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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.  

L 
D. GLATZLE 1~ J. P. VUILLEUMIER z~ F. WEBER ~~ and  
K .  D E C K E R  11 

Department  o/ V i tamin  and Nut r i t iona l  Research, 
F. H o / / m a n n - L a  Roche & Co. Ltd.,  CH-dO02 Basel  
(Switzerland), and 
Department  of Obstetrics and Gynecology o/ the 
University,  C H  4000 Basel  (Switzerland), 
20 December 7973. 

7 PI. B. BURCH, O. A. BESSEY and O. H. LowRy, J. biol. Chem. 175, 
457 (1948). 

S E. BEUTLER, J. clin. Invest. d8, 1957 (1969). 
9 D. SHARADA and M. S. BAMJI, Int. J. Vitam. Nutr. Res. 42, 43 

(1972). 
10 Department of Vitamin and Nutritional Research, F. Hoffmann- 

La Roche & Co. Ltd., CH-4002 Basel (Switzerland). 
11 Department of Obstetrics and Gynecology, University of Basel, 

CH-4000 Basel (Switzerland). 

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~ 
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For  cytochemical  detect ion of D N A  this dye was used 
as 0.1% aqueous solution. When  freshly made  the  p H  of 
the Amer ican  dye was found to be 6.5. The p H  of the  
Engl ish dye solution was 4.0. Staining involved  prior  acid 
hydrolysis  in 6 N HC1 at room tempera tu re  for 10 min 
followed by staining wi th  AO for 10 min. The sections 
were dif ferent ia ted in amyl  alcohol or dehydra ted  through 
a graduated  series of e thyl  alcohol, cleared in xylol  and 
mounted  in D P X .  Paraff in  sections (12 ~m) of several 
different  tissues f rom a Ho l t zman  strain of rat,  f ixed in 
10% buffered neutra l  formal in  and Zenker 's  f ixat ive,  
were used throughout .  

A Beckman  DB spec t rophotometer  was used to record 
the  absorpt ion da t a  of this  dye. Observat ions  were made  
wi th  an Amer ican  Optical  Corporat ion Fluores ter  
microscope in conjunct ion  wi th  a F luoro lume i l luminator  
f i t ted  wi th  a mercury  super pressure lamp, H B O  200 W. 
Fluorescence of the  dye -DNA complex was obta ined wi th  
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Fig. 1. Absorption characteristics of purified and unpurified acridine 
orange. A) Only dye; B) after chloroform extraction; C) after amyl 
alcohol extraction; D) after butanol extraction. 

an  exci ter  f i l ter  Schot t  BG-12 and barr ier  fil ter,  e i ther  
Schot t  GG-9 or Schot t  OG-1. 

Staining of m a m m a l i a n  tissues fixed in formal in  and 
Zenker 's  f ixa t ive  was perfect  wi th  AO after  acid hydrolysis  
of the  tissues. The stained slides showed a deep yel low 
coloured nuclei  wi th  a clear cy top lasm when viewed 
th rough  a l ight  microscope. W h e n  viewed through the  
fluorescence microscope wi th  exci ter  filter, Schot t  BG-12 
and barr ier  filter, Schot t  GG-9, the  nuclei  exhib i ted  a deep 
reddish-orange colour wi thou t  any colour in the  cytoplasm. 
W h e n  barr ier  filter, Schot t  OG-1 was used wi th  exci ter  
fiiter, Schot t  BG-12, the  nuclei  exh ib i ted  an yellow- 
orange colour against  green cytoplasm.  Sta in ing in tens i ty  
wi th  an aqueous  solution of the  Amer ican  product  of 
AO at  pHs  3.0, 5.0 and 7.0 was more or less similar.  In  the  
case of the  Engl ish  product ,  s taining in tens i ty  was best  
at  p H  7.0. At  lower pH,  s taining was not  uniform. Acid 
hydrolyzed  tissues, when stained wi th  AO tha t  was 
shaken wi th  ac t iva ted  charcoal,  revealed perfect ly  
stained nuclei. Tissue sections, when stained wi th  AO 
containing 250 mg of sodium hydrosulphi te  per  50 ml of 
AO solution, exhibi ted  perfect  yel low coloured nuclei 
only. Sections in which the nucleic acids were extrac'ced 
wi th  boiling 5% tr ichloracet ic  acid (TCA), then  acid 
hydrolyzed and stained, revealed no staining of the  nuclei 
and the  cytoplasm.  Unhydro lyzed  sections s tained wi th  
AO revealed perfect  s taining of the  nuclei  and the cyto-  
plasm. When  viewed th rough  the  f luorescent  microscope 
employing  exci ter  filter, Schot t  BG-12 and barr ier  filter, 
Schot t  GG-9, the nuclei  and the cy top lasm exhibi ted  a 
deep orange colour. W i t h  barr ier  filter, Schot t  OG-1, the  
nuclei  were of ora~ge colour and the  cy top lasm of an 
orange-green colour. Acid hydrolyzed  sections after  
t r e a t m e n t  wi th  a ldehyde blocking reagent,  phenylhydra -  
zine at  60 ~ for 1 h and then  stained, revealed no s taining 
of the nuclei. Sections af ter  t r e a t m e n t  wi th  ho t  dist i l led 
water  at  70~ for 30 rain, then hydrolyzed  in hydro-  
chloric acid and stained, revealed perfect  s ta ining of the  
nuclei  indicat ing tha t  s taining wi th  AO is possible even 
wi th  depolymerized DNA.  

1 p. J. GTOWARD, J. R. microsc. Soc, 87, 237 (1967). 
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Fig. 2. Absorption characteristics of the fraction of acridine 
orange in solution in different purification agents. A) Chlo, 
roform soluble fraeti0n; B) amyl alcohol soluble fraction; C) 
butanol soluble fraction. 
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Acr id ine  o range  as a pseudo-Sch i f f  r eagen t  ~ was f i rs t  
t r i ed  by  KASTEN 2 a n d  he  o b t a i n e d  n e g a t i v e  resul ts .  He  
the re fo re  conc luded  t h a t  dyes  w i t h o u t  a n y  p r i m a r y  
amino  group  c a n n o t  be su i t ab le  for Feu lgen  t y p e  of 
s ta in ing.  A more  r ecen t  s t u d y  w i t h  AO b y  KAST~N 3 
i nd i ca t ed  t h a t  d i f fe ren t  ba t ches  of th i s  dye, m a n u f a c t u r e d  
b y  d i f fe ren t  f i rms,  c o n t a i n  c o n t a m i n a n t s  w i t h  p r i m a r y  
a m i n o  group  as j udged  b y  t h i n  l ayer  c h r o m a t o g r a p h y .  
Fol lowing  t h i s  t echn ique ,  t he  p r e s e n t  a u t h o r  n o t e d  4 
d i s t i nc t  f luorescen t  zones in t he  c h r o m a t o g r a m s  of t h e  
A m e r i c a n  p r o d u c t  for which  t he  so lven t  used cons is ted  of 
n - b u t y l  alcohol,  a m m o n i u m  hydrox ide ,  e thy l  a lcohol  a n d  
wa te r  in the  p r o p o r t i o n  of 1 6 : 0 . 1 5 : 5 : 5 .  To o b t a i n  a dye  
t h a t  would  show a s ingle spo t  in  t he  c h r o m a t o g r a m ,  
the  dye  so lu t ion  was t h o r o u g h l y  washed  w i t h  ch lo ro fo rm 
or a m y l  a lcohol  or n - b u t y l  alcohol.  T he  s p e c t r o p h o t o m e t r i c  
ana lyses  of the  dye t h u s  pur i f ied,  as well as t he  unpur i f i ed  
dye so lu t ion  (Figure  1), revea led  2 peaks  in t he  UV-  
regions,  one a t  230 n m  and  t h e  o the r  a t  270 n m  a n d  a 
3rd peak  in t he  v is ib le  region,  viz. a t  490 nm.  I t  is impor -  
t a n t  to  m e n t i o n  here  t h a t  in  t he  v is ib le  region t he  curves  
for t he  unpur i f i ed  dye  and  t he  b u t a n o l  e x t r a c t e d  dye 
differ  f rom those  of ch lo ro fo rm a n d  a m y l  a lcohol  e x t r a c t e d  
dyes  in  no t  showing  a s e c o n d a r y  shoulder .  S imi la r  ana lyses  
of t he  f r ac t ion  of the  dye  so lu t ion  t h a t  w e n t  in to  so lu t ion  
in  ch lo roform or a m y l  a lcohol  or n - b u t y l  a lcohol  also 
revea led  some di f ference (Figure 2). Resu l t s  of s t a in ing  
w i t h  t he  unpur i f i ed  dye, as well  as t he  pur i f ied  dye, 
i nd ica t ed  t h a t  pe r fec t  s t a in ing  of D N A  is possible  w i t h  
bo th .  These  resul ts ,  therefore ,  do no t  co r r obo ra t e  
KASTEN'S 4 c o n t e n t i o n  t h a t  dyes  w i t h o u t  a n y  p r i m a r y  
N H  2 group  are no t  su i t ab le  for s t a in ing  D N A  a ldehyde .  

C a r b y l a m i n e  reac t ion ,  to  t e s t  t he  presence  of p r i m a r y  N H  2 
group  as impur i t i e s  in  AO, also i nd i ca t ed  t h a t  t he  samples  
of AO used in th i s  i n v e s t i g a t i o n  d id  no t  con t a in  a n y  
c o n t a m i n a n t  w i t h  p r i m a r y  a m i n o  group,  as j udged  b y  t h e  
absence  of an  offensive  odour  of c a rby l amine .  I t  is 
p e r t i n e n t  to  m e n t i o n  here  t h a t  t h e  p r e sen t  a u t h o r  ha s  
also o b t a i n e d  successful s t a in ing  of acid h y d r o l y z e d  D N A  
w i t h  basic  dyes, t h i o n i n e  b lue  a n d  m e t h y l e n e  blue  5 and  
r h o d a m i n e  B 6, all of wh ich  are  w i t h o u t  a n y  p r i m a r y  N H  2 
group  in t h e i r  molecules.  

_Rdsumd. Apr6s hydro lyse  p a r  l ' ac ide  hyd roch lo r i que  et  
t e i n t u r e  subs6quen te  p a r  une  so lu t ion  aqueuse  d ' a c r id ine  
o range  suivie  de d 6 s h y d r a t a t i o n  r6guli6re p a r  l 'a lcool  
6 thyl ique ,  des coupes  de t issu, examin6es  au  microscope  
f luorescen t  m o n t r e n t  des n o y a u x  b r i l l an t s  f luorescents  
rouge-orange.  On consid~re  que ce t te  t e i n t e  p r o d u i t e  p a r  
la so lu t ion  aqueuse  d ' u n  co lo ran t  qu i  ne  c o n t i e n t  a u c u n  
groupe  amin6  p r i m a i r e  dans  sa mol6cule,  est  due  ~ la 
r6ac t ion  Feu lgen  modifi6e.  
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S t a n d a r d i z e d  M e t h o d  for the  P r o d u c t i o n  of E x p e r i m e n t a l  Atr ia l  F ibr i l la t ion  

Severa l  m e t h o d s  h a v e  been  p roposed  for t he  exper i -  
m e n t a l  s t u d y  of au r i cu la r  f ibr i l la t ion .  Most  of t h e m  are 
based  on  t h e  or ig ina l  o b s e r v a t i o n s  of BURN et  al. 1. These  
a u t h o r s  d e m o n s t r a t e d  in t he  dog 's  h e a r t - l u n g  p r e p a r a t i o n  
t h a t  d u r i n g  t h e  in fus ion  of ace ty lchol ine ,  e lectr ical  s t imu-  
l a t i on  of t he  r i g h t  auricle  caused t h e  onse t  of a t r i a l  
f ibr i l la t ion ,  wh ich  c o n t i n u e d  as long as ace ty lcho l ine  
was infused.  This  m e t h o d  was appl ied  w i t h  some modi -  
f i ca t ion  b y  o thers .  SCH~RF a n d  C~ICK ~, NADEA~: et  al.~, 
a n d  NAHUM a n d  HOFF 4 p laced  ace ty l cho l ine  or some 
o the r  chol inerg ic  d rug  d i r ec t ly  on  t he  a n t e r i o r  surface 
of t he  r i g h t  a t r ia .  I~ASHIMOTO et  al. 5 a n d  •AKAYAMA et  al. 6 
i nduced  f ib r i l l a t ion  b y  m e a n s  of t h e  a d m i n i s t r a t i o n  of 
ace ty lcho l ine  in to  t he  s inus  node  a r t e r y  u n d e r  c o n s t a n t  
p ressure  perfus ion.  O t h e r  chol inerg ic  d rugs  h a v e  been  
used by CHIBA and HASHIMOTO 7 for the same purpose. 
Production of an hipokalemic state has been utilized by 
LEVEQUX s for the maintainanee of the acetylcholine- 
induced fibrillation. 

When the effects of antiarrhythmic drugs on auricular 
fibrillation are considered, the duration of the experi- 
mental arrhythmia is a critical parameter to be measured. 
In this communication, we attempt to present an experi- 
mental model based on the facts summarized above, ill 
which the time of persistance of the arrhythmia is a 
highly predictable value and an appropriate criteria for 
t h e  a s se s smen t  of t he  a n t i a r r h y t h m i c  a c t i v i t y  of a drug.  

Method. E x p e r i m e n t s  were car r ied  ou t  on  30 dogs of 
e i t he r  sex, we igh ing  6 to  15 kg, a n e s t h e t i z e d  w i t h  mor-  
ph ine - ch lo r a lo se -u r e t hane  (morph ine  i m g / k g  s.c. follow- 
ed 30 m i n  l a t e r  b y  chlora lose  3 % - u r e t h a n e  30%, 2 m l / k g  

i.v.). The  t r a c h e a  was c a n n u l a t e d  a n d  ar t i f ic ia l  v e n t i l a t i o n  
was i n i t i a t ed  w i t h  a pos i t ive  pressure  p u m p ,  in  order  to  
a l low a ches t  open ing  t h r o u g h  t he  4 th  r i g h t  i n t e r cos t a l  
space. The  p e r i c a r d i u m  was incised para l le l  a n d  j u s t  
an t e r i o r  to  t he  r i gh t  ph ren ic  nerve ,  expos ing  t he  r i g h t  
a t r ia ,  a n d  t he  h e a r t  was  s u s p e n d e d  loosely in  a pe r i ca rd ia t  
cradle.  Two elect rodes  were i m p l a n t e d  in t h e  an t e r i o r  
surface  of t he  r i g h t  a t r ia ,  nea r  to  t he  base  of t he  a p p e n d a g e  
and  a b o u t  5 m m  apa r t .  T h e y  were connec ted  to  a Grass  
$4 s t i m u l a t o r  t h r o u g h  nickel-s tee l  a l loy electrodes.  A 
3rd s imi la r  e lec t rode  was inse r t ed  5 m m  a p a r t  a n d  
connec ted  to  an  ECG p reampl i f i e r  r e l a t ed  to  a S a n b o r n  
t w o - c h a n n e l  recorder .  E lec t rodes  cons i s ted  of coi l -spr ings 
conduc to r s  covered  w i t h  si l icone rubbe r .  2 m m  of t he  t ip  
were d e n u d a t e d  f rom the  cover  a n d  t he  coi l -spr ing was 
s t r e t ched  in order  to  fo rm a p o i n t e d  t e rmina l .  Af te r  
inser t ion ,  a gen t ly  clockwise r o t a t i o n  al lowed p e n e t r a t i o n  
of t he  t ip  in to  t he  a t r i a l  wal l  w i t h  a m i n i m a l  t r a u m a .  
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