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and  ac tua l  f u n c t i o n a l  in i t i a t ion .  I t  is v e r y  i n t e r e s t i ng  to 
no te  t h a t  t he  t i m e  w h e n  t he  sec re to ry  g ranu les  a p p e a r  in  
the  chief  cells ( the 1 5 t h - 1 7 t h  p o s t n a t a l  day  period) coin- 
cides w i t h  t he  t i m e  t h a t  lysine,  h i s t id ine ,  a rg in ine ,  t y ros ine  
and  isoleucine show a n  obv ious  increase  in t he  mucosa  ( the 
1 5 t h - 1 7 t h  p o s t n a t a l  day  period).  

As regards  t he  d i f f e r en t i a t i on  per iod  of t h e  chief  cells, 
HELANDER 9 descr ibed in his  e lec t ron  microscopic  s t u d y  
t h a t  t he  zymogen  cells in r a t  s t o m a c h  can, w i t h  a l i t t l e  
doubt ,  be iden t i f i ed  in 20-day-old  embryos ,  b y  reason  of 
t he  fac t  t he  granules  h a v e  a larger  d i a m e t e r  t h a n  those  of 
t he  mucous  neck  cells. H e  also relborted t h a t  zymogen  gra- 
nules  are p r e sen t  in large n u m b e r s  in  the  ceils a t  b i r t h ,  b u t  
d u r i n g  t he  n e x t  10 days  t h e y  are sparse  a n d  t h a t  20 days  
a f t e r  b i r t h  t he  zymo gen  cells h a v e  a t t a i n e d  a n o r m a l  adu l t  
appea rance .  

I n  t he  a u t h o r ' s  o b s e r v a t i o n s  w i t h  t he  l igh t  microscope,  
t he  r a t  gas t r ic  e p i t h e l i u m  consis ts  of c o l m n n a r  cells w i t h  
long oval  nucle i  in 20-21-day-o ld  embryos ,  regardless  of 
t he  apex  or base  of t he  plicae. No cubo ida l  ceils wi th  r o u n d  
nuclei,  l ike t he  p r i m i t i v e  m u c o u s  neck  cell or p r i m i t i v e  
chief  cell, can  be seen. However ,  somet imes ,  m o s t  of t h e  
ep i the l ia l  ceils c o n t a i n  m a n y  granules  in  t he  ap ica l  or 
s u p r a n u c l e a r  reg ion  of t he  ceils. These  granules  are secre- 
t o r y  granule- l ike  and  o b s e r v a b l e  u n d e r  t h e  l igh t  micro-  
scope, b u t  t he  a u t h o r  could  no t  p rove  t h a t  t h e y  were zy- 
mogen  granules .  

The  f igure of t he  p r i m i t i v e  chief  cell as seen b y  t he  
a u t h o r  showed  no r e m a r k a b l e  change  d u r i n g  t h e  di f feren-  
t i a t i o n  stage,  i.e. f rom t h e  5 th  to  t he  13th  p o s t n a t a l  day  
period.  Th i s  bears  ou t  w h a t  HELANDER says, i.e. t h e  zy- 
m o g e n  granules  in t h e  zym ogen  cells are few d u r i n g  10 
days  a f te r  b i r th ,  a n d  t h a t  pep t i c  a c t i v i t y  r e m a i n s  sur-  
p r i s ing ly  c o n s t a n t  d u r i n g  t he  same  period.  

MABUCHI ~ e x a m i n e d  t h e  effect  of a m i n o  acids on  t he  
sec re to ry  a c t i v i t y  of the  chief  cells a n d  o b t a i n e d  t he  re- 
su l t  t h a t  lysine,  h i s t id ine ,  a rg in ine  or t y ros ine  h a v e  a pro- 
m o t i v e  effect  on t he  p r o d u c t i o n  of sec re to ry  granules  in  
t he  chief  cells. The  a u t h o r ' s  f indings ,  i.e. t h a t  w h e n  these  
a m i n o  acids increase  in t h e  gas t r i c  mucosa,  t he re  is a n  
a b u n d a n c e  of sec re to ry  granules  in  t h e  chief  cells, m a y  
h a v e  some connec t ion  w i t h  MABUCttI'S f indings .  The  rea-  
son w h y  lysine,  h i s t id ine ,  arginine ,  t y ros ine  and  isoleu- 
cine increase  f rom th i s  p o i n t  onwards  has  no t  been  ascer- 
t a i n e d  in th i s  s tudy .  

Zusammen/assung. E n t w i c k l u n g  u n d  Aminos~iuren der  
M a g e n s c h l e i m h a u t  an  e m b r y o n a l e n  u n d  n e u g e b o r e n e n  
R a t t e n  w u r d e n  n n t e r s u c h t  u n d  di f ferenzier t .  I n  der  Ma- 
g e n s c h l e i m h a u t  k a n n  das  n i c h t  d i f ferenzier te  S t ad ium,  
das  D i f f e r enz i e rungss t ad ium u n d  das  E n t w i c k l u n g s s t a -  
d i u m  b e o b a c h t e t  werden.  Zahl re iche  Aminos~turen neh-  
m e n  w g h r e n d  des E n t w i c k l u n g s s t a d i u m s  in der  Schleim- 
h a u t  zu, woh ingegen  Lysin,  Hi s t id in ,  Argin in ,  Tyros in  
und  I so leuc in  ers t  zu e inem sp~Lteren Z e i t p u n k t  festge- 
s te l l t  we rden  k o n n t e n .  
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P R O  E X P E R I M E N T I S  

D e m o n s t r a t i o n  of S y n c h r o n y  in the  Cell  Cycle  of  HeLa  Cells  by a F l o w  M i c r o f l u o r o m e t e r  

W h e n  as a s y n c h r o n o u s  H e L a  cell p o p u l a t i o n  is i n h i b i t e d  
before t he  S-phase  b y  a doub le  b lock  of excess t h y m i d i n e ,  
re lease of t he  b lock  would  be  expec ted  to induce  syn-  
ch ronous  e n t r y  in to  t h e  S-phase  1,2, Th i s  is n o r m a l l y  
de t ec t ed  b y  m e a s u r i n g  changes  in t he  r a t e s  of incorpora -  
t ion  of r ad ioac t i ve  precursors .  However ,  such m e t h o d s  of 
m o n i t o r i n g  D N A - s y n t h e s i s  are some t imes  compl i ca t ed  
b y  pool  sizes and  requ i re  a lo t  of t ime.  Moreover ,  t h e  
m e a s u r e m e n t  of D N A - s y n t h e s i s  in  t h y m i d i n e - i n h i b i t e d  
cells is ques t i onab le  because  i t  is no t  qu i te  c e r t a i n  w h e t h e r  
t he  e x t e n t  of r ad i oac t i ve  t h y m i d i n e  i n c o r p o r a t i o n  in 
sho r t  pulse  per iods  is a t r ue  m eas u r e  of r a t e s  of D N A  
syn thes i s  3-5. These  s tud ies  were des igned to  d e m o n s t r a t e  
t h e  usefulness  of a h i g h  speed f low mic ro f luo rome t r i c  
me thod ,  a t e c h n i q u e  w h i c h  is i n d e p e n d e n t  of changes  in 
the  p recurso r  pool, in  s y n c h r o n i z a t i o n  expe r imen t s .  
(See also6). 

Materials and methods. The  inves t i ga t i ons  were car r ied  
ou t  on H e L a  $3 suspens ion  cu l tu res  d u r i n g  t h e  exponen t i a l  
phase  of growth.  The  cells were grown a t  37 ~ in 250 ml  
Sovi re l l -g lass-bot t les  in  150 ml  modi f ied  Eag le ' s  m i n i m u m  
essent ia l  m e d i u m  (MEMS, Gibco) s u p p l e m e n t e d  w i t h  
2% calf se rum (Biocult) .  A n o n h e a t i n g  m a g n e t i c  s t i r re r  
(Bellco) was  used  to  keep t he  ceils in  suspens ion .  Cul tures  
were inocu la ted  w i t h  1.7 • 105 cells/ml.  

The  cells were s ynch r on i zed  b y  doub le  t h y m i d i n e  
t r e a t m e n t ,  as a l r eady  descr ibedb,  7. R a n d o m l y  growing  

cu l tu res  were exposed a t  37~ to  2 m M  T d R  (Serva) 
for two 12-h per iods  s e p a r a t e d  b y  a 10-h per iod  in 
n o r m a l  m e d i u m  to a l low the  progress ion  t h r o u g h  one 
S-phase.  T h y m i d i n e  was r e m o v e d  a f te r  each  12-h pe r iod  
b y  c e n t r i f u g a t i o n  of t he  cells a t  200 •  for  8 min .  The  cell 
pe l le t  was w a s h e d  w i t h  con t ro l  m e d i u m  and  r e suspended  
in fresh med ium.  Af te r  reverse  of t he  las t  b lockade ,  2 ml  
of cell suspens ion  were pe l le ted  a t  200 •  for 5 ra in  and  
fixed w i t h  a lcohol - sod ium chlor ide  (1:2) w i t h  v igorous  
shaking .  The  pel le t  was  t h e n  washed  in 0.1 M Tris-HC1 
buf fe r  (pH 7.5) wh ich  was 0.1 M ill NaC1, a n d  exposed 
for 1 h to  2% (in t he  buffer  m e n t i o n e d  above)  R N a s e  
(Serva).  Af te r  a n o t h e r  wash  in t he  same  buffer ,  t he  cells 
were r e suspended  for 30 ra in  in  a so lu t ion  of e t h i d i u m  
b r o m i d e  (1 mg/100  ml ;  in  Tris-HC1, p H  7.5). A 50 lxm 
mi l l ipore  f i l te r  was  used to e l im ina t e  cell aggrega tes  
before m e a s u r i n g  f luorescence i n t e n s i t y  of D N A - b o u n d  
dye, us ing  t he  flow mic ro f l uo rome te r  ICP  11 (Phywe  AG, 
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W .  G e r m a n y ) .  F o r  c o n t r o l  s a m p l e s  of  l o g - p h a s e  cells,  t h e  
p r o c e d u r e  w a s  c a r r i e d  o u t  in  t h e  s a m e  w a y .  W i t h  t h i s  
t e c h n i q u e ,  t h e  m e a s u r e m e n t  of  a b o u t  2 0 - 4 0 , 0 0 0  cel ls  in  
o n e  s a m p l e  is p o s s i b l e  w i t h i n  a f ew  m i n u t e s .  F r o m  t h e  
D N A - f r e q u e n c y  d i s t r i b u t i o n ,  we  o b t a i n e d  t h e  d i s t r i b u t i o n  

Distribution of cell cycle phases of TdR-blocked HeLa $3 population 
during a 10-h period of growth ill normal medium after release of the 
block 

Time after release G t (%) S (%) G~+M (%) 
of the Iast TdR-block (h) 

of  t h e  cel ls  t h r o u g h  t h e  d i f f e r e n t  p h a s e s  of  t h e  cell  cyc le  
b y  a c c u m u l a t i o n  of D N A - f r e q u e n c i e s  a n d  e x t r a p o l a t i o n .  

Results.  C o n t r o l  a s y n c h r o n o u s  p o p u l a t i o n s  i n  t h e  
e x p o n e n t i a l  p h a s e  of  g r o w t h  w e r e  r e s u s p e n d e d  in  f r e s h  
m e d i u m  (1.4 • 10 ~ ce l l s /ml )  a n d  s a m p l e s  w e r e  f i x e d  5 a n d  
11 h l a t e r .  F i g u r e  1, A - B  s h o w s  t h e  D N A - d i s t r i b u t i o n  
p a t t e r n s  w i t h  a c c u m u l a t e d  D N A - f r e q u e n c i e s  a n d  t h e  
c a l c u l a t e d  p e r c e n t a g e  of cel ls  in  d i f f e r e n t  cel l  cyc le  
p h a s e s  in  e x p o n e n t i a l  g r o w t h  c u l t u r e s .  A f t e r  5 h t h e  m a i n  
p e a k  is  t h a t  of  G 1 ( 4 0 - 4 9 % ) ,  a s e c o n d  d i s t i n c t  p e a k  is  
t h e  G ~ + M - p e a k  w i t h  a 4 n  D N A - c o n t e n t  (30 3 7 % )  w i t h  
t h e  r e m a i n d e r  p r e s u m a b l y  b e i n g  cel ls  in  t h e  S - p h a s e  
( 2 1 - 2 3 % ) .  T h e  h i g h e r  v a l u e  of  G 2 + M  a t  11 h is  p e r h a p s  

1 85 15~ 
6 16 84~ 
7 21 79 a 
8 12 11 77 
9 31 14 55 

i0 46 13 41 

aNot calculated for reasons given in the discussion. 
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Fig. 1. DNA-distribution pat tern and accumulated DNA-Irequencies 
of an exponential-phase HeLA $3 population obtained by measuring 
the fluorescence intensity using a flow microfluorometer (Phywe 
ICP 11) of DNA bond dye. A) 5 h after resuspension in normal growth 
medium. B) 11 h after resuspension in normal growth medium. The 
calculation of the percentage distribution of the cell cycle phases is 
based on the graphic approach of the accumulated DNA-frequencies 
and extrapopulation. Ordinate: Number of cells with equal DNA- 
content. Abscissa: Relative fluorescence intensity due to DNA-eon- 
tent per cell. 

Fig. 2. DNA-h]stograms of TdR-synchronized HeLa $3 population. 
Synchronization was carried out with a double block of excess thy- 
midine. Passage through the cell cycle, a-f, was monitored during a 
10-h period after release of the block. The vertical lines in all histo- 
grams define the position of the Gl-peak in Figure 1. Ordinate: see 
Figure 1. Abscissa : see Figure 1 and further explanations in the text. 
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due to a la te  s t imula t ion  effect af ter  the med ium change. 
F r o m  cul tures  synchronized by  the  double t h y m i d i n e  
method,  cells were prepared  for measur ing  wi th  the  flow 
microf luorometer  at  short  in tervals  af ter  release f rom the  
last  TdR-block.  As shown in Figure  2, A - F ,  ceils are in G 1 
at  1 h wi th  no detec table  G2+M-phase  cells. Over  the  
nex t  few hours i t  can be seen t h a t  whole Gl-cell  popula t ion  
synchronously  entered the S-phase and subsequent ly  
the  G~-phase. The G~-peak disappeared first  bu t  re- 
appeared 8 h after  release f rom the TdR-block ,  when the  
cells had gone th rough  mitosis,  as was established by 
count ing cell numbers .  The Table  gives the  d is t r ibut ion  
th rough  the  cell cycle phases expressed as percentages.  

Discussion. Changes in the  DNA-d i s t r ibu t ion  pa t t e rn  
registered by cy topho tomet r i c  methods  were observed 
in an imal  cells af ter  t r e a t m e n t  with cy tos ta t i ca  6,s. 
Pre l iminary  exper iments  wi th  HeLa-mono laye r  cells 
have  indicated t h a t  cell synchrony  can easily be de- 
mons t ra ted  using the  methods  presented in this repor t  for 
HeLa-cel l  suspension. 

The  synchrony  which follows remova l  of an excess 
thymid ine  block is observed as a complete  change in the  
pa t t e rn  of DNA-d i s t r ibu t ion  wi th in  a few hours (Figure 2). 
Al though  the  cells s ta r t  f rom the  same po in t  in G 1, a small  
f ract ion reaches the  nex t  Gl-phase while some cells are 
still in the  first  G2-phase, i.e. there  is a gradual  decrease in 
the  degree of sychronyl  a common  observa t ion  in syn- 
chronized tissue cultures.  

No such changes in the  pa t t e rn  of DNA-d i s t r ibu t ion  
were observed in asynchronous popula t ions  (Figure 1). 

The  flow of cells th rough  the  cell cycle can therefore 
easily be moni tored  by  changes in e th id ium bromide  stain- 
ing of cells. For  correct  in te rpre ta t ion  of these results, one 

must  assume t h a t  e th id ium bromide  binds stoichio- 
metr ica l ly  to the  DNA.  The percentage  of cells in the  
S-phase was used to obta in  a measure  of the  degree of 
synchrony.  In  earlier studies 9, however ,  the  percentage of 
S-phase ceils in asynchronous popula t ions  as moni tored  
by  au to rad iography  was about  as high as t h a t  obta ined 
f rom cy tophotomet r i c  measurements  (extrapolat ion of 
accumula ted  DNA-frequencies) .  These differences can be 
a t t r ibu ted  to the  deficiencies in the  m a t h e m a t i c  me thod  
applied. Because of the  v e r y  small  differences in D N A -  
conten t  of early or la te  S-phase cells f rom those in G 1 or 
G2+M,  difficulties arise in the  different ia t ion of the  
par t icular  cell cycle phase. No other  me thod  (see also ~) 
for the  processing of results exists at  the  present  t ime.  

Zusammen/assung. Die schnelle f luoreszenzphoto-  
metr ische Methode wurde zur Bes t immung  der  Synchro-  
nisat ion des Zellzyklus Thymidin-synchronis ie r te r  HeLa-  
Zellen verwendet .  Das Ver te i lungsmuster  der verschiede- 
nen Zel lzyklusphasen konnte  n~herungsweise bes t immt  
werden. 
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G l u t a t h i o n e  R e d u c t a s e  T e s t  w i t h  W h o l e  B l o o d ,  a 
R i b o f l a v i n  S t a t u s  in  H u m a n s  

Ery th rocy t i c  NADPH~-dependen t  g lu ta th ione  reduc- 
tase (EGR) has been e m p l o y e d  as a pa rame te r  for the 
eva lua t ion  of the  r ibof lavin  s tatus in humans  1. For  field 
studies and inves t igat ions  wi th  children, there  is, however,  
some reques t  to cut  down the  a m o u n t  of blood used for 
the  original  E G R  test,  and THURNHAM et al. ~ developed a 
mic romethod  separa t ing  e ry throcytes  in heparinized 
capi l lary  tubes. 
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Stimulation of EGR and BGR for the blood drawn from 203 pregnant 
women. 

C o n v e n i e n t  P r o c e d u r e  for  t h e  A s s e s s m e n t  of  th e  

Another  approach,  which has been t r ied for t rans-  
ketolase by  DREYFUSS, could be the use of whole blood, 
wi thou t  separat ing erythrocytes .  The main  par t  of gluta-  
th ione  reductase  ac t iv i ty  of the blood is in the  red ceils 
and, if there  is no interference wi th  the  assay by  substances 
in the  plasma, the  procedure seems reasonable.  

Recent ly ,  the  su i tabi l i ty  of whole blood for the 
g lu ta th ione  reductase tes t  has been shown wi th  rats  on a 
va ry ing  r ibof lavin  in take  4. This  communica t ion  shows the  
appl icat ion of the  blood gluta th ione reductase  (BGR) tes t  
for humans,  and its re la t ion to the  E G R  tes t  and f lavin  
levels in whole blood, 

Materials and methods. Whole  blood 5 (stabilized wi th  
ACD 6 or heparin) was appl ied in the  B G R  test,  which 
differs f rom the  original  E G R  tes t  6 ma in ly  in using only 
0.05 ml of na t ive  or stabil ized blood in 9 ml  0.1 M 
phospha te  buffer, p H  7.4, enriched wi th  0.1% EDTA-Na2;  
this suspension can be s tored frozen for up to several  

1 Nutr. Rev. 30, 162 (1972). 
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Acta 5, 988 (1970). 
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5 We thank Prof. BUZlNA, Zagreb, and the Frauenspital Basel for 
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