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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). 
2 D. I. THURNHAM, P. MIGASENA and N. PAVAPOOTANON, Mikrochim. 
Acta 5, 988 (1970). 
P. IV[. DREYFUS, New Engl. J. Med. 267, 596 (1962). 

4 D. GLATZLE, H. WEISER, F. WEBER and O. WlSS, Int. J. Vitam. 
Nutr. Res. 43, 187 (1973). 

5 We thank Prof. BUZlNA, Zagreb, and the Frauenspital Basel for 
blood samples of schoolchildren and of pregnant women. 

6 I). GLATZLE, W. F. KORNER, S. CHRISTELLER and O. Wlss ,  Int .  J. 
Vitam. Nutr. Res. dO, 166 (1970). 
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Table I. Blood glutathione reduetase assay 

Speeialia EXPERIENTIA 30/6 

Cuvette 1 Cuvette 2 

ml mole/euvette ml mole/cuvette 

Blood hemolysate 1:185 1.5 1.5 

Containing phosphate buffer, pH 7.4, 1.5 • 10 -4 1.5 • 10 -t  

EDTA-Na~. 4 x10 -6 4 x 10 -6 

NADPH, 0.1 2 • - ~  0.1 2 • 

FAD 0 - -  0,05 1.5 • 10 -8 

H20 0.05 -- 0 -- 

Preineubation at 37~ for 5 min in both cuvettes 

GSSG 0.05 3.8 • l0 -~ 0.05 3.8 • 10 : 

Incubation at 37 ~ measuring of decrease of absorbance at 334 nm for 9 rain (AA~ for 
euvette 1, zJA~ for cuvette 2) 

Enzyme reaction: GSSG+NADPH~ ~ 2GSH+ NADP. Activation coefficient: ~Bog = zJAe/AA 1. Calculation of enzyme activities on the basis 
of e~a4~ = 6 • 106 cm=/mole for NADPH~ -+ NADP, hemolysate 1:185, hemolysate volume h = 1.5 ml, total volume in the euvette v = 1.7 ml, 
reaction time t = 9 rain. E.g.: 

1.7 185 AA.  100 
(pe rgHb)  = - -  

1.5 6.9 Hb ~g ~ ] 

AA a AA~ 
ao(pergHb)  = 388 �9 Hb[g~/o~ ; a+(pergHb)  = 388 �9 Hb[g%~-  

~Caleulated for 100% NADPH~. The following abbreviations are used : NADP, oxidized form of nicotinamide adenine dinucleotide phosphate ; 
NADPH2, reduced form of nicotinamide adenine dinucleotide phosphate; BGR, NADPH2-dependent glutathione reduetase (E.C. 1.6.4.2) in 
whole blood; EDTA-Na2, disodium ethylenediamine-tefra-acetate; FAD, flavin adenine dinucleotide; GSSG, oxidized form of glutathione; 
GSH, reduced form of glutathione; Hb, hemoglobin. 

m o n t h s  be low - -15  ~ u n t i l  a c o n v e n i e n t  t i m e  for  ana lys i s .  
H e m o l y s i s  w a s  a c c o m p l i s h e d  b y  a d d i t i o n  of 0.2 m l  s a p o n i n  
so lu t i on  (1%) a f t e r  t h a w i n g .  Cell d6br i s  w a s  s e p a r a t e d  b y  
cen t r i f uga t i on .  T h e  a s s a y  w a s  p e r f o r m e d  a t  37 ~ a c c o r d i n g  
to  t he  p r o c e d u r e  g iven  in T a b l e  I.  

T h e  E G R  t e s t  u s i n g  red  cell h e m o l y s a t e s  w a s  app l i ed  
to t h e  b lood  s a m p l e s  f r o m  schoo lch i ld ren ,  as  desc r ibed  
ear l ie r  % I n  t h e  case  of p r e g n a n t  w o m e n ,  v e n o u s  b lood  w a s  
d r a w n  in a h e p a r i n i z e d  v a c u t a i n e r .  P l a s m a  a n d  red  b lood  
ceils were  s e p a r a t e d  a n d  t h e  e r y t h r o c y t e s  were  s t o r ed  in 

ACD s tab i l i ze r  6 u p  to 3 d a y s  in t h e  r e f r i g e r a t o r  un t i l  
h e m o l y s i s  a n d  s u b s e q u e n t  ana lys i s .  

F l a v i n  ana ly s i s  in who le  b lood  (0.3 ml) w a s  in p r inc ip l e  
ca r r i ed  o u t  a c c o r d i n g  to  t h e  m e t h o d  of BuRcl~ et  al. 7. 

Resu l t s  and  d iscuss ion .  F o r  t h e  e v a l u a t i o n  of t he  E G R  
tes t ,  t he  s t i m u l a t i o n  of t h e  e n z y m e  a c t i v i t y  b y  a d d e d  
c o e n z y m e  h a d  b e e n  c h o s e n  b y  us  6 r a t h e r  t h a n  t h e  e n z y m e  
ac t iv i t i e s  as  such,  in  o rde r  to  e l i m i n a t e  or  d i m i n i s h  t h e  
in f luence  of t hose  ef fec ts  on  e n z y m e  a c t i v i t y  w h i c h  are  
u n r e l a t e d  to  t h e  r i b o f l a v i n  s t a t u s .  T h i s  s t i m u l a t i o n  

Table II. Glutathione reductase activities ao (without FAD addition) and a+ (with FAD addition) of whole blood (BGR), activation coefficients 
for whole blood (aBaR) and erythroeytes (~z~e~) and blood flavin levels, 1~ (nmole/100 ml blood), for pregnant women 

Minimum Maximum n Mean Standard deviation 

ao (BGR, per g Hb) 4.28 9.04 195 6.23 0.995 

ao (BGR, per ml erythrocytes) 1.35 2.94 195 2.00 0.327 

ao (BGR, per 1 blood) 457.8 1171.8 203 750.4 132.9 

ao (BGR, per 1011 erythrocytes) 12.11 28.14 195 18.65 3.26 

a+ (BGR, per g Hb) 5.13 10.03 195 6.83 0.815 

~+ (BGR, per ml eryfhrocytes) 1.65 3.10 195 2.20 0.255 

a+ (BGR, per 1 blood) 630.5 1175.6 203 821.4 97.5 

~+ (BGR, per !011 erythroeytes) 15,15 28.81 195 20.39 2.29 

~BGI~ 0.91 1.49 203 1.11 0.107 

~ga~ 0.94 1.79 203 1.18 0.156 

[B 19.7 51.9 199 32.6 5.84 

Values for ~o and a+ are given as p.mole substrate converted per rain per g hemoglobin of native blood, per ml erythrocytes (calculated from 
the hematocrit value of native blood), per 1 blood and per 1011 erythrocytes. 
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expressed as the  ac t iva t ion  coefficient  e = a+/ao has 
proved  useful as an index of the  r ibof lavin  s ta tus  in the  
case of E G R  and  has been t r ied  also for whole blood in 
animals  4. 

For  the  blood samples  f rom 45 schoolchi ldren the  
ac t iva t ion  coefficients for the  s t imula t ion  of the  gluta-  
th ione  reduc tase  in e ry th rocy te s  (0.96 _< ~ G ~  -< 1.46) 

and whole  blood (0.92 < eBGI~ -< 1.28) showed a good 

correla t ion wi th  a coefficient  r = 0.96 (Pearson-Bravais) .  
The Figure p resen t s  the  s t imula t ion  of E G R  and  B G R  

for the  blood d rawn  f rom 203 p r e g n a n t  women.  For  t he  
two collectives, ve ry  s imilar  equa t ions  be tween  the  
ac t iva t ion  coefficients were calcula ted:  

Schoolchildren ~BG~ = 0.67 C~EG R + 0.29 

Pregnant women Cr ~ = 0.67 C~Ea a + 0.33 

Because o f  the  increased s tab i l i ty  in our tes t  sys t em of 
g lu ta th ione  reduc tase  f rom whole  blood as compared  to  
e ry throcy tes ,  it  appears  reasonable  to calculate  act ivi t ies  
for the  BGR. One m a y  argue abou t  the  proper  basis for the  
act ivi t ies  to rely on, especial ly when  there  are anaemic  
persons  in the  group inves t iga ted ,  as was the  case wi th  
t he  p r e g n a n t  women (DECKER, GLATZLE, I~IINSELMANN, 
to  be publ ished) .  

W h e t h e r  the  act ivi t ies  were based on hemoglobin  4, 
hematocr i t ,  blood volume or e ry throcytes ,  the  a.ctivities 
ao (wi thout  F A D  addi t ion)  were nega t ive ly  corre la ted  
wi th  %m~ (Tables I I  and III) .  This means  tha t ,  in the  case 

of h igh ac t iva t ion  coefficients,  t he  enzyme  act ivi t ies  ao 
of the  f l avoenzyme g lu ta th ione  reductase  were low, 
indicat ing a b iochemical  r iboflavin deficiency. On the  
hemoglobin  basis, consider ing the  correla t ion coefficients 
r (Pearson-Bravais)  in Table I I I ,  there  was no s ta t i s t ica l ly  

Table III. Correlation coefficients r (Pearson-Bravais) for blood and 
erythrocyte glutathione reduetase and blood flavin (191 ~ n ~-- 203) 

%G~ /B 

ao (BGR, per g Hb) -0.67 +0.33 
ao (BGR, per ml erythrocytes) --0.71 -+0.34 
ao (BGR, per 1 blood) --0.78 -+0.52 
~o (BGR, per I0 n erythroeytes) --0.79 +0.36 

a+ (BGR per g Hb) --0.11 n.s. +0.13 n.s. 

a+ (BGR per mi erythrocytes) --0.19 +0.16 
a+ (BGR per 1 blood) --0.39 +0.47 
a+ (BGR per 1011 erythrocytes) --0.41 +0.23 
C%G~ --0.39 
~EGa +0.96 --0.36 

--, Significant; n.s., not significant. 

s ignif icant  correlat ion be tween  the  act ivi t ies  a+ (after 
F A D  addit ion)  and t h e  ac t iva t ion  coefficients eBea. On 
the  o the r  hand,  a nega t ive  correla t ion was found  be tween  

and  a+ when  the  act ivi t ies  were calcula ted for 1 1 of 
blood, I ml  of e ry th rocy tes  or 1011 ery throeytes ,  respect ive-  
ly. Depend ing  on the  basis for the  activi t ies,  th is  migh t  
po in t  t owards  e i ther  no or some loss of g lu ta th ione  re- 
ductase  p ro te in  (apoenzyme plus holoenzyme) in ribo- 
f lavin def iciency 4. More work has to  be done to  e lucidate  
th is  p rob lem which  is compl ica ted  by  var ious  c i rcumst-  
ances affect ing g lu ta th ione  reduc tase  ac t iv i tyK 

In  cross-sect ional  s tudies  - con t r a ry  to  control led  
ones - SI-IARADA and BAMJI 9 r epor ted  t h a t  w i th  the i r  t e s t  
s y s t em a correla t ion be tween  g lu ta th ione  reduc tase  
ac t iv i ty  and  red cell f lavin levels is of ten  no t  seen. In  our 
s t u d y  wi th  p r e g n a n t  women,  we found  s ta t i s t ica l ly  
significant ,  albei t  no t  high, correlat ions be tween  f lavin 
levels in whole  blood and the  enzyme pa rame te r s  % a m  

eBaa and ao which  are p re sen ted  in Table  I I I  and were also 
es tabl ished by the  Kenda l l  r ank  correla t ion t e s t :  Low 
enzyme act ivi t ies  ao - or h igh ac t iva t ion  coefficients - 
cor responded  to low f lavin levels in blood and high enzyme 
act ivi t ies  ao - or low ac t iva t ion  coefficients - to  h igh 
f lavin levels. 

Zusammenfassung .  Eine  vere infach te  Var ian te  des 
G lu t a th ion reduk ta se t e s t s  zur Er fassung  des Ribof lavin-  
Status wird beschrieben,  fiir die nur  0,05 mt  Gesamtb lu t  
anste l le  von gewaschenen E r y t h r o z y t e n  ben6 t ig t  werden.  
Be im Vergleich der  S t imul ie rbarke i t  der Gluta th ion-  
reduk tase  durch  das Coenzym F A D  ergab sich eine sehr  
gute  Korre la t ion  zwischen den Akt iv ie rungskoef f iz ien ten  
bet Verwendung  yon  Gesamtb lu t  und  E r y t h r o z y t e n .  
Diese zeigten s ta t i s t i sch  s ignif ikante  Korre la t ionen  zum 
Flav ingeha l t  im Blut.  
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Aqueous Solution of Acridine Orange in the Staining of DNA-Aldehyde 

The a t t e m p t  to  s ta in  DNA-a ldehyde  in t issue sect ions 
w i th  the  f luorescent  dye, acridine orange (AO) following 
Feulgen procedure  led to  unsuccessful  results.  The 
p re sen t  communica t i on  embodies  results  of a s t u d y  w i t h  
acridine orange and its use in the  s ta in ing  of acid hydro-  
lyzed DNA. 

Two samples  of AO were used in th is  inves t igat ion.  
One was  m a n u f a c t u r e d  by  the  Na t iona l  Aniline Division,  
New York, USA,  ba t ch  No. 11538 and  the  o the r  by  G. T. 

GURR, London,  b a t c h  No. 55744. I t  is a basic dye (C.I. 
No. 46005) of t he  acridine group wi th  the  following 
s t ruc tu ra l  formula  : 

H 
I 

c~ 


