b e t w e e n  s m o o t h  muscles  2,1~ an d  of 
i n t e r s t i t i a l  m a t r i x  r ich  in acid mucopo lysaccha r ide s  1, 4, 6, 8 
sugges t  t h a t  cush ions  m a y  be  con t rac t i l e  an d  capab le  of 
mod i fy ing  b lood  flow. 

T h e  f u n c t i o n  of t h e  i n t r a - a r t e r i a l  cush ions  in t h e  dog ' s  
eye m a y  be  1. a r egu la t i on  of t h e  r e t i na l  b lood  supp ly  
which  in dogs is en t i r e ly  der ived  f rom t h e  pos te r io r  

Fig. 1. lntilnal pads (arrow) at orifice of branch of anterior ciliary 
artery at base of iris near onset of ciliary process (C). PAS • 90. 
Fig. 2. Intimal pads with longitudinal arrangement of smooth muscle 
cells and luminal covering by endothelial cells (E). PAS • 1000. 
Fig. 3. Valve-like intimal cushions at branching site of lateral iridal 
artery (arrow). PAS • 260. 
Fig. 4. Three intra-arterial cushions (arrows) in transverse section 
through posterior ciliary artery at the periphery of optic disc. HE. 
x 750. 
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